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Abstract:

The present invention relates to a utility support framing system for structurally suspended concrete
slab over void form foundation systems. The inventive utility support framing system avoids
problems created by expansive soils which damage utility lines under foundation systems. The
inventive utility support framing system permits suspending utility pipes within an interior space of
the foundation system while avoiding the problems of the prior art.
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SYSTEM AND METHOD FOR PROTECTION OF UNDER-SLAB UTILITIES FROM
CHANGES IN SOIL VOLUME

PRIDRITY
f0001] This application claims priority to U.S. Provisional Patent Application Nos,

§

7>

{233,515, 63/245,835, and LLS. Non-Provisional Patent Apphication No. 17512,612.
TECHNICAL FIELD

[000G2] Vhe present appHeation relates generally to an improved system and method for
protecting plumbing lines, electrical fines and other utility lines under a slab that 1s isolated from
soils that exhibit volumetric changes after conslruction, in which the under-slab utilities are
isolafed from these soils 1o protect them from the damage these soils can cause, and in which
Hexihle expansion joints i the utilities at the perimeter of the slab allow the utilities 0 transition
from an iselated condition uader the slab to a soll-supported condition outside of the slab, allewing
atilities outside of a building 1o move due 16 changes 1 soil volume without impainag the function
or damaging the under-slab porfions of the wility lines,

BA

KGROUNDB OF THE INVENTION

Q03] Problems due to expansivir soils have been reported in many countries all around
the world, Every yeur they caose millions of dollars w repair costs duwe o their severe damage o
gtructures. Expansive suils often contam clay mmerals such as bentoniie, montmoriflonite, and
smectife that have the potentiad s expand and shrink significanily due te chunges o moisture
cortent. The expansive potential ol the clay is greater near the greund surface where the profile i
subtjected to seasonad and envirommental changes in mosture content and has less soil bverburden
pressure, Trom soil ahove, o counteract expansion. Inereasing the moisture content of the clay
often causes dramatie increases in volume, sspecially near the ground surface where the ground

surface can rise up to 18 inches of more in some areas, with at estimmated 6 inches of potontial
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upward movement being common i many urban areas where highly expansive sous ase prosard.
Sumilarly, decreasing the mossture content of the elay often causes dramatie decresses m volume,
capecially near the gronnd swrtace where the ground elevation can drop $o clevation as much as #t
is rises when the clay gefs wet. Fissures in the soil can develop during perjods of time wher the
elay dries ol due (o sedsonal variation: in rain, growih of trees, ar olier seurees. These fssures
oflen allow water t penetrate to deeper layers when water is present. This often produces a eyele

of shrinksge and swelling that causes the soil to undergo progressively grester amonnis of

volumetric changes aver thme,  This movement in the sotl ofien resulty in damuge to buildings,

shiwereht nfrastructure sueh ay sidewalks, dovewnvy, basernent floors, pipelines

o

especially in li
sl shatlew Toandationg that are not isolated hom the volumetrie churpes and do oot have
sufficient weight and/or stiffiress to resist the changes in siress vaused by the volumetric changss
in the seit.

[0004] The depth st which expansive snils can cause damiage is alzo significant. As noed
the 2014 Senior Thesis titled “An Txarsination of Changes within the Agiive Zone Molsture
Coupteat and Soil Swell Pofential of Expansive Clay Soils at & Site o Demton County, Texas,, by
Marc Williame Cappell with Oklahoma State University, “Deep-seated swell is the additionad
upwand soil swell movement that could result Fom moistore changes and soll swedling below a
typieal 10 foot (305 vm) deep active-zone (Farrow and Roland 2005}, As noted in a paper by
Nelson, Overton and Durkee, all from Colowido, that was published for the Shallow Foundation
and Seil Properties Commuttee Seasionsat the Z2H Amenean Society of Chal Enginesrs (ASCE)
Civil Engingering Conference, titled “Depth of Wetting and the Aciive Lone,, “The term “aetive

zone, generully refersio the wone of soif that either is contribuiing to ur has the potential o produee
o B8 g F }

heave,, The 2001 paper describes how, for any speetfie soil profile with expansive clay, there i3
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a*“Depth of Potenatial Hoave,, at “which the overburden vartical stress,, from the weight of the soil
equals or exepeds the swelling pressure of te soil,,, with the "swelling pressure,, being
the preéasuve reguited 1o provent swelling, As noted by the Discusaion and Conclustons of the 2001
paper, “There s no sound rattonale bebind assuming that the depth of wetting will stop at some
assumed depth. Instead, 4 more prudent assumption 1810 assume that, in time, the depth ol wetting
will extend throughout the entire depth of potential heave.  This I fael is vealistiv and
conservalive.,, Therefore, for the purposes of this application, the ferm Mactive zone,, will refer to
the reghat of suit fom the groond sueface down to the depth of potential heave,

{0005] There wre other types of soil conditions which can canse changes in volume similar
terexpansive soil. These other soif conditions van include withot hmitsbion: frost heave in colder
clirpates where water i the soil seasonally expands as U frecves and then countracts as § melts;
settiement in undececopsolidated clay soil cases due to poor water pressure dissipation over loog
periods of time atter g construetion project increases the overburden pressure such as by adding

soil to raise the geonid elevation to a desired finish floor elevationg apd, colls > soils cnses in

which a sl reduction i moisire content of sowe sand configurations with relatively low
densities can cause an inunediate and dramatic reduction 1y seil volume. "While the focus of this
diselosure prinurily discusses protection of under-slab ubilities frivm expuniave clay xeils, the same
eompents often apply o these other soil conditions which can be equally challenging in sreas of
the country where expansive clay soils are not present.

{00061 Most baildings require ome or more il ity hines 1o, for exarple, provide clean water
s remove wastewater with a plumbing systern Utility Gnes buried in the ground and in contast
with expansive sotl are subject o stresses from expuansive soil. Diomestic witder pipes sre phunbing

Iimes that provide clean water by a pressurized water ling, Fire protection pipes aw plumbiog lines

CA 03196584 2023-4-24



that provide water for sutamatic fire sprinkler lines by a pressurized water line. A significant
amount of water damage often oocues when pressurized water Hoes break doe o expansive soil
damage. Aad, often the stresses from expansive soll are great enough to break these pipes.
Fxpansive soil can push plumbing lings up theough the slab, davsaging phanbivg fixiures and cven
causing damage W widlls,  When ubilities transporting waler In any form lesk, especiably
presgurtzed water lings, the leaks can cause exvessive ssturation under a foundation,  This
saturation ofien leads to Further soil expansion which oflen causes even greater damage to the
foundation and superstructure, Sanikary sewer pipes are plumbing lines that transport wastewsater
awsy frow plumbing fixteres such as toilets and sinks by gravity, requiring that the lines slope
downnward 10 the exteriur of the building with sufticient slope. When expansive sail nwvement

causes sanitary sewer lines fo shift o that they ne lopger slope as intended, solids in wastewater

often stop i the plumbing and this causes sowags to build np and obstruet the plumbing, which
becomes a health, safety and weltare prablem for the oecupaiits.

{30077 Several technigues have been used 1o the past to solve problems caused by the
swelting and shrinking of expansive solls. Section 180R.6 of the 2021 International Building Code
{(IBC) provides destgn vequirements for foundations on expansive soil using many alder technigues
in the prior-art. These réquirements da not address under-slaly nbilities but in ceriain casey they
can reduce oreyven prevent damage 1o under-slab wiilities from volumeirie soil changes.

FOOG&T 2021 1BUC Section TROKG.3 allows expansive soil 1o simply be "L removed 1o a

depth suffivient (o ensare @ constint moisture conlent i the remaining soil, which can proteet

ot
vnder-slab utilities i1 all of the expansive soil is removed 10 expose dimensionally stable material,

such as Himestone, i dimensionally stable matenial happens fo exist nagurally aewr the ground

sarface. Howsever, where such favorable conditions do not exast, the depth of exeavation required
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would offeh excecd 19 foet below the pround surtace, As noted above, there is no sound rationaks
behing assuming that the depth of welting will stop gt some asswned depth, and the prudeat
approach is to assume the depth of wetting can peeur over the full depth of potential heave,
Consequently, a disadvantage uf the approsch of removing the expansive soil 1o a sufficient depth,
and the reason this approach is ofien not selected by desipn proTessionals in many aveas, §s that the
depth required 1o sufficiently address the problems associated with expansive soils 1s not practical
sndfor more eapensive than other oplions I the prior arl. An example of this approach bemg

inpractival andior expensive 18 when construciing wi addition W-an existing butlding wod such an

operativii could undermine the existing foundation.  Another example of this approsch being
impractical andior expensive s when constracting @ new building in a densely populsied orban
aven where the property line is at neat the pevineter of the fowdation 5o it does not allow g

sufficiently deep vertical refatning wall to be erected withowt permission of the adjacent property

ownet, whieli is often & municipality that uses the adjacent land for g rond wheee they are not

inclined {o allow disturbing their propeny. Anothier disadvaniage of this approach is that installing
dimensionally stable material such ws crushied lmestone rock {often valled “flex base,, and used
for road construction}is often more expensive to purchase g areas where expansive clay anils are
predeminant than other types of O that cost fess but are not as dimensionadly stable, such as
“getect Tl « consisting of soil with less expansive properties than the originagl soil in the groond,
I select il 3s used in relatively shaltow depths, such as a few fee, many geatechiival engineers
have Tound the lavel of damage (o stractures associated with the use of the less-desirable maerial
o e dolerated; bowever, when depths greater than {0 feet ave reguived, many geotechnioa!

engineers have concems with the cumulative effect of the volumetrie changes thal can pcour

even selpet B suclvas expanstve sotl swelling and shrnking as well as settlement.  Even when
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rock s encowstered, many arcas of the county have naturally vecurring layers of expansive soil

and rock lavers altornating, sometimes with high vadability over o single building fotprint. The

mternttent layers of vock canmake excavation of the expansive soils 1o a sutliciont depth highly
problematic, especially where there are large roek boulders that can ba greater than the size of a
school bus and much harder than conereie, vsusing unpredictably fong deluys I construetion when

they are encountered.  In cases where the glab is placed on the ground after rempving expansive

sl ts wsuflicient depth and replacing it with dimensionally-stable material, under-slab plumbing

is tymically buried in the dimenstonally-stuble material. However, all of the challenves noted
abave in removing and replacing sxpansive soil under slabs are the same challenges in removing
gl replacing expansive zotl under the vtilities wnder those slabs. Therelore, 1 areas where
expansive sotl extsts without alaver of competent bedrock that is encountered within a fow feet of
the ground surface and that extends well below 10 feet under the ground surface, the approach of
simply removing expansive soil to protect under-slab plumbing is oficn not possible, not etfective,

net practical, time-constming, and/or more expensive thao other options in the prior act.

[GOGY] 2021 IBC Section 1808.6.3 also allows expansive soil to he *..stabilized by

chemical, dewatering, presaturation or equivalent technigues.,,
{010 Pregaturation s still commmenly used today in many areas, with the theory

that pre-swelling the soil will reduce or eliminate the potential heave. This theory 35 bused on an
assumption, though, that the moisiure will not Jeave the olay subgrade and cause damage from soil
shrinkage: howsver, this assumption hat proven to be false m many cases where long periads of
drought andfor tree roots dry vut the subgrade under buildings and cause damage to foundations

and under-slab utilities.
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[00G11] Dewatoring is the oppasiie of presaturation and is a less coramon approach
to reduee the potential vertical movement of expansive soil beecause, while in theory this may
reduce the shunkage, many people recognize that i water is infroduoeed to dewatered sotl, the seil
will swell,

[0012] In faboratories, companies that ¢laim to be able o stabilize expansive soil
with propeietary technigues often produce laboratory evidence that they can reduce the volumetric
changes of soil.  These manufaciorers do net typically claim o reduce all of the polential
volumetric changes of the soil, but rather claim to be able to reduce it to a level where they believe
the level of damage to a facilty is tolerable. A paper by Pelry wnd Little in the
November/December 2002 edition of the Joumnal of Materials in Civil Engingermg, titled “Review
of Stabilization of Clays and Expansive Reils in Pavemenis and Lightly Loaded Struciures -
History, Practice, and Fomare, addrosses some af the challenges with stabilization technigues and
seates, It s always impodant and will continne 1o be wiportant to clearly idéntity the mechanising
of modification and stabilivagon of elay soils. Only when these bave been elearly identificd can
we address problematic reactions and improve the produet.,, The paper further states, “Although
same nontraditional stabilizees are attractive alternatives, seme of their producers are overly
aggressive in promoting their product. Some of these promotions attsck traditional stabilizers in
an attempt o diseredit them and oblain market share. These ailieks otlen demonsivate a poor fovel
of understanding of the mechanisms fovolvail. | And, the paper in slammary staies, “The paper
warng that competent engineery who apply their professional knowledge judiviousty must judge
the effectiveness and appropristeness of all stabilicers. This knowledge 15 not cheap but must be
cained throngh a dedicated effort to fearn the fundamental convepts of stubilivation and 1o keep

abreast of the state of knowledge as # develops nationally and it a given region. This requires
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dedication to continuing education and a proactive mindset i afiitude by the enginecr.,, These
comuments speak to the difficslly i selecting a propuetary stabilization technique and knowing
witly confidence that # will be suecesstull. And, agaiy, while sore claun to come very elose, it 1
imporeat o remember that thess technigues do not completely eliminate any possible soil volume
changs. An added concern with chemival stabihaation techmigues can be gonverns regarding
pateiatly hazardous chemicals being introduced inlo the ground,

{OOU13] The priow arl alse leaches the controlling the moisture content of expansive
soil under a foundation. For example, US, Pab o 45340 143, dssued to Goines et all, discloses a
subsurface irdgation system causing water to slowly percolute into the expansive soil supporting
4 foundatinn so as to maintain the meisture content of the soil. However, 1t is virtually impossible
forany adificial means ol maisture control in maintain absolutely consiant moisiurs contents undes
a teal facility exposed to the highly variable conditions which are eonumnon, Medsture migration n
partially saturated seil is extremely coniples and the mechanizms are only generally ynderstood
by limited empirical evidence that sppports widely varviog theortes, What Hede evidence thove is
relative to the comploxity of the phenomenos actially indicates that moistuee migration can oecut

pven it there was a vertical harrier to any moistare migration inar put under the perimeter edge of

R

a foundation, makinge any attempt ot complete moisture control potentially ineffective, with any
Inferior moisture migration as soil conditions reach an equilibrium over time causing volumetric
changes considermg that in almost all cases on real praject there are non-homogenois soil

conditions under s building, especiall v s asthe momsture content of soli dtvel! 15 0 common non-

homogenous soil cendition. LLS. Pal. No. 4,015 432 issued 1o Ball, dischses o foundation

strietore supported on expansivesal molstensd @ it plastic limid: Throweha moisture controliing

barrier placed around the foundation periphery, moisture can be added in ag attemipt to ensure that
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the moisture content of the soll remains at its plastic lumit: However, 8 moisture contralling barrier
eamnot be vedighly etfeetive e all cases as deseribed af . Forthermore, it s only cfeetive even
ur theary ¥ it 13 deep enough, and the depth required tn some instances, as discussed above
considering the deptl of the activés zobg, can be more expeosive fo canstruct than other approaches
which are more likely 1o he successTil that do not reguire such a deep excavation

o061 4] 2021 13U Section 1806.6.2 allows Poundations to be destened ax & stab-on-
growyd foundation, where the entire botlom swrlace of the foundation, including the slah, is
generally supported vertically by the soil. In general, when this approach is taken, any significant
concerny with the potertial magnitde ol damage from volmmetric thanges n expansive soi [ are
typically addressed in part by attempling o lessen the anticipated fevel ofdamage by applying the
technigues described above as referenced in 2021 IBC Sections 1808.6,3 and 1808,6 4, and the
challenges with those approaches are discussed above.  In addition, a primary challenge with

installing # slab-ot-ground foundstion over expansive s0ils that are not complarcly removed ot

completely siahilized is that same level ot damage due 1o expansive soll should he expeeted. 2021
B Section 1B06.6.2 refers to design metheds that attempt to aceount for soibstruchire
interaction; the deformed shape of the seil sapgporr as well as center lift and edge [ift conditions,
all of which note how a Bumdation will distort i three-dimensional geomelry and an attempt is.
maacle 1o lmit the distortion w an gccepable level. This ts a common approach, especially for
residences and small commercial strachures buill i geographic aread where expansive soils are
presadent, however, damage decars to both the superstructore dnd often the undersiah uiilitiee
regularly i these types of feeilities. Byidenes of this is the large number of foundation repair
companies-that are prevalent in gepgraphic greas where pxpansive sotls are common. 1 damage

ogenrs to anundersslah utility, the slab cancbe sawent and removed uvunediately shove the arcs of

CA 03196584 2023-4-24



broken utility so that the utility can be repaired and the slab repaired: however, damage in under-
slab uttlities can and ofien does peour, reghiriag exXpensive repairs.

[G001S] 2021 TBC Scetion 18UB.6.1 provides an altemate fo a slah-onsground
foundation by permitting foundations be designed to resist ditfarential volume changes and prevent
siractura! damaze o the supported strugture, Wit this sliernative approach, “Foundations
penefrating expansive soils shall be designed to resist forees exerled on the Toundativn die to sod
volume changes or shall be 1solated from the expansive soil.,,

[0G1a] An older method in the prior art thal msels the regairgments of 2001 1BC
Section 180R.6.1 1 1o install an elevated foundation with a traditional crawlspace anderthe floor,
When o properly designesd crawlspace Toundation resists expansive soil {forcey, the superstruciure
being slevated by a crawlspace protects the superstrusture from expansive soil damage i the helght
of the crawispace is greater than the magnitude of the potential verties! upward movement due o
volumetric changes of expansive soils. There are two primary plumbing codoes nised in the Lintted
States today: the fnternadonal Plumbing Code and the Uniform Plumbing Code, Neither of the
latest published versions of either code expliciily require {solation of plumbing from expansive
soiy, And, where inder-siab ntilitics are supported by and baried in an expansive soil material,
vielumetric soil changes can cauge damage o the under-siab uiilities, espeeially where the floor
seruetire 1y isodated and the differential movement is greater than i the slab was a slab on grade
foandation. [T under-slab utilities are bung from an elevated ooy structre affer the elevaied Boor
stroetare s insialled, the under-slab wiifities bein e elevated sbive an under-utility space protects
the under-stab wility Trom expansive soil darsage 1T the under-niility space s greater than the
magpitude of the potential verlical upward mevement due o volumetrie changes of expansive

sails,  And, this pust-slgh wolation approach is gotuslly common i portons of crawlspace
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foundations where aceess iy provided o the under-tloor space alier the floor siructure is fastatled
by means of aie aocess opeaing, but this post-siab selation approach is not typically applied to
avess under @ slab where the depth of under-slab utilities is deeper than the subgrade of a
crawlspace.  Many building ondes require that underfloor spaces with aceess openings be
vonsidered vrawlspaces and be ventilated for the safely of thuge that enter g under-flaoy space,
gither with an unpowered natural veattlation systeny comprised of sulficiently large openings in
appropriate locations or with g mechanical venbifation system. However, a disadvaniage of the
nattural ventilation system is that animals such as soakes, opossumy, vals, vals, mice, spiders,
termiies, bees, | . . ete. can often find sceess o the ander-floor space and create sufety hazards foe
the pocupants when they lesve the balding and an ougoing neisance for maintenance sadT to
address these safety bosards. Funthermare, water andior hunidity can often enter through natural
ventilation openings and the preseripively desizned natural ventilation openings are stmetimos
not sufticient to he copable of renwoving the water and/or humidity, which can creaie probloms
withe corroston of strictural nembiers, as well as poteatially smells andior fungal growth that can
fingd dts way through openings in the slab and cregie health, safoty and welfare congerns.
Mechanically ventilated systems are problematie for owniers because they ean have mechanieal
failures over time due o wiear and tear on moving pans and exposure o the elemsents, and it is
eormmoen for cecupants and maintenance 5147 10 not realize when these mechanical Gdlures have
oceurred because oucupants gf:ntrafiy do got po nte under-floor spaces unless there 18 an event
ereating 3 spechsl need such a8 o manienanve aelbvity, When mechanical vt inban systems stop
functioning and there ¥ not a natural ventilation system in plave, the problems with moisture
acetnulation van ceear such as cormsion {o struchural elements that vauses safely concerns and

mold and smells that enter the occupied space aboeve the Hoor stracture, which san all be dramatic
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where steel floor structures are used thatare not sutficiontly protectod from corrosicn, such aswith
ungatvanized steed, and when openings such as floar hatches do not have robust and properdy
funetioning seals.
[00317) A more recent alteroative to a crawlspace type of foundation is the slab-on-
voidfoem fbundation type. An advaniage of the slab-on-vaidiorm system s that i can cost
significantly less (o constroct than a srasdspace foundation. One reason a slab-ari-voidlorm
fowrdation can vost significantly less is because the floor sivacture does not require expensive
formwork, oflen regularly spaced unshored wteel bearys, 1o span Jong distances and hold up fresh
concrete tha has no compressive strenuth while not deflecting an unucceptable mnount. Another
reason a slab-on-voidfonm foundation can cost significantly less 1s bevause the height of the ander-
floor spage of & slab-onevoidionm foundation veeds only 1o be enowpl o accommodate the
patential vertical movement of expansive soil whereas the height of the under-floor space of a
crawlspace foundation must be adequate to meet building code requirements for aceess and allow

wirkers to do work such as removing any temporary shoriag, nstailing any nnder-slab utilities

fiecy

that will be jastalled after a floor structuee i3 10 place, as well as inspecting conditions alter
occupaney and eventually doing repairs; and, the cost of a foundation incteases as the beight of
the gradebeams around perimeter invrease due by increases 1n the height of o under-floor spase.
And, another reason why the slab-on-voidfonm system can cost less fo construet is that a shab-on-
voidfornm system hypieally dioes not ave anunder-slab dramage sister singe the under-loor space

is not accessihle whereas crawlspive foundations typieally have a dramage systerm. And, auother

reason why the sub-oneveidiory system can cost fess W construet is that a slab-onevoidform
system typreally dees not have any lighting ltke & conmnon nomany crawlspaves because the

under-tloor space of a slab-on-voidiorm Youndation s not an accessible space.  Another reason
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why the slab-on-voldfonm system 1§ preferred over a crawlspace syston is that a siab-orvnidiprm
foundation can be installed at the groond level surrounding 8 building without roquiring stairs to
vaise a floor elovation so as to provide natural ventilation o a crawlspace, ifsuch a sysiem s vsed.
Another reason why the slab-an-votdiorm systers is preforred over a crawlapace is that there Is net
natural ventilation armechanical ventilation as deseribed above for crawlspace foundations, and
consequenthy no challenges ussociated with thoge sytems as deseribed above, as there ure with
crawispage foundatims. While the siih-on-vordform foundatinn (ype is @ more recent apphication
than @ crawlspace foundation type, stabs with vartows types of voids thed could possibly be
considered slab-on-voidform foondations have been installed for over @ century. With time, the
slab-on-vordferm foundation type has evolved and o commuen manifestation 15 where drilled prers
and grade beas are installed that resist the forces of expansive soil, then a layer of degradable
carton voldiorms are instalied over a subgrade and the voldform system often wicludes a layer of

Masonite at the top, thena vapor barwer such as 3 plastic sheet is installed over the voldbrms, and

then slab reinforcerment ts installed, and then concrete (s poured 1o create the slab of a slah-on-
voidform foundation in which the degradable carton voidformas deteriorate suftietersly that the skab

15 zalaicd from the expansive soil beneath the wnder-Hoor space.  Cne wanutacturer of carton

vieidiorms by indicaled that they disiribute spproximately 30 Million square feel of carion
voitorms for this type of appHeation every year far new construction in North America, Because
there is no means of aioess o the under-floor spate as with 8 crawlspace foundation, under-slab
wtilities have historically been supporled by and buvied in expansive soil when a slab-an-voidform
systerm Is used, which ean cause damage ke buas been deseribed above In expansive soil
conditions, s true that mwisture can secumulate 1 ap ander-Hoor space of s slab-on-vaidiorm

N

today many-slabs are installed over vapor barriers with tape that adiwre to the

svialom; however,
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concrete at the edges of vapor barvier shoets and penetrations to prevent moistuee from vising above
the vapor barrier in modern slab-oie-voidform foundstions. Studics bave showa that, i there s aot
avapor harrier under cadton voidiomms, a subgrade typically has enough meisture with the metstige
associated with fresh concrete as {t cures, o cause modern carnton voidforms to degrade . an
auceptably fasl time, several months for example, (o fose envugh strength that they will erash
before telegraphing wny loads up Trom o heaving subgrade, as they are typleally not wax
Impregnadied loday s In some decades past. A paper by David K. Ishell, PE titled, Perlormance
of Cardboard Cartonr Forms as presented on Febraary 21, 2001 to the Poumdation Performance

Axgoiation, and previsusly # pant of g conference of the Texus Section of the Amerivan Soviety

of Livil Bagineery {AS( 5y states, “The mpisture from the suberade phuy the hydeation of the
concrete appear io provide adequate detertoration of the boxes,,, In sowe climmes more than in
athers, degeadabile voidiorms ean be problematio i 1t rains 100 frequently or is too humid, becanse
the degradable voidtorms can [ose their strength betore concrtte 18 poured snd there have boen
rany collapses of degradable voidforms when contractors have tried o take the visk rather than
remove all of the reinforcement and voidforms and start all over again, Primarily for this reason;
non-degradable voidtorm materials used in slab-on-voidform foundations are also w the prior an,
i general, with voidforms. that kave non-degradable components, designers typically specily that
they be istalled 0 g manner so that they are capable of erushing under some theory of & crushing
mrechanizm or that they aré capable of cutting irdo g heaving soil vader some theory in which the
sotd will swell i between the nem-degradable components of 3 voidiorm system.

