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FOREWORD 

This investigation was performed under Project 4A664717D895, 
"Military Construction Systems Development," Task 03, "Mi'itary Housing," 
Work Unit 003, "Systems Approach to Site Development." Tie work wis 
performed under the direction of the Office of the Chief of Engineers 
(OCE), Directorate of M,ilitary Construction The OCE Technical Monitor 
was Mr. D. Swanson. 

The study was conducted under the general supervision of the 
Construction Engineering Research Laboratory (CERL), Facilities Habita¬ 
bility and Planning Division. Dr. R. M. Dinnat is Division Chief. 

Dr. L. R. Shaffer is Director of CERL. 
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FOUNDATIONS FOR FAMILY HOUSING 

1 INTRODUCTION 

General. Family housing fund appropriations for military personnel are 
lower priority than military hardware, therefore making it imperative that 
maximum value be obtained from the limited funds available. The maximum 
return on the expenditure may take the form of more housing units or the 
same number of units of better living and/or comfort quality. 

The problem of obtaining maximum value per dollar invested is not 
unique with military housing procurement personnel; in fact, builders 
and developers are concerned. There are many methods for lowering 
construction costs.’ 12 3 4 

Maximum investment returns may be obtained in such ways as attention 
to construction details, careful planning, worker motivation, use of tima- 
and-motion study data, use of engineered designs rather than rule-of-thumb 
techniques which often result in over-design, adequate construction supervi 
sion, careful site and foundation engineering, and other factors which may 
be peculiar to a locale. 

Military family housing for a particular site may have a short 
programmed life such as temporarily reactivated bases, missile sites, and 
radar bases. Housing design for these type locations may be on the basis 
of a short service life, or as an alternative, may be designed tobe re¬ 
locatable. Housing which is relocatable from a site must be readily 
transportable, easily separable from the foundation system, and have 
sufficient structural integrity to absorb movements over considerable 
distances without damage to the various building elements, it may also 
be advantageous for the building foundation to be easily removable. 
Family housing at permanent installations would be expected to have 
about the same service life as the civilian counterpart. 

tR. J. Johnson, "Home Building Productivity Research," Proceedings, Third 
CIB Congress for Building Research 1B6S (Rotterdam: Elsevier Publishing 
Co., 1966), pp 142-145. ^ r ^ . . 

2E. G. Stern, Novel Wood Foundacion-Framing System, Wood Kesearch and Wood 
Construction Laboratory Report No. 82 (Virginia Polytechnic Institute, 1969) 

30. Ural, Proceedings, Second International Symposium on Low Cost Housing. 
Problems Related to Urban Renewal and Development (University of Missouri, 

1970), p 243. . . „ „ • . 
**0. Ural , Proceedings, Second International Symposium on Low cost Houstng 
Problems Related to Urban Renewal and Development, p 289. 
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This report will be concerned with foundations for military family 
housing. It should be recognized, however, that the material contained 
in this report is equally applicable for civilian family housing. The 
foundation alternatives to be considered are limited to one- and two- 
family dwelling units. High-rise and multi-family apartment units are 
specifically excluded from this study. 

Foundations for Housing Units. The foundation for a family housing unit 
usually receives little attention from the designer or ouilder, instead 
local practices are often followed. This can easily result in over-design. 
Johnson5 reports on a situation of a slab-on-qrade house being built 
twice, the first time using observers to note where savings could be made, 
the second time built identically, but with savings made where possible. 
A sayings of $150.41 was realized in the foundation by engineering the 
footing sizes and by giving careful attention to grading the soil prior 
to pouring the slab. Since labor on this project was paid at a rate of 
$3.00 per hour, current costs reflecting increases in both materials 
and labor could easily increase this saving to $200 to $250.. 

While it should be apparent that savings may be obtained by careful 
design and construction control of a selected foundation system, considerable 
economy might also be obtained by an alternative foundation system. This 
report is concerned with this latter aspect. One should be aware, further, 
that while economics may be affected in the foundation and additional 
economy may be obtained from an alternative foundation scheme, the total 
cost savings will be relatively small compared to cost savings which might 
be obtained from other parts of the dwelling unit. Of the dwelling 
units considered in this report, it would be rare that the most expensive 
foundation system would be over 10 to 15 percent of the total construction 
cost of the structure including the foundation. Any alternatives are not 
likely to reduce this cost over 20 percent maximum and most probably the 
reduction will be about 8 to 12 percent (savings of $150 to $250). This 
is illustrated in the appendix where several typical cost estimates for 
foundation types are shown. 

Scope. This report considers those evaluations needed to effect adequate 
performance and economy in the foundation elements of the family dwelling 
unit, specifically--site, performance, and economics. 

A site analysis is the first step in the decision-making process of 
foundation selection. Certain site constraints such as topography, ground- 
water table, and type of soil, may eliminate some foundation systems from 
further consideration. Almost any land site can be used for residential 
construction using some kind of foundation system, therefore, economics 
will be the major factor in the foundation selection process. The flow 

5R. J. Johnson, "Home Building Productivity Research," Proceedings, Third 
CIB Congress for Building Research (1965), (Rotterdam: Elsevier Publish¬ 
ing Co., 1966). 
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chart of Figure 1 indicates site constraints ns a ma0or factor in the 
initial selection process. The other major input during the 'initial 
considerations" consisting in building codes, user, budget, and other 
are not considered in this report. 

Performance is taken to be the interaction of the superstructures 
and the foundation system to produce a dwelling unit which will require 
a minimum of maintenance caused by excessive total, or intolerable 
differential, settlements. At this point, Figure 1 indicates that 
revisions may be required, such a? using different construction methods 
or materials, or modification of i ser requirements, to obtain a dwelling 
unit which will have adequate service performance. 

The alternative foundation systems (see Chapter 2) having adequate 
pet finance characteristics are evaluated based on economic considerations. 
Since there are many cost variables involved, the only really practical 
method at present is to estimate the construction cost for all the 
acceptable foundation systems. AH those systems which do not exceed some 
predetermined costs are possible foundation systems for the project. 

As an example of the magnitude of the problem, consider the following: 
one foundation on which a small home, 25 by 40 ft, can be supported is a 
series of isolated columns or piers. Trie following are some of the 
factors affecting the foundation cost: 

a. Is the crawl space open or enclosed? 

b. If the crawl space is enclosed, is it cheaper to enclose the 
space with skirting or use a perimeter foundation wall? 

c. Are the piers: Wood 
Masonry: brick 

concrete block 
Poured-in-place concrete: round (use fiber tube 

forms) 
square 

Pre-cast concrete 
Metal : bare 

painted 
Cast-in-concrete for corrosion protection 
and appearance 

d. Is fhe house to be built on site, by using components, or modular 
cons'ruction? (See Chapter 4 for information on several types of 
construction for family units.) 

e. If the house is modular construction, how will the costs be 
allocated so that a legitimate cost comparison can be made between 
various foundation alternatives? For example, a slab-on-ground 
is the subfloor of one foundation system, whereas, with piers 

11 
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the beams running from pier to pier for the module base may make 
up the remainder of the foundation cost--the subfloor being part 
of the modular unit. 

f. Does the local contractor(s) favor a particular foundation system? 
Is he equipped for precasting, etc? 

Thus, while it may be evident that the general system of this example 
of isolated piers can be the most economical foundation system for the site, 
this will be true if the final specific scheme or alternative within this 
general system is also more economical than any alternative general foun¬ 
dation system, e.g., a combination of strip footings and pads, a slab-on¬ 
ground, etc. 

When one considers two foundation systems of different costs and any 
special construction or site problems, e.g., delays due to weather or 
labor problems (including motivation), or differences in materials and 
construction methods, the cost differential can easily be reduced to zero 
or even reversed. 

In this report the foundation will be considered as all of those 
structural elements including the subfloor and floor joist and beam system 
for post and ner foundations, and slab-on-ground type construction 
necessary to transmit the superstructure loads to the underlying soil. 
Where basements are a part of the dwelling, the basement walls and floors 
will be considered part of the foundation along with the subfloor and joist 
system of the ground floor. It is necessary to make this assumption in 
order to make legitimate cost comparisons between various foundation systems. 

Site preparation costs such as grading, cut-and-fil1, dewatering, 
drainage, roads, and streets, are not considered in the economic evaluation 
of the foundation. 

Objectives. This report outlines a procedure for selecting a suitable 
foundation scheme for a specific site. Foundation schemes to be con¬ 
sidered must oe capable of satisfactory performance in carrying the super¬ 
structure and of being constructed within project budget limitations. 

The general procedure for selection of the most suitable foundation 
system(s) is as follows (Figure 1): 

a. Identify all the possible general foundation configurations 
which could be considered for the project. 

b. Consider the various project constraints such as soil, site, 
climate, type of structure, local conditions, budget and building costs, 
and eliminate those foundation configurations which are not practical. 

c. Check the foundation systems for adequate performance or 
interaction with soil and superstructure and eliminate those which are 
unsatisfactory. 

13 



d. Estimate costs for the remaining schemes. 

e. Select the foundation scheme of least cost, of the various 
alternatives which satisfy budget and performance criteria. 

Using the Report. This report is not intended to be a complete source 
book on small'liome construction, soil mechanics, and cost estimating. 
Rather it is intended to provide an overview of the various foundation 
systems together with a limited amount of soil mechanics background 
oriented toward obtaining sufficient field information to make a founda¬ 
tion selection decision. 

14 



2 FOUNDATIONS FOR FAMILY HOUSING UNITS 

XY-P-65 Foundations. The foundation of the housing unit is a structural 
system (member or group of members) whose function is to transfer the loads 
derived from the superstructure to a sufficiently large area of soil so 
that the resulting soil pressure does not cause settlements large enough 
to cause superstructure damage. Damage for family dwellings would normally 
take the form of sticking doors and windows, cracks in masonry, cracks in 

board or plaster, and in some cases broken windows. One does not 
normally have a building collapse in this type of construction because of 
the small loads on foundations. The resilient rature of residential con¬ 
struction as character ¡zed by generally large deformations would, in any 
case, provide adequate warning prior to collapse. 

A foundation is shallow if the depth, Df, to the interface of the 
footing and soil is not more than the width,TB, of the footing (Dr < B). 
This definition (Figure 2) will include spread footings, slab-on-Sride, 
deep-beam footings, and footings underlying basement areas, and will be 
extended in this report to include short-post and pier foundations. All 
other are classified as deep foundations. 

. , P'iers» and caissons are deep foundations. These foundations 
tend to dissipate the applied superstructure load vertically through a 
soil mass of low strength via a vertical structural member, the pile, pier 
or caisson. The primary difference between the shallow and deep foundation 
is the manner of load transference: horizontally for the shallow and 
vertically for the deep foundation. 

Deep foundations may be necessary for residential housing in river 
delta areas, in coastal regions, or where a very high groundwater table 
exists. Wood piling is commonly used in the New Orleans, LA, area in 
residential house construction to support the floor slab grade beams,6 
though with a careful application of soil mechanics ordinary footings 
might be used. Where wood is located below the permanent water table its 
service life is indefinite. 

Generally, the caisson or pile foundation is so expensive that it 
will not be considered as an alternative. It is onsidered only wher* 
the site is so poor in load-carrying capacity or me water table so high 
chat the deep foundation is the only possible foundation system. 

Further information on the two basic types of foundation systems 
is presented in the following sections. 

"Irving B. Rau, "Telephone Poles Used as Piles in New Orleans Area " 
Ctvvl^Engineering Vo}. 29, No. 4 (American Society of Civil Engineers 
[ASCE], April 1959), pp 47-49. 
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Shallow Foundations. Shallow foundations are also termed "spread" 
foüñBations because they spread the load intensity of the superstructure 
to a larger resisting soil area. This class of foundations may be a 
strip or continuous footing beneath the exterior walls or cross walls 
of the dwelling, footings which carry the load from the superstructures 
through pedestals, short columns also called "piers", at selected locations 
beneath the floor beams are called pads, spot footings, spread footings, 
or simply footings. These isolated load spreading members are commonly 
rectangular, but m^y also be circular. The pedestal, or pier, may be 
a cast-in-place or precast round or square concrete member. It may also 
be built of brick, concrete block, or treated timber. Figures 3 through 
6 illustrate several types of footings. 

Figure 3. Substructure of a building. The superstructure loads are 
transmitted to the soil using foundation walls, pilasters, 
piers, columns, and footings. Other elements such as grade 
beams and piles may also be used but are not shown here. 

17 



Post foundations for residential construction are included in the 
shallow foundation classification for this report. The post type founda¬ 
tion consists of placing u series of short posts 3 to 6 ft (1 to 2 meters) 
into the ground, with 1 to 6 ft (.3 to 2 meters) exposed above ground 
(Figure 7). The posts may be treated wood, cast-in-place or precast 
concrete, or steel. These structural members may be driven or placed 
in preaugured holes. The post foundation cost compares favorably with 
the other classes of shallow foundations in this section and since the 
posts are much shorter than the usual pile foundation it is appropriate 
to include this foundation system here. 

G^ade beams (Figures 4d and e) are often used to carry the super¬ 
structure loads to pier, post, and pile foundations. A grade beam 
spans two or more posts or piers and is in close proximity to or even 
below the ground surface. The soil beneath beams, in contact with the 
ground, should be loosened. Where beams are in soil susceptible t"> 
volume change, a void should be left beneath the beam. 

