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Before the actual construction of a house begins, several activities must be carried out on the site
where the residence will be located. Excess vegetation and soil must be removed; the building’s foundation must be laid out and excavated; the water supply, sewer pipe, and utility cables must be installed
and buried underground; and a drainage system for surface runoff must be put in place. All of these
activities fall under the general description of rough sitework.
An important aspect of rough sitework is to organize the site as a temporary factory for the construction of the house. Although the construction phase generally lasts only 5 to 9 months, it will be a
period of intense activity. While planning the efﬁcient use of the site for construction, the experienced
contractor also keeps in mind the long-term goal of sitework, which is to make an outdoor living environment that will complement the interior rooms of the house for many years to come.
This chapter will focus on the activities surrounding the short-term use of the site, primarily preparing the building foundation and locating utilities in the ground. Chapter 21, the ﬁnal chapter in Part
Three, will examine the conversion of the building property from a construction site into a landscaped
residential environment.

Design
Considerations
Before the contractor starts any work
on the site, the designer must complete a number of tasks:
1. Determine the exact location of the
proposed building relative to the property lines. It is important to check the
municipal zoning ordinances, which establish requirements such as setbacks—
the distances required between buildings and property lines (Figure 7.1).
2. Locate the utilities that will support the site, such as power, water,
gas, and telephone lines. Incorporate
the position of the various pipes and
lines, and their type (overhead or underground), into the design of the
house.
3. For urban sites, locate the municipal sewer line. The designer must specify the ﬂoor elevations of the building
in the design to ensure the natural
drainage of the house sewer into the
municipal sewer.
4. For rural sites, obtain approval
from the local board of health or
land management agency for the installation of a septic system and secure a
reliable source of potable water for the
house.
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5. Design storm drainage in accordance
with local ordinances.
6. If the ability of the soil to support
the weight of a building is in doubt,
a soil and/or foundation engineer
should be consulted and his or her
recommendations should be incorporated into the plans.
7. Investigate any other local ordinances, such as tree-cutting restrictions, wetlands regulations, historic
district restrictions, and building
code requirements, and make sure
that these regulations have been complied with in the design of the house.

Organizing the Site
for Construction
The several-month period of actual
construction is the most intensive use
the site will ever experience. Heavy
equipment of all types will move over
the soil and cut into it. Earth, gravel,
and building materials will be deposited and stored on the surface of the
site. Scores of workers will arrive daily
in pickup trucks and vans that they
will park on or around the site.
Orchestrating all of this activity
is one of the most important responsibilities of the contractor and one
that is crucial to the overall efﬁciency
of the work. Access routes and storage locations need to be planned
strategically so that they are easy to
reach while avoiding locations where
trenches will be dug and ﬁlled. Waste
piles, temporary utilities, and parking
areas for workers should be located in
places that will not disrupt construction activity. On reasonably large, ﬂat
sites, this choreography is generally
Figure 7.1
This architectural site plan shows the
location of the proposed building on
the property. The building ofﬁcial will
check the drawing to ensure that setback
requirements are met. The contractor
will use the drawing to help determine
the location of the foundation. (Courtesy
of Dietz Design, Eugene, Oregon)

not difﬁcult. On very small or steep
sites, however, the management of all
these materials and activities becomes
much more difﬁcult. Unforeseen circumstances will always call for adjustment, but a comprehensive plan prepared by the contractor for the use
of the site throughout the course of
construction will conserve much time
and energy in the long run.

