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Sammendrag

Raftsundet bru i Nordland fylke har en total lengde pa 711 meter og et hovedspenn pa 298 meter
som ved ferdigstillelsen vil vare verdens lengste for denne brutypen. De midterste 224 meter av
hovedspennet utfgres i lettbetong LC 60 med tyngdetetthet 19.5 kN/m’.

Entreprengren, AS Anlegg, har valgt & benytte et lett tilslag, Stalite, produsert av Carolina
Stalite Company, USA. Stalite er lett tilslag av ekspandert leirskifer og tilfredstiller kravet i NS
3473 for lette tilslag til berende konstruksjoner.

Foreliggende rapport er en gjennomgang av tilslagsegenskaper, dokumentert av produsenten, og
inngar i det tekniske grunnlagsmaterialet som Statens vegvesen har basert sine vurderinger pa.
Statens vegvesen har akseptert at Stalite har tilfredstillende egenskaper og stillte entreprengren
fritt i valget mellom Stalite, Leca og Liapor.

Vurderinger av betongegenskaper og resultater fra forsgk utfgrt pa byggeplassen vil bli
behandlet i en egen rapport.
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1. BAKGRUNN

Raftsundet bru i Nordland fylke har en total lengde pa 711 meter over 4 spenn pa henholdsvis
86,202, 298 og 125 meter. Hovedspennet pa 298 meter vil ved ferdigstillelsen vaere
verdenslengste spenn for fritt frembygg bruer. De midterste 224 meter av hovedspennet skal
utfgres i lettbetong LC 60 med densitet 19.5 kN/m®. Av en total betongmengde pa ca. 15.000
m’® vil 2500 m® vere lettbetong.

Hgsten 1996 tok entreprengren AS Anlegg kontakt med byggeledelsen for Raftsundet bru og
ba om tillatelse til & benytte Stalite som lett tilslag. Begrunnelsen for & velge Stalite som lett
tilslag var et gnske om a kunne fremstille en pumpbar hgyfast lettbetong.

Henvendelsen fra AS Anlegg innebar at det matte tas stilling til to spgrsmal.
1. Aksept for bruk av Stalite som lett tilslag
2. Tillatelse til pumping av LC-betong.

I anbudsgrunnlaget var det stillt fglgende krav mht pumping
“Hgyfast LC-betong tillates ikke pumpet”.

I brev til AS Anlegg sier Statens vegvesen Nordland at de har forstaelse for entreprengrens
gnske om a benytte pumping for all betong i overbygningen, og stiller seg positiv til utprgving
av hgyfast lettbetong med sikte pa & kunne dokumentere pumparhet.

Statens vegvesen sa ingen prinsippielle problemer knyttet til valg av lett tilslag, men pépekte
at fordi Stalite var mindre kjent i Norge ville dokumentasjonsbehovet vare stgrre for dette
tilslaget enn for Leca og Liapor.

Det ble videre krevet at utprgvingen av LC-betong med Stalite skulle suppleres med
utprgving av en lettbetong med enten Leca eller Liapor som lett tilslag slik at man hele tiden
hadde et alternativ.

Fgrste halvar 1997 ble det samtidig med dokumentasjon av Stalite og utprgving av lettbetong
med Stalite ogsd utfgrt to fullskala pumpeforsgk, hvor det fgrste var mislykket. Mot slutten
av oktober og i november er det utfgrt nye pumpeforsgk som begge var vellykket.
Entreprengren har ikke fatt generell aksept for pumping, men kan benytte sitt system for
utstgpning som forutsetter at betongen fylles i formen ved pumping.

Foreliggende rapport er en gjennomgang av dokumenterte tilslagsegenskaper for Stalite og
danner det tekniske grunnlaget for at Statens vegvesen har akseptert at Stalite kan benyttes
som lett tilslag til Raftsundet bru.

Entreprengren er stillt fritt 1 valget mellom Stalite, Leca og Liapor.

Vurdering av betongegenskaper og resultater fra pumpeforsgk vil bli behandlet i en egen
rapport.




2 DOKUMENTASJON AV LETT TILSLAG

2.1 Generelt

Som grunnlag for den vurdering Statens vegvesen skulle gjgre ble det utarbeidet en oversikt
med krav til de egenskapene som skulle vektlegges, se vedlegg nr. A. I denne rapporten
henvises det spesielt til Vedlegg A.2 “Lett-tilslag egenskaper som skal dokumenteres”, som er
en giennomgang av kravene til det lette tilslaget.

Dokumentasjonsunderlaget er motatt i flere omganger. Et utsnitt er samlet i Vedlegg B. Det
vises til Vedlegg B1 Gjennomgang av dokumentasjon fra Carolina Stalite Company
“Summary of Technical Information” som var en fgrste vurdering av dokumentasjon
vedrgrende Stalite, mottatt i desember 1996.

Stalite er et lett tilslag av ekspandert leirskifer og tilfredstiller kravet i NS3473, pkt. 7.3.3
for lette tilslag til barende konstruksjoner.

Akseptvurdering av tilslaget baseres pa dokumentasjon av fglgende egenskaper:

Bulk density

Particle density

Water absoption
Moisture content
Particle size distribution
Additional properties.

- Content of fines

- Chloride content

- Total sulphur content

- Loss of ignition

- Alkali-aggregate reaction
g, Freezing and Thawing

SNk L=

2.2 Bulk density

Produsenten Carolina Stalite Company deklarerer fglgende verdier for Igst ifyllt romvekt,
kfr. Vedlegg nr. 1.

Fraksjon: Romvekts intervall:
#4 - 3/4” (4 - 19 mm) 750 - 800 kg/m’
#4-1/2” (4-12,5 mm) 770 - 830 kg/m’

Krav: Romekt 800 kg/m3 + 50 kg/m3

Stalite #4 - 3/4” er testet etter ASTM C - 330, kfr. Vedlegg nr. 2

Prgveresultat: Romvekt 797,7 kg/m3




Tilslaget ligger innenfor samme romveksintervall som

Liapor 8 og
Leca 800

Tilslagsleverandgrens dokumentasjon er tilstrekkelig, men verdiene skal verifiseres gjennom
entreprengrens/betongleverandgrens mottakskontroll.
2.3 Particle density

Carolina Stalite Company deklarerer fglgende verdier for partikkeldensitet/korndensitet, kfr.
Vedlegg nr. 1.

Fraksjon: Korndensitet
#4 - 3/4” (4 - 19 mm) 1.470 - 1.540 kg/m’
#4 - 1/2” (4 - 12,5 mm) 1.490 - 1.550 kg/m®

Krav: Korndensitet 1500 kg/m3 + 75 kg/m3
Verdiene ligger innenfor samme intervall som verdiene for

Liapor 8 og
Leca 800

Tilslagsleverandgrens dokumentasjon er tilstrekkelig, men verdiene skal verifiseres av
entreprengrens/betongleverandgrens kontroll av leverandgrsertifikater.

24 Water absorption

Typiske egenskaper for lettklinker er vist i tabell 1, brev av 21/10.1996 til AS Anlegg fra
Axion, Tromsg, Vedlegg nr 3.

Her angis vannabsorpsjonen for Stalite 1/2”, etter 24 timer, & vaere 5%, mot 10 og 11% for
henholdsvis Liapor 8 og Leca 800. Forannevnte verdi bekreftes i rapport fra LAW
ENGINEERING av 6/7.1992, Vedlegg 4, hvor vanninnholdet etter nedsenking i vann ved
atmosfariisk trykk angis til 5,7% og hvor det rapporteres en SSD-verdi pa 6,7% (SSD betyr
vannmettet, overflatetgrr)

Dette er meget lave verdier for lettklinker.
Det er i forannevnte rapport, Vedlegg nr. 4, ogsa referert den gkningen i vanninnholdet som

det lette tilslaget fikk ved prgving under gkende trykk. Ved et trykk pa 21 ato (210 m
vannsgyle) hadde tilslaget etter 30 minutter absorbert 10,7 % vann.




Tilslagets vannabsopsjons egenskaper er sa langt tilstrekkelig dokumentert, men det
forutsettes at verdiene verifiseres fgr produksjon av lettbetong igangsettes.

2.5 Moisture content

Det er et krav at entreprengren eller hans underentreprengr kontrollerer fuktinnholdet ved
mottak og under betongproduksjon.

Det er ved stikkprgver registrert et hgyere fuktinnhold i tilslaget enn hva absopsjonsforsgkene
viser. Dette innebarer at det totale fuktinnholdet i Stalite utgjgres av absorbert fuktighet og
overflatefuktighet. Etenkelt forsgk hvor totalt fuktinnhold i tilslaget var bestemt til 10,1%,
viste at man fjernet 3.9% av fuktigheten ved & tgrke tilslagskornene med papirhandkle.

Dette viser at det er viktig at betongprodusenten har kontroll med béde totalt fuktinnhold og
absorbert vann i tilslaget. Tilslaget skal vare beskyttet mot nedbgr.

2.6 Particle size distribution
Leverandgren har fremsendt siktekurver fra produksjonskontrollen av Stalite #4 - 1/2” (4 -
12.5 mm). Det er tatt ut 10 prgver over 1 méaned. Resultatene, Vedlegg nr 5, viser at

variasjonene er sma og at Stalite kan leveres med jevn gradering.

Leverandgren bgr ogsa legge frem siktekurver for Stalite #4 - 3/4” hvis det er denne
graderingen som skal benyttes i1 betongproduksjonen.

Under produksjon vil kravet til entreprengrens produksjonskontroll vere som for vanlig

tilslag. I tillegg forutsettes mottakskontroll.

2.7 Additional properties

2.7.1 Content of fines

Kravet til finstoffinnholdet er at mengden fine korn mindre enn 0.125 mm ikke skal variere
mer enn + 1.0% for fraksjoner > 4 mm.

Pa dette punktet er ikke leverandgrens dokumentasjon fullstendig.

I Vedlegg nr. 1 deklarerer leverandgren at det for
fraksjoner #4 - 3/4” passerer 0-15% pé sikt #4 (4.75 mm)
fraksjoner #8 - 1/2” passerer 0-10% pa sikr #8 (2.36 mm)
fraksjoner #16- 3/8” passerer 0 - 10% pa sikt #16 (1.18 mm)




Siktekurvene fra produksjon, Vedlegg nr. 5, viser for gradering #4 - 1/2” at 2.8% passerer sikt
#8 og at det er mer enn 90 % sannsynlighet for at variasjonene pa dette siktet er mindre enn
+ 1,6%.

Det er derfor grunn til & anta at kravet til variasjon i finstoffinnholdet tilfredstilles for
variasjoner pa sikt #16 (1.18 mm).

Vurderingene styrkes forgvrig av de sikteanalysene som er utfgrt og rapportert i forbindelse
med utprgving av betongresepter.

Ytterligere dokumentasjon vil ikke bli krevet fgr leveranse til produksjon.

2.7.2 Chloride content

Rapport fra CHEM-BAC Laboratories, Vedlegg nr. 6, viser et kloridinnhold i Stalite pa:
Klorid som NaCl = 0,60 ppm

Kloridinnholdet kan her vere angitt feil, men selv om verdien skulle vere 0.60/00 er

kloridinnholdet meget lavt. Det er ikke behov for ytterligere dokumentasjon.

2.7.3 Total sulphur content

Rapporter fra CHEM-BAC Laboratories, Vedlegg nr. 6 og 7, viser et meget lavt innhold av
svovel 1 Stalite:

SO; - innhold < 0.05 ppm, vedlegg nr.6
Totalt svovelinnhold < 0.01%, vedlegg nr. 7

I de innledende vurderingen ble det konstatert at SOj3 - innholdet i tilslaget var ekstremt lavt.
Man ¢gnsket derfor & fa verifisert denne verdien, men da som totalt innhold av
svovelforbindelser i tilslaget. Ny laboratorierapport av 11.mars 1997, Vedlegg nr. 6, bekrefter
at svovelinnholdet er lavt, mindre enn 0.01%.

Dokumentasjonen ansees som tilstrekkelig

2.7.4 Loss of ignition
Loss of ignition, bestemt etter ASTM C 114, er bestemt til < 0.1%, Vedlegg nr. 2.

Dette innebrer at mengden organisk materiale i tilslaget er neglisjerbart.




2.7.5 Alkali-aggregate reaction
Det er gjennomf@rt AR-prgving etter “Mortar bar test”, ASTM C 227.

Resultatene som fgrst ble mottatt var av liten interesse fordi prgvingen ble utfgrt med en
lavalkali sement Na;Ogry = 0.57%.

Det er oversendt ny dokumentasjon fra LAW ENGINEERING; Vedlegg nr. 8, hvor prgvingen
etter ASTM C 227 er gjennomfgrt med en sement med NayOgy = 0.75%..

Ekspansjonen er malt til:

Malt ekspansjon Krav
3 méneder 0.014 % <0.05%
6 maneder 0,017 % < @sll %
9 maéneder 0,015 %
12 méneder 0,017 %

Analyse av bruddflatene, basert p& SHRP-C/PR-91-101, viser ingen synlige indikasjoner pa at
det etter 1 &r har funnet sted alkalireaksjoner i tilslaget.

