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. cracking and buckling caused by sneven gravid
movenienls in areas ol steeply dipping bedrock.

Structural floors have boen usad increasingly in
Coloradn since the eide 19805, This type af floor-
ing J.Enm_:w consists of wood of composile deck-
ing mzmﬁﬂznn an womd o steel brams {facr
juistsk The fear assembly is 5U pported by the
outer foundation waills and is m_._mﬁ_.._i..i above
(he soils at the botlosl of the foundation {Fig.
17B). This design elffectively isolales the fleor
from the soils. The weight of the floor and all
objects on the iloor i3 transferred directly a1l
faundation, thus increasing {he foundation’s
resistance 10 heaving. A shallow crawl space; al
least 18 inches high, is created between the fleor
and the soil surface. This allows [or pwner HCCess
fo inspect for growrs heaving. and prapet venti-
Tation to reduce humidity and thercfore wood Fot
and deterioration pencath the floor Srruclural
fluors are most afien used in areas where soils
have high to very high swell pote atials. The high-
er initial cost of @ structural fleor may e oifset by
pelter long-term pesformance (as compared
floating slab | Joors) in those areas.

Homcbuyers chould be aware that floating slab
floors Tay be instalied by @ builder even though
the project engincet May have originally recon”
mended 8 strnctural wood floor, Most engineer-
ing reports allow for this option at the discretion
of the owner (who, that time, is the developer oF

puilder in most casesh A builder may choose this
_Jmm__m..rumw.# pplion becawse a Noating slab cOslS
severol thousand dJdollars less fur materials d

- nstallation, a Savings that may be passed on to

Special Publication 43

the homehuyen i lowoever, the homebuyer puay
cventuatly incur the cost of repairs for damaged
clab [oots, and any damage o the rest of the
house, resulling from glab leave thal accurs adter
lhe cxpiration of the puilder’s warranty.

The homebuyer should refer to dhe soils report 10
Jdotermine the enpineer’s recommendations for
(he flooring in any new Tome. The risk of damage
(rom swolling soils shoulkd be lessened cansider-
ably, although oot climinated, if the builder
fallowed the EIineeT 8 reconmerndations. if the
puilder clected not 1o follow the enginecr’s
recammendations, you should carcfully weigh the
initial cost savings against Lhe possible conse
quences of damapge. This may involve considering
whether you intend to use the basyment 2% an
unfinished storage area o as a fully finished
living asea, i addition 1o considering the site's
qwell potential. The use of @ structural fkor i
(requently specified i the Dasernend is fo be used
as a living spacc.

I TERIOR ﬁGZm...ﬁcn.,._Oz

Sewcial interior construction is necessary for any
pouse built on swolling soils. The actual designs
may vary depending an the type of foundation
and floosing in the house, as well as the degree of
swell potential of the soil. The basic comsidera-
tions are the same regorndless of whether er not
the house has a pasement. Many of these desipns
were developud for use witl flnating slab (loars,

whaore i i asaumesdd that the Flour riil luoawe ar

setlle m_z_nm..m:.._ns:w of the rast of the house, Lo
some degree.

Colorado Geological Survey
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Figure 18. Detoil of the
bottom part of o

suspended, non-iead-
bearing interior wall,

{Modificd from Heltz and
Hert, I776.)

interior walls. Some inlerior walls are designed
to help support the weight uf the ruoaf and upper
storics of a howuse, while others are used primarily
as room partitions and support only their own
weight. They are called load-bearing and non-
load-bearing walls, respoctively. Load-bearing

interior walls may be affected by heaving of the
foundation, and they may transmit defarmation

and damage to other parts of the house.

Non-load-bearing interior walls used with float-
ing, slab floors commenly employ a gap or vorid
constructed at Lhe bottom of the wall so that it is
suspended a specificd distance above the flaor
slab {Fig. 18). Extra-lall baseboard or headboard

+— Shicelock

3 R [T 0 1]

wall guide ]
wilh drillcd — |
Iole for spike ‘ Frog-sliding
—1 /  suriaue
] I B {Jascboard

»" molding nnt
nailed at lop

2-inch
minimum gan

s " i.

. Concrele [oor slaty - &
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moldings are used to cover the void. Should the
[loor heave, the floor and inderior wall will shift
tewa rd each other and redoce the void, Bt ro
damage shouid occur as long as some void

remains. There are many cases in Colerade where
the amount of floar heave has excoeded the parti-
tion vaid space, placing the wall in direct contact
with Lhe (loor slab. [n such cases, deformation
and damage may be transmitted to the interior

wall and other parts of the house. .

Skairs. Stairs supparted on floating slab floors
should not have fixed connections. An accepted
design is to attach the top of Lhe stairway to the
house frame by means of a strap connection. The
base of the stairway rests on the slab floor but is
not comawcted to it This design allows the stair-
way o rotate up or down to accommodate a cer-
tain amount of Iloor movemwent.

Doors and windaws. Doors and windows may be
sipnificanlly affected by swelling soils. Their
frames may be deformed to a point where they
bind and de not open easily, or they may be ren-
dered totally inoperable. In other cases, they may
be scparaled from their frames to the extent that
they cannot be closed or latched. Windows may
be stressed to a point where the glass breaks.
ldeally, door frames resting on floating slab floors
sheuld be designed with some amount of void or
head space to allow for adjustment in the event of
heaving. This design will tolerate minar amounts
of heaving, but farge amounts of heaving will
affrct the frames.

Gas, water, and sewer lines. Natural gas, pro-
pane, water, and sewer lines should be designed
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so that they are complutely isniated {rom flaating, —— Figure 20. Furnace cowl-
slab floars, structural floors, and foundations S e o URPSTTOONT v eto | ingor boot, (Modified
{Fig. 19}. Ruptured pipes may resuit if the pipes ~ | T .”ﬂ“ Haltx and Hart,
are rigidly attached to a floor or faundation that \ e e }
_ heaves. The hazard resulting from the rupture of Ducts M 2 S urnace
" a nalural gas or propane pipe is scrigus i teros / \ MMH..__‘__"”..__W._U_MMBH
of human health and safety. Ruptured water and - .
sewaer lines, while they do nut divectly affoct ..l/
human heaith and safety, may have a significant
effect on the stability of the house itself. This is
because {he water leaking from the ruptured pipe
may infiltrate the ground and cause additional RETL s fo—Fumace
swell in the soil. .H.-uw.u...w--‘-\\
Furnace. Furnaces mounted on fleating slab floors LR
may be crushed between the floor and ceiling, I
framing in the event of heaving, unless special O =
precautions are taken. A properly designed fur- ..u_r.._ﬂ...ﬂu -
nace in this case will have a [lexible and collapsi- .J
ble cowling, er bool, in the ductwork .,_:rm .:ﬁ_ Flexible gas line
(Fig. 20). If significant heave occurs, the boat will {whefe allowed
by code)
5 r ™™ Finaling slakt finor
e 1" L i X R L GO N R
, Free-sliding
ciab _“__“__w_N gap araund shorten but the furnace sysiem will remain opera-
ppe Dle. The cowling should be ddesigned so Lhat it can
shorten or extend several inches in the event of
S heaviny, orsettling,.

ExTERrRion FiLATwWORK

Figure 19. Detail of a sewer lne where it [eaves a Muost exterior flatwork (i.c, driveways, side-
house. {Modified from Holtz and Hart, 1978, waiks, patios, and perches} has in the past been

Colorado Geological Survey _ 19
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constructed with unreinfurced concrete. Howwvver,
fatsork on moderately to very highly swelling
cails should be desipned and constructed with
adequate strengith according to the site’s soil char-
acteristics. In some cases, the cancrete must be
formulated to resist corrasion and deterioration
due to alkaline chemistry of the graund water
and suil. Unfortunately, comcrvte nlabs canoat be
desipned o resist vertical heaving because uplift
PHESSLIECS excried by swelling sails can greatly
exceed the weight of the slab. Homemvaers in
Coloradu shauld accepl the fact that exterior [at-
work is likely to underga same heaving and
cracking in areas of swelling, soils, Long-term flat-
work repair and replacement is not guaranteed
under the provisions of maost buoilder’s and strwc-
tural homeowner's warrandics. Since flatwork
replacement may be coslly, it is essential to mini-
mize potential (latwaork damage through proper
engincering design and canstryction. | lome-
puyers should ask the buikder what precautions
wore taken and should verify that na “carver-
culting” was done agaiost flatwork design, eein-
{orcoment, and thickness specifications.

Concrete porches and patins may resquine Lhwir
awn drilled pier foundations, or satie other form
of support, to avaid heaving, tipping, or setiling.
Parches supported direclly on swelling soils may
react seasonally, rising as the soils lrecome wet
during lale winler and spring amd sinking as the
soils dry out Jater in the year. They are also sus-
ceptible to settling due lo cunsolidation and set-

tlement of the underlving hacklill adjacent Lo the
ose fowdation, amd to frost lwaving,. Wionnl

docks can be used in licu of concrele patios and

40 _ Colorade Geological Survey

should be designed o allow for adjustments
when soils sweell and hieave near the support
posts. Porches and patios should be isolated from
the main stractore in all cases ta prevent more
widespread damage shovld movement accur.