Site Preparation
One of the ﬁrst activities at the building site is a survey to establish the
locations of the property lines. This is
done by a licensed surveyor, who marks
the corners of the property and
notes relative elevations to be used
for determining the ﬂoor levels of
the house and establishing slopes of
future site features such as driveways
and drainage piping.
Before construction can begin,
the contractor must clear major vegetation and debris from the portion
of the site used for building. Any
trees within the building footprint
or very close to the building must be
removed. Very small trees and brush
should be cut near the ground and
removed from the site. Medium-sized
and larger trees should be cut above
the ground so that excavators can
later use the stumps as leverage when
removing the roots. (The disposal of
large stumps and roots can be a signiﬁcant expense that is frequently
overlooked.)
Once the property lines have
been located and vegetation removed, the corners of the building
are roughly situated and marked on
the property through a process known
as staking out. Small stakes are driven
to mark approximately the corners
of the building’s foundation. This is
usually done either by the designer
during the design process or by the
contractor just prior to construction.
The precise location of the building on the site is established by using the time-tested batter board system
(Figure 7.2). Batter boards are con-
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structed at least 4 feet outside the
stakes at the corners of the foundation to allow room for excavation.
Strings are stretched across the batter
boards and, with the use of a plumb
bob, building corners are carefully
located on the ground. Jogs in the
foundation for porches, courts, bays,
and other features are staked in or
painted on the ground until after excavation.
When establishing the building’s
outline, it is important to make sure
that the corners are square, forming
a true 90-degree angle. A 3–4–5 triangle is often used to verify that the corners are square. Workers will measure
out a multiple of 3 and 4 from the
corner (say, 6 and 8 feet) and will verify that the diagonal between the two
points is a multiple of 5 (say, 10 feet).
Diagonal measurements between the
outside corners of the building may
also be supplied by the designer (Figure 7.3). Surveying instruments or
other types of measuring equipment
are also commonly used to establish
the corners. On small sites, this work
may be performed by a surveyor to
ensure that municipal setback requirements are recognized.
On sloping or irregular sites,
measurements along the slope of
the ground will not reﬂect the true
horizontal distance between corners. In this situation, a builder’s level
is usually used in conjunction with
batter boards (Figure 7.4). This instrument, through a magnifying
telescope with crosshairs, is capable
of precisely establishing vertical and
horizontal planes. After one corner
is located, the builder’s level is set up
accurately over this corner, and the
angle between the second and third
corners can be measured by rotating
the instrument. Horizontal distances between corners are determined
by establishing a horizontal plane
with the level, measuring along this
plane between corners, and projecting vertically to the ground with a
plumb bob from the measurement
on the plane (Figure 7.5). Batter
boards set back from these corners
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Figure 7.2
Batter boards are used to establish the
position, shape, and size of the building
on the site.

Figure 7.3
This illustration from 1905 shows a plan
view of the same batter board system that is
used today to lay out a foundation. Notice
how extra boards are used to position a
porch inset at the lower right corner of the
drawing. Diagonal measurements AB and
CD are used to ensure that the building
is square. (From F. E. Kidder, Building
Construction and Superintendence,
William T. Comstock, New York, 1905)

Figure 7.4
A common builder’s level is used to establish level lines and to measure horizontal
angles when staking a foundation. More sophisticated and expensive versions use a
rotating laser beam to establish a horizontal plane from which levels can be measured.
(Photo by Rob Thallon)
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Figure 7.5
The horizontal distance between stake A
and point B is measured along the horizontal line established by the builder’s
level. A plumb bob at point B will locate
the position on the ground for a stake
at B. Measured along the ground, the
distance from stake A to stake B would
be greater than the horizontal distance
between the two.

allow their position to be maintained throughout the excavation
process.

Excavation
After the site has been cleared and the
approximate location of the corners
of the building has been established,
excavation can begin. Depending on
the soil type, the slope, the complexity of the building, and the availability
of equipment, a number of machines,
ranging from road grader to backhoe to bulldozer, may be used. (If the
house is to be built on a rocky site, a
blasting contractor might also be employed.) The excavator ﬁrst removes
from the surface all soil containing
organic matter within the footprint of
the house. This mixture of topsoil and
plant material (grass and small roots)
is stockpiled for future use as backﬁll.
Now the process of excavating to
the correct depth begins. This depth,
set by the designer, usually corresponds to the level at which the bottom of the building’s footing will be
located. (The footing is the concrete
base that the building foundation will
rest on.) The depth is set in relation to
an existing benchmark or datum established by the designer or the surveyor,
such as a mark on the top of a street
curb or a nail driven into a power pole
or a special stake. The vertical distance

Figure 7.6
The elevations of the proposed ﬁnish ﬂoors are noted on the construction drawings.
These elevations are referenced to a known elevation on the site referred to as a
datum or benchmark—in this case, the gutter in front of the driveway. The contractor
uses this information to establish the elevation of the excavation at the base of the
footings.

Figure 7.7
Infrared laser levels such as this emit a
highly concentrated beam of light across
a level plane. Measurements taken from
the laser beam establish grades for
excavations, foundations, and ﬂoors.
Laser levels are replacing optical levels
as standard equipment on residential
construction sites. Visible beam laser
levels are also available for interior work.
(Photos © 2000 Topcon Corp.)

between the benchmark and the base
of the footing is indicated in the construction drawings (Figure 7.6).
Using a builder’s level or a laser
level, the contractor and excavator
usually work as a team to measure the
depth of the excavation (Figure 7.7).