Dokumentasjonen ansees som tilstrekkelig.

2.8 Freezing and Thawing

Rapport fra LAW ENGINEERING, se vedlegg nr. 8, viser at Stalite tilfredstiller kravene i
AASHTO T 103 mht frostbestandighet.

Dokumentasjonen ansees som tilstrekkelig.

3.  KONKLUSJON

Stalite er et lett-tilslag av ekspandert leirskifer. Tilslagsegenskapene tilfredstiller de kravene
som stilles til lette tilslag til barende konstruksjoner. Under forutsetning av at det ogsé oppnas
tilfredstillende egenskaper for en lettbetong i fasthetsklasse LC60 sidestilles Stalite med Leca
og Liapor for bruk som lett tilslag til Raftsundet bru.
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Stalite: Structural Aggregate Gradations

Size S?eciﬁ'c Gravity Unit Weight (Demp Loose)
| Lix/Cabic Foot (Kgz/Cubic Meter
34" o #d | 1.47 to 1.54 47 to 59 (750 t0 800)
Sieve Size l % Passing |
1" (25mm) 100

/4" (19mm? - 90-100
3/8" (9.5m;ﬁ1 10-50

#4  (4.75mm) ' 0-15 l
172" to # 4 | 1.49 tu 1.55 48 to 82 (770 to 830)
Sieve Stze % Passing

34" (19mm 100
1" (12. Smm) 1 80-100
W r. Smrrﬂ 40-80
#4 (4, 75mm) 0-20
#8 (236mm)| 0-10

3/8'" to # 1.57 to 1.64 50 to 34 (800 0 365)
Sieve Size | % Passing
12" (12.5mm) , 100 1 ]
38" (9. Smm) - 80-100
44 (4 75mm) | 540

#8 (236mm) ' 0-20
#16 (1.18mh) - 0-10

Fines For Structutal Concretc | 1.78 to 1.85 53to 57 (850 t0 910)

Sieve Size % Passing
44 (4.75mm) : 97-100
#8 (2. 36m}n) 70-85
#16 (1.18mm) 40-55
#230 (600umd) i 30-40
#50 (300um)  17-25
# 100 (150;@) 1417

TTMII™




NEDLEGS nr 2 side 1

June 18, 1993 - A

Mr. Roberto Nunez LAW ENGINEERING
Carolina Stalite Company —
P.O. Box 1037 w&%ﬂ%ﬂm

Salisbury, NC 28144

Subject: Report of ASTM C 330-89 Compliance Testing
Revises May 17, 1993 Report
Stalite 3/4-inch Lightweight Aggregate
Law Engineering Job Number 5820466301

Dear Mr. Nunez:

Law Engineering has completed testing of a sample of Stalite 3/4-inch coarse aggregate
submitted to this office on March 11, 1993. The purpose of our services was to test the subject
material for compliance with ASTM C 330-89, "Standard Specification for Lightweight
Aggregates for Structural Concrete”. Freeze-thaw durability testing was not performed as part
of this project. This work was authorized by your acceptance of our proposal No. 582.93005
dated March 11, 1993. We were provided with your Purchase Order number 8889 for reference

and accounting purposes.
The test procedures and test results are presented on the attached tables.

The results of our testing indicate that -Stalite 3/4-inch coarse aggregate complies with the
requirements of ASTM C 330-89.

At your request an additional sample of the subject material was tested for Loss on Ignition on
June 4, 1993. It is our opinion that the results presented in this report are representative of the
material submitted. We reviewed our previous test data and procedures and cannot explain the
previous test result.

Law Engineering appreciates the opportunity to continue serving Carolina Stalite. If there are
any questions about this report, or if we may be of further service, please call.

Sincerely,

LAW ENGINEERING, INC.

'Iézrf/jh %mcss, E.I.T.

Materials Engineer Principal Materials Engineer

Attachments: Tables I through IV

facilulvi466301

396 PLASTERS AVENUE, N.E.
ATLANTA, GEORGIA 30324
404-873-4761

TELEFAX 404-881-0508




VEOLEGG nr 2 Scde R

ASTM C 330-89 COMPLIANCE TESTING
STALITE 3/4-INCH COARSE AGGREGATE
Carolina Stalite Company
June 18, 1993
Law Engineering Job No. 5820466301
Law Engineering Lab Number A93019

Table I - Chemical Composition

ASTM C 330-89
Property and Test Method Test Result Requirement -
Lighter Lighter
Organic Impurities (ASTM C 40) than standard than standard
(Color Plate 1)
Staining (ASTM C 641) No Stain Note 1
Loss On Ignition (ASTM C 114) <0.1 percent <5 p_crccnt
Table IT'- Physical Properties
ASTM C 330-89
Property and Test Methad Test Result. Requirement
2 percent,
Clay Lumps (ASTM C 142) 0.1 percent Maximum

Grading (ASTM C 136)

See Table III

See Table III

2
197.7 Gy® ss wsit. 380 i

Unit Weight (ASTM C 29) 49.8 Ibs/ft? Maximum
Compressive Strength (ASTM C 39) 3920 psi,
Average of 3 at 28 days 3940 psi Minimum®
Splitting Tensile Strength
(ASTM C 496) 410 psi 318 psi,
Average of eight at 28 days Minimum®

0.07 percent,
Drying Shrinkage (ASTM C 157)® 0.017 percent Maximum
Popouts (ASTM C 151)® No Popouts No Popouts

Notes: (1) Aggregates producing a heavy or very heavy stain are subject to rejection depending on the

results of further testing. Stalite produced no stain which indicates acceptable material.

(2) Required values interpolated from table in ASTM C 330-89 based on air-dry unit weight of
concrete measured in accordance with ASTM C 567. Strength specimens were moist cured for
7 days then air-cured for 21 days in accordance with ASTM C 567. Concrete proportions and
properties are attached. .

(3) Drying shrinkage and popout specimens were proportioned in accordance with the
requirements of ASTM C 330-89. Drying shrinkage specimens were cured in accordance with
specific requirements of ASTM C 330-89.
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I forbindelse med overgang| fra normal betong til MND betong
for Hibernia prosjektet, ble det behov for & dokumentere at
grunnleggende kriterier for dimensjonering ble opprettholdt
ved lavere betongdensitet,| og introduksjon av lettklinker.

EoLEGE nr. 3

Vedlegg 1

Materialdokumentasjon

Basert pd forslag fra byggherrens byggetekniske konsulent
S. B Leivestad (Berdal Stromme as) ble et omfattende
proveprogram ble iverksatt| (tab. 5), og resultatene fra
provingsanstalter i Canadal og Norge, viste at betongen
tilfredsstilte de oppsatte krav med god margin, ved bruk av
Stalite Lettklinker.

Fullskala pumpeforsek (Tabl 3) viste ogsd at det ikke var
noedvendig & ta spesielle forholdsregler for & Xunne
transportere betong med 250-350 kg/m3 Stalite lLettklinker mer
enn 250 m horisontalt og 30 m vertikalt, ved hjelp av vanlig
pumpeutstyr.

|
Betongegenskaper !
Resultatene fra utpreving av hegfast lettbetong for Hibernia
plattformen er byggherrenst(HMDC) elendom, og sa nar som for
deler som tidligere er presantert ved international symposier,
er ikke dataene offentlig tilg]engellg.

|

Basert pA& deler som er tilgjengelig, og egne laboratorie- og
produksjondata, har jeg sammenstillet generelle opplysninger
cm hegfast lettbetong hvor!/ deler av det grove tilslaget er
erstattet med Stalite lettklinker i de f@lgende tabeller.

Tab.l Typlske egenskaper for noeL typer lettklinker benyttet i

hegfastbetong ;
Material | Volumvekt bensitet Abs. 1 t abs 24 t
typer lost lagret J vekt % vekt %
overflate overflate
 Lorr KN
ol Leca 8900 800 . _14.50 8 13
Liapor 8 800 | 15,00 7 10
Lytag 800 i 15:00 12 20
Solite 700 ! 14:00 9 10
Stalite 1/2"i 770 l 15,00 = 5 ﬁé.

By 4 Axion ks \T‘oms;fa 4%[ &5 Anle(ﬁ Q%O'H%




VEDLEG,G o, 4 Side 1

July 6, 1992 A

Mr. Roberto Nunez LAW ENGINEERING

Carolina Stalite Company GEOTECHNICAL ENVIRQNMENTAL
P.O. Box 1037 & CONSTRUCTION MATERALS
CONSULTANTS

Salisbury, N.C. 28145-1037

Subject: Report of Pressurized Absorption Test Results
Carolina Stalite 1/2 inch Aggregate
Law Engineering Job No. 5720323801

Dear Roberto:

As authorized by you, Law Engineering has completed the pressurized absorption testing
of 1/2 inch sized Stalite aggregate. The purpose of this testing was to provide data on the
effect different applied pressures have on the absorption properties of the subject
aggregate. As directed by Mr. Nunez, the subject aggregate was tested in the as-received
and oven-dried conditions. This report presents the test procedures used and the results of
our testing.

TEST PROCEDURE

A moisture content specimen was obtained from the specimen to measure the as-received
moisture condition. A second specimen was soaked and tested to determine the SSD
absorption of the submitted aggregate.

The remaining sample was then split into two subsamples. One subsample was kept in the
as received condition until testing; the other subsample was oven dried at 230°F for
approximately 48 hours prior to testing.

The following test procedure was performed on both the as-received and oven-dried
specimens:

1) Initial weight in air was measured,

2) Weight of the sample suspended in water at atmospheric pressure was
measured,

3) The sample was transferred to a pressure chamber filled with water and

subjected to SO psi for S minutes,

4) The sample was removed from the chamber and its suspended weight was
remeasured,

S) Steps 3 and 4, above, were repeated for pressures of 100, 150, 200, 250, and
300 psi.

285 PLASTERS AVENUE N €
ATLANTA, GEORGIA 3032¢
¢04-873-4761

TELEFAX 404-881-0508




VEDLEGG hr 4 side 5

Carolina Stalite Company A

July 6, 1992
Page 2

The absorption for each pressure increment was calculated from the change in the
suspended weights.

TEST RESULTS

The results of our testing are presented in the table and the attached graph.

Percent Absorbed Moisture
s As-Received Oven-Dried
Atmospheric 5.7 23
50 pst 74 49
100 psi 8.6 6.9
150 psi 94 7S
200 psi 9.8 85
250 psi 10.7 9.3
300 psi 10.7 10.1

The SSD absorption of the aggregate was measured to be 6.7 percent. The absorbed
moisture of the "oven-dried" specimen at atmospheric pressure is the result of difficulty in

measuring the suspended weight of a dry absorbent material.

Law Engineering appreciates the opportunity to continue serving Stalite. If there are any
questions about this report, or if we may be of further service, please call.

Sincerely, -
LAW ENGINEERING, INC.
%4{ Viness, E.LT. };;é: Love
Materials Engineer Principal Matenals Engineer

Attachment: Graph

lv\323801
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THESE ARE{TYPICAL GRADATIONS OF OUR 1/2 INCH “STALITE", THEY WERE TAKEN
OVER A TIME OF APPROXTMATEL Y ONE MONTH.

SAMPLE # CRADATIONPERCENT PASSTNG)

l SIEVE SIZE A3 12 3% #4 "8

' (I9mm)  (12.5mm)  (9.3uun)  (4.75mm)  (2.56qum)
1 10 i 52'9 6.7 20
1 ihn Y2.6 54.] 0.6 Ses] 5
3 100 92.9 36.7 7l 11
4 190 93.0 53.3 555 15
5 1 92.0 46.0 3.7 b2
6 10 932 S10 3.9 2.4
7 10 Y21 48.5 3.5 15
8 ., o Y1.6 %98 8.3 59 e
3 1) 92.6 $2.8 28 1.9
10 wf) 93.8 32 44 2.5

| AVERAGE 0 973 2.7 53 BXN

\

THIS MATERIAL 1S PRODUGCED TO COMPLY WITH ASTM C330

/7/0//'{&7/%7 (A2 12 0 Ciow 7 Cope 0 DC H €7
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CHEM-BAC Labianatonies, Jue.