The geometric properties of these foundations will depend on the type 
of superstructure, loads, soil conditions, local practices and building 
codes. The engineered design may not be more economical than one following 
the local building code, but will invariably contain more system reliability. 

strip Footings. These footings are almost universally used to support 
the exterior foundation or basement walls and are sometimes termed "load 
bearing walls" since the principal superstructure loads are loaded on these 
walls. The load carried per linear ft ef wall is usually quite low and 
the width is governed by the minimum width in which the mason can lay the 
wall course, or some rule-of-thumb method, rather than by the bearing 
capacity of the soil. This type of footing can be formed in many ways. A 
simple method used in early construction was to use masonry (Figure 8) 
corbeled out at 45° or 60° from either edge of the wall until the desired 
depth and width was obtained. This type of construction can be used with 
either brick or concrete block units. Most strip footings beneath the 
foundation walls are currently constructed using concrete, either plain or 
reinforced, poured in a prepared trench excavation since these footings 
tend to be more structurally reliable than masonry footings. Obviously 
the strip should be somewhat wider than the foundation wall--how much 
wider depends on if the wall is to be of masonry or concrete construction, 
and the allowable bearing capacity of the soil. Table 1 provides the 
minimum dimensions accepted by FHA. Good engineering practice requires 
the use of a minimum amount of reinforcing steel in the footing strip 
(Figure 4). 

18 
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Figure 5. Various types of spread footings. These are used to spread the 
building load over larger soil areas so that the soil can carry 
the load without undergoing detrimental settlement. 
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Figure 6. Floating foundations. The entire foundation acts as a unit to 
support the superstructure and is used on relatively weak soils 
or soils subject to volume change. 
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Figure 8. Masonry footings. Concrete block may be used instead of brick.
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Table 1 

^>t;ng Sizes as Recommended by FHA 

Frame 

Number of stories 

Masonry or masonry 
veneer 

Min 
thickness 
(inches) 

Projection 
each side 
of wall 

(inches) 

Min 
thickness 

( inches) 

Projection 
each side 
of wall 

(inches) 

One story: 
No basement— 
Basement. 

Two story: 
No basement— 
Basement. 

6 
6 

6 
6 

2 
3 

3 
4 

6 
6 

6 
8 

3 
4 

4 
5 

Tn areas of high seasonal soil volume change, or deep frost pene- 
tration the necessity of placing the footing on good soil can result in 
large amounts of excavation. For these two situations it may be advan- 
tageous to use precast foundation walls in a structural scheme as shown 
in Figures 4 and 9. Precast foundation walls can also be used by hous¬ 
ing developers to facilitate winter construction in colder climates. In 
these circumstances the foundation wall is precast off-site, trucked 
to the site, and lowered onto precast leveling blocks placed in the 
bottom of a mechanically excavated, deep, narrow trench. Footing concret 
can then be poured into the trench to fill the space beneath the founda- 
ç^Vía-l ír0m USe 0f the 1eve1in9 blocks in the bottom of the trench. 
Should it be necessary, the freshly poured concrete can be easily pro- 

!reeZln9 uA-maÍn characteristic of this type foundationio 
wflll nil?! ÍS0t!ng on1y Wlde enough to set and align the 
wíhI’.c th îhe blocks’ and P°ur the strip footing which is as 
wide as the trench. This reduces the amount of soil excavated to a 
minimum. The construction method precludes the use of longitudinal 
reinforcing steel in the footing, however, this type construction is 
rigid Gnough thdt reinforcing would rdrely be required. 

As the average small- to medium-sized home will weigh about 100 

nhnut in S0il of a bearin9 capacity of 4 to 6 ksf, 
mu h02nh+q-fV£ Noting area would be required. This amount of area 
may be obtained from the leveling blocks without need of additional 
concrete poured in the footing trench. 

If the soil conditions at a site are poor or irregular in character 
such as pârUy cut and partly filled or va-'iable in bearing capacity 

r|inJ?rcin9 steel should be used in potential tension zones 
to assist the footing in resisting flexural stresses due to unequal 

iTîh' t'rt îhe tension zone is more likely to be in the top 
than in the bottom of the strip, contrary to most architectural sketches. 
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CoæmcR Un/r 

ûer/t/Ls for PßecRsr Ccwcxers Foot/a/gs 

Alternate Foot/ng Construct/on 

Figure 9. A precast foundation wall and wall-footing system for 
residential construction. 
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Due to the narrow width of strip footings and the small projections beyond 
the foundation wall, transverse reinforcement in the footing for bending 
and shear is seldom required. 

When differential settlement is likely to be excessive, the footing 
can be formed with the lower part of the wall to form an inverted T-beam 
(Figure 10). The use of longitudinal reinforcing steel with increased 
footing depth is preferred because, in addition to structural benefits, 
there is less additional formwork for the T-beam. 

On sloping terrain the strip footing does not have to be at the same 
level around the structure; the footings can be stepped as shown in 
Figure 11. Stepping the footing may also provide an economical means of 
transferring the superstructure loads to a greater depth where soils of 
varying bearing capacity are encountered on the site. 

Where a principal load-carrying beam trames into the foundation wall, 
a pilaster may be added with an increase in the footing strip width at 
that point (Figure 3). 

Pad Footings. These are footings used to support individual floor 
support columns or piers. The simplest pad footing is a pyramid of 
masonry, usually corbeled out at a 45° angle from tne column. If re¬ 
inforced concrete is employed a simple rectangular or circular block is 
used (Figures 12 and 13). If large footings greater than 3 ft or 1 m 
square are used, reinforcement may be needed to keep the quantity of con¬ 
crete economical, though with the light loads usually encountered, re¬ 
inforcing steel and its placement may result in a trade-off in favor of 
using extra concrete. Pad footings are often square, but in cohesive 
soil, a round pad, obtained by using a large diameter earth auger to 
excavate the footing outline, and possibly with a large diameter fiber 
tube (conotube) as a form, may be the most economical. 

The pedestal or pier which carries the superstructure load to the 
pad is designed to satisfy the structural strength of the material. 
Minimum design standards adopted by FHA7 also include the following 
considerations : 

For masonry or concrete piers (see Table 2 for minimum dimensions): 

a. Piers shall extend at least 12 in. above grade. 

b. Exterior or interior piers subject to wind shall be solid 
concrete, solid masonry, or hollow masonry with the cells 
filled with concrete. 

c. Maximum height above grade shall be not more than three times 
the least dimension unless reinforced. 

Minimum Property Standards for One and Tuo Living Units (U. S. Government 
Printing Office, 1960), p 315. 
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Figure 10. Inverted T-beam wall strip footing. 

Figure 11a. Stepping of strip footings on sloping sites. The general 
case where stepping is required. 
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4¿¿ Æ0Or//VGS f S7TPS S.M¿¿ 6£¿et/f¿.. 

Sr£A> f bJs//#¿¿ A/orsjrŒ£0 % ossrspfa). 

Figure 11b. Stepping of strip footing on sloping sites. Usual 
dimensions used in stepping a strip footing. 
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Column or P/t# 

Figure 13. Typical pad footing shapes. 
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d. Interior piers not subject to wind may be of hollow masonry. 

e. Interior piers not subject to wind may have a height above 
grade of: 

1. If solid, 10 times least dimension. 

2. If hollow, four times least dimension. 

For wood piers : 

a. Top of concrete base on which column rests shall be at least 3 
in. above floor in basements or 8 in. above grade in areas 
without a basement. (Pressure-treated wood piers may be used 
both above and below grade in carrying the superstructure loads 
to the concrete pad. Note this difference between piers of this 
section and in Post Foundations.) 

b. The members shall be cut square and at least 6 by 6 in. 

Table 2 

Foundation Piers as Recommended by FHA 

Pier na t<?r i d 1 Mirinjn pie*" size vmvj-i footing size 
(inches; ’’nches) 

pier spacing 

Right angles Parallel to joists 
to joists 

boliJ or grouted masonry -1x12 'ox. 1*8 8 feet o.c. 12 feet o.c. 
Hollow rdsonry* 3 X lb lb X 24 X P. 

Plain concrete 12" l’a. or 10 x 10 20 x 20 * P 

•Interior pier not vjt.'jecf to wind. ---- . 

This type foundation configuration for basementless structures 
provides a crawl space (Chapter 3, Drainage) beneath the floor. If the 
exterior walls are carried on piers as well as the interior floor loads, a 
perimeter skirt may be required in colder climates to reduce heat loss. 

Mat Foundation. These are continuous foundations beneath the entire 
dwelling which support the several independent loads, both the interior, 
load-bearing walls and any interior columns which may carry part of the 
superstructure loads. The exterior wall loads are transmitted to strip 
footings around the perimeter of the mat unless the mat edge is thickened 
to carry the additional loads. If the edge were not thickened or 
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“ded by a foundation wa11 the soil could erode from beneath the 
hou,inn9rLcrHat1^ voidsuand ^suiting in the slab cracking. For family 
or baipmpnt fieratl0ns’ thlS type 0f foundation is the slab-on-ground or basement floor support. 

ctl f0A s1ai,-°^ground selection, design, and construction is 
RpJIrdh LC°nSldeDab j detai¡ a report prepared by the Building 

n d^Sry,BOard BRAB)' k This report classified slabs from the 
standpoint of performing one or both of the following objectives* serve 
a a separating e ement between the ground and the habitable space; se?ve 

underlying^oi! 6 ement t0 receive and transmit superstructure loads to the 

Depending upon soil types and conditions, climate at the site, type 
of superstructure, and quality control during construction, the BRAB 
report considers four types of slabs. 

Type I Unreinforced 

Type II Lightly reinforced against shrinkage and temperature cracking 

Type III Reinforced and stiffened 

Type IV Structural (not directly supported on the ground). 

These slab types are illustrated in Figures 14 through 16. 

TyPe 1 and l\ s1abs are generally 4 in. or more in thickness and 
HÍLPnmary/UnCtl0n 12 t0 seParate the habitable space from the ground 
However, interior building partitions carrying part of the super- 

exceedU500 Ibs/linlar ÏÜ thefs,?b- 1f the partitior load does not 
xceed 500 lbs/1 mear ft. The exterior walls carry the major oart of 

the superstructure dead load to the perimeter footing (generally a strip). 

soil TyP®.In carries a11 the superstructure loads to the underlying 
ao 1. This slab is often used where the soil nay undergo substantial 
volume change with time. These slabs are designed to b?idqä local soft 
pots in the underlying soil. Where uneven volume change occurs the 

Slab provides for a leveling action within the building The« ¿labs 
are semi-des,gnedi for structural resistance. This type of slab may 

5?1* termed a waffle slab" depending on how it is formed. Figure 

into the sit“ 55 SChe"eS °f ir’corPoratf'’9 this this type of slab 

’/SrSTg/f* «frá Design of Residential Slabe-on-Groimi 
^(NatKjnâl Academy of Sciences, 1968), p 268. 
Criteria for Selection and Design of Residential Slabs-on-Giaund. 
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A/or* MAM SP/9C///G SA/Otr/V 
&£¿oív /s 4 "sias r/z/c/r- 
wss, cS££Ator*/). 

fO¿//VOAT/OA/ JOlAA/ 

a "cowce£r£ jz/ts 
,2.,^' 2/0@6~C.C. ¿l/¿t/£/ 

j£L 

-S*74/#6tSA*s ^~-*S¿77£SS'-ú "O.C 

S£cr/o/v@ Sfcr/o/z© s£cr/<w© s¿cr/o#@ 

Af/¿ PLASr/C 
IZPPOP SAAA/SP 
4~ 

41GAA//OIAP 
£/¿1 

Figure 15 (cont'd). (b) 
Additional reinforcing details for 
lype III slab-on-ground. 

37 



-rva/s-zi/ 
Me 
=H 

3 JL _ J2 - SO. SOXOS 
jIH Ol/OMX J€mO.C. 

OP. MY, 2 '4rsL 

Aï 
*64 
t=N 

1 
ï -4=f 

i ïlil 

Floor Plan 
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Figure 15 (cont'd). (c) A waffle slab using collapsible boxes 
as forms to make the cavities beneath 
the floor slab as shown. 
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££/9A+^ 
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-Ól/Í# 

6f¿? 
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/V¿£ ó# />/£& ÆOGW/?/}r/0A/ 

Figure 16. Type IV slab-on-ground. Typical construction details shown. 
Note that the use of a pile or pier foundation may be optional 
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a c 

Figure 16 (cont'd). Footing details for Type I and II slabs for heavy 
partitions loads "a", and alternatives "b" and "c" 
when the slab has been designed for the partition 
loads and the amount of steel reinforcing selected 
on this basis. 

Figure 16 (cont’d). A further alternative for partition loads when 
the partition load is in excess of 500 Ibs/lineal 
ft. 
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Type IV slabs are similar to Type III slabs (Figure 16) except 
that they do not transmit the foundation load directly to the soil. 
These slabs transmit the superstructure loading to beams which in turn 
rest on caissons, piles, or footings which carry the loads to solid, 
undisturbed ground at some depth below the slab level. This type 
slab would be used for soils that are susceptible to large volume 
change, have negligible bearing capacity, or are high in organic content. 

Basement Foundations. These will be considered part of the 
foundation system for the purposes of this report. Today's trend 
in home construction, especially in cold climates, is to build a 
finished basement which can be used as a recreation room, workshop, 
or storage area. In cold climates it is necessary to go below the 
frost zone for the footings and for water and sewer service. To take 
advantage of machine excavation it is often easier to excavate the 
entire house outline rather than just the footing plan--especially for 
spot footings, therefore, the basement can be obtained for a modest 
increase in cost. This is especially true if the storage space in the 
basement removes the need for external storage facilities and if the 
site is such that the extra excavation can be used in the housing 
development area for landscaping. 