The level is ﬁrmly positioned beside
the excavation, and the vertical distance between this instrument and
the benchmark is measured using a
measuring tape, a surveyor’s rod, or a
story pole (which is a site-made calibrated stick) (Figure 7.8). Then the
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Figure 7.8
A rod with a sensor that emits a sound when struck by the
laser beam allows depth measurements to be performed by
one person. (Photo by Rob Thallon)

Figure 7.9
The rod measures the vertical distance from the bottom of
the excavation to the horizontal plane established by the
builder’s level.

vertical distance between the benchmark and the base of the proposed
footing is added to the ﬁrst measurement to determine the total vertical
distance between the builder’s level
and the base of the excavation. If, for
example, the benchmark is 50 inches
below the level and the bottom of the
footing is designed to be 10 inches
below the benchmark, the contractor
would make a mark at 60 inches above
the bottom of the surveyor’s rod. The
rod and level are used occasionally as
excavation work proceeds to check
the level of the bottom of the excavation, and the digging stops when the
60-inch mark is at the same horizontal plane as the level (Figure 7.9).
If the soil under the proposed
house is not sufﬁciently strong to
support the house, compacted ﬁll may
be required. The installation of compacted ﬁll is directed by an engineer
and involves the placement of 6- to
12-inch (150- to 300-mm) layers of
soil or rock, called lifts. Each lift is
compacted before the subsequent
lift is placed. A variety of heavy rollers, vibrating rollers, and vibrating
plates are used for this work (Figure
7.10). When soil is being compacted,
it is important to monitor carefully
the ratio of moisture to density of the
material. This is crucial to the success
of the operation, as it relates the compaction work on the site to lab tests
that determine the optimum moisture content for compaction of various soils (Figure 7.11).

It is common to encounter unforeseen circumstances during excavation work. Underground springs,
buried boulders, and pockets of clay
or other unstable soil are often uncovered. When this occurs, adjustments sometimes need to be made to
the foundation or to the excavation.
Often, an engineer will be called in
to examine the site and recommend
the best method for proceeding with
construction (Figure 7.12). Common solutions might include adding
compacted gravel, doing additional
compacting of the soil beneath the
foundation, increasing the size of the
footings, or increasing the amount of
steel reinforcement in the foundation.

Site Utilities
Temporary Utilities
For the convenience of the contractor, temporary utilities must be installed
as early as possible. Electric power for
construction equipment is required
from the time footings begin to be
made. The contractor usually sets up
a temporary weathertight electrical

panel, and the local utility company
extends a permanent power line onto
the property to supply the box with
electricity (Figure 7.13). The temporary panel must be inspected by the
electrical inspector before it can be
connected, and the power company
can often take weeks to schedule its
work, so the experienced contractor
starts this process well in advance of
the need for temporary power on the
site. If a stopgap solution is required,
a gasoline-powered electric generator
can be used to allow construction to
proceed until electricity is available at
the site.
Water is also needed early in the
construction process, especially for
concrete block foundations. Until a
permanent water supply is installed
on-site, adequate quantities of water
for construction can usually be
trucked to the site in small barrels or
borrowed from a neighbor.
Temporary toilet facilities for
workers are required on the site from
the beginning of construction. Usually, the contractor will rent a portable
chemical toilet from a supply company, which delivers it to the site and
cleans it weekly (Figure 7.14).
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Figure 7.10
This machine is one of a variety designed to compact
soil or gravel for the purpose of supporting construction. When used under a foundation, the material is
compacted in layers or lifts under the supervision of an
engineer. (Photo by Rob Thallon)
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Figure 7.11
A nuclear gauge can be used to test the strength of
the soil. The density of the soil is measured by the
machine with a probe inserted into a test hole. Soil
strength is calculated by comparing the measured
ﬁeld density with the maximum theoretical dry
density. (Courtesy of Foundation Engineering, Eugene,
Oregon)

Figure 7.12
The contractor submitted this sketch to the architect after soils were discovered to be inferior at one portion of the site during
excavation. The sketch clearly illustrates where the soils engineer proposed a deeper excavation and taller foundation walls.
(Drawing by Mark Dorman)
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Figure 7.13
This temporary electrical panel with meter
was set up and connected to a power supply before framing of the house began.
Temporary lines and extension cords
provide electricity for construction equipment from this source until the permanent
power line is connected to the house.
(Photo by Rob Thallon)

Until very recently, a temporary
phone connection played an important role in site organization and
overall construction coordination.
With the recent introduction of cellular phones, hard-wired temporary
site phones have all but disappeared.

