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Excavation may be classified by type of material:

o
£

Topsoil excavation

Earth excavation

Rock excavation

Muck excavation — this usually contains excess water and unsuitable soil
Unclassified excavation — this is any combination of material types
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» Roadway excavation oy gylas
e Drainage or structure excavation . . it o
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« Channel excavation dole @
» Footing excavation JUK (gjlas
e Borrow excavation oSl
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Civil engineering use

Typical earthworks include road construction, railway beds, causeways, dams, levees, canals, and berms.
Other common earthworks are land grading to reconfigure the topography of a site, or to stabilize slopes.
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Military use

In military engineering, earthworks are, more specifically, types of fortifications constructed from soil.
Although soil is not very strong, it is cheap enough that huge quantities can be used, generating
formidable structures. Examples of older earthwork fortifications include moats, sod walls, motte-and-
bailey castles, and hill forts. Modern examples include trenches and berms.
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Equipment ) b

Heavy construction equipment is usually used due to the amounts of material to be moved — up to
millions of cubic metres. Earthwork construction was revolutionized by the development of the (Fresno)
scraper and other earth-moving machines such as the loader, the dump truck, the grader, the bulldozer,
the backhoe, and the dragline excavator.
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Mass haul planning dgul J&5 g Jo> (535 4ol p

Engineers need to concern themselves with issues of geotechnical engineering (such as soil density and
strength) and with quantity estimation to ensure that soil volumes in the cuts match those of the fills,
while minimizing the distance of movement. In the past, these calculations were done by hand using a
slide rule and with methods such as Simpson's rule. Earthworks cost is a function of hauled amount x
hauled distance. The goal of mass haul planning is to determine these amounts and the goal of mass haul
optimization is to minimize either or both.

Now they can be performed with a computer and specialized software, including optimisation on haul
cost and not haul distance (as haul cost is not proportional to haul distance
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Calculation software awoloeo 1581 045

Earthwork software is generally a subset of CAD software, in which case it often an add-on to a more
general CAD package such as AutoCAD.[3] In that case, earthwork software is principally used to
calculate cut and fill volumes which are then used for producing material and time estimates. Most
products offer additional functionality such as the ability to takeoff terrain elevation from plans

(using contour lines and spot heights); produce shaded cut and fill maps; produce cross sections and
visualize terrain in 3D.[4] The means by which volumes are calculated in software can differ quite
considerably leading to potentially different results with the same input data. Many software products use
methods based on triangulated irregular networks (TINS) and triangular prism volume algorithms,
however other calculation methods are in use based on rationalizing elevations into high density grids or
cross-sections.

A few programs are specialised in earthworks transport optimization and planning the construction
works.
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Embankment (earthworks)
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An embankment is a raised wall, bank or mound made of earth or stones, that are used to hold back water
or carry a roadway. A road, railway line, or canal is normally raised onto an embankment made of
compacted soil (typically clay or rock-based) to avoid a change in level required by the terrain, the
alternatives being either to have an unacceptable change in level or detour to follow a contour. A cutting
is used for the same purpose where the land is originally higher than required.
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Materials

Embankments are often constructed using material obtained from a cutting. Embankments need to be
constructed using non-aerated and waterproofed, compacted (or entirely non-porous) material to provide
adequate support to the formation and a long-term level surface with stability. An example material for
road embankment building is sand-bentonite mixture often used as a protective to protect underground
utility cables and pipelines.
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Intersection of embankments

To intersect an embankment without a high flyover, a series of tunnels can consist of a section of
high tensile strength viaduct (typically built of brick and/or metal) or pair of facing abutments for a bridge.
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Notable embankments

e Burnley Embankment: The largest canal embankment in Britain.

e Harsimus Stem Embankment: The remains of a railway built by the Pennsylvania Railroad in Jersey
City, New Jersey, United States

e Stanley Embankment: A railway, road and cycleway that connects the Island of Anglesey and Holy
Island, Wales. It carries the North Wales Coast Line and the A5 road.
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According to the type of materials available and the conditions of execution, cylindrical, rubber,
metal, vibrating, goat-footed, etc. rollers can be used:
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Materials that can be used in earthworks

