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Guelling soils are a commah problen i Culorado.
They can cause damage that includes cracked and
heaved driveways, sidewalks, basement walls,
and {loors; broken pipes and water lines; and, In
some cases, severe damage 1o house foundations.
Although many areas in the United States have
swelling soils, Colorada’s semiarid climate and
geolopy combine to make it one of the muost
severely alfected. Nationwide, Lhe cost of repair-
ing damage causcd by swelling soils amounts o
several billion doliors yearly, more han the cost
for all other patural hazards combined.

Swelling, soils are capable of causing severe
Jamage o houses, oads, and ather engines red
structuses. The damage may ovcur stowly over
time, and individual houses in a neighborhood
may be affected at different times. Special insur
ance or federal emergency funds typically dJu nol
exist for swelling soils damage. Builder’s and
homeawner’s warrantics may he available hut the
coverage they offer is nsually limited in scope,
amonint, and duration. In penernl, nwoers of nlder
nomes will be solely respensible for the cost of

ropoIring damaes.

NTRODUCTION

W you are thinking of buying or building a home

on swelling soils, of if you already owna home

that may e affecied by swelling suils, you need
tor have a basic knowladge of:
1} What swelling soils are, and how they
pebave in general;
7} How the build-up of moisture in the soil
contributes o swelling soils damage:
3y How homes G0 be designed and buitt to
resist damage [rom swelling soils;
43 Howla properly Jandscape and maintain a
pomesile ta reduce damage; and
5) What risks a homebnyer st accept when
purchasing a home on swelling sails.
The purpose of this book is to assist Colorado
homcbuyers and homeomwners in reducing dam-
ape cavsesd by swelling soils. Although risks from
swelling soals cannot be completely eliminated,
they can be sipnificantly reduced through proper
cite-investigation, dusian, cunstruction, Landscap-
ing, and maintenance praclices. An awareness of
tiwse Jopics may be critical Tor the Culeradu
homemwner whose howse is bailt on syvellimg

ecvils.

Colovado Geological Survey
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How 1o UsE THis Boox
This book is divided into twa parts. Part 1 con-
tains a shorl sumnary of swelling soils informa-
tiom. [t outlines six cateparivs of impuoetaat facls
that homebuyers shauld know about swelling sols
in acconrdance with e disclosure sequirements of
Colarado Senale Bill 13 (1484), C.RS. #-6.5-101.
Prospective homebuyers should read the Part i
summary carefully and then ulilize the lext and
figures from Part 11t learn more about these lopics,

rart I is a mare exlensive guide to swelling soils
for homebuyers and homeowners. ) containg
seven chaplers, arranged in the same order as tHwe
six cateyories outlined in the summary. Inporiant
aspects of swelling suils, subsusface muoistury, ad
spocialized construction, landscape, and maiote-
aance procedures for swelling svils ane explained.
Chapter 7 is o step-by-siep guide ta inspecting a
house for swolling sails dnnage. Several federal,
slale, and local agencics that may he sources of
helpful information aboul swelling seils and
related topics are listed at the end of the book,

Praspective homebuyers should use Parl 11 1o get
a better understanding of the topics introduced in

Part 1. Homemeners can wse alf parts of the book
jo holp maintain the fong-term isegrity of teir
e awd their investinenl.

fn all of the chapters and appendices, impartant
terms will be highlighted in boldface type and
explained where they first appear. These lerms
are used by professional geologists, engineers,
ansl homelilders, and many of thiem may be
unfamiliar te the fisst-tine reader. [However, you
way find an understanding of them to be extreme-
ly uscful when you are dealing with swelling
soils, or with housing and construclian in general,

REPLACEMENT OF OLDER
TGS PUBLICATIONS

This book replaces two alder publications from
the Colorado Geological Survey: Houe
Lanidscapiitg aud Maiwtenance on Stwefling Soil, by
Candace L. Jochim, revised, fifih printing, 1987
{Special Publication 14); and Home Construction au
Shrinking wud Swelling Soils, by Wesley G. Holtz
and Stephen S. Tart, 1978 (Specinl Mublication T1).
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THE GECLOGY OF SWELLING 5OILS
(Summany oF CHAPTER i}
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4 Swelling soils and bedrack contain
clay minerals that attract and absort
watecr. As a result, they swell in
volume when they get wet and
shrink when they dry {refer to Figs.
1-3, p- 16 and 17). Many geologists,
engineers, and builders use the term
“swelling soil” to include both seil
and bedrock.

+ “Bentonite” is a term that is often

used synonymously with “swetling
soil.” Some bentonite layers are
comprised of pure volcanic ash that
has becn weathered to clay. This type
of bentonite may have extremely high
swell characteristics.

4 There are many factors that control
how much a soil can swell, including
the type and concentration of miner-
als, soil density, the amount of mois-
ture change that can occur, and the

restraining pressure of the surround-
ing soil.

+ Swelling soils and bedrack may be
found throughout Colorado, with the
general exception of the highest
mountain arcas (refer to Fig. 4, p. 18).

+ The swell potential of soils beneath
any particular property depends on
the local geology. Exploratory drilling
or trenching, accompanied by sam-
pling and laboratory testing, are nec-
essary to evaluate the swell potential
of subsurface layers at different
depths (refer to Fig. 7, p- 21).

+ Layers of swelling claysione bedrock
that dip (tilt) into the ground at steep
angles near mountain uplifts consti-
tute a distinct genlopical hazard
called “heaving bedrock” {refer to
Figs. 8 and 9, p. 22 and 23). Jefferson
and Douglas counties have adopted
land development regulations to
address this special geologic hazard.

4 Sce Chapter 1 and Figures 1-9, start-

ing ou p. 15, to fearn more about the
geofogy of swelling soils.

_
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SUBSUREACE MOISTURE

(SuMMARY OF CHAPTER 2)

4 The relative increasce or decrease in
subsurface moisture has a major
effect on swelling soil behavior. An

increase in moisture will result in

swelling, while a decrease will result

in shrinking.

4 Under natural conditions, shallow
soils beneath the surface of the

ground will alternately become wet-

ter and drier as a result of seasonal
moisture and temperature changes.

+ Urbanization and land development
significantly incrcase the amount of

moisture in the ground, and can

result in a deeper zone of subsurface

wetting,.