Figure 7.14
A chemically sanitized temporary toilet facility is a ﬁxture on the site of new construction until the job has been completed. (Photo by Rob Thallon)

less disruptive to a wooded site, while
underground wires are aesthetically
preferable and easier to maintain.
Electrical codes require overhead electric service wires to maintain a minimum clearance to the

ground and from the limbs of surrounding trees. Underground cables
are required to be located 30 to 32
inches below the ﬁnished surface of
the ground. At this depth, the cable
will be well protected from everyday

Permanent Electrical Power
Residential electricity is supplied by
the local utility from overhead or underground high-voltage lines. The high
voltage is stepped down with a transformer to produce the 110/220-volt
power used in the house (Figure 7.15).
If the high-voltage lines are overhead,
the transformer is located on a pole;
if underground, the transformer is located on the ground. In either case,
the main service cable, which connects
the transformer to the new house,
may be placed either overhead or
underground. Overhead installations are less expensive and often

Figure 7.15
This transformer steps down high voltage from underground lines
for use in the house. In this case, both high-voltage utility lines and
110/220-volt residential lines are underground. (Photo by Rob Thallon)
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require a minimum distance of 100
feet.) Banks usually require that a
well produce 5 gallons per minute for
ﬁnancing to be approved. If the water
volume of a newly drilled well is inadequate, a storage tank of 1500 gallons
or more may solve the problem.
A submersible electric pump is lowered to the bottom of the well to
pump water to the house. A pressure
tank ﬁlled partly with air and partly
with water is located in the line between well and house. This tank
provides a pressurized cushion of
air so that the pump is not activated
each time a water tap in the house is
opened. The air in the tank pressurizes the water in the pipes until the
pressure in the tank reaches a preset
lower limit. At that time, the electric
pump is engaged automatically, water
is forced into the tank, and the air
cushion is repressurized by the rising
volume of water.

Figure 7.16
An electric pump at the base of a deep well or the top of a shallow well operates when
the water pressure in the pressure tank drops to a speciﬁed level. Water pumped into
the tank increases the tank pressure until an upper pressure limit is reached, which
shuts off the pump. A pressurized cushion of air in the tank maintains water pressure
in the pipes and prevents the pump from being activated every time a faucet is opened
in the house.

gardening activities. The trench may
contain other utilities as well, so long
as these are separated from the electrical cable by distances speciﬁed in
the various codes. Electrical services
are discussed further in Chapter 16.

Potable Water
In urban areas, residential water is
generally drawn from a municipal
water supply. The municipality collects
the water from a river, from a rain-fed
reservoir, or from wells, then ﬁlters
and puriﬁes it and distributes it to
customers through water mains buried in the street. To tap this source
for a new house, the contractor digs
a trench to the property line and a
pipe is laid in it. The pipe is connected to the water main at one end and
the house at the other, with a water
meter somewhere along its length
to measure water consumption. In
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cold climates, the water line must be
buried below the frost line to keep it
from freezing in winter; in very cold
climates, the water meter is located
inside the house with an electronic
readout attached to the outside of
the house.
In rural areas, residential water
is often supplied by a well (Figure
7.16). The residential well is a 6-inch
hole dug by a hydraulic drilling rig to
a depth at which an adequate supply
of clean water is encountered. This
may be as little as 15 feet in a sandy
soil near a body of water or as much
as several hundred feet on rocky sites.
The well is cased with steel above the
level of bedrock to prevent cave-ins
and contamination. The well should
be drilled at a location on the property where it can be easily serviced,
yet it must also be placed far enough
away from the septic system to prevent contamination. (Most codes

Sewage Systems
The simplest way to dispose of sewage
is to connect to a municipal sewer with a
building sewer. The building sewer is typically a 3- or 4-inch plastic pipe sloping
away from the house at a minimum of
1
⁄4 inch per foot. It must be installed by
a plumber or another licensed professional who specializes in that work.
Usually, a city or town public works
employee will connect the building
sewer to the municipal sewer line.
In rural areas without a sewer, a
septic system is installed on each site
to digest the sewage and disperse the
clear efﬂuent into the subsoil. A septic system depends on good soil for
proper operation, so the property
owner contracts to have a test pit dug,
and this pit is inspected by a government agency before a septic permit can
be issued. From the pit, the inspector
determines the soil type, the level of
the water table, and the rate of water absorption based on a percolation
test. Because a septic permit must be
obtained before a building permit is
issued, septic approval is usually a condition of the sale of rural residential
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property. A septic system has two
main components—a septic tank and
a drain ﬁeld or leaching ﬁeld (Figure 7.17). The septic tank is a large
subterranean concrete or ﬁberglass
container that accepts the raw sewage
from the house (Figure 7.18). Within
the tank, anaerobic decomposition
takes place—turning most of the
sewage into liquid waste. The size of
the tank depends on the number of
bedrooms and plumbing ﬁxtures in
the house, but most houses have a
1000-gallon tank.
The building sewer runs from
the house to the inlet of the septic
tank. At the opposite end of the tank,
and slightly lower than the inlet, is
an outlet to which is connected a
pipe leading to the drain ﬁeld. The
liquid efﬂuent from the septic tank is
carried through this pipe to a distribution box buried at the head of the
drain ﬁeld (Figure 7.19). This box is
connected to a series of horizontal
leach lines (Figure 7.20). The purpose
of the distribution box is to equalize
the ﬂow of waste to each of the leach
lines. The leach lines are perforated
4-inch (100-mm) pipes that are laid
in a bed of gravel so that the efﬂuent
will percolate into the ground from
them. The moisture from the efﬂuent
eventually drains down to the water
table or moves upward through the
soil by capillary action to evaporate
into the atmosphere.
The locations on a site for the septic tank and drain ﬁeld are restricted
by the governmental authority granting the septic permit. Codes generally
specify that the septic tank must be
sufﬁciently deep in the ground so that
waste from the building sewer can
drain into it by gravity. It must also be
a minimum prescribed distance from
the house, usually 5 feet, and may
not be situated beneath any surface
where vehicles would normally travel,
such as a road or driveway. The drain
ﬁeld must be in an area where the soil
and slope have been approved as described in the septic permit, and no
part of the drain ﬁeld may be located
beneath roads or driveways, where the