L Y Az an example of one of the more common systems of carten voidorms
used today in many parts of the Lnited Stafes o provide temporary support Tor a slab of a slab-ap-

voidtorm foundation, VoulForm® Products, LLU provides a SoreVold® product corrugated paper
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vaidfory systent with regularly spaced vertioal cardboard parfitions in & grid patiern with a

nial laver of cardboard acedss thie lop and bottom.  Tyvpically, a laver of Masoaite is placed
aver the carton Boses.

001 9] As another example of systems in the prior art for sipportng slabs of shab-
on-void{orm foundations, Reliable Void Forms, of Austin, Texas, provides an altemstive 1o the
tractitional canton void Torm system. Instead of corrugated paper, Reliable Vaoid Forms vses a
molded poip form made of 100% recycled paper with 1 consistency and shape similar (o an epy
garton, Forms are produced in 61 cm x 01 um (24,524 ) squares with thicknesses ol either 13 om
{6 inj or 20 em (B in). Duoring inatalladion, the forms van be cut wimmed, or grinded 1w the
sppropriate shape s size, Unlike cardboard forms, the manufaciurer chams these forms cun be
used i wet or dry conditions,  Alse, due to their shape and weight, they can easily be shipped,
starod, hauled, and manimated i the ficld, Once lakd owt onthe site, the conerete 15 poured over
the top. Oradually, over tine, the forms will degrade, but ueiil that happens, cue theory plrports
that any soil expansion is isolaied within the poekets.

[O0G20] An exanmple of a voidionm system with non-degradable componenis s g

that do not delendrate ke the standard carton SureVoid® products. This means the siruenral

vlements (e slabs, grade beams, et} must be destgned for the potendal uplift pressures the form
is capable of exesting.

fonaz !] Another example of 2 verdiony system with non-degradable components m
the priorare mvoblves the use of v metal wive mesh formed 1 8 volumeisie shape as produeed by

SuperVerd Systems, LEC. Inone theory, volumetriv changes i the sotl vould cause the soil w

pushoon the syive mesh, 1w tern causing the mesh o defomm or the soil 1o push through the mesh.
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This means the structural glements{Le, slabs, grade beams, ote.) must be designed for the potential
uplift pressures the form is capable of exerting, If a version of the SuperVoid produet is used with
a horizontal layer of vriented strand hoard or plywood at the top of the wive mesh, the oriented
strand hoard or plywooed iz degradable and can lose strength over e, but this is not problematic
ntand of itsell when the SuperVoid system 15 used s a slab voidibem because the siab will have
cured by the time the wood material devays,

As there are many advantages with slab-on-voidlorm foundations, given

that non-degradable voidiorms can be used where degradable voidforms are not practival dugtoa
wet climate, the prismury disadvantage of the stab-on-voidfvrm foundation type has been that these
1% no method avatlabie inthe prior wt of sufficiently protecting under-slab utilities from volumetrie
soil changes 1o g subprade,

[O0a23] With regard tothe protection of under-slab wtilities under slab-on-vaidtorm

foundations, many slab-on-vadform foundatians today are constrieted with under-slab utilitie
being supposted by and buried in a subgrade of expansive soil even though there is & known risk
mhat velimerric soil changes could cause damage 1o » factlity. The pramary teason that vader-shab
utibities are still ssil-supported is that a technology has not vet emerged io the prior art which
provides complete solation of the wiilities fram potential volumetrie soif changes. Even i access
i the under-tloor spave was provided, because the vordforms do not degrade quickly enough for
workers ko aecessan under-Toor space withput remuiving the voidforms or because non-degradable
vondforms obstroct such aeesss and would require removil, which would be an ardoous sk, the
fndustry hay not yet developed a misthod of construetion with the nevessary apparatuses so as o

suspend under-slab wlilities before a convrete slab of a slsb-on-voidform Towndation is poured,

While there are some disagreemends boetween deswgners on the relative mesiis of the theones
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applied when pot-degradable voudforms are used to solste sdabs of s slab-op-voidforny sysiam,
with regard o varicus speeific fypes of non-degradable voldiorm systems, there is a poneral
consensus among design professionals of all design disciplines that absolutely none of these
systems are appropriate if non-degradable components of a voldform system can canse soil 1o
impart forces, direetly or indirectly through the non-degradable compunenis.

{30424 Bection 506.1 of the

Imernational Property Maintenance Code
{IPMU), for example, requires where it is adopted locally that “Every plumbing stack, vent, wasle
arid sewer Hoeshall function properly and be kept free from obstructions, leaks and defects. | And,

for example, ooly a small amount ol wovement from volumelric sl change ixall that # can ke
ter cunine a Poirap 1o crack just enoogh that the water s the Patrap spibs out allowing noxious gases
from g sandary sewer system o enter an occupied spave,  There have been numercus hvvsuits
around the country that arise when plumbing s damsged from volumetric seil change soon affer a
building is occupled and uader-slah wilities fail tn various says, espeeially when owners walize
the magaiiude of the cost required to repair the under-slel utilitics as they can be required hy
building code to vepatr. The costs of ropaivs are 50 significant boeause, pnlike with a slab on grade
or a cravslapace, there 15 oo convenient aceess 1o the under-slab vrility locations geeding repais,
One reason it 18 Qo expansive Lo repair an under-glab ubility undera slab of a shabearvoidform
foundation ix that it s often required o sawcul tempomary access openings in the slabs at the
intersection of bwo lines with each hne being approximately at the midpoint between a gridline of
deep foundation slemvents such sy drilled plers, ther exeavate by hand 16 dig bterally and find ail
fovativay where plambing needs 16 be repaired, often having o walk whestbarrows of dive out of
a Building and dump it oulside.. IF ope were W saweul immediately over any damiaged uiility

focation, sawguiting fleough g iypigal two~sway structorslly suspended rewaforced concrete slab of
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a stlab-on-veidform foundation, one eauld easily cause the slab to collapse as they saweut twough
portions of the slab between piers that are necessary for structieal stability and this does happen
from time fo thoe it the indusiry by aceident when contractors think a slab is a slab on ground but
find out oo late that it §s a slab-on-voldiorm system, Owaers are even more anery when they find
vl that the repairs will pot prevent the problem rom happening ever and over ggain, polentially,
aver the life of the faciliy, Designers m areas where expansive sail ofien discuss this primary
disadvaniage of a-slub-on-voidform system with Qwners before construction, netiae that Chwoers
veuhd select a crawlspace option Tor additionat cost i they want the ability to accesy and gven to
iyulate some portions of the plunbing: huwever, most owners are unfortunately short-sighted in
suthorizing a slub-on-vordform system as they we Jocused v the short-tenm goal of trving o
maximize the Qour planarea {or thedr facility’s program with a given budget,

[00025] For example, i March 2021, the Geoprotessional Business Association
{GBA} has published a case study, Case History Number 108, of g $25 Million damage claim mrads
by an owier of 2 seator-living facility in Colorade in which slab-on-voidforsm construction was
used where tnder-siab utilites were ot sufficiently solated from sxpansivé soil that damuaged the
under-stab atthities.  Abow four yvears after constiiction was completed and the building was
cecupied, sunitary sewers bepan baeking up and & powerful siench was permeniing the builiding
and the walls and lower-level stah beman 1o show heaving distress. The owner had o move
residents out of the building and indo suitable temporary housing and they eventually paid 8
cantlrscton 1o excavare under the boilding and mstall o crinadapace,

[{HI26] As another example, i the United Blates Court of Federal Claims, Caose

N 09-67.

£, filed September 7, 21 2, which invelyes a case where under-slab vtilities under a

slab-on~vaidtorm fonndation were damaged by expausive sotl because the under-shalyutilities were
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not sutticiently isolated from the damage that expansive sail can cause, the court miled that the
mechanical enpineering firm =, had s duty 1o isolate the plumbing from the expansive soll ina
way that would accommodate the maximun potential zoil heave predicted W the soils reports

T

noting that . whether willful or wot, ., the mechanicsl engineering Hrm v failed to heed the

warning and guidance set forth. ., ... in the soils reponts” pradiction that the soil could hesve. ..,
. and provided a negligent design in violation ol the Contract,,

0063 7) As early as 2007, the Foundation Perlommance Assoclation (FPA) published
a recommendation in thelr SC-11-0 publication titled Rpecitivation and Applivation of Veud
Spuves Below Cwirete Foundationy that YExpamstve soily should not support under slab ulibittes
below a Stractural Slaly where the Industry ofien refers te astab of'a slab-on-voidiorm feundution
as a structural slab, The publication fther states, “Under slab piping must remain stationary with
respact 1o the slab. The distance beween the slab and the butied ufilities may change as the soil
nwisture changes. These changes eotld eanse the wriliy lings to disconnect, start leakung or
ctherwise fall. There are various methods to aceommodate such ditferential wovement by wsing
designs thar allow the utitities to adjust o the changing conditions, The piping desizn heneatl the
foundation must take into consideration the ditferential movement between the interior stationary
piping and the soil cuiside the foundubion, and any associated bending stressex.,, The 8C-11-0
publication ever includes a dingram that dlagrammatically shows a hanger assembly, including
traditional clevis hanger supporting arn under-slab uiility pipe, but the diggram shows the hanger
iy be etther supported by rebar or W he supported by a conerete shabyafter i s péured snd cored,
both ol which are fopossible beause the divgram shows both the slab and the sebur being
supparied by voidiorms which are still intact which micans that there ts 1o aceess (o instadl the

gtilily pipe after the slab s poured and it means there was no support W ansiall the atilidy pipe

CA 03196584 2023-4-24



before the slab was poured. Additionally, the disgrany does not show any means for sotaining the

soil o either side of o viddity pipe. The discussion and disgram show the disconncet between what

15-desired and what limited technnlogy was.avatlable in the prior aet in 2007, loa 2084 revision
o the RC-11 document, nombered SC-11-1, the FPA did not change any of the text eited bt even
witha revised detatl they showed o spenario that s tmpassible Lo construct for reasons cited gbave,
Thetr reference to Pvaricus methods o accommaodate such differential movement by using designs
that allew the utilities to adjust 1o the changing conditions s referring i what some in the industry
refer (o as flexible Joints, such as a flexible expansion joint, The FPA's recommendations have
been made as a community of primarily geotechunical and structuzal engineers with the best of
Hitent but with Bitle to no invalvement from plumbing designers or comtractors thas could poin
out the disconnect 1 what they are recommending and what construction methods are in the pring
art. Forexample, the problem with a sanitary sower plumibing design that incorporated flexible
expansion joidis gl along the length of an ander-skab utility s that most sanifary sewer systems
function by a gravity systern that has 1o slope dowsward at g minimum slope gloag the entire
Iongth of the plumbing systent and, wy addition, plumbing codes requtre specilic minimum slopes,
301t is nottechnically feasihle o have an underalab utility systeny with so many tlexible expansion
Joints slope so dramaticatly thst atany peint under a slab the subgrade could heave andior full
without causing & negative dlope that would cause the sanitary sewer systerny © no longer function
property, and Turthermore the cost.of 50 many Hexible expansion jomts would cost more than &
erswigpace foondation o many cases suehy that, evarn 1010 were technically feasible for g spesific
vase, B owould most likely not be o fogieal approach compaved with a erawlspace foundation, As
anather example, 8C-11-1 disgramatically shows a soil retainer system that has no means of

stability to retain the sodl,
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[00G28] There have been several attempts (o invent methods and apparatases with |
soal being to attempt 1o isolate noder-slah wiilidies from oxpansive soils. Howewer, all of these
attempts have fadled i one form ovanother to provide an actual means of selation. Whea the
Structural Ensineers Associution of Texas {SEA0T) became aware of the concept behind some of

thie disclosed inventions for novel wavs {0 molate under=slab uwtilittes . 3L quickly assenihied
approximately o dozen engineers including stroctural engingers, peotechmical engineers and
mechanical engineers 1o review available techonologies and muake recommendations because they
recogrized that none of the prior art hus been able to sufficiently solate utilities and viilily supports
from expansive soil, in-contrast 1o emboediments of the hyvention disclosed herein.,  1n Januaary
2021, based va the recommendations of the lorementioned group ofsingingers, SEAGT submitied
to the lnteruational Code Council (ICC) a code change propesabto the 2024 Titerational Plumbing
Cade {IPC) thar would require an sufficient means of isolating under-slab utilities from expansive
soil uneler slabs that are isolated, conustent with this wvention, and would prohibit the majorin of
priorart methods as they do not suificicutly isolate under-slab wilities: One exeepting in the prior
art is that it wonld remain permitted to install plumbiog and suppoerts after the slab s poured by
removing vordforms and post-instalhing anchors overhead, whick 15 in the peior art butis often
theuehiia be cost-prehibitive for new comstructivn. SEAoT submiited 2 14 page docwment (o 100
with the mationale for their proposed code change. The SEAGT document is available at al
Fttpsid www dcesate oo/ products-and-servicesi-vodes/code-deselopient-process/ 202 1 2022-

group-y’ and s hereby tocorporated by veference ax il fully set forth hevein berein. At the
International Plumbing Code Comites Code Action Hearines, SEAST s proposed ende change
wis supporied by festimony  from wvarious mechseal and structucal  engineers,  the

Geoprafessional Business Associgtion, the American Institute of Architeets and the American
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Conactl of Engineering Companies of Texas, The 2024 International Plumihing Code Commintes
then approved the proposed code change, with some modifications that SEA0T supported that
clarified the mtent of the propused code change.  And, the change will be a part of the 2024
Internarionsl Plumbing Code when it & published. While numerous seriows atrompts bave been
made o the last several devades, the prior gn methads, as deseribed sbove, do not meat the
requirements for solation as will be et forth o the 2024 1PC.

it may be importani o noie that, while the Linited States Cowrt of Pederal Claims indicated
i the case cited sbove thal the wechanical engineering firm was negligent in designing a suil-
supported under-slab utility onder 4 slab-ou-veidfony foundation for the specific project atl fssue,
there were approximataly a dosen engineers assernbled by the Stroctursd Engineers Association of
Texas, including strustucal engineers, geotechnical engineers and mechanica! engingers, which all
indicated in their collestive retionale statement to WU that designing a soil-supported under-slgb
utilities undor a shb-on-vaidform foundation was within the standaed of eare for cach ot thoss
professions in Texas gs of Janvary 2021 when the statement was issued to I, The standard of
care may change over tne 1o exchude this practice, bui this practice is still being used radas.

And, while some building officiads noght interpret current code sequirements to prohibit
soil-supported ultlifiex under slab-on-vaidfem where expansive <6ils are present, the only
inderpretalion of code provisions that applies to any specilic project with regard 1o cade complianee
is the opinton of the budlding officialivith the Authority Having Jansdicion{ AHD) for thal project.
There are many projects 1 Pekas where bulding officials isdne boildiog permiiy wathout taking
any exceplion 1o soil-supported onder-slab witities under a slab-on-woidform or a crawlspace

foundation, even when they are provided a copy of 8 soil seport indicaning that expansive soils are
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present and documsatation indicating that there will remein some potential vertical mevgment ot
the subgrade afte the building is occupied. .

[G0029] Priopart systons forvertically supportiag aiilities {ineluding bui not limited
oy sanitary sewer pipingy that are designed 1o-he Incated vader strpcturally suspended concrete
slabs over void forms (neluding but not Bmited to carton and plastic void forms) bearing on other
Foundation alements Gncluding but not limited o plers, pileg, caissons. lootings, and grade beams)
without a typreal erawl-space acoess nclude systems that directly bear on soil within the actve
aone (“Direct Bear Systems, ). In these systems the wtifities are laid down directly on top of the
soif 1 the active yone or on top of material (inchiding but not linited 1o coarse aggregate (rocks),
fiwe aggregate (sand), cemented sand, Towable cementitens (il rosd bate, Bmme-stabilized sarth)

that is luid down divecily on top of the soi in the active zong.

[O0030] The prior @t also mcludes systems that indircetly bear on sail within the
ative Fone (“Indirect Bear Systems, ), in which utilitios typically hang from above by a threaded

vod that is supported by & priwary mat bearing on the system {eig. prior art systoms knowa as

FlumbineVeid® and Pipe-Voidy which s hearing on seil within the active zone ar other material
that is hearing on soll within the active zone., The threaded rods typically extend up mito the

thickness of the contrete slab with some form of anchorage {ncluding bul not lmited o a

secondary nut) se that the slab can act as another support; howsever, the primary nut stass in place

aid is not removed because the operstinns of pounng e concrete slab and allowing it o cure
probibii any kind of convenient access undermeath o remove the priary nut. Indireet Bear

Nystems donot have 4 reliable means of gvoiding the visk that expansive soil could damage under-

sfaby ulililes; and, there can even be a risk of 4 much larger amount of damage than with Direct
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Bear Systems if any hangars in contget with soil corrode and pipes fall or f aoy soil refaining
svstems tall and pipes shilt dramatieally,

{0031 Baoth Direct Bear Swstetns and lodivect Bear Syatens can allow volumetrie
changes (vertically and horfzontally} in the agtive zone to eause forees 1o bear on the wilities which
can cause the wilities to shift (neleding but net limited {o deflecting up ar down over certuin
regions of wility piping, breuking vtilities, or catsing them o leak). The Indirect Bear Systems
are not capable of resisting the {orces like foundation elements such as drilled piers, driven piles
anid sufficiently deep footings, When utihities shift too miuch, the utilities canaol function properly,
Por examiple, sanitary sewer piping tvpically reguires sewage fovw downbill and any purtions that
bend sfier vonstriction, in any divecbion, can cause sewage o not low properly. Bven it flexible
jounts are nstalled o thess wilities, the pipes themselves Gneluding but lmited 10 PVC, cast iron
and ductile iron piping) are typically not capable of flexing as much as they may need 0 flex and
nmaintaia & positive slope for draage. Unlike maintenance of sanatary sewer undet crawl-space
and slab-on-grade type foundations, matntenance of ptilities is relafively difficult and expensi
becatse convenient access directly 10 or direcily above the area of concers cannot be proviuded,

and Indirect Rear Systems often ereate additional obstacles o sueh repairs,

JOG032] B s, therefore, desirable o have & sysiem that does not bear {divectly or
indirecthy) om any soil within the active zone but rather bears on structural elemenis that are bearing

anseil Below the active zone ani/or sre designed 1o sufficlently resist the vertical nrces assoviated

with velametrie changes i the dative zone by virloe of ther penetrition below the stlive zone:
LUV EERT] Additionally, lodivest Bear Systems ave generally mroprictary systems

whieh require relying on componens of the system o retain soilso that soll dows not full, slide,

push, detlect, ratate, oy otherwise either divectly cause torces o the utiliies or indiredtly by recans
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of beesming a shimowhere a voud was witended (including but not imited o ander the utility piping,
above the utility piping, ou either side adjacent 1o the uility piping, and relsted o any permanent
system element suclyas saddles and hangees) to 1solate the utilily from poteatial soil-related torees,
which ean cause wilities © no longer funcuon as intended and require selatively oxpansive
maintenanee: One reason these systems typteally require that the propriziary components retain
sl 16 that the systems are oo wide for the main byer of vord Brms Ummedindely under the slaby
o structurally span over them and rehably support rebar, workers, and wet concrete until the
congerete cures.  The problens with these propristary retaining elements is that these systems have
tiot been desisnad by struvlural engineers wid there is nsafficient evidesce thut they can reliably
retam sl affer consiraction for ANy COmmon condiruns which are necedswry for fypicad
coustrugtion.  For example, a bortzontal layer of plywood supports several feet of soil in the
SuperVotd system.  And, as another example, 12, thick plastie refainer boards with the
nsnufacturer elatming that they are accoptabic o a depth of 8 feet but the height of the soil to be
vetained 1o not lindted, which could lead an installer to install 2 resaining wall that is B feet wll
made enfively out of 12, thiek plastic retainer board and these systems can fail.

O34 Therefore, there is a need for & system that allows soil retainage aspects to
be designed by qualified design professionals for each specifie application, using methods in the
prior ari {including but not limited 1o temporary vertical cuts in cohesive soil where there is an
acceplable factor of safety, sloping the grade 1o an sceepiable stable slope such as the angle of
repase for cohestonless soils, and mstaling permanent conerete velaining walls that beconse buried
underground but do nut extend above the boltom of the main laver of void forms immediately

under the conerete slab}.
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[000R35] Also, Indireet Bear Svstems are (ypleally buried under soil as utility lises
elevations vary in depth below the slabs, which exposes the hanger (typically a threaded rodi to
soil which can corode e bavger over time it it 18 made of s corrodable msterial.. The srain reason
that these svstems are buried i3 that, since they are too wide for boxes above to span over them,
thisy have to support soil dbove them and refain soll adfavent to them and therelore 1t is desired to
have the soil refaining elements span as shodt g distanee as possible, 1 the hanger corvedes
sufficiently, 1 can cause the sapport system o Bal which can cause the wilities to not function and
require relatively expensive repaivs. The primary mut typieally needs to only suppoertempty piping
before the slab 18 poored.  After the slab is povred und vuved, as piping is filled with Tluids and
emptied during ceeopancy, the hangers support o larger load than the syslem supporting the
primary st was designed to support and the hangers begin to support a dynaric (rot static) oad
which can cause fatlure of hangers upon jarring, Under occupied conditions, these hangers can
tail if corroded.

