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EXECUTIVE SUMMARY i

This paper provides a discussion and summary of the performance of Wafflemat™ (US Patent 5,540,524) slabs on
grade. The discussion contained herein is based upon studies performed by the geotechnical firm of Purcell
Rhoades & Associates (ref. 1), as well as observations of the performance of installed Wafflemat foundations

(Appendices A-D) over a 15-year period.

Post-tensioned, slab-on-grade construction and mild reinforced mats have been used for decades to provide
adequate support for residential and light commercial construction. The original, post-tensioned slabs were
constructed by trenching to form in-ground beams (or “ribs”) to provide stiffness when combined with a relatively
thin slab. Subsequently, uniform thickness post-tensioned slabs (or, “UTF’s” for “Uniform Thickness Foundation”)
were utilized with or without perimeter in-ground beams. The uniform thickness slabs are much thicker than slabs

of the in-ground beam system, and have gained some prominence in certain parts of the world.

Post-tensioned slabs provide a mat foundation which tolerates movement to an acceptable limit. The deflection limits
must be compatible with the type of construction supported by the post-tensioned slab. Deflection arises from
differential swelling or shrinking of the soil underneath the slab, expressed in terms of edge lift or center lift. This
deflection is mitigated by the slab stiffness and strength.



The soil contact area of the slab in both the in-ground ribbed slabs and the uniform thickness slabs is equal to the
total slab area. This means that when the slab is subjected to uplift forces from soil expansion, 100% of the soil

expansion area below the slab exerts force on the slab. The upward force is resisted by the slab stiffness, weight

of the slab, and structure above.

More recently, a third-generation post-tensioned slab has been used in the United States and Mexico. It utilizes
hollow forms, or “Waffleboxes,” in a grid arrangement, the forms being placed directly on grade to create voids in
a waffle-like pattern, with ribs in both directions and post-tensioning tendons located in the ribs. Concrete is then
placed over the forms, creating the “Wafflemat” foundation.

Figure 1 | Wafflemat foundation forms, ready for

concrete pouring. Post-tensioning cables are positioned
in the spaces between the Waffleboxes.

12" DIA. PT TENDON

PLAN 1 10MIL 1 I
VISQUEEN

Figure 2 | Cutaway view of the Wafflemat foundation. Only the perimeter and
interior ribs are in contact with the soil, increasing the bearing stress while
allowing swelling soils to expand into the void spaces between ribs.

The Wafflemat is in contact with the ground only at the bottom of the ribs created by the Waffleboxes, a contact area
much less than the total slab area. Reduction of the contact area is significant in that there is less surface upon
which swelling soils can exert force and the superimposed bearing stress is increased. The resulting higher
bearing stress from the structure counteracts soil swelling pressures. In contrast, in-ground ribbed slabs and uniform

thickness slabs have lower bearing stress, and thus have a lower capacity to resist swelling pressures.
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A study completed in 1997 (ref. 1) monitored 28 Wafflemat foundations under adverse conditions. The study
showed that little movement was measured over a 12-month period for the Wafflemats, which were conventionally
reinforced. The pad preparations varied greatly: some were heavily pre-soaked, others not at all. Level readings
from the study showed excellent mitigation of expansive soil effects for the 28 Wafflemat foundations on soil with

PI's ranging from 26 to 58.

Earlier research, noted in the 1997 study, showed that pressures caused by swelling soils were reduced by the
voids in Wafflemat foundations. The soil pressures were relieved by the soil expanding up to several vertical inches
into the voids. Level readings taken on top of the Wafflemats showed little movement in spite of the Wafflemat having
been built on moderately dry subgrade, and subsequently partially flooded on one side to simulate extreme
conditions. Over time, the moisture under the Wafflemat stabilized and became uniform. Throughout this process
the level readings varied little, and the performance of the Wafflemat foundations fell well within serviceability limits.

Current practice in the design of post-tensioned Wafflemat foundations utilizes the 3rd Edition of the Post
Tensioning Institute’s “Design of Post-Tensioned Slabs-on-Ground.” This means a Wafflemat foundation is

designed to obtain the same stiffness as ribbed mats or uniform thickness slabs (ref.2).