From a technical viewpoint, excavation for the basement area reduces 
structural loads on the underlying soil mass by the weight of the excavated 
soil. In most cases this results in a zero net increase in soil pressure 
due to the weight of the building. It should be noted that if both cut and 
fill are involved at a site the net pressure in the fill zones may not be 
zero. In fact, differential settlement in these areas may be aggravated. 
Footings for basement walls are similar to normal wall footings with the 
size usually set by construction methods. A Type I or II slab is cast 
separately from the wall and footing for the basement area floor as 
illustrated in Figure 17. 

Inferior columns, also called posts, may be required to carry floor 
loads where large, unsupported span lengths are developed. An increase in 
floor slab thickness at these points should be made and/or the amount of 
reinforcement increased (Figure 16). Extra reinforcing steel should be 
placed closer to the bottom of the slab but 3 in. of concrete should be 
left between cteel and granular backfill. 

If the basement is to serve as useful space for the inhabitants it 
must be kept dry. In low-lying areas where the groundwater level is 
near the ground surface it may not be feasible to construct a basement. 
If a hydrostatic pressure exists on the basement it may float the struc¬ 
ture out of the ground or be difficult-to-impossible to waterproof. 
Rarely will it be possible or practical to lower the groundwater level 
to below the basement floor in cohesionless soils. In cohesive soils 
it may be possible to maintain a dry basement through use of drain tiles 
(rigure 18), around the perimeter of the basement, t^at empty into a 
sump pit which can be periodically pumped. This seht r,e is not practical 
in cohesionless soils as toe much water must be removed. 

41 



42 

F
ig

ur
e 

17
. 

F
oo

ti
ng
 

de
si

gn
s 

fo
r 

va
ri

ou
s 

fo
un

da
ti

on
 w

al
ls

. 
If
 r

ei
n

fo
rc

in
g
 

is
 

us
ed
 

in
 a

ny
 o

f 
th

e 
ab

ov
e 

sl
ab

s 
th

e 
sl

ab
 
is
 d

es
ig

na
te

d 
a 

Ty
pe
 

II
 

sl
ab

. 



Drainage tiles should be laid around the periphery of the basement 
walls at a level below the floor slab. The tile is placed on the ledge 
formed by the footing extension beyond the exterior wall or adjacent to 
the footing in the excavated trench (Figure 18) on which a bedding of 
granular material has been placed. The drain is laid with a 1/4 in. gap 
between sections of tile and is covered with building paper; the space 
between the wall and excavation is backfilled with 12 to 18 in. of a 
coarse sand-gravel mixture to affect free drainage of the intercepted 
groundwater. The tile is sloped at least a 1/2 percent grade to facili¬ 
tate drainage. The tiling is terminated into the storm drainage system 
or to a convenient location on the site where advantage can be taken 
of natural drainage, or to a sump where it is periodically pumped. 

The soil beneath the floor slab should be graded, compacted and 
sloped to a low point, a corner, the center, etc., then backfilled with 
J to b (usually 4) in. of granular material and covered with a vapor 
arrier prior to pouring the floor slab. Where practical a tile from the 

low point beneath the slab should connect with the exterior drain tiling. 

Concrete block masonry walls are coated with 3/8 to 3/4 in. of 
Portland cement mortar (parging) below the ground line and then sprayed 
or mopped with a bituminous waterproofing material. Cast concrete walls 
are simply sprayed or mopped with waterproofing material to stop water 
movement through the walls. Figure 18 illustrates a typical basement wall 
system carried by a strip footing. 

Using wood instead of concrete block basement walls resulted in a 
considerable savings. The wood wall system uses a compacted gravel ba 
on which the wall sole plates rest (Figure 19). 

se 

Several prgfast wall foundation systems are presented in Ural's 1970 
report. These are cited as typical of many which are, or will be, 
available during the service life of this report. 

The basement wall must be adequate to resist vertical loads as well 
as to provide adequate lateral resistance to soil and/or water pressure. 
The wall also provides anchorage of the building against overturning, 
mis is shown in Figure 20. Table 3 provides minimum FHA data on wail 
thickness. 

nr 
0. Ural , Proceedings, First International Symposium on Lou Cost Housing 
Problems Related to Urban Renewal and Development (University of 
Missouri, 1970), p 243. 
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Figure 18. Foundation drainage. Alternative locations for drain 
tile are shown above. 
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Figure 19. A treated wood basement foundation. 
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V£imc/u. Lotos 

Figure 20. Foundation wall loads. Note that the lateral load can be 
developed from trucks, piles materials, etc. 

Table 3 

Wall Thickness for Various Heights of Unbalanced Backfill 
(Foundation Walls for Several Types of Wall Construction) 

Foundation wall construction 

Hoi low 
masonrv 

Sol id 
masonry 

Plain 
concrete 

Maximum 
height of 
unbalanced 

fill 
(feet)* 

Minimum thickness 
(inches) 

Frame 

3 
8 

12 

n 
8 

10 

6»* 

6** 

8 

•He'ght of finish grade above basement floor or inside grade. 
♦♦Provided forms are used both sides full height. 

Masonry or 
veneer 

8 
8 

10 
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Post Foundations. Conventional and semi-conventional post founda¬ 
tions utilize posts which may be treated wood or precast, reinforced 
concrete. Post foundations differ from the pad and pedestal footings 
of the post directly on soil. A small amount of side resistance may be 
developed, but with the small depths of penetration (around 3 to 5 ft) 
side resistance is probably negligible. This provides an essential 
difference between post foundations and the file foundations of the next 
section. Due to the fact that posts will generally be under 15 in. 
(commonly 8 to 10 in.) in diameter, a relatively large number will be 
required beneath a dwelling unit. Based on the limited data currently 
available it appears that a 6 x 6 in. wood post embedded about 3 ft 
should be able to carry 1 to 2 kips in firm soil. It should be noted 
that this type of unit has been used for some time for guard rail sup¬ 
ports in highway construction. Mechanical driving units capable of 
driving 10 to 20 posts per hour (developed for highway work) can 
be used for driving these foundations. Sometimes preaugering may be 
helpful in placing the posts. 

The use of leveling beams or ribbon plates (Figure 7) is necessary 
since the driving process will generally require that the top posts 
be cut due to brooming or inability to drive the post to the required 
depth, or be exactly vertical. The cut surface should be painted be¬ 
cause studies have shown that painting increases service life. 

Alternative post-with-leveling-beam schemes may be developed. 
Figure 2111 indicates such an alternative. 

A post foundation has several advantages: 

1. Reduction of site preparation--especially on sloping ground. 

2. Rapid installation. 

3. Where frost depth is 4 to 5 ft posts can be driven to below 
frost penetration when the ground is frost free. 

4. Weather is not a factor as long as ground is not frozen. 

5. Effective to control uplift and overturning of lightweight 
structures, especially mobile homes. 

6. Removal cost is minimum. 

7. Relative ease in releveling a structure in the event of settlement 
since a crawl space is always beneath the structure. 

‘‘J. E. Bowles, Engineering Properties of Soils and Their Measurement 
(McGraw-Hill Book Co., 1970), p 189. 

47 



(a.) Sr/)Aí D/f ÑO fOC/A/OÑT/OA/ ß£A/r fOA £4 ÆT. fV/D£ //0¿/S£. 

24 roJ6 

(b)£xT£A/0£0 nOi/A/û/fT/OA/ S£A/T SO# //0¿/S£SOPTO36fl. W/0£. 

Figure 21. Foundation bent using pole-and-beam construction. 
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The fact that wood posts cannot be driven in soil where large stones 
will be encountered appears to be a principal disadvantage. This type 
foundation structure may require skirting around the dwelling perimeter 
to reduce heat loss in colder climates or to improve appearance of the 
structure. 

Other Post Foundations. Two other post-type foundation schemes will be 
considered. These two foundation types may be used in conjunction with 
Type IV slabs on overlying soils subject to large volume changes as well 
as with conventional wood framing utilizing a crawl space beneath the 
dwelling unit. 

One of these foundation schemes has been reported by Parcher and 
Means1“’ and earlier by Means13 and Dawson14. This consists of drilling 
a shaft to a depth below the potential zone of volume change, belling 
the base and casting an in-place pier or post. The belled portion is 
to resist the uplift forces developed as the soil expands. Various 
methods may be used to reduce the uplift force on the shaft such as 
casting a small pier shaft or casting it smaller than the drilled shaft 
hole. Post depths may range from 10 to 30 ft (3 to 9 m) for this type 
solution. 

The second scheme has been reported bv Donaldson15. This method 
consists of using small diameter steel rods or pipes containing 1 to 
1 1/2 sq in. of steel area and a length of 6 to 12 ft. Loads for these 
members is limited to a maximum of 8 to 12 kips in compression and pullout 
forces may be on the order of 4 to 8 kips. Actual load capacities must be 
determined by a load test and may be quite small in some soils. The shaft 
is made small to reduce the forces developed during soil volume changes. 
The rods reported in the cited reference were driven with Standard Pene¬ 
tration Test equipment. The problem of corrosion was not considered 
in the cited references. 

1• VT Parcher and R. E. Means, Zc^l Mechanics and Foundation (Charles 
Merrill Publishing Co., 1968), p 573. 

13R. E. Means, "Buildings on Expansive Clay," Proceedings, First Soil 
Mechanics Conference: Theoretical and Practical Treatment of Expansive 
Soil (Colorado School of Mines, 1959), pp 1-31. 

ll,R. F. Dawson, "Modern Practices Used in Design of Foundations for 
Structures on Expansive Soils," Proceedings, First Soil Mechanics 
Conference: Theoretical Practical Treatment of Expansive Soil (Colorado 
School of Mines, 1959), pp 66-88. 

15G. W. Donaldson, "The Use of Snail Diameter Piles in Expansive Soil," 
Proceedings, Fourth Regional Conference for Africa on Soil Mechanics 
and Foundation Engineering, Vol 1 (1967), pp 249-252. 
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Deep Foundations. Piles may be necessary to support family dwelling units 
in areas where the top several feet of soil are very low bearing capacity 
and/or the water table is very near the ground surface. Many coastal or 
delta housing areas may require piles. The piles may extend above ground 
several feet so that the dwelling may be supported entirely off the ground. 
This type of construction is particularly applicable in coastal areas where 
hurricanes may inundate the area. 

Piles are the most expensive type of foundation and will be required 
only in areas of poor soil and adverse ground/surface conditions; this 
selection is based on necessity and not as an alternative. For this 
reason, any further discussion of piles is omitted. 
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3 SITE FACTORS, SOIL ENGINEERING, AND FOUNDATION DESIGN 

Introduction. Chapter 1 outlined the general problem and_objectiyes. 
Chapter 2 described the various possible foundation systems, mis 
chapter will discuss factors which can eliminate certain types of fon¬ 
dation systems. Among the several factors are: topography, drainage, 
physiography (geography, climate, etc.), and site soils. 

An evaluation of existing, and preferably similar, structures at or 
near the site for settlement distress such as cracks, sticky^ doors and 
windows, and cracked plaster, may be most informative in determining f 
the site contains problem soils. In any case, the engineer responsible 
for the project should make a personal, on-site inspection io supplement 
the topographic maps and soil-boring information. 

Toooaraphy. Site topography can be an important consideration in selec- 
ting^an economical foundation system. Whether the site is level, gently 
rolling, or steep will give an indication of the amount of grading 
required and whether adequate drainage can be provided. 

At this point a serious question must be answered by the engineer o* 
designer, namely, how are the site preparation costs to be allocated to 
the project? For example, either a post, pad, or spot footing type foun¬ 
dation can be built on a hillside location, but skirting may be required 
in colder climates requiring minimal grading. For+^d 
full or split-level type basement may be incorporated into the structure 
with excavation limited mostly to the basement. With some additiona 
grading and footing excavation, continuous strip footings with interior 
pier-on-pad footings may be used. Finally, with considerable site g - 
ing, one may utilize slab-on-ground foundations in addition to the sub 
structure systems previously cited; thus, a careful investigation of the 
site and cost allocations must be made when comparing various foundation 

system alternatives. 

For comparative purposes a qualitative site description is the 

following: 

level - less than 1 percent grade across the development area 

rolling - between 1 and 4 percent grade across the development 

area 

hilly - greater than 4 percent grade across the development 

area. 

Leveling a site where a 4 percent grade is parallel to the long dimension 
of the building could result in nearly 2 ft of fill on the !ow side if 
only fill is used to levei the area. It should be noted that this small 
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amount of fill probably weighs more than the house--unfortunately the fill 
is not uniform, thus, settlement due to fill weight will most likely not 
be uniform. 

Note that as site grading costs increase, excavation cost' for any of 
the possible foundation alternatives decrease. An exception is the basement 
system in which the basement excavation may even increase if a side hill 
excavation is possible before the site is graded. 

Where the site contains trees, it is desirable to limit cut and fill 
to a minimum to retain as many of the trees as possible. This ecological 
aspect may be an important factor in the foundation selection process. 

Drainage. Requirements of FHA16 are that the ground level shall be at 
least 18 in. below the bottom of the floor joists and 12 in. below the 
bottoms of girders. To facilitate drainage FHA further requires that the 
interior ground level be higher than the exterior ground level so that 
water does not stand beneath the house. 

In any case, site grading and landscaping should be such that all 
surface water drains away from the house. This will avoid the problem of 
erosion around foundation walls and footings in addition to eliminating 
wet or damp floors. In the case of homes with basements, draining surface 
water away from the house would aid in keeping the basement dry. In many 
instances where basements were wet initially, changing the draining pattern 
has resulted in removing the problem. 