soil would be compacted by vehicles.
The system must also be a minimum
distance from any stream or well on
the property, and leach lines must lie
lower than a speciﬁed distance above
the water table. Practical considerations such as convenient vehicular
access to the septic tank for periodic
pumping and cleaning also play a role
in locating the system on the site.
When there are problems with a
site that prohibit the construction of
a standard septic system, there may
be remedies. A sand ﬁlter system provides percolation and evaporation of

the efﬂuent with the construction of
a large engineered bed of sand and
soil. Also, a standard drain ﬁeld or
sand ﬁlter system may actually be located above the elevation of the septic
tank, provided that a two-chambered
dosing tank and a pump are used (Figures 7.21 and 7.22).
The septic system is generally
designed and installed by a specialized subcontractor who is licensed
for this work. Because it involves so
much excavation, its installation is
best scheduled during the dry part
of the year.

Figure 7.17
A typical domestic septic system. Raw sewage ﬂows by gravity from the house
into the septic tank. After decomposition in the septic tank, a small amount of
solid material falls as sludge to the bottom of the tank, and liquid efﬂuent ﬂows
to the drain ﬁeld where it leaches into the soil.
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Gas Lines

Figure 7.18
The septic tank is a large underground concrete or ﬁberglass container. Raw
sewage ﬂows in from one side, and partially digested liquid efﬂuent exits from
the other. A lid on the top provides access for occasional cleaning.

Figure 7.19
The distribution box receives
liquid efﬂuent from the septic
tank. A number of holes at the
same level below the supply
line provide equal distribution
of efﬂuent to each of the leach
lines.

Figure 7.20
The perforated leach lines
slope slightly and are laid in
a bed of gravel to promote
percolation of efﬂuent
into the soil. Some of the
moisture moves downward
to join the groundwater
beneath the site, and some
moves upward by capillary
action to evaporate at the
surface of the ground.

While almost all houses are connected to electrical power lines, not
all houses are connected to gas lines.
Of those that are, houses in incorporated areas generally use natural gas,
which is delivered to the site in gaseous form through pipes, and those
in rural areas use propane, which is
delivered in liquid form by truck and
pumped into an on-site storage tank.
The location of the storage tank must
conform to safety regulations and be
conveniently positioned for access by
the delivery truck.
Both natural gas and propane
enter the house through a pipeline.
When buried, this line may share a
trench with other utilities, so long as
the speciﬁed building code clearances are observed.

Telephone and
Television Cable
In modern residential construction,
telephone and communication cables are usually buried underground,
although aboveground service is common in some areas. Each utility has
“connector boxes” positioned along
cables that run parallel to the public roadways. Individual residences
tap into the utility by running a line
from the house to the connector
box. These lines may share a trench
with other utilities, so long as speciﬁed building code clearances are observed.

Surface Water
Drainage
Erosion Control
The extreme disruption of a site by the
removal of vegetation and subsequent
excavation can have a severe impact
on downstream neighbors. An erosion
control plan is therefore required of
contractors by many municipalities
before construction can begin. Regulatory agencies will consider several
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Figure 7.21
A two-chambered dosing tank allows
uphill pumping of efﬂuent. The ﬁrst
chamber in the tank receives and digests
raw sewage. Only liquid waste enters the
second chamber, where a pump forces it
uphill to the distribution box. An alarm
system activated by a ﬂoat warns the
owner if the pump is not operating.

Figure 7.22
A new concrete dosing tank in the
ground. Finish grading will cover the
top of the tank with soil. (Courtesy of
Willamette Graystone, Eugene, Oregon)

factors before approving an erosion
control plan, including the season in
which the proposed construction will
take place and the contractor’s method for removing storm water from the
site during construction.

