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onBalance Case History #0B—00005M

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 April of 1998, and turned over to a service company, Aqua Chlor, who started the
service on 4/20/98. On 4/21/98 the service company documented that the pool surface was “mottled” and
“faded.”

This pool was involved in legal activity between the owner of Aqua Pools and Spas, and Aqua Chlor. To
date, the pool has yet to be replastered. However, 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 issueincluded the contention that the builder
and/or plasterer were blaming the poor appearance of pool surfaces on the quality of service provided by
Aqua Chlor. Aqua Chlor’s position was that the statements constituted slander, especialy 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 and Greg Garrett as expert witnesses.

During the course of the litigation, this pool was core sampled four times:
Two cores taken by Greg Garrett and submitted to RJ Lee Group (Dr. Boyd Clark) for analysis
Two cores taken by onBalance and submitted to RJ Lee Group (Niels Thalow) for analysis
One core taken by onBalance and used as a court exhibit
One core taken by Rob Burkett for use as a court exhibit, but which was not entered into evidence
due to failureto follow rules of disclosure

Also, the builder was required as part of the litigation to provide alist 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.
The original 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
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Townsend, owner of Agua Pools and Spas. No defendant in this case was awarded any monetary judge-
ment, legal fees or costs.

Hundreds of pages of testimony, both in deposition and in open court, were generated by this lawsuit, as
well as the generation of several lab analyses. The gist of the evidence presented is that:

The primary characteristic of the surface problems in this pool can be characterized as excessive
porosity and the leaching of calcium (Clark)

The surface did not display the characteristic evidence of acid etching (Thalow)

The pattern of the leaching may have been associated with the finishing process, with local areas of
higher water:cement being more susceptible to leaching (Thalow)

There was a high concentration of chloride... and it is known that this may influence the color of
concrete surfaces (Thalow)

There is aknown incompatibility between calcium chloride and Davis color dye, which can result
in blotching and discoloration (Davis)

There is aknown correlation between the use of wet finishing tools and surface paling (Davis)
There is aknown correlation between over-troweling and surface discoloration (Davis)

Thereisa specific causal chain of events evidenced in this pool, which includes the use of incom-
patible admixtures, prohibited finishing practices, and an overall disregard for professional work-
manship practices which, in this pool, led to the severe discoloration seen on the pool surface
(onBalance)

It is permissible to violate manufacturers recommendations if the contractor believes they do not
apply (Garrett & Burkett)

Dr. Boyd Clark’s statements mean something other that what Dr. Clark says they mean (Garrett &
Burkett)

Plaster is, indeed, composed of portland cement, aggregate, and water, but it isnot really aversion
of concrete, so accepted concrete practices, rules, and guidelines such as those from the Portland
Cement Association and the American Concrete Institute do not apply (Garrett & Burkett)

In spite of the lack of any hard evidence, and in spite of hard evidence to the contrary, this pool was
discolored by aggressive water chemistry (Garrett & Burkett)

Attachment A Written report by onBalance

Attachment B Written report by Dr. Clark

Attachment C Written report by Mr. Thalow

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

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

Attachment F 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-00005M
Mr. Wallace:

You engaged onBalance to diagnose the cause(s) for discolorations on the surface of the swimming pool
plaster located at [homeowner’saddress| in Tracy California, at the residence of [homeowner’sname]. The
onBalance partners visited the pool on anumber of occasions, including two visitsto obtain core samples
of the pool for analysis. The following is a summary of the observations and results of the analysis.

M ethods

Visual/Tactile

The pool was inspected when filled with water and when drained.

Thegrey plaster pool exhibits aspotted discol oration pattern, and the pattern coincides with fan patterns of
discoloration, smeared material at surface, smeared plaster up onto the grout, driplines, etc. (see attached
photo and microphotographs).

At these inspections, it was noted that the plaster surface was predominantly very smooth to the touch and
to visual analysis (with the exception of the smeared areas).