“ : «P. O. BOX 19198, CHARLOTTE, N. C. 28219

TEL 394-6381
FAX &:704 3946382

November 4, 1992

REF: 1198

Analysis of Aggregate for Requested Tests

MADE FOR: Carolina Stalite
P.0. Drawer 1037
Salisbury, N.C. 28144
ATTENTION: Charles Freeman

MARKEb: Sample received at Chem-Bac Labs, Inc. on 10/29/92

P.O. # 8837
ANALYSIS: Suifur Trioxide =======-- < .05 parts per million
Chloride as NaCl =====—=-- .60 parts per million

Respectfully submitted,

%-BQA%\TORI ES, INC.
J.¢Y Hubtél

Supervising Chemist
JCH/th

INDEPENDENT LABORATORIES « CHEMISTS ¢« BACTERIOLOGISTS CONSULTANTS

TESTING *« INSPECTION - DEVYELOPMENT + QUALITY CONTROL
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CHEM!BAC Ladratarice, Tne
l «P O.BOX 18198 CHARLO(IE, N C. 28219

1L, 394.6381
FAX #.704 194-4382

March 11, 1997

REF: 1198 ¢
w.00. 1306

sulfuy Ccbntent ol Sgmple

hox 1098

MADE FOR: Qtfizre Environmenlal
in ury, N.C. 248144

P
Sa

ATTENTION: Bill| Griggs

MARKED: Sample received at [Chem-Bdcu Labs, Inc. on 02/17/97

fUr oo -- less than ,010%

|
!
)
i
1

ANALYSIS: Su

Respecttully submitted,

cnzﬁi@a@oarzs, INC.
J.C. Bubbell

JCH/th suparvising Chemist

Y08 fhx vl SGes Gmp. Ol
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INDEPIFNDENRT LAIO‘A?OIlI‘ + CHMIMI(3TS * BACTERIOLOGISTS - COWSBULTANTS
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May 23, 1995

|
|
Mr. Robenio Nunet
Caolina Stalite C 'mptfn)'

P.O. Box 10537
Salisbury, Morth Gacallna 28145

Subject: Final Report
ASTM C 227-90 Test Results
d\mqnn Stalite AggregE
Law Engineering Job Nb. 5820644801

Dear Robertw: I }

" Law I:ngmecnngf hias conpleted testing of cpncrdc mixtures mnwning Stalite lm in
accordance with our Proposal No. 582- 93093 (Revised). The purposc of our testing is fo compare
the alkali-silica mc.wuy of Stalita romry kild, expanded slale aggregats and a locally avallable
normal-weight =ggregnte When using ASTM C 227-90, "Standard Test Method for Polential Alksli
Rescuvity of'Ccmem«Agchgxtc Combthonq (Mortar-Bar Method)™. This report presents the rest
procedures and test rwulu

Materinls and bLmdm

Mormar Bars: Cdrolige Stalite Company provided an approximatsly 100 pound saple of Stalits
3/4<inch, rotry knn. expanded slate nggregate. The Stalite aggregete sample was auved in the
laborarory, scpzrucd 100 size fractinng, land combined to meet the requircments of ASTM C 227.

The mixtures usad were as specified by 'AS'IM C 227. The aggregre batch welghts preatd in
ASTM C 227 wertadjuxtodwcompcu ate for the difference in specific gravity betweeh the Sautts .
agyregare and te natural aggregate bemg tested. This procedure wass followed so that both the
Stalit¢ and the Reference mixtures had thc sarnc zggregaic and paste volumes. The woter-cameat

rativ of the Stalite mixture was 0.51 (152 groms of water/300 grams of cemant) to praduce a flow

of 118.

law hngincerin?g obtained a naturul quartzitic'sand from Waugh, Alabama for use in the refirance
mixture. ‘The na(uni sand is widely u&cd in concrete in (e Atlanta arez and has ah acooptable
performance hnmocy with respect to a(kalt-sxlica reaczivity in local projects. Tlic natural sand was
separated into s:.:: factions and recombined in accordance with ASTM C 227. The mortar b
mixture was prupotioned in accordaqee with ASTM C 227. The warerczmment mtio of the
reference mixture wWas 0.50 (150 gramyl of water/300 grams of cement) to produce a flow ot 111.

Law Engineering ottained a sample of Type | porrland cement from Biminghom. Alabama for usc

on this pro;ocLLﬂK cement was tested to verify its alkah content. The total glkalli reportal a3
Na.0Q, was measuredito be 0.75 percent when tested in sccordance with ASTM C 114.83, “Standiud
1ent Mautharie fhe Thaminal dnalusie al Wodmn]ic Cement”.

' o Coment™.

LAW LNGLNEERING. INC.
IR NUGTUIS AVONUE N E o AW&GAW

| |
\
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1AW Jut Ao 30244401 VebLF(,G nr. 8 51'0(& Q.

Cylindzrs: Severx| 3-1ach diameter by 6—mch lightweight concrete cylinders woe jnade wing the
same volumetric pfuportions as the AS’ lM (. 217 mortar barx  Approximataly 50 percent of the
ageregate i the cylinders was uncriched. 3/" inch maximum sized, lighnveight aggregate particles.
The uncrushed hght\wwht uggregate paticles were included in the cylinders to mmpresant the
aggregate in a typical lightweight squctural conaete mixture. The cylinders were cured and stored
in the same conditdons ks the ASTM C 227 specimens

Test Trocedures

Mortar Rars Mortar bars were tested in accordance with ASTM C 227-90, "Standard Test Mcthod
for Potential Alkal Rcactlwty of Cement- Aggmgare Combinations (Mortar-Bar Mcthod)".

Cylinders; Fractured fheas of the cylmdcrs were observed using the ultra-violet light bd\nlquc
presented in SHRPRC/FR-91-101, "Hz.ndbuuk for the Tdentification of Alkali-Silica Reactivity in
Highway Suuctures™. frcsh fractured faces were prepared and obseryed at tho smoc ages as the
ASTM C 227 meagureaents. ‘

Test Rosuls

Morar Bauy: Ab‘lM C 227 test reatlts are Lrtsaﬂad (o the antached tabics and figre. [n soamary,
the mortur burs: coxxmmng Stalite aggregat= expanded and average of +0.017 percant carsparsd t©
Wi averaygc expansmn of H0.012 percent for the roference mixture over the one year duration of the
test The range of (be (wo results is less timn the ASTM C 227 allowable within test verfation for

a single matcrial.

Cylinders: The Stxlw: aggregute pamcle, in the cylinder specimens did not cxhibit visible
tndicatiogs of nlka,h silica reactivity when iviewed using the ulgavialet light techaique and a 10x
magmification over the dne year duration af the lest.

Law Engineening uppreomes the opportunity of providing this sesvice. If thars tre any gamsdons
about this report, ot if we may be of fur1her service, please call,

Sincarely,

LAW ENGINEERING, IINC.

Terry erss P.E.
Scnior Eagincer

)

A e

v * .
John R. Love, P.E.
Prncipal Eagincer

Attachmente Surr'imw of ASTM C 227| Test Results
wam A
TLV/IRL \tving sAGA4 8N
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[ STALITE AGGRECATE MIXTURE | ) Bawch Deie: /21/94
- _ L Lcng:th-Chtnze. peroent Avéragc
e 3 = TR
al e
I day 0.000 0.000 0.000 0.000 0.600
T days 0007 0.007 0.007 0.007 0.007
28 days | omo7 0.00§ 0.007 0.007 0407
2 months | 0012 0.01} 0.011 9.011 0.01)
3 months | owis 0014 | 0.0k 0.013 0914
4 months | o0p18 0018 0.018 0.016 0.018
6 months | o0p18 i 0. 017 0.018 0.016 0.017
TS months opl6 | 0. 01k 0.016 0.014 0013
12 months | | 0017 0.016 0.017 0.016 0017 |
oS == — ———
Note ThJ subject samples dld not exhibit warping, sarfice aqacking, of surfwce deposits

dunng Jac testing.

dur{ng Do tasting
REFERENCE MIXTURE Batch Daze: 22194
1 . Lcngl'th Chdnge, peroent Avrage
Reading |
L Age } !A B ’ | C D
: . .
|1 day | aloo 0,000 0.000 0.000 0.000
14 duys 0,008 o.oo,'s 0.005 0.005 0.006
S ' ' it -
28 davs oox 0.004 ! 0.004 0.004 0.bas
! ' .
2 months 01012 0.008 0.007 0.008 0009
E 3 months | olous 0.010 0.009 0.009 0.010
! ]
4 months | alots 0.01R 0.012 0.012 0p13
smonths | | 0017 001k 0.013 0.013 0014
: i
9 munihi ‘ 01013 0010 0.010 0.011 0Dt
B — r .
L 12 monus ' 01013 0.012 0.010 0.012 ap1z
Notx  The subject scamples did not exhidir warping, surface cracking, or surfew Yeposits




ASTM C 227 TEST RESULTS
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VEDLEGG nr. 9
SUMMARY OF LABORATORY TESTING

Carolina Stalite
LAW Job No. 2260923001

SAMPLE INDENTIFICATION: Expanded Slate - Stalite

ASTM D698 Standard Test Methods for Moisture-Density Relations in Soils and Soil-
Aggregate Mixtures Using a 5.5 Ib Rammer and 12 in. Drop (one point at as

received moisture)

Moisture: 0.08% Dry Unit Weight: 59.9 pcf
AASHTO T 103 Standfird Method of Test for Soundness of Aggregates by Freezin
Thawing (Procedure C, 25 cycles) g TR
Percent of Sa}nple Percent Passing Weighted

Sample Total Sampie Weight Designated Sieve Percentage
Fraction Retained (gms) After Test Loss

1 1/2"-3/4" 4.0 - @2 0.01
3/4"-3/8" 76.5 1001.2 0.2 0.15
3/8"-#4 552 300.1 0.4 0.06

Minus #4 4.3 - - -

Total 100.0 0.22

*Assumed value per AASHTO T-103

TR —

LAW ENGINEERING




Skilleark — Kopiering pa
Nokkelark til kopimaskinen Kodak 2110 Artikkelnr. 950520N

Skilleark — Kopiering pa

j T | | ||I|

B RUKSANVISNIN

KB Legg nokkelarket foran originalen som skal kopieres pa B} Legg de blanke skillearkene i avre papirmagasin.
skillearket.

Nokkelark
\ Nokkelark

L \Ongmal som.-skal

kopieres pa
skillearket.
B Legg originalene og nekkelarkene i Feeder med EX Trykk pa stierne (*) og deretter pa startknappen for
forsiden opp, og velg standardfunksjoner. a aktivere nokkelarket.

9.00 am 22/1/91 |
Tryxk & tast under funksion for valg av allemaby. ‘

oo e Posan [ vem [rown e |
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Merk: Nokkelarkene vil bli lagt i utmatingslommen Du kan ogsé

[ ] bruke kopier av nekkelark.




VEDLEGG A - KRAV TIL DOKUMENTASJON

A.1 LC-BETONG TIL RAFTSUNDET BRU
A.2  LETT-TILSLAGSEGENSKAPER SOM SKAL DOKUMENTERES




Vedlegg A.1

LC-BETONG TIL RAFTSUNDET BRU

Reseptutvikling av hoyfast lettbetong LC 60 skal utferes og dokumenteres av entreprener.
Kravene til betongen er angitt i anbudsbeskrivelsen.

* Miljoklasse MA

Fasthetsklasse LC 60

Tyngdetetthet LC 60 19,50 kN/m?
tillatt variasjonsomréde 18,9 - 19,7 kN/m?>
med tilleggskrav min 4,5 kN/m?
forskjell mellom NC og LC betongene

* ¥

* Delmaterialer:

- Sement: Norcem Anleggsement eller tilsvarende

- Tilsetningsstoff: Godkjent

- Silikastev: NS 3045

- Sand: DGB-godkjent evt. tilsvarende dokumentasjon
- Lett-tilslag: Se krav til dokumentasjon, vedlegg A.2

Entrepreneren skal proporsjonere en betong som meter kravene gitt foran.
Reseptutviklingen kan utferes 1 laboratorium, men skal verifiseres gjennom fullskala

utpreving, inkl. transport og utstepningsprever. Prosesskode-2 1997, prosess 84.4 kan vaere
til hjelp.

Entrepreneren skal dokumentere:

* Betongsammensetning:
- sementinnhold
- delmaterialer
- effektivt masseforhold v/(c+kp)
- fuktinnhold i lett-tilslaget

Delmaterialene dokumenteres, gjennom leverandersertifikater, entrepreerens
mottakskontroll etc., hvor dette er krevet. Lett-tilslag skal dokumenteres spesielt.
Kravet til dokumentasjon vil vere mer omfattende dersom det velges et lett-tilslag som
man ikke har erfaring med 1 Norge.

* Fersk betong egenskaper:
- slumpmal / utbredelsesmal
- romvekt (tyngdetetthet)
- temperatur
- luftinnhold

Hvis betongen “remixes” skal dette angis.




Betongegenskaper - herdnet betong:
Fasthet: 3, 7, 28 og evt. 90 degn
Tyngdetetthet: ved avforming, proving
E-modul

Vanninntrengning

Hydratasjonsvarme

Entreprengren skal i tillegg dokumentere at betongen etter blanding og transport kan stepes
ut pd en tilfredsstillende méte. Enklest vil det veere & stope ut noen storre provestykker hvor
det aktuelle vibratorutstyr anvendes.

- Temperaturutvikling registreres.
- Etter avforming inspiseres og sterre stopesér, storre bleeredannelser etc. registreres.
- Fasthet og tyngdetetthet bestemmes pé utborede kjerner.