Removal of subsurface water, except as incidental to the tile 
drainage system around the footings of the basement dwellings, will not 
be considered a factor in an economic selection of foundation systems. 
Surface drainage provided by grading and landscaping may reduce subsurface 
water, but elaborate subsurface drainage facilities should be considered 
in the same context as pile foundations. Pile foundations may be required 
where subsurface water exists near the ground surface. Capillary water 
will be considered in the section on Capillary Water and Soil Moisture 
Change. 

Physiography. Physiography is a description of features of the earth's 
surface to include both geologic and geographic features. Geological 
features would include items such as flood plains, valleys, coastal plains, 
deltas, marshes, desert areas, glacial deposits, and sand dunes. 

Geographic features include both continental location, i.e., southeast, 
northeast, north central, southwestern parts of the United States, 
and corresponding locations on other continents. Geographic features 
would also include temperature and rainfall. 

1hMinimum Property Standards for One and Two Living Units (U. S. Government 
Printing Office, 1960). 
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Physiographic information can give some indication of types of 
soils to be expected such as residual soils in the southeast, glacial 

inPnwS a5r?ÜS 0f the northern tier of states, loess of soils 

in the^outhwest^1^651 ' ând S°Í1S WUh lar9e V°lume Change P°tential 

. Goographic location will give an indication of potential frost 
depth and permafrost zones and may aid in prediction of rainfall 
quantities, potential for earthquakes, hurricanes, and tornadoes. 

A combination of physiographic and topographic data may indicate 
the possibilities of landslides and mudflows. 6 

r-te In orcier t0 obtain maximum economy in foundation selec- 
tion the foundations should be designed on the basis of an engineering 
evaluation of soils at the development site. 

The minimum amount of required soil information would be obtained 
from a number of soil borings on the site. The actual number of boHnqs 
dpnn^tfr0m one t0.th!¡ee where the Site is reasonably level and soil 9 
deposits are re atively uniform, to one per dwelling unit where there 
is considráble lateral soil and topographic variation. Where the soil 
deposits are extremely erratic, especially in the vertical direction, 
large numbers of borings will contribute little to the overall design 
except increase its cost. y 

,1çf. ÎSe:fmb0^n9S.may he taken usi ig power drilling equipment, but may 
a so be augured using either portable gasoline-powered or hand augers, 

in nrfie?1dHnt:2’ “"st::uct1'0n the bor1n9s “1n «rely extend^over 
lb to 20 ft in depth. The boring information will provide data for a 
soil profile. Soil samples collected from the borings are used to 
identify physical properties of the various layers of soils. The 
location of the water table should be determined if it is within a zone 
to influence the type of foundation. 

w 
Generally the soil tests would include natural moisture content 

Jri Wk an^ Plastic V and 9rain size analysis. The second 
rilc?^UfîestS-T- s^fl,c1ent’ together with a visual examination, to 
£l?iSríy th!-SOll 1n the Jnified Classification System. (The Unified 
Soil Classification system should be used for classifying soil since thi 
system is widely used by U. S. Government agencies such as FHA, Corps of 
Engineers, and Bureau of Reclamation, as well as most consulting foSnda- 

this system6)1119 ^5, ^ Building Research Advisory Board also uses 

S°11 Which may be reduirerJ are: standard penetration 
test (bHT, , unconfir.ed or confined compression tests, consolidation test 
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compaction and field density tests, shrinkage limit wc, and perme¬ 
ability. -5 

Natural Moisture Content. This measurement (wj may indicate the 
type or state of the soil. For example, dense soil at full saturation 
will have a lower water content than less dense soil. Clay soils which 
are saturated are normally considered consolidated if the natural mois¬ 
ture content is closer to the liquid than plastic limit. A normally 
consolidated soil is one in which the present overburden pressure is 
the greatest apparent pressure to which the soil has been subjected. 
Soils susceptible to volume change may shrink or swell if w,, is not at 
the shrinkage limit, and the further wN is from w^, the greater the 
amount of potential volume change. If the natural moisture content is 
less at lower depths in the soil mass but above the water table, this 
may be due to cohesive soil overlying the soil being tested. It may 
also be due to recent precipitation. The water content in the vicinity 
of the groundwater table may give an indication of the height of cap¬ 
illary rise. 

Liquid (w, ) and Plastic (wp) Limit Tests. These are consistency 
index tests useful in: 

a. Identification of the minus No. 200 sieve fraction (clay and 
silt) of the soil mass. This fraction is identified as clay (Cl. CM) 
silt (ML, MH) or organic (0L, OH) depending on whether the liquid limit 
is less than 50 percent (L) or greater than 50 percent (H). The organic 
description is based on odor and visual appearance of the material. 

b. Estimation of volume change. This estimate is made based on 
the Plasticity Index (Ip ~ w L - wp) of the soil as shown in Table 4 
from Holtz s paper on ekpansifle claVs.17 This estimation may be sup¬ 
plemented with shrinkage limit (wJ tests to place a quantitative 
estimation of the amount of volume change to be expected. It is more 
important and easier to recognize that a potential for volume change 
exists than to attempt to quantify it, the latter may be nearly im¬ 
possible. 

Estimate of Consolidated Settlement. Consolidation settlements 
are a phenomena of fine-grained deposits which contain water. As the 
structure readjusts under load the readjustment displaces water from 
soil voids. Settlement cannot be accomplished until the displaced 
water reaches equilibrium. The time to reach equilibrium depends on 
whether the soil mass is saturated and/or how fare the displaced water 
must flow. 

W. G. Holtz, "Expansive Clays-Properties and Problems," Proceedings, 
First Sozi Mechanics Conference: Theoretical and Practical Treatment of 
Expansive Soil (Colorado School of Mines, 1959), pp 89-126. 
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Table 4 

Soil Data for Making Estimates of Probable 
Volume Change for Expansive Materials. 

Data from index tests* 

Colloid content 
(% minus Plasticity 
0.001 mm) index 

- Probable expansion** 
of total volume Degree 

Shrinkage change (dry to of 
limit (%) saturated condition) expansion 

>28 
20-31 
13-23 

■ 15 

>35 
25-41 
15-28 

<18 

<11 
7-12 

10-16 
>15 

-30 
20-30 
10-20 

<10 

Very high 
High 
Medium 
Low 

"*A11 three index tests should be considered in estimating expansive properties. 
**Based on a vertical loading of 1.0 psi. 

An estimate for the time required for consolidation is not reliable 
when the soil is saturated. The estimate is even less reliable when the 
soil is non-saturated. 

The amount of consolidation settlement (S) can be computed using an 
equation in the form 

S = 
CcH 

1 + e. 
I nn Pr\ ^ AP Log O 

PÔ [Fq 1] 

where Cc = compression index 

H = thickness of stratum 

eQ = in-situ void ratio 

P0 = average overburden pressure in thickness H 

P¿ = preconsolidation pressure at same location as P 
(and for normally consolidated soils P' = P ^ 

o o 

AP = average change in pressure throughout stratum due to 
surface loadings (building, fill, water table 
drawdown, etc.) 

The term C may be obtained from a consolidation test or estimated 
as c 

[Fq 2] 
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where a and b are coefficients which depend upon the clay characteristics. 
Terzaghi and Peck1Vecommended 

a = .009 

b = 10 
for clays of medium to low sensitivity as found in large areas of the 
Midwest. The reliability of Eq 2 is on the order of + 20 percent. 

The liquidity index, I , is useful in estimating whether a saturated, 
cohesive soil is normally consolidated or preconsolidated. The liquidity 
index is defined as 

I w 

WL - WN 

WL ' WP 
[Eq 3] 

If I is les'; than 0.5, the natural moisture is closer to the liquid 
thanwplastic limit and the soil is normally consolidated. If I is 
greater than 0.5 the natural moisture is closer to the plastic limit 
and the soil is probably preconsolidated. Thus soils wUh Iw < 0.5 
are more likely to be settlememt problems than soils of I >0.5. 
If I <0, the soil is in an unstable state. It should be noted, however, 
thatwEq 3 is only applicable to cohesive soils below the water table, 
since the natural moisture concent is a transient phenomena for soils 
aoove the water table. 

Grain Size Analysis. This test is used to classify the soil in 
the Unified Classification System as either a coarse-grained (more than 
50 percent retained in the No. 200 sieve) or a fine-grained soil as 
follows : 

a. If more than 50 percent is retained on the No. 4 sieve the soil 
is a gravel (symbol G) and is 

1. well or poorly graded if less than 5 percent passes the 
No. 200 sieve 
Symbol : GW or GP 

2. silty or clayey if more than 12 percent passes the No. 
200 sieve 
Symbol : GM or GC 

b. If more than 50 percent passes the No. 4 and is retained on the 
No. 200 sieve the soil is a sand (symbol S) and is 

lBK. Terzaghi and R. B. Peck, Soil Mechanics in Engineering Practice, 
(John Wiley, 1967), p 729. 
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1. well or poorly graded if less than 5 percent passes the 
No. 200 sieve 
Symbol : SW or SP 

2. silty or clayey if more than 12 percent passes the No. 200 
sieve 
Symbol : SM or SC 

c. If more than 50 percent of the soil passes the No. 200 sieve the 
soil is tine-grained and is a silt, clay, or organic soil depending on the 
liquid and plastic limit values and in case of organic soils, the odor and 
visual appearance 

Symbols: ML, CL, ÛL 
MH, CH, OH. 

The grain size analysis is useful in indicating the coefficient of 
permeability and in identifying granular soil of relatively high-bearing 
capacity depending oi, the density, soils not susceptible to volume change, 
and soils which may oe frost susceptible (more than about 10 percent silt 
sizes). 

Stanaard Penetration Test (SPT). This test, routinely done as a 
Pi °Uhe soil boring/exploration operation, consists of counting the 
blows (N) necessary to drive a standard 2-in. O.D. by 1 3/8-in I D 
sampler 12 in. using 140 lb drive weight falling 30 in. 

This test is widely used in cohesionless soils to indicate relative 
density and bearing capacity (Table 5). The allowable bearing capacity 
can be approximated in cohesionless soils using the standard penetration 
number, N, and footing width B as 

qa = 1.2(N - 3)(^-1)2 [Eq 4] 

where qa is in kips/sq ft. Sometimes N is corrected for depth effects, 
however, for residential construction this may be an unwarranted refinement. 

The SPT test is also used in cohesive soils, but is somewhat less 
reliable. If the soil sample recovered from the boring is not too damaged 
an unconfined compression test can be performed to supplement the penetra¬ 
tion number N (Table 6). 

Where cohesive soil samples removed by the standard penetration test 
sampler are excessively disturbed, thin-walled tube samples may be obtained 
■or strength testing. 

Unconftned Compression Test. This test evaluates the shear strength 
of cohesive soils. The test compresses a cylindrical soil specimen with 
a length/diameter ratio somewhat greater than two and computes the failure 
stress, q . 
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Table 5 

Relative Density and Penetration Number for Cohesionless Soils 

Description 

Field Identi¬ 
fication 

Very Loose Loose 

as dumped from 
truck 

Penetra tion 
No. N 

Relative 
Density 0 

Approx. 0 25-30 
angle of internal 
friction, 0 

easily 
shoveled 

.15 

27-32 

Med i urn 

10 

.35 

30-35 

Dense 

shovel with 
some diffi¬ 
culty 

may require 
pick to 
loosen 

30 

.65 

35-40 

Very Dense 

50 

.35 

33-43 

1.00 

Moist 70-100 90-115 110-130 110-140 130-150 

Table 6 

Consistency versus Strength of Cohesive Soils 
in Lieu of Unconfined Compression Tests 

N 
Consistency qu> ksf Approximate Field Ident. Blows/ft 

Very soft 0.5 

Soft .50-1.0 

Firm 1.0-2.0 

Stiff 2.0-4.0 

Very stiff 4.0-8.0 

sags under weight 0-1 

very easily indented between 2-4 
thumb and finger 

easily indented between 5-8 
thumb and finger 

considerable effort to 9-15 
indent with fingers 

very considerable effort 16-30 
to indent with fingers 

Hard ■3.0 cannot be indented with -30 
fingers 
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The cohesion (c) of the soil is taken as 

c = qu/2 

and insertion into the usual bearing capacity equation of the form 

quit = 1 ■^c^c + qN . 
Using a safety factor of 3, N£ = 5.74, and N » 1 (assuming 0 =' 0°), 

[Eq 5] 

the allowable soil pressure, qa, is approximately 

qa = qu [Eq 6] 

inblieu qlve^^pical .consistency-strength relationships which may be used 
lieu of, or in conjunction with, unconfined compression tests. 

(triax?artetsts)°sLuÎHrehn9th '1 '“a than 1000 PSf- confined «"’P-'ession unaxial tests) should be performed on carefully recovered ^hin-walled 
tube samples. W en the soil strength is this low, a performanie evaluation 
tn li50nS1íer 6 ^0undatl0n and extreme caution should be used so as not 
to eliminate other foundation systems in favor of this expensive alterna¬ 
tive, when an additional expenditure of a few hundred dollars on soil 
engineering could make a profound difference in the selection. 

valup^nf TeSt-' ThÍS t0 obtain somewhat more refined 
from thpflfÍ!iH0i1-refSI0n/ndnX ^Cc) thar1 the estimate obtained in Eq 2 

sï;r9ï^ets¿he^Lf™,^■rl:[,ïr'^:otiîd^eror,?e- 

data from th,s test can be used to estimate the time rate 

Ordinarily, family dwelling units of the type considered in thic 
trï°M are n?t llkely 1:0 lnduce consolidation settlements unless the 

í °e s??cît ^tie'lnad^^ ^r ^ gr0Und 2-^ace. Usin the tíeory 
thJ ff ity2uth! d dlsslPation, with depth of footings indicate/ 

píess /ifaP ufoTüí ÎÎT ‘î0 í001'"9 “?dth r. . . ^ aoout U.l of the contact pressure. With dwpllinn unit 

The consolidation problem is most likely to exist heno.th fin. 
landscaping operations take place. General v the Ï3adx ïn 6 0 
and extend to greater depths'due to îàieîaî Ss"n] of Sn, 

not from tSe’sTuaÎÂrburdSr^'Îhe"Jn 

d3^s°^X nilsf^s S.“1” b0 — -'--'‘ó 9-ier 

bui 1 diiig^area^the f i l l ^should be placed «ï.iS 
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Cr,US-ÍÍ re<lu(r« that compaction tests be performed 
rLm 50 2 tîe several different soils making up the fill to obtain 
the "Mximum dry density and optimum moisture content. Where several soils 

th 'Me H 2 ""‘Î5 a compaction test should be performed 
têsth ASTM DM«”fiíría ' °r cth’S tyP2 construction the standard compaction 
uf.^ii S™ D628'66T (''meficai Society for Testing and Materials), will 
usually provide an adequate control density. 