HOD034] It 13, therefore, desivable to have a systens that does not allow sodl {o contact
any of the hanger assemblies. Furthermore, generally corvosion resistant materials such as
fiberglass, alominum, stainfess steed and galvanized steel are avallable with for use in this
invention to rexist any ambient sub-slab moisture for an even longer useful Hife expectanicy.

[O0037] Also, sinee Indirect Bear Systems retain sotl, the inspections required by the
building code are hindered by the soil relaining components of those systems.

0063 A desirable solution, therefore, altows fall ingpection of piping ay reqoived
by buslding eodes.

[00G39) In Indirect Bear Systems, because they retain sotl, there 1s not sudliciest

height i the svstems to accornmodate a sutficiently long hinge pipe with void space wuderneath,
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a rotating joint at the end of the slab-hong length of utility piping and a rotaring and telescoping
jointat the soil-supported end of the hinge pipe {0 transition betsveen the two systems at the exderior
afthe grade beam. This arrangsment is necessary so that, ifthe potential vertical movement eceurs
upward, the utility piping will notslope less thay the mininum permitted by applicable repulations.
i the potential vertical movement downward cecurs, then the otility piping will not exceed any
maximun slape permitted by applicable regulations,

[O0G44] It is, therefore, desirable to have as system that allows independent sodl
retaining svsienss so that a hinge pipe can be instulled 1o snccessfully transition belween slab-hung
and soil-sapported sections of utility piping and can utilize rotating and telescoping joints available
1t the prior art

{0041 ] Also, Tndirect Bear Systerns are difficult to access after construation i it is
TIRCESSary 1o malntaiy thent.

00421 It 15 theretore, desivable to have g system they avouds the need for
maintenatce associated with damage caused by expansive soil, which can happen in the prior art
as nated abave. It {8 glso destrable to have a system that allows independently designed sod
retaining systems so that design professtonaly can create sufficientdy large woid spaces glong the
sides af the wiiliby piping that can be more-egsily avcessed horfzendslly through openingxs in
extﬂrimr‘g rade beams by removing exterior backfill {'rmzher than culling lemporary secess Openings
vertically into the slabs and hand-digeing from the opening 1o pipe locationwhich can oiten be far
from the nearest poteniial locaiion for a temporary slab opening),

M5 ] An example of an Indivect Bear Systen in the prioy art device amved s
addressing. the issue ol damage vaosed by expansive soils 1 the PlumbingVeid® produst by

VoidForm, which inchides g unit having o plurality of members that, when nsed in commbination,
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is Intended to create a seif-contained void space for the sate couting of plumbing loes, electrical
lines and other conduits underground. The undt includes a plurality of selectively armyed pangt
sections coupled fogetherto foom a routing path, The panel sections are supported with a plurality
of hraces/consectors. for stability,  Additional panels may be added over the top of the panel
sections soas 1o enclose the space. Pipe ts laid withinthe space and elevated as necessary t ensure
praper dranage,  Elevation sy secured through the use of a clevis bracket and threaded rod
gontigured (o extend sut thraugh the space and pane] sections. A Taslener and washer combination
iw used {0 provide temporary support for the pipe being supported by the braces/connectors. By
modifying the panel sections, rosfey may be costomized to accommodate plumbing needs,

However, this system does not isolute the wilities fron expansive soil because it i an Indirect

Bear System and, as noted by SEA0T 1o their 14 page rationale statement supporting their proposesd

code change 1o prohibit Yadireet Bear Svsems, the PlumbingVoid product dogs not sufficiently

isolafe utilities from expansive soil. A compon Plinnbing Veed detail that has boen used ha
interior spacers “above or helow pipe,, which ean contact the pipe and impart loads onto the piping
if thoe sotl swells or shrinks and causes the box to shift up or dowa mere than the gap betweon the
pipe and the interior spacers. No specific clevation for the spacets is provided on the detail and
speai fers typically do not specily any clearanee dimengion abowve or below the pipe. The purpese
of the spacers is to provide an intermediale bravepoint for the retuining boards, which are nat
signed by an Engipeer fur the sife condittons in the standard produet, o prevent exeessive
deflection which eould prach the pipe and couse damage. For this reason, the interior spaeers are
typically near the piping and so this s a legitimate concern.. In addition, the Usbars at the bodom

are plien bare steel without any profeclive couting and in contact with soil sueh that they could

corade and fail even though they are structurally necessary 1o keep the two vertical retainer boards
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separated enought s that they do not Tadl and pinch the pipes, whieh could cause the pipes to-braak,
It has been suggested that a “knito-edee,, will oveur se that no load wall push the box up trom the
bottom; however, SEA0T indicates they belivve thut is an incorreet theory beeanse, while sail does
expand when it gets wet, expagsive soil does not become a fluid as is evidenced by the fhet that it
hay sufficient internad compressive sirength o imipart sienificant upveard pressures and o laver of

diry soil can paturally veour over a layer that becomes wet such as with deep seated swell that has

been observed  many forensic investigations, The PlumbmgVoid® Washer s s large washer
that ts fntended to fold in between bwo U-Bars when the box i pushed upward when soil swells.
Until this fulds, there is a load imparted ot the hanger so that 3t could boekle the hangey,
gspecially 0 the hanger is about 7 fewt long us the manufacturer’s detail indicates it is applicabla
witlt trenches that are B feet deep, I the rod does not fadl, the rod will impart load omw the siab
that the slab must be designed for. A Strctural Engineer desizning the siab would need to know
the locations of these hangers and désinn the slab 1o resis! these loads. the sl shirdoks, the soil
above the box would weigh down the top of the box, which would nat allow failare of the washer
and this would ereate aa additional tension on the hanger which it was not designed for. Fallure
ofthe rod in tension tould cavse the plumbing to shift downward and bregk or require maiptenance,
Hrhe sl shrinks, the bottosh and sides of thie box would shift down with the soil whereds the top
could be suspended at the original Tnstalladon elevation. Withe vertical legs of the top Li-Bars are
it jong ‘enough, the bottam of the box conld shde dowrsenvugh that the top U-Bars no Tonger
prov ade sufficient lateval bracing of the vertical retainer boards. [ihe tops of the vertieal refainer
board il inwand, the shifting elementy could break the plumbing and/or cunse shifling that
requires maintenance. A thick retainer board ts shown typically o each side where the deiatl

mdicates there could be § teet of hvdrostatic soil load fromn a cobestondess sirata; if this relainer
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boacd is not thick enpuply to resist the lateral soil presswres at the deptls installed, the retainer
board could fail inward and damsge autilty pipe. . The detail calis for soil to be backfitled seainst
the retaining hoards; but equipment Inading can be significant.  Also,thiete does not appear to be
any typical specification expected for larsral movement associgted with swelling i a typteal detaid
that hos been used In industry, Swelling of expansive soil is d three-dimensional phenomenon and
nme lateral movement should be expected which may cause the pipes 1o pinch and break op
service disrupted 1 there is notsafficient space on ench side of the clevis hangers, In applications
where the Plumbing Void® product has been used, the product may nut bave bad satficient vertical
leg tength ol the U-Bar, minimuom clearance above wnd belosy the piping, minimuam load capacity
ol the sacrificial washer we support plumbing duriay mital instellagon, and maximmes utimate
toad capacity of the saerificial washer, A thegaded rod awd clevis suppart is showa in the typisal
detail to be in coutact with sail that could canse corrosian if the Mechanical Engilneer specifies
steel unless (U is proteeted W an approved manner ot miade of tiborglass. THthe hanger andfor elevis
support cacrodes, the plumbing may shift downward snd need maintenance in an grea where
matntenanee s difficult o aocess: Misslnstallations have been encountered iy industry tndicating
that it ks ditfioult tor a plumber 1o understand the struetural and geotechuieal significance of the
srall detatls associated with the cusiomization of the generie assemibly for a specific-applivation,
thereby foiling the atteript Lo property pariially isolate the plumbing even further,

{00044 Anocther exarple of an Indireet Bear Svstem in the prior an device aimed
at addresamg the jssue ol dmuge caused by expansive soils 15 the PipeVord System manuisctired
by SuperVaoid in which an expanded metal latl shupe supports oriented steand bosrd or plywood
under an under-slab ulility pipe thit is buried in soil over the upparatas. This seil is placed ontop

of the StiperVeid product and plumbing is placed on that sail, with hangers extending vertically to
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be recetved by the slab when the slab is installed. TWexpansive soil swells under the asscmbly, the
sail can eanse the SuperVoid pradiet 1o it ap, which would cause the sotl o 1t wp, which would
cause the phavbing to it op i places. Thos uplit can be contrary to the hangerand clevis support
which can anchor the pipe at s fixed location at suppotts, causing distortion in sanitary sewer Hoes
that may cause clogs or break the lines. The SuperVoid product s comprised o expanded metal
fath and plywoad. 10U is not likely that the expanded mwetal kith would correde sufficiently soon
after occupaney. Some have clatimed that these products cannot transfer foad because they form a
“kaiite edge, where the soil splits as it heaves. This s an invalid theory which assurses soil isa
Hold when expansive suil is associated with wioisture migsathim throngh partially saturated suils
that van leave soils near the surface relatively div as sl deeper down inan expansive strata swell
as 8 “deep seated swell,. To reality, just as expansive soil has proven 1o push piping up when
buried, expansive soil can push up on aoy material, The pressure required to restst all swell in
these circumnstances i often thousands of pounds per squars food: the metsl loth prodict is not
sutticicnt 1o resist these loads. If the expanded metal tath compresses like a spring, there still is
Inad that is wansforred upward that the plumbing is not designed o acconumodate.  And, reany
Mechanival Frngineers do not have the training or experience to predict what the stresses snd sivaios
in the plumbing wonld be under these circumsiances, much less verify that they will not damage
the piping or interrupt service. Tn addition, if expansive soil swells on each side of the assembly,

the soil can vause the plumbing o I up in places. A typival detail used for the product calls e
cohesonless, granular materiady however, expansive s bsowefls aferally and npward, which can
vause compression spehes 1o form and wansmit load oato the piping, even i eohesionless, pranular
material. Furthermore, thiy approeach uses plywood to retain the soll above 8 voidspace But the

plywood may decay over ime and canse the soil 1o eave wander the pipwg, which conld allow
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expansive soil swelling 1o push pipes upward, even though the hargers aad olevis sys ssrem wiitd
risist this upsvard tovament, and also ereate the plunibing problems deseribed above, Hihe rod
does ot il in buckling, the eod will impart load onto the slab that the slab must be desigaed for,
A Stoustucal Bogineer would need to koow the lecations of these hangers and venfy that the shab
can resist these Toads. 0 the soil shrinks, the soil above the plumbing coudd drag down the
plumbing which s at fixed elevations at each hanger, which could require mamienance: The
plywood is covered on top with a covering, but the bottom is exposed (o misivre from the
subgrade, which is typically sufficient 10 degrade cavton vardforms soon after construction. In
addition, the suil retainers are shivwn o sit on the ground when istalled and not have any éxtension
burted below the rench subgnsde. Hithe expunded metal luth does corrode, the plastic soll retainers
on each side do not have sufficient resistance ot the bottew 1o prevent lueral movement cavsed by
sl feading, which could cause material to fill indo the proposed voidspace, A galvanized threaded
od and clevis support is shown in contact with sail that could cause corrosion. If the hanger andior

clevis support corrodis, the plumibing may shift downward and need maintenance 1o an aroawhere

maintenanee is difficult w aceess.

{00345 Another example of an Indirect Bear System i the priorart deviee aimed
at addressing the issue of damage caused by expansive soils i the FipeVeid System manuletured
by SuperVoid in which an expanded metal lath shape sepports oriented strand board or plywood
over anunder-slab atifity pipe. wherein various soil miaterials are instalied over the oriented strand
bumrd o1 plywood, Inthis application, nrany concerns ave similar toy those expressed for the above
exarnple with the PipeVieid product under the vaderalab utility pipes In this application though,
there 5 & SuperVoul product which provides no vordspace above the dumbing in case the sl

shrioks, Inthis vorsion of the typieal detail, i 18 possible for the plywood to decay s the initisl
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spspension aut which would theoretically allow the system fo slip upward. However, g threaded
rod as part of 3 hanger assambly could cause sompression on the hanger that conld cause i to
buckie, especially given the note on the typical detail to not compact soil above the plywoad, In
this tvpical defall, the plywood deteriorating could atlow seil 1o tall down under the pipisg and il
in the voidspace, which would alfow sxpansive soil to heave and cause the plumbing w shift
upwards 1 the soil shrinks, the soil above the box would weigh dewn the top of the box, which
would ereste an additional tension on the hanger which it was not designed for. Failure of the rod
in tension could cause the plumbing 1o shill duwnward and bresk or require maintenance. There
does not appear to be any speeification in the detat] sceounting for lateral movement associated
with swellimg, Swelling of expansive sail is a threp-dimensional phenomenaon and some laterul
movement should be expected shichnay cause the pipes to plach and break ar service distupted
if there {5 not sufficien space on cach side of the clevis hangers.
[00046] Yt other exanples of Tadirect Bear Systems in the prine at ave specified
on documenis issucd by Mechanical Enginccrs, such as installing a strut channel over

i consirucii

a narrow tronch with-a hanger assembly suspended by the strut channel, The setl catvecoliapse inte
the trepel because there 13 no retaining structure, And, additionally, the chaonel is bearing on the
suborade which can rise or fall with volumeiric soil change, which would vause the loads w
wransfer to the nut supporting the hanger assembly thal would then cause the losd to transfer into
the slab, The slab would need 1o be designed for this oad and, move importantly, the load can
eause he thresded rodof the haneer ;‘-.L&.ﬂ;tﬂlb[y i buekle, cansing the ufifities o shilt snd no lomger
function s intended.

G347 There is, therefore, a need for a system thet provides adeguate 1solation of

under-slab utitities from volumetric soil thanges wnder slabs of slab-en-vordiony toundations for
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many pragect types i geographio locations where soils undergo volumetrie changes after initial
eonstruction of a praject s complete.

{00048] Also, when foundation systeins are isolated from expuansive soil moveent
by voidforms or crawt spaces, ¥ one attempts to isolate any slab-hung {at essentially o constant
glevation) under-staby utifities (nclading but not Bimited o sanitary sewer sysiems, donestio water
fines, fire protection hnes, roof drains, natural gus lines, electrical conduetors, telecommunications
systems, ete....) ffom expansive soil, it s necessary 1o successfully ransiiion utilities to a soil-
sapported wtility condition at the building perimeter,

00(49) {Ine challenge to transition when applied to a crawlspace foandation is that,
becaose the site bevond the perimeter of a crawlspace foundation typically has expansive soil
which can vause problems as systems must teansition fron a butlding condition to a site condition,
Consequently, it is cotameon for sanitary sewer plumbing svstems to be instalied wheeein the undes-
slab plombing near the penimeter i3 not hutg over an undee-utility space but rather buried in the
sabgrade because malh, ssnitary sewer Hocs which serve the pnder-slab otility live are grpieally
very deep considering that tradinonsily sanitary sowet sysiems oporate by gravity flow whare
possible. Where upder-slab utilitres under crawlspace building foundations are not isolated, which
ean offen extend very far into the interior of 2 building where a progressively deep sanifary sewer
main s instatled under a building © collect wastewaler from many fixtures, expansive sofl ¢fien
causes damage 10 the under-slab walities neading repar. Urawlspace foundations are requived by
the many building codes o have gecewy and ventilation. Where such decess and ventilation gre
provided, 111 possible to dig upa burted wtility Hne and repair the lioe, but vlear height conditivny
are nflen extremely limited oo make the construction as economival, making these utility repairs

sometimes move expensive than with a slab-on-grade systent, and the repatrs are not pecessacily
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permanent because the undedying cause of the problom can continue pver and over again with
tirne,

[G0050] Flexible expansion joints have been used iy the prior att, such as those
deseribe in ITAPMO PS 51, Industry Standard tor Expansion Joiats and Flexible Expansion Joints
for WV Fiping Systems as published by the Intemational Asseeiation of Plumbing and
Mechamend Officials (IAPMGY, in which BWY Piping refers to drain, waste and vent piping used
in saniary sewer systerns. A Hexible expansion joint can have a telescoping fitting that allows
axial contraction and elongation with a rotating fitting at exch end wherein each end rotates, with
internal puskets that van be suitable fir sanitury sewer systems and a ditferent arrangement of
iternal vaskets that can be suttabla for pressuriced watter apphications such ay domestic water or
avtomatic five sprinkler water supply pipes. Thus, flexible expansion joints can allow one end af
the fixture to be 8t a constant clevation while the other ond can {18t or drop vertically, and in theory
they can Iift or drop the mognitude of the potential viertical inovement catsed by volumetrie soil
changes. However, thore are challunges with installing such a fixtore,

[ORG31] For example, if the flexible expansion joint {s buried in soll, expansive sedl
may cause damage to the Jength of the pipe behveen rotating eads, which the pipe is not designed
to withstand, Additionally, if the flexible expansion jolnt & buried in soil, itwill reduce the nselul

life of the fixiure compared to unburied conditions because ity has moving parts in spil. Over
time, through cyelicad fexing, soil panticles can invade and interfere with the intended operation
ob the meving componenix. 1f the {lexible expansion jomt ix bared, 1t cannot easily b inspecied
diring the life of the faeility und replaced as needed. In fawt, applivable regulations require contain

fxtures like this be accessible for this reason. Also, if the Hexible expansion joint s mot buried,

one ond will need 1o be soil supported. At the sotl-supported end, 1 successtully isolate the fixture
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from expansive soil, the soil neads to be refained so that the soil dogs not cooroach on the clear
vertieal distance required under the lengih of the fixtuee toallow tor the seil to rise the cstunated
poteatial vertical moveigent, The retaing steucture, bowover, cannot he part of the thundation
bt must rather be soil-supported and allow for the estimated potential vertical movemeant up or
down. At the building pesimeter, however, there needs (o be o foundation element such as a grade
beam, which is to remgin at essentially a constant elevation. M ong were o shimply have soil-
supporsied piping ouiside of the building exiending from an vofilled trench through a vertically
slotted hole, the weight of the fixture when being nstalied v veplaced could cause u stroctural
instabiity which would Jift the soll-supported pipe, causing il to rotate which coold damage the
phimibing and possibly cause njury. Furthernwsre, it the conditinns for the case deseribed alsrve,
any pressurs on the piptag up ot doswn would cause the pipg 1o push up ar down on the soibk
retaining system, which candamage the pipe. Also tn these conditions, any foctingécounter-weizht
1oy address or pipe protochion system to address issues could change the potential vertical movement
af the seil ai those elaments, which could cause a negative deainage seenario (where water drains
py the building instead of away, potentially causing mors vertical movement than originally
estimated) i1f the seil at the plan locations of sueh system has a lowee potential vertical moversest
than the <ol around sueh system.  Also, any systems sueh as those deseribed cannot be honded 1o
the uiility line, which may need to be replaced vver the lile of the fucility. Also, mechanical
grgineers ypieaily design and specily utililies up o 3 feet from the huilding perimater with givil
engineers speciiying the work beyoud, and there 1s a desire i keep any kind of transition system
within this boundary so as i stay within the seope of a single design diseipling and aveid the
expensive nviscoordination that can oceur i a site wility plan s designed assummg uilities van be

run without consideration of a transition systery up 1o S feet away from 2 buldding periaeter and
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there is a conflict discoverad after installation of site viilities which reguires that an entire site
utility system be removed and replaced simply because the industry componly tnderstands the
basic scope of a mechanical engineer designing utilitics to eod 5 fect away from s bunlding.

JO0G32] Furthermore, methods in the prior aet for clamping, such as a standard pipe
clamp and standard pipe strap are not suflicient for clamping omo 4 nen-slructural pipe and
mounting i onte 4 perpendicalarconcrete element such as & gradebeam with an over-sized hole
so that the clamp can resist waal forees in either direction, transverse forces, and moments to alfow
a4 non-stroctural pipe such as g pye sanitary sewer pipe can cantilever out to support an end of a
Hexible expunsion joint, especially not a clamp in the prioe art that can also be adjusted and
remounted.

{0053 ] In the prior ant, o standard clamp consists of twvo halves that are bolted
together and, when bolted together, they formy a circular opening that can be clamped around a
pipz. Each balt ot the standand clamp has flanges that extend so that, for example, 3 vertical pipe
can be clamped and supported vertically oo a borizontal surface byt this does not resist upward
mavement on the pipe and § does not resist fransverse mavement, o general, 0 is not wypieally
necessary to ancher anvthing to a sandard clap becawse the pipe itself ean he supported and braved
as necessary. In and of itself] a standard clamp is nol capable ol being bolted 1o a surfies that is.
perpendicular 1o the pipe anless pelentially bolis ave inseried in between gups between the lwo
halves af the clanyp, and in by case the distardves of the bolls frow the pipe in standard
oo i’igu ratiors are penerally not suificient {o svoid reinforcement e conerete element and have
sufficient edge distance o comply with minimum building sode requirements or o provide a
sefficiently brge enongh diameter bolt fobe capable of resisting the required forces. Forexample,

nost building ondes require Hhat plusibing be molated from any elements with it ora gap so that
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the plumbiog ean be removed and replaced over tioe i nocessary, and the oversizing of the hole
for this alone can make it difticolt for bolts through the pap between halves of a pipe clamp o be
suecessiul, and i the pipe clevation needs fo be adjusted alier uounting it is likely that the new
Tocation will partially overlap with the old bolr and mrake it necessary to core out the old bol and
miake the remediation even more expensive,

HO0G54] A& standard pipe strap s o method of mounfing o pipe W g surfiice, however
i is onby suitable for mounting a pipe that is parallel 10 & voncrele face whereas a pipe needs to
camilever vut perpendicular fron a foundation element to support a flexible expansion Joint in this
invention. 1n the prioe art, allempts have been made to by ty geometnically arrange a conurete face
in parallal with 2 pipe and use a pair of standard pipe straps so as o accommodate the need {op
resistance o axisl forces, ansverse forces and moments and provide construction tolsrance n
vertical elevation, however such atfempis require an claborate geometry be construeted with a
eonerete proteusion cantifovered from a foundstion for this purpose and the field toletances on the
plan location of such a parallel fhee must be relatively precise, and this approach has proven
diffieuit in the field beeanse it is not adjustable:

{355 Another problem i that attempiing to fabricate some kind of brace in the
feld rafses other concerns. For use with a system that protects plumbing wnder g shab of g slub-
on-yeidform foundation, i is necessary by some butlding code provigions for components subject
to ¢orrosion to be protected i oan approvied manner and et simply be unprodected steel, 1IHa
standard pipe clamp s medified i the field by welding it to.n sopport element such as a steel
component that is gabvanized, the welding process will destroy the galvanized comsting thal prowects
the steel from ol corvosion. Fa standard pipe champ s modifed 3n the field by welding it to a

support elewnent such as a component that 1s slamless steel, the welding process will be expensive
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beeause o siatnless-stect welding operation will need 1o be sctup on a project. Furthermors, i may
be diffiondt to get proper aceess o-do welding, for a welding rod to reach whaore i noods o reach
and for proper inspection of'a weld between a standard clamp i the field and any othercomponent
used iy an attempt 1o stabilize & standard pipe clamp. Plastic components can break in the field i
overstressed during installation and/or fleld modification.