Su rvey

% The increase in soil moisture follow-

ing Iand development often Eriggers
suil swelling, and may cause signifi-
cant swelling soils damage, -

4 One of the most important means of

mitigating swelling sails damage is
reducing the accumulation of subsur-
face moisture.

See Chapter 2 and Figurces 10 and 11,
starting on p. 25, to lears more about
sithsurface moisture and its effect on
swelling soils.
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CONSTRUCTION OM SWELLING H0ILS
(SUMMARY OF CHAPTER 3)

+ Special designs and construction + The exact type of design and con- _
methods have been developed for siruction used for a housc depends,
grading and ground preparation, in part, on the potential severity i
foundations, {loors, building interi- (swell potential) of swelling soils.
ors, exterior flatwork, and surface However, swelling soils may or may
and subsurface drainage systems for not be the primary consideration in
sites where swelling soils are present. many of the decisions made by the

builder.

+ Basic swelling soil designs wark in a
number of different ways. They may 4 Quality control during construction is

T e L LT ay .

be geared {oward reducing the swell the key to the success of any special
potential of the soil, concentrating the design for swelling soils. Poor con-
load of the house onte pads or piers, struction quality can add significant- -
letting certain parts of the structurc ly to swelling soils damage to a
heave and move relative to olher house.
: L . . _
parts us_._:d_ minimal damage, and/or + Sce Chiapter 3 amd Figures 12-29, L
reducing the amount of water that .
i o ) starting on p. 29, to learst more about
infiltrates into the ground next to the ) . : !
. coustruiction on swelling soils. .
foundation. ) .
H 4
1
4
i
!
b e o e e e P

Colorndo Geological Survey _ 7
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+ Many conventional landscaping
practices (such as planting bluegrass
lawus, trevs, and gardens near foun-
dations) are not recommended for
areas of swelling soils because they

contribute excess water to the soils ) )
4+ X < akes
(refer to Figs. 30 and 31, p. 48 and 50). eriscaping makes use of many types

4 There are some simple landscaping
guidelines that should be followed in
order to reduce sweliing soil prob-
lems. The sloped area immediately
adjacent to the house is an especially

ritical area for landscaping (refer to .
crit e Ik aping ( 4 There are numerous sources for infor-

Fig. 34, p. 53).

Irrigation should be limited to the

: amount necessary to maintain vege-

:  tation, This applies to all portions of

- your yard. Excessive watering, even

~ with good drainage, drives water mto
: the soil and increases Lhe likelihood
of swelling soil problems.

P IR o s e . rEe T o v eme e mbmms o

SWELLING SolLs

(SUMMARY OF CHAPTER 4)

-

A e ab arnmaaTae - m e W

+ Xeriscape™ landscaping is an atirac-
tive and cost-cifective way to reduce
swelling soils activity and conserve
water. Other advantages include
lower maintenance and less mowing.

of water-wise plants, and can include
use of rock and organic mulches
(refer to Figs. 32 and 33, p. 51 and 52
and Table 1, p. 52). The possibilities
for creating a pleasing and effective
Xeriscape are endiess.

mation and ideas when it come to

Xeriscaping. Some of these are listed

o

in “Information Sources”, p. 76. |

+ See Chapter 4 and Figures 30-34,
starting ou p. 47, to learn more about
landscaping on swelling soils.

1

P -.III._
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HOME MAINTENANCE OMN SWELLING SolLs _
(SuMmanry or CHAPTER 5) .

+ Homeowners should routinely
inspect and maintain all of the differ-

ent systems that were designed to
protect the house from swelling soils
damage, including slabs, walls, sub-
surface and surface drainage, slopes,
and landscaping.

+ Proper maintenance and irrigation

practices are absolutely necessa ry lo
help prevent a house from being
damaged by swelling soils and
reduce potentially costly repairs.

4 This is one of the most important m

Special Publication 43

- kmia -

+ Conversely, the lack of proper main-
tenance and irrigation practices can
cantribute significantly to conditions
that cause swelling soils damage.

chapters if you are a homeowner. See
Chapter 5 and Figures 35 and 36,
starting on p. 55, fo learnt more about .
home waintenance on swelling soils, |

Colorade Geological Survey ‘ 9
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; SWELLING SOILS AND HOMEOWNER RisK
i (SumMmMarYy oF CHAPTER é)
: + Under Colorado law, the presence of lives shall provide the purchaser

swelling suils beneath a new house willi a copy of a Summary report of
the analysis and the site recommen-

must be ..n:mn_..n_mm&.. and Tm.n_.nm_.oczn_ dations. For sites in which signifi-
information must be furnished to a cant polential far expansive soils is
homebuyer by the builder. During recognized, the builder or his repre-

resale of an existing house, disclosure sentative shall supply each buyer
wilh a copy of a publication detail-

of pertinent soil conditions as well as ing the problems associated with
any known damage or Tepairs must such soils, lhe building methods to
be given by the homeowner and the address these problems during
real estate broker. However, the construction, and suggestions for
homebuyer should not rely solel y on care and mainlenance lo address

C e . . such problems.
this information, .

!

]

“

;

i

._

!

|

.m

i

m + Colorado Senate Bili 13 (1984), C.R.S.
| 6-6.5-101, describes the responsibility
{
]
|
m
|
T
!
i
m
m

There are no criteria in the statute
for determining “significant” poten-
tial for expansive soils, In practice,
the potential may be seen as “signifi-
cant” when the project geatechnical
engineer recommends using certain |
comstruction methods and designs
specifically to reduce the effects of
swelling soils. This information
should be included in a summary

Al least fourteen hmu..m prior to s0ils q.m.uﬂ__c_u.ﬁ for cach lot or for a —m._—.ﬂm_u.
closing the sale of any new residence projoct. ﬁh..hfu..:nu.‘w & surmmary soils

for human habitation, every devet- repart should include the swell
aper or builder or their representa-

of a builder of a new home to dis-
close evidence of any significant soil
hazards, including swelling/expan-
sive s0ils, lo a potential buyer. This
Colorado Geological Survey book is
designed to satisfy the disclosure
requirements in Part 1 of the statute:

I e T L T LN ekea . O r T P Rk Y e s e I.I.I.nllll.ll-.....ll-.l.ll..l‘l-.!.._

10 — Caloradao Geological Survey
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potential, observations, and recom-

" mendations given for the subject

homesite. Tha information ?&iang

should be the most specific informa-

tion available for the site.) It should
include the engincering information
used by the builder or developer in
determining the site’s building,
recommendations.