Field density tests should be performed to check the in-situ compacted 
density and water content of the fill at the time of the test These 
control tests may be the widely used sand-cone or balloon density20 methods 
0r^âkniM ear niettl0c*- If t,1e mi sites are limited in area, the sand-cone 
and balloon methods may be preferable. 

Shi'inkage Limit. This test may be used as a supplement to the 
liquid and plastic limit test to better identify volume change 
potential.2 ,22 The shrinkage limit is defined as that water content 
(at 100 percent saturation), below which no further volume change 
occurs. With this definition it follows that the smaller the shrinkage 
limit the more susceptible the soil to volume change and the smaller 
the amount of water required to affect a volume change. 

It is difficult to quantify the amount of volume change to be 
expected directly from this test. A PVC meter was developed for the 
FHA as an aid in evaluating amount of volume change as well as expansion 
pressures. This device has received only limited acceptance, however, 
and an alternative procedure is to do the shrinkage limit test on 
several samples at different dry densities and plot a curve of dry 
density versus percent volume change. (The percent volume change 
and dry density can be computed for a particular test since known 
volumes and weight are available.) Extrapolation or interpolation 
to the field density would provide a volume indicative of the amount 
of volume change to be expected. The necessity for the plot is that 
the shrinkage limit test must start with a fully saturated soil because 
of the definition of the limit, often at a water content well above 
the liquid limit such that the soil is a viscous fluid. 

Any predictions of the amount of field volume change from using 
a laboratory test in which the soil can expand and contract with little 
restriction are considerably in error (generally on the conservative 
side) due to field restrictions. In the field, normally the shrinkage 
and swell is primarily in the vertical direction. The building weight 
provides a surcharge effect and the soil provides its own surcharge 
on the soil at greater depths in the mass; both of these effects reduce 
swell potential of the soil mass. 

1 'Cviterij i'or "ompuat-.d Fills (National 
‘ u. E. Bowles, Engincerbia Fvoparties of 

(McGraw-Hill Book Co., 1970). 

Academy of 
' Soils ini 

Sciences, 1965). 
Their Measurements 

¿ 1 

22 
Bowles, Engineering Properties 0f Soils 
Laboratory Soils Testing, EM 1110-2-1906 
1965). 

and Their Measurements. 
(Department of the Army, 
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Pemeabilitij. Where dewatering or subsurface drainage is a problem, 
the coefficient of permeability of the soil may be required. Generally 
the solution of these problems would be part of the site development 
costs and rarely would this test be involved as a factor in a foundation 
selection scheme. 

In the unlikely situation of building on a marshy site where 
considerable frll is used to elevate the site, permeability of the 
consolidating marsh deposit to estimate length of time involved for 
settlements to take place would most likely be determined from consolida¬ 
tion test data. If sand drains were used to speed the process of 
consolidation, it would not be necessary to determine permeability 
of the sand. 

Capillary Water and Soil Moisture Change. Water will rise in a tub of 
3Tameter d to an approximate' height of 

u _ 4T cos ct [Co 7] 
nc " 3d 

where T = surface tension of water or approximately 0.075 gm/cm for 
soil-water temperature between 50 to 60CF 

3 = unit weight of water 

a = angle of intersection of surface film and conduit usually 
taken as 0°. 

The interconnected soil voids form the capillary tube of diameter (d), 
which can be approximated as 

where 0^ is the approximate grain size diameter corresponding to the 10 
percent finer soil fraction by weight from a sieve analysis. 

Eq 7 indicates that water can rise considerably above the water table. 
Practically, it is doubtful if the capillary height ever exceeds 6 to 9 
ft even over extended time spans. Capillary heights of 3 to 4 ft are common. 
The significance of the capillary height is that the soil has the potential 
for a degree of saturation (S) of 100 percent in this zone. If a slab-on¬ 
ground is within this zone it will become damp unless precautions are taken. 
These precautions include a vapor barrier of some waterproof material 
overlying.a layer of coarse, granular material. The coarse, granular 
material is used to increase the effective soil pore diameter (d) of 
Eq 1, thus lowering the height of capillary rise. Care must be taken, 
however, that the capillary zone in the soil adjacent to the structure 
is not higher than that beneath the dwelling; the water will flow laterally 
in the zone below the height of capillary rise. 

Where the dwelling unit encloses its perimeter or crawl space, or 
where a slab-on-ground is built either on the ground surface or as the 
basement floor, the upward flow of water vapor from the water table will 
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eventually saturate the soil beneath the slab or dwelling. In the case 
where the crawl space is enclosed, floor dampness is avoided by incorporating 
adequate ventilation with openings in the perimeter walls. A vapor barrier 
may be used either above soil or beneath the subfloor. Eventual soil 
saturation cannot be avoided beneath slabs-on-ground due to condensation 
of the water vapor flowing upward from the water table, but the floor can 
be kept dry by using a vapor barrier which keeps the water from contact 
with the bottom face of the slab. 

Change in soil moisture beneath the structure can cause considerable 
volume change in soils susceptible to volume change. The problem is 
aggravated by the differential in moisture content from the perimeter to 
the interior of the structure as occurs during dry periods. Note that 
the phenomena of soil saturation beneath slabs will exist if there is 
a water table at any depth below the foundation unless an impervious 
material exists between the water table and foundation soil. 

Frost Depth, Permafrost. In much of the United States ground freezing 
occurs dun rigolate fall through early spring. Ground freezing introduces 
two problems for consideration: 

a. Vertical and/or horizontal expansion of the soil as the pore 
water turns to ice and increases in volume. 

b. Melting of the top during thawing, but with underlying frozen 
material preventing drainage. This trapped water can cause a large 
decrease in soil support value. 

Frost heave or expansion is caused by formation of ice in soil 
pores. The problem is magnified by upward flow of capillary water 
from the water table which increases ice crystals below the height 
of capillary rise by the continuous upward flow of water. Water vapor 
can contribute to the problem, but the principal factor in ice lens 
formation is capillary water. 

Ice lenses tend to form primarily in finegrained soils where 
approximately 10 percent is between 0.074 and 0.002 mm silt sizes. 
It is necessary to have simultaneously, a soil which can support a 
significant height of capillary rise and one where the pores are large 
enough to transmit a significant quantity of water. Sand meets the 
second criteria but not the first; clay meets the first criteria but 
not the second. 

The depth of frost penetration is a geographic factor over which 
the builder has no control. The best solution is to go below the frost 
zone. Figure 22 indicates approximate frost depths for the United States. 
Figure 22 was obtained by a post card survey of founoation practice 
in selected cities in the United States, plotting the frost depths 
being used and interpolating contours. Where a conflict between the 
map and local practice exists local practice should be followed. 
The amount of frost heave can be controlled by incorporating a water 
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barrier between the water table and the depth of freezing so that 
an upward flow is not available to support the growth of large ice 
lenses. 

Permafrost is a special condition of ground frost where the ground 
remains permanently frozen the year around. Permafrost exists in 
certain geographic areas (such as northern Canada, Alaska, Antarctia, 
Greenland, parts of Siberia). In many other areas the top several 
inches to several feet of soil annually thaw (termed the active layer) 
and refreeze. 

Sardy or coarsegrained soils are not considered to be a problem 
in permafrost areas as they drain easily, have a low capillary rise, 
and only the pore water expands upon freezing. Since freezing water 
expands about 10 percent and soil grains make up much of the frozen 
mass, little heave is encountered. This material performs satisfactorily 
for building foundations. One solution in permafrost areas is to 
build up granular fill on top of the permafrost as an insulator, then 
construct the building. 

When the soil is a silty sand, fine sand, or in general contains 
more than about 3 to 4 percent silt and has a water content above 
30 percent, detrimental heave is possible. The situation is considerably 
aggravated if a water source is available to feed the ice crystals 
via capillary flow. 

Designing Footings for Family Home Construction. Foundations for 
residential construction must be the same as for any other construction 
when considering bearing capacity and settlement. Two factors make 
the problem easier for major structures, namely, light unit loads 
on the soil and greater tolerance of soils to distortion. Table 7 
may be used as a guide for tolerable allowable differential settlements 
in residential construction. If settlement at a point does not exceed 
the range of values shown for type of foundation, differential settle¬ 
ment can generally be tolerated.*’’3,24 

A 28 by 40 ft house with 1120 sq ft of plan area (no reduction in 
live load, 30 psf snow and no wind) would weight approximately: 

Aluminum siding Brick veneer 

Minimum, kips 90.5 127.5 
Maximum, kips 117.4 153.3 

73J. E. Bowles, Engineering Properties of Soils and Their Measurements 
(McGraw-Hill Book Co., 1970). 

24R. F. Dawson, "Modern Practices Used in Design of Foundations for Struc 
tures on Expansive Soils," Proceedings, First Soil Mechanics Conference 
Theoretical and Practical Treatment of Expansive Soils (Colorado School 
of Mines, 1959). 
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Table 7 

Tolerable Differential Settlements of Buildings in Inches 

Soil 

Cohesionless 

Cohesive 

Spread Footings 

A/L 1/200 1/400 

3 1 1/2 

5 2 1/2 

Slabs 

1/200 1/400 

4 

6 

2 

3 

The following categorizes a house that weighs 80 to 150 kips 

Type 
Life floor loads* 
Dead loads 

Floor 
Cei1ing 
Roof 

Partitions 
Wind** 

Snow*** 
Exterior walls 

Brick (including wood 
sheating etc.) 

Standard wood with 
aluminum siding 

Load, psf 
30 - 40 

6 - 10 
4 - 8 
3 - 6 
2 - 4 

15-20 either inward or 
outward on any surface 

20 - 30 horizontal projection 

40 (wall surface) 

£ - 7 (wall surface) 

*M°st building codes allow live load reductions when the live load is 
less than 0° psf if the room area is 150 sq ft or more by the least 
of the following percentages (but not less than 60 percent): 

R = 0.08A 
R = (DL + LL)(100) 

~03Tl- 

Example: Room 15 x 12, DL incl snow = 45 psf, LL = 30 psf, A = 180 sq ft 

R = .08(180) = 14 % 
R = (45 + 30)100 

4.33(30r 
R = < 60 

Use 14 percent reduction since this is the smallest percent of the three 
The reduced load is: 

LL = 30(100 - 14) = 25.8 
For family housing 0.084 usually controls. 

**The Uniform Building Code varies wind from 15 to 20 psf depending on 
building height and geographic location. 

***The Uniform Building Code allows as little as 12 psf snow load depending 
on roof slope. 3 
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The house perimeter is ¡36 ft ana the resulting pressure, if 
all the load is carried by a perimeter wall footing, is between 0.7 
kips per lineal ft (klf) and 1.1 klf, respectively for the minimum 
and maximum conditions above. 

Most soils can easily carry footing loads as small as these with 
neither a bearing failure nor excessive settlements. This situation 
is considerably improved by the necessity of placing the footings 
in the ground below frost or seasonal volume changes. First, this 
puts the footings on firm ground taking care of both settlement and 
beanng capacity and, secondly, the bearing capacity generally increases 
with depth. Note that one key to the problem is firm ground, thus if 
excavations are accidentally carried too deep, they should be carefully 
DackfiMed and compacted. Should poured concrete footings be used 
the excess excavated depth is left and backfill^ with concrete. 

with becai^se °J. sma11 1oâds that the pos* founiation, generally 
with frame construction, can be made to work with relatively small 

?ÜSÎS ^quired for suPPort. Depending on the soil and 
home ’ 6 t0 30 P0StS may be ade9uate t0 carry the average small 

With the lighter loads of frame construction a careful soil 
gation will determine: investi- 

on a 
a. That precast foundation walls might be placed in a trench 
prepared and compacted stone base without leveling blocks; 

b. 
using preca; 

That leveling blocks may be the only necessity for a building 
cast wall construction; y 

c. That pressure treated wooden sole plates (2 by 6 in. 
,/ho in-) can/est directly on a prepared and compacted stone 
where wooden foundation walls are used (Figure 19); 

or 2 
base 

d. 
a masonry 
levelled. 