" ....
BACKFILL .._ .. }
-Toground surlace e, )
- Typically compased E —t Faundatien

of pr-gile sonls = e wall

in upper part L

o
L)

PARTICLE FILTER = )
-Acobng fator ﬂ“_un_:n slab

gealamiie fshn ..... tioar l/.
: L]

SELECT FILL ~_ -
= Clean gravef

PERFORATED PIPE

POLYETHYLENE SHEET
—Gilupd 10 wall

| Foungafion

wall

Fhiyakng slabr

tloa: SELCCTFLL

Y = Clean gravel
~ __/
T PERFORATED PIPE

1= Shope to aullait
. - OF guUmp
PARTICLE FILTER

= Gaalexhly labrc

Figure 21. Components of n typicul perimeter drain,
A) Extirior, 1) Interinr,
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Asphalt can be used as an allernative to concrele
Matwark, especially fur driveways. The asphall is
generally wore flexible than concrete. However,
asphalt driveways and walkwayvs may still be

Jrrone to cracking due to swelling of soils with

moderate to very high swell potentials, and they
may require a great deal of mainlenance.

SUBSURFACE DaatMach

Subsurface drainage systems are used to remove
excess water that moves frecly through the soil.
They can be elfective in reducing swelling soils
damage, although they will not completely elimi-
nate the increase in soil moisiure Lthat occurs after
development. The companents af a subsurfoce
drainage system may include a perimeler drain, a
sump or olher outlet, and in some cases, an inler-

ceptor drain or an area drain.

Perimeter drain. Subsurface drainage around the
foundation is achieved by installing a perimeter
drain near the base of the ioundation, This system
consists of a french {either inside or oulside of the
foundation wall) that contains a drain pipe;
coarse, clean gravel; a peotextile drainage fabric
or perforated roofing felt as a particle filter; aaul
packfill material (Fig. 21}. The highest level of Lhe
drain pipe should be several inches below the
level of the [loer slal and /ar base of the feunda-
tion wall. Perimeter drains should be instalied
with a slope of k=171 inch per foot so that gravity
will alloww and contral the flow of the water, The

drain must discharge into a sump, an arca wider-
Jdrain, ur a suitable p_...ﬂm..f.:.u_. ouwlloel. The ..wn.___....n..‘I-.m..u

dient extension of a perimeler drain should not

tenainate beneatle {he vard amd discharge Jircelly
o the soils under any circumstances.

Drain pipes are made of perfarated metal or plas-
lic, Plastic pipe is generaliv preforred bocause il

ECsists corrosion, amd can be cither Mlexible ve rigid,
The pipe may be slotted an all sides {Fig. 22A), or

Figpure 11, Two types of d-inch~dirmeter plortic draim

ripe. A) Corrugated and slotted on ol sides. A} Perfur-
nted nn fwa appering sides, {From Jackim, | 23}

Colorado Geological Survey
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it may have twi rows of appusing perfozations
(Fig. 22B) that should be placed facing the sides
of the trench. Pipes with large perforations
should be wrapped with a fabric membrane o

reduce clogging.

Sump system. A sump is an enclosed pit or low
area that collects water (Fig. 23). Water from the
perimeter drain system Aows to the sump by
gravity dramage. When waler collects in the sump,
it should be removed by an automalic submersible
pump and discharged inla an acceptable area. Per-

forated pits are used in many older houses, but

) Inner wall
Anli-backiiow \\...l Discharge ine {plasiic)
valve o Sump kd )
ez = ol s -HUH“....._ \_

n \lnw_mm_._ Wmh ._.uﬂb___.m.m

T " Intiow pipe frem
Upper pit -f

* . pehmeler drain
ﬂmzn___.”.an.,._ = [gravily Now)
wi I AR

el

Wd-inch 7
holes |

14-inch |

aon-
perfaraled”

base el

— e | Submersible

5[ BLTP puUmp

P

Figure 23, Sump system with @ non-perforated base.

.MM|_ Colorado Gealogical Survey

saunp pits having non-perforated bases are best
for areas uf swelling soils because they keep the
waler frenm entering the surrounding soils, Sumps
are usually installed in a basemeit. As an alterna-
tive, they can be installed outside in the yard.

Sumps work most effectively in areas where the
rate of movement of water through the soil is
slow, and are especially appropriate where clay
soils and bedrock are present. A gond-quality
pump is required that removes even shallow
waler, because any appreciable build-up of water
may infilirate the surrounding soils and cause
localized swelling and heaving. The effectiveness
of the system may be reduced if larger amounts
of water constantly flow inte the sump, as may be
the case in sandy soils or fractured bedrock hav-
ing shallow ground water conditions.

[aterceptar drain. [nterceptor drains are used to
collecl subsurface water and divert it {0 an
acceplable autfall. This type of drain is often
wsed when the source of water is uphill from the
area to be protecied. Historicaliy, it has been used
in Colorade {0 protect individual houses or small
neighborhaads from seepage from unlined irriga-
tion canals (Fig. 24A) A typical interceplor drain
consists of a gravel or sand-filled trench, either
with or willout a drainpipe. L may be lined with
a permeable fabric membrane to help prevent
clopging (Fig. 24B), or it may include an impervi-
vus tnembrane on the down-hill side of the trench.

Area drain, An area drain is similar in construc-

tion o an interce ptor drain. Ty pically, these
svains run beacath streets and gather subsurface

water from the perimeter drains of individual
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interceplor drain daylighls __\ ___\
on slope and tischarges
inlo roadside dilch
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\ Seepage ‘from
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Figure 24. lmterceptor Jrain system_A) Layout of an
interceptor drain used to intercept seepage from un
irrigotion canal, B} Details of an intercepior droin,

{Modified from jochim, 198 1).

houses and other errant sources (such as excess
irrigation, or leaking water and sewer lines), and
divert il to an acceptable gravity onliall {Fig. 25).
The trenches for the drain are typically dug down
to below the level of other utility Lines, The upper
part of the trench is most often filled with com-
pacted native backfill. Area drain systems are
common in newer subdivisions along Colorado’s
Front Range as an alternative to individual sump
systems, They have lhe advantage of intercepting

Permaable lakric
—_— membrane

— i B
A ....wm..qu
Backlil —
Clean gravel
Perforaled -7 -
pipe - Perched ground
. waler llowing
downhili gn lop
of bedrock

Siream of low area
;= Quifall
L
)
Arsa d
o | Stieet
.h = i e
l €L
] m3 [
| | L3 |
| House I : g I lHouza |
< |
1 5 |l
..|||I|t|-| | o —— ——
Penmotes drains 3
{underground}
ity g |
I I -
| House || a
e el @ L[4
A . .
] Figure 15. Map view of a
typicol orea drain layout.
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Figure 18, Components
of a roof droinoge 1y~
tem. {Modified from

Jochim, 1981}

numegous sources of sulisurface water from a rel-
alively large arca. They require careful sloping
and an outfall location that will allow gravity
drainage. The system musl be mainlained and
inspecled regularly, because covering or clogging
uf the outlet may lead to widespread water build-
up and possible swelling sail damage.

Septic sysiems. Suprtic systems with leach ficlds
are often installed for houses in rural settings.
Leach fields are a source of liguids that infiltrate
the pround, and ihorefore should be Jocated well

Gulier ~

Packlill area

"'

‘ ~ofd - o~ Splashbiock

— rawasroul
nalenson

m______m.nl\.&ta..
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away and downsiape from the house if swelling
suils are present. Moper siting of Jeach fields is
necessary so that the resulling perched water
daes nof flaw toward ar affect sails around any
nearby houses.

surracE DRAINAGE

'roper surface drainage is critical for houses built
un swelling soils. Water from rainfall, snowmelt,
awd irrigalion must not be allowed to pond and
infiltrate the soil near foundations er {latwaork,
Iustead, it must be directed inlo drainage swales
and cayried away from the property by means of
ditches, street gulters, storm drains (where legal),
or olher available means, The surface drainage
system for an individual house consists of a roof
drainage system, a slope drainage system, and
dilches and swales.

Roof drainage. The roof drainage system is com-
pused of gutters, dewnspouts, and splashblocks
(Figz. 26). lis purpose is to keep rainwater and
sngnvanelt from pouring or dripping over the
eaves and falling next to the foundation. Fixed
downspout extensions aud splash blocks are two
acceptable means of carrying water away from
the house beyond the backfill area. A swale should
be provided in the yard at the end of the down-
spout extension or splash block to allow water to
flow even Jurther away from the bouse, prefer-
ably 1o a street or diteh, All roof runoff should be
carricd at least § fect, and preferably 10 fect,
away fram Lhe building,.