Designs for houses are based on the
potential severity of swelling soils.
The design of the house should be
specifically tailored 1o the amount of
uplift or heave that is expected due
1o soil swelling for a particular
homaesite.

Swelling soils shouid be considered
seriously along with other common
factors such as location and cost
when you are thinking of buying a
house. \

4+ Tind out everything you can about a

particular new or resale ouse, espe-
cially how (and if) it was actually
canstructed with regard to the soil
conditions. Look for signs of damage
and /or repairs, and poor landscaping
and maintenance practices, as shown
in Chapter 7, and hire a structural
engineer to assess the house if you
have CONCErns or wait more
information.

The final decision (o purchase 2
house on swelling soils is yours. it
should reflect a knowledge and
acceptance of the risks involved. It
miay be extremely useful to hire a
professional house inspector or engi-
neer to help you with your decision.

See Chapter 6 ami Figure 37, starting
on p. 61, to lvars more abont
swelling seils and homeawoner risk.

Colorado Geological Survey — i
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THE GEOLOGY OF
SWELLING S0ILS

SWELLING SOILS AND
SWELLING BrEDROCIK

Swelling soils and swelling bedrock contain clay

minerals that can attract and absorb water. As a :

result, these materials swell in volume when they n : a ﬁﬂm r
gut wet and shrink whoen they dey (Fig. 1) They

are also called expansive, shrinking and swelling,

bentonitic, heaving, or unstable soils and bedrock.
When enginvers or gueolagints 1olk abwout swelling

snils, they are using a general ferm that may
include swelling bedrock, The difference is Lhal e

Colorado Geological Survey _ 5
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WM swelling soils contain clay, while swwelling bedrock

conlains claystene. (o 1his book, we will use the
o gawral Worm “suelling soils” o include sofls and
bedrack that vl swelling belavion Figure 2
shuowws S COINTFON OCCUFTEIces of suil and
pedruck i Colorado.

Smeckite a.ﬁﬂﬂuaﬁﬂmm_ﬂﬁmﬁﬂw is the clay mineral
responsible for maost swelling soil and bedrock
damage in Culorado. Bentonite is a special type of
amectite that was ariginally deposited ds ash from
ancient yolconees. Bentonite may have E..ﬂw.nmu:u.‘
high swelling characteristics. lite and mixed
iilile-smectile are common clay mincrals that
nay swell, bt to & lesser duepree than smectite.

“AAMTLLING ARD LI MNING
VEHAYION

Damagy from swelling m==w..Sn.n:_.m....q_a_d.n.._,.ﬁ,.:
changes volume as a result of 2 muistuse change.
Swelling vcours when moisture is added. Certain

T e 2 clay minerals may exerl @ chiemical and physical

— atteaction un e maoisture, pulting layers of water
aoleculus iDto MICHOSCOPIC areas between the flat
C clay plates. The clay plates ane pushed farther
Figure 1. An exomple of apart as more water layers are pulled in (Fig. 3.
wwelling ond shrinking This pushing apart (sweiling) ran cause high
pehuvior. A} A piece of '
highly expensive <lay- . awvel] prossures amd/or an increase of volume
stane before addition of . Leithin the mass af soil 1hat is being welied.
water, B} One hoor afeer Shrinkage, the opposite offect of swelling, awcurs
when the soils ey out, As drying accurs, layers

adding water, the ,
voiirme of the piecs has of water molocules are pulled out fram between

alinail gripled. £} Farty- Ll ey platess by .,.._.._:ma:.....:p..: wr Oy ..\--—:_dr:..u_,1
aight hours tater, the in it 1 ; forces from plant nouts. This causes the ared
..q_a_.wan.a..: ond itos _....,.nn: | . hetween <lay plates to collapse o a MiCrOSCOPe
shrinking and cracking. ) b :

Colorado Geological Survey
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level, and may canse d decrease in veluaw within \

the mass of guil that i5 peing dried. 4 Hoghmck Bidae

Gwelli ; . . 2 Mounain
Gwelling accounts for most of e damage to £ e

ﬁE_”._.E.mm.Ea romls N Cotorado. Cotorado wHls
are usually dry jis their pafural condition, bt
tend Lo become welter after sulbidivisions are can-
wnusnnna amd uced Em& PecauBae m:._m.:._z_:: PTRTIT o8 A
-of water become available, The rolationship
Twlween swelling seils, subwuariace moislare, and
gubdivision ..__u...n_:ﬂ:-m_._# activities 1§ Jiscussed n

Chapter 2.

Swell _::m.._mmﬂ and swelling pressure AL W
measusements of a soil's ahility 10 expand apainst
Jdifferent restraining pressures U nder lphoratory
na_fﬁ:s:m.ms:m are typicolly ratest as having
cither very high, hight, monderate, aw, af e swall
ﬁs:.._,__:n._. Guelling pressure is the pressart oxerl-
ed by the soil MASS against a restraining faret
when it is wetled. Typical swelling pressures for
expransive soils in Colorado can peach 1BARNY
15:.#? pur squUaTe fant. Soils paving sweh high
swelling pressure are capable of causing uphit n
concrete slabs and footing YR fonndations,

which exert relatively 1w Joading, pressie Figure L Soit ond pevroch as they commonly eccur in Cotorado. A) A hoghack ridge
of uptusned {steeply dipging} hedrack elong the edge of 2 masntain range. 81 A
mesn with flot-lying yedrock layers. and thin seil deposits at the hottom of the siope.

The ﬁiﬁ:—.—.—: valume expansion of a suil pimder
actual firki canditinns ..#._,_E#f o Jive main fa-

s
Clisy Plak -

4

1 Typeof minerals. Guyeetite amd fenner
dogree) illile are ihe wiost comanen wpes ol
clay minerals in swvelling soils in Colorado

Sl that crslain relatively stabihe cloy aune
erals such ax joacbinibe, o an-clay e

Als such as quartz or foidspat ysually have
no swell ﬂ:ﬁ::.&.

wakes
\\Za_nﬂ._mm;fi

Figtere 3. Expanding oy

plgens, o0 sgan uat o

enicroscofic jevel

UMEXPANDT R ERBANDER {pndtified from Hart,
CLAY CIAY 714}

o ancn e

ﬁ-‘lllll].l..l.l'
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Cancentration of swelling clay. The more
particles of swalling clay present in a jriece
of soil or bedrak, the greater its swell

ﬁ:_.ﬂ:m:_.

