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192 / Part Three • Wood Light Frame Construction

Foundation Loads
A foundation supports many differ-
ent kinds of loads:

• The dead load of the building, 
which is the sum of the weights of 
the frame; the fl oors, roofs, and walls; 
the electrical and mechanical equip-
ment; and the foundation itself

• The live load, which is the sum of 
the weights of the people in the build-
ing; the furnishings and equipment 
they use; and snow, ice, and water on 
the roof

• Wind loads, which can apply lateral, 
downward, and uplift forces to a 
foundation

• Horizontal pressures of earth and 
water against basement walls

• During earthquakes, horizontal 
and vertical forces caused by the mo-
tion of the ground relative to the 
building

Foundation 
Settlement
All foundations settle to some extent 
as the soil around and beneath them 
adjusts itself to these loads. Founda-
tions on bedrock settle a negligible 
amount. Foundations on certain 
types of clay may settle to an alarm-
ing degree. Foundation settlement 
in most buildings is measured in 
millimeters or fractions of inches. 
If settlement occurs at roughly the 
same rate from one side of the build-
ing to the other (uniform settlement), 
no harm is likely to be done to the 
building. However, if large amounts 
of differential settlement occur, in which 
the various columns and loadbearing 
walls of the building settle by substan-
tially different amounts, the frame of 
the building may become distorted, 
fl oors may slope, walls and glass may 
crack, and doors and windows may 
refuse to work properly (Figure 8.1).

Figure 8.1
Uniform settlement is usually of little consequence in a building, but differential 
settlement can cause severe structural damage.
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The function of a foundation is to transfer the structural loads 
from a building safely into the ground. Every building needs 
a foundation of some kind. A backyard toolshed will not be 
damaged by slight movements of its foundation and may need 
only wooden skids to spread its load across an area of the surface 
of the ground suffi cient to support its weight. A house needs 
greater stability than a toolshed, so its foundation reaches through 
the unstable surface to underlying soil that is free of organic 
matter and unreachable by winter frost. The basic requirement of 
a residential foundation is to provide a permanent base for the 
building so that it does not settle in a way that might damage the 
structure or impair its function.

Foundations for light framing were originally made of stone 
or brick masonry. Today, in most cases, they are made of site-cast 
concrete or concrete masonry. Early concrete foundations were 
designed principally to support the building, and they were gener-
ally a great improvement over their predecessors. However, little 
attention was paid in the formative years of foundation design to 
drainage, waterproofi ng, or insulation—resulting in several gener-
ations’ worth of damp crawlspaces; cold, wet basements; and cold 
fl oors. Now it is understood that a foundation wall of any material 
needs to be carefully dampproofed and drained to avoid fl ooding 
with groundwater and to prevent the buildup of water pressure 
in the surrounding soil that could cause it to cave in (Figure 8.6). 
Likewise, concrete and concrete block foundations are highly 
conductive of heat and, when they enclose a habitable basement 
space, must be insulated to meet code requirements concerning 
energy conservation (Figures 8.28 and 8.36).
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Accordingly, a primary objective 
in foundation design is to minimize 
differential settlement by loading the 
soil in such a way that equal settlement 
occurs under the various parts of the 
building. This is not diffi cult when all 
parts of the building rest on the same 
kind of soil. It can become a problem, 
however, when a building occupies a 
piece of ground that is underlain by 
two or more areas of different types 
of soil with very different loadbearing 
capacities such as original soil adja-
cent to a fi lled area. Most foundation 
failures are attributable to excessive 
differential settlement. Gross failure 
of a foundation, in which the soil fails 
completely to support the building, is 
extremely rare.

Soils

Types of Soils
Soil is a general term referring to 
earth material that is particulate. The 
following distinctions may be helpful 
in acquiring an initial understanding 
of how soils are classifi ed for engi-
neering purposes:

• Rock is a continuous mass of solid 
mineral material, such as granite 
or limestone, which can only be 
removed by drilling and blasting. 
Rock is not completely monolithic, 
but is crossed by a system of joints 
that divide it into irregular blocks. 
Despite these joints, rock is gener-
ally the strongest and most stable 
material on which a building can be 
founded.

• Gravel consists of particles that can 
be lifted easily with thumb and fore-
fi nger. In the Unifi ed Soil Classifi ca-
tion System (Figure 8.2), gravels are 
classifi ed visually as having more than 
half of their particles larger than 0.25 
inch (6.5 mm) in diameter.

• Sand is made up of individual 
particles that can be seen but are 
too small to be picked up individu-
ally. Sand particles range in size from 

Group 
Symbols Typical Names

GW Well-graded gravels, gravel-sand mixtures, 
  little or no fi nes

GP Poorly graded gravels, gravel-sand 
  mixtures, little or no fi nes

GM Silty gravels, poorly graded 
  gravel-sand-silt mixtures

GC Clayey gravels, poorly graded 
  gravel-sand-clay mixtures

SW Well-graded sands, gravelly sands, 
  little or no fi nes

SP Poorly graded sands, gravelly sands, 
  little or no fi nes

SM Silty sands, poorly graded 
  sand-silt mixtures

SC Clayey sands, poorly graded 
  sand-clay mixtures

ML Inorganic silts and very fi ne sands, rock 
   fl our, silty or clayey fi ne sands with 

plasticity

CL Inorganic clays of low to medium plasticity, 
   gravelly clays, sandy clays, silty clays, lean 

clays

OL Organic silts and organic silty clays of 
  low plasticity

MH Inorganic silts, micaceous or diatomaceous 
  fi ne sandy or silty soils, elastic silts

CH Inorganic clays of high plasticity, fat clays

OH Organic clays of medium to high plasticity

Pt Peat and other highly organic soils
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Figure 8.2
A soil classifi cation chart based on the Unifi ed Soil Classifi cation System. The group 
symbols are a universal set of abbreviations for soil types, as used in code tables such 
as Figure 8.4.
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about 0.25 to 0.002 inch (6.5 to 0.06 
mm). Sand and gravel are considered 
to be coarse-grained soils.

• Silt particles are approximately 
equidimensional and range in size 
from 0.002 to 0.00008 inch (0.06 
to 0.002 mm). Because of their low 
surface-area-to-volume ratio, which 
approximates that of sand and gravel, 
the behavior of silt is controlled by 
the same mass forces that control the 
behavior of the coarse-grained soils.

• Clay particles are plate shaped 
rather than equidimensional (Figure 
8.3) and smaller than silt particles, 
less than 0.00008 inch (0.002 mm). 
Clay particles, because of their small-
er size and fl atter shape, have a sur-
face-area-to-volume ratio hundreds 
or thousands of times greater than 

that of silt. The volume of the pores 
and the amount of water in the pores 
greatly infl uence the properties of a 
clay soil, which tends to be expansive 
(e.g., it expands and contracts with a 
change in moisture content).

• Organic soils such as peat and top-
soil are not suitable for the support 
of building foundations. Because of 
their high content of organic matter, 
they are spongy and compress easily, 
and their properties can change over 
time due to changing water content 
or biological activity in the soil.

Properties of Soils
A building site is usually underlain 
by a number of superimposed layers 
(strata) of different soils. These strata 
were deposited one after another in 
very ancient times by volcanic action 
and by the action of water, wind, and 
ice. Most of the soils in these strata 
are mixtures of several different sizes 
and types of particles and bear such 
names as “silty gravels,” “gravelly 
sands,” “clayey sands,” “silty clays,” 
and so on (Figure 8.2). The distribu-
tion of particle sizes and types in a soil 
is important to know when designing 
a foundation because it is helpful in 
predicting the loadbearing capacity 
of the soil, its stability, and its drain-
age characteristics. Figure 8.4 gives 

some typical ranges of loadbearing ca-
pacities for various types of soil. Soils 
in most regions in the United States 
have been classifi ed and mapped by 
the Natural Resource Conservation 
Service and those in Canada by the 
Canadian Soil Information Service 
(CANSIS). Information on the soil 
type for a given building site can usu-
ally be found by contacting the local 
offi ces of these agencies.