Storm Drainage System
The precipitation that falls on a site
before the construction of a house ﬁlters into the ground until the ground
is saturated and then runs off over the
surface. When a house is built, however, the ground under it is no longer
available to absorb storm water, even
though the same amount of water still
falls on the site. In addition, roofs,
driveways, and other impermeable
surfaces not only prevent absorption,
but also redirect storm water to other
locations on the property. This storm
water must be collected, channeled,
and disposed of in such a way that it
does not cause long-term erosion of
the land, especially in wet climates.
Water falling onto the roof of
a house may be collected in gutters
at the eave and channeled through
downspouts to ground level. (The
installation of gutters and downspouts is discussed in Chapter 11.)
The runoff ﬂows into a storm drain
(Figure 7.23). Modern residential
storm drains are commonly made of
3- or 4-inch plastic pipe. This pipe
is buried underground and sloped,

1

⁄8 inch per foot minimum, to drain
into a dry well or a storm sewer (discussed later). Typically, storm drain
pipes are located at the perimeter of
the house, where they collect runoff
from the roof drainage system and
can direct it by gravity to a catch basin
or storm sewer.

tioned at the bottom, so any water
rising above this level will enter the
pipe and ﬂow by gravity away from
the building (Figures 7.24 and 7.25).
A ﬁlter fabric should be placed above
the gravel to prevent small particles
that might clog the pipes from entering the system. Perimeter drains are
discussed further in Chapter 8.

Perimeter Drains
To prevent basement ﬂooding or
dampness in crawlspaces, a perimeter
drain must be provided around the
foundation. The perimeter drain is
a 3- or 4-inch perforated plastic pipe
laid in a porous bed of gravel at the
base of the building’s footing. The
perforations in the pipe are posi-

Dry Well versus Storm
Sewer
Storm drains and perimeter drains
need to dispose of the water they
collect without causing erosion. In
urban and suburban locations, the
most common practice is to route
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Figure 7.23
A residential storm drain is designed to carry runoff from downspouts to a storm
sewer or dry well. The drain pipe should slope continuously at 1⁄8 inch per foot or
more. The two storm drains shown here are at the party wall of a duplex and drain in
opposite directions. The continuous pipe against the foundation is a perimeter drain
with perforations. (Photo by Rob Thallon)

Figure 7.24
Perforations in a perimeter drain allow
groundwater to enter the drain, in which
it ﬂows downhill and away from the
house. The drain is designed to prevent
water pressure from building up against a
foundation wall.

Figure 7.25
Perimeter drainage is the key to a dry
basement or crawlspace. Dampprooﬁng
of the foundation wall and the placement of gravel or a drainage mat against
the wall above the drain will ensure that
groundwater ﬁnds its way to the drain.
(Photo by Edward Allen)

184 /

Part Three • Wood Light Frame Construction

Figure 7.27

Figure 7.26
The ﬂoor structure at the top of this foundation wall braces it against the horizontal
pressure from the backﬁll. Backﬁlling before the ﬂoor framing is in place can cause
cracking in the foundation wall unless the wall is braced by other means. (Photo by
Edward Allen)

the drains to a municipal storm sewer
system, which channels the runoff to
a nearby body of water.
In rural settings, or on very large
tracts of land within municipalities,
storm and perimeter drains are often
required to discharge into a dry well,
which is essentially a large hole in the
ground ﬁlled with rocks to prevent
the sides from caving in. Runoff discharged into the dry well percolates
into the ground. The design of dry
wells is regulated by code, and their
size and details are often speciﬁed by
an engineer. In some cases, dry wells
are not required, and runoff can be
discharged to a surface swale, which is
a holding area in a low part of the site
from which runoff evaporates and
seeps into the soil.

Grading
The last phase of rough sitework involves backﬁlling and rough grading.
Backﬁlling is the replacement around
the foundation and into trenches of

the soil and rock removed during excavation. Rough grading is the smoothing and leveling of the site to a level
just below that of the ﬁnal ﬁnish grade.

Backﬁlling
Once the foundation, the utilities,
and the drainage pipes are in place,
backﬁlling can begin. There is an advantage to backﬁlling as soon as possible after the other rough sitework
has been completed, because it allows
workers and equipment to have unimpeded access to the entire site for the
duration of construction. However,
when foundation walls are tall, backﬁlling against them should be delayed
until the ﬁrst-ﬂoor framing is in place,
because the framing is needed to
brace the top of the wall (Figure 7.26).
It is important to use the proper
materials when backﬁlling. In most
cases, an excavation may be backﬁlled
with the same soil that was removed
earlier. Backﬁlling with soil instead of
gravel has two primary advantages: It
is less expensive than backﬁlling with

