] B Module 5

Soil Engineering

Engineering
Soils
Language
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WE RAN SOME SAMPLES BACK AT
THE LAB... |T'S DIRT ALRIGHT.
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18 Soil to an Engineer

Soil is a material that can be:

* built with: embankments, dams, channels

* built on: roads, runways, foundations, bridge piles
* built in: tunnels, culverts, basements

* supported: retaining walls

l ' Soils in Stormwater

An intersection of both views:
BMP construction
Stormwater conveyance
Infiltration

Mukhlayer  Ternporan
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Drainage ‘ e
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Plant establishment
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18 Hydruics
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Soil Mechanics

e —ama
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Goal = Stability

Shear strength

e Grain size (texture) and shape

* Consistency/Cohesiveness
(water content vs. stress response)

Shear Strength

LARGE PORES SMALL PORES
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l l Soil Mechanics

Soil particles e Strength
Density

* Moisture content
e Pressure applied * Permeability

e Stiffness

J B Unified Soil Classification System
De

s

veloped in WWII for airfield

=
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| B Unified Soil Classification System

Measure soil properties

NG

Classify soils

NG

Define engineering properties

NG

Decide suitability for a given purpose

Particle size
1 8 analysis




Particle Size Distribution
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VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Soil Cohesiveness

Response to stress with increasing moisture

Hard
« Shrinkage Limit

Friable
« Plastic Limit

Plastic Plasticity Index
« Liquid Limit

Liquid
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erberg Limits

18 Soil Group Symbols

* Gravel - G * Well Graded- W
* Sand - * Poorly Graded - P
* Silt - M
 High liquid limit - H
e Clay-C
, * Low liquid limit - L
* Organic - O

* Peat — Pt /

VIHGINIA DEPARTMENT OF ; 2
ENVIRONMENTA!

L QUALITY.




COARSE-GRAINED SOILS
(more than 50% of material is larger than Mo. 200 sieve size.)

GRAVELS
More than 50%
of coarse
fraction larger
than No. 4
sieve size

Clean Gravels (Less than 5% fines)

Gw

Well-graded gravels, gravel-sand
mixtures, little or no fines

GP

Poorly-graded gravels, gravel-sand
mixtures, litle or no fines

Gravels with fines (More than 12% fines)

GM

Silty gravels, gravel-sand-silt mixtures

GC

Clayey gravels, gravel-sand-clay
mixtures

SANDS
50% or more
of coarse
fraction smaller
than MNo. 4
sieve size

Clean Sands (Less than 5% fines)

sSwW

Well-graded sands, gravelly sands,
little or no fines

SP

Poorly graded sands, gravelly sands,
little or no fines

Sands

with fines (Maore than 12% fines)

Silty sands, sand-silt mixtures

Clayey sands, sand-clay mixtures

VIRGINIA DEPARTMENT ¢ ; 2

o
ENVIRONMENTAL QUALITY

FINE-GRAINED SOILS
(50% or more of material is smaller than MNo. 200 sieve size.)

Inorganic silts and very fine sands, rock

SILTS ML flour, silty of clayey fine sands or clayey
AND |1 silts with slight plasticity
CLAYS e Inorganic clays of low to medium
AT =g
SN = CL plasticity, gravelly clays, sandy clays,
ngsuslcirig?,lﬂ 5‘%5 silty clays, lean clays
50% =]
— oL Organic silts and organic silty clays of
- —] low plasticity
Inorganic silts, micaceous or
MH diatomaceous fine sandy or silty soils,
SILTS elastic silts
AND =
CLAYS s Inerganic clays of high plasticity. fat
Liquid limit % CH | ciays
50% eﬁég
Rreci. %5 OH Organic clays of medium to high
=== plasticity, organic silts
HIGHLY e : —
ORGANIC e o PT Peat and other highly organic soils
SOILS J