The stability of a soil is its ability to 
retain its engineering properties under 
the varying conditions that may occur 
during the lifetime of the building. 
Rock, gravels, sands, and many silts 
tend to be stable soils. Many clays are di-
mensionally unstable under changing 
subsurface moisture conditions. Clay 
may swell considerably as it absorbs 
water and shrink as it dries. When wet 
clay is put under pressure, water can be 
squeezed out of it, with a correspond-
ing reduction in volume. Taken togeth-
er, these properties make clays that are 
subject to changes in water content the 
least stable and least predictable soils 
for supporting buildings.

The drainage characteristics of a soil 
are important in predicting how water 
will fl ow on and under building sites 
and around building substructures. 
Water passes readily through clean 
gravels and sands, slowly through very 
fi ne silts and sands, and almost not at 

Figure 8.3
Silt particles (top) are approximately 
equidimensional granules, while clay 
particles (bottom) are platelike and gen-
erally much smaller than silt. Notice that 
the clay particles here are much smaller 
than the silt particles; a circular area 
of clay particles has been magnifi ed to 
make their structure easier to see.

Presumptive Loadbearing Values of Foundation Materials

Class of Material
Loadbearing Pressure 

(pounds per square foot)

Crystalline bedrock 12,000

Sedimentary and foliated rock 4,000

Sandy gravel and/or gravel 
(GW and GP)

3,000

Sand, silty sand, clayey sand, silty gravel, and 
clayey gravel (SW, SP, SM, SC, GM, and GC)

2,000

Clay, sandy clay, silty clay, clayey silt, 
silt, and sandy silt (CL, ML, MH, and CH)

1,500

For SI: 1 pound per square foot = 0.0479 kN/m2.

Figure 8.4 
Presumptive loadbearing values of various soil types as allowed by the 2009 Interna-
tional Residential Code (IRC).
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all through many clays. The drainage 
characteristics of a soil can affect the 
foundation construction process by 
dictating which seasons are suitable 
for excavation and construction. Soil 
drainage can affect foundation de-
sign by requiring more or less gravel 
fi ll to promote proper foundation 
drainage.

Designing Foundations
Foundation design involves many 
decisions that depend on numerous 
variables at a range of scales. The most 
fundamental decision of whether 
to employ a slab, a crawlspace, or a 
basement foundation (Figure 8.5) 

depends on such things as soil type, 
site contours, spatial needs, and local 
construction costs. The choice of ma-
terials depends partially on aesthetic 
considerations, labor costs, and insu-
lation methods. Designers must con-
sider all of these factors together be-
fore determining the fi nal form and 
shape of the foundation. The typical 
basement foundation shown in Fig-
ure 8.6 illustrates the general areas 
that require consideration.

Residential foundation design is 
usually relatively simple from an engi-
neering standpoint because founda-
tion loads are low compared to those 
of large, multistory buildings. The 
uncertainties that do exist in founda-
tion design at the scale of a house can 
usually be reduced with reasonable 
economy by adopting a large factor 
of safety in calculating the bearing 
capacity of the soil. Unless the de-
signer has reason to suspect poor soil 
conditions, residential foundations 
are usually designed using rule-of-
thumb allowable soil stresses and stan-
dardized proportions for the footings 
(the base of the foundation) (Figure 
8.4). The designer then examines the 
actual soil when the excavations have 
been made. If it is not of the quality 
that was expected, the footings can 
be hastily redesigned using a revised 
estimate of the bearing capacity of the 
soil before construction continues. If 
unexpected groundwater is encoun-
tered, better drainage provisions may 
have to be provided around the foun-
dation or the depth of the founda-
tion may have to be decreased.

The design of the foundation is 
infl uenced as much by the building 
above as it is by the soil type below. 
Tables found in the code specify foot-
ing size by whether the foundation 
will support a one-, two-, or three-
story house (Figure 8.7). The overall 
size of the foundation is coordinated 
with the dimensions of the framing 
(often laid out on a 2-foot module to 
use standard lumber sizes effi ciently). 
Knowing that foundation construc-
tion is expensive relative to wood 
framing, the designer will simplify 

the foundation as much as possible. 
For example, small projections in the 
fl oor plan may be framed with wood 
over a simple, straight foundation 
wall.

Both crawlspace and basement 
walls may be designed using tables 
in the code. The tables take into ac-
count the wall thickness, wall height, 
wall reinforcement, backfi ll height, 
and soil type (Figure 8.8). A licensed 
architect or engineer must be em-
ployed to design walls that exceed 
the minima prescribed in the tables. 
The typical residential concrete or 
concrete masonry foundation wall 
is 8 inches (200 mm) thick and is 
reinforced with #4 reinforcing steel 
bar (rebar) at 48 inches (1.2 m) on 
center in both directions. Walls on 
extremely stable soil may be thinner 
(6 inches) and require no rebar. Tall-
er than normal walls on normal soil 
generally are thicker and have more 
rebar or rebar of larger diameter.

Knowing that most residential 
foundations are made of either site-
cast concrete or concrete block, 
the residential designer must often 
choose between the two. Both are 
very similar in terms of durability, 
strength, and appearance, so some 
designers leave their options open 
until after the bidding process. The 
principal differences are as follows:

• A concrete foundation can be 
made to any dimension, whereas 
block is practically limited to the 
module of a masonry unit (8 inches) 
in both horizontal and vertical di-
mensions.

• A concrete foundation uses form-
work, whereas a block foundation 
does not. The lack of formwork can 
be a signifi cant advantage in terms of 
time and cost, especially where the 
confi guration of the foundation is 
complicated.

• A concrete foundation has a 
smooth fi nish surface, whereas block 
has a built-in pattern. A concrete 
masonry foundation can have an at-
tractive, stonelike texture if split-face 
block is used.

Figure 8.5
Three types of substructures using 
simple wall footings. The slab on grade 
is most economical under many circum-
stances, especially where the water table 
lies near the surface of the ground. A 
crawlspace is often used under a fl oor 
structure of wood or steel and gives 
much better access to underfl oor piping 
and wiring than a slab on grade. A 
basement is often specifi ed on a steep 
slope or in regions where the frost line 
requires deep footings.
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196 / Part Three • Wood Light Frame Construction

Figure 8.6
Typical details for a poured concrete basement foundation. A concrete masonry unit (CMU) foundation would be much 
the same except that there would be no key in the footing. A crawlspace foundation has shorter walls and does not 
require a slab.
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Minimum Width of Concrete or Masonry Footings (inches)

Loadbearing Value of Soil (psf)

1500 2000 2500 3000 3500 4000

Conventional light frame construction

1-story 16 12 10  8  7  6
2-story 19 15 12 10  8  7
3-story 22 17 14 11 10  9

Figure 8.7 
This table from the International Residential Code relates building weight (estimates derived from construction type and number 
of stories) to soil type.

Reinforced Concrete and Masonry Foundation Walls

Minimum Vertical Reinforcement Size and Spacing 
for 8-inch Nominal Wall Thickness

Soil Classes

Maximum Wall 
Height (feet)

Maximum Unbalanced 
Backfi ll Height (feet)

GW, GP, SW, 
and SP Soils

GM, GC, SM, SM-SC, 
and ML Soils

SC, MH, ML-CL, 
and Inorganic CL Soils

6 5 #4 at 48" o.c. #4 at 48" o.c. #4 at 48" o.c.
6 #4 at 48" o.c. #4 at 40" o.c. #5 at 48" o.c.

7 4 #4 at 48" o.c. #4 at 48" o.c. #4 at 48" o.c.
5 #4 at 48" o.c. #4 at 48" o.c. #4 at 40" o.c.