However, the inherent performance of the Wafflemat is superior. With the same stiffness, yet reduced contact area,
the Wafflemat experiences less movement. In essence this foundation system, with equivalent stiffness,
experiences significantly less upward loading.

In summary, millions of square feet of residential Wafflemat have been tested by observing behavior under severe
conditions for over 15 years. During this time, foundation movement due to swelling soils has proven to be well with-
in acceptable limits. Current design practice provides post-tensioned Wafflemat slabs with stiffness equal to or bet-
ter than other post-tensioned slab types, but with less susceptibility to swell pressures exerted by expansive
soils. The Wafflemat provides all of the benefits of the in-ground rib and uniform thickness slabs, but with bet-
ter performance provided by its geometry and smaller contact area. This approach provides a superior perform-

ing slab as evidenced by field testing and lack of structural distress at installations to date.
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EN

ENGEO'S TEST SLAB RESEARCH PROGRAM

JEAN HWCUAE

En July 1993, ENGED hosted o full-gay thinkdank workshop on post-
tenswned wlab.

Representatives of the Poit Teneion imstGlole, the  construction
industry, end the str=sural and geoiechmical professions participated. A
topic dissussed waz the eompatibiliny of founditon slabs  and
suparstrictured in expanibve soils envisonments, and the need for further
reseapch in this field,

Sknce then, Conco Cement hay imstalled ap experiments] post-
lenpioned waifle-slab in the San Ramon Valley, ENGED & mondonng
it performanes knd providing geotechnical testing services, This type of
sib derives i dpidity from & petwork of siffening rbs in fwo
direchions, and may eventuslly become the foundation system of ¢h
fior recidentis] copalruction.

The s for this experimenal siad was pracious|y made gvailable by
Shapell Industries, The kot 4 bocafed i San Bamon, in an arom of
highly-expansive dlaye  The slab was desipnad by CEC Enginearing ;
Intemational, ‘The method of sonstruction, usng il honeycombed " e S
eardboard boxes as forms for the waifle ribs, b being plonsered by The shah i3 4 imches thick and the waifle rbe are 12 inches deep and
Canen Cemeat & inches wide The ribs are 3 focd dpart in both directions,

Site prepanition wis kept o & minimam inonder (o simalate advers
subprade cosditions. Tt consisted enly of minor cutting to poovide &
raughly level amsa; me moiiurs conditioning or meeomypaciian af e
subgrade sl wus dope.

Afer the slab was completed in Movember 1983, Gne grading was
done on the west thde af the tlab 1o provide desinsble prades avay [rm
ihe slah, The ground on the cat wide was bermed 1o encourage sdvenc

Az (he slab was being constructod, sl samples wers oblained on s
east and west sides 1o establinh reference in-sity soil moutisre profikes
Additional scil snmplng will be done st leset through the winer ind pext
Fammer 1o mantar variations in the soil molsiure profikes

The perfarmance of tie dab will b= manitored by ENGED, initally
o & monthly basis, by making waer fevel moassremsnis en @
predetermined grid. An ouiside refersnce survey monument msalied on
» pier foundstion & being used.

The dats will be analyzed by ENGECQ and published in conjunction
wilh Comen Cameit snd San Pranelsce State Univessity,
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San Franclsco State Unhversicy Lr, Bijan O, Aalarmi
1600 Holloway Avenuee Mrofessor, Civi Engingering
San Francisco. Califamda 94132 Oivisian of Fnginernng

Tel: 4]5/358-2154
Fax: 415/ 365-3300

Mre Matt Gonralves
Conce Cement Company
3131 Port Chicago Highway
Concard, Ca 94520
November 09, 1995
Tel 5l0-585 6759
Fax 510-685 685

Ground Supported Post-Tensioned Wallle Slah

I have reviewed the proposed geemetry and the construction features of your waffle slab
far use an expansive soil. The proposed slab is iniended as an alternative to the sparsely
ribbed convertional post-tensioned slab-on-ground (SOG), or the other recently
introduced option - the slob with uniform thicknrass,

For equal maresnl quaniinies, and from the stand point of structural perfosmance, the
wiilTle slab has several advantages over both the uniform and the cparsely ribbed slabs A
quolitarive evaluation af the features of the waffle slab is summarized belaw

= The waffle slab provides a more uniform distrbution of stiffness than the sparsely
nbbed slat, The wallle altermative can readily eliminate the necessity of pads below
interiar columns, or beams below interitr walls

= The walfle slab provides & greater stilfiess, and hence & greater resistance to induced
soil displacement than does a uniform slab with comparahle matenal quantities.