HO0GS5] There is, theretore, a need fv ap tmprover] methed of transitioning under-
slab ulifiiles of solated foundation systems to sofl-supported nliliy conditions sutiable for both
crastepace foundations ay well as glab-on-veidfurin foundations.

10005 7] Also, vordiorms are not sufficiently rig__idv fur w solficient tone to provide
support (o under-skab atiflilies under slab-on-voidform feundutions before the slub 18 poured.
Therefore, utility suspension systems wwust begr on the ground, Foundation elements can da this,
bt they are Bypically far apart so that 2 reinforced eongrete slab can span between them, which
niakes i an addod cost o install a Grlity framing system that bears only on oundation clenents.
Any support that hears on the ground tiself is notaceeptable H it can allow forees from volumetric
soil changes to pushy/pull on wilities andfor foundations and cause damage.

[OOBSR] Theretore, there 1s a8 need for a miethod and svstem whereby a framing
system that i flexibily positioned and does not bear on the yround.

[00pE9) Also, 1L s necessary 1o retam soil when supperiing under-slab wilites over
a vordspace that extends below the main faver of voidiorms unider a slab-on=voidfors fouadation
sfaby, And, # 1s commen that wadersslab wiihities, and x-'-n%dspaweg unider those wlilines, need to
extend below themain laverof voidforms Ui s desired to effectively molate theny from expansive
soil. Benching s0il to retain this soil i problematic because it is Hme-consuming o map oud in 3

dimensional Space ow 1o refawn sol © protect the distoibuting piping systems for vnder-slab
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utilittes whicl can be complex, and i 18 time oonsuming o grade the benched trenches o the
proper clevatipn so that when votdfornms are placed the bottom of the slab (s at the correct clovation,

and soil can slongh off inio the trench, requiri

time-comsbning, regular maintenanee of the
trenches as well as risking loss of support for the boxes above which could veyuire ither
exeavating & wider trench ortrying o reconstract the sloped soil of the original excavation. The
time reguirad 3soa challenge n that o costs a Tot for labor but also challending in that canon
voidforms alien used in slab-on-voidform foundations need to be placed an a dry subgrade and
voncrete poorved before o rainevent vocurs (o avod deterforaiion of the carton voidforms which
could cayse the vordiorms to collapse when placing fresh vonvrele, and 3t can be difficult to find
sulficient dry periods inthe weather to secomplish all that 15 needed when the sides ol the trenches
ueed 1o be benched, The only slternative 1o benching when the wtilities are below the bottom of
the main layer of veidforms is tonstall a relatively short retaining structure {oftentless tan 4 feer
inheight) which ean be more expensive than benching iU wicthods of tsialling a retgining striictiee
in the priorart are used, Retaining sfruciuees are expensive to form with formwaork and expensive

i that they aeed 1o extend deep enough balow the bottom of the utility french s as to suffictenthy

vesist overiurning and shiding from soil prossures behind the retelning steacture as the bulding

codes require retaining structures have a minimum factor of salety of 1.5 against overtuming and

diding. These type of relaining stractures are typically concrete, rinforced with conventional
redar, that vequives sdditonal labor Costs, malerials costs and tme which mureases the constrasction
sehedule on g project. A challenge with unlity trench walls under slab-pn-vordfonm foundations
is that the seil i typivally a highly expansive clayv, wiich the Inlemationat Butdding Code deems

Hunsintable” for use behind a relatming structore.. Complieating and making relaining strochiees 1

the prior art more cxpensive (s the fact that expansive soll can create very large lateral prossures
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o retaiming struefnres whar the expansive setl swells due to moisture content changes, and there
i wide disgpreement withim the Geotechrneal Epgincering comununity on how great these
pressures are, with sonwe indicating that may he thousands of pownds per sguare foot. Many
{xeotechnical Engiheers reconunend that alf expansive soil he removed behing @ vetaining struchire
and be repluced with less expansive "select” (il There has been litiration claiming enpiveers wire

seclizent for allowing expansive soil back il behind a retainimg structure bul nel ateonnting for
the amount of rotalion that can oceur when these walls are embeded in the ground, ax s common
i the mdustry. H s alse expensive and visky to cut voidforms around niricate spaces of complex
plumbing distribution systems n the plumbing trenches. Manulacturers of sueh voidforms do not
recommend overly-cuiting the fonms because they are desivned te collapse i their manufitored
“whole" condition, The risk is that the voidfonms sould collapse when placing concrete,

[00060] Therefore, there 15 a noed Tor an undersiaby utility suspension sysiom that
ineorporales improved il retention suitable for both crawlspace foundstions as well 35 slab-on-
SUMMARY OF THE INVENTION

{ODBGR1 The present invention sabves the sbave-described problems, In she aspect,
it provides 2 gystem and methad of using o wtibity support framing system for shab-ar-voidform
foundation systems. In another aspect it provides o method and sysiem whereby o framing system
for suspending under-siab wiilities can be flexibly posittoned and does Bot besr on the grouml. In
another aspect, it provides a method and system that allows soil retainage emploving vertical euts
i eohestve soil; sloping the grade 10 ary aceepiable siable slope, ingtalling conventional permanent
refaining struciyres and installiog inventive mobile relaining waldls that are permunent canvrele

retantng walls that became buried tuderground bot do not extend above the bottom of the main
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taver ot void forms immediately under s conerote slab se gsto be capabie of sliding when exposed
o sutticiodt lateral expansion prossures from retained sofl. The invention also provides o sysiem
and method for an under-slab vtility suspension systen that weorpurdtes improved sofl retention
satitable for both crawlspace foundations as well as slab-oon-voidform foundations. I another
uspeetl, the ovention provides a method for sueeessiully transitioning wilities te soll-supporied
conditiony at g building penmeter where g slab-on-voidform Toundation or a crawlspace
fowndation s used. In vet another aspect, 1 provides Tor an nventive clamp and method of wsing
the same where the clamp resists widal forces, ransverse forves and momends, espectally when a
pair of the clamps are ased in tandery, such as would be necessary for u pipe to cantilever out from
a foundation gradebean that s perpendicular to a aishity pips, and support coe end of & flexible

expansion jolat. In yer another aspect, the invention ncludes an tnventive protective wility

counterweight for use around a wtlity pips 50 2s 1o provent the utility pipe from breaking that is

alsn sufticiently rigid 6 cantilover support of a uwiility pipe theough an epeiiing it a foundation

clermert, thay resists overtiming when it cantilevers suppor of g utilisy pipe theough an opening in
a foundation elament, and that allows for remaval angd replacement of a stility pipe:

867 For purposes of this disclosure, the tepm slab-orevoidform foundation
mesns a foundation system, for a builiding, wherein there is » «dab lovated immediaiely above a
voidtorm system and said slab iy capable of structurally spananing over said voidform system aller
constraction, of the building s comiplete, without needing the vordfom system (o provide any
menny of stroctoval support. The slab of 4 sdab-on-vordfomy system 1w the lowest Boorat the
Huomplan aves location of the shab, wherein cecupants can either walk divectly on the slab oron a
Hoaring syvatemn that s nslatled en top of the siaby The stab of a stab-op-voidiorm oundation is

primarily concrete and s reinforeed with conveotional rointorcement bavs or post-tensiored
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cables,  Exomiples of buildings that van have slabon-voidiorm foundations are goveriunent
buildings, schools, churches, oftice butldings, banks, retail stores, parking savapes, indostrial
buildings, agricolinrgl hoildings, storage buildings, wulti-family facilities and single-family
residences.

[IB63] Far the purposes of this disclosure, a slub of & slab-on-voudform foundation
s a renforced contrete slab gysteny that is mstalled over voidfonms and altached 1o Thundation
clements, Asainexample, many stabs of slab-ou=-vaidform oundations ave fostalled in slages, with
3 vapor barrler pluced on top of voidturms, then slab vemforcement nstatled on reinforceent
supparts that ave placed vn top of the vapor barrier, then convrele poured sm top of thevapor barrige
to encave most or all of the slab reinfircament.  Where 2 vapor barrier is instailed immediately
under a slab of & slab-on-veid{on foundation, the vapor bacrier shall be sonsidersd & part of the
slaby, As agother example, some slabs of slab-on-voidform foundations arg installed iy stages, with
post-tensiohing cables installed on cable supports that are placed on yop of voidtorms, then
councrete poured on top of the voidtorms to encase most or all of the slab reinforcement, then post-
fensioning cables fonsioned.

{0364 For purpoases of this disclosure, a voidform syafem 15 a system that is
structuratly supporied by o subgrade and is capable of structurally supporting 4 conerete slab of 2
dab-on~voidform foundation, wherein no part of the voidlorm svstem is a foundation element,
wherein no part of the voiudform system 15 8 framing systent, wheremn no part of the voidform
system 15w vapor barnier and refated vapor barrter components, whersin the majority of the
voldform system is not manually removed affer said conerele slab iy installed, and whevein the

system either partially or completely consists of 8 configuration of material that is:
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degradable in that said configuration of material loses the majority of Us vertical
compression capacity atter said contiguration of material has been exposed to 100%
humidity for 120 days, when compared to the vertical compression capacity of the
contigivation of material with said configuration of material when originelly
manulacturéd:
campressible in that the configuration ol material compresses at least ¥ inch when
a vertical campressive load is applied that 1s equal to the tributary dead load of the
slab pluy the tributary portion of the uliimate upward foad capacity of the slab 2§
devs atter the conerele 18 poured four the slaby oy
hollow inthat the geometrie configuration of material s sueh that at least 25% of a
horizontal cross-section of the void system is open, net any type of solid material,
{0006 5] For tho purposes of deteraminmg if 8 meajority of a type of formrwork i3 not
manuslly removed in order t determine i s type of formraork mcets the definition of a vaidinem,
the forwork is a voidform i it is not removed from o majority {o.2. 31%} of the slah area of'the
formwaork wherein formwork s removed complotely between the stab-and the subgrade: Ina
hvbeid feundation, consisting of mere than one type of tormrwork, determination i a tvpe of
formwork meets the definition of g voidivrm is made separately Tor eawh type of formwark (e,

ol

areas where temporary lumber shoring has been removed are nod refevant 1 the defermination of
whether traditional carton viaidforms are voidforms).

[00066] Erxamples of voudform systemy nclude degradable corrugated paper
woidforms, often with vertical pariitions wreating o eellular configuration with sets of these celly
strrounded by corrupated paper, all prodeced with varving degress of moisture profeciion as

follows or wvartons combinations. “Uncoaled,, doscribes corrupated paper voudiorms that have
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na protective material used to either coat or tnpregoate the forms, and therefore are not protected
trom water, soil, moisture, nsects, ur micro-organisms. “Wax Coated,, describes g procoss that is
used to cont only the exterior liner surface of cormgated paper voidlomms.  Thus process
wemporarity helps madotain structural iategrity, should the corrugated paper vaidiorms come in
vontact with meisturg before or during the foundation construetion. “Wax tmipregnated, deseribes
the resull ¢f a provess that saturates individual papers wsed o manufacture corgated paper
voldforms with wax. Pully wax impregnaled describes the result of s manu fsctaring process where
all paper commponents (e, lmers and medivms) sre wax hmpregnated.

00067 Compressible andfor hollow metal voldforms, wre lghtweight metal
components that are fabrivated to configure g voidspace system, An example is an expanded shegt
metal material that is epetitively slit and pulled 1o expand o diamond shape open areas leaving
connecting strands of metal having an average open space of 753 1 &0 poreont. The material inone
exaaple ean be formed into a configuration of cormigated vertical segincnts. Metal voidtoems can
b compressible and van be hollow,

[O0G68] Degradable wolded paper voidisems, made from 100% recoverod paper
pulp, reevcled paper, andior recovered Keaft paper shuemes that are shaped into a product,
Compressible and/or hollow plasiic voidformys or compressible andfor holtow hebrid plastic and
corrugated paper voidfbrms, with plastic elements that can be made from up o 100% recycled
plastic, alten polvpropylene. Hybrid plastic and corrugated paper voidforms can consist of vertical
piﬂstic partitions eresting o eellolioer configuratton with corrugated paper material that surronnds
sets of vertisal plastic partitiony.

H00669] Compressible andior hollow Styefoam voidiorms are molded inte an

upside-down “U ~shaped ora hox-shaped voidiorm. Comprassibie Styrotoam voidforng are solid

CA 03196584 2023-4-24



bt have sufficient compressibility. They may include compressible conglomerations of smaller
particles, such as uncompacted soil, loose sand, uncompacted ewnders, and/or styrofoam peanuis,
havisg sufficient compressibility overall in thelr conglomerated conhpuration,

f00G78) Examples of systems that provide torpwork over a subgrade but are not
voidform systems are:

Slab on metal deck, wherein the metal deck Torms the botlom of a slab but i also
structurally spans between steel beams that are THundation elements of' s composile
slab pver a conventional crawlspace;

Nlab over temporary wooden formrwork, wherein the mgorily of the wooden
formwork s manually removed afler the slab s installed; und

Slab on grade wherein the slab is poured over a vapor harrier sheet or a vapor
retarder shoet that covers the ground, wherein the sheet does not sufficiently
degrade s compiess and is not sutficiently hollow,

{O0071] For purposes of this disclosure a foundation cloment is s component of a
foundation fora building, not fnchading a slab of a slab-on-veidform foundatden: not tnehuding a
voidiorm system and not ncluding aframing system. A foundation elernent s astructural member
or connection between structural membery, wherein the wembers gre commeanly Wdentified or
addressed  somewhere on foundation drawings or  specilications, strovctural drawings or
speeifications,; or architectural deawings or specifications. Examples of muterals that typically
garniprise a foundation element are contrele, steel, aluminum, masonry; Umber, bber reinforeed
polyvmer or a combination of these mutertals, A fundation slement 13 nol a microssopic element,
net 4 theorsticatly infinitesimatly smadl element, and net a periion ol a larger element that is

nianuiactured af one twne: A foundation element 15 necessary for the structural functions of a
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foundation atter construction of the building 15 complete, wherein a porfion er portions of a
foundation clement may not be necessary bt some porton of a foundation clement 15 Bee CSBALY.
Furthermore, foundation elements are contigured to he capable of being installed betore the slab
iz installed. Examples of foundation elements are drilled conerate piers, augured cast in place
piies, steel piles, helieal piles, micropiles, timber piles. pier caps, pile cups, gradebeams or walls
that are poured direetly on the graund, gradebeams or walls that are podred over a system that is
simifar 0 g veidform system {or g slab, stee] columns and sieel beamns. Where the primary slab
anid vther concrete elements arg integrally powred together at the same tie, such as drop panels
around drilled concrele plers or thivkened slab aveus Tor slab revesses ur internal stiffening beams,
the other concrete slemenis that ave integrally poured logether with the primry slub sl the sume
tine are parts of the slab and are therefore not foundation elemeds.

[00Ga72] For purposes of this disclosure, @ subgrade within the porimeter of a slab-

pr-voidiorm foundation (3 material ovet which a voidforin system {s placed inthe vanstruction of

a slab-on-voidform foundation, wherein sayd material & oot g pact of p fonndation ciemend.
Examples of subgrade materisl are clay, sand, sily, rocks, water, matorally ocenrring organic
rnaterial, and combinations ot these materials: Subgrade siaterial also includes sny maottbetared
materials, other thas foundation elements, that dre present when a voddform systenn is placed dver
the s‘u'bgmﬁiﬁ, with some examples being polyethylene vapor barrier sheeting, polyethylene vapor
retarder shieeting, injected hime shurey, injected proprisgtary chemmical slarries, unreinforeced conerete
slabs-onegrade snch as those commonty valled “mudslabs, and sometimes debris like toa land il
ur existing sonstruction o be abandoned such us an exisiing remnforced slab-on-grade.

OUa73) For purposes of this disclosure, w hanger assembly is a system that provides

support toan wades-slah utility at one pomt along the fength of the utildy syvstem, and the hanger
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aseemibly is supported by @ framing svstem. A hanger assembly does not nclnde any camponents
of the under-slab utiling iiself. Common examples of conventional banger assembly compononis
are adjustable elevig hangers, threaded rods, ywts and washers,  Augother exanmple of hanger
assembly components could be a pipe clamp that is bolted 1o a traming svstem, whorein the pipe
ould Be below or above the framing system, noting that it Iy still a hanger assembly even if the
pipe ¢ located above the Taming system such thut the hanger assemibly iy not in tension like a
conveniional threaded rod thai supporis @ pipe below a framing system, Examples of common
hanger assembly malerials are palvanized sweel, stainlesy steel, aluminum snd fiber remiforved
polymer.

0074 Fur purposes of this disclosure, an under-slab wtility s a system underneuth
a slab ol g slab-or-veidform foundstion, wherein the system ransinits somsthiog to the ocupants

“

fromt outside of the building, from the occupants 1o cutside of the bullding, betwern arcas of the

building, of betwean buildings. Txamples of such utility svsioms are sanitary sewer, domestic
waier, tire protection, natural gas, outside alr tor ventilation, heated air, cooled alr, eloctricity, and
data systemis. It is common for an under-slab utihity 1o include a pipe or conductor system that
containg what is being tapsmitted.  While under-slab atiities can often span a Hmited distance
betveen supperls, they typicatly require supporis be located ruch closer logether than the distance
apart that Toundation elements are typically focated in g slab-on-voidiom foundation.

[OOG75] For purposes of this disclosare 2 framing systent is a system that consists of
ab leadl one beam and gt least one beam-to-oundation element connection, wherain a beani<to-
fundation element connection provides support o a beam. o this disclosere & “heam, s also
refersed (o as a “ulibity suppert member,, and the ferms beam and atility support mentber are

idended 1o be used mterchangeably, A framing system does vot inchude any foundstion elements,
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does not Include g slab of 3 slab-oe-veidionn thundation, and does ant laclede voidiorus. A&

beam-to- foundation element conncetion can chnsist of aoe orwore moxbers and LURNeCOrs 50 A

to-clevate the spppocts for the beams in the frmning systen o g specified elevation velative to the
foundation elémentz. A fheniig system cag include af least one beam-to-boam connestion,

wherein & beam provides support for another besim. Examples of the componsnts of connettiong
can inchude plates, angles, brackets, post bases, posts, bolts, washers and nuts.  Alagether, a
framing system is configured to be capable of being supported by at least one Dundation element
and vapahie of supporting the weight of an wader-slab aiility vystem at the Boorplan fovation or
locations where sald suppont 15 reguoived for the under-slab utilily system. Examples of support
patterns for heams of a haming system can be beams simply spanning betwesn two suppons,
beams supporied by three or more supports, beams cantilevered off of a fixed support, and beaws
cantilevered off of @ beam that i3 supported &t twa points. Ixamples of point loadinz on beams.

for a framing systom can be simple or complex, depending ou the speeific needs of the projeet,

where a bear could anky have one point foad at a hanger asserbly, conld kave multiple hangers
assamblieson one beany, could be supporting another beam that supports banger assomblies, could

be suppesting mudtiple such beams, and could be supporting one or more such beams while alse

supporling vng or more hatger assemblies

[o0g7e6) In one embodiment a method of isclating under-slab utilities from
subgrade under a slab ol a slab-on-vardform foundation 13 employed whereby a framing syslem

attached {0 one or more founditicn lemenis of sad slibamievoidform fourdation wherein gaid
framing systern is configured 1o st be in contaet with subgrade. A hanger assembly is used to
suspend @ sepment ol a gtility Hne whereine swid hanger assembly is confivered o be supported by

said framing system and also configured o be above said slah, partially or completely embeddied
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i said slab, or below sald slab, wherein said hanper assembly is confinured s that said hanger
assembly and said wility are to not be in conract with said subgrade. Voidiorms are placed over
said subgrade and a slab is poured over the voidtorms.

100G77] Tn another embodiment & method of isokating under-shab utilities from 501l
uirder a siab of a slhab-on-vaidiorm foundativn is emplaved wherehy o temporary support apparatus
15 used, B an embodiment a temparary support apparatug s comprised of a stake, 2 md and an
adjustable support nul s secured in o subgrade. Other configurations of a temporary support
apparatus could include a frame which 15 driven into the saberade and extends above a slaby, could
include a steuctare that is placed vn a subgrade and extends sufficiently high enmugh o provide
termipotary witity support, vould include g variation with @ two part stracture i which o lswer pat
that bears on a subgsude is vot remavable after slgh relnforcement is tnstalled but an vpper pact is
removable afier ufilities are suspended by permanenl components of a slab-onvoidform

foundation, could be comprised of materials such as dimensioned himber, masoney, lght g

sieel sinds, sfrul channels, and plastic voembers.  Inan embodiment, when & vapor bareier fs used
and temporary members are removed aftee 8 vapor bareier 1s instatied, the vapor bamice could be
patched where the remioval creates a penetration i ithe vapor bareicr, Aframimg system comprised
of ulility support members is attached to the temporary support apparatus, wherein said framing
system is configured 1o not be in centact with the subgrade. A hanger assembly is used 1 suspend
asegment ol & otility Hne, wherein the hanger assémbly 18 configiived o be supported by the
framing systerm and alse configured 1o be ’pmiizﬂi-}- or completely embedded i the slaby while not
being in wentact with said sobgrade. Veidforms are then placed over the subgrade, slab

reinforcement is nstalled over reintorcement supports, the wiility support framing system s Hed
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to thiz slab reinforecment, and the rod s then remioved from sald tetmporary support gppasatus, A
slab i then poured over the voidforms.

[I0G78] In anether aspect, the invention could include & permanent support
apparatus that supports nnder-siab utilities under a slaby of a slab-on~voidibrm. foundation wherein
thi permanent support dpparatus s suppdried by g suberade but all components of said permuanient
sapport apparatus that are below satd slab are net 1 contact with any portion of an under-slab
ubihily or & hanger assembly for an under-stab viidity, Thereby ransferring all forces associated with
valunetric soil changes o sadd slab or foundation elements which will have o signilicantly greater

ability toresist volumetric suif changes than a typieal onder-slab wtility, This could inelude o stake,

3 rodd and g support nut similar o an embodirment of & temporary support spparatus as desertbed
above but whergin the red is not removed because the slab is capable of resisting the uplift forees
associated with expansive soil pushing up on the stakes. In another ambodiment, a permanent

suppart apparatus could be comprised of dimessioned lomber, masonry, cold-tormed wietsl

framing studs, strut channels and plastic members.
Q067 To an owboditaent of an apparatus of the tnvention, fitst and second

members are emploved. Fach of the first and second mevbers has: & Jenath in the range of 2 to
24 Inches g Dirst side surfice having g widih in the range of 1o 2 wehes; a second side sorface
having o width in the range of 1 o 2 inches; a third side surfsce having a width in the vange of |
to 2 inches. In the apparatus a third montber 75 connecled o the first and second mesibers. The
third member spany the distance between the fivst and second mentbers withool intermediate
support. The third member has a length o the range o 1210 30 feety a first side surface having a
width-in the ranee of 1 o 2 mches; o second side surfhce having a width in the range of 1o 2

inches; a third side surtace having a widih wthe range of 1 to 2 wehes,  The first, second, and
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thind members mgy be composed of steel stainless steel aluminum, or fiber reinforced

=

palyurethate.