(Denne provingen vil ogsa avklare behovet for remixing.)

Hvor betongen skal transporteres ved pumping skal det gjennomferes praktiske
pumpeforsgk som dokumenterer at betongen er pumpbear. I tillegg til de tester som er nevnt
foran skal det ogsé utferes en tynnslipanalyse.




Vedlegg A.2

LETT-TILSLAGSEGENSKAPER SOM SKAL DOKUMNETERES
Lett-tilslag som skal anvendes til konstruksjonsbetong skal dokumenteres som felger:

Det er entreprenerens ansvar 4 frembringe den dokumentasjon som kreves. Imidlertid vil
det normalt vaere en fordeling mellom leverander og entrepreners oppgaver - uten at dette
endrer ansvarsforholdene. Det skilles mellom:

A. Leveranders dokumentasjon og deklarering av egenskaper

B.  Egenskaper som leverander holder kontroll med i sin produksjonskontroll.

€ Entrepreners mottakskontroll, d.v.s. kontroll av leverander-sertifikater,
stikkprevekontroll etc.

D. Entrepreners kontroll av betongproduksjonen.

Leverander Entreprener
A B C D
Bulk Density (romvekt) X X X X
Particle density (korndensitet)
imfatter ogsa kornstyrke X X
Water absorpsjon (vannabsorpsjon) X X
Moisture content (fuktinnhold) X X
Particle Size Distribution
Grading - Korngradering) X X X X
Andre egenskaper
- Content of fines X
- Chloride content X
- Total sulphur content X
- Loss of ignition X
- Alkali-aggregate reaction X

Engelske betegnelser 1 overensstemmelse med CEN-definisjoner.




Bulk density (romvekt lost ifylt)
Skal dokumenteres og deklareres av leverander.
I Norge benyttes nd testmetoder i.h.t. forslag til CEN-standard pr. EN 1097-3

Det stilles ikke noe spesifikt krav til bulkdensiteten, men den skal veere tilstrekkelig
til & mete kravet til fasthet LC 60 og tyngdetetthet 19,50 kN/m®.

Det stilles imidlertid krav til toleranser. Det lette tilslaget skal ikke leveres med storre
avvik fra deklarert verdi enn + 7,5%, maksimalt 50 kN/m’ 0,5 kN/m3).

Bulk densitet inngdr som del av:

- leveranders dokumentasjon

- leveranders produksjonskontroll

- entreprengrs mottakskontroll

- entreprengrs kontroll av betongproduksjon

Particle density (partikkel densitet - korndensitet)
Skal dokumenteres og deklareres av leverander.
Forslag til CEN-standard pr. EN 1097-6 kan benyttes.

Kornstyrken er for ett og samme lette tilslag en funksjon av korndensiteten.
Korndensiteten er derved en viktig materialparameter.

Korndesiteten skal deklareres s& det stilles derfor, i utgangspunktet, ingen spesifikke

krav. Basert pa den erfaring vi har med lette tilslag vil korndensiteten ligge rundt
1.500 kg/m3.

Toleranseavvik pa deklarert verdi skal ikke veere storre enn + 7,5%, maksimalt 75
kg/m3, men dersom bulkdensiteten holdes innen gitte toleranser vil kravet til
korndensiteten veere tilfredsstilt.

Korndensitet skal:
- deklareres av leverander
- kontrolleres av entreprener ved mottak (verifiseres).

Water absorption (vannabsorpsjon)
Skal dokumenteres og deklareres av leverander. I Norge benyttes Sintef's Test
procedure KS 70 119. Vannabsorpsjon er en viktig kvalitetsparameter.

Vannopptak ved nedsenking av ovnsterket lett tilslag skal bestemmes ved gitte
tidspunkt, f.eks. etter 2 min, 10 min, 30 min, 1 time, 1 degn, 14 degn. Tilslagets
vannabsorpsjon skal

- deklareres av leverander

- verifiseres av entreprener ved mottak




Moisture content (fuktinnhold)
Skal kontrolleres ved mottak pa anlegget under betongproduksjon.
Forslag til pr. EN 1097-5 kan benyttes.

Ved leveranse av lett tilslag som skal benyttes til haystyrke betong er det krav
om at tilslaget skal ha et jevnt fuktinnhold, f.eks. 5% + 1%. Variasjon i fuktinnhold
kan gi variasjoner i betongens fasthet og tyngdetetthet.

Fuktinnhold kontrolleres av entrepreneren
- ved mottak og
- under betongproduksjon.

Particle Size Distribution (Grading - Korngradering)
Skal dokumenteres og deklareres av leverander.
Forslag til CEN-standard pr. EN 933-1 kan benyttes.

Korngraderingen skal vere jevn og det er begrensninger m.h.t.
over- og underkorn.

Korngradering inngér som del av:

- leveranders dokumentasjon

- leveranders produksjonskontroll

- entreprengrs mottakskontroll

- entreprengrs kontroll av betongproduksjon

Andre egenskaper
som leverander skal dokumentere.

a)  Content of fines
(innhold av korn < 0,125 mm)
Innholdet av fine korn skal ikke variere mer enn:
+ 1,0%, fraksjoner > 4 mm
+ 5,0%, fraksjonen 1 - 4 mm

b)  Chloride content

c¢)  Total sulphur content

d) Loss of ignition

e)  Alkali-aggregate reaction

- leveranders dokumentasjon.
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VEDLEGG B - STALITE EGENSKAPER

B.1

B.2
B.3
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Gjennomgang av dokumentasjon fra Carolina Stalite Company
“Summary of technical information”.

SUMMARY OF TECHNICAL INFORMATION

Brev til AS Anlegg fra AXION AS 24/10.1996
Tilleggsdokumentasjon 10/4.1997




Vedlegg B.1

Gjennomgang av dokumentasjon fra Carolina Stalite Company
"Summary of technical information''.

Generelt

Den fremlagte dokumentasjon er fra tidsperioden 1991 - 1993. De fremlagte tekniske
opplysninger ber derfor verifiseres gjennom stikkprever. Leveranderen skal deklarere
de verdier som skal benyttes som grunnlag for mottakskontroll og styring av betong-
produksjonen.

Forovrig skal alle resultater som presenteres veere gitt i SI-enheter. Likeledes skal
starrelsen pa provestykker angis., f.eks. om fasthetsproving er utfert pa terning eller
sylinder.

Del 1 Standardtesting i.h.t. ASTM C 330-89

Testing av lett-tilslag etter ASTM C 330-89 er mer omfattende enn hva som vanligvis
kreves i Europa.

Resultatene fra undersgkelse av kjemiske egenskaper er relevante. Nar det gjelder
fysiske egenskaper er disse ikke relevante for var bruk av tilslaget i hoyfast lettbetong.

Testingen viser imidlertid at Stalite tilfredsstiller krav til lett-tilslag som skal benyttes i de
fasthetsklasser som normalt velges.

Del 2 Dokumentasjon av bestandighet

a)  De utferte fryse - tine forsek er lite relevante for vart tilfelle, men indikerer at tilslaget
har en tilstrekkelig motstandsevne mot frostpakjenninger.

b)  Soundness test etter C88 indikerer at det lette tilslaget ligger langt innenfor de grensene
ASTM C33 setter for normalt tilslag. Hvis det ikke er foretatt endringer i produksjons-opplegget
vil dette veere en tilstrekkelig dokumentasjon.

C) SOs - innhold.

Innholdet av SO3 er meget lavt (neglisjerbart). Det fremgér imidlertid ikke av analysen
om ogsa andre svovelforbindelser inngar.

I forslag til CEN-standard pr. EN 1744-1 bestemmes totalt svovelinnhold. Kravet er at
innholdet av S* ikke skal overskride 2%. I den tyske standarden DIN 4226 settes en
grense for SOs til 1,0%, mens andelen S* _ioner utelates.




d)

I forbindelse med en skadesak hvor lettbetong blokker disintegrerte fant NBI at en
grense for samtlige svovelforbindelser, beregnet som ekvivalent SOs, tilsvarende
SOz ekv.< 0,8% var sikker.

Leca har et svovelinnhold som SOz pd = 0,25%. Det egnskes en tilleggsanalyse
hvor totalt svovelinnhold fremgér.

Kloridinnhold meget lavt og vurderes som tilstrekkelig dokumentert.

Del 3 Absorpsjonsegenskaper

a)

b)

Fryse - tine egenskaper
Ingen kommentarer ut over det som er anfert under Del 2, pkt. a).

Alkali - silika reaktivitet

AR-prgvingen er her utfert som "Mortar bar test" ASM C-227.

Det aktuelle forseket er av liten interesse. Provingen er utfert med en lav-alkali
sement Na,O ekv. = 0,57%. Forsgket sier derfor intet om tilslagets potensielle
alkali-reativitet,men at den undersgkte resept er alkali-bestandig.

Hvis forseket skulle sagt noe om det lette tilslagets egenskaper m.h.p. alakli-reativitet,
burde det veert benyttet en sement med heyt alkali-niva.

Vi har i Norge ingen gode testmetoder for a fastlegge lett-tilslags potensielle alkali-
reaktivitet. Det har vart vanlig & benytte ASTM C-289 som er en kjemisk metode for
a bestemme potensiell AR.

Kloridinntrengning
grei informasjon som bekrefter hva vi vet, f.eks. betydningen av silika-stov.

Del 5 pluss Del 6

Mekaniske egenskaper
Av interesse for oss er kun heyfast-betong med effektivt v/c-tall = 0,40 og lavere.

a)

Trykkfasthet, spaltestrekk/tyngdetetthet

Stalite 3/4" - Mix D

Test series 1:
v/ic =0,42
fasthet: 28 degn 51,4 MPa
spaltestrekk: 28 dogn 3,3 MPa
tyngdetetthet: 28 degn 18,53 kN/m>




Stalite 3/4" - Mix C

Test series 3:
vic =0,41
fasthet: 28 degn 454 MPa
spaltestrekk: 28 degn 2,6 MPa
tyngdetetthet: 28 degn 17,96 kN/m’

Stalite 3/4" - Mix D

Test series 3:
v/ic =0,37
fasthet: 28 deogn 48,3 MPa
spaltestrekk: 28 degn 2,6 MPa
tyngdetetthet: 28 degn 17,86 kN/m’

Fasthetene er her sannsynligvis sylinderfasthet.

Med referanse til NS 3473 er da kravet til karaktriestisk fasthet f..x = 49 MPa.
Med normal spredning betyr dette en tilsiktet middelfasthet feek = 55 MPa.

De fremlagte verdiene indikerer at det vil vaere mulig & fremstille en LC 60 betong.

En LC 60 SV-40 evt. LC 60 SV-30 (kfr. Prosesskode-2 1997) med tyngdetetthet

19,50 kN/m? vil sannsynligvis mete kravet til fasthet. Det ber imidlertid gjennomfores
en relativt omfattende utpregving da de fremlagte resultatene ikke representerer noe reelt
bidrag.

Tyngdetettheten mé okes.

Ellers er det uklart om v/c-tallet refererer til effektivt vanninnhold?

Er for gvrig forundret over at spaltestrekkfastheten er sa lav som = 1/20 av trykkfastheten.
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COMPANY

STALITE
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Dokumentasjon av lettklinker for strukturell betong.
a) Standard tester (ASTM C-330)

DEL 1
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June 18, 1993 : A

Mr. Roberto Nunez LAW ENGINEERING

Carolina Stalite Company e NAL BNV
P.O. Box 1037 & CONSTRUCTION MATERIALS
CONSULTANTS

Salisbury, NC 28144

Subject: Report of ASTM C 330-89 Compliance Testing
Revises May 17, 1993 Report
Stalite 3/4-inch Lightweight Aggregate
Law Engineering Job Number 5820466301

Dear Mr. Nunez:

Law Engineering has completed testing of a sample of Stalite 3/4-inch coarse aggregate
submitted to this office on March 11, 1993. The purpose of our services was to test the subject
material for compliance with ASTM C 330-89, “"Standard Specification for Lightweight
Aggregates for Structural Concrete”. Freeze-thaw durability testing was not performed as part
of this project. This work was authorized by your acceptance of our proposal No. 582.93005
dated March 11, 1993. We were provided with your Purchase Order number 8889 for reference
and accounting purposes.

The test procedures and test results are presented on the attached tables.

The results of our testing indicate that -Stalite 3/4-inch coarse aggregate complies with the
requirements of ASTM C 330-89.

At your request an additional sample of the subject material was tested for Loss on Ignition on
June 4, 1993. It is our opinion that the results presented in this report are representative of the

material submitted. We reviewed our previous test data and procedures and cannot explain the
previous test result.

Law Engineering appreciates the opportunity to continue serving Carolinz Stalite. If there are
any questions about this report, or if we may be of further service, please call.

Sincerely,

LAW ENGINEERING, INC.

T%L. iness, £.I.T.

