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onBalance Case History #0B—00005D

The (homeowner name) pool on (homeowner address) in Tracy Californiawas built by AquaPool and Spa,
and plastered by Burkett Pool Plastering. According to the records of Aqua Pools and Spas, the pool was
built and plastered in September of 1997 and turned over to a service company, Aqua Chlor, who started
the service on 9/11/97. On that first day of service, the service company already documented that the pool
surface was mottled.

Litigation — Thispool wasinvolved in legal activity between the owner of AquaPoolsand Spas, and Aqua
Chlor. The pool has subsequently been replastered, and the litigation is now completed. To summarize, the
litigation involved a suit instigated by Aqua Chlor (plaintiff) on multiple counts, including breach of con-
tract, trademark infringement, and slander issues. The slander issue included the contention by the builder
and/or plasterer that the service company (Aqua Chlor) was responsible for the substandard, poor appear-
ance of the pool surfaces. Aqua Chlor’s position was that the statements constituted slander, especially in
light of their contention that the damage to the pools was actually aresult of construction defects.

Two yearsinto the lawsuit, the owner of Aqua Pools and Spas counter-sued, contending that they were due
damages based upon the damage they felt Aqua Chlor caused to alist of specific pools.

Aqua Chlor engaged onBalance as expert witnesses in the actions, and Aqua Pools and Spas engaged Rob
Burkett (the plastering subcontractor) and Greg Garrett as expert witnesses.

The builder was required as part of the litigation to provide a list of plaster components. That listing
declared that the pool plaster was composed of cement, aggregate, water, calcium chloride, and Davis dye.
It was al so brought out in deposition that the plastering crew used wet tools or wet finishing techniques, as
well as engaging in hard troweling.

The resolution of the lawsuit and counter-suit were as follows:

* The counter-suit was dismissed on summary judgement, meaning that the court dismissed theAqua
Pools and Spas all egations without hearing evidence, determining that the legal action was without
merit.

» Theorigina suit was decided by ajury in favor of the plaintiff (Aqua Chlor), and monetary dam-
ages were awarded. Additionally, legal fees were paid by the defendant (i.e., the owner of Aqua
Pools and Spas and/or his insurance company).

It isimportant to note that neither the judge nor the jury actually made aruling as to specifically who was
responsible for the condition of the pool plaster surfaces. The verdict rendered was ageneral verdict on all
causes of action. However, the general verdict was for the plaintiff (Aqua Chlor), and against Richard
Townsend, owner of Aqua Pools and Spas. No defendant in this case was awarded any monetary judge-
ment, legal fees or costs.

Analysis— In preparation for the lawsuit, and in order to diagnose the reason for the white discolorations,
Greg Garrett hired Dr. Donald H. Campbell of Campbell Petrographic Servicesfor evaluation of the pool,
and submitted two core samples, D-1 (from an area of the pool that was uniformly whitened at the surface)
and D-2 (from an area that contained both white and dark grey on the surface). Garrett also supplied Dr.
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Campbell with photographs and with at least some description of the plastering methodology (i.e., that the
surface was hard-troweled). Dr. Campbell makes the following conclusions:

* “theuniformly light-colored, hard-troweled top surface of Core D-1" exhibits conditions* possibly
suggesting arelatively high water-cement ratio (w/c).”

* “The paste under the dark areas of Core D-2” suggest “a somewhat lower w/c’

» “the paste of this plaster appears to have variable water—cement ratios throughout each core. A
variable bleeding tendency is suggested...”

» “Thelocally striped pool walls are puzzling. Perhaps the bleed water before or after finishing was
more or less channeled on the wall...”

» “Microcracks are unusually numerous... One crack was partialy filled with coarsely crystaline
calcium hydroxide, suggesting autogenous healing, a process that is only effective in wet pastein
the early stages of chemical solidification and hardening.”

» “Chemical analysis of additional cores of the pigmented morter might provide a precise value for
the water and cement contents. Perhaps Bob O’ Neill could help in the chemistry... hydrate water
content... chloride values... differencesin water permeability...”

* “Inthe body of the mortar... voids with ettringite.”

» Microcracks are extremely abundant in the paste of the plaster; cracks are approximately 2 to 3
microns wide and open... The walls... do not appear sharp but are ragged, suggesting plastic or
near-plastic deformation.”

Dr. Campbell felt that he would be more likely able to pin down a diagnosis of the problem if two addi-
tional pieces of information were available to him, both means of determining the reason(s) for the poros-
ity and microcracking he found associated with the discol orations. Those additional pieceswerethe amount
of calcium chloride used in the plaster mix, and the amount of water used where the porosity was greatest.
He therefore suggests in his written evaluation that a chemist such as Robert O’ Neal be engaged to test
chloride content and to make evaluations of apparent water:cement ratio. Unfortunately, Mr. Garrett failed
to take Dr. Campbell up on his advice at that time.

(Inalater instance, Mr. Robert O’ Neill actually was engaged to analyse plaster from a different pool with
amost identical symptoms, and associated with the same builder, plasterer, and service company — see
case history oB-00005E. Although Mr. O’ Nelll reports having been provided “ several reports, photographs,
and documents’ with his sample (presumably including Dr. Campbell’s report and recommendation?), he
failed to analyze the plaster for water:cement ratio or to make any statements at all relative to the excess
porosity that other researchers (i.e., onBalance, RJ Lee, and CTL) have tied directly to water-related fin-
ishing techniques and excess chloride. Asfar as chloride analysis was concerned, O’ Neill found 2% cal-
cium chloride dihydrate by weight to cement, which isthe industry upper limit for white plaster. However,
since calcium chlorideisincompatible with the color admixture used in both pools, none at all should have
been used — see references from Davis Color.)

