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Natural plant communities are determined by and determine climate and soil. 

SavannahRain Forest Temperate Forest
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Intensive green roofGreen roofs are a microcosm of the larger environment and for 
diverse plantings a variety of soil depths and types are often 
required.

Site Planning
Soils & Geology
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Lecture Outline

1. Plant communities and soil
2 Sedimentary igneous & metamorphic rock2. Sedimentary, igneous & metamorphic rock
4. organic  & inorganic 
5. percolation 
6. types & layers of soil 
7. soil investigations
8. issues affecting bearing capacity
9. NYC geology
10.Accessing USGS maps

Geology

Geology is the 
i ifi d f hscientific study of the 

structure and 
composition of the 
earth’s surface

The earth is made up 
of very complex 
systems of rock, soil 
and water.
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Geology - Architects

As architects we need to have a 
basic knowledge of geology to g g gy
understand the nature of the site 
characteristics, to design 
adequate foundations and proper 
drainage. This knowledge also 
helps us to plan appropriate 
changes to the site.

We consult civil engineers for 
drainage, and structural engineers 
for building foundations.

Types of Rock

There are three 
types of rocks:types of rocks:

Sedimentary

Igneousg

Metamorphic
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Rocks - Sedimentary
Rocks formed by the deposition 
of transported sediments. This 

f k i f d btype of rock is formed by 
particles which have been 
transported by streams, ocean 
currents, ice or wind. 

The particles could be sand, dirt, 
k k l t h llrocks or even skeletons, shells 

and parts of living creatures. The 
rock is laid down in layers and 
the most beautiful is often 
considered to be limestone.

Rocks – Sedimentary, Contin.
Lithification is the process 
by which depositedby which deposited 
sediments are converted to 
firm rock. This type of rock 
covers most of the earths 
surface. 

Examples are p
sandstone
shale 
limestone
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Rocks – Sedimentary, Contin.
Sandstone

resists weatheringresists weathering 
rugged topography

Shale
most common
smooth flowing 
topographyp g p y

Limestone
prone to chemical 
weathering. 

Rocks - Igneous

Igneous rocks are 
formed when moltenformed when molten 
rock material cools and 
solidifies on or beneath 
the earth’s surface. It is 
hard, dense and strong 
with very high bearing 

itcapacity.

Granite
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Rocks - Metamorphic
Rock formed from 
igneous or sedimentary g y
rock as a result of heat, 
pressure, and chemical 
action. 

Metamorphism is the 
process by which igneous 

di k ior sedimentary rock is 
converted to metamorphic 
rock. It occurs mainly in 
mountainous areas.

Rocks – Metamorphic, Contin.

Foliated – arrangement 
of minerals in parallelof minerals in parallel 
layers along which the 
rock easily splits into thin 
flakes or slabs.

Sl tSlate
Schist
Gneiss
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Rocks – Metamorphic, Contin.

Unfoliated metamophic
rocks include:rocks include:

Quartzite

Marble

Soil

Soil is a natural mineral, 
formed of decomposed andformed of decomposed and 
disintegrated parent rock, 
that supports plant life.

The properties of soil are 
affected by a number of 
f t th t ffactors: the nature of  
parent rock, climate, 
topography, age and 
vegetation.
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Soil Horizons
Soil is divided into horizontal 
layers called horizonslayers called horizons.

The three main horizon layers 
are the A, B and C layers.

A Horizon
The layer called topsoil; 
Seeds germinate and plant g p
roots grow in this dark-
colored layer. 

It is made up of humus 
(decomposed organic matter) 
mixed with mineral particles. 
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B Horizon
Also called the subsoil 

- this layer is beneath the E 
Horizon and above the C 
Horizon. 

It contains clay and mineral 
deposits (like iron, aluminum 

id d l ioxides, and calcium 
carbonate) that it receives 
from layers above it when 
mineralized water drips from 
the soil above. 

R Horizon
The unweathered rock 
(bedrock) layer that is 
beneath all the other 
layers. 
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Soil Classifications
There are many different ways of 
classifying soil based on its uses.