Materials Engineer Principal Materials Engineer

Attachments: Tables I through IV

faciIV466301

396 PLASTERS AVENUE.NE.
ATLANTA, GEORGIA 30324
404-8734761

TELEFAX 404-881-0508




ASTM C 330-89 COMPLIANCE TESTING
STALITE 3/4-INCH COARSE AGGREGATE
Carolina Stalite Company
June 18, 1993
Law Engineering Job No. 5820466301
Law Engineering Lab Number A93019

Table I - Chemical Composition

ASTM C 330-89
Property and Test:Method Test Result Requirement
Lighter Lighter
Organic Impurities (ASTM C 40) than standard than standard
(Color Plate 1)
Staining (ASTM C 641) No Stain Note 1
Loss On Ignition (ASTM C 114) <0.1 percent <S5 p'crccnt
Table IT - Physical Properties
ASTM C 330-89
Property and Test ‘Method Test Result. Requirement
2 percent,
Clay Lumps (ASTM C 142) 0.1 percent Maximum

Grading (ASTM C 136)

See Table III

See Table III

197.7 Gi®

55 s/, 30 X

o

Unit Weight (ASTM C 29) 49.8 Ibs/ft? Maximum
Compressive Strength (ASTM C 39) 3920 psi,
Average of 3 at 28 days 3940 psi Minimum®
Splitting Tensile Strength

(ASTM C 496) 410 psi - 318 psi,
Average of eight at 28 days Minimum®

0.07 percent,

Drying Shrinkage (ASTM C 157)% 0.017 percent Maximum
Popouts (ASTM C 151)® No Popouts No Popouts
Notes: (1) Aggregates producing a heavy or very heavy stain are subject to rejection depending on the

results of further testing. Stalite produced no stain which indicates acceptable material.

(2) Required values interpolated from table in ASTM C 330-89 based on air-dry unit weight of
concrete measured in accordance with ASTM C 567. Strength specimens were moist cured for
7 days then air<cured for 21 days in accordance with ASTM C 567. Concrete proportions and

properties are attached.

(3) Drying shrinkage and popout specimens were proportioned in accordance with the
requirements of ASTM C 330-89. Drying shrinkage specimens were cured in accordance with
specific requirements of ASTM C 330-89.




ASTM C 330-89 COMPLIANCE TESTING
STALITE 3/4-INCH COARSE AGGREGATE

Carolina Stalite Company
June 18, 1993

Law Engineering Job No. 5820466301
Law Engineering Lab Number A93019

Table Il - Gradation

Sieve Size Percent ASTM C 330-89 Required
or Number Passing Percent Passing
1 inch 100 100
3/4 inch 98 90 - 100
1/2 inch 61 —
3/8 inch 32 10 - 50
No. 4 S 0-15
No. 8 2 —




ASTM C 330-89 COMPLIANCE TESTING
STALITE 3/4-INCH COARSE AGGREGATE
Carolina Stalite Company
June 18, 1993
Law Engineering Job No. 5820466301
Law Engineering Lab Number A93019

Concrete Proportions and Properties:

One-Cubic Yard Design Proportions:

| Material “Source Proportion Lt

Cement Blue Circle Type I, 564 pounds
Atlanta Georgia

Coarse Aggregate Carolina Stalite 3/4-inch 930 pounds, SSD

Fine Aggregate R & S Aggregates, 1347 pounds, SSD
natural quartzitic sand
Waugh, Alabama

Water Atlanta, Georgia 300 pounds
Admixtures Daravair, W.R. Grace & Co. 2.8 ounces

Notes: (1) Design proportions were selected by Law Engineering based on the requirements of ASTM C 330-89
and previous experience with Stalite. The proportions were approved by Stalite prior to batching of the
concrete.

(2 Gradations and specific gravities presented on the attached Aggregate Test Report.

Mixture Properties:

ASTM C 330-89
il Property b Test Result Requirement . 1
Slump, inches 3 2-4
Air Content, percent 6.0 ot ]
Plastic Unit Weight, Ibs/ft® 116.0 -—
Mix Temperature, °F . 7 e,
Yield, ft® per yd® batched 27.1 -
V' || Water-Cement Ratio 0.53 L
ASTM C 567 Air-Dry Unit Weight, lbs/ft® 114.6 115, Maximum




AGGREGATE TEST REPORT
CAROLINA STALITE
June 18, 1993
Law Engineering Job No. 5820466301

COARSE AGGREGATE
Source: Carolina Stalite
Salisbury, NC
Material: Stalite 3/4-inch
y——_—____'___ﬁ
Sieve Size Percent
or Number Passing
—_—  —————— -
17 100
3/4" 98
1024 . 61
3/8" 32
No. 4 3)
No. 8 2
——
Specific Gravity, SSD: 152
Percent Absorption: k)

FINE AGGREGATE

Source: R & S Aggregates
Waugh, Alabama
Material: Natural Quartzitic Sand
Sieve Size Percent
or Number Passing
3/8" 100
No. 4 97
No. 8 &5
No. 16 67
No. 30 i 35
No. 50 8
No. 100 2
No. 200 0.5
—_—_—mm e  —
Fineness Modulus: 3.06°
Specific Gravity, SSD: 2.63

Percent Absorption: 0.6

1 AL
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Dokumentasjon av fysiske egenskaper

a)Fryse-tine egenskaper (AASHTO T-130)
b)Magnesium sulfat bestandighet (ASTM C-88)
c)Sulfat trioksyd innhold

d) Innhold av lg¢selige klorine joner (AASHTO T-260)

DEL 2
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July 22, 1992 LAW ENGINEERING

AMEMEBER QF LAW
COMPANIES GROUP

Carolina Stalite Company
P.O. Box 1037
Salisbury;, North Carolina 28144

Attention: Mr. Roberto Nunez

Subject: Report of Laboratory Testing
Expanded Slate - Stalite
Carolina Stalite
Salisbury, North Carolina
LAW Job No. 226-09230-01

Gentlemen:

As authorized by the acceptance of our Work Authorization Sheet dated May 26, 1952,
Law Engineering has completed requested Iaboratory tests on the Expanded Slate (Stalite) sample
which was submitted to our laboratory. Tests were performed in accordance with the

appropriate sections of the following specifications:

® ASTM D698  Standard Test Methods for Moisture-Density Relations in Soils and
Soil-Aggregate Mixtures Using a 5.5 b Rammer and 12 in. Drop

® AASHTO T103 Standard Method of Test for Soundness of Aggregates by Freezing and
Thawing

Results of these tests are tabulated on the attached "Summary of Laboratory Testing"” sheets.

PO BOX 11297

CHARLOTTE. NC 2£220

4333 WILMONT RQGAC, SUITE 100
CHARLOTTE. NC 28206
704-357-8600

Forruen © YA ACY €22




Carolina Stalite Company
LAW Job No. 226-09230-01
July 22, 1992

=

We appreciate the opportunity to be of service to you with this project. If you should have
any questions concemning this report, or if we may be of further service to you, please do

hesitate to contact this office at (704) 357-8600.

Respectfully submitted,
LAW ENGINEERING
Carran Y- Otatioco

Carrie Y. Wallace, C.E.T.
Laboratory Services Supervisor

Michael O. Hamlett, C.E.T.
Laboratory Services Manager

CYW:MOH:kc

Attachment

LAW ENGINEERING




SUMMARY OF LABORATORY TESTING

Carolina Stalite
LAW Job No. 2260923001

SAMPLE INDENTIFICATION: Expanded Slate - Stalite

ASTM D698 Standard Test Methods for Moisture-Density Relations in Soils and Soil-
Aggregate Mixtures Using a 5.5 1b Rammer and 12 in. Drop (one point at as

received moisture)

Moisture: 0.08% Dry Unit Weight: 59.9 pcf
AASHTO T 103 Standard Method of Test for Soundness of Aggregates by Freezing and
Thawing (Procedure C, 25 cycles)
Percent of Sainple Percent Passing Weighted

Sample Total Sampie Weight Designated Sieve Percentage
Fraction Retained (gms) After Test Loss

1 1/2"-3/4" 4.0 - @.9% 0.01
3/4"-3/8" 76.5 1001.2 gr2 9% (x
3/8"-#4 15.2 300.1 0.4 0.06

Minus #4 4.3 - - -

Total 100.0 0.22

~Assumed value per AASHTO T-103
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September 23, 1992

LAW ENGINEERING

Carolina Stalite Company Do i

P.O. Box 1037
Salisbury, North Caroiina 28144

Attention: Mr. Roberto Nunez

Subject: Report of Laboratory Testing
Lightweight Aggregate
Carolina Stalite
Salisbury, North Carolina
LAW Job No. 226-09230-01

Gentlemen:

As authonzed by the acceptance of our Work Authorization Sheet dated May 26, 1992,
Law Engineering has completed requested laboratory tests on the lightweight aggregate sample
which was submitted to our laboratory. Testing was performed in accordance with the

appropriate sections of the following specification:

® ASTM C88 Standard Test Method for Soundress of Aggregates by Use
of Sodium Sulfate of Magnesium Sulfate

Results of this test are tabulated on the attached "Summary of Laboratory Testing" shest.

We appreciate the opportunity to be of service to you with this project. If you should have
any questions concerning this report, or if we may be of further service to you, please do

hesitate to contact this office at (704) 357-8600.

—

Respectfully submitted,

LAW ENGINEERING

k7

Michae] O. Hamlett, C.E.T.
Laboratory Services Manager

CYW:MOH:kc
Attachment

PO BOX 11297

CHARLOTTE, NC 28220

4333 WILMONT RGAD. SUITE 100
CHARLOTTE. NC 26208
104-357-6600

CenCner T 702 €T 227C




SUMMARY OF LABORATORY TESTING
Carolina Salite
LAW Job No. 2260923001

SAMPLE INDENTIFICATION: Stalite Lightweight Aggregate

ASTM C88 Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate
' (Samples tested Using Magnesium Sulfate)

Percent of Sample ' Percent Passing Weighted
Sample Total Sample Weight Designated -Sieve Percentage
Fraction Retained (gms) After Test Loss
1 1/2"-3/4" 5.0 S04.5 0.0* - 0.00
3/47-3/8" 80.9 1000.9 0.0 “0.00
3/8"-#4 12.1 301.0 1N 0.01
Minus #4 2.0 - — s
Total 100.0 0.01

L LAW ENGINEERING
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LAW ENGINEERING

GEGTECHNICAL ENVIRONMENTAL

March 23, 1992 & CONSTRUCTION MATERIALS
CONSULTANTS

Mr. Bill Grigg
Carolina Stalite Company

Drawer 1037
Salisbury, North Carolina 28145-1037

Subject: Results of AASHTO T 260 Testing
Carolina Stalite Coarse Aggregate
Law Engineering Lab No. A92035

Dear Mr. Grigg:

Law Engineering has completed chloride ion content testing of the sample of Stalite coarse
aggregate submitted to our laboratory on March 16, 1992. This work was autherized by your

letter of March 16, 1992.

Three representative specimens of the submitted aggregate sample were tested in
accordance with AASHTO T 260, "Sampling and Testing for Total Chloride Ion Content in
Concrete and Concrete Raw Materials". The test specimens were prepared by crushing
coarse aggregate particles to pass a No. 50 size mesh as required by AASHTO T 260.

Water soluble chloride ion contents of the three samples ranged from 0.005 to 6.006 percent
with an average of 0.005 percent.

Law Engineering appreciates the opportunity of providing this service. If there are any
questions about this report, or if we may be of further service, please call.

Sincerely,

LAYW ENGINEERING, INC.

Tcrrv Vmess ELT. o n&i/Lovc E.E

Materials Engineer Principal Materials Engineer

396 PLASTERS AVENUZ. N.E.
ATLANTA, GEORGIA 30324
404-873-4761

TELEFAX 404-881-0508




H ; * P. 0. BOX 19198, CHARLOTTE, N. C, 28219

TEL 394-6381
FAX &:704 394-6382

November 4, 1992

REF: 1198

Analysis of Aggregate for Requested Tests

MADE FOR: Carolina Stalite
P.O. Drawer 1037
Salisbury, N.C. 28144

ATTENTION: Charles Freeman

HARKED: Sample received at Chem-Bac Labs, Inc. on 10/29/92

P.0O. & 8837
ANALYSIS: Sulfur Trioxide ==—-=—-—- < .05 parts per million
Chloride as NaCl —-—==——-—- .60 parts per million

Respectfully submitted,

%-B%Aagromss, INC.
J.&/ HubeEN

Supervising Chemist
JCH/th

CONSULTANTS

INOEPENOENT LABORATORIES * CHEMISTS « BACTERIOLOG!STS -
TESTING * INSPECTION - DEYELOPMENT -

QUALITY CONTROL
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July 6, 1992 A

Mr. Roberto Nunez LAW ENGINEERING

Carolina Stalite Company T
P.O. Box 1037 & CONSTRUCTION MATEALALS
CONSULTANTS

Salisbury, N.C. 28145-1037

Subject: Report of Pressurized Absorption Test Results
Carolina Stalite 1/2 inch Aggregate
Law Engineering Job No. 5720323801

Dear Roberto:

As authorized by you, Law Engineering has completed the pressurized absorption testing
of 1/2 inch sized Stalite aggregate. The purpose of this testing was to provide data on the
effect different applied pressures have on the absorption properties of the subject
aggregate. As directed by Mr. Nunez, the subject aggregate was tested in the as-received
and oven-dried conditions. This report presents the test procedures used and the results of

our testing.
TEST PROCEDURE

A moisture content specimen was obtained from the specimen to measure the as-received
moisture condition. A second specimen was soaked and tested to determine the SSD

absorption of the submitted aggregate.