[G0030] In-one embodiment ¢ ulilily suppord framing system of the inveation
eomiprises steut channel framing, sweh as produced by Uniserut or Baton, I an embodiment the
conerete foundation, and the uiility support framing systent s above a vapor barvier over Masonite
ever void forms Over spil Also, inan embodiment, o layer of vord foems immediately under
Masonite, which s 2 part of the vordiorms, comprises a main slab void fayer. Below the main slab
vaid laver, @ lower void space can be comprised of additonal fayvers of void forms. Ina preferred
embodiment the void forms comprising the main stab void Taver, an sdditional Tuyer of visid forms
belenw and soil deline s mterstitial space, In another embodiment, an interstitial space is defined
by Musonite, the void forms comprising the main slab voird layer, and an additional layer of void
forms below. In an embodiment, the utility support framing system s used to fasten a fiberglass
threaded rod from the stivt channel into the fnterior space.  In s embodiment the fiberglass
threaded rod s used to suspend a fiberglass saddle that holds wtility piping.

[ODGS1] In practicing an embodiment of the inventive method a utility support
framing svstem s supported vertically only by foundation elements (including but net limited to
prers, caissony, piles, mini-piles, grade beams, and footingsy which are designed 1o resist
volumetric soil changes Ouelading but not limited 1o expansive soil, Frost heave, gollapsible soil,
gte.. ) the aclive zone by sufficient solation from soil andfor penetration below the active xone.

008 2) Further, the uttlity support system is installed before the vtilities, void forms
and reinforeed vonerete slab are installed and the conerete s cured, allowing the utilities o be

mnstalled and inspected before the slab is poured.
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[000383] k also includes a teature that allows ihe flow line glovations of the utility
piping to be adjusted by adjusting tncluding, but not lumited to, tuming the supporting auls ) the
fanger assembly atter the framing system deflects, before it s inspected.

00084 Further, there are no components concealing or hindering any uiility piping
from visual inspection, flow line elevation measurement, and adjostment if inspection fdeatifies
any construction defects before a utility 18 inspected.

O0085] It is also located in elevation so that it is above the soil supporiing the void
forms, thereby creating o void o isolate the utilities from sotl movenient so that the framing does
not need 1o be removed aller the slab s poared.

[086] Addittonally, it does not inelude a soil retaiming component e the framing
or hanger assembly, which allows void forms 1o be placed on either side of the piping {inchuding
bt not limited 1o typieal 4, diameter piping at sanitary sewer Koes) so that the main lever of slab
void forms immediately under the panercte slab can have a gap or lvidge thetnselves over a gap or
be hridged over a gap with degradable material such as Masoniie,

fOOG8 7] The atiliey support faming system can be loeated in clovation above the
voidforms so that the framing gonerally does net iaterrupt the veid forms.

HO8R] Further, the utility uppert framing system can be sncased i the conerele
slab (neluding but not imited o locating the framing between the upper and lower reinforcing bar
mats that are common i sdch slabs, allowing for the framing level itsell and the assvotated
deflection ol the Gami ng Lo peewr e thone ‘iﬁ'ii:,‘-ITL!p'tillg the reinfircing bars i the slab s desisned
tey b sufliciently thick, with the fexural requirements for retnforcing bars beyng redueed i the
slaly v made any thicker than it would olherwise be) {o mitigale congeras with corroston of the

Hraming and also allow rebar to be installed without inforcuption {includmg bt not hmited fo
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loecating the framing in the ndddle portion of structurally suspeaded slabs which are less stressed

i flesuee than the upper and lower zones of the slab thickness and can thoretore structorally
accommodats intertuption by the fravning as well as philizing naveow portions of the slab i plan
view at discrete points of support such as piers or piles whereby this limits the impact of this

Framning on the punching sheay capacity of the slab),

0GR It prevenis any need for soil to contadt hanger assemblies, thereby reducing

gorrosion polential. 1t flwther encases the wlilily sapport fruning system in the congrele slab itseld,
50 that i has the sanse level of corrosion protection as the congrete reinforcing burs themselves,
And, becmse these are envased 19 conerete, evern if 1does corrade, 1t wil not ] down and cause
damage (directly by falling, or indiregtly by becoming a shin whete @ voud was intended to the
utility piping as oceurs with Indirect Bear Sysisms,

[G0090] It can also be installed with hangor assembly materials that are meore

corrosion resistant {including but not limited to fiberglass, stainloss stecl, alvmdnnm and
galvanized steel)

fOOGYL ] Tt also allows design professionals o design & soil retention sysiem using
any of the methods available to engineers i the prior art (ineluding but not limsited to vertical enis
in cohesive soil with wy acceplable factor ot safety, sloped grades in cohesion less soil based on
the angle of internal friction, retaining structures such as concrete walls, sheel piles, or other
systemis), and can be used where verbical cuts m soil andfor backhill adjacent 1 void forms that
may overtime allow a slope dability tailure of the sof o ccenr 1T i fir enough away {meluding
but nest Timited toa certain multiple of the vertical grade change sueh as 1.5 or 2 times the height

of the soil being retained) so that the destgn professional dogs not anticipate any soil falling under

the utility piping.
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[00092] The utdlity support franin enr docs not bear {directly or indireetly) o

any sail within the active zone beeause the sysicm instead bears on strogtural elements that are
bearing on soil below the active sone andfor are desiged to sufficiently resist the vertical forees

assogiated with velumetrio changes in the active zouwe by virtue of their penetration befow the

delive rone,

HOGG93] Also, the invention sHows soif retainage to be designed by qualified design
professianals tor each specitic application, using methods in the prior art (ncluding but ned limiled

to temnporany vertical s in cohesive soil where there 15 an acceptable factor of safety, sloping the
grade Lo an acceptible stable slupe such as the angle of repuse for cohesionless soils, and installing
permanent concrete retaming wally)., In an embodivuent, the invention allows thiy beeaose the
main vordfomis bear on Iower voidiorms with a maximum gap that the wain layver of voudfvrms
can reliably bridec with degradable material such 25 carton vaid fonms. For example, 4,, diametes
BV sanitary sewet bines can be installed with loawwer void fotmns on each side, slotting the vaid
forms to aecommodate any saddles and Hanges.

[O0094] Additionally, the invention dogs sotaliow soil e subgrade to contact any
of the hunger assensblies, Finthertmore, generally corrosion resistant materiala such as fiberglass,

aluminung, stainless steel and galvanized steel sre available with invention o resigt any ambient

sub-slab motsture Tor an even longer uselul life expeéiancy.
FOG9S] The tnvention allows fell inspection of piping as reguired by building codes.
{O0AYG] Furiher, because the tnvention allows wrdependent soil retsaining systems, 4
flexitde expunsion juint can be installed 10 suecessfolly ansition between suspended  and guil-

suppockxd seetions of utility piping. Flexible expansion joints vtilize rotaitng and telescoping

Jomts available nthe priorart
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{30097 Also, the invention avoids the need for mainteoance associated with damage.

wsed by expansive soil or any other ype of volumetrie soll changes, which can happen in the
prior art as ooded above. Tt also-allows mdependently designed sail vetaining systeas, where
desizy professionals can create sufficiently large void spaces slong the sides of the nfiliey piping
that can be mere-sasily aceessed horleontally through openinegs in exterior grade beams by
removing exterior backil {rather than cutting heles vertically into the slaby and hand-digeing

from the opening {o pipe localion which canoften be over 20 feel from the neavest polential

lovation fura temporary slab opening).

{60098} An embodiment of the invenlion comprises of a protective utility
govberweight with o larger pipe and encasing the sotl-supporied olility line in concrete with g felt

separatinn, with sufficient length and diameter of the protective wiility coumterweight 1o provide
structural stability to cantilever one end through & vertieal slot in g feundation cloment with the
vertical slof having sutficiont beight 1o accommadate at least the potential vertical mievement up
gr down trom initial pasition, in which a flexiblz expansion joint is itially fosialled at a slope thar
15 the minimim slope required by the applicable plumbing code phus the slope required o allow
the sotlsupported end to rise at least the estimated potentisl vertical sovement, in which the soil
1woretained by soil retaining boards that are penetrated by the over-sized pipe ol the proteciive
ulifiyy counterweight, and there is sufficient length and weight of conerete 1o provide & minbmum
factor of sefety of 15 B resist the overtuniing assaciated with the fall weight of the Hexible
expansion jomt (applicable when the joimnt 3 diseonnected Trom the slab-hung end Tor mstaltation
or replaement), und tn which the dismeter of the vonerete -1l is sullivient 1o reduse the bearing
stresy on the wiility o a devel that will not damage the utility pipe as it pushes up and down on the

conerete which i fturn pushes up and dosenon the soil-retention baards, This embodiment widizing
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a profeetive whility counterweight and a flexible expansion joint, with one or more mountable pipe
elamps contecting a suspended utlity pipe to a foandstion eloment, fily isolates the spspended
portions of utilitics from expausive soil changes or any other type of volumetrie soil changes. Soil
iz retained from encrosching wder the floxable expansion joim with conmmercially available
materials that canhorizomally span the vertically dotied hole to accommodate any height ot hole
requireds wherein thése Boards can shide up and down along the side of the foundation elements.
Purther, providing a concrete eollar around the utility pipe helps to avoid bresking the wtility pipe
us it engages the soil retention bourds, Alsp, inan embodiment a cognter-weight and retention
protection collar that is similar tivshups to the wiility pipe is provided. Thisredoses the difference
w potential vertical navement, relative ts the subgrade adjpcent to the uttlity and ouotside of a
building,while alse providing o fransitional drainage region over the pipe where the pipe tself
heyond the conerete encasement reduces the potential vertical movemicnt alse and provides a path
for positive drainage.  Additionally, profecting the utiley with felt that aliows replacement of the
piping in the future may be incorporated.  Farthermore, making the fength of the conerete
encasement approximately 3 ov 6 foet allosvs specification of the systenyto fall within the industey
standard scope of one desigs protessional {a mechanical engineer) rather than two {8 wechanica
engineer and  civil engineer).

[00G94) Additionally, practicing one embodiment of the invention, includes
installing all of the fomdation elements and a suspended structural suppernt for & mouniable pipe
clamp, with an vversized opening for a Bixed elevation bulding condition whility pipe and an
oversized vpening for a profective wility sounterweight that alfows sufflsient vertiea! vlearance
abave and below the profective wlility counterweighl o secommodate the polential vertical

moventent, It next nvelves installing ander-slab uhility piptog under all building aveas, and
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mstallitg ane ar more mousdable pipe clamps on esely side of & suspended structural suppout so
that a oiilily pipe i @ building camtdevers away ftom a suspended stractural suppert while
installing under-slab pining, wistalling this piping and clamps (with sealant around any piping
pencfrating g exterior grade beam being 8 preferved examptle) before pourig g slab of a slabeon-
voidform Toundation or alter installing a Moo struciure of 2 crawlspace fbundation. The method
then requires excavating oulside of the foundation ¢lement where 4 protective utility counterseight
will he installed, overexvavating away Trom the Toundation element salficiently so that the
protective vlility counterweight can be shid into place through a bole in a shdable relainer boand.
1t then reguires installing a slidable retainer board, with 8 hole sized to receive o protective utifity
gonnberweight, onfo the side of a foundation element wver the oversized hode made 1o receive o

preteciive wiility sounterweight, surveying the elevation of the cantilevered pipe and then bolting

r.

the top of the slideble retminer board at the slovation which will set the hole in the board at the
clevation which sccammnodates the speetfied nutial vorrical oftset from the cantidevered pipe of
the building. The nexy step reguires compacting subgrade materials under the elevation of the
proposed botfom of the protective wtility counterweight, with bentoniie as an oxample of a
subgrade material against the slideble retaining wall, extending 6, for example past the edges of
the slidable retainer board, bt stoppinga few inches below below the proposed boitom elevation
of the pratective utihly connterweight. Then the protective utility counterweight is lowerad into
the excavation adjacent to the Toundation element, using manpower, & forkHR andfora frame with
a winch, wnd while 1t s suspended by the lowenng mechwusm, slide the profective ubility
counterweight through the hole in the slidable retainer board and ther fnsall shimes to lemporarily
maintain the correct elevation of the protective ity cotnterweight relative to the butlding

condition pipe elevation. Locate one sot of shims so that they are ot the end furthest away from
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the shidable retainer board and another sof gt the end jnside the oversized hole it a foundation
glgment which the profective utidity countevweight cantilovers through, Next, concrete or flowable
concrete 8l 18 stalled as & leveling bed of subgrnde material noder the proposed protective utility
counterweight betwests the slidable retainer board and the set of shims furthest from the slidahle
retainer board, poarine up 1o a point below the middle of the protective utility counterweicht ag
teeded 1o stabilize the elevation for the current soil conditions, Install bentonite 45 anexample so
that ihe conerete levelng bed does not conlact the shidable retainer board tselll Temporary shims
ave then remove the temporary shims. Soil supported plumbing fron the site is then attached W3

ulitity pipe that extends through the protective utility counterweight, cantilever past the end of the

Y

then compagted uneler, around and on top of the proteciive wility counterweiglt to achieve the
finished subgrade elevation desired outside of the budlding. Be carefid o not change the slovation
ot the protective utidity counterseight during compaction operations, resotting the pipoe it shufts
duriiig compagtion operations. A Hoxible expansiown joint Is then lowered indo the gap bebween the
cantilevered building condition pipe and the cantilevered sife condition pipe, connecting the
flexible expansion jointio cach pipe énd. Tisally an access batch ot doorthat may be required by
building code or destred o allow inspection and mamtengnce of the Pexible g.‘x:p&miun Jovint 18
installed,

[OG 109 In v anbther embodiment, sakes and rods are erpployed so tat the stekes
ez be amunered o the sibigrade Tor @ shab-on-vordlorm foundation hefore the voidfomns are
installed, then the rods can be installed so as o provide temporary suppert for wiiliny framiag,
bearing on an adjostable not that can be set st an elevation compatible with the voidTorms height

and slab thuckness. In an embBodiment, a headed bolt could be installed into the stakes to protect
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the rod during bammeriog and keep soil/debris from getting fato the threaded bole; or @ smouth
hole, gt the top of the stake. The headed bolt ean then be repmoved and the main support rads are
then installed, with support put and vtildity support frawiog bearing an the support nut Then the
voidiorms are installed and reinforeing bars for the slab of the slab-on-vold foundation. Then,
before conerete is poured, the tility support framing can be lied with wire to the reinforeing bars
{which are supported by the vaidforms at that point in the method), and, as thig makes the rads no
longer necessary, the rods can be removed by hand or mechanically by w wrench, or by installing
a double nul ar a loek nut or g lock not and o conventional muat on the reds, above the giilily support
framiing menibers, and turning the double rut sssemblage or loek mut 8o as to unthread the threaded
rod from the support nut, and # the hele wn the stuke 1 threaded then remove the stake below as
well, Anopercended socket wreneh can be used for this purpose. And an opsr-ended hex wrench
can be used to stabilize the supportnut betow while turaing the double not assemblage. The small
holes in the vaddfornis can then be paiched with plastic shecting (ypically used 85 & vapor baveigr),
This solves the abhove peohlem by providing support that is temporarily on the grownd before

voidtorms are installed but then removed ater voidforms are in place hefore congs

1o i potred,
OG0 ] Anocther embodinent of the invention weludes a retaining shruchsee that
dees nat extend below the boltom of the trench so that iU iy capable of shiding horizentalhy @
expansive soth swells, sliding unti) the soil has swollen as much as it needs to relieve internal soil
pressure build-up. The maximum vertical movement estimated by mewtechnival engineers is
certimonly reported when expansive seils are gncomered.  An embodunent of the invenbion
ineludes an approach whivh provides @ pap between the wall and the wilities (und atilily supports),

so That i will not damuge the uithities iF the wall slides.
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(0001021 The embodiment allows design and installation without knowing what the
expansive snil pressures ace becanse 18 designed based on the magaitude of the potential vertiesal
movement, which is commonly réported data, allowing a horizontal gap of that same wagnitude
whicl is the maxinnmm possible horizontal movement from expansive seit because volunme change
is three-dimensional.

[OOGT03] Because the system s capable of stiding without damaging utilities, this
nyention can be approved by building officials as an “aliernative method of consiraction”,
avoiding the need 1o resisl the overturning and shiding with & factor of safety of L5 due to
expansive sotl swelling, which woold otherwise not be permitted by building codes.

[0 104] The embodiment also takes sdvantage of the cohesion of the earth common
insoil vnder shab-on-vold fonn foundations by digging # trench in the soil so that the cobesive soils
maintain the shape of the trench long enough for concrete 10 be poured in the ench. This avoids

¢ and the costs of removing such

o

the costs of constructing forhvvork for the retaining stragtur

formwork.
P0G105] No reinforcoment 18 necessary with this jnvention, because the wall 8
simply 8 “gravity wall®, "Engineered Gravily Wall” retaining steuctures i the prior art are

embedded beloww the sail anboth $ides. "Unengineered Gravigy Wall®

rcummg structures that are
in the prer art which do not exiend below the lower elevation are common for minor
it R 211 M - o stk e LT S T . 3 e SR T
"unengineered” rethining walls such as landseaping "ratload Bie™ Bmbers or simple border stones
Taid e the ground wath landscaping hehind the stones. This inveniion is constructed shmthar o an
“unengineered gravity wall" used iv lendeaping but i3 engineered 1o be capable of resisting the
active soil pressures required by the boilding code and it forgoes the extension of the wall under

the prade ot ihe trepeh s0 s to be capable ot shiding. I is alse dilferent from either style of gravity
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wall in the prior art beeause it is carth formed on both side and then excavated on oo side to
gxpose the entire height of the wall. It s furthermore ditfereny in that there i3 9 gap betweon the
wall and ntlities set basud on the expasive soil potential vertical movement s0 a8 1o aveoud
damaging utilities.

[ 106] Furthermors, the embodiment allows decking such a3 plywood or metad
deck or plastic formboards to be imstalled on top of the retaining structures on each side of the
plumbing trench, or conventional relaining strucures, or ledger suppors attached to the side of
foundativn elements, so as 10 sapport carton or other voidiorms without the need to cul voidfoms
around intrivaie areay of complex plumbing distribotion systems. The decking is not attached to
the supports so that different svstenis. de not have undesitable forces from expansive sl
movement (.2, & foundation element will not have upward pressures as expaasive soil causes 1
retainmg structure fo shift upward as the expansive soil swellsk

[O0G107] Lower-cost, low strength, flowable coucrete fill andfnr “lean conerate”

without coarse aggrente con alsa be used with this invendion so as to make weasy for "joists” (e,

horizental st channels under decking where the longimdinal axis of wility: trenches chang andior
decking needs additional support} to be installed by seaty that afe formed oy oul o the retaintng
structures so that the joists are not atlached O supports bisi the joists ean be atiached to the decking.
Thiy allows the plombing elevation to ocour immediately below the decking or joists For the
decking s as o maximize the suitability For this application to muore scenarios ona project as
glilities slope i elevation. In practicing the imvention & level ground surfiaes is crated by cuiting
and §ilfing operations.  Wall trenches are exeavated on cach side of proposed wtility locutions,
providing a hortzontal clesr dimension belween the proposed ulilities and the proposed walls equal

i the potential vertical movernent estimated by the geotechnieal engineer of record - with the depth
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and width fnstalled ta be capable of resisting both overfurning and sliding by a tactor of safety ot
1.5 against the active soil loads required by the butiding code i the seil between the wall trepches
were to be removed. Coherete 1 powred in the wall trenches.  Adter curing the conerete, soil 1s
excavated between this walls over the full depth-of the walls. Stakes and rods are nstalled on vach
side o the conerete walls, The stekes have o shurpened sdue gi the bottom, are embedded in the
soil and they have asmooth or thieaded hole in the top. Threaded rods are installed in each stake,
andd support nuts ave installed on each rod. Hovizontal strul channel is installed over the support
naty, Hanging pipe supports are imstalled 0 suspend witlilies over g voidspave equal vr greater
than the potential vertical moverent. Deckimg s wstalled sver the phuniing french between the
comcrete walls umd additional framing supports added where necessary support of decking s nat
provided by walls, with the decking being supported by the concrste walls without attaching

decking 1o the walls. Sapport may also be provided by installing ledger supports onto the side ot

fowidation elements, withowt attaching dicking to the ledger supponts, Voudforms are installed

overthe walls and decking, with no voidforms necessary underthe decking or supports described,

Roebar is instalied forthe elab of the slab-on-voidform foundation, using bar suppat spacers. Strut
chanpels are tled st sach hanger assembly fo the tebar in the slab of the slab-onevoidtorm
feundution. The rods are removed from the sishes by preventing rotation of the suppording nuts.
(.. with an open-ended wrench) and rotating the threaded rod by hand, or by installing two nuts
at the top and wrenching them logether o as W effectively create g temporary boli-head that can
be msed 10 remove the rod more quickly with a power dril] and a soeket hit. Finally, the concrete
foundation is peured.  Aw an example, in an embodiment the web of o strut chanpel voald Tace

downward, leaving an opening at the op of the strul chamnet that allows concrele to flow intethe
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strut channel as it is imechanically vibrated during concrcle placement.  This allows the strut

yoeinent i the slab.,

channebto furetion as additional reiad

{(UG108] The invention can alse incorporate installing 8 novel mowtable pipe elam
as shown in the figwes, sllowing a method and system tor resistiog axial and ravsverse forees
placed on g pipe that cantilevers from a fixed bundation element to support and conneet to &
fAexible expansion joint thal will shift during volumetic soil changes.  Installing a pair of
mountahle pipe clamps s shown in the Houres provides 2 method ol resisting momenis in such a
vondition,  The pair of mountable pipe clamps can be mounted a1 sy desired elevation and any
desired hortzontal location perpendicular to the face of the wall from which o pipe cantilesers, fiw
u pipe within an apemng of any sire or geomelry, and can be removed and renounted using other
locations of the inventive device for helt holes that do not interfere with the original holt lecations,
avouding the need for coring an oxisting bolt. And, as a pair, if the holes in the mountable pipe
clamps on each side of & wall are aligned, bolis can be istalled thay extend through the wall
eatirely,

fOOG1O9] Furthermore, installing a mouatable pipe clamp on one face of a foundation
element will lnck a pipe into & position and make it possible for sealant to be added all arcvnd the

pipe between the pipe and the opening onthe other side of the foundation element, before installing

the second mountable pipe clamp on that face.

[O001 1 0] Furthermore, this moumable pipe Clam can allow mspeetion of any sealant
added behind the pipe clamp and a second mountable pipe clamp can be removed to remove old
sealant and reapply new ones and then reinstad! the mountable pipe clamp. 17 bolts wre used with
nuts, te nuts could be removed i such anapplication so that the bolls and nuts cany evenvbe reused

aifcr sealant has been replaced,
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BRIEF DESCRIPTION OF THE DRAWINGS
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Fig.
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Fig,

Fig,

I shows a-cross sectional view of an embadiment of the mivention.

[ae]

shows g side view of an emnbodiment of the invention,

shows 2 partial side view of an embodinent of the invention.

Lad

4 shows 1 omoss sectional view of an embodiment of the tnvention,

5 shows a ¢ross sectional view of the embodiment of the invention.
& shows a orass sectional view of an embodimant of the invention.
7 shows a plan view of an embodiment of the invention.
8 shows a plan view ofan embodiment of the mvention.

9 shiows a plan view o’ an embodiment of the invention.

iz, 10 shows a plan view of an smbodiment of the invention,

11 shows g stde view of an embodiment of the invention,

2. 12 shows a cross seetional view of an embodiment of the investion.

13 shows a side view of an embodiment of the nvention.

o 14 shows g cross sectionsl view of an embedunent of the fnvention

13 shiows a cross seetional view of an embodiment of the tnvention,

g, 16 shows a cross seetional view of an embodiment of the invention.

S|

shows.a cross sectional view of an embodiment of the mvention.