Optical Photography
Photographs were taken of the pool. The photographs document the spotting, the distribution of the spots,
driplines, fan patterning, etc.

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.

CoreAnalysis

Photography — The pool was core sampled, and the cores were photographed both in situ and in the | ab.
Photomicrography — The surface of a core sample was photographed at 40X magnification, with care
taken to document the level of surface cement paste erosion as evidenced by the exposure of aggregate
(sand) at surface. The surface was found to be smooth, and did not display characteristics of aggressive
chemical attack.

Chloride analysis — A sample of the plaster was analyzed for chloride content using ASTM Standard
Method C1152 (Standard Test Method for Acid-Soluble Chloride in Mortar and Concrete) and a Hach
Quantabtitrator variation of ASTM Standard Method C114.19 (Standard Test Methodsfor Chemica Analysis

4 onBalance Case History oB—-00005M



of Hydraulic Cement — Chloride). The chloride content was found to be 428 ppm, which calculatesto 2.4%
calcium chloride dihydrate by weight to the cement in standard swimming pool plaster.

Laboratory Analysis

Review of RJ Lee Analysis by Dr. Boyd Clark —We have reviewed the analysis of the pool’s plaster by Dr.
Clark, which you provided to us (RJ Lee Project #MAH912505). Dr. Clark’s report is observational in
nature, rather than specifying causation, and states that he is not determining the mechanisms for the
artifacts he observes. He findsthat the outstanding characteristic of the phenomenon is excess porosity. He
also notes the reconstruction of components (calcium and silica phases) into separate microstructures,
rather that the combined microstructure that one would normally expect. He notes a degree of carbonation
and ionic movement which isfacilitated by the fact that the material (plaster) was submerged in fluid (pool
water), which makes these things happen at afaster speed than if the cementitious material had been kept
relatively dry (such as driveways, sidewalks, and other cement-based cores he is hired to analyze). He
notesthat the pH of hydration was lower than that of saturated Ca(OH)2. This meansthat the ponding fluid
(pool water) was at apH lower than 13. In the supplemental report, Dr. Clark reinforces his conclusion that
the primary problem is one of porosity. He rules out abnormal calcium depletion.

Commission of Analysis by Niels Thalow of RJ Lee — onBalance cored the pool and sent the two cores
(along with two samples from another pool we analyzed for you) to Mr. Niels Thalow of RJLee Group for
anaysis. Thetwo coresfrom thispool areidentified in the report (RJLee Group Project #MAH112353) as
M1 and M2. Mr. Thalow is an internationally recognized expert in the diagnosis of the various types of
aggressive attacks on cement-based surfaces. His finding was that there was no evidence of aggressive
attack, and hypothesized that the patterning (fan-shaped sweeps) may be due to the finishing process,
which included atechnique which left areas or spots of high surface water:cement ratios. He also notesthe
addition of high concentrations of calcium chloride — an admixture known to cause porosity and color-
mottling.

Observations

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 authoritiesindicate 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. Davis Color was reportedly used in this pool.
Attached isacopy of Davis color chart, stating that there isaknown incompatibility with calcium
chloride. Also attached are copies of the Davis color powder and liquid packaging which includes
the statement of incompatibility. Tests of the this pool plaster show levels of calcium chloride
which exceed the industry-accepted maximum even for white plaster. Since there should be no
chlorideat all inthis plaster, exceeding 2% isaparticularly seriousfailure on the part of the plaster-
ing contractor.

The microphotographs of the this plaster were compared by onBalance with photographs of other
plaster standards (at the same magnification) which had been subjected to known degrees of ag-
gressive chemical attack. There was no indication of an aggressive attack on this surface.

There are indications that the plaster surface was finished with wet tools, or that water was applied to
the surface during finishing. Thisisapoor 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. The striped walls of the pool, along with chatter marks, is an indication that
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water was applied to the finished surface and that the finished surface wasthen hard troweled after
the time such troweling could be safely accomplished.