6 #4 at 48" o.c. #5 at 48" o.c. #5 at 40" o.c.
7 #4 at 40" o.c. #5 at 40" o.c. #6 at 48" o.c.

8 5 #4 at 48" o.c. #4 at 48" o.c. #4 at 40" o.c.
6 #4 at 48" o.c. #5 at 48" o.c. #5 at 40" o.c.
7 #5 at 48" o.c. #6 at 48" o.c. #6 at 40" o.c.
8 #5 at 40" o.c. #6 at 40" o.c. #6 at 24" o.c.

9 5 #4 at 48" o.c. #4 at 48" o.c. #5 at 48" o.c.
6 #4 at 48" o.c. #5 at 48" o.c. #6 at 48" o.c.
7 #5 at 48" o.c. #6 at 48" o.c. #6 at 32" o.c.
8 #5 at 40" o.c. #6 at 32" o.c. #6 at 24" o.c.
9 #6 at 40" o.c. #6 at 24" o.c. #6 at 16" o.c.

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm.

Figure 8.8 
In this International Residential Code table, basement wall strength is related to the lateral load on the wall as determined by the 
height of the backfi ll and the soil type.
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Footings
A footing is a wide element at the base 
of a foundation that is designed to dis-
tribute building loads over the surface 
of the soil. A column footing is a square 
(or circular) block of concrete, with 
or without steel reinforcing, that ac-
cepts the concentrated load placed 
on it from above by a building col-
umn and spreads this load across an 
area of soil large enough that the al-
lowable bearing stress of the soil is not 

exceeded. A wall footing or strip footing
is a continuous strip of concrete that 
serves the same function for a load-
bearing wall (Figure 8.9).

To minimize settlement, footings 
are placed on undisturbed soil. The 
last inches of soil in the excavation 
for a footing are often removed with 
hand tools to avoid the loosening of 
the bearing layer of soil that would be 
caused by digging machinery. Also, to 
eliminate heaving, an upward thrust-
ing of the foundation that results from 
the expansion of soil when it freezes, 
footings are constructed with their 
base below the frost line, the depth to 
which soil might be expected to freeze 
during a severe winter. The frost line 
depths for all regions of North Ameri-
ca are specifi ed in the code.

When soil is very poor or ir-
regular, adequate bearing for foot-
ings may be achieved in a number 
of ways. Some buildings are built on 
engineered fi ll, which is earth that has 
been deposited in thin layers across 
an entire building site at a controlled 
moisture content and compacted in 
accordance with detailed procedures 
that ensure a known degree of long-
term stability. Compacted gravel fi ll also 
may be distributed under an entire 
building or more locally under each 
footing. Alternatively, controlled low-
strength material (CLSM), a self-leveling 
mix of fl y ash, cement, and sand, also 
called “fl owable fi ll” or “controlled-
density fi ll,” may be used to stabilize 
questionable soils. This material is 
pumped into overexcavated trenches 
where it hardens to a consistency such 
that it can be excavated by a backhoe 
but not by a shovel.

Even when all reasonable efforts 
have been made to ensure that the 
soil will provide an adequate bearing 
surface, it is prudent in many cases 
to place rebar in the footing to mini-
mize the effects of potential differ-
ential settlement. The codes do not 
require rebar in most cases, but when 
it is required, the standard is to have 
two #4 bars running longitudinally in 
each footing. If the footing needs to 
extend farther than twice the width 

of the wall it supports to achieve the 
necessary bearing area, additional re-
inforcing that runs across the width 
of the footing is generally required.

Footings appear in many forms 
in different foundation systems. In cli-
mates with little or no ground frost, a 
concrete slab on grade with thickened 
edges is the least expensive founda-
tion and fl oor system and is applicable 
to one- and two-story buildings of any 
type of construction. For fl oors raised 
above the ground, either over a crawl-
space or a basement, concrete strip 
footings support concrete or masonry 
foundation walls (Figure 8.10). When 
building on slopes, it is often neces-
sary to step the footings to maintain 
the required depth of footing at all 
points around the building (Figure 
8.11). If soil conditions, steep slopes, 
or earthquake precautions require it, 
column footings may be linked togeth-
er as a reinforced concrete tie beam 
to avoid possible differential slippage 
between footings (Figure 8.1).

Constructing the Footings
Footings are laid out at the site by the 
foundation subcontractor, using the 
same batter boards used by the exca-
vator (Figure 7.2). The elevation at 
the top of the footing is determined 

Figure 8.9
A column footing and wall (strip) footing 
of concrete. The steel reinforcing bars 
have been omitted for clarity.

Figure 8.10
A simple footing and foundation wall. 
In most cases, the wall is centered on the 
footing.
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from the same benchmark used for 
excavation. The sides of the footings 
are formed with boards (usually 2  
8s) staked to the ground with wood or 
metal stakes. With the forms in place, 
the horizontal reinforcing steel, if 
any, is roughly positioned between 

them. The two sides of the forms are 
then tied with scraps of wood nailed 
across the top, and the rebar is sup-
ported with wire tied to these ties 
(Figure 8.13).

At this stage, the building inspec-
tor must verify that the loadbearing 

Figure 8.11 
Foundations on sloping sites, viewed 
in a cross section through the building. 
The broken line indicates the outline 
of the superstructure. Wall footings 
are stepped to provide a level bearing 
surface between footing and soil and to 
maintain the necessary distance between 
the bottom of the footing and the 
surface of the ground. Separate column 
foundations are often connected with 
reinforced concrete tie beams to reduce 
differential movement between the 
columns.

Figure 8.12 
Forms for footings on a sloped site showing steps in the footing to accommodate the 
change in grade. The forms have not yet been staked to the ground. (Photo by Rob Thallon)

Figure 8.13 
Concrete will be poured to the top of the form boards, completely fi lling the space be-
tween them and encasing the rebar to make a strong footing. This example happens to 
be formed on engineered gravel fi ll. In most cases, footings are placed on undisturbed 
soil. (Photo by Rob Thallon)
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soil is adequate, the footings have 
been properly sized, and the rebar 
has been positioned correctly. Follow-
ing this inspection, the concrete can 
be poured into the forms to create 
the footings. Depending on the site, 
the concrete can fl ow directly from 
the truck chute, it can be moved with 
wheelbarrows, or it can be pumped 
using a concrete pumper. After pour-
ing, the top of the footing is straight-
edged. No further fi nishing opera-
tions are required (Figure 8.14). The 
footing is left to cure for at least a day 
before the wall forms are erected.

To connect the footing mechani-
cally to the foundation wall that will 
later be built on top of it, there are 
two basic strategies. The less expen-
sive one is to form a groove, called 
a key, in the top of the footing with 
strips of wood that are temporarily 

Figure 8.14 
The forms have been stripped, and these footings are ready to receive their walls. The 
projecting rebar dowels will tie the foundation wall to the footing. A key in the footing 
can also be used to tie a concrete foundation wall and footing. The grade beam at the 
interior of the building replaces individual column footings. (Photo by Rob Thallon)

Figure 8.15 
Large multifamily buildings, because they have a larger footprint and are heavier, require stronger foundations than do single-
family residences. (a) The foundation for this four-story hotel started with driving pairs of wooden piles into the ground. The piles 
will ultimately bear the weight of the building. (b) The piles are organized along primary structural lines that will be united with a 
concrete and rebar grade beam. The piles in the foreground have been cut to length and are ready for formwork to be placed over 
them. (Photos by Rob Thallon)

(a) (b)
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embedded in the wet concrete. When 
more strength is required in the con-
nection, vertically projecting dowels 
of steel reinforcing bars are installed 
in the footing just after it has been 
straightedged. These tie the footing 
structurally to the foundation wall. 
If vertical reinforcing bars are used 
to reinforce the wall, they are over-
lapped with these projecting bars 
and tied to them with wire before the 
formwork for the wall has been com-
pleted.