Slope drainage. A propesly designed and main-
Lainesd slape next to Lhe house is a critical aspect
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of surface drainage. When houses a5 built, the

slope

graded Jccording 10 the wﬁnn_mnu:::m af a quali-
The main purpase of lot grading i

fied enginets
o provide positive drainage away from the

house. (£ the ot is
27A) uﬁn..u:m:o: will ran off and infiltration
pear the Tromase will bhe rodn cod. H oW euar. if the

jot is not ?.cﬁn:m graded {Fig. 278) the wales

may pond and infiltrate the soil, and swelling

svils Jamage may result-
The minimuit slope of fall necessaty within 10

fect of 0 building depends Upoh the ty
fandscaping Paved areds should

. tain a minimum slope of 1 percen

tance). A freater initial slope of 2103 PF
Jesirable, hoaweve
settling can e
water 10 pond.

Landscaped ared
of a runofi stope (Fig- 28) that pxtends 10 fevt

outward

possible. The fall of the slope should be at

on small 1ots have sIOpes 83 sieep 25 33 percent
Wheve houses are closer than 20 jeet apart, the
slopes should direct cunaff watet toal
petween ihe nouses and away from {
slopes should be proper

or other mulches isee Chapter 43 10 preveut €707

. Sopil beneath Lhe slope aurface should ¢
imﬁ ﬂnﬁﬁmﬁmﬁ anc ﬁEﬂ.mB:..mn_ &0 Wat waier

will not easiy infiltrate the backfill.

and adjacent Jitches and swales chould be

sloping and well drained (Fig

reont 15
[, since even a small amount of
verse suci small stope and canse

5 nexl tod honse cionld consist

from the joundalion o the yord, whure
fcast 10

1 foot of vertical fall fof every 10 fest
of Lorizontal distance). Many pewer houses built

ow swake
he ared. Al
1y Jandscaped with rocks

Special pPublicacion 4

figure 17, Effect of
siopes on drainnge. A}
Cornfully planned and
cacintained siopes pro-
vide positive droinage
ond prevent water from
ponding or tha proper~
ty. B} Poorly plonned
and motntoined slapes
can result in poor
Jrainage, aliowing waler
to pond around the
foundatian and infiitrate
the soil. ?___a_.:_ﬂnm from
[ochtm, 1987}

Dwch ot

-

Dilches and swales. Runoif water from soof and
slope drainage systemns can be ....::...nF.L anil car-
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Perioratediraised
edging made ol
plasiic, metal or
wood

Weep hole

Al loast hve Loel

Downspoyt —»
prranme rowlj
and exlensicn

Pecoralivo
gravel
ar mulch

Geolextile labric membraneg

{below gravel]

Fipure 2B.

drainage is carried by 0 downspoul exten

Moitx and Hort, 1978.)

Properly designed runaff slape next to o howse feundation, Nate that rauf

sion 10 a paiat beyond the stope, (Fram

ried away from the house by ditches and swales.
These are simply shallow trenches (dilches) or
depressions (swales) in the yard that are graded
ta collect, direct, amd convey raimwaler, sva-
melt, and excess irrigation waler away fran the
house and off the property. Care must be taken o
ensure that The surface water channeled away
from a slruclure is not directed teard neighbor-
ing struclures. Ditches and swales may drain into

cornmienly shared cuncrele guilers aml sturm
sowers i suburban areas, 0 many arcas, culvert

pipes are inslalled so thal so that runoff water
can flow under roadways (Fig. 29).

Calorado Geological Survay

CONSTRUCTION
QUALITY CONTROL

Quality control is perhaps the most important
aspect of construction, especially in arcas of
swelling suvils. Even though soil water conditions
may be initially responsible for swelling soils
mavement, poor construction quality can add sig-
nificantly to the tatal amount of damage toa
house. Any one of the construction designs and
methodologies described in 1his chapter may be
rendered useless unless it is done carefully and
carrectly. Chapler 7 at the end of Lhis book will
show you how ta look for-house damage that
may have been caused by swelling soils and/or
poor design or construction, as well as how to
obtain professional assistance to assess a house
for damage or repairs.

Figure 1%, Culyert and drainage swale along a rura!
road. {From fochim, 1987.)
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Much af the damage that could be caused by
swelling soils can be reduzed by proper landscap-
ing. As a homeowner, you can be creatlive about
vepelalion choice and layout as a means of
protecling your property against swelling soil
damage. This chapter addresses the critical roles

of vegetalion and irrigalicn as they purtain to
swelling soil behavior and gives several land-

scaping tips.

Special Publication &35

| ANDSCAPING ON
SWELLING SOILS

Colorado Geological Survey _ 47
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ErrecTs OF F?ZUmﬁbEZﬂ
ON G/ ELLING S0O1LS

The tandscaping conentivnally used in Colorado
consists of fuxuriant Dluegrass Taowns, showy gar-
dens, and Jarge shade trees. Many of these plonts
sanr..amn_ R 1ALy temprerate climates, and have
whater requiremueits that cannot be gatisfiod by
raindall alont. As a resnlt, we aupment nature's
ﬁ.ﬁ.n..ﬁ:.am:s with large aanounts of wakeT- This
practice is known as irrigation.

Guelling soil prehavior 18 alfected by conventional
jamdscaping practices in Jour ways:

1 A significant amount of grripation wales
meant for plants infiltrates the ground.
Clay svils can forcibly take in and hold this

oxeess walet This causes the soils to swell.

2} lrrigation water can form @ _unnn_ﬁn waler
tabie (see Chapler 2) on dop of day soils
amd can miprate ::an..ﬁ.‘::sm_ along the

yop surface of The clay layer o new aredas.
This means ihat the clay snils can he wet-
wd tand can ceell) peross ant area langer
than the aresd irrigated.

33 Trees and shrubs Gan {ranspire latge
amaunis of waler oot af the seils willnn
the area of infhoence ol hpir root SYSICMS:
This caus's the sails shrink amd seithe
esperially during, cunditivns of dronpht.

4] [mpervinus covers used in conjiEnction
with Tandscaping. suclt as concrete walk-
NV, —2-1...—-..1: A v .-.wv.-ﬂ....m wlatas, et ol

muneh ol the preapmiatinm That would nors
mially reInevy pagrisiure fram e ol to the

cal Survey

atmosphere. This increases the suil mois-
bre and causes the soits to swell.

As a result of these praclices, (ke soil beneath a
propeety ysually takes on additinnal or excess
water after 1he property is develuped. §f the soils
contain swelling clay, damage to houses may
occur for as hng; as the soils continue o take on
water. Most gewlopists and enguweeTs who wark
with suils b Colorado agrec that ricess waker is !
st signifivant aend direct CRuses of swviting soils

Aannige.

People tend to plant trevs, flowers, and other
watur-dependent vogetation close to their houses

(Fig. 30). This should be avoided in arcas of
swelling sls, where the primary COnKCrn is

Figure 30. An example of how naot 10 tandscape for
swrelling smil canditient. A garden has been planted

next Lo the {oundation, and the downspot axtenvion
frars been removed.
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Keep excess moisture away from the foundation
Trees and a2 shrubs MY cause soil shrinkage
and {ornadation cotiling during drouphis 8% their
yoal systems pull isture irom the sails-

Em:n_rr._mﬂn:rmm_: blueprass Jawns and prolic §4T°
Jons are d problem event when they are focated
o Lhe hause pecause the excess watey

£ qerated bY their rapation ofton infiltrakcs

dow pward tod m_...qn—:;.. weater tabie. The waler?
may flow jaterally through ihe soil to other loca-
fions, Causiod soils Lo swell penenth pearby hous
s or T0a4ds: Swelling saits will also draw moisiure
toward {oundations yuch like 2 SPONGe- s
mgﬂmqﬁ:ﬁm 1o control jgrigaiion in all pants uf the
p reduce damages caused DY awelling SoBs

wﬁ:u L

Qc_omr_z_mm gell!
F?zomnbv_zm

Landscaping on swclling suils shoukd be guared
roward roducing the amount ol excess wales that
jnfiltrates the ground, especiolly in the jpunediate

area around the lwust fpundation- Soane hasic

mﬁw&n_wﬁnm ares
1) Du st plant flowers of shrubs cluser than

5 feet fram the fpundation, anfess they
Jave very Jow waler :.A_En...:..n_:m and are
hand- of drp-line wa pered. Native or OB
1m35¢ mqn:.in:f..q plants with Jonw wale?
qﬁn_:.:r.:-n:_& can b used to shelter the suil
and reduce extreme moisture [juctnation.

2y Plantings pear the fogmldation sloukd not

disturir ihe & ape arpusd 10e hrase. SLeTm

canoff from the ro0d should be directed

4)

)

7)

Bl

away fromt \he slope anmnd jonndation, and
pot into the plantings.