This plaster coating is thin, as seen in the photographs, which also may have played a role in the
discoloration problems.

Conclusion

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 analysis
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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/ R] Lee Group, Inc.

350 Hachbeqg Raad The Matarkl =
Maneoeville, PA 15146 3 Characeerizition Specialisey
Tal: (724] 3125-1776
Faet (7241 7331799

warch 6, 2000
bir. Oreg Garrent
Applied Materials Technologies, Inc.

P.O. Boox TE42
Chandler, AT 85246-7842

RE: RJ Lee Group Project # MAHS12503

Dear Mr. Garren,

Cross sections of two core samples were examined by scanning electron microsco
(SEM). The samples were identified as Core #] {small spots) and Core #2 (large apnuj.w

B'-n!:h core samples were a black colored top surface (the surface in direct contact with any
swimming pocl water) with white “spots™ and were coated with an epoxy over the
surface, as received by BJ Lee Group. The cores were sectioned through the top surface
and then the cross-section was polished using diamand grit abrades.

The resulis from our manual SEM analyses follow.

Summary of results, Core ¥1 (small spats):

* Aggregale particles are observed, generally, directly below each spaL
* Four small spots sectioaed, three of the four have an aggregabe directly
beneath the spot.

* Spols consist of two-phase regions. calcium-rich and silicon-rich
¥ Alfected regions appear as silicon-rich “grains™ in 2 ealeium-rich
matrix.
¥ Two phase region is indicative of carbonation andlor matrix
reconstrustion.,
¥ Silicon-rich grains arc “relics” of former cement grains.

* Spot regions are more porous than the surrounding paste matrix,
¥ Affected spot regions are approximately 50 microns in dapth,
Page | o'

Manrogyille, PA = 5an Leandra, CA « Washingron, DC « Bichland, WA
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*  Fine voida/pores are evident in affscizd regions.

¥ Silicon-rich regions are more porous than the surmunding ealcium-rich
miakrix. .

T thin, calcium-rich lavers are avident in both the unaffected and affected
Megions,
¥ Twuo distinct layers are evident, ane indicative of crystal precipitation
Trom salution.
¥ Layers are 5 to 10 microns in total thickness,
+  Layers are indicative of carbonation.

®  Cracking due to shrinkage is apparent in the unaffected intedor paste.
¥ Crack patiern indicative of shrinkage during curing is abserved.

Summary af resulis, Core 82 (large spots):

*  Affected spot regions cover most of the surfacs.
+  Two-phase region is apparent along most of the top surface,

* Spotted region agoin consists of two-phase regions, calcium-rich and silicon-
- rich, .

+  Again, affect=d regions appear as silicon-rich “grains™ in a calcium-

rich matrix. Although some spots kave regions where the silicon-rich
" region i3 not just grains.

¥ Two phase region is indicative of carbonation andfor matrix
reconstruction,

¥ Silicon-rich grains are “relics™ of former cement graing. )

®  Spol regions are moee porous than the surmounding poste matrix.
+  Affected spot regions are berween 0.1 to 0.2 millimeters in depth.
¥ Fine voids/pores and eracks are evident in affected regions.
¥ Silicon-rich regions are more porous than the surrounding caleium-rich
erustris,

*  Two thin, calcium-rich layers are evident in both the unaffected and affected
reEians. )
¥  Two distinet layers are evident, one indicative of erystal precipitation
from solution.
+  Layers are 5 to 10 microns in total thickneas.
< Layers are ipdicatve of carbonation,

*  Cracking dws to shrinkage i3 apparent in the wnaffected interior paste.
" Crack pattern indicative of shrinkags during curing is observed,

Page 2af 2
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Caonclustons:

=  The discolorstion ohszred 15 i 18 an moreased parasty in the affected spat,
This incregsed porcsity i due o both the inercased number of fine
paresvoids and higher porosity in the sificansrich phase.