The soils used in earthing include the seven groups A-1 to A-7 of the Ashto M-145 standard, which
include coarse-grained soils (A1, A2, A3) and fine-grained soils (A4, A5, A6, A7)., are
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Materials that cannot be used in earthworks

« Salty, chalky, vegetable and muddy soils
» Swellable agricultural soils

» Soil prone to shrinkage

» Soils with organic matter
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Causeway

Cut and fill

Cut (earthmoving)
Fill dirt

Grade (slope)
Land reclamation

Levee
Roadbed
Track bed

Retaining wall
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King Fahd Causewa g~ Sa uc[ipec]ia

A causeway is a track, road or railway on the upper point of an embankment across "a low, or wet place,
or piece of water".[1] It can be constructed of earth, masonry, wood, or concrete. One of the earliest known
wooden causeways is the Sweet Track in the Somerset Levels, England, which dates from the Neolithic
age.[2] Timber causeways may also be described as both boardwalks and bridges.
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Etymology oy (o b

When first used, the word causeway appeared in a form such as "causey way", making clear its derivation
from the earlier form "causey". This word seems to have come from the same source by two different
routes. It derives ultimately, from the Latin for heel, calx, and most likely comes from the trampling
technique to consolidate earthworks.
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Originally, the construction of a causeway used earth that had been trodden upon to compact and harden
it as much as possible, one layer at a time, often by slaves or flocks of sheep. Today, this work is done by
machines. The same technique would have been used for road embankments, raised river banks, sea
banks and fortification earthworks.
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The second derivation route is simply the hard, trodden surface of a path. The name by this route came to
be applied to any firmly surfaced road. It is now little-used except in dialect and in the names of roads
which were originally notable for their solidly made surface. The 1911 Encyclopadia Britannica states:
"causey, a mound or dam, which is derived, through the Norman-French caucie (cf.

modern chaussée),”2! from the late Latin via calciata, a road stamped firm with the feet (calcare, to tread)."®
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The word is comparable in both meanings with the French chaussée, from a form of which it

reached English by way of Norman French. The French adjective chaussée carries the meaning of having
been given a hardened surface and is used to mean either paved or shod. As a noun chaussée is used on the
one hand for a metalled carriageway, and on the other for an embankment with or without a road.
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Other languages have a noun with similar dual meaning. In Welsh, it is sarn. The Welsh is relevant here,
as it also has a verb sarnu, meaning to trample. The trampling and ramming technique for consolidating
earthworks was used in fortifications and there is a comparable, outmoded form of wall construction
technique, used in such work and known as pisé, a word derived not from trampling but from ramming or
tamping. The Welsh word cawsai translates directly to the English word 'causeway'; it is possible that, with
Welsh being a lineal linguistic descendant of the original native British tongues, the English word derives
from the Welsh, (i necded]
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A transport corridor that is carried instead on a series of arches, perhaps approaching a bridge, is

a viaduct; a short stretch of viaduct is called an overpass. The distinction between the

terms causeway and viaduct becomes blurred when flood-relief culverts are incorporated, though generally a
causeway refers to a roadway supported mostly by earth or stone, while a bridge supports a roadway
between piers (which may be embedded in embankments). Some low causeways across shore waters
become inaccessible when covered at high tide.
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Ecological consequences e G slately

Causeways affect currents and may therefore be involved in beach erosion or changed deposition patterns;
this effect has been a problem at the Hindenburgdamm in northern Germany. During hurricane seasons,
the winds and rains of approaching tropical storms—as well as waves generated by the storm in the
surrounding bodies of water—make traversing causeways problematic at best and impossibly dangerous
during the fiercest parts of the storms. For this reason (and related reasons, such as the need to

minimize traffic jams on both the roads approaching the causeway and the causeway itself), emergency
evacuation of island residents is a high priority for local, regional, and even national authorities.
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Causeways can separate populations of wildlife, putting further pressure on endangered species.

Causeways can cause a mineral imbalance between portions of a body of water. For example, a causeway
built in the Great Salt Lake has caused the northern half of the lake to have much higher salinity, to the
point that the two halves show a major color imbalance (as can be seen in the image at right).
Furthermore, the difference in salinity has become so severe that native brine shrimp cannot survive in
much of the waters, with the northern part being too salty and the southern part being insufficiently salty.
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