Concrete Foundation 
Walls
Concrete foundation walls are cast in 
place on top of the poured concrete 
strip footings by the same subcon-
tractor who constructs the footings. 

Typically, the concrete foundation 
follows the perimeter of the build-
ing and the garage, but in a large or 
complex house, foundation walls may 
also be located under some interior 
walls. Concrete foundation walls are 
very strong and durable, and the wet 
concrete with which they are made is 
fl uid, so they can be formed and cast 
into any size or shape.

Casting Concrete 
Foundation Walls
The fi rst step in building the founda-
tion walls is to assemble the tempo-
rary wall forms into which the con-
crete will be poured (Figures 8.17 and 
8.18). These forms are reusable pan-
els of plywood or metal that should 
be placed on top of the completed 
footing. Wall forms may be custom 

built of lumber and plywood for each 
job, but it is more common for stan-
dard prefabricated formwork panels 
to be employed. The panels for one 
side of the form are coated with a 
form-release compound, set on the foot-
ing, aligned carefully, and braced. At 
this time, preformed plastic crawl-
space vents, if any, are attached to the 
forms, and other openings in the wall 
such as windows or access doors are 
blocked out with site-built or specially 
manufactured forms attached to the 
formwork panels.

If the foundation walls are to be 
reinforced, the steel reinforcing is 
installed next, with the bars wired to 
one another at the intersections. The 
vertical bars overlap corresponding 
dowels projecting from the footing, 
when they exist. At wall corners, L-
shaped horizontal bars are installed 

Figure 8.16 
A typical excavation and basement foundation. A shorter crawlspace foundation is constructed in the same fashion. The letters 
A, B, and C indicate portions of the foundation that are detailed in Figure 8.6.
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to maintain full structural continuity 
between the two walls.

The amount of rebar and its lo-
cation are determined by soil condi-
tions, by the height and length of the 
foundation wall, and by the amount 
of backfi ll to be placed against the 
wall. In ideal conditions, there may 
be no need for any reinforcement in 
either footing or foundation wall. In 
extreme conditions, reinforcement 
may be called for in both footing and 
wall. Codes specify reinforcement 
requirements for simple buildings 
(Figure 8.8), but for complex build-
ings or situations not covered in code 
tables, an engineer is consulted to 
specify the size and location of rein-
forcing steel.

When the fi rst side of the forms is 
in place and the reinforcing has been 
installed, the formwork for the second 

side of the wall is erected. These sec-
ond-side forms need to be exactly 
parallel to the forms on the fi rst side 
and need to be tied to them. The form 
ties are a critical part of the formwork 
because they must hold the formwork 
together under the pressure of the 
wet, heavy concrete. For short walls, 
the ties may be simple metal straps 
nailed to the base of the forms and 
wood straps at the top. However, for 
tall walls, in which the pressure of wet 
concrete is considerably greater, ties 
made of specially shaped steel rods 
are inserted through holes provided 
in the formwork panels and secured 
to the outside faces of the form by 
devices supplied with the form ties. 
Both ties and fasteners vary in detail 
from one manufacturer to another 
(Figure 8.19). The ties pass straight 
through the concrete wall from one 

side to another and will remain in the 
wall after it is poured.

With reinforcing steel, blocked-
out openings, and ties in place, the 
forms are checked to be sure that 
they are straight, plumb, correctly 
aligned, and adequately braced. A 
surveyor’s transit or laser level is used 
to establish the exact height to which 
the concrete will be poured, and this 
height is marked all around the in-
side of the forms. After an inspection 
by the building offi cial, pouring may 
then proceed (Figure 8.20).

Concrete is then transported to 
the top of the wall, and workers stand-
ing on top of the forms deposit the 
concrete in the forms, agitating it to 
eliminate air pockets with a shovel 
or stick for short walls or a mechani-
cal vibrator for tall walls. When the 
form has been fi lled and compacted 

Figure 8.18 
Formwork and reinforcing for a residen-
tial foundation wall. Vertical rebar pro-
jecting from the footing has been wired 
to bars that extend nearly to the top of 
the foundation wall. Horizontal rebar has 
been wired in place, and forms on one 
side of the wall have been placed. There 
is a line on the forms that marks the level 
to which the concrete will be poured. 
(Photo by Rob Thallon)

Figure 8.17 
Formwork and reinforcing for a concrete foundation wall.
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up to the level that is marked inside 
the formwork, hand fl oats are used to 
smooth and level the top of the wall. 
Anchor bolts and hold-downs (when re-
quired) are set into the wet concrete, 
projecting up in anticipation of the 
framing that will be bolted to them. 
The top of the form is then covered 
with a plastic sheet or canvas, and the 
wall is left to cure.

After a day or two of curing, the 
bracing is taken down, the connec-
tors are removed from the ends of 
the form ties, and the formwork is 
stripped from the wall (Figure 8.22). 
Tall walls are left bristling both inside 
and out with projecting ends of form 
ties. These are twisted off with heavy 
pliers, and the holes that they leave in 
the surfaces of the wall are carefully 
fi lled with grout. If required, major 
defects in the wall surface caused by 

Figure 8.19 
Cross section of a proprietary concrete 
form tie.

Figure 8.20 
The formwork has been completed and braced. Metal spacers nailed to the top of the 
formwork maintain proper form width. (Photo by Rob Thallon)

Figure 8.21 
An operable crawlspace vent cast into 
a concrete foundation. The vent is 
designed to be closed during cold winter 
months to conserve heat, but owners 
seldom adjust vents, and a lack of venti-
lation can lead to moisture accumulation 
and the decay of wooden structures. 
(Photo by Rob Thallon)
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fl aws in the formwork or inadequate 
vibration of the concrete can be re-
paired at this time. The wall is now 
complete, ready for the addition of a 
mudsill and the beginning of framing. 
The foundation may be waterproofed 
and insulated (as discussed later in 
this chapter) at this stage, but back-
fi lling against tall walls is delayed un-
til the fl oor framing is in place.

Other methods of forming and 
casting concrete foundation walls are 
used as well. Metal forms that fl are at 
the base are used for short walls on 
fl at sites to facilitate pouring of foot-
ing and wall simultaneously. Insu-
lated concrete forms (ICFs) that are 
left in place to add thermal insulation 
to a concrete wall are rapidly gaining 
popularity (Figure 8.23). ICFs are dis-
cussed further in Chapter 24. Finally, 
precast foundation walls, manufac-
tured in large sections before being 
transported to the site, are gaining 
acceptance in some areas.

Concrete Masonry 
Foundation Walls
The concrete masonry (concrete block) 
foundation wall, like a poured concrete 
wall, rests on the completed footing. 
Block walls are somewhat simpler to 
construct than concrete walls, how-
ever, because there are no forms to 
build. The work is usually performed 
by a masonry subcontractor who may 
or may not have constructed the foot-
ings. For most work, standard 8  8  
16-inch block is used with half blocks 
as needed at corners and openings 
and bond blocks for horizontal re-
bar (Figure 8.24). For extra strength, 
12-inch-deep blocks are sometimes 

Figure 8.22 
The forms are being stripped from these freshly poured concrete foundation walls. 
The ties have not yet been twisted off. Note the crawlspace vents cast into the top of 
the distant wall. (Photo by Rob Thallon)

Figure 8.23 
An ICF foundation wall. The 
forms are set up to be fi lled 

with concrete at the same time 
as the footings are poured. The 
insulating formwork will remain 
in place and will be covered on 

the exterior with stucco or some 
other hard surface to protect it 

from moisture and abrasion. The 
wooden footing forms will be re-

moved after the concrete sets, but 
the metal channels that support 

the ICFs will remain because they 
will be encased in concrete. 