s The increased porasity i the alfected reglons i3 due 1o o reconsinection of the
paste matre.  This reconstruction of the paste matrix can only be achisved ¥
throwgh the movement of material by o solwban, mest probably the swimming
poal fluid, through the already hydrted eement paste. The overall appearnce
of the reconstrucied peste s Indizative of 2 watersolution driven
dissodution‘carbonation reaction,

. Th:nl:mwmdm-p}m.:‘.' microstruciare, near the top surface, indicates a
process aiher than normal euring hydrateon of the farmer cement grmins. The
decaleifieatian and hydrmton of former cement grains Endicazes hydration has
occurred af 8 pH lewe] lewer than thar of pasie sauraced with CalOH).

o The mechanism for this dissslution/carbonntion reaction B wndatermined at
this time. The rexction appears o Enitiaces within paste betwesn an aggregate
particbe and the op wirfbee and procssds around the aggrepate panicle, into
the sirrounding matrix.

= The thin byvers of carbonation along the top surface are both due to movement
af matesdal, caleium, eiiber from the cement paste matrix andfor from the
swimming pool fluid. The mechanism for this carboration rescticn(s] is akso
unideiermined at ths time,

Sugrested Additional Analyses:

s Oiptically thin crazs-sectians b establish that the thin surfoce loyers are indeed
carhonation and whetkes there ase any diffzrences between the bwa materinls,

» Siereo-opibcal analysis exsmining the size of aggregate pasticles wersus the
spot skze.  Analysis is intended to determmine whether there is a celatjionship
betwesn nggregate size and spot s

Skneersly,

Senior MMaterials Scientist
) Les Group, Ine.

Puge 3 al]
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Aprl 13,2000

Mr. Oreg Gamen

Applied Materials Technologies, Inc.
P.O. Box 7842

Chandler, AZ 85246-T842

EE: R] Lee Group Project # MAHP12505; Supplemental Report

Dear Mr. Gare=it,

Cross sections of two m'ﬁm_n]u were examined by scanning électron microscopy
(SEM). The samples were identified as Core #1 (small spots) and Core #2 (large spots).

The results from the analyses of thess two cores wers presented in & report dated March

6, 2000. Im our subsequent discussions you requested we answer four sdditional
quesiions:

Is the pigment defactive?

1s there a depletion of calcium along the top surface?

When did the dizssolution’carbonntion reaction occur?

Can we give a mnpe st which the pH of the solution would exuwse the e
dissolution/carbonation reaction cccur?

To answer the first two questions additional SEM analyses were required. The pigment
content and relationship 1o the spoued regions was examiped by backscattersd electron

micrascopy (BSE). X-ray mapping was uwsad to evaluaie the calcium content along
“unaffecied regions™ at the top surface.

B3E images of pigment particles are shown ag attsched figures, Pigment pamicles were
observed throughout the sample. Pigment particles were observed in the spotted regions,
but were more prevalent in the unaffected paste.

X-ray maps wers taken from the lop susfaces within unaffected paste regions and an:
shown in the ausched figures. Mo discernable difference is observed in caleium content
a3 a function af depth.

mlof?
I"'u.u,r.'_" 3
-]
mamnausille, PA » Sam Lesndeg, CA o« Washinglon, DC « Richland, WA
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e Harlum Eulﬁ.l.r: and I.ruu-r{nh pigment p.ur'tn:l:u ubum
¥ Dardum sulfate more easily observed.
¥ More barium sulface obhserved in affecied regions than iron.
v Iron-rich particles are detected in affected region, but more prevalent
in wnaffected region.

= X-ray maps do not show discernable difference in calcium content.
¥ X-ray maps taken along top surface, in unn.ff:::-:d.pnat: regions.
* Mo enrichment or depletion is observed.