Tyoes shoukd pot be pla wed doser thad 15

feet from the foundation. Trees with high
waier qpﬁ:r.m..:m_:m ar with axlensively
wile, shatlow ool sysicms tsuch as wil-
ows of ﬁsn__pqmu shuuld be avoided.

gprinkler gystems shoukd Dot spraY water

any coser than 5 jeet froun the joumdation. .
?_:.ESEL w_uq.u:w_n_.. syslems can be

m&:mﬁnm o the yomthly waler rogquire

menty for cagious plants, reducing the infil-

Iratini of excess wa tor into the spil.

Use low-water vegelation thraughout your
ﬂﬂﬁmﬂ% including _,...._._‘QE,.m and fawns. By
doing this, yout will reduce the pyerall
pasitd-up of subsurface pisture and 3avE
an your wa ter Lill as well. .

Be sure 1@ water existing troes near 102
house during fong, d1¥ prriods. This will
ke them fram extemling thpir el Y5
tems and Jrawing laTRC amounts of waler
from the grrouding ared.

Poor-quality. epeavy” 1Ay coils should be
jmproved aml conditioned BY ixing i or
FAnic materiab, TIVS FMprOVes the ferlilily
and air and waler gircuiatien within the 1op-

sl

Gronp plants accowling o sinilar wal'T
needs so that dilferent areas of vegetation

can be ».._,._r-_:_.nrw ina enlor-swise annet. )
you wish s have ” r_mm.a—-l.r.n_n..;. Jawn oY

parden, restrict it e a% cmall an aned 83

Colorado Geotogical Survey
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possible, and locate it well away from the
house foundation.

9) Irrigation should be fimited to the amount
necessary la keep plants healthy. This is
especially important for bluegrass lawns.
Overwalcring, even away from a house,
can lead to an increased likelihood of dam-
age to sructures and fiatwork due to

swelling soils.

MERISCAPING: A
PRACTICAL ALTERNATIVE

Landseaping conditions in Colorado are different
from most other parts of the country. The state’s
high elevation and semi-arid climate give riseto a
short growing season, low precipitation (at least
around the major population centers), and ocea-
sional droughts. The soils tend to be alkaline, and
are calciumerich on the Castern Slope and sodi-
am-rich on the Westeen Slope. The clay soils are
characierized by having poor acration (air circola-
lion) and peor drainage.

Another serinus constraint on landscaping i5 the
large amount of waler needed to grow a conven-
tional lawn and garden. Mare than half of resi-
dential water use typically goes to outdoor land-
scape watering. The water used by Coloradans
comes from streams, supplied by snowmelt, and
wells, supplied by aquifers. These water supplies
are being stressed because of the rapidly increas-

ing population. Water rationing during ihe sum-
mer months has become commuon practice in

many communities.

50 — Colorado Geological Survey

Xeriscape™ is a practical selution to landscaping
under these seemingly unfavorable conditions.

£
m * ~— Zluegrass (43 inches lotal water needed)
£ M= Tall Fescue and Smooth Bromas
£ {30 inches)
w 35 ¥ineal grass (25 inches)
M 30~ L . Mﬂnu__“- ﬂu_! En..wﬂa
W 25— h\ h\ "._a_.._.: w.ﬁunuwraau.
m 5 — ' - ﬁ:m.w ﬂﬂ—hnu
BEINENEININENR
Bl

g1

Y N NN N X

Typical ancess ircgalion[tof blusgeans)
Total pmoun! of weler naeded

Amount of addeaonsl STiQation mHe e
Amound of waler 1rom nalulal pracipdalion
(raan and anow)

Figure 31, Average annual water use for different types
of plants for on orea having 14 inches of natural pre-

cipitotion. The notive grasses dre o water-wise ofteme-
tive to conventional bluegrass lowns because they only

use 5 to 55 percent os much odditional Irrigation
woter, {Madified from Xeriscape Coloradnl, Ine., undot-

ed.}
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Pranounced “Zeer'-is-scape,” the term was
coined by Denver Water (formerly Denver Water

: Um_..::‘_:._m::. [t means “water-wise landscaping”

{from exeros”, the Greek ward for dry). Xvriscap-

- jng is a process aimed at conserving water, based

an proper planaing and design, use of nuiches———

and /or turf alternatives, zoning of plants, sail
improvements, efficient irrigation, and appropri-

ate maintenance (Xeriscape Coloradal, inc,,
undated pamphlet).

A Xeriscape requires little maintenance after it is
established. This means less watering {and less
mowing?). There is a dramatic difference in the
water demands of a conventional bluegrass lawn
versus Xeriscape plantings (Fig. 31). Colorado
homeowners have been able to reduce their total
hausehold water use by as much as 50 percent,
and have saved as much as 3 percent on the cost

of their annual water bills by installing waler-wise

landscaping (Denver Water Department, 1948},

At important bonefit of Xcriscaping is that it con hielp
1o redice swelling seils dammge to q lome.

Seme people mistakenly think of a Xeriscape as a
gravel and yucca wasteland or a weed patch. The
truth is, however, that areas of mulch, and low-
water plants and turfs can be used creatively Lo
suit 2 homeowner's needs, The resulls can be
praclical, colorful, and appealing {Fig. 32).
Numerous plants, both native and introduced, are
well adapted to Colorado’s climate and soils.
Table 1 lisls several of these Lrees, shrubs, ground
covers, wildflowers, and tusf grasses.

There are several excellent resources available to
homeowners wha are looking for informalion and

Special Publication 43

] Figire 31. Exampies of
e shrubs, mulches, boul-

; ders, and native turfs
used to add interest to
Xeriscapes. A) Buffolo-
grosa lawn with o walk-
—way mode of slohsof —————
Lyans Sendstone ({rom
Jochim 1987). B) A grovel
edging accented by deco-
rative grosses and shrubs,

ideas on Xeriscaping amd waler conservation,

including D

enver Water, LS. Soil Canservation

Colorado Geolagical Survey _ T
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6) Organic mulches will decompuse naturally.
This adds nutrients ta the soil but necessi-
tates adding new material at periodic
intervals.

away during a hard rainfall. Heavier gravel
and cobbles should be used if the mulch s
to cover a sleep slope, such as 2 runofl
slope aronnd a house.

Walking on arvas of crushed rock may These inberent disadvantages can be controlled

damage the fabric lincr. }aggz,..\:#@ﬁmﬁ.ﬂan_.._Ju_mﬂE:mL:nLﬁmwﬂmumnnmbﬁ__u
landscaped areas. The botlom line for mulch cov-

vrs, ot Xueriscaping in general, is Lhat the polen-

e , ial benefits tweigh Ll : iail

The peotextile fabnc will eventually deteri- .a_ﬁ m”r_:m _._q_oc __Cwﬁ w m.“ww_r:._m.._ nm_”_nn_m_ Y
. . when it cosues Lo reducing swelll nge.

arate, although this may lake a long time. C y 595 ng S0ils damage

Woeeds can Lake aver, and waler will be able

1o eater the saul i the fabric is not replaced.

ways made of concrete or Hat stones
should be provided.

Colarado Geological Hurvey
54
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I OME
MIAINTENANCE ON

SWELLING SOILS

The lack of limely mainlenance lo critical slope,
drainage, and landscape arcas around a house is
another imporlant factor that can contribute sig-
nificantly to swelling soils damage. Severe prob-
lems may result from poor maintenance practices
such as:

1} negiecting to maintain adequate slopes for

poad drainage,

2) nepglecting lo clean gullers and down-
SPOULs,

Colorado Geological Survey ‘ 53
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3y overwalering lowns and gardens,

3 neplecting o adjust aml waintain sprinkler
syslems,

5) planting Lrees, sheabs, and flowers too
close w the Joundation,

cammeon and more severe in areas of swelling
suils. Cracks in concrete slabs and walls should be
sealed as soon as pessible, Quality exterivr acrylic
caulking compounds or equivalent products man-
ufactured for this purpose can be purchased at

. Y ‘ Colorada Geological Survey

&) constructing patios, fences, or other
obstructions Lhat dam and pond waler, o7
73 wweplecting to seal vld construction joints
and cracks that develop over lime o the
flatwork.
I is esseadial thal e Imeaiicr ndersteinds how fo
check anid mitnin all of the different systens that
cvre desiquied ta protect o onse aguinst swefling soils
dannge. The following sections describe the typi-
cal types ol periadic mainbenance that should be
conducted il your house is buill un swelling sails.
(For maore details on the desipn considerations for

these systems, see Chapler 3).

ConNCRETE FLOOR AND
VWALL MAINTENANCE

Every hameowner shothd comduct a yearly
inspection of concrete slabs and walls, bulh
inside anpd outside of the house. This is especially
important duging il Tirst five years afler a new
house is built because this is usually when the
must severe adjostment vecurs belween the house
and its envirenment. Thy process al inspection
and maintenance shouid conlinne over Hhe years,
bt cracking, settling, an-l other probloms should

ENLLH .

Devennie ess ol
Sonne eracking will accur in virtually all e con-
crete slabs. Fiowever, eracking lends o be more

and Jumber yards. Unsealed cracks may aliow
e woler to anfilirate the m::.:..m. amd could

cause Lhe cracking 1o worsei.