Attachment A Written report by onBalance

Attachment B List of citationsregarding colored plaster and wet finishing, and regarding colored plas-
ter and calcium chloride

Attachment C Photographs of pool captured from video

Attachment D Photograph and caption from Davis-written article

Attachment E Report from Dr. Campbell

Attachment F Scanned image of the Davis Color Chart (note injunctions against wet finishing and
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overworking, and the statement that the use of calcium chloride is the only known in-
compatibility, which causes blotching and discol oration)

Attachment G Photograph of a Davis Powder Color tint package (note injunctions against wet finish-
ing, overworking, and use of calcium chloride)

Attachment H Photograph of a Davis Liquid Color tint package (note injunctions against wet finish-
ing, overworking, and use of calcium chloride)
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onBalance
Swimming Pool Chemistry and Plaster Consulting

Mr. Jerry Wallace
Genera Manager, Aqua Chlor

Re: onBalance Project oB-00005D
Mr. Wallace:

You engaged onBalance to diagnose the cause(s) for discolorations on the surface of the swimming pool
plaster located at [homeowner’s address] in Tracy California, at the residence of [homeowner’s name].
You provided us with video footage, your chemical start-up and treatment records, discovery documents
from the builder/plasterer, and Dr. Campbell’ swritten analysis of pool core samples. The following are our
observations and opinions of those documents.

Observations

Document Review

onBalance performed areview of start-up and weekly chemical maintenance records maintained for this
pool. The chemical ranges were maintained within accepted industry standards, and the documentation
does not show any incidences of aggressive water conditions.

Video Review

Video footage provided was studied. The video includes footage of the pool both filled with water and
when drained.

The grey plaster pool exhibits an extreme discol oration pattern, very similar to those of the [oB-00005M ]
pool. Asin that case, the patterns coincide with fan patterns from troweling, and also a significant amount
of discolored, smeared plaster up onto the surface tile grout.

Discovery Document Review

Documents provided by the builder/plasterer show that, although the cement:aggregate ratio and
cement:water ratios are reported to have been within normal ranges, the presence of both calcium chloride
and Davis color admixtures violates Davis Color’s specific, repeated directions and warnings. These warn-
ings include the specific statement that “the only known incompatibility [with Davis Color admixture] is
with calcium chloride set accel erator which causes blotching and discoloration.” They also specifiy “don’t
wet finishing tools’, and in an article written by a Davis employee they provide a picture of white surface
discoloration caused by wet finishing a colored surface with a broom. Using calcium chloride and wet
troweling colored plaster is prevelent in the pool plastering industry, even thopugh both practices are
known to cause white discoloration — the specific cause of complaint in this pool.
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Report Review
Quotes and comments:

“the analytical data suggest "arelatively high water—cement ratio (w/c).” Parts of the pool were
constituted or finished with excess water.

"the paste of this plaster appears to have variable water—cement ratios throughout each core. A
variable bleeding tendency is suggested..." This can be caused by poor mixing, improper place-
ment, wet finishing, etc. — but happens before the pool is filled!

"early craze cracking of the tread surfaces of the steps formed fissures through which CO,—bearing
pool water could enter afew hours after placement. One can reasonable assume carbonation begin-
ning from time of placement and continuing during immersion." i.e., the problems began before the
pool was filled, and continued thereafter.

"Perhapsthe bleed water before or after finishing was more or less channeled onthewall..." Again,
by contractor admission, these walls were wet-trowelled. Also, Dr. Campbell specifically notes
artifacts of hydration that show the problem happened before the pool was filled.

"Microcracks are unusually numerous..." A normal consequence of both chloride use and added
water to the surface.

"One crack... [exhibited] aprocessthat isonly effectivein wet paste in the early stages of chemical
solidification and hardening." In other words, while the pool was still firming up and being worked
— again, before the pool was filled.

Conclusions
The presence of calcium chloride is associated with discoloration in cementitious products. Industry-

accepted documentation from the Portland Cement Association, the American Concrete Institute,
and other authorities indicate that even low levels of calcium chloride (<2%) will cause discolora-
tion. The accepted standard is to not exceed 2% dihydrate to the weight of the cement. However,
there is also a provision in the standard that all admixtures must be compatible. Calcium chloride
and color plaster admixtures are not compatible. The contractor has admitted to using both Davis
Color and calcium chloride in this pool. Attached isacopy of Davis color chart, stating that there
is a known incompatibility with calcium chloride. Also attached are copies of the Davis color
powder and liquid packaging which includes the statement of incompatibility. It isour opinion that
this breach constitutes a latent manufacturing defect in the pool directly attributable to a State-
licensed contractor.

There are indications that the plaster surface was finished with wet tools, or that water was applied to

the surface during finishing. Thisisa poor finishing practice which is prohibited by ACI and PCA.
Davis Color aso indicates on the attached color chart and on the packaging that water should not
be used in finishing. Theincluded picture from an article written by a Davis Color employee shows
what can happen when a wet broom is applied to a concrete surface containing color admixture.
The striped walls of the pool, along with chatter marks, is a direct analog in a pool application —
water was applied to the finished surface and/or tools and then hard troweled into the surface. This
produces both the“local striping” that Dr. Campbell found so curious, and also the apparent higher
water:cement ratio in those areas.