Concluslons:

s The discoloration observed is mestly due to an increased porosity in the
affected spot. | have conferred with Miels Thaulow conceming the iron-rich
particles and he indicates the overall number of particles is far less than would
be expected from his past ﬂmqh&mﬂtlﬁﬂ&dnrmuﬂ'ﬁ:kd
regions, Further SEM analysis is recommended of the starting pigment
material.

= Mo depletion of the caleium content near the surface is observed, as shown by
X-my mapping. .

s (ur provious analyses indieats that the spotting gocurs aler plasiar By dration.
This is best exemplified by n!liu. of former cement grains ﬂuL show unusual
hydration (i.e. a high silicon to calcium ratia).

= Further testing is required to fully determine the range of pH I{m the pool
solution) that can cause the two-phase microstructure observed in the first
report (dated 3600}, | have conferred with Niels Thaulow, and neither he nor
| can relate these types of effects o previous projects.

Sincepely,

B L7 ep

Bayd Clark
Senior Materials Sciantist
RJ Lee Growp, Ing,
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R) Lee Group. Inc
Project No. MAHY12503

Imterfice Between Adtected Bzewn and Una
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Project Mo MLAHY] 2303

Bos @958 7.21 1.82 Mar 249, 28d2 81 1968@25.TIF
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RJ Lee Group, Inc.
Project No. MAH912505

Sample Mo Ual 170

Chient 1D Large Spots

Mar 29, 2488

= 18 um ga.8 k¥

wofal L
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k] Lee Group, Inc.
Project No. MAH®?12505

Ramnle Mo 091 1950

-l il
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5 39932 @.72 13.29 29, 2ddd

o L

i~ oy
A e s
i
1 { T

2l i

1493
[ HULD)

Lnathieetad Region

onBalance Case History oB—-00005M



RJ Lee Group, Inc.
Project No. MAHI12305

Sample No. 0811959
Client ID Small Spots

81 1955@39.TIF

§'.3R938 284 -13.74.-+ +;. .. Mac E9. 2088

BSE Luw Magnification
Unaffected Reagion
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38939°2.84 13.74

1] Lee Group, Inc.
Project No. MAHY12505

Mar 29, 20@8

g1 1I'!5'!=E'1-'E,TIF
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] Lee Group, Inc.
Project tvo, MAH®12505

A2, 13.58- . . - 81.1959841.TIF
i i, I|._: 2

"

k
1.‘-

B5E Low duagmification

Linalracied e

onBalance Case History o0B—0005M




RJ Lee Group, Inc,
Project Mo. MAHP12503

Sample No, Qa1 1935
Client ID Small Spots

O5 38941 6.12 13.59 Mar 29, 2888

sy 81.1959842. TIF

L
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EJ Lee Group, Inc.
:H"':'lijl'l.". Mo MAHY 1250=

05 38942 6.46 13.a7 29 - Bl 19598432:TIF ]
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R] LeeGroup, Inc.

150 Hochbwerg Boad The Materials Characterization Specialists
Fonroaville, P4 15146

Tel: {7241 3251776

Fanc: {7 2d) 7381094

February 18, 2002

M. Que Hales

Pool Chlos

I6E Pennsylvanin Street
Tueson, AZ 85714

RE:

ect Mo
Dear Mr, Hales:
Enclosed is a summary of the results from the examinsiion of two concrele samples by scanning

electron microscopy (SEM) and ocid soluble chloride analysis. Four concrete samples wene
received @l BRI Lee Group's laboratory on December 12 2001, The samples were identified as

follows:
BRI Lee Groop Client Type of Test
Sampic Ko, Sample 103, Performesd
15911 51 Mot analyzed
(15912 ESZ SEM and acid soluble ehlonde analvgis
0815913 M1 Med analysed
815904 M2 SEM and ocid soluble chloride analysis