Thât a concrete strip footing may not be reguired beneath 
foundation wall if the first course of blocks can be adequately 

!°r F-ami1y,Honle Construction. Slab-on-ground founda- 
hl ÎL y be USed °n ?ny f at ground surface although they may not 
be the most economical system. They may be a necessary alternative 
however, where the soil is expansive. Table 8” lists the cSndUiorîs 
or which various slab-on-ground foundations are recommended. It 
S self-evident that even under the most severe service conditions, 

i.e where differential swell or settlement shrinkage has taken place 
such that only partial slab-to-ground contact is made, soil pressure 
will be low Where partial slab contact exists the slab must bridge 

mhà?’:a5ssÂtaÍn StrUCtUra' ,nte9rit>’ thus’ » 
2T 

CWteria /or Selection and Design of Residential 
(National Academy of Sciences, 1968). Slals-on-Ground 
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Table 8 

Slab-Type Recommendations Based on Soil Type at 
Site and Climatic Rating from Figure 23 

Soil Type* 

GW, GP 

GM, GC, SW 
SP, SM, SC, 
ML, MH 

GM, GC, SW, 
SP, SM, SC, 
ML, MH 

CL, OL, CM 
OH 

AH qu/w to qu/qc 

Pt 

Minimum Density** Climatic Recommended 
or PI or qu Rating slab Type 

All Densities ALL I 

Dense or ALL I 
medium dense 

Loose ALL II*** 

PI < 15 and ALL 

%/qc - 7'5 

PI > 15 and >' c > 45 

VqC - 7-5 1 cw 7 45 
7.5 > qu/qc > 2.5 ALL 

qu/qc < 2.5 ALL 

ALL ALL 

II 

II 
III 

III 

IV 

IV 

*As classified under the Unified Soil Classification System. 
**Unconfined compression strength of undisturbed sample. 

***Type I slab may be u«;ed if soil is densified by compaction to a depth- 
slab width. 

Figure 23 presents climatic ratings developed for use with Table 8. 
This rating system takes a C = 45 or above ideal, that is, small 
variction in normal precipitation and dry periods, generally under 
4 weeks. The poorest climatic rating C is 15 for large variations in 
precipitation and quite long drought periods; C = 15 applies to the 
lower Southwest and C = 45 defines the northeastern states and a 
small part of the uppër Northwest. The rest of the United States lies 
in climatic ratings between these two extremes. Where soil is sus¬ 
ceptible to volume change, the largest volume changes will be caused 
by a long dry or wet period followed by a wet or dry period (see 
Capillavi) Water and Soil Moisture Change). Generally when the plasti¬ 
city index I is less than 15, the volume change is not very critical 
if the average actual soil pressure (q = DL + LL) to q ratio 

K r foot 
is 

qu/qc ¿ 7.5. 
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This condition allows the use of Type II slabs. 

Type II slabs can be used for soils more susceptible to volume 
change (I > 15) if Cc >_ 45 and the ratio Pu/qc > 7.5, Type III slabs 
are recommended if C c< 45 for I >15 eventhough q /u >7.5. w p 3 ^u X — 

If the soil strenth qu is such that 

7.5 > qu/qc > 2.5 

regardless of the values of I and C a Type III slab is recommended. 
If the soil strength to load Patio i^ 

V^c i2-5 
a Type IV slab is recommended. These slabs are illustrated in 
Figures 14 through 16. 

It has been found that soil volume change can be reduced by forcing 
the soil to expand laterally rather than vertically or by applying 
sufficient load to confine the expansion. The structural configuration 
of the Type III and IV slabs is such that ribs or beams carry the 
total load. This results in a higher intensity of pressure beneath 
the ribs. With voids on either side and a high intensity of pressure 
beneath the rib, the wet soil can flow up along either side of the 
rib with total vertical movement greatly reduced. 

Structural design of the Type III and IV slabs using the BRAB 
method also involves using the climatic rating. The rating is used 
with volume change data t^ compute a support index. The support 
index relates to the amount of mat area estimated to be in contact 
with the soil when volume changes ocr . Structural design of the 
slab-on-ground foundation is beyond the scope of this report. 

Wind Loads. Wind is seldom a problem in residential home construction. 
Usual construction practices in a given area should be adequate to 
insure proper lateral support for the superstructure. New methods, 
especially in prefabricated or modular construction, may require 
that the builder specifically provide for attaching the superstructure 
to the foundation. 

Mobile homes may require additional anchorage since they are 
much lighter in total weight even though the weight per square foot 
may be nearly equal. 

Records indicate that overturning or sliding off the foundations 
does not occur for residential dwellings except in the paths of hurri¬ 
canes and tornadoes. Figures 24 and 25 illustrate typical methods 
of anchoring the superstructure to the foundation. 
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rocM/L fiooA J'o/srs 
TVs/ll o# srr/tcM 
W/TH MSTfiL FJ9ÑM/UG 
MC/VOAS 

SCfiŒW PlACeO 
l/A/D£# copes TO 
see/ueo wr/s 
coAfCRere or 
MORTAR 

S/LL 

so/sr 

use SOL/O UA//TS/R TOP 
COURSe OR F/U CORCS OF 
HOLLOW UA//TS W/TH 
coHCPere or mortar 

'/2 X/5"LOMO AMCHOR BOLTS} 
ser/A/TO F/LLCO CFLLS AA/O 
sPRceo a/o mo Re tha,v e'-o" 
o. C. TO RA/CHOR S/LL TO WALL 

SOL/O TOP UA//TS /A/— 

COURSe SUPPORT///6 
FLOOR SO/STS 

Figure 25. 

iVOOO SO/STS TO HAl/e 
M/A/. 3" SeAR/A/G OA/ 
MASOA/RV 

/ '// "X fa "tw/stfo sreec plats 
AA/CHORS W/TH 0A/£ ¿HO £M3£00£D 
/A/ HOA/ZOA/TAL MORTAR cTO/A/T. 
AA/CHORS SPACeO 6'-0"0.C. OR 
eUFRy FOURTH UO/ST 

Typical anchorage details fur attaching superstructure 
to concrete block masonry foundation walls. 
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The FHA''6requires that buildings be designed for at least 20 lbs/ 
sq ft wind load on the gross area of vertical projection for over¬ 
turning or racking. In hurricane areas a wind load of 30 Ib/sq ft 
may be used. Since single family housing units are relatively low 
structures, 20 Ib/sq ft is probably adequate. 

Settlements. Soil settlements are of two general types. Those which 
occur over a long period of time are consolidation settlements for 
which Eq 1 is applicable. Those which occur immediately upon applying 
the load are termed immediate. 

Immediate settlements are computed as: 
! 2 

S. - qcBÍ—f ■ u [Eq 8] 

"s 

where qc = contact pressure, kips/sq ft 

B = footing width, ft 

u = Poisson's ratio (range of 0 to 0.5 and usually between 
Q.2 and 0.35) 

stress-strain modulus (Modulus or Elasticity), kips/sq ft 

shape of factor; ^=0.88 for round; 0.82 for square; 1.06 
for rectangle of L/B = 1.5 to 3.5 for continuous strip. 
These values are for rigid footings. Flexible footings 
are some 7 percent larger than rigid footing values. 

For housing units, Eq 8 may be applied, using stress-strain data 
from an unconfined or confined compression test to obtain E . Most 
of the settlements which occur using this type of equation ãill be built 
out of the structure as construction proceeds and the building weight 
is added. Under this situation Eq 8 will overestimate the settlement 
and is not recommended for normal use. 

Immediate settlements due to fill made prior to construction of 
the housing unit will have already occurred prior to construction 
Immediate settlements due to fill placed after the structure has been 
uilt, as for backfill around basements, landscaping, etc., may cause 

detrimental settlements unless this is considered in the site design. 

Most of the consolidation settlement will occur sometime after the 
structure is built. Eq 1 may be used to estimate the amount of this 
settlement. When using Eq 1 due consideration must be made for soil 
loading caused by cut-and-fill operations as these may be, and often 
are the principal loads causing consolidation settlement. 

¿hMinimum Property Standards for One and Tiro Living Units{[) S 
Government Printing Office, 1960). 
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Subsidence of earth fill placed without compaction control is a 
vertical movement of the mass as it consolidates under its self weight. 
This movement will be relatively independent of building loads--though 
the building load may increase the amount. Where buildings are placed 
on a fill, settlement due to subsidence as the material consolidates is 
of major importance. This movement will occur more rapidly than con¬ 
solidation settlements, but, in general, is not rapid enough to be 
complete prior to building the structure. The magnitude of these settle¬ 
ments cannot be estimated by using either Eq 1 or Eq 8. The only way 
this problem can be solved or controlled is to: 

a. Place the fill several years prior to construction of the 
dwelling unit. This will also reduce consolidation settlements 
of the underlying soil when the building is later constructed; 

or 
b. Place the fill using careful compaction control. "Criteria for 

Campacted Fills"27 may be consulted as a guide for the placement 
of compacted fills. 

Summary. This chapter has presented site, soil exploration, soil 
testing, and other factors which may require consideration in the 
foundation selection process for a housing development project. 
Table 9 summarizes the principal factors to be considered for the 
foundation, site, and site soil interaction. This is a convenient 
check list to rapidly evaluate the site for problems that may require 
additional consultation with a soil specialist, additional field 
data, or more detailed laboratory testing. 

Some foundation systems are incompatible with certain soils and 
site conditions. This information is summarized in Table 10. 

Criteria for Compacted Fills (National Academy of Sciences, 1965). 
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Table 10 

Possible Foundation Systems Based on Soil and Site Conditions 

Type of Soil* GW-GP GM,GC,SW,SP,SM,ML,MH CL,0L,CH,OH Peat 

Densetõ ” 
Soil Density, pcf All Medium Dense Loose - - . . 

Consistency Stiff te Soft to 
Hard Very Soft 

Plasticity Index. Ip - - - IS .15 15 15 

Slab-on-Ground yes 

Post Foundation yes 

Strip Footing yes 

Piers on Pads yes 

Basement* yes 

yes yes yes yes yes yes yes 

yes yes yes yes** no no no 

yes yes*** yes no no no no 

yes yes*** yes no no no no 

yes yes yes yes++ yes yes++ yes 

Note that GM, GC, SM, SC soils are cohesive and the density is not a primary factor 
in footing selection, 

•‘Precautions will be necessary so that possible soil expnsion does not damage structure 
•This foundation can be used for SW, SP soils if the loose material is densified. 
•Select appropriate basement floor slab. Do not use basements if ground water table 
is 6 in. or more above basement floor. 

♦♦Basement walls will need protection against possible lateral soil expansion. 
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4 SUPERSTRUCTURE AND SUITABLE FOUNDATIONS 

Introduction. When choosing a suitable type foundation for a structure, 
the designer is concerned not only with the performance of the foundation 
in relation to the earth and environment., but also with the superstructure 
interaction. The type of structure and the construction material utilized 
will determine the magnitude and distribution of the foundation load. The 
types of construction materials used will influence the maximum allowable 
settlement which can be tolerated. 

It is expected that both new materials and construction methods will be 
proposed and/or used in the near future. Government efforts to develop 
low-cost housing have received considerable attention in recent years. In 
1969, the Department of Housing and Urban Development (HUD) supported 22 
industrialized (component, modular, and combinations of panel and modular) 
housing systems in "Operation Breakthrough." Private enterprise is also 
working on various systems. 

Structural analysis and full-scale testing of family housing ranges 
from very limited to non-existent. However, Government concern for low- 
cost housing has encouraged much recent work, mainly in the private sector, 
in various designs which have been structurally tested. There has been 
considerable testing of structural components and a trend appears to be 
developing to increase the "engineering" of dwelling units. This work is 
either proprietary or is so recent that it has not been widely disseminated 
at present. Most current practices are based on accumulated practical 
experience, though it is expected that in the near future advantage will 
be taken of advances in engineering design and technology. 

Superstructure Systems. The following construction systems are currently 
available in home construction: 

Conventional 

1. Frame (wood, metal ) 
2. Load bearing wall (brick, concrete) 

Componentized 

1. Components 
2. Packaged or prefabricated 
3. Shell 

Modular 

1. Sectional house 
2. Sectional box 
3. Sectional stuck-on 
4. Mechanical cores 
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Mobile 

1. Single-wide mobile home 
2. Double-wide mobile home 
3. Expandable mobile home 

Conventional Housing. These are on-site construcced housing units built 
up from the basic building materials such as lumber and concrete blocks. 
Certain off-site prefabricated components such as pre-hung door and window 
units may be utilized. On occasion prefabricated components such as roof 
trusses and wall panels are used--generally built by the contractor at 
his own central plant or obtained from a local lumber company. 

These housing units may be all wood frame, sometimes called post-and- 
beam construction, with wood exteriors. The wood exteriors may be wood 
siding, plank or plywood type, or shingles. Alternatively, the exterior may 
be metal or aluminum siding, either wood backed or plain, asbestos shingle 
siding, and brick or block veneer. Other exteriors may include stucco, 
stone, and imitation stone. In this type of construction the foundations 
would be one of the following: 

a. Strip footing, foundation wall of masonry or concrete and 
supplemented as necessary with interior piers and pads with 
either: 

1. A basement with Type I or II slab-on-ground 
2. Enclosed crawl space 

b. All piers and pads with either: 

1. Enclosed crawl space using skirting from sills to ground 
2. Open crawl space 

c. Post foundation with either: 

1. Enclosed crawl space 
2. Open crawl space 

d. Slab-on-ground: 

1. If Type I or II (depending on climatic rating and soil) uses 
perimeter wall footing and foundation wall 

2. If Type III or IV a ribbed (waffle) slab configuration 

e. Piles: 

1. Using grade beams 
2. Type IV slab. 

Conventional housing may also take the form of concrete block or brick 
bearing walls and, depending on location, adobe, soil cement, or other 
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locally manufactured building blocks. This is termed load bearing wall 
construction, i.e., the wall starts on perimeter strip footing and is 
continuous to the roof line where rafters or roof trusses and ceiling joists 
carry roof and ceiling loads to the exterior walls. Interior partitions 
may be of either wood or exterior wall material. Foundations for these 
housing units would be one of the following: 

a. Strip footings with the exterior wall up to floor level as the 
foundation walls (this is necessary in order to make a realistic 
cost comparison) with either: 

1. Pier and pad interior footings if a wooden floor is framed into 
the exterior walls 

2. Type I or II slab-on-grade (depending on climatic rating and 
soil ) 

b. Type III or IV slab-on-grade. 