(Photo by Erik Swinney)

Figure 8.24 
Residential block foundation walls are 
usually built with just a few simple block 
types. Decorative blocks such as split-
face block require the same types but, 
because they are more expensive and 
more diffi cult to waterproof, are only 
used above grade.
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required. Vents, windows, and other 
openings are made by omitting 
blocks and creating a bond beam 
lintel across the opening (Figure 
5.17). If the foundation is designed 
to an 8-inch (200-mm) block module, 
very few blocks will have to be cut.

Constructing a Concrete 
Masonry Foundation Wall
To start the work, the outside corners 
of the wall are marked on the foot-
ing, and strings are stretched between 
them to defi ne the outer face of the 
future wall. The concrete blocks are 
then laid in mortar using a Running 
Bond (Figure 8.25). Like poured con-
crete foundation walls, block walls may 
be built with or without reinforcing. 

Unreinforced block walls cannot carry 
such high stresses as reinforced walls 
and are not suitable for areas with high 
seismic risk. If the wall is to be rein-
forced, horizontal rebar is laid in bond 
beam blocks as the wall is being con-
structed, and vertical rebar is inserted 
from the top, after the wall has been 
completed, into the cells containing 
the rebar dowels that project up from 
the footing (Figures 8.26 and 8.27).

After the masonry has been com-
pleted and the rebar is in place, the 
wall is inspected by the building in-
spector to ensure proper reinforcing. 
It is then grouted to unite the block 
and rebar into a single structural 
unit. At a minimum, cells that contain 
vertical bars are grouted. For a stron-
ger wall, all cells are grouted. Grout 
is generally delivered in a concrete 

Figure 8.25 
A typical block foundation wall under construction. The block ly-
ing on its side next to the worker’s hand will have a screen adhered 
to its inside face to make a crawlspace vent. (Photo by Rob Thallon)

Figure 8.27 
Rebar laid in a bond beam. The corner 
block has been cut with a masonry saw to 
make it a bond beam block, typically be-
cause it is too expensive for masonry supply 
stores to stock right- and left-hand corner 
bond beam blocks. (Photo by Rob Thallon)

Figure 8.26 
The fi rst course of block has been laid on the footing, and 
vertical rebar dowels can be seen projecting through the cells 
of the block. (Photo by Rob Thallon)
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truck and pumped into the top of 
the wall with a concrete pump or a 
smaller grout pump. Anchor bolts 
and hold-downs are set into the wet 
grout at the top course(s) of block, 
which is usually a bond beam. The 
day after the anchor bolts are grouted 
in place, the mudsill can be bolted to 
the wall and the framing can begin.

Concrete Slab 
Foundations
A concrete slab on grade is a level 
surface of concrete for the ground 
fl oor of a building. The concrete is 
supported directly by the soil and is 
thickened at its perimeter to provide 
a footing under the exterior walls 

(Figure 8.28b). Concrete slabs are es-
pecially prevalent in warm southern 
climates where footings can be shal-
low and where their inherent thermal 
mass can help to keep the house cool. 
Because the foundation and subfl oor 
can be constructed in one relatively 
simple operation, slab-on-grade con-
struction is inexpensive. In addition, 

Figure 8.28 
Some typical concrete slab-on-grade details with thermal insulation. The exterior insulation at (a) and (b) may be used with a 
deep footing (a) or a turned-down footing (b) and may be installed when the slab is poured or at a later date. The interior 
insulation at (c) and (d) must be used with a deep footing and is installed before the slab is poured. The detail at (b) is for 
warm climates only. Foundation insulation is discussed further on page 215.
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a beautiful (and inexpensive) fi n-
ished fl oor can be made with the ad-
dition of color and sealer to the con-
crete surface.

The thickened edges at the pe-
rimeter of the slab are sized as if they 
were footings for a perimeter founda-
tion wall. The slab can also be thick-

ened at specifi c interior locations to 
provide footings for loadbearing col-
umns or walls (Figure 8.29). In cold 
climates or on sloped sites, where 
the footings may have to be so deep 
as to make the thickened edge foot-
ing impractical, poured concrete or 
concrete block stem walls provide the 

foundation, and the slab is poured 
independently of these walls (Fig-
ure 8.28c, d). The thickness of the 
interior nonloadbearing slab usually 
ranges from 3 to 4 inches (75 to 100 
mm) for a residential fl oor and is 
often increased to around 6 inches 
150 mm) for a garage fl oor.

Forming and Preparing a 
Slab on Grade
To prepare for the placement of a slab 
on grade, topsoil is scraped away to 
expose the subsoil beneath. A 4-inch-
deep (100-mm) layer of crushed 
stone is compacted over the subsoil 
as a drainage layer to keep water away 
from the slab. A moisture barrier 
(usually a heavy sheet of polyethylene 
plastic) is laid over the crushed stone. 
The thickened parts of the slab that 
act as footings bear directly on the 
soil, without crushed stone beneath. 
A simple edge form is constructed of 
wood or metal around the perimeter 
of the area to be poured and is coated 
with a form-release compound to pre-
vent the concrete from sticking. The 
top edge of the form is leveled care-
fully, and metal anchor straps that will 
later tie the mudsill to the foundation 
are fastened to it.

A reinforcing mesh of welded wire 
fabric, cut to a size just a bit smaller 
than the dimensions of the slab, is 
laid over the moisture barrier (Fig-
ure 8.30). The fabric most commonly 
used for lightly loaded slabs, such as 
those in houses, is 6  6–W1.4/W1.4, 
which has a wire spacing of 6 inches 
(150 mm) in each direction and a 
wire diameter of 0.135 inch (3.43 
mm). (For slabs in garages, a fabric 
made of heavier wires or a grid of re-
inforcing bars is often used instead.) 
The reinforcing helps protect the slab 
against cracking that might be caused 
by concrete shrinkage, temperature 
stresses, concentrated loads, frost 
heaves, or settlement of the ground 
beneath. Fibrous admixtures are fi nd-
ing increasing acceptance as a means 
of controlling the plastic shrinkage 

Figure 8.29 
A typical interior footing to support a loadbearing column or wall.

Figure 8.30 
The construction of a concrete slab on grade. Notice how the wire reinforcing fabric 
overlaps where two sheets of fabric join.
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Figure 8.31 
This slab on grade with a turned-down 
footing is ready to pour. Rigid insula-
tion has been added under the slab, and 
the perimeter will be insulated after the 
slab is poured. Underfl oor plumbing 
is wrapped with insulation to eliminate 
contact with the concrete. Slab reinforce-
ment in this case is with rebar rather than 
the more typical welded wire fabric. 
(Photo by Rob Thallon)

(a)

(b) (c)

(d)

(f )

(e)
Figure 8.32 
Constructing and fi nishing a concrete slab on grade: (a) Distributing the concrete in the forms is hard work and must be done rapidly, so 
a large crew is generally on hand even if a concrete pumper is used to place the concrete in the forms. Workers must take care not to pen-
etrate the moisture barrier during this part of the process. (b) Striking off the surface of a concrete slab on grade just after pouring, using a 
motorized straightedging device. The motor vibrates the straightedge end to end to work the wet concrete into a level surface. This opera-
tion is often performed by hand. (c) A bull fl oat can be used for preliminary smoothing of the surface immediately after straightedging. (d) 
Machine fl oating brings cement paste to the surface and produces a plane surface. Floating can also be done by hand. (e) Steel troweling 
several hours after fl oating produces a dense, hard, smooth surface. (f) One method for damp curing a slab is to cover it with polyethylene 
sheeting to retain moisture inside the concrete. (Photo a by Rob Thallon; photos b–f courtesy of Portland Cement Association, Skokie, Illinois)
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Figure 8.33 
Workers steel troweling a 
recently poured concrete 
slab. Anchor straps embed-
ded in the concrete near 
the edge of the slab will tie 
the wood framing to the 
foundation. (Photo by Rob 
Thallon)

cracking that often takes place dur-
ing curing of a slab. Fibrous reinforc-
ing, however, is not strong enough to 
replace wire fabric for general crack 
control in slabs.