Density, A dense material containing
swalling clays will have mare clay pa riicles
nd fewer air-filled voids than a lonsely
packed material of similar mineral compao-
sition. As a result, the dense material will
have a greater sweld potential.

Moisfure change. A dry soil has the poten-
tial to ahsorh mare moisiure than a wt
soil, and con subsequently wklergo a
preater amount of volunte expansion. The
ammmt of maisluze change that can gocnr
in a soil is o function of the initial amount
of moisture in the woil (natural moisture
contenty, the ability of the clays in the soil
o pullin additional maisiure (swell poten-
fial), and the amount of free-draining walet
amd/ar water vapaor available 1o the soil.

Restraining pressure. A layer of swelling
<ail that orcurs near the ground surface
may swell significantly amd cavse uplilt
ancd heaving, becinse there is very liltle
sestraining pressuie o prevent it from
swelling. Howeves, the swell potential of a
similar layer that pccurs several feet below
the surface is vestrained by the weight of
the surrounding and overlying soil (nver-

burdenl. [f the verburden weight is
preater than thie soii’s swelling prossure,

then actual swelling and uplilt are unlikely.

ological Survey

DICCURRENCE OF
TWELLING SOILS 1M
COLORADO

Swelling soils are widespread thraughout
Coipradw. They cover broad areas of the easters
plains, and are found mainly in valteys and on
mesa slopes in western Colorado {Fig. 4. A
majorily of the state’s major population centers
are locatest in areas of potentindly swelling soils
and hedrock. On a smaller scale, however, indi-
vidual sites within ihese areas may not have
swelling soils beneath them because of Tncalized
gevlugical variations (as in Fig. 5k

-low 1O ReECOGNIZE
Gy ELLING SOILS

One way lo find oul if swelling clays ave present
is by simply lovking at the ground surface. Soils

_\ SWELL POTENTIAL

Maoderato to vory high
Low ty moderMe

None to low
{mosily crystating hadrock]

This is 2 generalized map. The swcll patoalial of
soils a1 any specific location can onty be
datermined by site-specrhe testing.

rap medified from »Ghrink - Swell Poleniial” map,
Colorado Land Use Commigion, 1973,

Fipave 4. Cxplonation.
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Figure 5. Example of a
map showing Incal
distribution of swelling
soils. Mops of this type
available from the
Calorede Geological
Survey for the Front
 Ronge urbon carridor
ares, fram Puebla to Fart
Collins {in publication
EG-7 by Hart, 1974).

S R L]
e AL R
._* I = Ch Y .H v R
= - i-
L w__.h.. __r & - ._ .nh..._... ..,-_.untq__ "
= \m o N 3 % .n:.m.”.m_m, ...“J_._... _n..._
) y * \ — - M I g
T Pl Ayl
1 .v..

e I
=

EXPLANATION
SWELL POTENTIAL

D Yery high
[T high
[ moderate
g Low
[ viigh water

flooding aren

tigure 8. Evidence of
swelling soils at the
ground surface, A) Smali-
scole desiccation cravks
in 10if containiyg swelling
clay. Note tire tracis for

scale, A) “Poprecarn® tex-
ture in soil caorrterinirng
swelling clay having very

high swell patentini.

Note footprine for scaln, E.l

A

kg 3
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Backhoo

Trench:
2-G fl. wide .

u\.. Ciill fig.

£

! L&\u Auger

W |—

Exposes sail and
hedrock in sides
and at boltgm

Clayslone With
Bentonile feds

Sandsloneg

12

M.mcm.ﬁ. . .. .. .. ifiie “..vw\\..__.ﬂﬂ...\ﬂﬂ%m < et Rh o R
i Sand
ﬁ Dedrock Soil Clay
“ Gravel
Sandslane
Bedrock
Claystone

containing swelling clays will be very sticky
when wet, and may display desiccation cracks
(Fig. 6A) or a pully “popcorn”™ texture (Fig. 6B)
when dry. Heat and evaporation may cause larger
cracks, on the order of several feet decp and up to
an inch wide, to open up in the ground, These
features may not be evident where topsoil or
heavy vegetation covers the native soil,

It is far mare important te identify whether deep-

vr layers or lenses of swelling sail are present
beneath a property. The evaluation of subsurlace

layers is most often done by drilling ane or sever-
al lest holes or by digging a trench (Fig. 7).

Drilling is cfieclive for relatively flat-lying soil
and bedrock because il allows for inspection and
sampling of successively decper lavers, while
trenching is clfective in arcas underlain by
steeply dipping bedrock because it exposes many
near-surface bedrock layers lor inspection and
sampling. Samples taken (rom test holes or
trenches are tested for swell potential and
swelling pressure in a laboratory, This informa-
tien i used to dusiggn foundations for buildings,

Such evaluations are a recpuined pwaclice in manw
areas of Colorado where swelling suils are

anticipaled.

Colorado Geological Survey

Figure 7. Exploration
methods used ta identify
and test different soil
and bhedrock layers for
swell potential and other
engineering properties.
A) Trenching, B) Drilling.

2
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STCEPLY
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drock 15 4 d

can of © alor

Heaving be
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DipPING
i AREAS

istinct ﬁnisﬁnﬂ_ hazard
o near the pase of

- | moumtaing where ¢he sedimentary podrock layers

ave steeply Jipping {uptarned and dilted, 28

showwn in Fig aA). In such arcas, e pedrack Wy
arm {inear heave fea-
(Fig,. B). Houses

y be subjocted

ers My swell
qures along the &

built oves wuch heave featu

EA] extrem
and the oSy

may accur d
hoedrock layers.