The concrete samples submitted for petrographic analysis were ficsl examined visually, Samples
ESH (0815911 and ES2 {ORI5912) were chunks of morar having two layers, The bottom moriar
layers were gruy in color, top lovers were dark-gray in color and approximately %7 in thick. White
areas were observed on the top, almost completely covering the surlace. Samples M1 (0315913)
and M2 (O813914) were cores of approximately 24" diameter. Similurly, these cores consisted of
two layers. The top lnyer was approximately %57 thick. White spots were observed on the top
surface. The samples were photographed in its as-received condition.  The depth of carbonation
wias measured afler slicing and application of phenolphihalein, A section obtained from the top of
the core was analyzed by SEM. Small amounts of powdered samples from the op layers were used
for acid soluble chloride analysis according o ASTM CI152/1152M-92, The analysis results anc
summarized in o table,

SEM Sample Preparution

WVertical cross sections of sample ES2 amd M2 were cut from the samples afier sections cut for
carbonntion fest. The sections were polished using 163 through 30 um grit abrasives, The sections
were dried, and vacuum impregnided using a low viscosity epoxy resin that contained a fluorescent
dye. The excess epoxy was removed using metalbographic abrasive papers. Care was taken not o
grid into the somple. The impregnated samples were then pelished wsing consecutively finer
silicon carbide grit slueries (600 o 1000 got) on a glass plate,  Polishing was performed starting

Monmeville, PA & San Leandro, T4 = Washingson, (M. = Pason, WA
s, 1 g, com
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with the use of 9 pm dismond paste and fnal polshing o 194 pm diamond peste on clothe. The
-~ polished surface was then coated with a thin layer of carbon by evaporptive depoesition,

SEM Analysis

The prepared section was analyzed wsing an 3EM operatéd in the backscattered electron (BSE)
mmaging mode, coupled with energy dispersive spectroscopy (EDS) The wop lavers of the samplies
were analyred comparing white verses dark arcas. BSE imoges of represeniative features are
attached in the Appendix B.

Kampie Na. 08159002 (E52)

Depth of corbonation ol the top of the semple was abowt | mm,
Crushed dolomite was used as fine spgregate,

Decalcification of C-5-H was observed below the carbonation layer.
Depletion of calcium hydroxide was observed in this zone.

AFt deposits were observed below the decalcification zone,
[neressed porosity was observed in the decileified mone.

The carbonntion 2one ai the top surface was net uniform.

Below the decalcified zone cracking of the paste was observed, which extended 2-3 mim.
The paste was not sltered below this zone.

Caleium hydroxide was present in this zone.

The composition of the C-5-H was normal.

Patches af Cl-rich AFm and C-5-H were observed.

Estimated water to cementitious mfio was 045 in the unaltered zone.

Sample Mo, 81504 020

White aren

Depth of carbonatkon @t the top of the somple was about 1 mm.
Crushed dolomite was used as fine nggregaie,

Decalcification of C-5-H was observed below the carbonation layer.
Magnesium silicate formation was observed.

Depletion of caloium hydroxide was observed in this mone,

AFt deposits were observed below the decalcification zone,
Inereased porosity was observed in the decaleified ®one.

The carbonation zone al the lop surface was nol wndform,

Below the decaleified zone cracking of the paste was observed, which extended 3-4 mm.
T'he paste was nol altered below this sone.

Calcium hydroxide was present in this zone.

The composition of the C-5-H was normal.

Patches of Cl-rich AFm and C-5-H were observed.

® " &8 ® @ ® @® ®

® B B @

Dark area

Diepth of carbonation &t the top of the sample was about | mm.

Minos decalcification of <1 mm thickness was observed below the carbonation zone.
Magnesium silicate formation was observed,

The paste was unaltered below this zone.
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Fage 3 ol Febniary |8, 2002

s Cracking of the paste was not visible.
o  Paiches of Cl-rich AFm and C-5-H were observed.
= Estimmied waler io cementitions ratie was 0.43 in the unaliered mone.