# The waflle slab does not suffer from the shear-lag-caused inefficiency inresisling
flexural stresses, a condition which is inherént in the thin flange of the sparsely ribbed
slabs, and which is averlooked by many SOC design engineers

= The veids between the waffle ribs allow unimpeded defarmation el the soil due to
moisrurs variation. This redoces the impact of the spil's volume change on the overain
slab.

*  The centact area of the watfle slab with the soil for the transfer &f the Ioading from the
superstructure and the slab weght 13 less than the other S0G cpuons, The waffle slab,
therefore, develops a higher stress ot its interface with the soil The higher stress
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= dampens the swell of the expansive soil and results in & lesser imposed deformation of
the waflle siab: This leads to an improvement in the performance of the waiTle slab.

= Since the total depth of o walle slab constructan is likely be less that the perimeter
beam of o ribbed slab, the waffle slab provides a lesser barier o moisture penetration
ta the underngath of the 530G from the cutside, It should be investigated whether it is
advisable to install & eurtain wall around the perimeter of the waftle slab (o fead off
maisture ingress.

*  Lintil specific computational aids are developed for the design l:ll"pnsl-tl:n.'.iumd
ground-supported waffle slabs, it is recommended te base the structural design of the
wallle slab on the spanability method for both ln-service stress and deformation
contral

Please call me it thers @5 a question.

Professqr of Civil Enginzcening -
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RICHLUAND DEVELOPMENT CORPORATION
575 NORTH MAIN STRIT
WALNUT CREEK, CALIFDRRIA 94555 4606
{U25) B35 ATLD
FAZ (925) 935 6178

Cretaber G, 2000

Pacific Housing Systems
GYS San Raman Blyd, Suite 213
San Ramon, CA 94526

Subfect: Black Diamond Knolis and Estates
Sandhill Project
Antioch, California

T Gantleman.

You have requested information from our firm concerming cur expenence in the use of the
Wafflemat Foundation System within the Anticch area where expansive and comosive soils are
presant

Richiand Development has construcied almos! 1200 homes over the last 10 years or so in the
Antioch area. Wa retained the Geotechnical firm of Purcell, Rhoades & Associates 1o perform a
preliminary study, which was reported by their firm in their March 13, 1989 and May 8, 1933 repors,
which dizclosed among other Gaatechnical concems, the presence of expansive to highly expansive
rite s0il ronditions with several foundation recommandations provided. Post-tension slabs included
pad pee-soiking with wxterior 1E-inch below ped grade stittaner beams and interior stiffener Laams
15 ft. on-center with the post-tension design based on the 19582 publication tilled, "Design &
Construction of Post-Tension slabs in Ground”, As we constructed the first 250 or so of our homes,
and we went through an evoldtion of foundation types, primarily classic post-tensioned slabs of
varying thicknesses and with various levels of additional sefeguards (stiffeners, cutoff walls, and
perimeter French drains incieded) with marginally satisfactory resulis.

Anfugust 2, 1995, “‘Geotechnical Study Update Report”, by Purcell, Rhoades & Aczsociates for the
July 2, 1990 report included addifional foundation recommendations with the thickened post-tension
slahbs ¥, values modified to 2 8.inches for center Ift and 2 8-inches for edge ift with &, valuas of 4-
1/2 ft and 5-1/8 A, respectively. This report ncluded recommendations for the newly intreduced
Watfie Slab Foundation System, which we were aware thst Conco Concrefe Company was
proposing for expansive to highly expansive sols as an alterrate fa the post-tension slabs.

Upen review of the Wafflemat Foundation concept, Richtand Development Company utilized the
Wafflemat System in 1995 as a test case on Lots 10 through 19, for Tract 7515 with variable pad
preparation including pad pre-soak and none, visquean and no visqueen and also with and
without & sand cushion.