Soil pressure beneath strip footings carrying load bearing walls will 
be two to three times as great as for other siding materials due to the 
extra weight of the wall. 

Componentized Construction. These structures are built from prefabricated 
components such as wall panels, roof trusses, partitions, and floor 
assemblies, as well as the preassembled window and door units. These 
several components are factory fabricated, identified, packaged, and 
transported to the building site. This construction system may also be 
one where the various parts, siding, studs, joists, rafters, etc., are 
factory precut, identified, bundled, and shipped to the site. If the 
entire building shell is factory cut, this is referred to as "shell home" 
construction. 

The field erection crews then combine components to form the shell 
and basic structure. This flat panel or two-dimensional component system 
may occasionally include a modular unit such as a bathroom. 

The major feature of component construction is that much of the field 
measuring and lumber rutting operation is transferred to the factory. 
Thus, the usual 16-in. to 24-in. on-center type construction practice used 
in conventional construction methods is retained (see section on Super- 
s truc ture Syt¡ terns ). 

Materials other than wood may be used in precast concrete walls and 
walls of sandwich construction. Sandwich construction uses wood, metal, 
or plastic skins with plastic or fiber fillers to improve strength, in¬ 
sulation, and sound proofing. 

Foundation systems for this construction should be the same as for 
conventional housing. If the floor system is componentized, foundation 
tolerances will have to be more carefully controlled than in conventional 
on-site construction. 
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Modular Construction. Modules consist, of box or three-dimensioral units 
which are shipped preassembled to the development site. The required 
number of these units is placed into position, i.e., adjacent or stacked 
on the prepared foundation, and connected by on-site construction personnel. 

A sectional house is formed if the units make the completed dwelling 
unit. Sometimes it is convenient to obtain those uniu with most of the 
mechanical equipment, such as bathrooms (mechanical cores)., as a module and 
with most of the remainder of the dwelling unit being on-site construction. 

These units must be of rigid enough construction to withstand transport 
from the factory to job site. This module rigidity will tend to reduce 
tolerable differential settlement of these dwelling units compared 
to post-ai,d-beam construction. 

Generally, foundations for these units must be more accurately aligned 
than post-and-beam construction. The foundation alternatives for these 
units would be the same as for conventional construction given in the pre¬ 
vious section on Superstructure Systems. 

Care must be taken to compare foundation systems on a legitimate 
basis. For example, if the module floor system is such that the unit is 
set in place on prepared supports then only the following are possible: 

a. Strip footings with perimeter walls, with or without interior piers. 

b. Isolated piers with pads and an open or enclosed crawl space. 

c. A post foundation with an open or enclosed crawl space. 

d. Piles with grade beams in soils susceptible to volume change. 

In areas where soil is susceptible to volume change, the solution could 
also include Type III or Type IV slabs, but make-up of the module floor 
should be investigated to avoid the extra expense of a second floor system 
being used. 

Note that where the module is lifted onto the foundation system it is 
not necessary to include floor joists, subfloor, etc., as part of the 
foundation system. If an economic analysis is made between both the 
foundation system and the superstructure alternatives there must be 
consideration of what constitutes the "foundation". Obviously, if the 
flooring is excluded in modular construction, but is included in con¬ 
ventional (post-and-beam) construction, the foundation of modular construc¬ 
tion may cost much less than the alternative. The modular superstructure 
will cost more than conventional construction since it includes subfloor 
system costs. 

Mobile Homes. A mobile home is a plant-manufactured living unit built to 
be towed to a designated site and set in place on a foundation. The unit 
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the blocks or jacks. For post foundations this would en Lai 1 attaching the 
unit to the posts. Where the units rest on masonry strip or pier footings, 
anchorage devices such as used by the electric power companies to anchor 
guy wires, can be used to provide wind anchorage. The cost of using these 
devices should be added to the masonry costs in evaluating foundation 
systems. 

Structural Materials. The materials utilized in the construction of family 
housing affect the foundation in two ways. First, the load supported by 
the foundation is controlled by the weight of the materials utilized for 
the structure. This is known as the dead load, and is made up of elements 
such as the frame, walls, floors, ceiling, partitions, stairway, ard 
insulation. 

Secondly, the structural materials determine the amount of movement 
that can be withstood by the structure without suffering damage. Dwelling 
damage may be divided into two catecories: 

a. Structural c” that which involves the frame. 

b. Architectural, which involves the walls, floors, and finishes. 
The movement of principal concern is the differential settlement. Total 
settlement may be troublesome in a situation where the building moves 
vertically enough to collapse, requires ramps to effect ent^y, or damages 
the utility lines into the building. Differential settlements tend to 
warp the structure with the result that doors and windows stick and wall 
surfaces crack. In dwelling units the redistribution of load due to 
differential settlement generally does not result in a failure. 

The allowable differential settlement is often expressed in terms 
of angular distortion as described by the difference in vertical movement 
between two points. This tacitly assumes a linear change in settlement 
between the two points measured. The actual differential settlement may 
not be linear between two measured points which have moved relative to 
each other. It is not practical to obtain the differential movement at 
every point between the end reference points. The angular distortion *, 
in terms of the diffe^entidl movement (A) across a distance (L) in 
consistent units is 

* = A/L. [Eq 9] 

Post-and-beam timber construction with external weather boards can 
accommodate comparatively large differential movements without structural 
damage. The maximum differential movement will be governed by the interior 
wall surfacing material such as plaster or wallboard. Sticking doors 
and windows are a nuisance, but they can easily be trimmed to fit. Sticking 
doors and windows may not be due to settlement. This is a phenomena also 
associated with periods of high humidity where the woodwork absorbs moisture 
and swells. 

Wood is subject to termite damage (Figure 26) and precautions such 
as use of treated wood or termite shields may be necessary in areas subject 
to termite infestation. 

81 



F
ig

u
re
 

2
6
. 

G
eo

g
ra

p
h
ie
 
d
is

tr
ib

u
ti

o
n
 

o
f 

te
rm

it
e
 
in

fe
s
ta

ti
o
n
. 



The permissible differential settlement for various materials is given 
in Table 11.29 If the superstructure contains one or more of the listed 
materials as an exposed finish, the most severe corresponding A/L rat-10 
should apply. Table 11 should be used to supplement Table 7 which provides 
differential settlement values for the total structure. 

lable 11 

Permissible Differential Settlement foi Foundations to 
Minimize Damage to the Superstructure 

Type of Construction 
(Materials Used) 

Wood Frame 

Unplastered Masonry or Gypsum 
(Wall board) 

Stucco, Plaster or Ceramic Tile 

Structural Loads. The magnitude ot the load which must be transmitted 
to the~grõurid through the foundation is affected by the structural 
the construction material, and the live load. The soil must be capable 
of resisting all of the applied loads, generally vertical dov/nward, 
but may be upward for post foundations in winds, or lateral components 
of loads on sloping sites. The basement walls must be capable of resist¬ 
ing lateral pressures of the soil and temporary hydrostatic pressures 
due to groundwater after rains. 

The intensity of soil pressure generated by the building loads is 
more important that the magnitude of the lead as described in the section 
entitled. Designing Footings j'ov Fonilg Home !'onstmoi'' on. As shown in 
that section, soil pressure intensities for dwelling units can be expected 
to vary from about 200 to 1010 lbs/sg ft. Lower values are for wood con¬ 
struction, higher values are for load bearing wall const"uction. 

The live loads on a structure consist of the weight of all moving 
and variable loads that may be placed in the dwelling unit including 
wind, and/or earthquake loads (Figure 2/) which may ant upon the sttu.ture. 

Summary. The superstructure construction presently used in family housing ^ 
is compatible with most foundation systems. This information is summarized 

in Table 12. 

Maximum Permissible 
Deflection (Ratio A/L) 

1/200 

1/300 

1/400 

W ~ " "" " « 

Cntsrta for Selection ¡vul Desig>. -W 

(National Academy of Sciences, 1968) 
■ ml >.ü Slahs- rund 
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5 FOUNDATION COSTS 

I'itroduction. When one co isider”? that almost any foundation system can 
be jtiTized at a site (see Table 10), it should be evident that cost is 
the primary factor in selecting a foundation system. 

Considerations In Making Foundation Cost Estimates. Generally, to make 
valid comparisons of costs it will be necessary to limit the foundation 
elements to include, at most, the subflooring of the building. This may 
not be necessary depending on what the range of comparisons include and 
what types of systems are being compared. Consider the following examples: 

a. Make a comparison of costs between a slab-on-ground and pier 
foundations. Solution: Include the subflooring for the pier foundations 
since the slab-on-ground will ba the subfloor of that alternative. 

b. Compare wall strip footings versus individual pier foundations. 
Solution: Use the sutflooring as the cutoff. Although strictly this 
estimate could stop at the top of the piers or foundation wall, above that 
point the floor system for both alternatives is the same, including floor 
joists and subflooring. 

c. Compare pier footings using conventional post-and-beam construction 
with the same foundation system using prefabricated modules. The modules 
will be brought to the site and set onto the piers. Solution: Here a 
particular difficulty arises in that the subfloor and floor joists must 
be incorporated into the structure on site for conventional construction 
where they are included in the base part of the prefabricated module units. 
For both systems, the estimate must include everything up to the tops 
of the piers. 

Note whether a slab-on-ground foundation is also an alternative. With 
modular construction the cost comparison will be particularly difficult 
because the modules would rest directly on the concrete slab and normally 
would bt prefabricated to eliminate floor joists and subflooring (or 
for economy should be). The conventional construction with piers would 
have to be estimated a second time to include subflooring costs for this 
latter comparison. These alternatives would require four cost estimates 
and some considerable judgement in making the economic evaluation. 

d. Compare load bearing walls witn strip footings with and without 
a basement and using, clear, unsupported floor spans. Solution: In both 
bases include the subflooring. A point of further consideration which will 
make the comparison difficult is how to compare unit costs since the floor 
area is twice as large with the basement. Since the basement area may not 
be used a^ much for living, but rather for storage and utilities, it might 
be questionable whether the floor area used to obtain unit costs should be 
twice that of the no-basement system or instead some factor, say, 1.60 
to 1.75. 
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These four examples illustrate that the cost estimate will be 
considerably subjective. Each site and situation will have to be considered 
separately with any possible construction problems and site conditions 
peculiar to that site. 

Foundation Cost Estimates. The foundation cost estimate is similar to other 
cost estimates’ The various construction operations are considered and 
the cost of labor and materials is estimated. Obviously good cost data are 
essential for a valid construction estimate. 

An estimate sheet should be used as a convenience in making orderly 
entries of items, dimensions, quantities, unit material and labor costs, 
and cost extensions. With the current widespread use of desktop electronic 
calculators, cost extensions should be carried to the nearest cent. Since 
this is an estimate, dollar fractions are for checking the extensions only 
and not for refinement in the cost estimaos. Several cost estimate sheets 
are included in the Appendix (Figures A1 through A10). 

The total cost of the foundation can be divided by the floor area, 
using exterior, overall dimensions, to obtain the unit cost of the foundation. 
Figure 28 illustrates a graphical display of unit costs for several 
foundations. Estimate sheets for part of the illustrated costs are included 
in Appendix A. In general, unit costs decline as the square footage increases 
for a basic foundation configuration, however, it would be expected that 
costs would approach an asymtote on either end of the cost curve. 
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Figure 28. Cost versus floor area. The basic geometric shape of a 
rectangle is kept constant. Plotted points shown are 
from A1 tnrough A4 in the Appendix. 



APPENDIX A: 

COST ESTIMATES 

This section illustrates cost estimates for several foundations 
These estimates are based on costs from the 1971 edition of Building 
Construction Cost Data2-** This was the latest available edition at 
the time this report was being written. These cost estimates are to 
be used as a guide and local conditions may require the inclusion of 
additional construction cost items. 

In general one should accompany a cost estimate with a sketch of the 
principal geometric features of the foundation as illustrated in the 
five cost estimates displayed. 

Note that data from Figures A1 through A4 are also plotted on Figure 28. 
The cost data for the remaining points used to plot Figure 28 are not 
included, but it involves making cost estimates of four rectangular struc¬ 
tures (40 X 20, 38 X 27, 40 x 30, and 40 x 35 ft in plan). 

Z'JR. s. Means, Building 'Construction Cost Dota (R. S. Means Co., yearly 
revisions of costs). 
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Figure A7. Foundation plan for general estimate sheet (Figure A8). 