I8 shows a cross seebiondl view of an embodiment-of the mvention.

L

Y shows a cross sectional view of in embodirment of the invention.

bl
foased

shiowve 2 oross sectional view of an embodiment of tie tnvesition.

b shonws an elevation view of an embodiment of the invention,

fedd

22 shows a cross sectional view of an embodiment of the wovention.



[O03133] Fig, 23 shows a cross seetional view of an embodiment of the inventicn.
[OnG134] Fig. 24 shows a eross seetional view of an embodiment of the fnvention.
[000135] Fig. 25 shows a cross seetional view of an embodiment of the invention.
[000136] Fig. 26 shows a cross sectional view of an embodiment of the invention

I3

[00137) Fig.

7 shows a plan view ol embodiments of the invention,

JOOGI3R] Fig, 28 shows a plan view of embodiments of the imvention,
[O0G139] Fig. 29 deseribes methods of the mvention.
001401 Fig. 30 shows an embodiment of the Trvention whergin the utility sepport

membet is above the shabs,

{01411 Fig. 31 shows an embodiment of the invention wherein the utility suppost
member is below the slab,
DETAILED DESCRIPTION OF THE DRAWINGS]

o004} Fig. 1 shows a cross sectional view of an cmbodiment of the invention

whereina wtility pipe [101] &8 hanging over a subgrade {102} tromn one or more haoger assemblics
{1031 A banger assembly [103] 1s connocted to and supported by oac or roore utilily support
members [104] of the inventive framiog systom.

[O0G143] Inan embodinent, utility pipe [101] 1s comprised of poly viny chloride, east
irom, or gadvanized steel. Furthermore, in an embodiment, utilily pipe {101] i3 a component of &
sanitary sewer plumbing systen, g domestic water supply gystem, a fire protection System, a
natorad gay piping systen, an electricdd power supply systenm or lelecommunications system.

{3144 Furthermore, in an embodiment, hanger assermbly [103] is vomprised of

salvanized steel, slainfess steel or plastic.  Also, in an embodiment, hanger assembly [103)

inciudes a partinily or completely threaded rod with a nut and washer configurable above a ulility
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suppart membey [104] wherein the threaded tnd hangs from the uiility sppport member [104] and

eould nclude a clevis hanger that holds o wility pipe [101] with a sut usder 2 portion of & elevis
triger wherein the clevis hanger hangs from the threadod rod snd the elevation of the clevis hanger
ean be adijusted by furming a nut sbove a utility support member [104].

G145 In an embodiment, a wility support member [104] i comprised of
ungalvanized steel, palvanized sicel, stamiess steel or plastic, Furthermore, in an embodiment,
ubility support member {104] could be a sirut channel with [2 gage thickness and vegularly spuced
slotted holes in the web of the strut chanpel.  Alternatively, in an embodiment, ultlity support
member {1047 conld be a hollow, rectangalar steel tube.  Alse alternstively, in an embodiment,
ufility suppevt miember [104] conld be rebur siich as might be used as slab reinforceinient for &
cougreie slab, As anexample, 1 an ewmbodimens a washer, as part of & hanger asseiubly, above a
utitity support member [1047 could be a steut channe! saddle washer it the utility support member
[104] is 2 strut chansel.

[000146] Also, in an eiwbodiment, the difforence i elevation hetween the bottom of
a hanger assembly [103] and a subgrade [102] could be established to protect & uility pipe [1U1]
by heing greater than or equal to the potential vertical movement of the subgrade {102] due to
velumetric changes of the subgrade as estimated by @ peotechnical enmineey.

fOG147] Fig. 2 shows a side view ol an embodiment of the investion as shown in
Fig 1.

{00648} Fig. 3 shows a partial side view olan embodiment of the mvention wherein
an inveniive lemporary support apparatus 301 includes an mventive stake {3021, a threaded rod

{303] and an adjustable support mut 304} I practicing an embodiment of & method of the

invention, the ventive stake [302] 18 driven to a subgrade [102] A threaded rod [303] 1s
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mserted into a hole at the top ofan ioventive stake (302} whercin the inventive stake [302] provides
suppad for the threaded rod [303]. An adjustable support aut [3047 1= connected 1o and supporied
by the thresded vod {303].

[000149] o an embodiment, the inventive stake [3027 bss 2 sufficiently long Jength
such that 1o can be driven into a subgrdde [TO2] o a suificient depth that provides o desred or
ereater level of vigidity for use m the inventive temporary support apparatus (3011 Alse; o an
embodiment the nventive stake [302] has a sufTiciently short fength so that, afler the inventive
stk {302} i driven into a suberade [HZ] to g sallicient depth thal provides a desired or grester
level ol rigidity for use in the nventive temporary Suppint apparatos {301], the invesitive stake
{302} could by dviven further if necessary so that the top of the Inventivie stake [302] will ot extend
above the subgrade [102] more than the differsnce between a specified height of voidforms.
preposed under g slab of a slhab-onsvoidiorm foundation and the potential vertical movement
estirnated by a geotechnical engineer far the subgrade {102}

{001 56] In an embodiment of & method of the tnvention, a theeaded rod [303] s
inseried into the Inventive stake [302] after fhe fuventive stake [302] is driven into & subgrade,
The elevation of an adpwstable suppert nut [304] & adjvsted to a desived elevation by tuming an
adjustable support not [304] after the threaded rod [303] ix ingerted into the inventive dake [302]
after the inventive stake was previously driven inio a subgrade [102], thus adjusting Tor a specific
embedment depth of the inventive stake [302] indo the subgrade [1021

fORG1ST] to an embodiment, the inveniive stake [302] compnsed-of steel. Parthes,
in ay enmbodiment, the inventive slake {3021 1s 1X inches long I embudiments, the mventive
stabee (302 has a round cross sectionsd shape or a rectangular cxoss sectional shape. As an

example, the wventive stake [303] can have g round cross sectional shape with an outer diameter
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that is 3/4 inches with a round hole that s 2 142 inches deep and 172 inches in diameter. Taanother
pxample, the ventive stake [3027 coudd have an untheeaded hole with smpoih sides, Further, in
agcmbodiment, the inventive stake [302] could have a theeaded hole. Also, inao ernbodiment the

4,

irventive stake [302] could have a %, shaped hottom with two sloped surfaces that form g finear
sdee along the bottan, In other embodimants, the inventive stake [302] vould have a single-sloped
battom, a gt bottom, a canical bottom that forms u pointed tin, or a hemtisphencal shaped bottom,
606152 Furiher, in embodiments, the threaded rod {3631 is compleiely threaded o
partially theeaded. Furthermore, the threaded vod {303} could have s consistent diameter invlusive
of any threads over the length of the threaded wod {303 e U could have varying dismelers,
inclosive ol any threads, allowing un adjustable support not {304} 1o slide witheut wrning whe
the diameter of the threaded rod i¢ greater tha the diameter of portions of @ Gweaded d [303),
Furthermore, iy an embodiment the threaded rod [3037 is compeised of ungalvanized stecl ot
palvanized steel. Purther, the sdjustable support i [304] may be comprised of ungalvanized stecl

ar galvanized steel.

[Q00153] Fig. 4 shows g ovess sectional view of an embodiment of the nvention
wherein a wtility pipe [101] &s hanging over o subgrade [102] from ane or more hanger assemblies

PHI3]. The hanger sssembly {103] i connected to and supported by one or more ulility support
members [104] of the mveniive framing system. ln the embodiment, vne or more utility sipport
members [104] of the mvenstive Faming wystem are supported; partisdly or completely, by one o
mere nventive femporan supporbapparatuses [300 L Inthe embodinrent, the sabgrade 112} i be
benehed so as to vreate a plumbing trenvh with steps in the sides ol the plumbing trench arranged
geometrnically in g manner that s compabble with placement of reclangular yoildinms on the

suhgrade {102} and also prevents an ungeceptable amount of subgrade 102 ] mastonal from enfering
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the space under a ultlity pipe [101] or a hanger sssembly [103] afier a conerete siab of a slab-on-
void foundation is poured,
[G00154] Fig. 5 shows & cross seotivnal view of the embodiment of the tnvention

shown in Fig. 4 after voidforms [501] are installed, sfter slaby reinforcement [502] s installed,
wherein slab reinforcement [302] is supparted by ong or more reinforcement supperts (3037 that
are supported by voidforms {501 ], afler bne-or miore utility support members [104] of the Tnventive
framing syster are tied o the slab reinforeement [302] with tie wire (or other similar lastener such
as, but mot Himated o, zip tes, barting wire, reinforcerment Les, string or the liked [304] so as to
stabilize the utility support member [104] in prepusstion for removing portions of sy ieventive
temporary support apparatuses [ 3017 befire a concrete slab of & slab-on-voidform foundation s
poured as well as in preparation for any static waler presswrs testing of one or more wtility pipes
{101] before a concrets stab of'a slab-pn-veidiorm foundation i3 pouted.

[O0G 53] I an embodiment, the voidforms [501] ave comprised of g wax costed
cardbonrd, plastic, or @ hybrid of plastic waterials and degradable waterials, soffieiont separation
s provided between voidforms 3017 and any wility pipes [101] as well as between voldforms
{S01] and any bagger assemblies [103].  Further, in ap embndiment, a protective voidform
sheathing [503], as a component of the voidiprms, could be insialled at the top of the voidfirms.
{301 ] over any spaces between vaidform [S817 companents installed © secommeoddale any hanger
agsernblies {LO3], and olility piges [101] and any idventive emporary support apparatises [301
Adsiy i an embodiment, the degradable protective vodionm sheathing [30U5] eoald be B372 inehes
thiick oriented strand board with sufficknt structurad span rating to be capable, for the required
spuats,  of supporting the loads associated with potring a concrete slab of a slab-ou-voidform

foundation or 9/32 inches thick phowood with sufficient stroctural span rating o be capable, for
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the required spans, ot supporting the loads associated with powrilng a concrete slab of a slab-on-
voidtorm foundation.

[0D0156] Furthermore, by way of example, vapor barrier [506], as part of the slab,
could be installed over the voidforas [501] or could he capable of adhering to the bottow of a
congrete slab so that 1t will remain in the installed position afler anv degradable voidfoms [501]
degrade, As an example, sealant [SO7], as part of a vapor barmer {500] which s part of a slab,
could be nstalled araund any holes [508] where components of the hanger assembly [103] where
the hanger assembly [103] penetrates o vapor barrier [S06], with the sealant [507] penetrating into
any threads of a compovent of a hanger assembly [HIZ]

[0157] As an example, the te wire [504] material could be stee! wire commonly
used to tie reinforcemuent for reinforeed concrefe coustruction.  Also as an example, slab
reinforcement {5027 could be #3 reinforcing bars at 12 inches on comter cach way at the top of &
slab and #5 seinforeing bars at 12 inches oo centér cach way at the bottomy of a sleb. Asan example,
reinforcament supports 5031 coudd be individual wire reintorcoment supports at 3 feet on conter
each way under cach mat of slab reindoreemont,

[OO0H 58] As an example, double st [309] could be installed at the top of any
temporary  support apparatuses [301] to effectively create a boll head that allows converient
removal of portions of the temporary support apparatus before a conerete slab of o slab-on-
vaidformy feundation 1s poured.  Also, in an embudiment, a loek aut could be installed at the top
of uny temporary support apparatuses 301§ to effectively Greate o bolt head that sHows conventent
removal of portions of the lemporary support apparatus before a conerete slab of o shab-on-

visidfrny foundation is poursd.
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[000159] In an embodiment, betore a concrete slab of a slab-on-vordform foundation
ig poured. any threaded rods [303] and adjustable support nuts [304] that are partof the nvendive
temporary support apparcatus [3017 could beremoved by preventing rotation of the adjustable
suppart nuts {304 at u constant elevation while wrning the threaded reds [303] until the threaded
rods [303] eompdetely rise up above g utility support member {104], venmving the threaded rods
{303} and the adjustable supporst nuts [304] so that the theeaded rods [3031 do not transfer any loads
o the foundation from volumetiric soil changes, leaving the Inventive stake [302] in the subgrade
HO2L

600G 6] Fig. 6 shows a croxs sectional view of an embudiment of the invention
shewn in Fig, § affer removal of components as described for Fig 5, leaving any inventive stakes
{3027 in the subgrade [102], alter tnsialling vapor barrier paiches [601], as part of the vapor barrier
{306] which i3 & part of the slab [603] of a slab-on-veidfor foundarion, over any vapor barricr
holis [802], and afier pouring o conerete slab [603] of a slab-on-voidform foundation.

{60016} Fig., 7 shows g plan view of an embodiment of the invention whereln o utibity
support member [ 1147 of the inventive framing system 15 cannected o and supported by another
utility suppart member [104] of the inventive framing system with one or more connectors [701]
secured by one or more bolis 170210ty an embodiment, the conpectors {708 ] could be a pair of
matching horfaontal plates above and belew the wtihity support member [104] which are compatible
with the atility suppirt member [104], Also, inan embodiment, the connection conld consist of
welding alility support miembers F184] together 1w Bien of using @ bolt. Afldiiiunai}}g oA
embediment, o Tanger assembly [103] could be supported by o connesctor {701

{606162] Fig. 8 shows a plap view ol an embodiment o the invention wherein s atifity

support wuember [104] of the inventive framing system 1§ comecied with a connector {701] and
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bolts [702] to uiility supporr mentbers. [104] of the foventive framing system so that the two

members act compostiohy with greater strength and stiftoess than one mooniher, Inan embodiment,
a pair of stnt channels thatare paraltlel could be connected sith aregulardy spaced comtector {701}
that is a plate compatibie with strat chanpel framipg above snd below the pair of stoat channels,
allowing a fatter cross seetional geometry than combining the bt sirut chamels with one en op
of the other. as the atter cross sectional geometry 1s more compatible with the invention to allow
the wiility support members [ 104] to he located between the upper and lower mats of reforcement.
in an embodiment, more than two strut channels acting as utility support members [104] could be
connected {701 | in a siular marvier to makintain o relatively fat cross-sectionad geowstry su as to
not require a thickershib of a slab-on-voidforin foundation.

[00163] Fig. 9 shows g plan view ol an embodinent ol the wvention whergin utility
support memhers {104] connected with connectors [701] and bolts [782] to act compositely a5
shown i Fig. 8 wherein a hanger assembly [103] supported by the conwector [T01]. As an
example, o pair of pacallel utility support members acting composiicly are spaced to allow tor a
hanger assembly [103] 10 be hanging from the conter of gravity of the campestte combination of
utility suppost members, which avoids twisting the sty support wembers [104].

{EVEREEY] Fig, 10 shows a plan vigw of an embodiment of the invention wherein a
ulility support member [104] could be connected o and supported by acomposite of utility suppen

members [104] which are connected as shownt in Fig. 8 with a connector [70H ] and bolis {7021

[BOG165] Fig. 1 shows a side view of an embodiment of theinvention whetsin ore
or mere wiility suppert nembers {T04] are conpected Lo und supported by soe oy more foundation
elements [1181] with one pr more post-installed elevation support connectors {1 HO2] so that the

one or wmore wtihity support reermbers [104] cantilever and support @ hanger assembly T13] as well
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as 8 perpendicniar utility support member {1047 so that the otlity pipe [101] {s netin contact with
the subgrade [IO02] As an example; a post-instatied clevation suppord connector {11027 could
inctade strub chagoel post bases, angles and bolts that are compatible with sirut channel framing,
and post-installed anchors into one or more Toundaton wlements {11011 Additionally, v an
smbhadiment a foundation element could be a dolled and reinforced canerets pien

FOOG 6] Fig, 12 shows a cross sectional view of an embodiment of the inyention
similar to that shown in Fig, | bat with two composiie ulililty sapport members [108] of the
mventive framing gystem atlached by cormestors {7011

[O006T) Fig. 13 shows a side view of an embodiment of the invention whersin one
ur more wet-set elevation support connectors [1301] are sel it the lresh conerete when one or
more fonndation elements [1101] are powred, wd one o more utifity suppart memhers [104]
extends te another support, with a utility suppert member [104] being connected to and supported
by a wility support mentber [104] which is supporicd by a foundation eloment {11011 The ane ot
rore wtility support members {104] are connected 1o and supported by one or more elovation
suppet connettors 130171 so that the elovation of one or wore widity support members [ 104] can
be adjusted to a desired elevation.  Ax an example. a utility suppost member sopported by g
foundation element [1T01] on one end vould be supported pranother end by another hundation
glement [1101] as shown in Fig 120 As an example, 8 wtility support member supported by o
foundation slement [1101] on one end coudd be supponted on another end by another utilily support
mermber [104]

[ o)] Fig. 14 shows a cross sectionad view of an carhodiment of the fovention
wherein e or more utility support members {104] of the Tnvertive framing system are shown to

spag stodcturally between two foundation elewents [HD] without any need for ntermediale
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suppart; supporting the loads of one or mwore hanger assemblizs [183], the loads of one or more
atitity pipes {101, and the loads of other utility support members {104] that are connocted {o and
supparted by the one orwove sty support members [104] that span between the two foundation
eliments. As an example, 4 palr of paraliel wriliny support members [1047 could be wade indo a
composite structural elgment with periodically spaced connectors [701] and bolis [702] as shown
i Pig ¥ with connectors [701] on both the top and bettom of the utility support roember [104] as
shown in Fig. 14, with @ nut attached 102 bolt [T02] that is used o make the pair act compesitely.
i anembodiment the condittons at each foundation element {1101 as shows n Fig. 14 ave similar
to the conditions showa i Figl 130 As an example, inan embodiment the conditions at the hanger
assembly [103] as shown in Fig. 14 are similur o the canditions shown in Fig. 6 but te wire [504]
could be nstalled to conngct a utiluy support member [104] 1o reinforcement {303 so as o
stalsilize the hangerassembiy [ 103] so that the utilny pipe [ 101 ] could b static water tested withowt
the additional weight of the water causing detleetion af the utility support mewmbers [ 104] spanning
long distances between foundation elevoents [1101] which would cause a change in the flow fine
elevations af the wility pipes [101] that may be unseceptable in that the changes in flow ling:
elevations may impalr the functionality of the vtility pipe [101] In another example, one or more
utifiby support members [ H4] can be gt g height determined by vertical support member 1301 5o
that the elevation of the utility support members [104] is between the upper and lower mats. of
reinforcenent [302 ] where the utility support roembers [104] can be cast permanently inde the slab
foi3) of'y shabvasmsidfom foundation watheot impanring the zihﬂii:y ol the remforcement (3027
and the slub [603] to funetivn structurally as the slab {603} structurally spans betwesn foundation

elements { 1G] over o subgrade [102] withou being 1o contact with a subgrade [102]
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[000169] Fig. 13 shows a cross sectional view of an cmbodiment of the invention

facy

whercin one pr more inventive mobile refaining walls [1301] are ceononniestly earth-tormed by

excavatimg and filling the excavalion with conerete. Tuan embodiment there is @ mabile retalning
wall {15017 on each side of'a proposed plurabing trenoh,. As an example, the mobile retaiming wall
{1501 ] has a vrosy sectional geometry thel is al least as wide as 1t is tall, which prevents the mobile
retalning wall [1501] from tipping over when funchioning as & relaining wall that has laterad
expansive soil pressures, Purthermore, i an embodiment the mobile retaining wall [15031] is
comprised of fowable conerate [l with at least 118 pourds per cubic fool density and no courss
aggmegate, concrete with at least 140 pounds per cuble Tool density anid no course ageregale e
comerede that s anremjoreed,
[000178] Fiz. 16 shows 1 coss sectional view of an eimbodiment of the lnveation
wherein a wtility pape [101]14s banging over a subgrade [ 1027 from ane or more hanger assemblics
{103], similar to that shown in Figo4 A hanger assembly [103] s connected ta and suppored by
the ong or more niility support meibers [104] of the aventive framing systom, similar to that
shown in Fig, 4. Inan cmbodimnent,; one or more wility support members {1041 of the inventive
Framing svstom 1s supported, partially orcompletely, By one of miare invenptive femporary support
apparsiuses [301] similar to that shown in Fig 4. As an example, a subgrade [102] could be
excavated adjacent W one or more inventive mobile retaining walls {15017 50 as to create o
plumbing reénch armanged geomelrically n o wianner that 18 compatible with placement of
reetanpular voidlorms [501] on o subyrade [102] and also prevent subgrade {102 material from
eritering the space under & utility pipe [101] or & hunger assembly 1103 ) aller a conerete slab of g
slat-on-vold foundadion is poured. Tnan embodiment, oneor more inventive stahes [302] which

are part of one or mowe Iventive tomporary suppert appacatus [361] could be dnven ado one ot
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tere mobile relaining walls [1301] nstead of @ subgrade [1O2]. Also, in an embodument, atility

suppad members [104] could structurally span benwveen foundation elements [11017 as showa in
Fiz 14, over a plunbing trench that s ereated by excavating adjacent to one ar more mobile
reraining walls {15017 vather than benching the sides of a plumbing trench,

[GOut7]] Fig. 17 shows g eross seetional view of an embodiment of the invention
shimptiar W that showi in Fig. § butwith a plumbing trench that 15 ereated by excavating adjacent 1o
one or more mohile retaining walls [1501]; rather than benching the sides. In an embodiment,
decking [1701] vould be instalted over msbile retining walls [1301] so #8 o create a support
systews for voidforms [501] above decking [1701], which reduces or eliminates 2 need 1o cat
voidforms arcund complex utitity pipe [101] configurations below decking [1701] and thereby
reduces the namber of days between ram gvents necessary to sllow for any degradable voidform
installation above decking {17011 tf deeking [1 7017 matorial is sufficiently rigid. Decking {1701}
has gaps toallow for penefrations such as hanget assemblies [103]. Tn an cinbadiment, voidiorms
{S01] could be degradable carton voidforms and decking [1701] material could be degradable
plywood, In ancther smbodiment, voidforms {3017 could be plastic voidforms and decking [1704]
material could be plastic, Tn vet another embadiraent, verdtorms {3 ] coudd be a hybrid of plastie
and carton materiad and decking [1701 { could be galvantsed corrupated metal deck. Ax another
example, voidforms {5017 could be degraduble carton voidforms and decking [1701] material
dgould he nondegradable;

o061 72) Fig. 18 shows & cross seefionul vigw of an embodiment of the nvention
stmitar w that shown in Fig. 6 but with a plumbing trench that 13 erested by exvavating adjacent wo
are or more mobile retalming walls [1501], wiher thuas benching the sides witheut smpairing the

gtilidy pipe {101} or hanger assembly [103]
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[0 73] Fig. 19 shows a cross sectional view of an embodiment of the invention as

]

shawn in Fig. 18 whereln voidforms [501] and decking 117017 could be degradable and afior any

degradable material las degraded and a reduction in subgrade {103} voluwe has occurred.
[00G174) Fig. 20 shiows a cross seefional view of an cmbodiment of the nvention
stmitar o that shown in Frg. 18 whergin voidforms [S01] and decking [1701 ] are degradable alter
the afler any degradable 'material has degraded and ap indrease 1 subgrade {102} volumie has
occurred withoul impaining the wtility pipe [1U1] or hanger sssembly [103]. in an embodiment,
the muobile retaining walls [1301] are installed adjacent to plumbing irenches, mobile refainig
walls [1507] are alliowed tu slide {aterally i Jateral forces from volumetrie soil change excead the
sliding, ressstanes of the mobnle relaming wall as & gravity wall system. Inoan embodiment, the
horizontal distance of separation between g wtility pipe [101] and 3 wobile retaining wall [1501]

could he greater than or equal o the potential wertieal movement estimsted by a geotechaival

enghidel so a5 16 protect the wtikity pipe [101] from the ctionts of volumetric changes 1 soil,
{00175} Fig. 21 shows an elevation view of gn emabadinent of the invention swhereln

an ventive mountable pipe clamp [Z1017 suiable for supporting a utiliy pipe 11017 and
simultanecusiy clamping onto ptility pipe [1817 to prevent vertical and horizontal movement of
ulility pipe J101] when the inventive mouniable pipe clamp [2101] 5 mounted onio a dructure
with a utility opening that is larger than the utitity pipe [101] 1o allow construction tolerance and

code-reguired fell sothat the stibity pipe [101] can be removed and replaced. The inventive clamp