& AMOUNS of vort
Ling dam

Figure 8. This mroler-coasser road” is the resuit of wnevet s

steeply dippink pedrock joyers

22 ‘ Colarado Geological survey

L ER AR

pevenly to {
round syriace

The mechanisms responsible for

movemens At E.&fﬁ..ny:w comp
ue lo uneven sweiling ©
each having

s A
jcal an

weliing amd be

d lateral sLTCSS.

ape can be weyere.

aving of

heaving predrock
lex. Peaving
f .:i._ir..dm__

a different swell

?mcssa (Fig. 9A), o due to shear-slip move-
mients Along bedding planes of fracture surfaces
{Fig. 9T The PIOCCSEES thai cause ied ving
pedrock ane pot well knowil. Rebound {expansion
of the lay pinerals as & resall of wudden anload-
ingl Ny be » facior, in addition o Em»&..w_..nﬁn&
celling of 1y particles in the bedrock- pMoisture
can peneirate preater depth inte steeply dipping
pedrock than jn Uat-lying brdrock, esnlting in d
decper Zone of ﬁi_.m_&m_.ﬂ swelling. .

Many construction Josigns commanly used 10
mitigate the impacts of swelling suils have mut
with lauited Success in areas of heaving pedrock.
For exampit, drilled pier foundations (see
Chapter 3 have beent damaged in NUIMETOUS
casus, The basic assumption for those designs 18
that the bedrack is atable. This is not the case for
heaving edrock because the bedirock itsell is
moving. One method that may counteract the dif-
ferential heaving 1% overexcavation and fill
Rv__unnin_:. wirerehy a housc is isolated from
the heaving pedrock by 2 thick pad of ...smmnﬁn_,mn
(i) {xee Chapte? 3.

Jufferson and Douglas countics new require more
Jetaited site investigation and mﬂﬁniﬂﬂﬁh Puild-
g techniques where heaving puedrock conditions
cxist, These ATeas are defined by averlay maps
that shaw e extent of wx:nq_mn.:.... heaving
podrack, Honsts in the overlay areas constructed
pofone 1995 may not have been paritt with gurrent
u—&_...a;rm-mn comstruction practices. Similar

w..n.:___:mmnu_ comditions where heaving podrock maY
ey wxast at arher jucations ahany the ront

Range fuothills amd of ¢he Western Slope of
Colorade.
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Badding
Fraciurn ane

Figure %, Different types of heoving bedrock. A} Sym-
metrical heave features cause

individual bedrock layers, B) Asymmetrical heave

d by uneven swelling of

features coused by shearslip movement along bedding

hlanes ondlor fracture surfuces, (Modified from Haoe
and Nodson, 1995.)
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SUBSURFACE
MOISTURE

W learned in the lirst ciapter that swelling soils R
aiuse damage Ly attracting a md abworbing water. |
This chapter will shuay how water exists in the

sround under nalusal climatic conditions, ad mrﬁ vﬁﬁﬁ

o the amount of subsuriace moistuare vsually . oo
increases aftor developinent. In muosl cases whero T

unippnilicant asollingg soil dlanragge oecies, e - .
dpe is Irigeered by an increass in sulsnrtace . .
maoisluree,

Colorado Geological Survey _\ 25
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Evapoc-
ranspiralion

r..: o Overiand
LA, Now and
-.uwx..q PR 1uncil

o .N....t.v..ﬂ-m:w...-a.n.ﬂ. ”...u &

Figure §0.The hiydrologic cycle.

THE MYDROLOGIC CYCLE

Water exists as a vapar in the atmosphere, as a
liguid in rivers and streams, and as & selid in the

Forom of siow anad fce. Watoer albio exists Twerealls
the ground surface. The natural transfer of water
amoenyg all of these diverse settings is called the

hydrologic cycle (Fig. 10} Water falls from the
clonds as precipitation and enters the ground
theaugh infiltration. It can also leave the growd
by vaporizing duc to heating and drying {evapo-
rafion} or by being used by green plants (iranspi-
ration); the cumulative effect is calhed evapotran-
spiration or ET loss,

The mounlainaus areas af Colorado usually have
a surplus of surface and subsurface waler as a
result of high rates of precipitation and a cool cli-
male. The castern plains and western valleys,
where most of Colorado's swalling sails are
found, receive less precipitation {8 o 16 inches
per year, on average, for the major population
centers; Colorado Climate Center, 1984), are hot-
ter, and have high rates of evaputranspiration {30
te 40 inches, an average, for May-October shallow
lake surface cvaporation; Farnsworth et al,, 1982).

-As a result, the lower-glevation areas of the state

are characterized by an overall deficit of waier
dusing much af the vear, and the near-surface
soils are Lypically dry.

TYPES OF SUBSURFACE
MOISTURE

Waler exisls benealh the ground surface in fwo
forms. It is called ground water where the soil or
rock is saturated, and ground moisture where the
soil is unsaturated. Layers of saturaled soil or
rack Lhat store andd transmit water are called

aquiters. The upper saturated surface of a shallow
Geenconfined) aquifer is called the water table. A
perched water table may develep on top of

impervious soil or bedrock as a result of subdivi-
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sion construction and occupancy (Fig, 11). This
type of situation may induce basement floading
and swelling soil heaving and domage.

Nearly all subsurface water was surface water at
one Bime, Matural sowrces of subsurface waler
include infiltration from rainfall, snowmell, and

lakes and streams. Other significant sources are
the by-products of human ackivities such as lawn

and crop irrigation, and seepage from manmade
ponds, ditches, and buried water and scwer lines.

How SUBSURFACE
MotsTURE AFFECTS
SWELLING SOILS

The presence of subsu rface mpisture can cause
serious problems for a house built on portentially
swelling soils. The amount and distribution of
subsurface water may vary scasonally under nat-
ural conditions. The amount of subsurface mois-
lure increnses Juring, the late winter and spring,
when rates of precipitalion and infiltration arc
high, and during puriods of artificial trrigation.
During the dry seasen it may decrease again.
Similarly, the water table may rise Juring wel
perivds and fall during dry pericuds, The depth
Below the ground surface where soifs undergo
seasonal welling-drying cycles s calied the aclive
zone or zone af moisture change. The natural
aclive zene along Coloradu’s easter plains in
typically 7 Lo 11 feet deep.