96 

2
7
'-
0

 



rWMICT OESCKIPTIOM . /?g a (ÓMZ£ &ß* 2 7 * TOTAL PROJECT COST • 

ßirUPJ /9*Jim t*» ¿Í ¿Vi»bMt- COST/SQ ft •üi£_ 

flfjpm AJO lojfruf p(<z* a><-\ Jr'‘mfa 
U$e 5¿te/ J/tßr' Jo/¿fs 

3Mcrlptlon of Work 

^ ■ » 

Uñik 

Dir 

L 

enslon 

W 

9 

D 

Total 
fütlmnlfrí 
Quantity 

Unit 
Trico 
Pat’l 

Total 
latlmata< 
Mafl 

Unit 
^rica 
l.it.ir 

Tutal 
ÍAtlniat«Ki 
Labor 

Total pAtlnatcd 
Labor A Katarial 

Cost 

LEJLÍ.-C /ã.JlO‘2 

JJiOjJf llr‘ V ' 2.' ? î.‘l . "1C •ir' 

_FjdsJ'ZJL_ r . /.’.o V * - ! ^ 'J 
1 

S.*» 
'a' 
V,P ) 1 ÿ'O 

_tíúj¿/!i>$ v/i. ir A¡sÉ 1 ' . 
< 7 / / ' z> Y <- iJ * ,1 Tir 

_ZjxuM 
. / 

y * ^ r 1 i C ! ri 5 í n ./>' £ cr 

Rackf/j! r back Ate c-| / 3 ' V í./.c- ir. lo 

f-'me A VAcJ/nj (S'J) ■ V ar' / '/ 11 4 r; i1 /i" / 3" 'M ZD 

z (Concrete . uJaJI ¿4f 

3S:o« pit <^Y i’íO r 5 ' ? 4 c» f aí_7 U ^ 

¿ Masonr* 

&\ae.t- TKgKll» 5 p- l^o' 3'/,' 4-V ? ■ 3L / <14 ¿et ot 

H 6rav*/ //>/ sr zr’ ✓ 7 — /«/ C, fii Vi' /45 <.* 

£ ^fvúuooj ^ i* i flúor 

^/u -Ht»¿.le 5^ 3 r /£>/ í ,-y /A-S*- ?.* <i & 

&> PaYtmtoofíl f-to+HH 

(M rses) 5. Fí/I r-n 
— / A^.-> 'i . S3i ç, ^ 41 

1 Flúór 

' iLJars //.a */lf 77’ r» ? \ 
•V.-' 

'■'J 
7 ^ 7 -' 9V ? 

~lr 7» 
JZrj kZ__5 ¿36/ ^ 

umf -¾ 
:Z_2-' 
r. £ 

! - ^.s > 

Figure A8. General estimate sheet. 

97 



'"'''"U!1!"*.. wmmm 

□ □ □ □ 

□ □ □ □ M*r/9L 
<To/srs 

□ □ □ □ □ 

□ □□□□- 
I I I I 

9-6” 9'-6~ 9-6”^ 9'6” 

Figure A9. Foundation plan for general estimate sheet (Figure AIO). 

98 



PROJIC- Disc;™. TOTAL LHOJECT 003T - 

-JL£ctv' cfEl'e^....//%»j -jn&/v/_Jica/ns- cost/sq rr • 
^/tor- Joi.^fe , Mè_ /■CrfH,/<S_ 

loBcrlptlon of Work 
■krtch 

No. 
Dlrensloi 

1 
L j V 

a 

D 

Tot «1 
tr t Imn t ri 
Quont1ty 

Unit 
fric« 
M«t»l 

Tot«l 
titl at/' 
Int'l 

Uni t 
•‘rire 
l-itor 

Total 
r.atlm.'it.-! 
Labor 

Total L.tlm.'itrd 
I/.ibor A K%ter 1*1 

Cost 

l E y¿4. i/at/Ç'i_ 

Fj in'. ‘*'/‘}rjJe<' ¿X- J ^7 ' 
—JM.. • A1 / : 

_Eoaéinÿi Ch^'xi) . - /, f / f / !. ), '74 T 1 /7 1-”. f fi /¿s 

Z 7 

pât (çhvl'cl) m 
j, ^ 3 O. 

TÍ 

3. Masonry (^brfc/ti ¿r /' /' /' 2. 0 /•s .- ?£ ! L~ô rn 

^ t>\-ee.l 

P\ahè_ ll'î) « kir 

LU «de F/nnit Wfcezo ’î«n ?.*•' 4 rr'i! /Fi .T S 1' : //--¾ Ù-Of D(' 

OÇ>tf\-U>flp Jouh 

?XZ. (â» 4 ¿ /fc/4 T" ^ 9' 7/7. rs ? t ' 7. r> e.-Æ Z ÍT7. /r 

/f PfyubnJ SvbfUor -Vy ;<oî P S'' 7 7' /0 K /, ^ 09 /0 - ?. *> u 7;- 

¿ Termite sh'ftíi .«a# tf ’ tf" ,*<5" /4 7 . -■ i. f-.*' 

¿OXÍOJTiO ¿7 'Toj - f/Moz.qo 

/0(, Z) 

— 
un)f 

y * T 
JD /. C> 37 

• 

! 

Figure A10. General estimate sheet. 

99 



CITED REFERENCES 

Bowles, J. E., Engineering Properties of Soils and Their Measurements 
(McGraw-Hill Book Co/, 1970), p 189. 

Criteria for Compacted Fills (National Academy of Sciences, 1965), p 58. 

Criteria for Selection and Design of Residential Slabs-on-Ground 
(National Academy of Sciences, 1968), p 268. 

Dawson, R. F., "Modern Practices Used in Design of Foundations for Structures 
on Expansive Soils," Proceedings, First Soil Mechanics Conference: 
Theoretical and Practical Treatment of Expansive Soil (Colorado 
School of Mines, 1959), pp 66-68. 

Dawson, R. F., "Movement of Small Houses on an Expansive Clay Soil," 
Proceedings, Third International Conference on Soil Mechanics and 
Foundation Engineering, Vol 1 (1953), pp 346-350. 

Donaldson, G. W., "The Use of Small Diameter Piles in Expansive Soil," 
Proceedings, Fourth Regional Conference for Africa on Soil Mechanics 
and Foundation Engineering, Vol 1 (1967), pp 249-252. 

Holtz, W. G., "Expansive Clays -- Properties and Problems," Proceedings, 
First Soil Mechanics Conference: Theoretical and Practical Treatment 
of Expansive Soil (Colorado School of Mines, 1959), pp 89-126. 

Johnson, R. J., "Home Building Productivity Research," Proceedings, Third 
CIB Congress for Building Research 1B65) (Rotterdam: Elsevier 
Publishing Co., 1966), pp 142-M5. 

Laboratory Soils Testing, EM 1110-2-1906 (Department of the Army, 1965). 

Means, R. E., "Building on Expansive Clays," Proceedings, First Soil 
Mechanics Conference: Theoretical and Practical Treatments of 
Expansive Soil (Colorado School of Mines, 1959), pp 1-31. 

Means, R. E., Building Construction Cost Data (R. S. Means Co., yearly 
revisions of costs). 

Minimum Property Standards for One arid Two Living Units (U. S. Government 
Printing Office, 1960), p 315. 

Parcher, J. V. and R. E. Means, Soil Mechanics and Foundations (Charles E. 
Merrill Publishing Co., 1968), p 573. 

Ran, Irving B., "Telephone Poles Used as Piles in New Orleans Area," 
Civil Engineering, ASCE, Vol 29, No. 4 (ASCE, April 1959), pp 47-^9. 

100 



Stern, E. G., Novel Wood Foundation-Framing System, Wood Research and 
Wood Construction Laboratory Report No. 82 (Virginia Polytechnic 
Institute, 1969). 

Terzaghi, K. and R. B. Peck, Soil Mechanics in Engineering Practice 
(John Wiley, 1967), p 729. 

Ural, 0., Proceedings, Second International Symposium on Lou Cost Housing 
Problems Related to Urban Renewal and Development (University of 
Missouri, 1970). 



UNCITED REFERENCES 

Bearing Capacity of Soils, EM 1110-2-1903 (Department of the Army, 1960). 

Bowles, J. E., Foundation Analysis and Design (McGraw-Hill Book Co). 

Brown, R. J. E., Permafrost in Canada (Toronto: University of Toronto 

Press, 1970). 

Cidras, 0. M., V. K. Kumar, and E. G. Stern, Mass Produced Foundations 
for Mass-Produced How es: A Progress Report, Report No 103 

(Virginia Polytechnic Institute, 1971). 

Dodge Construction Pricing and Scheduling Manual (McGraw-Hill Book Co., 

yearly revisions). 

Engineering Soil Classification for Residential Developments (U. S. 

Government Printing Office, 1959). 

Geological Investigations, EM 1110-1-1801 (Department of the Army, 1960). 

Holtz, W. G. and H. U. Gibbs, "Engineering Properties of Expansive Clays," 

Transactions, Vol 121 (ASCE, 1956), pp 641-677. 

Jennings, J. E., "The Heaving of Buildings on Dessisated Clay," Proceedings, 
Third International Conference on Soil Mechanics and Foundatton 
Engineering, Vol 1 (1953), pp 390-396. 

Mohan, D., G. S Jain, and D. Shanna, "Bearing Capacity of Multiole Under¬ 
reamed Bored Piles," Proceedings, Third Asian Regional Confere"ae.°n 
Soil Mechanics and Foundation Engineering, Vol 1 (196/), pp lU-J-luo. 

Muller, S. W., Permafrost or Permanently Frozen Ground and Related Engineering 
Problems (J. W. Edwards, Inc., 194/). 

Schmidt, J. L., W. H. Lewis, and H. B. Olin, Construction Principles, 
Materials and Methods, 'ection 310 and Section 311 (American 

Savings and Loan Institute Press, 1970). 

Sowers, G. B. and G. F. Sowers, Introductory Soil Mechanics and Fowvdationa 
(The Macmillan Co., 1970). 

Subsurface Investigations: Soils, EM 1110-2-1803 (Department of the Army, 

1954). 

102 



Trofimenkor, J., "Pile Foundations Instead of Strip Foundations in 
Housing Construction," Proceedings, 2nd Asian Regional Conference 
on Soil Mechanics ind Foundation Engineering, Vol 1 (1963), 
pp 257-259. 

Wagner, W. H., Modern Carpentry, Chapter 6 (The Goodheart-Willcox Co., 
Inc., 1969). 

Wallace, G. B. and W. C. Otto, "Differential Settlement at Selfridge 
Air Force Base," Proceedings, Conference on Design of Foundations 
for Control of Settlement, Soil Mechanics and Foundation Division 
ASCE, (1964), pp 249-280. 

Wood Frame House Construction, Agriculture Handbook No. 73 (U. S. Government 
Printing Office, 1955). 

103 



SYMBOLS 

U. S. units are generally used; for metric units substitute meters 

(m) for ft, centimeters (cm) for in., kiloNewtons for kips, and Pacsal's 

(Newton/sq m) for kips/sq ft. 

A = floor area, sq ft 

a = coefficient Eq 2 

b = coefficient in Eq 2 

B = footing width; least lateral footing dimension, ft 

C = Unified Soil Classification symbol for clay 

c = cohesion of soil, kips/sq ft 

Cc = compression index (Eq 1,2) 

Cw = climatic rating (see Figure 23 and Table 8) 

d = diameter of capillary tube, cm (Eq 7) 

= depth of footing in soil, ft 

Dr = relative density of soil (Table 8) 

D10 = 9ra^n s1ze f°r which 10 percent of sample is finer 

DL = dead load, kips 

eQ = in-situ void ratio of soil 

Es 3 stress-strain (Modulus of Elasticity) modulus, kips/sq ft 

G = Unified Soil Classification symbol for gravel 

hc = height of capillary rise in soil, cm (Eq 10) 

H = thickness of soil stratum, ft (Eq 4) 

Ip = plasticity index (w^ - Wp) 

I = liquidity index 

k = coefficient of permeability of soil, cm/sec 

L = length, ft 
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LL = live load, kips 

M = Unified Soil Classification symbol for silt 

N = number of blows taken in a Standard Penetration Test 

Nc = bearing capacity factor for cohesive soil (Eq 5) 

Nq = bearing capacity factor for footing depth ecfect (Eq 5) 

0 = Unified Soil Classification symbol for organic material 

P = Unified Soil Classification symbol for poorly graded soil 

P0 = in-situ overburden pressure, kips/sq ft (Eq 1) 

P^ = in-situ preconsolidation pressure, kips/sq ft 

q = overburden pressure at footing depth (q = yD), kips/sq ft 
(Eq 5) 

qa = allowable soil pressure, kips/sq ft 

qc = average footing contact pressure, kips/sq ft 

qu = unconfined compression strength, kips/sq ft 

q 1t = ultimate soil pressure beyond which a shear failure occurs, 
kips/sq ft (Eq 5) 

R = live load reduction factor as allowed by most building codes 

S = Unified Soil Classification symbol for sand used as a prefix 
(SW.SP.SM.SC) 

S = standard symbol for degree of saturation of the soil 

S = settlement due to footing contact pressure, in Eq 1 

S. = immediate settlement of a footing, in Eq 8 

SPT = Standard Penetration Test 

T = surface tension of water, gm/cm (Eq 7) 

W = Unified Soil Classification symbol for well graded material 

wL = liquid limit, percent (water content) 

w^ = natural water content of soil, percent 

Wp = plastic limit, percent (water content) 

ws = shrinkage limit, percent (water content) 

ï 05 



oc = angle the meniscus makes with a capillary tube, deg (Eq 7) 

¢) = symbol for angle of internal friction of soil, deg 

A = change in movement between two points, ft or in. (see Tables 7 

and 11) 

AP = increase in pressure within a soil mass due to footing loads, 

kips/sq ft (Eq 1 ) 

3 = unit weight of soil, Ib/cu ft or gm/cu cm 

y = Poisson's ratio 

\p = Shape factor 
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BUILDING CODES (latest cditiuns) 

Chicago Building Code 
Index Publishing Corp. 
308 West Randolph St. 
Chicago, Ill. 60606 

National Building Code 
American Insurance Assoc. 
Engineering and Safety Dept. 
120 So. LaSalle St. 
Chicago, Ill, 60603 

New York Building Code, The City of 
The City Record 
2213 Municipal Building 
New York, N. Y. 10007 

Uniform Building Code 
International Conf. of Building Officials 
50 So. Los Rebles 
Pasadena, Calif. 91101 
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