Concrete is highly conductive 
of heat, so slab-on-grade founda-
tions usually must be insulated at 
their perimeter to meet code re-
quirements for energy conservation 
(Figure 8.28). In all climates, perimeter 
insulation helps to maintain comfort-
able indoor temperatures—keeping 
the slab cool in warm climates and 
warm in cold climates. In moderate 
and cold climates, there may be a lay-
er of rigid insulation installed under 
the entire slab to isolate the mass of 
the concrete from the cool soil below 
(Figure 8.31).

One disadvantage of slabs is the 
diffi culty of running utilities (plumb-
ing, heating, and electrical systems) 
within them. Once these systems 
have been cast into or under the 
concrete, it is virtually impossible to 
repair or remodel them. Therefore, 
designers usually fi nd a way to keep 
heating ducts and wiring out of the 
slab, but there is no way to eliminate 

underfl oor plumbing (Figure 14.11). 
Drain lines are set by the plumber 
in the crushed stone below the slab 
and, after they have been tested by 
the plumber and inspected (by the 
plumbing inspector), are covered 
with more crushed stone to isolate 
them from the concrete. All pipes 
that pass through the slab must also 
be isolated from the concrete (usu-
ally with fi berglass wrap) to prevent 
abrasion from thermal expansion 
and contraction.

Control joints must be provided at 
intervals in a slab on grade. A control 
joint is a straight, intentional crack 
that is formed with a fi berboard strip 
or tooled into the surface of the slab 
before the concrete has hardened. 
Alternatively, a control joint may be 
created by sawing a shallow groove 
into the top of the slab after it has 
hardened. The function of a control 
joint is to provide a place where the 
forces that cause cracking can be re-
lieved without disfi guring the slab. 
The reinforcing mesh is discontin-
ued at each control joint as a further 
inducement for cracking to occur in 
this location.

Pouring and Finishing 
the Slab on Grade
Pouring of the slab commences with 
the placing of concrete into the form-
work (Figure 8.32a). This may be 
done directly from the chute of a tran-
sit-mix truck or with wheelbarrows, 
concrete buggies, or a concrete pump 
and hoses. The method selected will 
depend on the scale of the job and the 
accessibility of the slab to the truck de-
livering the concrete. The concrete is 
spread by hand with shovels or rakes 
until the form is full, and the same 
tools are used to agitate the concrete 
slightly, especially around the edges, 
to eliminate air pockets. Next, using 
handheld hooks, the concrete masons 
reach into the wet concrete and raise 
the welded wire fabric to the mid-
height of the slab, so that it will be able 
to resist tensile forces caused by forces 
acting either upward or downward.

The fi rst operation in fi nishing the 
slab is to strike off or straightedge the con-
crete by drawing a stiff plank of wood or 
metal across the top edges of the form-
work to achieve a level surface (Figure 
8.32b). This is done with an end-to-end 
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sawing motion that avoids tearing the 
projecting pieces of coarse aggregate 
from the surface of the wet concrete. 
A bulge of concrete is maintained in 
front of the straightedge as it progress-
es across the slab, so that, when a low 
point is encountered, concrete from 
the bulge will fl ow in to fi ll it. When 
straightedging has been completed, the 
top of the slab is level but rather rough.

The slab is next fl oated to produce 
a smoother surface (Figure 8.32c, d). 
The masons wait until the watery 
sheen has evaporated from the sur-
face, then smooth the concrete with a 
fl at tool called a “fl oat.” The working 
surfaces of fl oats are made of wood 
or of metal with a slightly rough sur-
face. As the fl oat is drawn across the 
surface, its friction vibrates the con-
crete gently and brings cement paste 
to the surface where it is smoothed. If 
too much fl oating is done, however, 
an excess of paste and free water rises 
to the surface to form puddles, and 
it is almost impossible to get a good 
fi nish. Experience on the part of the 
mason is essential to fl oating, as it is 
to all slab fi nishing operations, in or-
der to know just when to begin each 
operation and just when to stop.

For a completely smooth, dense 
surface, the slab must also be trow-
eled. This is done either by hand with 
a smooth rectangular steel trowel 
(Figure 8.32e) or with a rotary pow-
er trowel. Troweling is done several 
hours after fl oating, when the slab is 
becoming quite fi rm. If the concrete 
mason cannot reach all areas of the 
slab from around the edges, knee-
boards are placed on the surface of 
the concrete to distribute the mason’s 

weight without making indentations. 
Any marks left by the kneeboards are 
removed by the trowel as the mason 
works backward across the surface 
from one edge to the other.

When the fi nishing operations 
have been completed, the slab should 
be cured under damp conditions for 
at least a week; otherwise, its surface 
may crack or become dusty from pre-
mature drying. Damp curing may be 
accomplished by covering the slab 
with an absorbent material, such as 
sawdust, earth, sand, straw, or bur-
lap, and maintaining the material in 
a damp condition for the required 
length of time. Alternatively, an im-
pervious sheet of plastic or water-
proof paper may be drawn over the 
slab soon after troweling to prevent 
the escape of moisture from the con-
crete (Figure 8.32f). The same effect 
can be obtained by spraying the con-
crete surface with one or more appli-
cations of a liquid curing compound, 
which forms an invisible moisture 
barrier membrane over the slab.

Posttensioned Slabs on 
Grade
For situations in which the soil is es-
pecially soft or unstable or irregular, 
a posttensioned slab on grade is some-

times the best solution. Posttensioning 
strengthens a slab signifi cantly so that 
it can essentially act as a single footing, 
spreading loads evenly across its entire 
area. The strength in the system comes 
from high-strength cables called ten-
dons that are placed in the concrete 
in two directions, similar to rebar. The 
tendons are coated with heavy grease 
and sheathed in plastic, and their ends 
pass through a small anchoring device 
and extend through the formwork. 
After the concrete has been poured 
and has cured to a specifi ed strength 
(about 3000 psi), the tendons are 
stretched with a hydraulic jack, and 
the anchoring device holds them taut 
(Figure 8.34). The excess length of 
tendon is then cut off fl ush with the 
slab edge, and the small pocket at the 
anchoring device is grouted fl ush.

Wood Foundations
The preservative-treated wood foun-
dation (Figure 8.35), fi rst developed 
in the 1970s, is now a popular alterna-
tive to the standard concrete or con-
crete block foundation. Called the 
permanent wood foundation (PWF), this 
system accounts for about 5 percent 
of all foundations in the United States 
and about 20 percent of foundations 

Figure 8.34 
A slab on grade can be strengthened 

signifi cantly with the use of a posttension-
ing system. High-strength steel tendons 

extending through the slab in plastic 
sheaths are stretched (tensioned) with a 
small, portable hydraulic jack after the 

concrete has cured. 
(Courtesy of Constructive Services, Inc., 

Dedham, Massachusetts)
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in Canada. It is easily insulated in the 
same manner as the frame of the house 
it supports and can be constructed in 
any weather by the same crew of car-
penters who will frame the building. A 
further advantage of PWFs is that they 
allow for easy installation of electrical 
wiring, plumbing, and interior fi nish 
materials in the basement.