There is a specific causal chain of events evidenced in this pool, which includes the use of incompatible
admixtures, prohibited finishing practices, and an overall disregard for professional workmanship prac-
ticeswhich, in this pool, led to the severe discol oration seen on the pool surface. In spite of statements by
the plastering contractor and his expert witness, it is not permissible to violate manufacturers recommen-
dations even if the contractor believes they do not apply.
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The “discolored grout” claimed by the plastering contractor as evidence that the plaster was not at fault is
actually discolored plaster which was pulled up over the grout by the plastering crew, and not cleaned off
(see attached photograph oB-00005ED).

The pool has not undergone an aggressive chemical attack. None of the accepted hallmarks of aggressive
attack (such as surface cement paste dissolution and etching of the surface-exposed aggregate) are evident.
This is consistent with the chemical history documentation provided onBalance and with the anaysis
undertaken by onBalance.

Many factors are usually associated with spot discolorations, including excess calcium chloride, wet fin-
ishing, and overworking the surface. All of these factors appear to have been contributory to the problems
seen in this pool.

Sincerely,
Partner — onBalance Consulting
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List of citations which clarify positions or statements:

Colored Plaster and Water

“Even though the same portland cement is used, adifference in color can result through avariation in
the water—cement ratio. A cement paste having a low water—cement ratio will be darker than a
cement having a high water—cement ratio. Any construction practice that tends to produce varia-
tions in the water cement ratios produce variations in color.” (Concrete Inspection Procedures,
Portland Cement Association, New York:John Wiley & Sons, Inc. 1975 p. 95)

“avoid any finishing operation when free water ispresent.” (Concrete | nspection Procedures, Portland
Cement Association, New York:John Wiley & Sons, Inc. 1975 p. 113)

“The following rules should be followed to avoid scaling. (1) Use concrete with an optimum air con-
tent. (2) Maintain proper water—cement ratio. (3) Thoroughly consolidate the concrete. (4) Don't
add water at the job site. (5) Avoid starting the finishing operations too soon...” (Concrete Inspec-
tion Procedures, Portland Cement Association, New York:John Wiley & Sons, Inc. 1975 p. 113—
114)

“One of the most common errors encountered in trying to correct poor workability is to add more
water. Adding water upsets the water—cement ratio, reduces the strength of the hardened concrete,
and can cause other serious problems. The water content of a plastic [i.e., unset] concrete mixture
should be altered only if the water—cement ratio designed for this mix ismaintained.” (italicsorigi-
nal) (Concrete I nspection Procedures, Portland Cement Association, New York:John Wiley & Sons,
Inc. 1975 p.)

“...the quality of the pasteis of primary consideration. Thisis controlled by the water—cement ratio...
Where prolonged exposure to water is expected, a low water content paste must be provided to
reduce permeability, absorption, and the effect of leaching.” (ACI Manual of Concrete Inspection,
American Concrete Institute, Detroit:ACI 1981 p. 113)

“Some of the constituents of the hardened paste are water—soluble, and the rate of leaching of those
soluble constituents is greatly diminished with more dense paste. Hence, it is desirable that the
paste be dense and have alow water—cement ratio when the concrete is to have prolonged contact
with soft water or with water that contains chlorides, sulfates, acids, or other aggressive chemicals.
The strength and density of the paste depend primarily on the water—cement ratio (see Figure 5-2)
and on the extent to which the cement becomes hydrated. ” (ACI Manual of Concrete Inspection,
American Concrete Institute, Detroit:ACI 1981 p. 94)

“The use of additional water applied to the surface by dashing with a brush, sprinkling, or spraying
during finishing or edging operations should not be permitted.” (ACI Manual of Concrete Inspec-
tion, American Concrete Institute, Detroit:ACIl 1981 p. 250)

“AT THE JOB SITE —Water should not be added to the mix, into pumps, onto the fresh surface, or onto
finishing tools or brooms. This will cause surface to pale or discolor. (Davis Colors Brochure
“Color Standards for the Concrete Industry” April 1996)

“Do not use calcium chloride set accelerators with concrete colors since discoloration can result.”
(Arizona Oxides, LLC., “Colors for Concrete” http://www.arizonaoxides.com/concolor.htm 11/
08/01)

“Bear in mind, water/cement ratio needs to be consistent throughout the entire project. Once placing
has begun, do not add more water as it will affect color. After placing and floating, no further
finishing should be performed until bleed water has evaporated, after which final finishing can take
place... Water should never be added to the surface as it will weaken and discolor it... Finishing
techniques must be consistent. Differing finishing techniques will change the appearance of color.”
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(Butterfield Color “Technical Data Specification Guides’ http://www.butterfieldcolor.com/links/
technical.html 11/08/01)

“FINISHING: Over troweling should be avoided. No dusting of cement or sprinkling of water should
be used when finishing colored concrete.” (Lambert Southwest — www.L ambertSW.com)

“Do not add water to the concrete while placing or finishing, or overtrowel asthiswill cause discolora-
tion.” “Do not add water to the surface during finishing operations. Added water may create a
blotchy surface.” (Lambert Corporation - Lambco Color Product Description — Lambert Southwest
—www.LambertSW.com)