Cracks should be regularly monilored by measur-
ing Lhe width of a number of cracks every month,
at o designated spot along each crack. Note if the
cracks slay lhe same width, steadily increase n
size over lime, or expand and cantract with the
seasons. This can be helpful information in the
cvent Lhat a professional damage-and-repair con-
sultant needs to be called.

STRUCTURAL YWOOD
Froor MAINTENANCE

vontilation of the crawl space beneath 3 structural
woud flaor is cssential, and contributes Lo the
proper perfarmance and durability of (the floor.
Muisture may build up below Lhe house, and the
wood may rol and deteriorate if the craw| space
is nol adeqialely ventitated, Passive or active
venlilation systems should be built inte any
Tiose with a struciural Roeor W prevent saostune
and humidity build-up heneath the floos. Suclh
syslems should be installed in accurdance with

the governing building code. Tlemeawners
iliar wwith any maintenance and spre-

slegvni bl Lage N

cial requirements of struclural Toars amd any
aliendant sysiems, Because structural wood floors

most hardware staresdo-it-yourseif departments, ——
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are expensive, these steps shauld be ken Lo pie-

vent LRNECESsary IePairs.

LUBSURFACE DRAIMAGE
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SURFACE DRAINAGE
MAINTEMNANCE

Surface drainage systems are designed o reduce
the amaunt of water that infiltrates the ground,

ancl they must be kept in_pood working codi-

FaRAGON BUILDER=

3A3442332364

HaT:

a7
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Gubrsurface drains should require [itble mainte-
nance if lhey were correctly installed. For gravity-
discharge perimeter or intercepier drain sysfems,
it is extremuely important Lo avuic cavering or
abstrucling the drain at the poinl where it dis-
charges. It may occasionally Le necessary o clean
aut roots, nesls, or other debris from the dischary-
ing end of the drain pipe. If the subsurface
drainage syslem is nul working, it may have been
brokew, installed jucorrectly, or even nel inrsLaljed
at all. Older houses may have drain tiles that
could break if driven over by a heavy truck. ln
any of these cases, il will probably be necessary o
d _T up the drain invrder 1o diagnose the problem
and mahe the appropriate repairs.

If an area drain is inslafled ina sulrdivision, the
Lomuegiv ners association should e avware of its
tocation and should have the system mainlained

repularly.

Sump syslems require periodic s pection s, i
water has entered, cleaning of ihe sump pitamd
maintenance of the submersible sump pump,
Perforated sump pits are not recommended in
swelling soils hecause they alluw standing waler
ta infiltrate the surrounding soils. [t nay be

Aadvieable Lo pppgeade such o seslein | PSR YRR TS
perforated sump pil.

tion. By taking the lime to maintain and repair
thiese syslems, you will increase the life of your
house and reduce the putential for costly Tepains.

Roof gutlers should be inspected at least twice a
year, in the spring and fall. All debnis should be
cleaned out and metal gutlers checked for rust.
They may have to be cleared oul more oflen if
there are trees near the rool. Check the slope of }
the gutters. If the slope is too low, water will
accumulate in low spots, building Jebris and
accelerating rusting, The easivst way o check the
sjope of the gutter is to use a garden haose or pour
a bucket of waler inta the guller at ils high end.
Noie il the water flows aut smaothly or ponds in
luty spots, The gulters should be adjusied Lo
remove any high or s spots.

Downspauis shoukd be checkaed for dogping at
the same lime The gulters are checked. Clogging
ullen aceurs at the elbow where the downspout
and putier meel, The elbow can be removed {or
cleaning but it may be nucessary to use a
plumber’s snake Lo clean the downspoul. A leaf
strainer or eal guard should be installed at the
{ap of the downspout if there is o prablem with
leaves. roducts amd instructions [or gutler repair
can be found at most bardware stores, lumber

s o Alepartmend

wards, and doe-il-yourscll sec
wbores,

Colorado Geoiogical Survey
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Downspouls and splashblocks should be long
cnough and sloped sulficiently w carry all water
well away from Lhe [oundation and backfil area,
Waler should be discharged no closer than 5 feet
from the foundation. Downspout extensions wilh
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Figure 35, Settling of the
backfill material has
caused This sidewalk sfal
to settie and crack,

resulting in reversed
droinoge and panding
next to the foundotion.

{From jochim, 1781}

[ixod elbows are ﬁ:.__m.ﬂH_..JﬂH_\_:mm willt flexible

elbows, as many humeowners furget o bend the
Nexible elbows Dack o their “duwn™ posilion,

Drainage swales should be regularly maintained.
Avaid building [ences or alher obstructions
across swales or olher desighed surface-drainage

leatures.,

Sprinkler systems, both manual and aulomatic,
should be checked and maindained ollen Lo pre-
vent leakage into the ground {rom cracks in hoses
and loose-lilting joinls, Watering schedules
should be adjusted according, 1o the scason amd
lypes of vegelation presead. Denver Water distrib-
ules a pamphict called “Great Timing” thal lells
how Lo lime walering it order o reduce vutduvor
water consumplion (see “Information Sources”, at

cnd afl Look).

Colorado Geoiogical Survey

LLOPE MAINTENANCE -

The maost critical aspect of slope maintenance is
mainaining a positive slope over the backfill
arca next ta the house (sce Figs. 26-28). This

. arva oulside the foundation is usually excavaled

and then filled with soil when a house is con-
structed. This malerial may setile enough to
reverse or flatlen the slope next to the foundation.
Reverse or negative drainage will cause ponding
of waler during precipitation or heavy irrigation,
aflowing waler to infiltrate the ground next 1o the
foundalion.

To maintain the slope around a house, the home-
awner should periadically compact the soil at the
surface of the slope by tamping it down with a
heavy picce of waod and adding new fill material
as iweded. Hand compaction works best aller
rain ur snowmelt has dampened the ground or
with the very carelul addition of small amounts
ol waler. Addilicnal soil should be added and
compacted as is necessary o paintain a posilive
slope away from the foundation. The box on page
31 conlains casy directions for delermining and
correcling slope.

Setlling of the backfill material may cause con-
crele sidewalk and porch slabs to settle and crack,
in seme cases resulting in ponding and infiltra-
tiom af waler next 1o Lhe foundation (Fig. 35}, If
the conerele has settled to this degree, it should
be removed. Additional seil should be replaced to

crenied preper drainage, and a new concrele sec-
::.: shawld be installed. F Lhe slab still has a posi-
live slope of at least 1 percent, hawever, it is only

necessary to seal Lhe cracks,
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An Zasy Method ior
 Determining Siopae
* Here is an easy way (o determine slape for the
purpose of maintaining proper surface drainage

el ituanhcadan <.

1) Now measure the leit-over distance bet-
ween “x” and the ground on stake number ,
lwe, in inches. This distance is called "y.”

11} Determine the slope by using “y” in this

“away from a house. The only materials required

_are a string level or line level (available at most
hardware stures), bwo 3-Toot long wood stakes,

12 feet of string, a marking pen, a measuring
* tape or yardstick, and a hammer.

1) Hammer one stake into the ground next
to the foundation.

2} Tie one end of the siring Lo the stake.

3} Mueasure off 10 feet, or 120 inches, of
string away from the stake. Mark that
spol on Lhe string.

4) Tie the loose end of the string to the sec-

: ond stake. Be sure ta leave exactly 10 feet

' of string belween the stakes.

5) Push ihe second stake inlo Lthe ground
after stretching the string straight out
Irom the building.

6} Attach the siring level to the middle of
the string.

*  7) Hammer the second stake inte the ground
until the string level indicales that the
string is level. Afler Lhe first seven steps,
your setup should look like Figure 36,

81 Measure the dislance, in inches, belween

: the string and the ground on stake num-

: ber one. Call this distance “x.”

. g} On stake number Lwo, mark the distance
. “x" below the sirings.

cqualion:
Slope = "y" + 120 x 100.
EXAMPLE:

T

Lovking at Figure 45, the distance “y" = 6 inch-

es. Therelore:
Slope = & + 120 x 100 = 5.0 percent.

To correct an existing slope Lhat is tow {flat, lirst
delermine what the slope should be. For example,
Lo zet a 10 percent slope {1 foot of fall within 10
feet from the foundation), the distance “y” in .
Figure 36 should equal 1 foot, or 12 inches. This
slope can be attained by raising Lhe slope until

12 inches can be measured below “x” on the

slake, either adding dirt at the top next to the
house, or removing dirt beyond the slope toe to
creafe a swale. Eemembur to tamp the dirt where

it has been added 1o achieve proper compaction. -

- Shinng vl -—
x

Slake oo, 1
B vl

T .. "

Litaby no, 2 .r

~— i ]y

~ -
Gulls RN Y
Tou ] slopo

o

Fégume 386, Saiup for doeoermising siape.