PWFs do not rely on a concrete 
footing for support, but rest instead 
on a leveled bed of crushed stone that 
also provides drainage (Figure 8.36). 
The size and spacing of studs used 
for wood foundations depend on the 
height and type of backfi ll. Resistance 
to the lateral thrust of backfi ll is pro-
vided at the base of the wall by a 4-inch 
(100-mm) concrete slab, poured 
before backfi lling occurs. Because of 
the need for resistance to sliding at 

Figure 8.35 
Erecting a preservative-treated wood foundation. One worker 
applies a bead of sealant to the edge of a panel of preserva-
tive-treated wood components, while another prepares to push 
the next panel into position against the sealant. The panels 
rest on a horizontal preservative-treated plank, which, in turn, 
rests on a drainage layer of crushed stone. A major advantage 
of a wood foundation is that it can be insulated, wired, and 
fi nished in the same way as the superstructure of the building. 
(Courtesy of APA–The Engineered Wood Association)

Figure 8.36 
A PWF is essentially a below-grade preservative-treated stud wall 
that is engineered to withstand lateral pressure from backfi ll. A 

slab resists soil pressure at the base of the wall, and the fl oor holds 
the wall at its top. Gravel fi ll and waterproofi ng keep moisture 

away from the wall. Insulation is located in the stud cavities just as 
it is in an above-grade wall.
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the base of the wall, wood founda-
tions are most practical for basement 
foundations, where the fl oor slab pre-
vents the walls from sliding inward.

Precast Concrete 
Foundations
Large concrete panels manufactured 
in the controlled environment of a fac-
tory combine the strength and durabil-
ity of concrete with the short on-site 
construction schedule and reduced 
weather dependency of PWFs. There 
are a variety of precast concrete foundation
systems available in North America, and 
their use is gaining popularity—a reality 
proven by their inclusion in the IRC.

Precast concrete foundations em-
ploy high-strength (4000 to 5000 psi) 
concrete in effi cient structural con-
fi gurations to make full-height base-
ment wall panels in lengths up to 12 
feet. Most panels have integral rigid 
insulation, chases for electrical and 
plumbing systems, and attachment 
channels for interior fi nish materials. 
Openings for windows and/or doors 
are cast into the panels at the factory.

At the building site, a small crane 
sets the wall panels on a compacted 
and leveled bed of crushed rock, 
where they are bolted together and 
sealed at the joints with an elasto-
meric sealant. With most systems, the 
basement walls for a residence can be 
erected in less than a day. Once the 
panels are in place, a concrete slab 
basement fl oor is poured, and a con-
ventionally framed fl oor is connected 
to the top of the walls. When braced 
by the slab and framed fl oor, backfi ll-
ing against the walls can proceed.

Anchor Bolts and 
Hold-downs
One of the last steps in making a site-
built concrete or masonry foundation 
is to cast in bolts that will connect the 
wood structure to the foundation. 
The most common of these is the an-
chor bolt—a ½-inch bolt that extends 

7 inches into the concrete or mortar 
and will pass through a 1½-inch wood-
en sill (Figure 9.10). Anchor bolts are 
placed into the concrete or mortar 
before it has set up so that the bolts 
become integral with the foundation. 
It is important to set these bolts at the 
right height and in the proper loca-
tion. For concrete slabs, anchor straps 
are sometimes used in place of bolts 
because the straps are designed to 
project from the slab at its edge and 
therefore do not interfere with the 
slab fi nishing. When required, larger 
bolts or straps for hold-downs are cast 
into the foundation at the same time 
as anchor bolts (Figure 9.37). 

Drainage and 
Waterproofing
Before any effort is made to keep 
groundwater from penetrating the 
foundation, every attempt should 
be made to control surface runoff. 
The ground should slope away from 
the foundation whenever possible 

to promote drainage away from the 
building. Roof drainage water should 
be contained in gutters, downspouts, 
and storm drains and channeled 
away from the building (Figure 8.37). 
These principles are discussed in 
more detail in Chapter 7.

Once surface runoff has been con-
trolled, an excellent way to keep a base-
ment or crawlspace dry is to drain it by 
surrounding it with a thick layer of clean 
gravel or crushed stone. Large stone 
with no fi ne particles is best for this 
purpose because it leaves large, open 
passages between the stones through 
which water can fl ow freely. Water pass-
ing through the soil toward the build-
ing cannot reach the foundation wall 
without fi rst falling to the bottom of 
the gravel layer, from where it can be 
drawn off by perimeter drains (also 
called footing drains) made of perfo-
rated pipes (Figure 8.38). It is good 
practice to place fi lter fabric around 
the entire volume of gravel to keep out 
small soil particles that might eventu-
ally clog the open passages between 
stones. The perforated pipes are at least 

Figure 8.37 
The concrete crawlspace foundation is entirely surrounded by storm drain pipes that 
slope to the street, where the system will empty into a gutter. The vertical extension 
near the corner of the house is one of several that will collect roof runoff from down-
spouts. Note also the drain that passes under the footing to drain moisture that might 
collect in the crawlspace itself. (Photo by Rob Thallon)
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4 inches (100 mm) in diameter and 
serve to maintain an open channel in 
the crushed stone bed through which 
water can fl ow. The pipes drain by grav-
ity “to daylight” below the building on a 
sloping site, to a sump pit that is periodi-
cally pumped dry, or to a dry well.

An excellent alternative to grav-
el is drainage matting that is placed 
against the outside of the foundation 
wall. The matting contains an integral 
fi lter fabric and maintains an airspace 
next to the wall through which water 
falls to the perimeter drain at its base.

Figure 8.38 
Two methods of relieving water pressure 
around a building substructure. The gravel 
drain (top) is the standard method, but it 
is hard to do well because of the diffi culty 
of depositing the stone and backfi ll soil 
in neatly separated alternating layers. The 
drainage mat or drainage panel (bottom) 
is much easier and often more economical 
to install. It is a manufactured component 
that may be made of a loose mat of inert 
fi bers, a plastic egg-crate structure, or 
some other very open, porous material. It 
is faced on the outside with a fi lter fabric 
that prevents fi ne soil particles from enter-
ing and clogging the drainage passages in 
the mat or panel. Water approaching the 
wall falls through the porous material to 
the drain pipe at the footing.

A properly installed drainage 
system will prevent the buildup of 
potentially destructive water pressure 
against basement walls and under 
slabs (Figure 8.39). However, many 
houses also have some type of mem-
brane waterproofi ng, which serves 
to keep soil humidity from permeat-
ing the basement walls. Residential 
foundations in relatively dry regions 
are often coated on the outside with 
an inexpensive asphalt dampproof-
ing, which is not a reliable barrier to 
the passage of water, but will prevent 

Figure 8.39 
For a high degree of security against substructure fl ooding, drainage both around and 
under the basement is required.

Figure 8.40 
A concrete block basement foundation wall. The lower portion of the wall has been coated 
with dampproofi ng, and a perimeter drain has been installed at the base. Rigid insulation 
will be placed against the dampproofi ng, and gravel will be placed (by hand) against the in-
sulation. The gravel will provide a drainage channel to the perimeter drain and will protect 
the insulation and dampproofi ng from damage by soil backfi ll. (Photo by Rob Thallon)
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Figure 8.41 
Most building codes require thermal insulation of the foundation. Here are three different ways of adding insulation to a poured 
concrete or concrete masonry basement and one way of insulating a crawlspace foundation. The crawlspace may alternatively be in-
sulated on the outside with panels of plastic foam. The interior batt insulation shown in (b) is commonly used but raises unanswered 
questions about how to avoid possible problems arising from moisture accumulating between the insulation and the wall.
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most moisture from coming through 
the wall. More reliable waterproof-
ing systems include natural clay that 
swells when moist to become imper-
vious, portland cement plasters with 
water-repellent admixtures, rubber 
or plastic membranes, and bitumen-
modifi ed urethanes. These systems 
are variously applied with a brush, a 
trowel, a roller, a sprayer, or mechani-
cally in sheets by the general contrac-
tor or a specialized subcontractor.

Foundation Insulation
Because foundation walls are generally 
located at the perimeter of the build-
ing, there is usually a need to insulate 
them in order to complete the thermal 
envelope of the house. Basement walls 
must be insulated to protect living spac-
es or utilities located in the basement 
(Figure 8.41a–c). Crawlspace founda-
tions are also sometimes insulated (Fig-
ure 8.41d). Slab foundations in all but 
the warmest climates must be insulated 
because they are continuous with the 
slab fl oor of the house.