Under natural conditions, szl wrlling inmd
drying cycles couse swerlling noils o sl amd
shrink te some extent, This is not a problen if the

Special Publhication 45

G

Perched L
walel EEﬂN Ewfe
...l.:_ - ¥
Ympervious CT R
lindrack Ao x
Y A - N A A

Figure 1. Parched water
tabife in o howse excovos
Jand is being used for agrivaliure or is tencdevol- tion Jug into impervivuc
oped. However, building + sulidivision in an arcd bedrack {modified from
can significantly aller lhe nataral mmisture con- jochim, 1987). This iv an
tent of L soil. Water infiltration increases doe do Mzi!__n._ Muntion ;
.. . - . SO Fu

irrigation al fawns and pardens and, in some N noff 5.....!1 !
s, loakare § ot £ ystems 1 wale filling the excavation and
cases, leakage rom sephic systems axl wa er o infiftrating the bedrocic.
sewer pipes, Al the same hme, vva poFation i\
reduced by w:__..z._...,msz.e. roadways, parking lals,
driveways, sidewalks, and buikdings, Off-site
water may migraje inte an arci through back-

filled trenches and gravel hedding. A penchod
waler tabie may Jescdogpn. Tl weseall pesull is a
jel increase in seil moistune, The pust-construg-

linn yene of welting, _E..r..._m:q increases lo deptls
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of 10 1o 15 fect along Colorado’s easters plains. I
arcas of steeply dipping hedrock, the Zzene of wet-
ling may increase jo depihs ol 39 fouet after a sub-
Jivision is built and the houses are occupied. If
newly intronduced subsuriace watdes cames inin
contact with ?,__n:_,.._.,._._ﬁ sweling soils teneath a
house, the seils may gl and cauise damage.

O of fhe piost juiportaetl pIHS of reducing phe risk
of swclting spifs oty 15 40 comttol Hie aueted af
pnist et infiltrates fhe seil, Slructures huilt on
swelling soils glsould, in every €ase. have ade-
quate surface and cubsurface drainage systems.
Guccessiul desiprt construction. Jandscaping. and
maintenance prachices for swelling soils all
depend to 2 large degree o reducing the effects
of subsurf{ace waler, 8w will seo in the Jollow-
ing chapters.

DROUGHTS AND
SHRINKING DOILS
Colarado is subject 1 aceasional periods of

drought. During a Jrou pld, m{_._m.::.m:mﬂ:u:a:
will exceed waler infiliration, awnl the active 7N

Colorado Geoilagical Survey

will dry out. i swelling soils are present in the
active 7one, they will undergo volume shrinkage.
This may reverse the direction of heaving and
reduce the amount of damage that has accurred
Juring earlier periods of swelling, or it May cause
additional damage Jue o pear-surface setilement
of the seil.

Desiccation cracks (Fig. 6A typically form when
ear-surface swelling woils dry out, Large cracks,
with depths of up 1@ coveral fuet, may form dur-
ng extended dry perinds, These larger cracks
play an important Tole in swelling soil hehavior,
as they atlow decp penctration of water Juring
subsequent wel periods.

Certain types of trees and plants will pull large
amunts of moisturd out of the soil during
drought potiods. This may cause localized shrink-
age and seitling of the ground surface in the
ianediate area of the tree. Damage 10 structures
may occur if the tzee is lncated close to a house
foundation. Chapter 4 gives ipson how to avoid
this type of problem by using proper Jandscaping
frcliigues.
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CONSTRUCTION ON

SWELLING SOILS

This chapter describes e advantages (and some
of the pitlails) of certain specialized designs used
in house construction fur various degrees af soil
swell polential. Swelling soils influence the
rreparation and prading of the site, as well as the
design and canstruction of Toundations, floors,
interior walls amdl piping, and subsurface and

surface drainage syslems. Quality control of con-
structivm is orucial for cach step af the consiroe-

tion process.

Colorado Geological Survey _ 29
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The design and construction of a house and ils
individual clements should ideally reflect the con-
dition of the soils beneath it. The actual designs
are usually chosen by the homebuilder afier con-
sidering recommendations from engincers and
taking other factors, such as house alfordability,
into account. A prospeclive homebuyer should be
aware of swelling soils and the types of desigas
and precautions used to contro! swelling soil
prablems. Many variations of a design are possi-
ble, and the actual designs used for any particular
house may differ to some degeee fram these
shown in this chapter.

GROUND PREPARATION
AND GRADING

Before any houses can be built in a new subdivi-
sion, the site is uswally sraded and shaped, and
utilities and reads are installed. This may involve
cutting away topographically high areas such as
hills and filling in lower areas, Swelling soils or
bedrock may bu exposed ar brought nearer to the
surface in grading cuts, and they may make up a
sizable portion of the materils used to construct
fill pads for houses and roads. There are several
methods of site preparation available to reduce
the polential swelling of fills and natural soils.
The effectiveness of any particular method
depends on the actuai conditions at each subdivi-
sion or site,

Fills, 1t is common engineering practice ks reduce
the sveelling potential af Eoaded) filly by controi-
ling their moistire and density. The fill soils are
typically spread out on the ground surface in thin

layers. Water is added to cach new layer to
induce a certain amount of swelling, Afterwards,
a machine compacts the layer to recommended
densily, The final moisture content of an engi-
neered fiti is almuost always greater than for most
Colorado soils in their natural condition. As g
result, the fills may be loss prone ta sweil.
Construction of engineered fills miay result in
mixing of non-swelling materials such as sand or
law-swell clays with higher-swell clays, which
may effectively reduce the overall concenlration
of swelling clays.

Cuts. Cut areas exposed by grading are SUscep-
tible to swelling because the natural restraining
loads bave been removed, exposing soil or bed-
rack layers that have not previously swelled 10
their full potential. Such areas can dry out to some
deplih after grading, thereby increasing the swell
poterlial. In some cases, grading exposes frac-
tures or olher water conduits that were ngt open
ta moisture intrusion prior to grading (Fig. 12),

The overexcavation method of culling and fill
replacement is sometimes used in areas of highly
swelling soils and bedrock, Overexcavation
involves cutting and femaving the soils to a pre-
scribed depth, usually 3 to 10 feet below the
anticipated lowest foundation or road fevel. The
cut is then fully or partially filled with uniform
layurs of ariginal or imported soils under con-
trolled moisture and density conditions. This fill

creales a bulffer between the fowndation or road
and the underlying swelling soils. Overexcava-
tians and deep fills may be recommended in cer-

tain Colorado cournties where sleeply dipping,
heaving bedrack is encountered.
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Chemical treatments. Anolher micans of reducing
swell potential is to mix or inject chemicals inte
the sail. This is typically done after sile grading,
Chemical treatments are specially formulated do
change the clay chemistry and mincralogy sa that
the clays become less expansive. Chemical treat-
ments are used mainly for roads and larger com-
mercial building siles. They are less commonly
used for single-family residential dwellings. A
main drawback of chemical treaiments is that the
treatments may nol penetrate very decply ar uni-
formiy intu most swelling soil and bedrock due 1o
the presence of fractures, low-permeabilily layers,
and other geological complexities. Another draw-
back is that the chemicals may be leached out of

the soils over lime,

FOUNDATIONS

House foundations must be preperly engineered
L account for geological condilions at any given
homesile. Depending an the site’s swell polential,
swelling svils may or may not be a primary con-
sideration. Several different types of foundalions
are commuonly used in arcas of swelling soils in
Colorada. The actual choice of foundation type
depends on numcrous geologic and non-geologic
factors, and may reflect common regional prac-
tices and individual preferences of foundation
engineers.