The remaining sample was then split into two subsamples. One subsample was kept in the
as received condition until testing; the other subsample was oven dried at 230°F for

approximately 48 hours prior to testing.

The following test procedure was performed on both the as-received and oven-dried
specimens:

1) Initial weight in air was measured,

2) Weight of the sample suspended in water at atmospheric pressure was
measured,

3) The sample was transferred to a pressure chamber filled with water and

subjected to S0 psi for S minutes,

4) The sample was removed from the chamber and its suspended weight was
remeasured,

S) Steps 3 and 4, above, were repeated for pressures of 100, 150, 200, 250, and
300 psi.

3% PLASTERS AVENUE. N €
ATLANTA. GEORGIA 3032¢
¢0<-873-4761

TELEFAX 404-881-0508




Carolina Stalite Company A

July 6, 1992
Page 2

The absorption for each pressure increment was calculated from the change in the
suspended weights.

TEST RESULTS

The results of our testing are presented in the table and the attached graph.

Percent Absorbed Moisture ]
| e As-Received Ovea-Dried
Atmospheric 57 23
50 pst 74 4.9
100 psi 8.6 6.9
150 pst 9.4 7S
200 pst 98 85
250 psi 10.7 93
300 psi 10.7 10.1

The SSD absorption of the aggregate was measured to be 6.7 percent. The absorbed
moisture of the "oven-dried" specimen at atmospheric pressure is the result of difficulty in
measuring the suspended weight of a dry absorbent material.

Law Engineering appreciates the opportunity to continue serving Stalite. If there are any
questions about this report, or if we may be of further service, please call.

-—

Sincerely,

LAW ENGINEERING, INC.

dhe il

Viness, E.I.T.
Materials Engineer Principal Materials Engineer

Attachment: Graph

tlv\323801
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Dokumentasjon av LWA betong fysiske egenskaper

a)Fryse -tine egenskaper (ASTM C-666)
b)Alkali-silika reaktivitet. (ASTM C-227)
c)Klorid inntrenging (AASHTO T-277)
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Freeze-Thaw Resistance of
Lightweight Aggregate Concrete

Written by David Stark
construction technology
laboratories

Carolina Stalite Company has
requested the Construction Technology:
Laboratories of the Portland Cement
Association to evaluate a concrete mix
containing STALITE lightweight coarse
aggregate. The test procedure requested
was rapid freeze-thaw according to ASTM
C 666, Procedure A, except that 2%
NaCl solution to be usec instead of water.
Beth the weight loss and durability factor
were to be monitored. Following are the
details and test results of this work.

The cement, coarse and fine aggre-
gate, and air entraining and water reduc-
ing admixtures, were supplied by Caralina
Stalite. The lightweight coarse aggregate
was used in the ambient dry condition,
while the natural sand was used in the
saturated surface-dry condition. Mix pro-
portions, together with slump and air con-
tent, are given in Table 1.

Table 1

Concrete Mix Parameters

Cement content 6395 Ibs/cu. yd.
Mix water 267 Ibs/cu. yd.
Coarse aggregate 850 Ibs/cu. yd.
Fine aggregate 1274 Ibs/cu. yd.
Slump 2.4 in.

Net air content B6.6%




red

Darex was used as the air entraining
agent, while Hycol was added as a water
reducer. The concrete was mixed in a
1%/2 cu. ft. pan type mixer on a 3-3-2
minute mix-rest-mix cycle, with slump and
air content being measured immediately
thereafter. Three companion 3x3x11%/4
in. concrete prisms were made for freeze-
thaw testing, while three 6x12 in. cylin-
ders were made for compressive
strength testing. After curing in the molds
for one day, all specimens were demolded
and transferred to 73°F moist room until
testing. The prisms were cured for
14 days, at which time they were weighed
and measured sonically for dynamic
modulus, then transferred into test in a
2% sodium chloride solution. Freeze-thaw
cycling was carried out in this solution
according to ASTM C 666, Procedure A,
at the rate of seven or eight cycles per
day up to 300 cycles.

Table 2
Freeze-Thaw Test Results

Percent Weight Loss at Cycle Indicated *

% Weight Y% Weight

Cycle Loss Cycle Loss
31 0.18 175 1.08
60 0.2s 200 e
89 047 224 1530
145 0.63 260 128
145 0.70 300 2.08

Ourability Factor 85.4%

= All data are the average for three companion specimens.

Calculations of weight losses and the
durability factor (OF) are given in Table 2.
Here, data for 300 cycles show weight
loss of only 2.09%, while the durability
factor was 85.4%. Twenty-eight day com-
pressive strength test results, given in
Table 3, show satisfactory strengths for
this mix design.

Table 3
28 Day Compressive Strength Data

Compressive

Cylinder No. Strength (psi)
1 ag20
e 510
3 . 5360
Aver‘aée 5467




Rotary kiln expanded slate, STALITE is a mast durable lightweight aggregate.

STALITE®

(AROLINA STALITE COMPANY

MANUFACTURERS OF LIGHTWEIGHT AGGREGATE “STALITE”

PO Box 1037
Salisbury, NC 28145-1037
FAX 704-638-0742
704-637-1515




December 7, 1992
LAW ENGINEERING

Mr. Roberto Nunez

Carolina- Stalite Company —
- GEOTECHNICAL ENVIRONMENTAL
P.©. Box 1037 & CONSTRUCTION MATERIALS
CONSULTANTS

Salisbury, NC 28145

Subject: . Report of Freeze-Thaw Testing

Stalite 3/4 Aggregate
Law Engineering Job No. 5720326901

Dear Mr. Nunez:

Law Engineering has completed the authorized testing of a laboratory concrete mixture
containing Stalite 3/4 inch coarse aggregate. The purpose of our services was to measure
the freeze-thaw durability of the concrete mixture. This report presents the materials,
concrete mixture, curing procedures. test procedures, and test results.

Materials

The following materials were used:

Material Type and Source

Cement: Signal Mountain, Type I. Chattanooga, TN

Fly Ash: Monex Resources. Class F, Plant Wanslev Georgia
Coarse Aggregate: Carolina Stalite, 3/4-irnch, Salisbury. NC

Fine Aggregate: R & S Aggregate, Waugh, AL, natural quartzitic sand
Admixtures: MBVR and 440N. Master Builders

The Stalite 3/4-inch coarse aggregate was provided by Curolina Stalite. Other concrete
materials were obtained by Law"Engineering from a local readv mix concrete supplier.

Gradation. specific gravity. and absorption data for the aggregates used are attached.

396 PLASTERS AVENUE. NE
ATLANTA, GEORGIA 30324
404-875<4761

TELEFAX £04-881-0508




Carolina Stalite
December 7, 1992
Page 2

S

Mixture Proportions

Mr. Roberto Nunez of Carolina Stalite provided the following one-cubic-vard mixture
proportions to be used:

Cement 600 Ibs.

Fly Ash 115 lbs.

Stalite 880 Ibs.

Fine Agg. 1235 Ibs.

Water 286 Ibs.

Admixtures:
MBVR as-required to provide 3 to 6.5 percent entrained air
440N 29 ounces

Batching and Molding Procedures

Concrete was batched and specimens prepared in accordance with ASTM C 192, " Standard
Practice for Making and Curing Concrete Specimens in the Laboratory”. Compressive
strength specimens were 6-inch-diameter by 12-inch cylinders. Freeze-thaw specimens were

3"x4"x16" prisms.
Measured Plastic Mixture Properties

The following plastic properties were measured in accordance with applicable ASTM
procedures:

Slump 3 1/4 inches
Air Content . 3.3 percent
Unit Weight = 116.8 pct
Actual Yield 26.7 cubic feet

v Water-Cementitious Ratio  ).40 (includes pozzolan)




Carolina Stalite A

December 7, 1992
Page 3

Hardened Properties

Compressive strength was measured in accordance with ASTM C 39, "Standard Test Method
for Compressive Strength of Cylindrical Concrete Specimens”. Compressive Strength
specimens were cured in a moist room meeting the requirements of ASTM C 511, “Standard
Specification for Moist Cabinets, Moist Rooms, and Water Storage Tanks Used in the
Testing of Hydraulic Cement Concretes", from the time of demolding until time of testing.

The results of ASTM C 39 testing are presented below:

7 day Compressive Strength (single specimen) 4350 psi

28 day Compressive Strength
5870 psi

3370 psi*
3910 psi
Average: 5910 psi

= Specimen was observed to have a cap failure; this test result was not used
in calculating the average strength.

Two specimens were tested in accordance with ASTM C 666. "Standard Test Method for
Resistance of Concrete to Rapid Freezing and Thawing", Procedure A. freezing and thawing
in water. Freeze-thaw specimens were cured for 14 days in a water storage tank meeting
the requirements of ASTM C 511 followed by seven days storage in laboratory air conditions
at approximatelv 73°F. Fundamental transverse frequencies were measured us.ng tie
[mpact Resonance Method in accordance with ASTM C 2135, * Standard Test Method for
Fundamental Transverse. Longitudinal, and Torsional Frequencies of Concrete Specimens".
The results of ASTM C 666 testing are presented helow:

Number of cvcles completed: 300
Relative Dvnamic Moduli:

Specimen A 103.9

Specimen B 102.0
Weight Change. grams:

Specimen A ; +55

Specimen B +73

The attached graph presents the relative dynamic moduli as the test progressed.




Carolina Stalite A

December 7, 1992
Page 4

The increase in weight of the test specimens over the duration of the test is probably the
result of water absorbed by the specimens during testing. This is often observed when
specimens begin testing in an air-dry condition. The test specimens did not exnibit
observable effects of testing such as surface scaling or visible cracking. Relative dynamic
moduli greater than or equal to 100 indicate that the concrete was essentially unaffected by

the test procedure.

Law Engineering appreciates the opportunity of providing this service. If there are any
questions about this report, or if we may be of further service, -please call.

Sincerely,
LAW ENGINEERING. INC.

@Z e

T L.’ Viness, &2 T, ohn R. Love. P.E.
Materials Engineer Principal Materials Engineer

Attachment: Aggregate Test Report
Graph

\tiv\ 57203269
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april 16, 1992 A

AW ENGINEERING

- ‘ GEOTECHNICAL ENVIRONMEN TAL
Carolina Stalite Company & CONSTRUCTION MATERIALS

P.O. Box 1037 CONSULTANTS
Salisbury, North Carolina 28145-1037

Attention: Mr. Roberto Nunez

Subject: Report of ASTM C 227, 9 Month Test Data
Alkali Reactivity Testing Results
Law Engineering Job No. 5620168601

Gentlemen:

Law Engineering has completed 9 month laboratory testing of concrete and mortar mixtures
containing Carolina Stalite aggregates. The purpose of this work was to test the submitted
aggregates-for potential alkali reactivity. This work was authorized by Mr. Roberto Nunez
of Carolina Stalite. Mr. Nunez provided us with the binder proportions for the mixtures
tested. Aggregate and water proportions for the mixtures tested were determined in
accordance with ASTM C 227. This report presents the materials, mixtures, test procedures,

and test results to date. '
MATERIALS

Cement

The cement was manufactured and supplied by Tarmac, Roanoke, Virginia. The cement
was tested for compliance with the chemical requirements of ASTM C 150. The total alkali
content of the cement, reported as Na,0O, was determined to be 0.57 percent. A copy of the

chemical testing report for the cement is attached.

Fly Ash

A Type F fly ash produced by Georgia Power at Plant Wansley was used.

Aggregates

Aggregates were manufactured and supplied by Carolina Stalite.

1386 MAYSON STREET
ATLANTA, GEORGIA 30324
404-8734761

TELEFAX 404-872-5327




Carolina Stalite Company A

April 16, 1992
Page 2

MORTAR

Mixtures

Mortar bars were batched and molded in accordance with ASTM C 227, "Standard Test

Method for Potential Alkali Reactivity of Cement-Aggregate Combinations (Mortar-Bar
Method)". The mortar mixtures were proportioned to provide a volume of Stalite
lightweight aggregate comparable to mortar mixtures using normal weight aggregates.

As directed by Mr. Nunez, the aggregate used in the mortar mixtures was 3/4 inch Stalite
material which was crushed and recombined in our laboratory to meet the grading

requirements of ASTM C 227.

As directed by Mr. Nunez, three types of binder were used in the mortar portion of this
evaluation:

Mix 1: 100% Portland Cement.
Mix 2: 90% Portland Cement and 10% Fly Ash.
Mix 3: 85% Portland Cement and 15% Fly Ash.