12181 ] s sutable for preventing rotation ol s utility pipe [1017] sboal 2 trusverse s of a utifity
pipe [101] when an inventive mountable pipe clamp [2101] is installed on two sides of astrueture

st #s 1o oredle a moment arm of resistance against overbieming.,  As an example, twn mounting

conponents [21821 fogether could comprise an Inventive mouniable pipe clamp [2101] sshen
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balted tagether with two clamping boll and not assemblies {2103]. In an cmbedisrent, mounting

eomponents [2102] could consist of halt of a standard pipe clamp [2104] that is the appropriate
geometry to cradle a wtility pipe [101] and & moonting anm [231851

[00G176] o an embodinent, the nventive mountable pipe clamp [2101] &% comprised
of stainfess steel, galvanized steel, or plastic. Also, In an embadiment, the mounting arm [2105]

could be a str channel with regudarly spaced slotted holes i the web of astrut channel allowing

fe=

convenient options for mounting onto a structure a suflicient disiance away from the edee of o

by

utifity opening,  As an example, & halt of a standeed pipe clamp [2104] could be welded o a
mounting amy [2103] fo create 8 mounting compenent {21021 Also, g3 s examipls, a mountivg
anm [2105] and contponents that hitve a simtlar shapeto halfol a standard pipe clamp [2104] could
be fabricated as one plastic componsat,

[O00177) Fig. 22 shows a cross sectional view of an embodiment of the invention
wherein ap inveative proteetive utility connterweight [2201] provides a protective eollar around a
utility pipe [101] so as to prevent the wtility pipe [101] from breaking under certain loads, is
sufticiently rigid to captilover support of a wiility pipe [1017 through ag opening n & foundation
clement [1101], i3 suificiently long and heavy to resist overturning when it cantilevers support of
a utility pipe [101] through an opening in a foundation glement [1101], and allows remoyal and
replacement of a wility pipe [HH] In an ewbodiment, the ventive protective ulility
counterweight [2201] could consist of an outer pipe {2202] with a larger diameler than a alility
pipe [101] wherein the outer pipe [2202] is infilled with counterweight material {2203 L around 4
protective sheathing [2204] that acts as a bond breaker beiween the counterweight material {2203]

and a utility pipe [101].
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0061 78] Fig. 23 shows a coss sectional view of an embodiment of the Inveantion
wherein a vault capable ot housing a transition of ulility pipes [1017 from a building where n utility
pipe {101] s supported similar to the conditions shown on Fig. 18 transitioning to-where the atility
pipe 1017 iz supported by an inventive protective utility counterswetght (22017 that 15 supported
by asuburade 1102] and ean rise or fall 1M s suberade experiences volumeiric changes
{0079 Inan embodiment, the vauil is comprised of foundation elements [1IOL]
and reinforced voncrete as the vaull fop [2301]  In another embodiment, the vault consisiz of
reinforced conerete grade beans with g vault top {23017 that Is poured over wmporary Domwork
whivh s removed from the vaull by an access opening {2303] swhich can be used for penodie
ispection and maintenance. As another example, the sucess opening [23027 could be s raanhole.
As another example, the access opsning [2302] could e an acesss door. Tn anather embodinent,
onc or more foundation clements [1101] forming the perimeter of the vault could be one o more
weinforred concrete grade beanws ar walls, Italso incorporates aslidable sodl totamer [2303], which
is.a soil retaine © tm%\it of retaining soil and shiding up or dovwn along the tace of o thundation
elemment [EEG1] i a subgrade [102] experionces vohiweiric changes, As an example, the sidahie
soil retainer {23831 could be comprised of plastic. In another an example, the slidable sot retainer

{2303] could have horizontally orienied flutes to span horizondally sdross an ppening in the

foundation element [ HIOT]L In another sxample, the shidable soil retainer {2303] 1s comprised of

goncrefe.
[O0G1 80 Fig. 23 shuvws an embodinent ol'the nvention afier the hmfun»{ 15 eomplete

dnd the installation of the site has ccourred up 1o the point in time that the iaventive protective
glility counterweight {2201] has been installed. In Fig. 23 an embodiment ef the invention is

showy wharem the mventive mountable pipe elamp [2101] has been instalied on both sides of a
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foundation element f1101] so that g utility pipe [101] cantilevers into the vauli. Flg. 23 shows an

cimbodiment of the invention wherein o slidable soil vetatner [2303], with a counterweight hole

Yoy

2304] s i capable of accommodating the diameter of an wvestive protective utility
counterwelght (22017, is inittally bolted [2033] o a foundation elemernt [1161} of the vault so that
thie shidable soif retdiner [2303] can be temporarily fixed ai @ proper initial elevation o receive 1
Hexible expansion joinithat will transition the wtility pipe [101] from the butlding to the site, with
the slidable soil retainer [2303] heing bulied [23051 10 the foundation element [1101] befre
buckitling sgainst the sliduble soil retamer [23003] Fig. 23 shows an embodiment of the
invention after a shidable soil retainer {23031 is bolted [2305] to « Joundation eferment {11017,
Subgrade [102] material is backfilled up to an elevation which is necesswy Tor the inventive
pratective viility counterweight [22017 to be at n proper elevation o receive & Jexible expansion
Jointand be located inoa vertically stotted opening [2304) in a foundation clement {1101] with
sufticient clearance above and below the portion of the foveative protective utility counterveight

{22017 that cantilevers through the vertically slmted opening [2304],

[GOUI 8] Agan example, backfill matceial [2307], as part of's subgrade F102], seninst
the slidable soil retainer [2303] conld be expansive material that i3 capable of expanding when

exposed fo misture so that #Useals of D gaps that may allow moistore io enter the vault and be
capable of expanding with & subgrade [102] that is capable of experiencing volumeiric changes.
Ay another example, back Bl] material [2307] against the slidable soll retainer could be hentonite
extending 6 inches past the edges of the slidable soil retainer {23037 and extending 8 Inches avay
from the exterior face of a foundation element [HOTL Alse, in an embodiment, an inventive
protective ptility couderweldhi could be suspersled by ehains from a forklift and lowered o the

correet elevation, slid through the counterweight hole [2304] of the shdable sod retainer {2303,
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and then shims [2308] could be installed under the ends of one or mere inventive protective ghility
counterweights { 2201 3o that a levelling bed [2309], as part of & subgrade [102], can be poured
uider the bottore of the inventive protective uiility counterweight {22017, I apother example;
fevelling bed [2309] could be comprised of conerate, flowable conerete §l, or gravel.

eI .24 Fig. 24 shows @ oross sectional view of an embodiment of the invention

wherent i vaull s capable of housing s transition of utility pipes [101] from o building where the
utihity pipe [HO1] b supported ss showsion Fig, 18 to the wtility pipe 11011 being supported by an
nveritive protective otility counterweight {22017 that iy supported by a subgrade [102] and van
rise or fall i 4 subgrade experiences volumetrie changes. As an example, i an embodiment 4
flexibile expansion joint [240 1 allows for rotation at sach ead ol the Hexible expansivn joint [2401]
as well ay telescoping capability i and ou sxtally along the longiudival axis of 1he fexible
expansioy joint [24017 so that the horizontal distance botween the ends of the initial installation of
the flexible expansion joint [2401] could be constant while the vertical distance, the difference w
clevation, between the ends of the inttial instolation of a flexible expansiow joint [14017 could
change by incroasing aod decreasing in dimenston withia the limits of funetionality for the floxide
expagsion joint [2401] sueh as the maximiny vertical offset fror a horizontal position tor a
particular flexible expansion joint. Inan embodiment, the flexible expangion joing [24017 could
be installed with the vertical distance between the ends ol the flexible expansion joint [2401] equal
to the s ol the minimon wgnired vevticd fafl to comply with applicable building code
segufations and hall of the waximum verlical oflset from a horizontad position for & pzwi;icui&r
Hexible expansion joint, allowing the sie condition o rise half of the rexerve vertical offset
capaicity and ko fall hadf of the reserve verticn] offset capacity, Tn an embodimaent, the flexible

expansion ot [2401] could be mstalled to maximize the reserve spward vertical oliset capacity
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by installing the elovation of an inventive protective utility counterweight [2201] at the steepest

possible slope that the tlexible cxpansion joint can provige, giving sutheicat clearanea above the
nventive protective whility countenweight {22817 in the vortieal slotted opening [2386]. Asan
exarple, i an embodiment a flexible expansion jourt [24817 cotdd be fustalied to maximize the
reserve downward vertical oifset capacity by Installing the elevation of an inventive protective
utihity counterwerght at the most shallow stope allowed by applicable bulding code meputation,

siving sufficient clearance urder the nventive protective otility countenweight [22017 in the
vertical slotted opening [2306].

{0001 83) b an embodiment, the vanlt is comprised of Rnndation elements [11H
and @ reinfinged concrete slab as the vault top [2301]. 1o another embodiment, the vault is
comprised of reinforced conerste grade beams with a vault top {23017 that 1s poured over
temporary formwork which is removed feom the vault by an aceess opening {23021 which can be
used tor petiodic inspection and maiotetance. It another embodiment, the aceess opening [2302]
could be a manhole: In another embodiment, the access apening [2302] could be an aceess door,
In another ennbodinent, one ormore foundation eloments [1101] forming the petimeter of & vauly
could be ope or mere reinforced concrete grade beams or walls. Also, slidable soll retainer [2303]
18 a soil retamer capable of retwining sodl and shiding up or dowr along the Tace of a bundation
glement {11011 a subgrade [102] experiences volumetric changes.

FOHFE RG] Alse, Fig. 24 shows an embodiment of the invention after the building is
complete and a exible expansion joint [1401] hay beer installed. Fig. 24 shows anembodiment
of the invention wherein an inventive mountabde pipe elamp {21017 hay beer nstalled on boeth

sides of'a foumtation element [1101] so that & utilioy pipe PH3 ] cantilevers into the vaalt, Fig, 24

also shows an cmbodiment of The wmvention wherein g slidable soil retamer [2303], with a
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cotmterweight hole J23047 i #t s capsble of zecommidating the diameter of an fovemtive

profective utility connterweight [2201], after witially msialling the inventive proteetive utidity

courgerweipht [I2H] but before installing wwy subgrade [102] waterial over the pveative
protecfive utility counterweight, vug or more temporary bolts [2033] that were used o hold 2
") e 4

sliduble soil retainer {23037 m position are exposed by pulling back the slidable soil retainer [2303]

Ty

and then one or more lemporary bolts [2035] are cut back to the Tace of a undation slement
PHIOT ] of the vault so that « slidable sail retainer [2303] can slide up or down without engaging
ay remalning portions of temporary bolts [2035] left in ap foundation element [H101] v an
embodiment. 3 {lexible expansion jomt {241 ] 38 connected to aiility pips at one end of the vault
front the butlding and vonnecied o wbilily pipe sl the other ond OF the vaalt from the sitee Inan
embodiment, a flexible expansion joint {2401] could transition ane or tmote utility pipes [101] from

the building to the site, with ot or mere shidable soil retainers [2303) As.an oanple, shims

{2308] installed to facilitate nstallation of the nventive profective wtility counterweight are
vemoved and subgrade (102 material is backfilled, Tig. 24 shovws an cobodiment of the lovention
wheretn after any bolts [2303] conrecting a slidable soil retainer {2303] to 2 thundation element
{11017 are removed, subgrade [102] material is hacktitled up ip & final grade.

OO 8] Asun example, back il waterial [2307], 45 part of g suberade [102], apainst
the slideble sail retainer [2303] couldd be expansive material that is vapable of expanding when
expuosesd o moisture sorfhot 1 seals off gaps that may allow moisure o enter the vauh and be
capable of expanding with & subprade [T02] that m capable of experigncing volumetne changes.
Az another example, back il material {2307] against the slidable sail retainer could be bentonite
extending 6 inches pust the edees of a sliduble soil retainer [2303] and extending 8 inches away

Hrom the extenior face of a toondation clement [F101 ],
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{0001 86] Fig. 23 shows a cross sectional view of an ambodiment of the mvention

facy

similar to Fig. 24, bowever Fig. 23 shows soil conditions afier su ingrease i soil volume has

accurred and the volumetric soil change docs not cause any wmpairment of the function of the
gtility pipe [101]1 As an exanple, Fig. 25 shows conditions in an embodiswent it degradabde
voidiorms {5017 are used with degraduble deck [1701] and sail expansion pogurs over time afler
degradable vardforms [5017] and degradabledeck [1707] degrade snd are no longer present,
[GOBIRT] Fig. 26 shows g gross sechional view ol an embodiment of the nvention
simifar to Fle, 24, however Fig, 26 shows soil comditions after o decrease m soil volome hay
occnrred and the vadumetric soil chunge does vt chuse any rapairinent of the function of the
utility pipe [H] Ax sn exumple, Fig 26 shows conditions in an embodinent if degradable
visidforms {301] are used with degradable deck [17017 and soll expansion ncours aver time aflet
degradable voidforms [501] and degradable deck [1701] dograde and are no longor present.
[O00188] Fig. 27 shows a plan view of an cmbodiment of the invention wherein

degradable voidforms [501] could be used.

Q00189 Furthey, Fig. 27 shows a plan view of an embodiment of the invention
wherein one or more utifity pipes [HE] are hanging from one or more hanger assemblies {10

and one or more hanger gssemblies [103] are conneeted 1o and supported by one or more wiility
support members [T04] ol the inventive framing system, as also shown in Figs, 1, 2,4 -6, 11, 12,
{4, 16 —20and 23 - 206

[OOG1 8] Fig. 27 further shovas an embodiment wherein aoabiiily pipes {101 foem a
system thal could be used for a sanitary sewer plumbing system of a men’s restroom with 2 water
closets and 2 wrinals, and & women’s restroom with 4 water closets, and each restroom having

sinks, Hoor drains and olean outs gs could be reguired by a locally adopted ballding code or desired
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by anowner. Asan example, utility pipes [101] could be arranged i a gonplex three-dishensional
geometry, Inanether example, vttty pipes {101] could create 8 partiad slab penctration [2701]
whereln one. or more utility pipes [101] extend partially through a slah. Az an example, inan
eribodiment the partal slab peoetration 12701 could occur at a floor drain. As another example,
a wiility pipe {101 could vreate a full skab penetration [2702] wheretn the ulility pipe [101 ] extend
completely through the slab. Asanother example, a full slab penetration {2072} could ocour at a
water closet, As apother example, a full slab peneteation [2072] could vecnr at g uvoinal. Also i
are embodiment, g Tull slab penetration [2072] could occur atasink. As another example, i an
embodiment. a full slab penetration {20721 vould secur at & clean oat. Also, a full slab peoetration
{2072] vondld ccorr at & vent pipe. For examples with uility typey other than sunitary sewer
plumbing, buan smbodimeent a full slab peneteation {2072] could occur gt a domestic water pipe,
Adso, a5 an example with nriliy tvpes other thaa sanitary sewer plumbing, inanombodiment a full
slab peneteatton [2072] could oceur at an automatic tive sprinkler pipe. Alse, 85 sn example with

utility types other thas sanitg

s sewer plutibing, in an crchodirnent a full slah pevctration [2072]
eould cecur gt s natural gas pipe. AS another example with utility types other than sanitary sower
plumbing, in an embedimoent a full slab penctration [2072] could ocow at an electrical service pipe.
Also, as an example with utility typey other than ssmitary sewer plumbing, a full slab penetration
[2073] could oueeur at a telecommunications vahle,  As an addilional example with ufility types
other thay sanitary sewer pluming, & full slab pesetration [2072] could eeeur st a duct for a heating,
venitilation or air condiftiomng system. Adso, axanexample, van embodiment one oF more L:ii'[ifty
pipes | 1 ] that extend partially or fully through the slab coudd be tied to one or more wlility support

members [104] placed nearby the partial slub pesetvadion [2708] or full dlab pesetration [2702] so

CA 03196584 2023-4-24



as to prevent  vertical utility pipe [101] from leaning over before the conerete for the slab [603]
is ponred.

000191} As another example, Hauger asscmblies {10637 could occur at every plan
view [ntersection of a wility pipe [101] and a utility support member {104} Also, in an
smbadiment, hanger assemblies [103] could oceur peviodically where utility pipes [101 | are under
and parallel with a atility support member [104], at a spaving that iy less than or equal 1o the
masimum permitted spacing of supports for a ulility pipe [101} As an additional example, hanger
assemblies 1037 could veewr perindivally where utility pipes {101 ave under and paraliel with a
composite asserubly crewted by one or more utility support members [104] with connectors [701],
with the hanger assemblies occurring at a spaving that 13 less than or equal o the maximum
permiited spacing of supporis for a utility pipe [101] and the connectors [701) occurring
perindically along the length of the compaosite assembly.

7
;

feoo e} As another sxampde, Fug, 27 shows 12 round foundation clemisats [11H0L]
that could be 24 ineh diamcrer deilled shali reinforced concrete plors, with B of the piers on a
consistent grid with ¢seh other, and these € piors geoweirically coreating three distinet, ot
overlapping, rectangular bays cach representing anarea of a building floor plavewith a pley at every
corner of each bay, with the three bays hown in Fig, 27 referred (o herein gs an extenor-most bay
closest 1o the flexible expansion joint [240 H] shown, an interioranost bay furthest from the flexible
expansien joim (24007 shoven and a center bay between the exterioe-most bay and the interior-
oSt baty

[ 03] The interior-most bay shown in Flige 27 shows a plan view of an
embodiment of the invention wherein one or more wWility support members 104 a8 part of the

irventive traming systom are supported by one or more mventtve temporary support apparatuses
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[301} as shews in Fig. 4 - 6, allowing a high degree of floxihility in placing one oy more investive
temperary suppost appacatses [301] 50 as o work avound closely spaced vtility pipes, especialiy
where they could be relatively elose i elevation to the boltom of the slah [683] of a skib-on-
voidiorm foundation, as a higher elevation of utility pipes [104] generally makes jostalistion of
thie inveniton more sconomival and practival,

[OE194] The venter bay of Fig. 27, which s referenced herein to nclude an area ner
the boundary of the center bay and the interdormoest hay as well as an area near the boundary of
the center bay and the exterior-most bay, shows o plan vigw of anembodiment of the invention
wheratn gpe or more ulility sepport members 04] as part of the inventive fTaming system are
sopported by o or more other atibty support members | 104, wherein conneciors [ 7] would
be used as shown w Figs. 7 and 10, o the embodiment the cemter bay of Fig, 27 shows a plan
view of the invention wherein one or more wtility support members {104] as part of the wventive
framitg system ate supported by ane or more foundation clements [1101], v shown in Figs. 11,
13 and 14, Unlity support members [104] could be supported in some locations by ong or more
Inventive femporary suppott apraratyses {301 ] and inother locations by one or more other wtility
sppport members [164] and in sther locations by foundation clements [1101].  Alse, in an
embodiment, enbodiment shown in the center bay could be more economivsl thun the approuch
shown i the inlertor-muost bay because the approach shown in the cenler bay has significantly
fewer inveniive fempotary support apparatuses [301] consdening that while the inventive
temporary  sapport apparatoses (D] can redoce the length af utihiy SUPROt member H{Mj
praterial requived the Invenlive temporary support apparstuges [301] also create obstacles o
placing voudforms [801] which makes the voidibous more expensive o coordinate belore

fabrication ot the voidborms [S01] ov fo costomize the geometry of the vordforms [501 ] i the field,
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so 1t can therefore be more coonoical to minimize the use of ventive femperary support

apparatuses [301] whon there is g single utility pipe [ 1017 ina relatively large area.

[000195] As an example, i an embodiment at the area pear the boundary between
the extettor-tnost bay and the center bay, Fig. 27 shows a plan view of an embodiment of the

invention wherein one or wore ttilily support members [104] are connected with vne or more ather
parallel utihty: support members {1041 10 wreate a composite assembly that can structurally span
belween supports, 2s shown i Plgs, R, 13 and 14, using conngctors as shown in Fig, B, so a5 to
provide a greater strength and stiffiess thun would be provided with « single stility sapport
member | 104} while maintuining o relatively flat eross sectional geometry so that the sssembly of
utitity support members [104] can be located between an upper fayver and a lower layer of
reanforeing bars [302] in aoslab [603] of a slab-an-vold{onm system, which could assist inmaking

the design of the skab [803] more economical as it could aveid & nsed to make the slab [603] thicker

wvaccommodate a faller cross sectional geometry of an assembly of vtilitvy support members [ 1041,
{3001 96] Asan example, an crobodiment the extertor-most hay of Fig. 37 shaws a

plan view of an embodiment of the vention wherein relatively deeper elevativus of one or more
utility pipes {101} conld he accomumodated by fostalling one or more inventive mobile retaining.
walle T1SGE] 1o retain soil, as shown m Figs. 15 — 20, where this approach could be more
geonamical than excavating and maimiaining a wide and deep irench in which the subgrade [102]
s benched as shovn i Pur 4 -6 and 14,

O03197) b an pmbodiment, s ded\mg seppirt e by {2703 } eauld be used as part
of the decking [1701]. As examples, the decking support member [2703] could be a light pupe

steed struf vhansel Also as an example, in spembodiment the decking support member [2703]

eopld be supported at each end by one ormiore wventive mobile retaning walls [1301 ] wherein a
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totched seat for a decking support member {27031 & created. As an additions! examiple, in an
erthodiment the deckmg support member {2703] could be supporied at each end by one or more
nventive mobile reteining walls [1501] wherein a notched seat for a decking, support wember
[2703] Is created by grinding with a hand-beld power grinder into an inventive mobile retaiming
will {1561 ] Asan additional example, a decking support miginber [2703] could provide support
tey decking FE701] bul not be mechantcally joiped 1o decking {1701} As another example, wn an
embodiment a decking support member [2703] vould he mechanically joined, such as with screws,
tos deckmg [1701] where decking {1701 18 not mechumieally jomed o both an inventive mobile
refaining wall [1501] und & foundation glement [1101], as the inventive mubile retaining wall
{1301 18 designed to vise and fall with volumetric soil changes whereas a foundation element

{11017 is designed o vesist forces gssociated with volumettic soil changes,

GOG198] A3 an example, Fig. 37 shows a plan view of an embodiment of the
QUG19K] A3 an example, Figo 27 shows a plag vi of an ambodiment of the

i

ivention wherein a vault s shown i Figs, 23-26 houses a transition supports of utilety pipes [101]
from a bullding 1o a site by vittue of g flexible cxpansion joint [24017 that is secured in place to
prevem lateral movement in cither plan view dircction, provent vertical movement, and provent
rotation about & transverse axis of a utility pipe [101] by & pair of mountable pipe clamps [2181}
thai are capable of resisting the Tatersl forces and movements induced by a flexible expanision joint
12401 during hstallstion and durlng use of the mvention afler construction 1 561l changeg in
valume, asa Pexible expansion joint (24017 has imernal gaskets that ereate some friction 4y a
Hexible expareion joint teleseipes wr and ooloaally and rotates st each end. Inan example, the
tramsition of xuppon conditions could seeur under the slab [603] of s slab-on-veidforn foundation.
Furthermore, 0 an example, the trapsition of supposts could oceur outside of the plan view off a

slab [603] of a slab-on-voidtornt foundstion. As an example, the fransition of suppeort conditions

CA 03196584 2023-4-24



could ocenr partially under the slab {803] of a slab-op-voidibrm foundation and partially cuiside
of the plan viow of g slab [603] of s slab-onsvaidform feundstion. As an additional cxample, Fie.
27 shows a plan view of an embodiment of the invention wherein a shidable soil retainer [3303]
and ag Inveptive protective utitiny conngerweight [22007 provide sufficient support & the site
condition end of a Hexible expansion joint [2401 ], as shown i Figs. 23-26.