“Excess water should be removed from broomed surface before contact is made with fresh cement.
Inconsistencies in concrete mix, water cement ratio, batch to batch slump, job site conditions,
finishing practices, and curing methods may produce variationsin the color of the finished product.
CAUTION: Variation of color can occur when the actual job-site materialsand individual finishing
methods are applied. Changes on the water to cement ratio or water added at the job site will affect
the final color of the concrete.” (Decosup Intregal Colors - www.decosup.com)

“The crew should avoid adding water during finishing and avoid making too many troweling passes.”
(“Controlling Integral Color Uniformity in Concrete” Concrete Producer, March 1999)

Colored Plaster and Calcium Chloride

“Calcium chloride and other accel erators should not be used indiscriminately, and they should never be
used unless absolutely necessary.” (ACI Manual of Concrete Inspection, American Concrete I nsti-
tute, Detroit:ACI 1981 p. 218)

“Calcium chloride set accelerator should not be used. Calcium chloride represents the only known
incompatibility with this product. (Davis Colors Brochure *“Color Standards for the Concrete In-
dustry” 2001)

“MIX DESIGN — DON’'TS — Don't use calcium chloride or any admixture containing calcium chlo-
ride.” (L.M. Schofield Company “Chromix Admixtures for Color-Conditioned Concrete”)

“Colored concrete requires control of water and mixing procedures used. Excess water can cause the
color to look pale and weak.” (Arizona Oxides, LLC., “Colors for Concrete” http://
www.arizonaoxides.com/concolor.htm 11/08/01)

“Calcium chloride— admixture used to accel erate the hydration process, not for colored concrete. (The
Stamp Store “Glossary of Industry Terms’ http://www.thestampstore.com/glossary.htm 11/01/01)

“ Absolutely nothing containing calcium chloride is permitted in the mix.” (Concrete Concepts of New
Jersey “ Specifications and General Data’ http://www.concreteconcepts.com/cicspecs.html)

“Our integral colors are made from the finest blended pigmentsin the industry with color stability and
pure color tone. Colors are sunfast, lime proof, weather resistant, and packaged to insure consistent
color mixing. They are compatible with most admixtures except calcium chloride.” (Murray Sup-
ply Decorative Concrete “Decorative Concrete Supply, Inc. — Contractors Page” http://
murrayconcrete.com/index2.html)

“Incompatibility (Materials to Avoid): Calcium Chloride” (Concrete Chemicals, Manufacturer of
LiquiBlack “LiquiBlack Material Safety Sheet” http://www.liquiblack.com/material ssaf ety.htm 11/
08/01)

“In hot weather the use of a set retarder should be considered. In cold weather when set accelerant is
needed choose a non—chloride accelerant. Never use calcium chloride.” (Butterfield Color “ Tech-
nical Data Specification Guides’ http://www.butterfieldcol or.com/links/technical .html 11/08/01)

“No admixtures containing calcium chloride are permitted.” (Bomanate of New Jersey “Bomanate/
Bomacron Specifications’ http://www.patternconcrete.com/Bomaspec.html 11/08/01)
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“The concrete mix must not contain any admixture or additive that contains calcium chloride.” (Matcrete
“Questions/Answers’ http://www.matcrete.com/questions.htm 11/08/01)

“Chloride admixtures may produce mottling (to colored concrete surfaces...).” (Ramachandran, V.S.
“Concrete Admixtures Handbook — Properties, Science and Technology” Noyes Publications, Park
Ridge:New Jersey, p. 982)

“(Chloride) compatibility with other admixtures may also need trials and the manufacturer’s recom-
mendation should be followed.” (Ramachandran, V.S. * Concrete Admixtures Handbook — Proper-
ties, Science and Technology” Noyes Publications, Park Ridge:New Jersey, p. 971

“Chemical admixtures should be checked for their influence on color by making test samples. To avoid
mottled discoloration, calcium chloride should not be used in white or colored concrete.” (Portland
Cement Association, “White Cement Concrete and Colored Concrete Construction”, Concrete Tech-
nology Today, November 1999 p. 2)

“One word of warning: Accelerators can contain calcium chloride, but Fritz-Pak’s Ojeda warns décor
contractors to stay away from the calcium chloride ones. They can cause corrosion problems if
exposed to water, react negatively with integral colors, and promote efflorescence, a drawback to
aesthetics, he says.” (“Using Admixtures in Décor Work” in Concrete Décor, April/May 2002 p.
35)

“ADMIXTURES: Avoid the use of calcium chloride or other admixtures that will contribute to efflo-
rescence. Do not use any admixtures that contain calcium chloride. Calcium Chloride will cause
uneven color, discoloration, and salt deposits.” “ Avoid the use of calcium chloride accelerator asit
will affect the uniformity of color.” (Lambert Corporation - Lambco Color Product Description —
Lambert Southwest — www.L ambertSW.com)

“Do not use with concrete mixes containing calcium chloride. No admixtures containing cal cium chlo-
ride shall be permitted.” (Bomanite Corporation - www.bomanite.com)