Test Procedures

Mortar specimens were cured and tested in accordance with ASTM C 227-87.

Test Results

The results of the mortar testing to date are presented on the attached tables of data and
graph. The graph presents the average for 4 specimans per muix.




Carolina Stalite Company A

Apnl 16, 1992
Page 3

CONCRETE

Mixtures

The concrete mixtures were proportioned to have binder, aggregate and water contents
similar to the mortar mixtures. The aggregate used in the concrete were Stalite 3/4 inch
coarse and Stalite fine aggregate. As directed by Mr. Nunez, two concrete mixtures were

evaluated:

Mix 4: 100% Portland Cement Binder.

Mix S: 85% Portland Cement and 15% Fly Ash.

Test Procedures .

Concrete specimens were tested and cured in accordance with the procedures presented in
ASTM C 227-87. Because of the large coarse aggregate particles, the concrete specimens

are 4" x 4" x 11" prisms.

Test Results

The results of our testing of the concrete mixtures to date are presented on the attached
table and graph. The graph presents averages for 3 specimens per rix.

Law Engineering appreciates the opportunity of prcviding this service. If there are any
questions about this report please call.

Sincerely,
LAW ENGINEERING, INC. _

'@mp [ D,

Ter Viness, E.L.T. William P. O’Hora
Materials Engineer Engineering Technician

Attachments: Tables of Data (3 pages)
Length Change Graphs (2)

tlv/1686.rpt




TEST DATA SUMMARY April 16, 1992 A

STALITE ALKAL! REACTIVITY TESTING READINGS BY WPO
LAB NO. A91083 CHECKED BY TLV

JOB NO. 5620168601

MORTAR - MIX 1: 100% PORTLAND CEMENT BINDER
LENGTH CHANGE, INCHES

AGE
DAYS SPECIMEN 1a | SPECIMEN 1b | SPECIMEN 1c | SPECIMEN 1d | SPECIMEN 1 AVG
0 ~0.0000 0.0000 0.0000 0.0000 0.0000
7 -0.0034 -0.0031 -0.0035 -0.0059 -0.0040
21 0.0003 0.0007 0.0009 0.0009 0.0007
28 0.0006 -0.0001 0.0012 | 0.0012 0.0007
56 0.0005 -0.0002 0.0008 0.0011 | 0.0006
91 0.0004 -0.0004 [ - . 0.0006 0.0011 0.0004
119 -0.0003 -0.0004 "~ 0.0004 -0.0001 | . -0.0001
154 -0.0004 -0.0005 0.0002 -0.0002 -0.0002
182 -0.0005 -0.0006 0.0001 -0.0002 -0.0003
270 -0.0006 -0.0008 0.0001 -0.0004 -0.0004

MORTAR - MIX 2: 90% PORTLAND CEMENT + 10% FLYASH BINDER

LENGTH CHANGE, INCHES
AGE
DAYS SPECIMEN 2a | SPECIMEN 2b | SPECIMEN 2¢ | SPECIMEN 2d | SPECIMEN 2 AVG
0 0.0000 0.0000 0.0000 0.0000 0.0000
7 -0.0036 -0.0007 -0.0016 * -0.0021 -0.0020
21 0.0001 0.0008 0.0006 0.0001 0.0004
28 0.0006 0.0009 0.0009 0.0008 0.0008
56 0.0002 0.0007 0.0007 0.000€ 0.0026
91 -0.0002 0.0005 0.0002 - 0.0c02 0.0002
119 -0.0013 -0.0003 -0.0002 -0.0008 -0.0007
154 -0.0012 -0.0005 -0.0001 -0.0004 -0.00G€
. 182 -0.0013 . -0.0006 -0.0002 -0.0005 -0.0006
£ 270 -0.0013 -0.0007 -0.0001 -2.0006 -0.0007




TEST DATA SUMMARY
STALITE ALKALI REACTIVITY TESTING
LAB NO. A91083

JOB NO. 5620168601

April 16, 1992
READINGS BY WPO
CHECKED BY TLV

MORTAR = MIX 3: 85% PORTLAND CEMENT + 15% FLY ASH BINDER

LENGTH CHANGE, INCHES

AGE
DAYS SPECIMEN 3a | SPECIMEN 3b | SPECIMEN 3c | SPECIMEN 3d | SPECIMEN 3 AVG
0 0.0000 0.0000 0.0000 0.0000 0.0000
7 -0.0026 -0.0042 -0.0032 -0.0038 -0.0035
21 =0.0007 -0.0008 -0.0014 =0.0022 -0.0013
28 0.0002 -0.000S -0.000S -0.0008 -0.0004
S6 0.0000 -0.0007 -0.0006 -0.0009 -0.0006
91 -0.0002 -0.0009 -0.0008 -0.0008 -0.0007
119 -0.0005 -0.0011 =0.0008 -0.0012 -0.0009
154 -0.0002 -0.0011 -0.0004 -0.0009 -0.0007
182 -0.0003 -0.0012 -0.0006 -0.0010 -0.0008
270 -0.0005 -0.0012 -0.0007 -0.0012 -0.0008




TEST DATA SUMMARY April 16, 1992 A

STALITE ALKALI REACTIVITY TESTING READINGS BY WPO
LAB NO. A91083 CHECKED 8Y.TLV

JOB NO. 5620168601
CONCRETE - MIX 4: 100% PORTLAND CEMENT BINDER

LENGTH CHANGE, INCHES

AGE
DAYS SPECIMEN 4a | SPECIMEN 4b | SPECIMEN 4c 2| SPECIMEN 4 AV3
0 0.0000 0.0000 0.0000 0.0000
7 0.0015 0.0014 0.0011 }i 0.0013
14 0.0014 0.0015 0.0010 0.0013
21 0.0016 0.0016 0.0015 0.0016
28 0.0012 0.0011 0.0008 0.2010
42 0.0010 0.0009 0.0008 |- 0.000¢
56 -0.0005 -0.0003 -0.0007 & -0.0005
91 -0.0008 -0.0004 -0.0008 | -0.0007
119 -0.0013 -0.0007 -0.0009 -0.0010
154 -0.0011 -0.0008 -0.0010 -0.0010
152 -0.0013 -0.0009 -0.0010 -0.0011
270 -0.0014 -0.0011 -0.0012 -0.0012

CONCRETE - MIX 5: 85% PORTLAND CEMENT + 15% FLY ASH BINDER

LENGTH CHANGE, INCHES
AGE
DAYS SPECIMEN 5a | SPECIMEN 5b | SPECIMEN 5c SPECIMEN 5 AVG
0 0.0000 0.0CQ0 0.0000 | 0.0000
7 0.0004 0.0002 0.0002 | 0.0003
14 0.0004 0.0003 0.0003 0.0003
k . 21 0.0001 -0.0001 -0.0001 -0.0000
28 0.0003 0.0000 0.0001 0.0001
42 0.0004 0.0002 0.0003 0.0003
: 56 -0.0011 _-0.0012 -0.0012 -0.0012
[ 91 -0.0009 -0.0011 -0.0012 -0.0011
L 1g -0.0005 -0.0007 ~0.0005 -0.0006 |
| 1sa -0.0006 ~0.0008 -0.0006 ~0.0007
| 1e2 ~-0.0007 -0.0007 -0.0007 ~0.0007
| 270 -0.0006 -0.0006 ~C.0009 -0.0C07
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Chloride Permeability of Lightweight Concrete
Carolina Stalite Company
Final Report: April 20, 1992

¢ This investigation was conducted to determine the chloride
permeabilities of selected concretes made with lightweight
aggregate conforming to ASTM C 330, produced by the Carolina
Stalite Company, compared to an otherwise similar, conventional
weight concrete. As part of this investigation, compressive

& strength and shrinkage values, plus standard plastic concrete

characteristics (unit weight, volumetric air content, and slump)

were also determined.

Fcur (4) separate concrete mixes were produced in late
November, 1991. The mix composition was selected in concurrence
with the advice of Stalite representatives. These mixes were
intended to be representative of actual mixes considered for use in
the practice. Four types of mixes were tested.

TS

1. A commodity type concrete, conforming to the requirements
of North Carolina Department of Transportation, State Class
AA, produced with a Class F fly ash. In the data synopsis,
this mix is referred to as "DOT AA". This mix served as the

control, or comparison mix.

2. A lightweight concrete, similar to DOT AA in composition
(including fly ash) except for the coarse aggregate. This mix
was designated "LW Ash".

3. A lightweight concrete, similar to LW Ash in composition
except that only portland cement was used (no ash). This mix
was designated "LW Cmt".

4. A lightweight concrete, using silica fume as the mineral
admixture, designated "LW Fume".

Water was added to achieve similar slumps in all mixes. The

measured slump of lightweight concrete will generally be less than
that of a conventional weight concrete for the same workability,
due to the extra weight of the coarse aggregate itself. The water
content for a given workability will therefore be slightly higher
for lightweight mixes than conventional weight mixes, all else

e being equal. This investigation was based on equal slump mixes,

' since that is a more common comparison in practice.

Y Permeability was determined in accordance with AASHTO T 277,
"Rapid Determination of the Chloride Permeability of Concrete"
(RCPT). This test method was developed to determine chloride
permeability of samples removed from existing concrete members.
The test wvalues are given as coulombs (C) passed in six hours.
While the values have been correlated with 20 day ponding tests,
they provide only a relative measure of permeability (eg,

C > 4000
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indicates a high chloride ion permeability).

Since the test method and the correlations were developed from
testing two inch disks sawed from the top of drilled cores, it was
felt necessary to use cores rather than molded cylinder specimens
in this investigation. Therefore, 6" x 6" beam molds were cast,
3.75 inch diameter cores were drilled, and the top two inches sawed

off to produce test specimens.

T 277 does not specify any particular curing conditions as it
was primarily intended for testing members in structures. The
choice of appropriate curing regimen was therefore chosen on the
basis of standard design criteria for bridge decks or pavements.
AASHTO rigid pavement designs are frequently based on 14 day
strengths, and strength design methods for reinforced concrete are
commonly based on concrete after 28 days of moist curing. Since
structures undergo drying in service and drying is known to create
drying shrinkage microcracking, it was felt that a more severe test
for chloride permeability.would include some drying time. It was
originally believed that this might be particularly true with
lightweight aggregate concrete which typically undergoes somewhat
higher shrinkage than otherwise similar conventional weight mixes.
Therefore, the beams were exposed to two weeks of air drying after

moist curing, prior to drilling cores.

Rapid Chloride Permeability Tests (RCPT) were run on duplicate
samples, each of which was the top two inches sawed from duplicate
3.75 inch diameter cores, drilled out after curing for

(1) 14 days moist and 14 days air dry, and
(2) 28 days moist and 14 days air dry.

Test cylinders were made for determining compressive strength
under three different curing conditions. A standard compression
test was conducted after 28 days of moist curing. In additicn to
this, compressive strength was determined at the same time and
after the same curing conditions as the RCPT. Tests were conducted
on duplicate 4" x 8" cylinders, using an unbonded capping system.

Three (3) 4" x 4" rectangular prisms were also cast for
determination of air dry shrinkage. These tests were conducted in
accordance with ASTM C 157 {Air Storage) except they were carried
out for approximately four (4) months and results were extrapolated
to one year. In all cases but one, the LW Fume mix, the rate of
shrinkage had essentially dropped to zero by the end of the four
months. However, the rate of shrinkage was very low at the end of
four months for the LW Fume mix as well.

Mixing and fabrication of test specimens was conducted jointly
by representatives of Stalite and the principal investigator.
Sample preparation and testing was conducted by the principal
investigator and a research assistant from North Carolina State

University.




General Conclusions:

Data are tabulated in Appendix I. With one possible exception
(the effect of drying on chloride ion permeability), no meaningful |
differences were found between two otherwise similar concretes
using lightweight coarse aggregate or using conventional weight

coarse aggregate.

\Jl

The use of fly ash reduces chloride permeability somewhat,
while the use of silica fume produces a dramatic reduction in
chloride permeability. As expected, chloride permeability is
re -with continued moist curing. Chloride permeabilities,-
except for the mix containing silica fume, remained fairly high,
even after curing for 28 days. These results are similar to that
reported elsewhere in work not based on lightweight mixes.

The shrinkage of all mixes was low, with the minimum shrinkage
obtained with the conventional weight aggregate mix.

The strengths of all mixes were good, based on cementitious
material content and slump. The effect of drying on strength was
very significant, however, and may have been contributed to the

chloride permeability of mixes (see below).

The chloride permeability of the conventional weight aggregate
mix (DOT AA, containing fly ash) is classified as "High". The
chloride permeability of the LW Cmt mix is also classified as
"High", although in both cases, the values are very close to
minimum for that classification. The chloride permeability of the
LW Ash mix is "Moderate"; the chloride permeability of the LW Fume

mix is "Low".