Summary

Petrogmphic annlysis of the concrete samples shows white aren on e swrface. The pasie of ihe
white arcas shows carbonation and decalcification of the C-8-H. Incressed porosity was observed in
these arens, Below this decaleified zone, deposits of etiringite and cracking were observed.  This
altered zone extends up 1o maximum 5 mm. Angular, fine aggregates were exposed at the surface
due to loas of material from the surface. The exposed dolomite appregate did nod show evidence of
acid elching. The white arcns seem to form due to local leaching of cement paste creating porous,
decalcified arcas. The pottern of the leached arcas may have been determined by the finishing
process, with local arcas of gher wic being mone susceptible io leaching of calcium ions,

Bulk pnalysis of morar indicates high concentration of chloride peesent in the smples, The
chloride-containing compounds were distributed all over the cement paste, except the decalcified
zone. This indicates that chloride was added to the mortor mix. [t is known that addition of calciwm
chloride accelerators may influence the color of the concrete surface.

The results are submitied pursuant 1o RJ Lee group's current terms and conditions of sale, including
the company”s standard warranty and limitation of Liability provisions, Mo responsibility o Hability
15 pssumied for the manner in whicls the results are used or interpreted.  The samples for this projec
will be stored for & periad of 60 days,

IF you hove any questions or if you wand us o do any further investigations, please call me st 724-
325-1776.

Sincercly,

Cf? b i

"

Miels Thaulow
Mhrector of Construction Materials

Annchmens
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Top & Bottom Views of As Received Core

MAHT12353 - Sample No. 0815913- M)
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815913

Slde YViews of As Recelved Core

MAHITIASE - sample Mo, 0515913

i

815913
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Side Views of As Recelved Care

MAH112353 — Sample Mo, 0815913- MY
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MIAHI12353

Sampla Mo, 0815913 — M1

Figure 1: DSCNOE] LIPS

i 5

Flgure I: DSCYOI120PG
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MAHI112353

Sample No. 0815913 — M|

Figure 4: DSCHIZI4IPG

B-d
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MAH112353

Sample MNo. 0815913 - M1
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MAH112353

s Sample Ne. BELE913 - M

Fizure B: DRCNIIIAIPG
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i 13%i4

Top & Bottom Yiews of As Recelved Core

MAHIIZISI - Sample No, 0315914 - M2

0a15%14
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Shde Views of Ax Heceived Core

MAHIIIZED - Sample Mo, 0815914 M2
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815914

Side Views of As Recelved Core

MAHI12353 — Sample No, BE1S0]14- M2

1515014
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MAHI112353

Sample No. GELE914 - M2

Figure 1@ DSCNOZIIPG
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MAHI112353

Sample Mo, DE15914 - M2

Figure 3: DSCNIZIIAPG
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MAHI112353

Sample Mo, 0815914 - M2
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MAHI112353

Sample Mo, DE15914 - M2

onBalance Case History o0B—00005M



MAHITI2353 - Sample No. 0815914 - M2

SR AHFLTIF ¥ (o 24,079 SN 4ETIF Y dmm) 23922

Carbonated pasie Ml enrbebimment ol st

PEL EIRRAMNILTIT

SHI003. THE ¥ {mamp 23,922 STIHHHELTTF Y {mm) 21204

Ml enrbclinsent of past Mg enrichment of pasie

EPSElA by Fage 1 ol 11 o) T B Ler e, Do,

onBalance Case History o0B—0005M 63



WA 12350 = Saumpele NMo. BR13Y14 = M2

SN T ¥ dmm) I5145 S91HNG.TIF ¥ {mm) 229352

Partiplly decnbeilied paste Partiadly decslcified paste

SY14MT.TIF Y {mm) 2593 S0 4R, TIF Y (mm) 12.33%
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MANTIZAES - Sample Mo, 0515914 - M2

MR TIF ¥ (mim) 20.THS S¥IHITILTIF ¥ (mim) 20587

APt depositis) APt depasitis)