Round-edged pea gravel will compact on
its own and is often used under slabs.
The round black object in the photo is
a camera lens cap about 2 inches in diameter. Gravel with larger stones up to 4
or 5 inches in diameter is often used for
backﬁll where good drainage is required.
(Photo by Greg Thomson)

gravel, and it alleviates the need for
disposing of the excavated soil. Soil
that is used as backﬁll should always
be free of organic material, which can
attract termites and would eventually
decompose and cause settlement.
The primary disadvantage of backﬁlling with soil is that the soil must be
compacted with a heavy vibrator or
tamper to avoid settling, which can
lead to structural, drainage, or visual
problems.
Using gravel as backﬁll can solve
the problem of compaction because
some kinds of gravel are self-compacting, meaning that they have rounded
edges and will naturally seek their
lowest possible level, like marbles
poured into a vessel (Figure 7.27).
Gravel backﬁll also promotes drainage around a foundation, which
contributes to keeping basements and
crawlspaces dry. The disadvantages of
using gravel, compared to soil, are
that it is expensive to purchase and it
must be brought in from off-site and
then moved to the location on the
property where it is to be used.
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Figure 7.28
A stone slinger is essentially a
high-speed conveyor belt mounted
to the rear of a gravel truck. It can
be aimed to place gravel or soil in
locations that are otherwise difﬁcult to access. In this case, gravel
is being spread by the slinger while
workers hand-smooth it and check
its grade. (Photo by Rob Thallon)

Figure 7.29
A utility trench may contain several different
utilities, so long as they are separated at
code-speciﬁed distances. The principle is to be able
to dig up one line for service at a later date without
disturbing the others. (Photo by Rob Thallon)
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In some situations, especially in
backﬁlling utility trenches under either roadways or ﬂoor slabs, settling
can virtually be eliminated by backﬁlling with controlled low-strength material
(CLSM), which is made from portland
cement and/or ﬂy ash (a byproduct
of coal-burning power plants), sand,
and water. CLSM, sometimes called
“ﬂowable ﬁll,” is brought in concrete
mixer trucks and poured into the excavation, where it compacts and levels itself, then hardens into soil-like
material. The strength of CLSM is
matched to the situation: For a utility
trench, for example, CLSM is proportioned so that it is weak enough to be
excavated easily by ordinary digging
equipment when the pipe needs servicing, yet as strong as good-quality
compacted backﬁll. CLSM has many
other uses in and around foundations.
It is often used to pour mud slabs,
which are weak concrete slabs used to
create a level, dry base in an irregular,
wet excavation. The mud slab serves
as a working surface for the reinforcing and pouring of a foundation mat
or basement ﬂoor slab. CLSM is also
used to replace pockets of unstable
soil that may be encountered beneath
a substructure, and it may be used
to create a stable volume of backﬁll
around a basement wall.
Backﬁlling utility trenches is a
fairly straightforward process. Once
the pipe(s) and/or wire(s) are covered with a protective layer of backﬁll
without rocks (preferably sand), the
ditch merely needs to be ﬁlled to the
top with more backﬁll. If several utilities are located in the same trench,
the building codes require them to
be separated at speciﬁed minimum
distances (Figure 7.29). If soil is used
as the backﬁll material, it will need to
be compacted in lifts—especially if it
passes under a driveway, terrace, or
any other paved surface. Otherwise,
it will settle, causing the paved surface to crack or distort.
It is important to protect foundation walls or retaining walls from
damage during the backﬁlling process. Foundations are likely to have

Figure 7.30
Gravel will be carefully placed (by hand) against the insulation installed on this
foundation wall. The waterprooﬁng layer beneath the insulation is protected by the
insulation itself. The gravel protects the insulation from damage by soil backﬁll.
(Courtesy of National Concrete Masonry Association)

waterprooﬁng and/or rigid insulation applied to the exterior (Figure
7.30). Special care must be taken not
to damage these or the foundation
itself with backﬁlling equipment. Protection board is a layer of material that
physically protects the foundation
from damage by backﬁll.

Rough Grading
Rough grading is the smoothing of
the surface of the site in preparation
for the ﬁnish sitework that will take
place later. The surface of the ground
should be sloped away from the
house to promote drainage. The level
of rough grading is usually about 6
inches below the ultimate ﬁnish grade
to allow for the addition of topsoil
and various paved surfaces. Placing
base gravel for the driveway is usually
included as a part of rough grading,
because it will provide a solid surface
for delivery vehicles, which will help
to compact it.