Colorado Geological Survey _ 59
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L_ANDSCAPRING
FAAINTENANCE

It may be prudent delay instailing any laind-
scaping adjacent to (he Toundation uatil the back-

be costly and fime-consuming Lo remeve existing
landscaping over a Lack(ill area (hat has setthed.
Xeriscapes are known lor thieir low water and
saintenance requitements. They du, howewver,
require grealer amuunts of walering and mainke-
nance for the fivst {ew years alter plauting than is

Colorado Geological Survey

required thereafter. Periodic maintenance is still
needed after the Xeriscape is established to keep

weeds out and e ensure the performance of Whe
plants and mulches.

fili hias had a _&Ew_..ﬁﬁ..h:_n.bh_E:ﬁmmL.::ﬁ\qE:n of landscape maintenance is mucl 100

broad to be covered completely in this guide, The
bencfits of wise landscaping include swelling
suils mitigation and much more. Homeowners are
advised 1o call one of the agencies listed in the
“information Sources” at the end of this book for
more infenmation.
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SWELLING
" SoOILS AND

HomMmEOWNER RISK

This chapler discusses slalutes and disclosure
requirements designed lo inform homebuyers in
Culorado about swelling soils. it also summarizes
the most important things lo consider as you
evaluale your situation as a hemebuyer or home-
ownet. Ultimalely, Lhere are few easy or clear-cut
decisions when it comes to swelling soils.

The Coloradoe Geological Survey strongly adwvo-
cales an informed Jdecision on the part of a poten-

tinl Luyer of a new or resale home or a present

Colorado Geological Survey _|
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owner conaidering ?;..Ef.m_:m:? ar repairs o d
hame. Al snfamnied dedision involves knawing
the HEF._._:.: severity of aweliing svils teneath the
house along with piher imporiant cunsiderations
such as Jocation, fifesty b affordability. it
invalves a realization, and acceplancd, of the risks
(hat are intwrent i owitingg a home Luiit on

swelling soils:

U_mnro.ucam STATUTES

Fur new honies, Colorada Senaie pill 13 {19843,
C.RS. 6-6.5-101, duscribes the responsibility afl a
puilder of a new hame to disclose cvidence of
any significant sail hazasds, including swelling
and expansive soils, Lot tﬁﬁ_ﬁi puyer This
Colurado Gevlagical Survey houk is designed o

sallsly the disclosure reguirements in Part 1 af the

staluke:

Al leant fourieei days prior 1o clusing the
sale ol any new sesidence fus humtan habitaiion,
every developer or builder arf \heit representis
tives shall pravide e purchaser with a capy of
a sumosry separt o} the analysis and lhe site
recommendalions. For siles in wiich significant
nE—n::m__ for expansive soils is secopgnized. the
puitder or his qmﬂqnwn:ﬂmz_qa shail supply each
buyer with 2 WPy af a publicatisn detailing the
problems asspciated with suclt spils, the buiid-
ing methods 10 addiess ihest problems during
construction, and suppestions for care and
sintenance W address such prablems.

There are na criteria in the statute for Jdelermiin-
LR .-..u..mu..u.-m_:-ﬂ-.-.-n.__. _._:-.ru:a wal fur -u!m.-hnam‘-f.-u suilis In

*..?..n:n_u. ihe _un.F._:.E_ may e seen as :mpm_..._ i-

Colorado Geotogical SurveY

cant” when the project mmb_.nnvanm_ engineer

recommends using certain construction methods
arud dusigns specifically 10 reduce the effects of
swelling soils. This informatian should be includ-
edd in a summary soils report for each lot or for a
Jarger project arca. 1deally, a soils reporl shouhd
include the swell ﬁ.ﬂ;nb:mr observations, and rec-
ammendations given for the subject home-sile
The information provided should be the most
specific information available for the site. it
showld include the engineering inlormation used
by the puilder or developer in determining the
sile’s buikding recommendations.

If you are considerning purchasing a new home
and have received this book as part of ttie Senale
Rill 13 disclosure requirements prior closing,
you may be facing a difficult Jasi-minute decision
on whether 10 g4 ahead with the purchase or Lo
took elsewheve for a hame that may be less
affected by swelling soils. Some steps that M3y
help you with your ducision are listed in

Chapter 7.

In Colorady, buyers of resale hames are also
protecied by disclosure tegislation. Real eslate
brokers A required 10 disclose all adversc mater-
;al {acts under the provisions of Senate Dill 223
{1993), C.R5. 12-61-801 ct seq- The prosence of
giveliing soils, although nvi specifteally aanted, iy be
considered an afveese material fact, becaise it can
nffect e piysical comdition of or caust defects in the
progertis A violation of disclosure requiremems by

the real estate broker may be investigated by the
Colaraska iZeal Estate Comnoission undor RS

12-61-113(1)
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The seller of @ resale homt should be asked 10 fill
gul form LC18-9-95, Geller's Property Disclosue,
which mﬁnn:._n.,_ﬁ:, Tists the preseact of expansive
soil a5 A hazardous candition in part 4. This (orm
is supplicd by the real pstale broket and was cre-
ated by the Colorado Real Estate Commission:
Both the buyct and the seller sign the furm @8
part of the property sale. Non-disclosire af
adverse material lacts by the seller may coustitule
_qunﬁﬁmﬁ:_:ﬁc: or fraud, and 15 covered by
comumon Jaws

As o homebuyen you Junuld not rely sujely on
disclosuie information for a varely of yeasons.
For example the preseat homeowner sty nok
understans oF have any knanwledpe of swelling
soils, and may altribute mﬁ:ﬁﬂ:qp_ ovements 1
settling or puat construction alone. They may be
genuincly unaware of previcus problens o -
pairs if the home has hod multiple owners- in any
case, make surd that you ask the hameowier
specific quustions about e ﬁn:wnm—_whm soil condi-
rions as well as existing and past damage and
Fepairs.

1t may be pussible W determine if swelling seils
pave affected 2 cesale home by teoking fov telita le
signs of damage and / or 1epairs. {f you arc can-
sidering buyms & sesale home, OF prave lived in 2
home for awhiie and are <t vipus about whether it
has been alfected by swelling sois. Chapter 7 teils
haw to inspect @ hame for swelling guils damage.
you should hire 8 structural cnginecr 10 assess e
physical condition of the home, the sonl repard,

and thw foaurudatian dusipgmh-

PRESENCE
AND POTENTIAL SEVERITY
OofF SWELLING SOILS

Sywelling solis are widespread in Colorado and
are not easily avoided. Therefore, asa homebuyer.
you awed {0 be aware of the distinction between
the presence and patential severity of awelling
soils, The mere presence of swelling suils beneath
a property gives no definitive indication of the
_EE:H.E“ suverity of the swelling hazard. You
shiould be more concerned about {he soil’s swell
ﬁz_...::m_ {1s il ow, moderate, high, Y&y high, or
non-swelling?) and how the home was designed
and built with ¢ sard 1o Hiose actual sail conditions.

The potential soverity of Jamige Jdue to swelling
uils can be m._m:.p:nu:mu. reduced if steps M€
takei 0 recogmzd {he problem and then design.
cunstruct, landscape, and mainlain the home ina
ﬁ.am_.ucﬂmmEm manaer {Fig 37 A). However, leaving
out vr calliog corners on any ane of these steps
can lead 1o dra matic and devastating resuls (Fig-
47B). The risks associated with swelling soils and
Ledsock can be reduced, but not n:B.EEE.# by
carelul desigo and construction procedures. The
omcbuilding industry nas developed design and
construction methods that have reduced the fre-
yuency af fuundatnon mavemuents and dislress,
vspecially over the past 10 10 20 years. Home-
awners must accept ihat slab-on-grade construc-
(ian arad, in some iiaslalnoes, foundations may be
alfected to sume extent by sweliing soils and
bodrock. Heaving of flatwork cuclh as driveways.

prertiers JAraBy Flounrse arud bascment slalss carnvard

Colorado Geological Survey
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Figure 37. The restiis uf A) proper versrs ) imprapoer design, consruaction, fendscop-
ing, and kemeowner maintenance for homes built on swelling roils, {Modified fram

Holtz and Hart, (974.)

Colorado Geological Survey

be elinunated for residential construclion in most
casus, but it can be decreased to an acceplable
ievel if proper engineering designs and construc-
tion methads are applied.

OTHER BUYER
C ONSIDERATIONS

Swelling sails will not be your only consideralion
whien it comes to house-hunting in Colorade.
There are many other imporlant factors to consid-
er including 1he location of the home or property
with respect lo work, schools, parks, recreational
facilities, and views. The cost of Lhe home or
property will alse be of great importance to you.

Maodern lechnology and construction practices
have improved performance of new houses built
on swelling soils. However, one should expect
that swelling sails will expand and heave to some
degree in response to development and irrigation.
Any corner-culling in the proper design, con-
struction, landscaping, and maintenance that
results in an indtial savings 10 a homebuyer could
be negated by Lhe cost of repairs many years later.
We hope that this will convince you to consider
swelling soils seriously, along with the other deci-
sion factors that are important lo you.