000199} Frz 28 shows g plan view of an embodiment of the imvention similar o the

exterior-mast bay of Fig. 27 whergin voidforms [501] with non-degradable conponents coald be

used Tov an entire wtility pipe {101] system as inventive mobile retaining walls [1501] are installed
to retain the sobgrade [102] and support decking [1701] us shown in Figs. 17— 20, which could
reyive thut the elevations of the utibity prpex {101} be lower than possible at the inlerior-mast hay
af Fig, 27 where decking [1701] {s not wsed, even where the utility pipe [1017 is near a partial slah
penctration {27817 ar full slab penetration [2702] and otherwise the utility pipe [181] conld be
higher, allowving for more flexibility 1n scheduling constrietion to gveid delays coused by ram
damaging degradahie voidiorms [501] or risks that damp degradable voidionms [5017] could
collapse whes conerete Tor o siab [603] is poured in gengraphic areas or peniods of fime where rain
occurs mere freguentty, even though the matedial cost of nonedegradable vordforms [3017] could
b higher than the cost ol degradable voidtforms {301 In an embadiment decking [ 1701 ] ad shown
i Fgs, 17 and 18 conld be n.(m-dﬁ:gmdab'ie material thal provides a permanent support for
vaidforms P30 with non-degradable components above the decking [501, as degradable deckiig
701 could deteriorate ever time and allow any veidforms [381] with non-degradshle

yoereals a

components above the decking [S01] to full into the plinabing trench and pos:
mwechasm that coold transter forces Yo wtility piping fom volumsetsie sofl change which voudd

damage and/or impair the function of a wlility pipe {1011
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[00G206] As an example, Fig. 28 shows a plag view of as cmbodiment of the
invention wherein wtermediate french walls [28017 swithin the phonbing trench conld provide
utermediate suppert for decking [1701] so as to reduce the length of the span that the decking
[1701] would need to accommeodaie otherwise. Additionally, as an example, intermadiate trench
wealls 128017 could be one vy more wallygs all as adpscent inventive mohile retaining walls [15611L
Also, inan embodiment, intermediate trench walle [ 2801 could be o framing systeny of beams and
colomms as tall as adjacent inventive mohile relaming walls JI501] As an additional example,
itermedinte trench walls [2801] could be deyv-stacked wveinforced and ungrowvied conerete
masonry iy, Ax an example, o an embodiment inlermediste rench walls [3801] voudd be dry-
stacked unreinforced and ungrouted concrete masonry anifs with a nominal height o width e
of 210 1. As an example, intermediate treneh walls [28017 could be comprised of voreinforcesd
ungronted masonry,  Alse, ban embodiment, intermediate trench walls {28011 is comprised of
tinrcintorced grouted masonry. Also, in s civbhodiment, intorediaie wronch walls {38017 msterial
could be reinforced masonry.  In an combodiment idermediate trench walls [2801] could be
comprised of siainless sieel, Adso, as an oxample, in an embodiment ntermediate trench walls
{28077 could be a framing syvatem of stainlesy steel sirut chame! beams and cotumns. T another
embodiment intermedinte trench walls [ 2801 could be comprised of palvanized speel. Also, asan
example, 1 an embadiment inlermediaie tench walls [2801} could be a framing systemt of
galvanired strut channel beams and columns. Also, as an example, intermediate french walls
12801 could be comprised of plastic. As an additional example, in an embodiment intermediate
trench walls [2801] is comprised of degradable material such as wood 1f degradable voidlorms
{501 ] and degradable deciing [1701]) are used above the degradable intérmediiate trench walls

[2801]. Asan additional example, 1 an embodiment ivtormediate trench walls [2801 ] could be
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sppparted by a toundation that suppors the intermediate trench walls [2801] As an additional
example, i an ombodiment vertieal clemends such as colomns that are part of one or more
intermediate trench walls [2801] could be supported by a foundation that supports the infermediate
trenchwalls (28017, As an additional example, in an embodiment ooe or more intermediate trench
walls [280G17 could be modified peomerically to not imerfere with ong vy more inventive
temporary support apparatuses {3017 that could be located in plan view such thay they would
otherwise interlere.

[06201] Figure 29 deseribes methods of the invention. At3iep 2901 pigrs, prer caps
and grade beams are installed gnd wel-sel elevation supporl conpectirs are web-set in toncrele
where desired. In Step 2902 ubility retaining walls are installed where it will be desived to retain
soil with 3 retainiog strusture adjacent to on sach side of the proposed wility s required, such as
allowing & proposed clear dimension from sodl under and adjacent o the utility and hanger
asserablivs cqual to or geeater than the potential veetical movement. In Step 2903, utility trenches
are excavated, allowing a proposed clear dimension from seil under and adincent to the wiility and
hanger assemblies equal fo or greater than the potendind vorical moavement, benching along the
fength of the wility trenches a8 required where sol i not retained hy retaining structares,
extersling. In Step 2904, lemporary support apparsiuses are installed. In Slep 2903, post-instatled
glevation support connectors gre installed, In Step 2900, utifity support members ure instatied as
part of the uiility suppor! framing sysiem that 18 capable oTsupporting hanger apparaluses where
neckssary to support s underslab atiliy. In Step 2007 Emnger assemblioy are instadled s that
they wre supported by the ity framing systerm. By Slep 2908, under-slab utilities are installed so
that the uiilities are supporled by the hanger assemblies. In Step 2909, where under-siab olilities

pencirate pradebeains af the perumeter of slab-vo-voidfonn slab areas, distall & mouatable pipe
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clanp on each side of the gradebeam soas to conneet the utility at the penetration to the gradebeam
and provide sutficient anchoraoe so that the nitliy can cantilover past the gradebeam. Iy Siep
2910, any additional decking supports required are installed where required to support proposed
decking, including any intermediate support walls, any intermudiate support beams and any
ledgers attaehed to foundation elements. In Step 2911, decking is astalled over retaining walls
and other decking supports such as intenmediate support wally, intermadiale support beams and
ledgers attached lo Poundation elements. In Step 2912, voidforms are matalled.  In Step 2913,
vapor barriers and compopents of vapor bartier systems wre mstalled, inclading components
around penetrations by hanger assemblies thvough the vapor bamier.  In Step 2914, slab
reinforcement i installed over reinforcement supports thal bear on the vapor bavier. In Step 2915,
tie wire is installed to connect viility support resmbers o stabilize them so thay they will not move
substantially after removal of the rods from temporaty support apparatuses or during a concrete
pout. T Step 2916, vods rom temporaty support appargtuses are romoved, In Step 2917, the
concrete of the slab is poured. Tn Step 2818, an excavation is made to aceess the vertically slotted
opening i a foundation clement which will receive a protective wtillly countersveight and the
slidable soil retainer which retains soil from eotering the verttcally slotted opening is bolted to the
fourtation elements at the top of the shidable soil repainers. I Step 2919, back B with subgrade
materisl, inc;‘l.uding bentoniie seainst the slidable sofl retainer i installed io raise the subgrade
elevation fo the bottom of the hole in the shdable soil retainer.. I Step 2920, the profective wiility
caunlerweighi s mstalied i the carrect position and placed on shims at each end of the profective
utihisy cousterweight. In Step 2921, voncrete s poured under the protective atility counterweight
i between the slidable soifl refmer and the shims furthest from the foundation element with-the

vertically slofted opening. and the shims dee removed from under the profective wtdidy
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counterweight. In Step 2922, the bolts conngcting the slidable sail retainer to @ foundation element
are ground hack so as fo gllow the shidable soil retamoer to shide tn the future if expansive soi causes
the elevation of the slidable soll retainers to rise or falll Tn Step 2923 subprade material 13
backfilled to ralse the subgrade elevation over the protective utility counterweight tothe final grade
slevations, including bentonite immediately againgt the shidable soil retainer. In Step 2924, the
flexible expansion joint is mstalled, In Slep 2925, the slab aver the flexible expansion joint is
Formed with ermporary shoring that Is remeved alter the slab is poured, and the slab includes a
neans of areess such as a manhole cover or door,

006202 Frg, 30 shows un embodiment of the Invention wheremn the ulility support
member i above the shab. Fig 31 shows an embodiment of the mvention wherein the utility
support member is below the slab.

O0G2031 Numerous embodiments are deseribed in this disclosure and are presented
for illustrative putposes ondy. The descabed embodimenis see not intended o be limiting i any
sense, The tnveation is widely :appiizcab]s: to numerous eaibodiments, as is readily appacent from
the disclosues herein, These erabodiments are described dn-sufficiont detall 1o euable those skilled
in the art to practice the invention, and it is o be understond that other embodiments may be
ulitized and that struciural and ather changes may be mude without departing from the seope of
the present invention. Accordingly, these skilled in the arl will recognize that the present invention
may he practiced with various modifications and alerations.  Although particular features of the
present wmvention may be deseribed with reference to one or wmore parbeular embodimends or
Fgures that form u part of the present diselosure, and in which ave shown, by way of {Hustration,
specific embodiments of the nventiom, 1t shoold be understood that suchs Teatures ave not limited

o usage i the one or more particuldr embodiments or Boures with referencs to which they aee
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described, The present disclosure s thus neither a literal description of all esabodinments of the

invention nor a listing of features of the Wwvention that wust be present in all cmbediments.
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IN THE CLAIMS:
1. A method of isolating under-slab ufilities from a subgrade under a slab of a slab-on-

voidform foundation comprising:

a. attaching a framing system to one or more foundation elements of said slab-on-
voidform foundation wherein said framing system is configured to not be in contact

with the subgrade;

b. using a hanger assembly to suspend a segment of said under-siab utilities prior to
pouring conerete of the slab of the slab-on-voidform foundation wherein said
haneer assembly is configured to be supported by said framing system and sai
hanger assenibly figured to b rted b d framing system and said

hanger assembly is also configured to not be in contact with said subgrade;

c. wherein the framing system is comprised of one or more utility support members
connected to and supported by one or more elevation support connectors that are

connected to and/or supported by one or more foundation elements; and

d. wherein said slab is poured over degradable voidforms.

Pt

The method of claim 1 wherein the under-slab utilities are pot in contact with said subgrade.

3. The method of claim 1 wherein at least one of the one or more utility support members is

connected to and supported by one or more additional utility support members.

4. The method of elaim 1 wherein the one or more of the utility support members structurally

span batween two or more foundation elements without any need for intermediate support.
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11

The method of claim | wherein two or more of the utility support members are connected

to form one or more composite vtility support members.

The method of claim 1 wherein two or more of the utility support members are connected
to form a composite utility support member wherein the two or more of the utility support
members are connected side by side such that at any given transverse cross section the top
of the composite utility support member is at the same elevation as the top of each

component utility support member.

The method of claim 1 wherein one or more of the one or more utility support members is

connected to slab reinforcement by a tie wire,

The method of claim 1 wherein said framing system is configured so that said one or more

utility support members are partially embedded in said slab.

The method of claim | wherein said framing system is configured so that said one or more

utility support members are completely embedded in said slab.

The method of claim 1 wherein said framing system is configured to be completely encased

in concrete.

The method of claim 1 wherein said framing system s configured so that said one or more

utility support members are above said slab,

. The method of claim | wherein said framing system is configured so that said one or more

utility support members are below said slab.
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. The method of claim | wherein said framing system is configured so that said one or more

atility support members are below said slab and said hanger assembly extends vertically

mto said slab.

. The method of elaim | wherein said framing system is configured so that said one or more

utility support members are below slab reinforcement.

. The method of claim 1 wherein said framing system is configured so that said one or more

utility support members are above slab reinforcement.

The method of claim | wherein said framing system is configured so that said one or more

utility support members are between upper and lower mats of slab reinforcement.

The method of claim 1 wherein said under-slab utility is plumbing and said framing system
is counfigured so that all of said one or more utility support members, without any
intermediate support, are between upper and lower mats of slab reinforcement after said
hanger assemnbly and said plumbing is installed but before any plumbing is filled with

water.

. The method of claim 1 wherein tweo or more of the utility support members are connected

with. one or more connectors to form one or more composite utility support members

wherein said hanger assembly is supported by one of said one or more connectors.

. The method of claim 1 wherein the smallest distance between the subgrade and the hanger

assembly 1s greater than or equal to the potential vertical movement of the subgrade.



20. A framing system for suspending under-slab utilities under a slab of slab-on-voidform

foundation comprising:

a. one or more elevation support connectors configured to be wet-set inte or post-
installed onto one or more foundation elements of said slab-on-voidform
foundation, wherein a slab of the slab-on-voidform foundation is to be poured over

degradable voidforms;

b, said elevation support connectors each coraprising a strut channel having a length

of 2-24 inches;

c. one or more utility support members each comprising a strut channel having a

length of 12-30 feet;

d. each of said elevation support connectors connected to one or more viility support

members; and

e. said one or more utility support members configured to attach to a hanger asserubly.

21. The system of claim 20 wherein the elevation support connectors and the utility support

connectors have regularly spaced slotted holes in the weh of the strut channel.

22, The system of claim 20 wherein one or more connections hetween one or more elevation
support connectors and one or more utility support members comprises an angle that is

bolted to an elevation support connector and bolted to a utility support member,
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. The system of claim 20 wherein one or more connections between one or more elevation

support connectors and one or more utility support members comprises an angle that is

welded o an elevation support connector and welded to a utility support member.

. The system of claim 20 wherein one or more elevation support connectors is welded to one

or more utility support members.

. The system of claim 20 wherein an end of one or more utility support members is connected

to an end of another utilily support member by a bolted splice connector.

The system of claim 20 wherein twe or more parallel utility support members are aligned
with the tops of the utility support members being at the same elevation and the utility
support members being conpected to each other so as to create a composite utility support

member.

. The system of claim 20 wherein at least one of the one more utility support members is

oriented with the web at the botiom.

. The system of elaim 20 further comprising one or more tie wires configured to connect at

least ong of the one or more utility support members to slab reinforcement.

. A method of isolating under-slab utilities and under-slab portions of hanger assemblies

from a subgrade under a slab of a slab-on-voidform foundation, wherein said utilities are

installed before said slab is poured, comprising the following steps:

a. first:



i.  securing in a subgrade one or more temporary support
apparatuses configured to support one or more utility support

members;

ii.  using one or more hanger assembtlies to suspend one or more

segments of utilities;

wherein said one or more hanger assemblies are supported by at

least one of said one or more utility support members; and

wherein said one or more hanger assembiies and said one or more

segments of utilities are not in contact with said subgrade;

. installing voidforms over said subgrade wherein said voidforms
are coufigured to not be supported by said segment of said

piilities; and

iv.  installing one or more reinforcing bars supported by sawd
voidlorms;

b. second, transferving support of said one or more utility support members
from said one or more temporary support apparatuses to said one or more
reinforcing bars by attaching said one or more utility support members to

one or more of said one or more reinforcing bars; and

third, pouring the slab of the slab-on-voidform foundation over said one or

L¢]

more segments of utilities.
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30. A method of isolating under-slab utilities and under-siab portions of hanger assemblies
from a subprade under a slab of a slab-on-voidform foundation, wherein said utilities are

installed before said slab is poured, comprising the following steps:

a. first
i. installing a framing system that is configured to be supported

by one or more foundation elements

wherein said framing system is comprised of one or more utility

support members; and

wherein said framing system is not supported in the space
between any foundation elersents other than where supported by

said one or more foundation elements;

i1. instatling one or more hanger assemblies that are configured to
be supported by said one or more utility support members
wherein said one or more hanger assemblies are not supported

below said one or more utility support members;

iii. installing one or more segments of utilities that are configured

to be supported by said one or more hanger assemblies;

b, second, instailing degradable voidforms over said subgrade wherein
said degradable voidforms are configured to not be supported by said

one or roore segments of ufilities;
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¢. third, pouring said slab of the slab-on-voidform foundation wherein
said slab is configured so that said hanger assemblies are not supported

below said one or more utility support members.

31. A method of isolating under-slab utilities from a subgrade under a slab of a slab-on-

voidform foundation comprising:

a. attaching a framing system to one or more foundation elements of said slab-on-
voidtorm foundation wherein said framing system is configured to not be in contact

with the subgrade;

b. using a hanger assembly to suspend a segment of said under-slab utitities prior to
pouring conerete of the slab of the slab-on-voidform foundation wherein said
hanger assembly is configured to be supported by said framing system and said

hanger assembly is also configured to not be in contact with said subgrade; and

e. wherein the framing system is comprised of one or more utility support members
connected to and supported by one or more elevation support connectors that are

connected to and/or supported by one or more foundation elements.

32. The method of claim 31 wherein the under-slab utilities are not in contact with said
subgrade.
33, (Previously presented) The method of claim 1 wherein at least one of the one or more utility

support members is connected to and supported by one or more additional utility support

members.
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34, The method of claim 31 wherein the one or more of the utility support members structurally

span between two or more foundation elements without any need for intermediate support.

33. The method of claim 31 wherein two or more of the utility support menbers are connected

to form one or more composite utility support members.

36. The method of claim 31 wherein two or more of the utility support members are connected

o form a composite utility support member wherein the two or more of the utility support
members are connected side by side such that at any given transverse cross section the top
of the composite ulilily support member is at the same elevation as the top of each

component utitity support member.

37. The method of claim 31 wherein one or more of the one or more utility support members

is connected to slab reinforcement by a tie wire.

3R8. The method of claim 31 wherein said framaing system is configured so that said one or more

utility support members are partially embedded in said slab.

39, The method of claim 31 wherein said framing system is configured so that said one or more

A

utility support members are completely embedded in said slab.

40. The method of claim 31 wherein said framing system is configured to be completely

encased i concrele.

41. The method of claim 31 wherein said franaing system 1s configured so that said one or more

utility support members are above said siab.
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46.

48.

2. The method of claim 31 wherein said framing system is configured so that said one or more

atility support members are below said slab.

3. The method of claim 31 wherein said framing svstem is configured so that said one or more

utility support members are below said slab and said hanger assembly extends vertically

into said slab.

The method of claim 31 wherein said framing system is configured so that said one or more

utility support members arve below slab reinforcement.

The method of claim 31 wherein said framing system is configured so that said one or more

utility support members are above slab reinforcement.

The method of claim 31 wherein said framing system is configured so that said one or more

utility support members are between upper and lower mats of slab reinforcement.

. The method of claim 31 wherein said under-slab utility is plumbing and said framing

system is configured so that all of said one or more uvtility support members, without any
intermediate support, are between upper and lower mats of slab reinforcement after said
hanger assembly and said plumbing is installed but before any plumbing is filled with

water.

The method of claim 31 wherein two or more of the utility support members are connected
with one or more connectors to form one or more composite utility support members

wherein said hanger assembly is supported by one of said one or more connectors,



49. The method of claim 31 wherein the smallest distance between the subgrade and the hanger

assembly is greater than or equal to the potential vertical movement of the subgrade.

30, A framing system for suspending under-slab utilities under a slab of slab-on-voidform

foundation comprising:

a. one or more elevation support connectors configured to be wet-set into or post-
installed onto one or more foundation elements of said slab-on-vaidform

foundation;

b. said elevation support connectors each comprising a strut channel having a length

of 2-24 inches;

c. one or mare utility support members each comprising a strut channel having a

length of 12-30 feet;

d. each of said elevation support connectors connected to one or more utility support

menmbers; and

satd one or more utility support members configured to attach to a hanger assembly.

i<

51, The system of claim 50 wherein the elevation support connectors and the utility support

connectors have regularly spaced slotted holes in the web of the strut channel.

52, The system of claim 50 wherein one or more connections between one or more elevation
support connectors and one or more utihity support members comprises an angle that is

bolted to an elevation support connector and bolted to a utility support member.
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59.

. The system of claim 30 wherein one or more connections between one or more elevation

support connectors and one or more utility support members comprises an angle that is

welded o an elevation support connector and welded to a utility support member.

. The system of claim 50 wherein one or more elevation support connectors is welded to one

or more utility support members.

. The system of claiim 50 wherein an end of one or more utility support members is connected

to an end of another utilily support member by a bolted splice connector.

. The system of claim 50 wherein twe or more parallel utility support members are aligned

with the tops of the utility support members being at the same elevation and the utility
support members being conpected to each other so as to create a composite utility support

member.

. The system of claim 50 wherein at least one of the one more utility support members is

oriented with the web at the botiom.

. The system of claim 50 further comprising one or more tie wires configured to connect at

least ong of the one or more utility support members to slab reinforcement.

A method of isolating under-siab utilities and under-siab portions of hanger assemblies
from a subgrade under a slab of a slab-on-voidform foundation, wherein said utilities are

installed before said slab is poured, comprising the following steps:

a. first:



i securing in a subgrade two or more temporary support
apparatuses configured to support one or more utility support

members;

wherein said two or more temporary support apparatuses are each

comprised of a stake, a rod and an adjustable support nut; and

wherein said one or more utility support members are supported by

said two or more terporary support apparatuses;

ii.  using one or more hanger assemblies to suspend one or more

segments of gilities;

=

wherein said one or more hanger assemblies are supported by at

least one of said one or more utility support members; and

wherein said one or more hanger assemblies and said one or more

segments of utilities are not in contact with said subgrade;

ti.  installing voidforms over said subgrade wherein said voidforms
are configured to not be supported by said segment of said

uiilities; and

iv.  installing one or more reinforcing bars supported by said

voidforms;

b. second, transterring support of said one or more utility support members

from said two or more temporary support apparatuses to said one or more

CA 03196584 2023-4-24



reinforcing bars by attaching said one or more utility support members to
one or more of said one or more reinforcing bars and removing two or

more rods of said two or more temporary support apparatuses; and

c. third, pouring the slab of the slab-on-voidform foundation over said one or

more segments of utilities.

60. A method of isolating under-slab utilities and under-slab portions of hanger assemblies
from a subgrade under a siab of a slab-on-voidform foundation, wherein said utilities are

installed before said slab is poured, comprising the following steps:

first:
i. installing a framing system that is configured to be supported

by one or more foundation elements

wherein said framing system is comprised of one or more utility

support members; and

wherein said framing system is not supported in the space
between any foundation elements other than where supported by

said one or more foundation elements;

i, installing one or more hanger assemblies that are configured
to be supported by said one or more utility support members
wherein said one or more hanger assemblies are not supported

below said one or more utility support members;
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i1, installing one or more segments of utilities that are
configured to be supported by said one or more hanger

assemblies;

secand, installing voidforms over said subgrade wherein said
voidforms are configured to not be supported by said oue or more

segments of utilities;

third, pouring said slab of the slab-on-voidform foundation wherein
said slab is configured so that said hanger assemblies are pot supported

below said one or more utility support members.
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