“1t's common practice to use calcium chloride to speed setting in cold weather. But you shouldn’t add
it to concrete that’s getting integral color because chloride-based accel erators can discolor the slab
or cause efflorescence. If you need to pour in cold weather, ask your supplier to use hot water or to
increase the cement content of the mix. Other options include using a more expensive nonchloride
accelerator or concrete containing fast-setting type 11 cement.” (The Journal of Light Construc-
tion, “ Decorative concrete: add color and texture to make concrete look like more expensive mate-
rials or to create unique effects.” Jan, 2003, by David Frane)

“1t’'s common practice to use calcium chloride to reduce setting timein cold weather, but don’t add it to
colored concrete because chloride-based accelerators can discolor the finished slab.” (“Fancy
Flatwork 2: more trade secrets for decorative concrete.” Tools of the Trade, March-April, 2004, by
David Frane)

“Calcium Chloride accelerator should not be used with any pigment. The use of Calcium Chloride may
result in uneven coloring and spots (bleached-out areas).” (Decosup Intregal Colors -
www.decosup.com)

“No calcium chloride is permitted in the mix. This product can cause discoloration in the form of light
and dark areas in the finished product.” (Symons Corporation - Info@symons.com,
WWW.Symons.com)

“ Avoid admixtures that contain calcium chloride since it can cause discoloration.” (“ Controlling Inte-
gral Color Uniformity in Concrete” Concrete Producer, March 1999)

“The use of calcium chloride accelerators are not recommended in Color-Conditioned Concrete.” (L.
M. Scofield Company, a Strategic Partner of Master Builders, Inc.).

“Calcium chloride is not permitted in ready-mix concrete with integral color because it can create
discoloration.” (Symons Corporation - 200 E. Touhy Avenue, Des Plaines, IL 60018)
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“With any color agents you should never use calcium chloride, because it can have an adverse effect,
cause uneven drying and promote color streaking.” (Clark Branum, July/98, Greater Seattle Con-
crete)

“Do not use calcium chloride set accelerators with concrete colors since discoloration can result.”
(Arizona OxidesL.L.C. 1999)

“Chemical admixtures should be evaluated for their effect on color control of the concrete as some
chemical admixtures have agentsthat can cause surface discolorations. It isrecommended to check
with the admixture supplier regarding use. Do not use calcium chloride (CaCl2) as it can affect
color and set consistency.” (“Guide for Specifying White and Colored Concrete” Portland Cement
Association - Internet: www.portcement.org)

“Calcium Chlorides can cause “ mottleing” or discolorations of pigments. It's recommended to use
non-chlorides if using pigments for colored concrete products.” (Butler Enterprises — Post Falls,
ID)

“Chrome-crete should not be used with any admixture that contains calcium chloride as calcium chlo-
ride can cause non-uniform color. Do not use calcium chloride or calcium chloride-based products
in colored concrete.” (Chrome-crete Integral Colors - Specialty Concrete Products, Inc.)

“Do not use calcium chloride-based admixtures when using QC ColorTech-E.” (QC ColorTech-E:
Product Information Bulletin 22.102, Concrete Impressions LLP)

“Calcium Chloride has been frequently used as a concrete set accelerator because it is cheap and
speeds up set times. However, mgjor problemswith Calcium Chloride have become troublesometo
the industry. You can't use it with colored concrete, because uneven coloration results.” (Non-
Choride Accelerator Uses in Decorative Concrete — Fritz-Pak NCA)

“The concrete mix must not contain any admixture or additivethat containscalcium chloride.” (Pavecrete
Interactive Developers SA.R.L.)

“Do not use calcium chloride or calcium chloride based productsin colored concrete.” (The Construc-
tion Specifications Institute)
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0B-00005Da — Sloppy
cleanup —whitened
plaster over grout
below water level plus
discolored wall

0B-00005Db — Sloppy
cleanup — whitened
plaster over grout
below water level

0B-00005Dc — Sloppy
cleanup — whitened
plaster over grout
below water level
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0B-00005Dd — Multiple
acid applications etch
surface until aggregate
shows

0B-00005De —
Discoloration on steps

0B-00005Df — Walls
showing “locally striped
areas’ (seeDr.

Campbell’sreport). Note

right-handed troweler
pattern —pulling trowe
over plaster from lower

left to upper right
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0oB-00005Dg — Horizontal
water linesand bottom-
to-top trowel pattern

0B-00005Dh — View of
deep end walls

oB-00005Di —Wall view
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0B-00005Dj —
Discolor ation by
skimmer throat

0oB-00005Dk —
Discolor ation

0oB-00005DI —
Discoloration by rocks
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oB-00005Dm — Wall
discoloration

oB-00005Dn —
Discoloration around
fitting

0B-00005Do — Drip lines
on wall
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“The pale broom mark, which is permanent, shows the first broom stroke after the broom was wetted.”
Ensuring the Quality of Colored Concrete Finishes— by Nick Paris[Davis Color] and Michael Chusid in
The Construction Specifier, December 1998

Picture and Caption from
Article Written by Davis Color Employee
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L'PC"s, and a brown colorin dgent motatj identified as extremely finel Eround iron
oxide-bydroxide; a mmwhil.'lrﬁwlr Wi 1:;?::51&. ! ;

Faiches of l-ﬁr.hnuuw-mnhunrndinhmhm:hepmhm Anmng o have a
mhﬁutmafm’t‘s and becoming larper tyward the hanufmm. Dremibution
of the pigment, therefore, is not uniform, however, its relation 1o the discoloration is not chear,

.'b{im_-uruhmunuﬂldﬂyminu: nfbnth:mﬂ::rﬂfmﬁmw "
o 5 s “mmﬂmm&'mﬂi#ﬁé
mﬂﬂmﬁﬂmw?mﬁh wel paste m the carly stages of chemica]

Chemical analysis of additional cores of the Mria, ﬁgﬂﬁuamvﬂuh
m:wmwmlmml‘emq-. O"Neill esuld help in chemstry. However,
the hydrate water content would bebly be today’s value. not the orisi content as placed,

mﬂuiﬁmﬂmmmm might be suggesied.