Thi Purcell, Rhoades & Associates report “Wafllemat Pedformance Study”, dated March 14, 1957,
included the results of five slab level survey rmadings from January 9, 1955 through January 7, 1897
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Oclober &, 2005
Fage 2

with all readings within acceptable level tolerance and no indications of movemeant or distress lo the
finished structure associated with the Wafflemat System

Richland has used the waffle slab system exclusively on our homes since late 1995 {almost 1000
homes) and we believe that the performance has exceaded our expectations, and we wauld
wholeheartedly recommend the use of the Wafflemat system for any area with expansive soils

If you have any questions or would like further information pleasa da not hesitate to contact me.

Sincerely yours,
Richland Development Cerporatian

StenA Yz
Steven A, Johnson
President
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Purcell, Rhoades & Associates, Inc.

Geeotechnical, Environmental, & Materials Testing

1041 Hook Averue Tel (925) 9321177
Measant Hill, CA %4523 Fax (925) 932.2795

Mo. 16-18%7193-03
October 29, 2007

Mr. Jim Winsiow

Pacific Housing Systams, Inc.

698 San Ramon Valley Road. Siuite 213
Danville, California 34526

Subject; WAFFLE MAT FOUNDATION
Franciscan Vistas
Ewa, Cahu, Hawail

Retarenges: 1. Geolabs, Inc., June 23, 2008, “Geotachnical Enginesring Exploration,
Franciscan Vistas, Corner of Renton Read and O'Chao Streat, Ewa,
Oahu, Hawaii,” W.0. #5515-00,

2 Purcell, Rhoades & Associates, March 14, 1597, "Watfalmat
Parformance Study," Praject Na. 16-195/6238-02.

Daar Mr. Winslaw:

At your request. we have reviewed the referenced gedtschnical report by Geolabs, Inc., and
have discussad the use of the wafflemat foundation system with Mr. Francis Chan. P.E., of the
GeoLabs, Inc., Oakland, California, office encauraging Mr. Chan to atiend a site inspection of
tha wafflemat systam arganized oy Pacific Housing Systems, Inc.  Our firm has had extensive
gxparianca with the wafflamat foundation syslam going back to the mid-sixties. which rasulted
in the Reference Ne, 2 document, when the wafllemat systam was introduced to Nerthern
Califoria by one of our major clients, Richland Development Corp. The anclosed iettar from
Richland attest to thelr parsonal experignce with the watilemat foundation systam that has been
used exclusivaly on their projects, where expansive soils are present.

On page 4 of Reference No. 2, the wafflamat system was placed as stated an Lot 10 without
any ground preparation or visgquesn cover upon the sun backad expansive sojls somewhat
comparable to tha sbff o hard expansive surface solls as listed in the Geolabs' report
{Refersnca No. 1)

Hayward San Luds Obispo Fleasant Hill
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Mo, 16- 1867 193-03
October 28, 2007
Page 2
O Table Il of Referanca No, 2, the efevation mavemeant gver a seasonal wet to dry cycie was
maasured raveaiing the siab movement was well within the Califomia Buiding Perfarmance
Guidelines for Residential Construction that specifies a maximum vertical deviation nat
axcesding 1/2-inch ovar any 20 it section, The laundaticn systam on Lot 10 was n complance
with the stated tclerance and a residence was Guill on Lot 10 upon compistion of our 1998
study with no adverse loundation movemean: noted o date

We conclude. from cur axpenence, with hundreds of waftlemat developments completed where
aur firm was the Geotechrical-Enginaar-of-Aecord (GEoR), that the wattemat foundation
Syslen is tha best slab-on-graca touncation Systam 10 uss wherg advarse subsoil conditons,
Including nighty expansive subsails or soft compressible sails are present.

It 15 a pleasurs to assist in the intreduction of a superior foundation system 1o a naw markst
arga, where the use & benalicial to all parties invaivad from the Land Owner, the Enginear, the
Foundation Contractor, the Buikder, the Municipalites, the Homeowner, and all parties that
dasire and expect 3 raliable foundation system far their developrent and ultimate use.

Please fet us know it we can provide further details regarding tha wafflemat foundation system

anel its parformance in adverse subsoil conditions

Weary truly yours,
FURCELL, AHOADES & ASSQCIATES

Damat J, Akcaige
Principal
R.G.E-716, EXpifgs!
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Purcell, Bhoodes & Associates