VIHGINIA DEPARTMENT OF 2
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l . HSG USDA Unified
gravel GW
sandy gravel GP
GM
A silty gravels SW
sand
loamy sand SP
sandy loam
SM
B .
loam, silt loam MH
C Sandy clay loam ML
GC
clay loam
. SC
silty clay loam
CL
D sandy clay oL
silty cla
C)lla Y CH
Y OH
VIRGINIA DEPARTMENT OF ; 2
ENVIRONMENTAL QUALITY
Value as
foundation when |Value as base directly
not subject to under bituminous Drainage
Name frost action pavement Characteristics
GW Well-graded gravels or gravel-sand mixutres,
little or no fines Excellent Good Excellent
GP Poorly graded gravels or gravel-sand
mixtures, little or no fines Good to excellent |Poor to fair Excellent
Good Fair t d Fair t
GM d Silty gravels, gravel-sand-silt mixtures 00 aIr 1o 0o alr to poor
u Poor to
practically
Good Poor impervious
Poor to
GC  [Clayey gravels, gravel-sand-silt mixture Good Poor practically
s A )

VIHGINIA DEPARTMENT € ; 2
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Value as
foundation when |Value as base directly
not subject to frost| under bituminous Drainage
Name action pavement Characteristics
SW \Well-graded sands or gravely sands, little or no
fines Good Poor Excellent
sp Poorly graded sands or gravely sands, little or
no fines Fair to good Poor to not suitable |Excellent
sM d Good Not suitable Fair to poor
Silty sands, sand-silt mixtures
u Poor to
practically
Fair to good Not suitable impervious
Poor to
SC practi
Clayey sands, sand-clay mixtures Fair to good i

o)

VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

Value as
foundation when |Value as base directly
not subject to frost| under bituminous Drainage
Name action pavement Characteristics
Inorganic silts and very fine sands, rock flour,
ML silty or clayey fine sands or clayey silts with
slight plasticity Fair to poor Not suitable Fair to poor
CL inorganic clays of low to medium plasticity, Practically
gravelly clays, sandy clays, silty clays, lean clays|Fair to poor Not suitable impervious
Poor to
OL  |Organic silts and organic silt clays of low practically
plasticity Poor Not suitable impervious
MH  |Inorganic silts, micaceious or diatomaceous
fine sandy or silty soils, elastic silts Poor Not suitable Fair to poor
Practicall
CH . ’ - f
Inorganic clays of high plasticity, fat clays Poor to very poor |Not suitab.

=)

VIRGINIA DEPARTMENT OF
ENVIHONMENTAL QUALITY
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STANDARD PENETRATION TEST (SPT)

SPT
Resistance 140 |Ib Hammer
(N-value) is dropping

total number of Anvil 307
blows to drive
sampler the 2nd

and 3rd 6"
increments

spitBarrel -
Drive sampler - .
g iy i
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l ' Standard Penetration test

e Granular soils: indicator of the density and
compressibility

» Cohesive soils: check the consistency

/

VIHGINIA DEPARTMENT OF 2
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| l Standard Penetration Test

The N-values derived from the SPT are

used in conjunction with footing width

and depth and groundwater height to

determine a soil’s bearing capacity

/

PARTMENT OF : 2
AL QUALITY

J B General SPT Interpretation

DENSITY CONSISTENCY
Term| N-Value Term| N-Value
Very Loose 0-4 Very Soft 0-1
Loose 5-10 Soft 2-4
Medium-Dense 11-30 Medium Stiff 5-8
Dense| 31-50 Stiff 9-15
Very Dense >50 Very Stiff 16-30

Hard g

11/2/2015
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Samples of Tests N SPT <o W L
[Tape | Diepeh,m b Gegih ||| Lepend Serate Description
020 1 Tarmue over hgrdeose
B 030 E | Made ground (clay with brick rublle)
T 0.50 i
090 || o
B 100150 10 i Brown clay with flints
= Boring Log
b 1.75
£} 2.00-2.50 19 =
730 : .
28, Brinvn-grey sand with soms clay binder
[} 2,73
0 3.0M0-53.50 24 -
i 00 1
b A0 Ll B = Birown saikdy clay with flinis
u &} 5.50 —
D | aonesn |17 —i iiﬁiil:l[z(;z
|| VIRGINIA DEPARTMENT OF
ENVIRONMENTAL QUALITY

] B Log

J

Useful information in the Boring

Look at changes with depth

* SPT N-values

* Soil descriptions

* Groundwater/Cave-in depth

* Notes

VIRGINIA DEPARTMENT OF Q

ENVIHONMENTAL QUALITY
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EVERYBODY
I KNOW NEEDS

WHAT 1M SELLING!

"Z,ES?";

11/2/2015

16