Altached are . ibsrrating mwmmw
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Services
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Campbell Petrogra
4001 Berg Road, Dodgeville, Wisconsin 53532

Project No.: 2056 Diitei 21 December 1999

Client: Mason Mart Reported Problem: Dvecolarsgon
Stroctore: Plastered Swimming Pool Coating Examined By: D. H. Campbell

Locstion: Delegeans Residence, Tracy, California

Sample Degcription

Tdentifications: Cores D-1 (love seatwhite surface) and D-2 (top step, strongly motled
dark and lishiT : e i b =

Dimensions: $6-mm diameter cores, with leagths of 31 and 52 mm. respectively, for cares
D1 and D-2. Each core with plamered momar on substrate showrete,

Cross Seclion Deseriptions

Core D-1--Cross sections show a plastered martar (10 mm thick) firmty bondad o
the subsome shotcrete. A thin coaring of secopndary calcite ( ly 6 micyons thick)
covers the top surface. Paste voluwne is approximacely 30%. The plaster mooer in Core D-1 can
be divided into three zones: g e

Zone | The bard-rrowied paste in the upper 0.5 mm is relatively uniformly white in refleceed
light, clear to oanslucent in thin section, generally carbonared, and contains nm‘vﬂg
ﬂwhw’fﬂ*}fnfmﬂin::ul:ﬂgﬁ@!wﬂlm from subroucon W

. aste i this 2o0e has a relative of portiand cerment
clmbar i =5 (L/PC's}, estimated st 2 to 3%*. hydroxide (CH) in this upper zone is
lazgaly dbecnt due 1o sarbonation.

Brown pigment-rich . [orming lenses end pods, are common in Core D=1 *hroughoot jts
thickness, except at the top surface:; the Eppears o hive concentrated .. | pame

sstches, each pacch contajning UPC's Im.mpmdlmmum:hﬂ m size fram
% few tens of microns to 0.5 mm, 1 with depth in the piaster 1o the point ol e
base where the paste iy pigiientad in mm-size patohes, some large cnough 1o contain the marbic
B OTCRALES.

Zooe 2 In the next 0.5 rmumn & zone of partal leaching occurs in which the CH and perhaps some
of the calcium silleate hydrate (CSH) has been leached. Enn:!lmﬂyamﬂumﬁlmmﬂg
1op i irface,

Zrodinthe of the mortar, largely unaltered, UPC's are seen 10 be roughly 3 10 5%,
S TREALls 10 10 ke Do oy kw2 i e ettty

matcly § to of the s | ar o
erystalline massey i the paste and as coarse blade-form crystals in the voids with sttizge.
Sub-micron partcles (pi ) were detected in the plasier pasie. sOme 8IERS CONAIMING D¥wE
pigment than others. At the base of the plaster mortar, whers the UPC’s increase to 7 o (0%,

hw%ﬂdmhhﬂ?ﬂﬂmd&:m is definitely pigmented i
palchy manner, microcracks are common i the paste in all zooes, the cracks shating
aggrégates more Or less perpendicularty,
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Campbell Perographic Services, Corss Del and D2, cont"d
Zone 3 rests on a carbopatad * m?’nfmmt{L'FC-rk:mmnmr.mnuimn;

aggregae particles much like in the The ! i
e Tich e s 3 omonsied o s T e e e bl
chﬂ1MMMWm‘ﬁm=-mhmwmmlwyh
remaining silicates in the lager (presumahly from in-service bydration),

Core D-2--Cross sections = piastered mortar (17 mm thick) firmly bonded betrare
!%tlﬁm e layer (ke that deeerijed ahove) it only lmgﬂ?ntmd

Zaone |—The paste at the top surface under the areas is in thi i

_ e g Wﬂﬁnﬂw thﬂmmum
ﬁJFﬂ'ihmmmnduEmﬂﬂ,Unﬂwm:MmE Endrﬂiﬂtlyuhum

y i .

;Emﬁ].mnmmmmﬂmdﬁ:mm igmEnting material scaroe
the whits-paste areas, mhﬁﬁhﬁ:ﬁ[{(ﬁ:qprrdu?:t}. ng in discrete e
reiad to iregular s 1 particles(?) with a very
.mqﬂ;.m.mmmmmhmwmhmtﬁmh

chamecterisucs, It may be iron ore (iron oxde-o Xide). Concentrations of pigment pAsLE
mcurtntmc-:'pm:hmmtaswrﬁﬂ-l- . i

Zane 2~ In the next 0.5 mm a variahle zo0e of perd leaching occors in which the CH and
Wmﬂﬁcﬁmﬁﬁmm been removed as described above,
¢ ally up to the o surface. { e o

£00e 3 -Micrescopical description of the interior paste: is virually identical 16 that described
Dvl.ﬂﬁﬁﬂlﬂhmﬂflhﬂmlwmmtmmwmm e

Bottom Surfece: Irregulur surface of shotereze, showing no evidence of fracture throo
dmluﬂlmkmqgugmimdmﬂ:linbmhmu. i

hmvﬂjnhu.mm“ndmm:.mu.' voids occur in the
substrare shotcrete of both indicating lack of consalidarion. w‘[ﬁmmd
udn:ﬂnmqrh.wm hnﬁm}ngihnmmdmg-unih-mduuh

Relnforcement: Nope observed.