THE FiINAL DECISION

The final decision o puirchiase Cor o uof pirchasel o

prirticrdar Ianse an suelling soils is yours, and yours
ithnre, Fiand vt all you can aboat the peology

bPencalh the house and how the hause foundation
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was built. If you ha
warranty, read it cd

- sqils can occur e¥en if the

v been | prnished o wrstien

refully. Damage frou swelling
honie 15 1w, dind you

should be aware of what yout builder may oF
may ot be regponsible for repairing. Hire a pro-

fessional engineer to assist

sion, as cxplained in

uitimalely restuon’y

LT A

yau with you? deci-

Clapler 7. Your choige will

njudpement il

Speciat Publication 4J

wlerance of risk. Many people will understand
and accept the sisk of living on swelling soils,
while others may choose Lo Juek for a hume on
son-swelling soil. If you choose Lo buy a house on
swelling soils, we sincerely hope that you will use
{he information in this beok 10 help maintain
yuur property am protect it agaiust this polen-

P kly _.:E.qn:...— mn:—:m.._r..p...__ hazard.

Colarado Geological Survey _l
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How 70 CHECK
A PROPERTY FOR

SWELLING SOILS

i is important Lo find out if sweilling soils are

present, and how severely the soils have heaved
or may heave in the fulure, il you are thinking of n:av.ﬁm_-.
buying a resale or new home or an undeveloped
property. There is oflen evidence swelling in the

case of older, resale homes in the form of actual
dJamape or as doetailed in repair repuarts,. For
newer homes and undeveloped Lland, the buyer

Colorado Geological Survey —
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inspoclions, city or county desipn and construc

. . : {ion Hnm:_mm::m.. struciual warranty cain pany

. construchon tandands, and {he ability uf the
developer and builder to recopiize swelling sails
and to design and construct home accordingly:
Ruginning around 1990, many building practices
werd ﬁﬁr_n.:._..* and panclaivd Ly _..:.:.__._a.%a—:.,r.mh
conties, and warranty companics: older houses

may not mcet these apdated praclices.

This chapler jives some general puidelines for

finding out i swetling sails Ale prosent and, if

they ares how you <ab enlist ﬁ..sr..mmr_..:uﬁ help W

assuss if the stiils are 1:5::& probicit. You

_ﬂ_nw.,,...s_:—::wn the following ilans as a chuck-

Jist for hightighting ﬁ:ﬁ::i_w serious conditicils.

RESALE -lOMES

puch of the daimagt caused Ly swelling soils can
e detected bY thoroughly inspeciing the howse
and yard. 7o RLY nsprcbiod, staind pcross e
strect from the frorne, s (el Lt fe o Judl oieae of

the front, Note the foltoiwiig HOs chasell:

1) Driveway. An inspuection of the driveway is
often ane uf the most sevealing. Look Lo see
i the driveway has anoolh surface or il it
s & walvy appes rance. Check the point
cwhere the driveway and the garage door
ek, 1 the garaly lab is high in the contet
and there are gags ¥ pere it nwets the dour-

ceny, heaving caul b by swelling soils has
prrcbny ep el £ Apy. O the atlwer
hand, if 1he gaaRe olab is s and e drive-

way appears pon el and GIs rowand e

Cojorada Geological Survey
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figure 35 swelling 1oHs hove caused this garage slab to

iveave and bow at its center. Note the gops or
“hotwings” o both sides of the center, where the
garoge doof meals the siab.

FATARE, settlement of the packsill may have
wccurred. This latter condition, although it
may need Lo be fixed, does not reveal any
snformation about swelling soils.

Check the driveway concrete for cracking.
Game cracking of eoncrele is considercd
narmal in Colorado, and may be attributed
1o any number of causes swelling soils,
concrete shrinkage, seltling, frost heave,
tree roots, puor quality of concrete of
installation). Excrssive of Severe cracking i
wndestrable because it allows waler o infil-
yrate the soils beneath the ilatwork, whete

it can cause of intensily swelling soil heav-
ingz. The crndition of flabwork may rapilly

e ESOTL e crachks v, ety wi 1y mend-

gralely gwelling s0ils.
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Louk to see if all or part of the conerete
(e driveway has been recently replaced.
This may be a sigh that swelling soils
caused damage to the previous slabs. i
only Lhe slabs and sideralk seclions next
Lo the house are newer {han olher sections,
it may indicate that a trench was ilog
around the huuse for struclural or drainag
gyslem TepaITs.

Asphaltic concrele is sometimes used for
{latwark in azeas with swelling suils
because it 15 more {lexible and may not e
damaged as casily as concrele. fis preaence
may indicate that o former slab was replaced.
Check all asphalt arcas for excessive ur
severe cracking and heave deformation.

Sidewalks, curbs. and gutlers. All exlerior
(latwork should be checked to see if any
cracking vr heaving has accurred (Fig- 39
Semall “hairline” cracks are coamcit and
ase often the result of cuncrete shrinkage.
wider cracks may pe the resull of swoelling,
soil heaving Ot alternatively. localized set-
tiny, due to NRprOpLt campaction of back-
fill. Large open cracks in Lhe conerete are
undesirable, as they provige access fur
waler and accelerate tie rale of heaving o
settlement damage. The presenct of new
sections of sidewalks and gutters aay indi-
cate hal swelling soils damage has
occunsred, allhough there can be other reas
cons for replacement.

Streets. The prosonod of multiple asphait
patches may indicale that 1he st reets or the

underlying utility lines have been doamaged

over a ﬁn:pi of time,

possibly by swelling

soils, The presence of “rubler-caaster roads”

_ﬁ_..mH,En.EH:. jn areas of stee

_.:_ dipping

bedrock) may indicale that heaving of cer-

(ain layers of budroc

N g closer T

heigse aiid carcfi
wil al Lo srane i

4) Exposed soils. Take

k is pccurming.

Fite hosese, Walk arownd the
Hy fook ot fiw Julimwing steins,

e if mz.mm..ﬁ.mn...

a loak at the soils for

desiccation coacks OF #popcorn” textures

(see Fig, 6). This may nal be possi

native suil is co

Notice the slope of the

e il Lhe

vered by topsoil o turf.

soil surraunding the

louse. Under oplimal conditions, the sail
will slope away from the house and there

{ water ponding

If swelling soils are
ly drained svil

weill be no evidence 0
against the founclation.
present, areas of flal or poor

[igure 39. Sweliing sailt

tion of thid pidewrolk. Mote E
swreel, which could make the situati

trating through the crac

are responsible fer the dettrurc-

ke and into the soil.

e ponded woter in the
on worse by infil-

Colorado Geological Survey
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Figure 4% Large jounda-

eral pressurcs

troh erack caused by jat-
from highty

cwehing soil® This sitwo~
s could pe dongerovs
if the heavinl .‘E:E..E
the paturol E95 ficre.
{From Joeleitrte joni.)

\ﬂ Colo

rado Geolo

5
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il

will make the problem worse. Such areas
will need 0 pe built up and sloped 1© carry
runoll watet away from the house and pre-
vent waler (rom ponding

fFatios: ﬁcannmq and sidewalks. Check
_um_..EF ﬁcﬂnrnm. and sidewalks peside the
house for cracking and heaving. Make sure
they do not slope \oward the house: There
should be A gentle, one to two percent
stope away {rom the house in order to keep

waler away from {lve foundation-

Foundation ¥ alls. Inspect ihe foundation
wall Joy cracks around the entire houst-
Almost without exception. pvery house will

concyele and lension cracks due to minor
movenwnl. This type of crack is typically
1hw of an jch wide Of Jess. Larger cTacks
(Fig, 40y may jndicaie More <erious founda

e .:&..__m_ﬂm.:*.
prick and Lleckk awralis. Clezeke (o8 signili-
cant cracks in the outside walls of Thouses

gical SurveY

puilt with brick venees, structural bricks, 0T

concrele o7 masonry Placks. Cracks will
generally follow moriat tines (Fig, 41) but
have beeit nown 1o split bricks in extrene
cases (Fig: 42} Brick veneer may separate
and lean away from the wood frame of the
house in €ASES of extreme swelling suils
damage-

g) Chimney Check the chimney for separd”
{ion from the outsidte wall and for cracks in
the masory- A& damaged chimney can be

O ey
B_..W...i...-.ﬂ,. Fot
ek § s#h.hnmq-w.-‘w; Pl e

Figure 41. Diagonat crocks in the brickwerk of an

.u—._aq.n-e:nm puilding. pote how the smafl weindows heve
et rotated omd disvorted BY she ruovemmani {Fream
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very dangerous in ferms of hunan safety
{Fig. 43).

4) I'erimeter Drain. Ask the owner wlicre the
perimeter drain discharges. i it discha rges
Lo gravity outlall, check the outfall loca-
Lion. The pipe should be clear of debris and
in gowd working condition.