When foundation insulation is 
below grade at the exterior of the 
foundation, a rigid insulation such as 
extruded polystyrene foam that does 
not deteriorate in the soil is best. The 
installation of this rigid insulation is 
often done by the general contractor 
(rather than the insulation subcon-
tractor) because it is easy to apply and 
must be in place before backfi lling can 
occur. At the interior of foundation 
walls, either rigid or conventional batt-
type insulation may be applied later in 
the construction process by the insula-
tion subcontractor. Recent problems 
with insect infestations in rigid foam 
insulation that runs from below grade 
to framing have brought about code 
restrictions regarding this practice. 
This problem and the general topic of 
insulation are discussed in Chapter 17.

A recently developed alternative 
for insulating foundation walls is the 
insulating concrete form (ICF) that 
serves both to form the concrete and 
to remain in place permanently as 

thermal insulation. This material is 
discussed in detail in Chapter 24.

Basement Insulation
Basement insulation may be applied 
either inside or outside the founda-
tion wall. Outside the wall, rigid insu-
lation boards, typically 2 to 4 inches 
(50 to 100 mm) thick, are applied 
with adhesive or mechanical fasteners 
and held ultimately by the pressure 
of the soil (Figure 8.41a, b). Above 
grade, this rigid insulation must be 
protected from mechanical abrasion 
and ultraviolet degradation. Depend-
ing on the situation, fl ashing or stuc-
co is usually used for this protection 
(Figure 8.41a). Proprietary products 
are available that combine insulation 
board with a drainage mat in a single 
assembly. Alternatively, either batt 
insulation or rigid insulation boards 
may be installed later in the construc-
tion process at the interior of the 
foundation wall (Figure 8.41c).

Crawlspace Insulation
When the crawlspace is used as a re-
turn or supply plenum for a forced-air 
heating system (Figure 15.8) or when 
it is unventilated and sealed (Figure 
17.30), the perimeter foundation 
walls must be thermally insulated. In 
these situations, the crawlspace walls 
are typically insulated on the inside 
with batt insulation that is stapled to 
the mudsills, hangs down the walls, 
and runs out 2 to 4 feet onto the fl oor 
of the crawlspace (Figure 8.41d).

Slab-on-Grade Insulation
In all but the warmest climates, slabs 
are required by code to be insu-
lated at their perimeter where they 
are in contact with outside air. Be-
cause some portion of the perimeter 
insulation is always in contact with 
the soil, rigid insulation board is used 
(Figure 8.42).

Figure 8.42 
This new slab has 2-inch rigid insulation board installed at the perimeter. Metal fl ash-
ing protects the top portion of the insulation from abrasion. The worker is fi nishing a 
porch slab poured against the completed insulation. (Photo by Rob Thallon)
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Shallow Frost-Protected 
Foundations
Codes in some cold climates permit 
polystyrene foam insulation boards 
to be used in a special confi guration 
called a shallow frost-protected foundation
that allows the construction of footings 
above the normal frost line in the soil, 
resulting in lower excavation costs. 
Continuous layers of insulation board 
are placed around the perimeter of 
the building in such a way that heat 
fl owing into the soil in winter from the 
interior of the building keeps the soil 
beneath the footings at a temperature 
above freezing (Figure 8.43).

Backfilling
After the foundation has been water-
proofed or dampproofed, the insulat-
ing boards have been applied, and the 
drainage features have been installed, 
the area around the foundation in 
an open excavation is backfi lled to 
restore the level of the ground. The 
backfi lling operation involves placing 
soil back against the outside of the 

foundation and compacting it there 
in layers, taking care not to damage 
drainage or waterproofi ng compo-
nents or to place excessive pressure 
on the walls. An open, fast-draining 
soil such as sand or gravel is preferred 
for backfi lling because it allows the 
perimeter drainage system around the 
basement to do its work. Compaction 
must be suffi cient to minimize subse-
quent settling of the backfi lled area.

Basement walls are taller than 
crawlspace walls or slab foundations, 

so there is considerably more risk of 
their collapsing inward under the 
pressure of the backfi ll material than 
there is with other foundation types. 
Basement walls should therefore 
be braced to resist the considerable 
pressure of the backfi ll before back-
fi lling commences. The completed 
fi rst-fl oor platform, securely fastened 
to the anchor bolts in the top of the 
foundation walls, usually furnishes 
suffi cient bracing for this purpose 
(Figure 7.26). In all cases, compac-
tion of backfi ll materials must be gen-
tle and deliberate, and care should be 
taken to keep heavy equipment from 
getting too close to basement walls.

Foundation Design and 
the Building Codes
Building codes contain numerous 
provisions relating to the design and 
construction of foundations, which we 
have discussed throughout this chap-
ter. The codes defi ne which soil types 
are considered satisfactory for bear-
ing the weight of buildings and set 
forth maximum assumed loadbearing 
values for each soil type (Figure 8.4). 
They establish minimum dimensions 
for footings and foundation walls and 
require engineering design of retain-
ing walls. Through these provisions, 
the codes attempt to ensure that every 
building will rest upon secure founda-
tions and a dry substructure.

Figure 8.43 
A typical detail for a shallow frost-protected footing.

C.S.I./C.S.C. 
MasterFormat Section Numbers for Foundations

03 11 00  Concrete Forming
03 31 00  Structural Concrete
03 41 00  Precast Structural Concrete
04 22 00 Concrete Unit Masonry
06 14 00 Treated Wood Foundation

07 11 00  DAMPPROOFING AND WATERPROOFING

07 21 00 Thermal insulation
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KEY TERMS AND CONCEPTS

dead load
live load
wind load
uniform settlement
differential settlement
soil
rock
gravel
sand
silt
clay
expansive soil
organic soil
soil stability
soil drainage characteristics
allowable soil stress
bearing capacity of soil

footing
column footing
wall footing (strip footing)
undisturbed soil
heaving
frost line
engineered fi ll
compacted gravel fi ll
controlled low-strength material (CLSM)
concrete foundation wall
form-release compound
form tie
anchor bolt
hold-down
mudsill
concrete masonry foundation wall
slab on grade

welded wire fabric
fi brous admixture
perimeter insulation
control joint
strike off (straightedge)
fl oat
trowel
kneeboard
posttensioned slab
tendon
permanent wood foundation (PWF)
precast concrete foundation
drainage matting
dampproofi ng
waterproofi ng
shallow frost-protected foundation

REVIEW QUESTIONS

1. What is the nature of the most common 
type of foundation failure?

2. Explain in detail the differences among 
fi ne sand, silt, and clay, especially as they 
relate to the foundations of buildings.

3. What are some ways to achieve ade-
quate bearing for footings on poor soil?

4. Starting with a poured concrete strip 
footing, describe the steps in the typical 
process of forming and casting a concrete 
foundation wall.

5. Name some advantages and disadvan-
tages of permanent wood foundations.

6. Describe several precautions that 
should be taken to keep a basement dry.

7. What is the difference between damp-
proofi ng and waterproofi ng?

8. List a number of ways to insulate a base-
ment wall.

9. What can go wrong during backfi lling 
around a basement? What can be done to 
minimize the pitfalls of backfi lling?

EXERCISES

1. Obtain the foundation drawings for a 
nearby residential project. What sorts of 
soils are found beneath the site? How 
deep is the water table? Before looking at 
the drawings, decide what type of foun-
dation should be used in this situation 

(keeping in mind the relative weight of 
the building). Now look at the founda-
tion drawings. What type is actually used? 
Why? Is the design derived from tables in 
the building code or was an engineer in-
volved?

2. What type of foundation and substruc-
ture is normally used for houses in your 
area? Why?
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