As Architects we are most 
interested in systems based on 
particle size since that largely 
determines 3 important soil 
qualities:

Drainage
Bearing Capacity
Erodibility

US Department of Agriculture 
Soil Classifications

• Sand
Sil• Silt

• Clay

• This is too narrow 
for us so we also 
look at

• Gravel
• Organic Soils
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Sand .002 to .25

Sand is a coarseSand is a coarse 
grained soil 
whose particles 
are .002 to .25 
inches in 
diameter

Silt .002 to .00008

Silt is a fine 
grained soil whose 
particles are .002 
to .00008 inches in 
diameter
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Clay smaller than .00008

Clay is a fine-
grained soil whole 
particles are 
smaller than 
.00008 inches in 
diameter

Gravel larger than .25

Gravel is a coarse 
i d il hgrained soil whose 

particles are larger 
than .25 inches in 
diameter. 

It has good to 
excellent drainage 
characteristics and 
bearing capacity.
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Organic Soils

Organic soils suchOrganic soils such 
as peat have poor 
drainage and very 
low bearing 
capacity

Unified Soil Classification System

Soils are divided into 
ario s s b categoriesvarious sub-categories

1. coarse grained (gravel 
and sands)

2. fine grained (very fine 
sands silts and clay)sands, silts and clay)

3.highly organic soils, such 
as, peat, poor drainage 
and very poor bearing 
capacity 
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Soil Investigations

1 Test pit1. Test pit

2. Test boring    

3. Soil boring log

4. Research 
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Test Pit

A Test pit  is an 
excavation made 
to expose the 
subsurface soils 
for an in-place 
examinationexamination

Test Boring

Test boring is a holeTest boring is a hole 
drilled into the 
ground, from which 
samples or 
undisturbed 
subsurface soils are 
bt i d fobtained for 

laboratory 
inspection and 
testing
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Soil Boring Log

A soil boring log isA soil boring log is 
a graphic 
representation of 
the soils 
encountered in a 
test boringtest boring.

Bearing Capacity

Bearing Capacity
is the ability of a 
soil to support a 
structural load.
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Nature of Soil

Soils vary in their 
b ibearing 
capacities. 

Clays and silts 
have a fair ability 
to support loads; 
organic soils are 
unsuitable. 

See chart.

Problems encountered that may 
result in poor bearing capacity

•Subsidence 

•Previous building 

•Nature of soil 

•Expansive soils

•Seasonal changes 
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Subsidence

Subsidence is
the sinking of thethe sinking of the 
land because of 
organic fill, or the 
pumping out of 
oil, gas or water.

Previous Building

Foundations must 
trest on 

undisturbed soil.

If a building was 
previously on the 
site, the new
foundation must 
go below the level 
of the old 
foundations.



2/27/2012

20

Expansive Soil

Expansive soil Refers to 
clay which swells when wetclay which swells when wet 
and shrinks when dry. 

Piers or footings must go 
below the depth of 
seasonal change and must 
b t t d f thbe protected from the 
surrounding expansive soil.

Seasonal Changes

In the winter, soil 
freezes and expandsfreezes and expands. 
In the summer, the 
soil contracts.

Frost line is the 
deepest penetration p p
of frost below grade. 
Foundations must be 
below this level.
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Methods of Overcoming Poor 
Bearing Capacity

Compaction is theCompaction is the 
reduction of soil 
volume by pressure 
from grading 
machinery. 

Piles rely on thePiles rely on the 
support of friction.

The foundation may 
go down to bedrock.

Geologic Map of NYC, 
Pamela Chase Brock and 
Patrick Brock 2001
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Fordham Gneiss beneath Belvedere Castle, 
Central Park, image credit Stig Nygaard © 2005 

Manhattan Schist, Edgecombe Avenue, image 
credit John Seitz © 2010

From Wild New York, Mittlebach and Crewdson, 1997
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http://store.usgs.gov/b2c_usgs/usgs/maplocator/(xcm=r3standardpitrex_prd
&layout=6_1_61_48&uiarea=2&ctype=areaDetails&carea=%24ROOT)/.do

http://store.usgs.gov/b2c_usgs/usgs/maplocator/(xcm=r3standardpitrex_prd
&layout=6_1_61_48&uiarea=2&ctype=areaDetails&carea=%24ROOT)/.do