Green Practices for
Rough Sitework
The treatment of the site before and
during construction is extremely important for both the health of the
site itself and the cumulative impact
that site decisions will have across the
continent. There are approximately
400,000 acres of North American land
impacted by residential construction
each year, so the environmental impact is great, and the attention paid
to green principles will make a big
difference.
Probably the greatest differences
that environmentally conscious designers and builders can have on a
site occur before construction begins.
In the design phase, it is important
to site the building(s) sensitively with
the least disruption of native plants, to
respect and accommodate the natural
ﬂow of surface water, and to cover as
little ground with paving as possible.
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Figure 7.31
The footings for these urban cottages
nestled among oak trees were excavated
by hand. The method caused minimal
damage to the site, including the delicate
tree roots, and the cost of labor for a
few eager high school boys was signiﬁcantly less than that for a backhoe with
operator. (Photo by Dee Etzwiler)

Engaging the services of a landscape
architect early in the process to incorporate best practices will usually pay
for itself in the long run. Hiring a survey team that strives to minimize survey damage can save vegetation and
limit costly site repairs.
In planning for construction, it is
important to protect healthy sites and
minimize necessary disruption. Sites
should never be cleared or leveled
before the building is designed just
to understand the site potential.
When the site is cleared for building, machinery should be as small
as is practical in order to avoid unnecessary damage. Healthy trees and
other vegetation should be protected
with clearly visible fencing that corresponds to areas marked on the building plans. At the beginning of excavation, topsoil should be scraped from
the surface and stockpiled for reuse
as backﬁll. Cutting of the ground for
foundations and roadways should be
planned carefully and minimized to
avoid unnecessary disruption Utilities, when present, should be located
carefully to avoid damage that is both
costly and consumptive of materials.
During construction of the foundation and utility and drainage systems, a conservative attitude of minimal disruption can save time and
money and promote a healthier site
Figure 7.31). Erosion control is mandated by most building departments
but should be employed in any case.
Staging and stockpiling of materials
and parking of construction vehicles
should be carefully orchestrated to
minimize unnecessary plant damage

and compaction of soils. Mixing of
construction materials should be
controlled to eliminate pollution
of groundwater. Trenching should

be minimized, and trenches should
be as narrow as possible and with as
many utilities in the same trench as
are allowed by code.

C.S.I./C.S.C.
MasterFormat Section Numbers for Rough Sitework
01 50 00

TEMPORARY FACILITIES AND CONTROLS

01 50 00

Temporary Utilities

01 52 00

Construction Facilities

01 56 00

Temporary Barriers and Enclosures

26 21 00

Low-Voltage Electrical Transmission

31 00 00

EARTHWORK

31 10 00

Site Clearing

31 22 00

Grading

31 23 00

Excavation and Fill

31 25 00

Erosion and Sedimentation Controls

33 20 00

Wells

33 30 00

Sanitary Sewerage

33 36 00

Utility Septic Tanks

33 46 00

Subdrainage
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surveying, grading, storm water management, and erosion control as well as ﬁnish
sitework topics discussed in Chapter 21 of
this book.

KEY TERMS AND CONCEPTS
rough sitework
zoning ordinance
setback
site utilities
municipal sewer
septic system
potable water
storm drainage
property line
licensed surveyor
staking out
batter board
builder’s level
excavation
benchmark
laser level
surveyor’s rod
story pole
compacted ﬁll
lift

temporary utilities
high-voltage line
transformer
main service cable
municipal water supply
water main
cased well
submersible electric pump
pressure tank
municipal sewer
building sewer
test pit
septic permit
percolation test
septic approval
septic tank
drain ﬁeld
distribution box
leach line
efﬂuent

sand ﬁlter system
dosing tank
natural gas
propane
erosion control plan
storm water
storm drain
perimeter drain
ﬁlter fabric
storm sewer
dry well
swale
backﬁll
rough grading
self-compacting ﬁll
controlled low-strength material
(CLSM)
mud slab
protection board
ﬁnish grade

3. Describe the utilities that are typically provided on a temporary basis at a
residential construction site. Explain the
need for these temporary utilities.

be located at an elevation higher than the
house.

REVIEW QUESTIONS
1. What actions does the contractor typically perform at a site before excavation
proceeds?
2. What are the principal differences between the development of an urban site
and the development of a rural site?

4. List and describe the extra components
required for a septic system when it must

5. Explain the difference between a storm
drain and a perimeter drain.
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EXERCISES
1. Find an undeveloped lot in your neighborhood and locate a hypothetical house
on it. Draw a site plan that contains all
information essential to a contractor for
the development of the site. Locate the
building(s), the utilities, the driveway and
walk, and any other site features that will

be constructed. Make an estimate of existing site elevations and use this information to provide ﬂoor levels, footing elevations, and other important information
about vertical relationships.
2. Describe the development of the lot
discussed in the preceding exercise to

the point of backﬁlling against a newly
poured foundation wall.
3. Document the process of site development for a local residential construction
project. Photos taken from the same
place(s) on subsequent days can illustrate
the process clearly.