Aggregutes (A)

Courne (C)—-Shotcrer in both cores contains a pea-size, partially crushed grivel containing s
wide variety of largely ignsous and metamorphic rocls, ineludin ite, gneiss,
microcrysalline mluﬂ:ﬂhﬂhgﬂhmh@ﬂﬁmaﬁmm —

Floe (F)—Shotcrete: Sand containing ard!mrlv’qmu. » and fragments of the rocke
mentioned above. Plastered mortar aggregate is crushed marble, with minor smounts
of quartz, feldspar, and other rocks and minerals. b

Gradation and Top Size: In shotcrete, evenly 10 top sire of approximately
3.0 mm. Enm:mp:t'ug.m;:siﬂhujmm imuh}.up o

Shap: and Distribution: ' sbotcretr, rounded to angular, equidimensional prominesthy
clongated coarse aggregare, saguler, equidimensional to prominenty ﬂﬂnnmd[:lﬁdnufﬁm
aguregete, miform dlswibation. In the | red montar, the marble aggreguie is sngular,
equidimensional to clongated; unifomh soribunsd,

Wos™

14:10
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Campbel] Petrographic Services. Cores D-1 and D=2, cont’d
Paste 25 1 30% In the showcrete: 30 to 35% o the plaster. A
Color: Shotcree—mediugm o light gray. Plastered mortar—dark gray. |

Hardness: In the bodics of the showrete and r, the pastes are bard in Cores D-1 and
ﬁ-l hamgm?mruwm har drfficult to penerate with the dental pick. However, the white top of D-1
L E

L.uster: A1 depth in both shotcrete and plastered mortar the [usters are vitreous (luster of
broken pafeelain). White aress on the 1op of D-1 are dufl. I .

Depth of Carbonation: Carbonation depths on the Core D-1 surface avernges 1.5 mm
locally deeper, apd on Core D-2 & depth of 0.5 mm_ locally deeper under white areas.

Air Contenk: 4 10 6% in hoth shotcrete and 0.5 to 1.0% in the plaster. Not air entrained. The
substrate shotcrate is quite absorptive to the lapping oil.

Paste-Aggregate Bond: Tight in both plaster and substrate shotcrete, indicated by
mamerous cross-fractured aggrepates,

Calciom Hydroxide (CH)*: See above.

Unhydrated Portland Cement CHoker Particles (TTPC'S)1*: Sec above. Residual alite
and belite crystals of both cores exhibit pronounced rims of inner-product CSH. Shotcrets
showe a high degree of hydration.

Poxzolans®: None obsarved in the shoterets or the plaster.

Secondary Intergrown eftringite and erystalline CH commoaly flll
shotcrete mﬁkulﬂimmmd-ﬂmmdhm

Microcracking: Microcracks are extemely abundant in the pesie of the plaster; cracks am
approximately 2 to 3 microns wide and open. The cracks are mainly abuting aggregates, ot a
Mﬂlmmﬂtmﬂmﬁmﬂﬁnﬁlmi@um one of wiich
in Core D-2 passss arcund almost all aggregates, wi apward w 1{ microns, and is filled
with secondary coarsely cystalline CH and, near the top, secondary coarsely erystalline calcite.

: 0.38 to 0.43 7). Plester: 0.40 o

: The rthin sctiomns are oriented j o core tops and sxctend
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Dr. Don Camphbell

Campbell Petrographic Services, Inc.
4001 Berg Rd.

Dodgeville, WT §3533-8508

Re Chain of Custody
Delegeane plaster samples D-1 and D-2

Dear Dy, Campbell,
Lould you piesse perform petrographic analysis on 'wo samples of black plaster.
T;?mm“mmﬂmhmm&m,mmn.

The wunples are identified as D-1 and D2

Applied ...l Technologies £3 @"mmp

1




MIX-IN COLORS FOR CONCRETE  Mixing Guide:

Usms: 1hos Colors are wsod I cs-ipplice, stab-on-geade, proced, - ol orameib] omoe;
sheicres, morme, concree masHry wi, povers, releng wall o and eolile, Thiv cinaba be sl
v gabor G e, pleter, Moo e other cemeni-heeed constrocton moerials. Drsigned for mis-in use
oy sy should net be sprinkiled or disied oo @ oo selioe

Pure, concenrued pigmens moadie of High-qeln meal oaddes recelad o i or
reliel Froms the et amd spocially for mising, inen concrete Tevis Calors comphy with ASTM
CITY Pigwmowis [Gr Infigrealy Coloreed Concae. They ane Gl alali-nsissn), weather-nsisgmi,
drrehle and long-lasting like comorete. Deds Golors ane sl bible i awide spocrum of staniend colors anil
e et formolabd o reech disian eeprinmmens. ® Unlike other Dods Colirs, Supra dretan® Black
EROH s o specialy insend carhon backe Carbon black = lw Mgt in o areneiomal $e mest
voononmic, e can fude F concrie s ool seslil pins waler peactraton  Sealing onl periedic
re-sialing, can misimize dik oflec