SUTINLTIF Y (namp 21395 E014811.TIF Y {mm) 21.0324
Tkemsr paske Typheal paste sirictione amd composition
HPRA 5o Fage N af |2 i) 100 1 Law T o, B
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MAHITZIES - Sample No. 0815914 - M2

SRIHNATIF ¥ (i) 2OUATS SULMIA.TIF W () 2GRS

Carbamatipdd pasie Cl=rich AFUA Fimn

SYT4IETIF Y () 1980 E14NETTF Y (namp 15.5%%
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MAHT1Z3SS - Sample Mo, 0815914 - M2

SR14017.TIF Y (imm) 15433 SNIANMETIF Y {mm) LTER

AFt (Eftringiie) In Alr Vodd{s) Clrich AFUVAFm
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MAHILZ3SY - Sample No, 0515914 - M2

SYIALLTIF ¥ ] 11.1%% S914mIE.TIF Y (mm) 7.472

Clerich AFLAFm AFt depositls)
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Composition of C-5-11 Heaciban MFoml
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MAHTTZAEA « sumple Mo, 0515914 - M2
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Corteonated paste Umbry drsted cemend grifngs|
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MAHITZISD - Sample Mo, 0815914 - M2

4029 TIF ¥ {manp 17263 014030, TIF ¥ () 17166

Compaosiciom of C-5-H Carbenmied priste
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Lahydrabed cement graimish Covim il baii ol -5-H
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onBalance Case History oB—-00005M



MAHT12353 - Sumple Mo, 0515914 - M2
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MAHL12353 - Sample No. 0815914 - M2

SHT4EET, TTF ¥ imem 1iv&ZI4 SR40XETIF Y Dmmd 16.174
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AMAHIIZIES - Sample No, DR15974 - M2
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SRAM5.TIF

RPaA o

CaliyHE

MAH112353 - Sample No. 0815914 - M2
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RJ LeeGemap, Inc.

Acid Soluble Chioride Analysis
Projoct No: MAH112353
m Laa En.mpil[ Chigvide Concentralian
Chand Sons id e %)
H15812 EG2 .38
S15318 A2 0.32

Hole: Chicride parcant s by mass of corcrein

\ p 2
- . _:.l:!"-'t" 7? 3 e
1:‘1'1, Qm,ni'ﬁ'
& -'E:'.I.’a -
Tl of ..2.71"' : e
& e
|’ F\bﬂﬂ«\} , “ ;?ﬂ_.b,;:b EE
i e # of T

i Sohrble T hioride b g1
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¥ ot v also asbond me o clanify a general point made n my past reporis.
In past repoets | heve nsed the terminology ©.. waser driven
recorainicion of the hydmied coment prsie™ i descrhing changes
chserved i the hydmied paste microstnscrure,  This terminodogy oaly
deseribes e way in which fonbe species (ealcium, chloride, salfate.

eic...) can be moved wiihis the paste micresiruciure,

Dhfferences im salubiliny of the vanous paste componenis will allow ome
speiies bo monve mope ar loss freely through the paste porosity {os exomples
celcium chioride snd caleium carhonate will have very | fferent
salubilitees in waler of pi 7). Omee the local solation chemistry changes
{on the micrascopic level ) the lons in salution may precipdiole s ol
compound. Thus, to conclude that the waier (salution) is *nppressive” o
the paste misinierpres the microsrucheral changes, the problem could very
wll e fhat the paste has components, (Bat are il usiied for the
enveroement | caloium chioride g5 sn ecample & seduble over s wiide pH
range

1 batlieswe that the present study Pood Chior ased BJ Lee Group are
wrdertaking, evalunting & mumber of plasier failures in comparisan o
mmilustry prepared standanls, wqll give us the insight & understand these
paste reconsiruciion phencmens.

Boyd A. Clark, Ph.D
Senior Maierinls Scienisi
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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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