The foundalion of a typical house consists of a
Dasal element that is in direct conlact with the

saif, and a wall element that resids vpon ar spanes

the basal elements and relains the backfill along,
the side of the house. These elements are made

Special Publication 43
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FRACTUAED BEDROCK
IAVAVAVAVAVAVAN

-
Pt
o S
t I
lFraciures &l § | Fraclures at
ground surface ’ T— boltom of
alier grading ™ " I [oundalion
) - excavalion

N\

FAAGTURCD BEDRAQCK
LU Y LY RV VY

Figure [1. How bedrock fraciures are exposed by groding cuts, A) Under natural
conditions, fractures are covered by soifs ond ore not directly exposed to water infil-
tration, 8) After grading ond cutting the fractures are exposed ot the wrface, ond
water can now infiltrate mare easily into the groind through the exposed froctures,

from concrete and may contain steel bars as rein-
forcemwnl. The foundation ideally transfers the

weighl of the house fo the soil in such a way that
thie horse will nal heave or saetihe sipgnilicantly.

I

Faumdations are tenmed “shallow™ vr “deep
depending on the configuvation of hwir basal

Colorado Geological Survey _ 3
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clements. Shallow ¢oundations have basal
clemnenls that are directly supported by s,
pedrock, or fiil along the bottom of the founda-
lian excavation, They arc used in many arcas of
Colorade where the soil has negligible to monder-
ale swell polentiale or in conjunclion with nverex-
cavated and replaced fills whiere highly expansive
soils and/or reck are prescnd. Deep faundativns
haye basal elements that penctrate the suil

and for rock W some depth below the Lase of the
foundation wall, essentially anchoring the foun-
dation into the ground and transferring much of
the load to deeper strabd. Devp, drilled pier (oun-
datins are used in mamy arcas of Colorado where
the soils are expansive or otherwise unstable.

Dilferent foundation ¥pes commonly used 0
Cotorado and their sui lability for swelling soil
arcas are discussed in the following paragraphs.

ZianalioOv T UNDATIONS

A spread fooling foundation (Fig. 132) Lonsists
of a continuous strip of concrete, typically 16
inches wide but occasionally narrpwer oF wider
{between 12 and 20 inches wide), upon which the
foundation wall is placed. The foating has a rela-
tively large buaring area (hasal area} in condact
with the m:.::? which mﬂqmu.ﬁ__m gut rather than
concentrates the weight of the house. This type of
foundation weorks best in fwose, non-swelling soils
to seduce setilement. 138 genvrally not recomt-
mencked where moderately to highty swelling

uiils ane -wu-n:—:._.—._..n-.-‘ senloss il s neod as part ol

an peercxcavation and fill replacement desigmn.

Survey

A

Spread
1nnting

TFanlmg
SO S StE 33
.\u\x * ; \\\qm.\_\ RN
L \.ﬁ;“.......\.,............. R
T P ;7\ Veid spate fillod with 1
s R et collapsiblo material
e N
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A footing pad foundation (Fig. 1307 consists of
Jdiscontinuons concrete pads that are spaced apart
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Figure 13. Shollow footing-and-wall type foundution

systems. A) Spread footing foundation. B} Discantin-

uous footing ped foundation, C) Wall-on-grade foun-
dation. [Modified from Hoftz and Hart, iv7e.)

at specified inlervals. Between the pads are vaid
spaces filled with a colla psible material that does
naot lransmit loads, The pads and void spaces are
spanned by a grade beam, a stevl-reinforced foun-
dation wall. The load of the house is supporied
by the grade beam and pads. This type of founda-
tion may be appropriate for sitils having very low
10 moderate swell potentials.

A wall-on-grade foundation (Fig. 13c) consists of
a continuous foundalion wall that rests directly
on the soil. The wall exerts a maederale pressare

on the sail diee ta ils rather siall beariog area.
This type of Toundation has been used n
:

Colorado for sails having low Lo moderate swell

potentials, bt is becoming less common in con-
slruction in st areas of Hw slale.

A vaided wall-on-grade foundation Jifiers from
a wali-om-grade foundation in that rectangular
veid spaces are formed inwo the ballom of the
wall at specified inlervals. The decreased bearing,
arva concenlrales Lhe house Tead on the underky-
ing suils. This lype of foundation has heen used
in Colorado for soils having moderate w high
swelling pressures. |lowewver, in recenl years it
has hoen lazgely supplanted for new cmstriclion
by cdrilled pier foundations.

A mat foundation, or raft foundation, js a dis-
tinci type of shallow foundation that includes
some Lype of cancrele slab. One type of mat foun-
dation used for swelling soils in Colorado is a
post-tensioned slab-on-grade (Fig. 143, 1 consists
ul a concrete element that has wallle-like beams
alongg the lower side and is smooth on the upper
side. Strang; steel cables, called tendons, cross
through the slaty, These fendons are tightened

e ™~

fleinlorcement
{5l bars)
or
Fostdensgigned
e Taihing - —. wMin
[IyHcal}

__..
Slarly Nosear
A"

s Fleams -+

¥ fanfe o
vyl space
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Figure 14, Post-

tensinned slebh-on-grode
faundation, The bottem
of the slab has a waffle-
ke pattern of longitudi-

ol wnd tronsveros
beams thot extend

dawnwnid a foot or
mara helow the slab,
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{tensioned) at intervals of time after the concrete
is placed, so that the slab becemes stronger and
more Tigid as the concrete cuires, The load-bearing
walls of the building rest on the upper surface of
1he slab. Post-tensioned slabs have relatively large
bearing areas and may be vplifted by moderately
ta highly swelling sadls, However, the rigidity of
the slab may alluse the building to move as a unit
to redice damage. This type of foundation is

musst often used in Colorado (or commweicial or
multi-family buildings that have large floor arcas.
It is rarely used for residential buildings with
basemunts.