Mo clieck inside e Howse:

1UF Interior walls. Clheewh iederioe walis Tue
cracks in plaster, drywall, or wallpaper.
Cracks are most common around door A

window frames. If the cracks are stra ight,
they may be the result of puoor shectrock
taping or shrinkage of green (uncured)

wood. Dingonal cracks (Fig. 44} may be {he
resull of heave or setlling of the foundation,

Make sure that the walls Lave not puiled

away where they meet the floor and cuiling.

1} Doors and windows. Chivek all doors and
windows ta see if they cpen and close
properly. Binding or inoperable doors and
windows, distorted glass panvs, and
wedge-shaped gaps at the lop or botiem

Jpecial Fubicauon 1o

-
.ﬂ'w..r.ln.

Figure 43,
and Lilted

ta be removed before it coilapsed. (From Jochim, i987.)

Tire chitnney of this house hod aeparated
owoy duc to sweiling soil heoving, ond had

Colorado Geological Survey ‘
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Figure 44, Diogonal _
Lrachs in an initerior wall,
caused by soif heaving or
setthing.

]

(Fig. 45} may be due to foundation heave

or seg

ttlement. However, the use of green

wood or poor construction quality may-
cause similar conditions,

12} Floors and ceilings. Look for cracks in the
corners of ceilings where stress is prealest.
Check for unusual high or low spols in
flvors and ceilings as you walk around.
Swelling soils or green wood ma y be

responsibie for these cracks and surface
distortione.

13) Basement and basement floor. Check the
basement walls and floor slab for signifi-

77 _ Coloradao Geological Survay

cant cracks and offset across the cracks
(one side higher than the other), The walis
shauld not bow or lean excessively into the
raom near the middie of their span; if they
da, they may be under excess pressure

from sweliing soil or improperly piaced
backiitl,

Floor slabs constiucted directly on swelling
50ils should be separated from all outer
walls and have expansion joints that allow
lhe slab 1o move up and down in respanse
to the heaving motion of the soil. All slabs
should be jointed or scored, with the joints
spaced on the order of 15 fegt apart lor as
recemmended by the soils report). Base-
ments on {loating slab lNoors should remain

palie

|

i

Ty

Flgure 45 Doar fracore wedged ngoinst the door
iainb by heaving of swelling svils, The door
binds ond does not open or shut easily.
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unfinished or have specially destgned par-
(itions to accamumodate some veirtical
movemen! of the slab.

 Struciural, or suspended, floors are much
{oss likely to show damage from swelling
suits. This type of floocing should have a
slallow “crawl space” vnderneath. Take a
flashlight and inspect Hic crawl space (be
sure Lo wear old shoes and clothes if yuu
actually enler..lhis part can get muddy!i
Check 1o see that there is some kind of

ventilation system to keep moisture from

building up in 1he crawl space.

Clieck to see whether the soil su rface under
the house laoks flat or if il has hwaved
upwvard, Make sure that the soil has not
heaved (o a point where it has cased the
vold space and s in conact with the con-
crete grade beam at the bollom uf the foun-
dalion wall. The void space will bed lo 6
inches high for a new house. 1f the soil is i
contacl with, or close to, the grade beam,
there is a chance that the soil could push
up against the grade beam and damage the
house.

14) Utility pipes. Walur, sewer, and gas pipes
shuuld be nspected 1o see if they are buw-
ing or pulling aparl. Where plumbing hines
enter tirough the floor, they should be
designed {0 absorb wovement or slip
through the floor withaut breaking. Gas
Tines should have a flexibie conncclion

{velaere allawed by code? Lo reduce the

chances of breaking as a result of movemaent.

Special Publicadion 43

15) Furnace {on slab-on-grade floor). Check
the ducts above the furnace Lo sce that they
are not crushed, bent, or crowded against
the ceiling. Furnaces in many newer homes
contain {lexible duct connections (boots) to
reduce the potential for damage as a result

of slab heaving,. The rigid parts of the duct
should be separated by several inches
across the bool.

16

=

Sump. If the basement contains a sump pit,
inspect the sump. Note whether the sump
is cursently wet or dry. Ask the owner how
the sump operates and how often the
pump has been activated. Check to see if
the lower part of the sump pit is perfarated
or non-perforated. A non-perfurated base is
better if swelling soils are present.

17} Owner's records. Ask the owner about

whethier the house has undergone heave oy
settlement. The owner is legally required o
disclose any information they have about
jprevious damage or repairs. Ask for a copy
of previous inspuection, a ppraisal, damage,
soil, or repair reports prepared by home
inspeclors, house appraiscrs, chgineers, or
contraclors, or a wrilten siatement regard-
ing the owner's property histary. You may
need to hive a structural engineer te read
and assess these lechnical reports or writ-
{cn stalemenis.

You should watch out for cases wherse prior

damage has been temporarily fixed or
rhidden.” This is analber stance whoere
the assistance of a structural engineer nay

Colorado Geological Survey

13
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e wseful. Your kcal (county or city) baihl-
ing departiment way contain recortds for
remedial repair pormits,

tt significant cracking has occuied in the
driveway. sichewalks, or inlernal or base-
ment walls, find aut if the owner has
motitared Uie displacement of the cracks,
1§ the cracks are growing steadily farger, oF
if they expand during the wet season and
contract with tae dry season, then swelling
soils may be present and aclive bencath the

house.

New HoMeES AND
UNDEVELOPED PROPERTIES

It is nat possible to tell ifa new home ar undevul-
uped property will be atiected by swetling soils
using, visual inspection alone because mavament
and damage have not yet uccurred. The same 5
true for many recently built resale homes. The
only way {0 identily whether thore is sweliing
woil under the house or property in these cases Is
1o ubtain a soil report (semetimes called a i)
and foundation repurt).

Soil reports ane prepared by a gealechnical engi-
aeer, wha drills one or mare borings af the house
site, identifies the types of seil and bedrock pre-
sent undernealiy the property, and evaluates their
engineering behavion This is dane to design a
foundation fur e house that is appropriate for

14 _ Colorado Geological Survey

the actual geclogic conditions. It is important that
swelling soils are recognized and tested so that
the house can withstand heaving pressures. The
soil report for an individual house can sometimes
I whlained from the builder or, in some cases,
from the county or city building department.

Once you have a copy of the soil report for the
fweuse, it is important to answer three basic
uestinons: .

13 Is there swelling soit (ar sweiling bedrock)
boneath the house?

2} 1f sa, what is the degree or severily of
putential swelling?

) Is the house designed and built with proper
cansideration for the actual soil conditions?

Ta answer these questions, you will need to hitea
speciafist to read and interpret the soil report. tn
most cases, @ structural engineer (for the struciur-
al integrity of already constructed houses) and/or
a geolechnical engineer {{or assessmenls of soil
reports Tor sites before they are/were construct-
wdd} will have the necessary expertise to assist you
with your fina) decision, An engineer’s review of
a soil report and struclural review of the house
typically costs around $200-800. Be a good con-
sumer amd look for an enginece who will perform
a camprehensive inspuction, with no “corner-cut-
ting.” For a listing of professional engineering
cansultants, look in the local yellow pages under
“Enpineers-Foundation,” "Engineers-
Gewlechnical-Sails,” or “Engincers-Structural.”
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INFORMATION

The following agencies may be sources of helplul
infurmation o swelling svils and relaled topics:

SWELLING S0ILS

Colorade Geological Survey, Colorado
Department of Natural Besources, 1313
Shecmnan Street, Room 715, Deaver, CO
BU203. (302} 800-2011.

U.S. Geological Survey, U.S. Depariment of Lhe
Interion, Infarmation Services, Dox 252806,
Denver Federal Center, Denver, CO B0225-
0046. (303) 2024700 or (BUO) 435-7627.

U.S. Natural Resaurces Conservalion Service {for-
meely U.S. Suil Conservalion Service), U.S.
Departiient of Agriculture, 655 Parfet Street,
Lakewood, CO 80401 (Frant Range area).
(3U3) 236-2886. For local lislings, levk in the
U5, Government section of the phone book
blue pages, under “Aggiculture Dept of.”

MERISCAPING AND SOIL
IMPROVEMENT

Cuolorado Stale Lniversily Cooperative Exiension
Service, See local phone ook listing in the

_ Colorado Geological Survey

16

SCURCES

Cuunty Goverament section in the phone
book blue pages under “Colorade State
University” or “Extension Gffice.”

Denver Water (formerly Denver Waler Depart-
ment), 1600 West 12th Avenue, Denver, CO
k0254. (303) 628-6000.

5. Nalural Reseurces Conservation Service. See
previous section.

¥eriscape Colorade!, Inc. See listing for Denver
Waier, above.

DUILDING REQUIREMENTS,
Mars, AND RECORDS

Look under the governmenl blue pages in the
phone book for ihe appropriate city or
county planning department or building
department.

REaL ESTATE

Colorado Real Estate Commission and Board of

Appraisers, Colorado Department of Regu-
falary Apencies, 1900 Grant Streel, Suile 400,
Denver OO 80203, (303) 894-2164.