Packaging: Concree suppliers 1o oar Mis-Ready” dissiegrating bags o hainckeon™ bulk hansllisg
sy, Mic-Remhy® baps nre osssd min $ie miv wifiom openieg or poarieg, Theey disiriegeate ander
iy 30ika, relrasiog pigsenis o disperae enifomuly kavng so baps o liger e emvinemen. The
Chamelenn™ & 8 compuirecomindlnl anomaic dkcolor dosing asen

Installation: by codored ooncree & insalkad the same way s high queding uncslnd toeceee
Ol cobor o the imside of diis cobur g sand spely i bs nume, mbor mumber md doss mie. Creoe 5
custum ccler by vaning, the amount of cler shibad o die mis Conliom desinad color with o flly-cersd
juot-nie i paned. Topical dive s rnge fmm 172 w0 7 s per 04 s, of comest comient and shoali] never
il V% o comtvend ooimietl. Covnent oorion! incldes porthend cement, By osh, sifica firme, Bme and other
cemniticas maerisls b dos oo bclide sgirogae or mnd  Dinis Colors fene beon used
sy m o wade variety of mix designs nd ere compatitle with commercialy sl ible sdminms. The
iy b b hdis e wil cakdis chloride s aooderaior wlach coses ared discod rmiion.
o Suprd- i Mack R4 reduces or vepnes the oifieon of ge-ontraining sdmismins

Finistus: Povang amil doors con Be el with peoem-sumped. momal, oeednl, cqosnd e,

sab-fishonl. sndHbeaed, of s obir viaully sppeding fevuns Costin place. preced and dikoup
stricnms can he sl with sail-absting, Wishbeansering, grinkiag, polishing, spocs fonms o fom ks
T'Ill.'mrh:nlmuﬂpublﬂanuh. Blere are |isd o frae

nl'.‘ & “ W O Chisir™ i i en-clomaling, spray-mn cory and ey hai meets or presds
ASTH G somdards aad 15 spoculy Tommleed for colernd coneeeke el expived ageresin Snishes,
(il emritgg ethods, soch a8 vater coring or plastic sheets come beclirtion.  Color Seal™ s @
optional Gie-film sesbor deads tisied i oo fay sleades on tis Colr Selevion. '@hes applisd ey colimal
concrele or the W 0000 Clear™, 1 providis & maee anilsm appesrmce

m M Far best neaihs; maienals, carng, seatber oondignes ind workmenship shoold he
urifnrm throughom 3 projoc,  Quealing wams wilh e coscne mic e o e wsier oomien,
high-perfitmmance mic diskn. Ohes plnning @ ey bikge for crafaaneship

Consumer AhAoes (mincors an: ez and opermed withool ofiltion m Oasts
Colurs. Chower & lcenssed mnd il comiramsor wiis provide witien indirmaiion aml example prpes
veer ran s belnre vow by Chick the velbow peges, s yonr biscal resdy mis .|rl||l'.|1|h,||||-.u.ﬁﬂ halir
nF sl wuw“uhﬂrd comtrackrs win specialie 0 colored concrese.

Specify Benis: Clors o color from ihis color sehecior wadl specify it by mame, cobor nember and dose
rate. Al colior callow w0 plis decements o specifcasins. B oo pbae acbileonrsl @l ginde spee
infurraon, vt our web site, reor o oer archbiecnrad binder, oll, f orwme dur guide specificaims
o b fiviani] I Setaninee ®, S Dae®, ARCATSphec Dbk or af wamlpdaosl e domfech

For snmples or addsonal inforsation contsch o

dcomn%

Tel: BOO-356-4846
Fax: 323-269-1053

Ui thit st [RaicEHi-aiies o, how s Dol of
cemwnd and agpregdes dwenghoo projen.  hargs in
cefutl ahd sgireiar cobed il faal pake

Kewp shep ke 57 (125 onb aml waer oooiesi
ConsiskT [T Wler Cruliend d ki Sanrrol b sppweer
(e ooy il 7 Wigher shamip is pepuierd, Lse @ waer
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Tl e el

speaty ir costert of % 0 TN far el warkabdin
aia! ke k=i ihiradid iy m inendthos Cinmies.
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il o e dma 1-072 bemrs. Chan Wi (ermaghly
fwevwen pobor clurge-ors.

Coadfirmi woke weimber geal soign in bln-Head® hag (er
pomvhination of bazsh 4 dx same el b i doden
Uel miver weld 1Y o 29 ool bach woer Bes o
b Bk ™ ez and e o clendas speal br o e
e i, Lh] cvmere, approgess asd ey ek
waer  Lwinme mivig 8 curgig el o @ e
5 i 7 ik o -t s

Samicr I mios with wwall mpmreaie or bches s o
dihiyy e Wis-Beah® bes oy el compleily
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i el Bk i (FF [ mpoeasn) o opes [ug asd
e rekor el
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stains and discolorat

e Do not use In

Cmm‘jﬁ SEh:g-_"_ - larat

e Keep mix time
mixer thoroughty

JOBSITE TIPS
* Grade, compact and
homughly and evenly

Aliow gxira time |
work. Finish eventy
Do nc: over-trowe
not wet-broon

A broom, rotary
more even-c
Smooth firvec b

troweling
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