DecP FOUNDATIONS

Drilled pier feundations (Fig. 15) are the decp
foundalicn systems most often used in arvas of
moderately to very highly sweiling soils in
Colarado. Drilled piers for heuses are typically
comstrucied by drilling specifically positioned
holes, usually 8 ta 16 inches in diameter, into the
ground. Steel reinforcement rods are lowered into
the hole, alter whicl the hele is filled with con-
crete, After the concrele hardens sufficiently, a
grade beam is construcled over the piers to create
a load-bearing span between them. Void spaces,
filled with coilapsible malerial such as corrugated
cardboard, are created between the piers o sepa-
rate Lhe Lop of the soil from the bottom of the
grade beam. Drilled piers typically range between
10 and 30 {ect in longth from top o bottom,
depending on the soil and subsurface moisture
conditions.

Drilled picr finmdations have been specificaliy
adapled for different swelling soil conditions, The

34 _ Colorado Geological Survey
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design allows the load of the house to be concen-
-trated on a relatively small number of piers, This
allows the piers to resist uplift pressures from
swelling soils. The piers must be drilled toa
deplh below the zone of expected post-construc-
tion moisture penctration (Fig. 16), or else they
may heave and damage the house. Drifled pier
foundations may reduce the effects of swelling
suils when designed and constructed properly.
There are certain geological situations in
Colarado, however, where drilled piers may not
be the most appropriate foundation desipn (e.g,.,
in areas of steeply dipping bedrock, where the

T R vaid space lilled with
. coliapsible malerial

“.\.l.l. m_u._m_qa_nma_m_.: _m_nm"_ bars)
_,

\.Il.l. no_..n:_.ﬁ E_m;

Figure 13. Drilled pier foundution, {Modified from
Holtz and Hort, 19748.)
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bedrock may be unstable o Jepths of more than

i foel).

Several types of drilled picr configurations are
typically used in Colarado, They may be straight-
ghafled or may have grouves cut near the base of

‘each pier (Fig. 16). End-bearing drilled piers arc

drilled into bedrock, at least for the lower-mast
several feet. The Joad-carrying capacity of the pier
is developed against a socket of stable bedrock at
the bottom of the pivr. (IHowever, not all bedrock
is stable; especially in areas having steeply dip-
ping bedrock.) Friction drilled piers are drilled in
thick soil deposits where the underlying bedrock
is too deep to be reached. The Joad-carrying
capacily of the pier is developed by friction along
the shalt of the drifled pier. Helical steel piers
(Fig. 16) are used in arcas of Colurado as a reme-
dial installation te replace previcusly damaged
foundation elements. Helical piers consist ofa
steel shalt with auger-like blades near the tip. The
tip is advanced into the ground by retalion until
il meets a prescribed torque resistance or depth.

LATERAL SUPPORT FON
EOUNDATION WALLS

Foundation walls require reinforcement or acldi-
tional supports 10 resist lateral pressures exerted
Ly the adjacent soils and backfill. This is especial-
ly true when the soils and backl[ill are composed
of swell-prone clays. The exact design depends on
ihe lengtly, height, and general configuration of

1he walls, as well as sail and subsurface waler
conditions. Reinforcement may be ﬁ_ﬁ.._,mr_.?_ vy

steel bars ar beams or by wing-like walls (but-

-~
Y
L A

«* Zone ol
»~ moislure

-

< conslant
. maisture

Figure 16, Three typrey of drillad piers commonly med
in Coloradu. A) Straight-shafted concrete pier; L)
Concrete pier with groover near hase; C} Halical sren!
pier, All priers showid extend well below the mticifiated
rodie of moisiure peneteadion,

tresses or counterforts) that exdend oubwward from
Ihe feundation wall at a right angle. An improp-
erly designed wall is at risk of buckling or how-
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ing inwand when exposed to soils that lave mod-
erate to very high swelling pressures.

FrLoor CONSTRUCTION

There are bwo primary types of floors used in
Colorado when swelling soils are present.
Floating slal (loors lie i contact willl the soil
and are designed e accommodate some amout
of soil heaving, while styuctural [loars are cam-
plctely isolated from (e sail surface. These floor

Siip joint wilh
(abiric spacer

4-ine:h thick
conciete m_mwN

!

Plywood

joist _u flapr deck

18-inch high
crawi space

TE v = .

TN T

e

B

NI
3

& geil surface
M nooLT, .

FW = Foundalion wall
VY8 = Yoid space
P = Mer

Figurs 7. Two typ
floor and crawl space.

s of busement floor sysieais A} Dlantizy slab flovs, i) Structurat

Colorado Geological Survey

systems are wsed for basements in many azeas,
especially in the Front Range urban corridor, but
may be used for ad-grade construction in cases
where basements are not used. A short descrip-
tion of each floor type foliows:

Fluating slab floors ace the eldest type of flooring
desipned specifically for swelling soils, They usu-
aliy consist of a non-reinforced concrete slab that
rusts directly om soil or (iR (Fig. 17A). The slab is
isolated from the outer foundation walls by a slip
joint. The stip joint allows the slab to move up
and down, or “tloat”, independently from the
foundation as the soils below swell and shrink,
This design allows the floor to undergo 2 ta 4
inchus of vertical heaving withoul causing appre-
ciable damage to the rest of the house. Special
interior construction is necessary when {loating
stab floors are used {as explained in the next
section).

Floating slab finors perfarm well for soils that are
non-swelling or have low 1o moderate swell
potential. They are also commonly used in can-
junction with overexcavations, where a thick
layer of nan- o maderately swetling material sep-
arates the slab from the underiying soils.
However, floating slabs installed disectly upan
highly swelling seils may undergo significant
heaving, cracking, and buckling. This is because
they du not weigh ennugh to resist the uplift
pressure generaled when the soils are wetted. As
a result, floating slab fleors are most commonly

inslalied where the ssvell potential is low to mod-
erafw, nrd struciural flnors are avoast commanly

nsed where the swell poteatial is high to very
high, Floating slab floars are espectally prone to