The relative chloride permeabilities of the DOT AA and LW Ash
mixes were much different than originally anticipated. These mixes
had very similar ingredients and mix properties, with the DOT mix
containing slightly less water. It was therefore expected that the
RCPT values would be reasonably similar. Eowever, coulombs passed
through the conventional aggregate mix were found to be more than \/
15% higher than with the comparable lightweight aggregate mix. ’

¢

The RCPT test has been reported to have a large variability -

+-(35%). It cannot therefore be conclusively stated that the
differences in chloride permeability of the DOT AA, the LW Ash and
the LW Cmt mixes are statistically significantly different.
However, the variability in all mixes tested in this program was
about 5%, except the conventional weight aggregate mix tested after
14 days moist curing and 14 days air drying, and it is the
Principal Investigator’s belief that the differences in chloride
permeability found are real and are probably related to improved
aggregate-matrix bond development with lightweight aggregate. More
research in this area would be useful.
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Appendix I,

Data Summary

Chloride Permeability of Lightweight Concrete

microstrain

Raw material sources:

Final Report: April 15, 1992

Quantities (nominal, pcy) DOT AaA LW Ash LW Cnt LW Fume
Cement (Type I) 611 611 705 658
Fly Ash (Class F) HES 58S e -
Silica Fume - - —o- 43
Fine Aggregate 940 1200 1220 1238
ASTM (C 33, #57) 1900 - - -
Stalite (C 330, 3/4") i 880 880 9210
water 260 280 270 240
WRA (oz/cwt) 4 4 4 6
w/ (c+b) .36 .39 .38 .34
Unit wt (plastic) (pcf) 141.2 11354 122.8 116.2
Slump (in) 3 1/4 3 1/4 3 3 /2
Air (%, volumetric) 6.4 755 9.3 6.8

days moist + days air dry Compressive Strength (psi)

14 14 6250 5690 6740 7680
28 0 5510 5410 6150 7460
28 14 6590 6400 7360 8570

Rapid Chloride. Permeability (Coulombs)
14 14 4750° 3860 4530 1700
28 14 4170 3560 4150 1530

* see text
'_Shrinkage data (extrapolaEed from 120+ days to 365 days):

360 420 30 290

Portland Cement:
Fly Ash:

Silica Fume:
WRA

AEA:

stone:

sand:

Blue Circle (Type I,
2AMC, Belews Creek (Class F)
Elkem

Cormix, 400 N (lignin)

W.R. Grace, (nvr)
Martin-Marietta,
Lillington, NC

low alkali)

Garner, NC (crushed granite)



X & ¥ s

oy
L

e

| g

ki =]

= [ ] (V] s [

R e

Appendix II, Discussion
Chloride Permeability of Lightweight Concrete
Final Report: April 20, 1992

Water to cementitious material ratio is given for all mixes,
although, for lightweight mixes, its use is generally not recommended.
For the low absorption lightweight produced by Stalite, the values are
reasonably accurate. However, as with all lightweight mixes, they

should be used with caution.

The air content of the LW Cmt mix was slightly higher than-
desired, but acceptable for this investigation. The higher air
apparently offset the water demand for a 3 inch slump to a certain
degree and therefore strengths were not as dramatically affected as

expected.

Due to the low alkali content of the cement and the relatively
coarse nature of the fly ash, the combination of cementitious
materials used in these mixes is not optimum in terms of strength
gain. . These materials were selected for several reasons, however.
First, they provide a reasonable lower bound on strength gain and
pozzolanic activity. Second, they, or materials very similar, are
commonly used in conjunction in commercially produced concrete in the

Carolinas market.

The strength of all mixes, based on the cementitious material and
slump of the mixes was about as expected at 28 days, but the effect of
drying on strength was much more pronounced than originally
anticipated. This is true for all mixes.

A problem arose in the Rapid Chloride Permeability Test conducted
on the DOT AA mix at the earlier age. The value reported is based on
a retest of the DOT AA mix. Since this was necessarily conducted at a
later date, the true value is not known. The value reported is an
estimate based on the ancillary testing required.

The test values obtained for the DOT AA mix at the early age (14
days moist and 14 days dry) were extremely variable. Although
variation reported elsewhere (ASTM C 1202) is high, the variation

..found in all the other mixes tested in this series was minimal.

Reproducibility has not been a problem in general for other RCPT in
this facility and the reasons for the high variability found in the
DOT AA mix is unknown. Although specimen preparation is suspect for
one of the DOT AA samples, the overall high variability may be related
to higher sensitivity to drying than originally anticipated. This is
examined further below.

Shrinkage is primarily a paste phenomenon but restraint provided
by the aggregate also plays an important role. The shrinkage of the
DOT AA mix is lower than that of the LW Ash mix. Here, the stiffer
stone is playing a role in the reduction of shrinkage, as expected.
While the difference seen is typical for mixes with lightweight versus
conventional coarse aggregate, it should also be noted that the data
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for shrinkage and strength are consistent. The shrinkage value for
the LW Ash mix is higher than for the LW Cmt mix. The volume of paste
and the volume of water were both higher in the ash mix and the
strengths were lower. The very low shrinkage of the LW Fume mix is
somewhat surprising, even given the higher strengths of this mix. 1t
is significant, however, that the values of estimated shrinkage strain
of the lightweight aggregate concretes at one year are all relatively

low compared to values given in ACI 2069.

Looking at the DOT AA and LW Ash mixes, the values for shrinkage,
strength and RCPT are inconsistent with expectations. The strength
values are virtually identical. With the strong correlations between
capillary porosity, permeability and strength, one would expect the
chloride permeability of the DOT AA mix to be lower than the LW Ash
mix. Since the shrinkage values are in line.with both the water
contents and the aggregate contributions, and strength values are

‘consistent with expectations, the stiffer aggregate may be increasing

permeability in the transition zone as stresses due to restraint
The aggregate-matrix bond development is typically ketter

with lightweight aggregate.

The one problem encountered with this inference is the reported
variation in test results. ASTM C 1202 reports (section 13.1.1)
"Therefore the results of two properly conducted tests by the same
operator on concrete samples from the same batch and of the same
diameter should not differ by more than 35%...". The variation of the
mixes in this study were all very low compared to this standard,
except of course the one test of DOT AA mentioned above. The fact
that this was not a problem with the lightweight mixes would seem to
be further evidence that the conventional weight aggregate mixes tend
to be more sensitive to drying shrinkage in terms of permeability.
Clearly this area requires more research for a definitive answer.

Although we cannot conclusively state that the drying shrinkage is a
more significant effect with conventional weight aggregate mixes than
with lightweight aggregate mixes, it is the belief of the Principal
Investigator, based in part on the test results and variation found in
this work and in part on the nature of the transition zone in
lightweight concrete that the differences found are real.
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Creep and Shrinkage
of Lightweight Concrete

by Michael L. Leming

Department of Civil Engineering
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Creep and Shrinkage of Lightweight Concrete

The following report is the result of a study sponsored by Carolina Stalite Company and
conducted at North Carolina State University by Michael L. Leming.

Purpose: To investigate the creep and shrinkage potential of concrete made with STALITE
lightweight aggregate (ASTM C 330). Conventional strength and elastic modulus, as well as
standard plastic concrete characteristics were also determined.

Concrete Mixes: Four (4) different mixes of concrete were produced and examined.
S-1. A standard lightweight concrete of a type commonly used in
~ commercial construction

S-2. A commodity grade concrete similar to S-1 except with

conventional coarse aggregate (not lightweight)
S-3. A mix with the same mortar fraction, paste proportions and

coarse aggregate volume as S-2, but made with STALITE

lightweight aggregate instead of conventional aggregate.
S-4. A high strength lightweight concrete -

Test Program: For each mix, a series of tests were conducted at the plastic and hardened stages
of the concrete. First, unit weight, volumetric air content, and slump were determined. Then a
series of 6" x 12" cylinders were cast to test the physical properties of the corresponding
hardened concretes.

Duplicate cylinders were fabricated for determination of elastic modulus (E) and splitting
tension strength (fct) at 7 days and 28 days. Compressive strength (f'c) was determined by
averaging the test results from two (2) specimens at 7 days. Results from three (3)
specimens were used in determining compressive strength at 28 and 365 days.

Five (5) cylinders were cast with embedded brass gage. points for determination of creep. Three
(3) of these cylinders were loaded, and the remaining two (2) were kept as “control
specimens.” Additionally, three (3) rectangular prizms 4" x 4" were cast for determination of

air dry shrinkage.

Conclusions: Splitting tension strength for all specimens at 7 and 28 days was determined to
be within ACI 318 guidelines based on compressive strength. S-1 and S-3 showed higher
splitting tension strength than is anticipated for most lightweight concretes. Splitting tension
strength at one year was shown to increase very little.

_The tensile strength of concrete is a.small percentage of compressive strength in all high
strength concretes. The values for S-4, the high strength mix using STALITE lightweight
aggregate correspond very favorably to those reported by others who have investigated high
strength lightweight concretes.

Values of elastic modulus for S-1 and S-3 were significantly higher than predicted by ACI
equations based on compressive strength and unit weight. This is in all probability due to the
fact that, compared to many other commercially available lightweight aggregates, the tested
lightweight aggregate, STALITE (rotary kiln expanded slate), provides a superior stiffness. At
the high strength level, again S-4 data compare favorably to the resulls obtained from other
tests of high strength lightweight concretes.

The unit weights (air dry) of S-1 and S-3 are well within the acceptable range for
lightweight concrete for most commercial construction. The unit weight (air dry) of the high
strength S-4 is less than the maximum allowed even for conventional lightweight concrete.




The values cf creep for the lightweight concretes are very low in comparison to national
averages for all concretes.

There is no statistically significant difference in shrinkage between S-1 and S-3, nor between
S-2 and S-4. The difference of approximately 20 percent in shrinkage values shown for S-2

and S-3 may be typical.

It is significant that the values of estimated shrinkage strain of the lightweight aggregate
concretes at one year are all relatively low compared to national averages given in ACl 208.
This is most likely related to the superior stiffness of the STALITE expanded slate aggregate.

Creep & Shrinkage
Laboratory Test Results

S-1 S-2 S-3 S-4
Quantities (pcy) Lightweight -Normal Wt, Lighiweight Lightweight
Cement (type ) 546 560 550 536
GBFS (Grade 120) 342
Normal Weight Aggregate
ASTM C 33 (#67) 1710
STALITE Lightweight Aggregate
ASTM C 330 900 950 940
Unit Weight (plastic)(pcf) 112.3 140.4 111.6 126
Unit Weight (dry)(pcf) 108.5 139.8 109.2 116.4
Slump (in) 4.5 4.25 4.25 6.75
Air (%) 7.8 7.0 7.1 1.5
Ccmpressive Strength f'c (psi)
7 Days 2960 3390 2900 5340
28 Days 3860 4420 3970 7180
3€5 Days 4540 5220 4670 82380
Splitting Tension Strength fct (psi)
7 Days 1345 375 365 370
28 Days 400 405 425 4395
365 Days 410 405 425 520
""Zlsstic Medulus E (million psi)
7 Days 2571 3.22 2 3.38
28 Days 2.93 3.61 2.94 3.58
365 Days 2.97 3.85 2.99 3.84
Creep Data (at 365 days)
Load (kips) 35 40 35 50 3
% 28 day f'c 32 32 31 25
Specific Creep 0.84 0.43 0.89 0.29
Creep Coefficient 2.6 1.7 2.7 1.2

Shrinkage Data (a1 365 days)

Microstrain 380 360 390 310




Discussion of Results: When all factors other than aggregate weight are equal, the measured
slump of lightweight concrete generally will be less than that of conventional concrete at the
same workability. This factor was not incorporated into the S-3 mix. S-2 and S-3 had the
same measured slump. This, in tumn, has the effect of making the results somewhat easier to
compare for the practicing engineer, although not quite as exact theoretically.

Compressive strength values were somewhat lower than anticipated. Air contents, however,
were somewhat higher.

Unit weights (air day) of the standard lightweight concretes (S-1 and S-3) were below 110
pcf. The unit weight of S-4 was at the lower end of the 115 to 120 pcf range of unit weights
typical of high strength lightweight concretes.

The creep coefficient shown is based on initial tangent modulus, NOT measured elastic modulus.

Specific creep of the moderate strength, lightweight concretes (S-1 and S-3) is significantly
higher than that of the moderate strength, conventional normal weight concrete (S-2). These

are very typical results. Note, however, that the values for the lightweight concretes are very
low compared to national averages for all concretes. This result and the high relative values of
elastic modulus are related to the stiffness of the STALITE lightweight aggregate.

For S-2 and S-3, which differed only in aggregate type, there appears to be only a small
statistically significant difference in shrinkage. However, this analysis is based on data with
large variability. Shrinkage is primarily a paste phenomenon, but restraint provided by the
aggregate plays an important role. While the difference seen is typical for mixes with
lightweight versus conventional coarse aggregate, it is interesting to note that the data for
shrinkage, creep and elastic modulus are all consistent with an aggregate of superior stiffness.

STALITE @

(AROLINA STALITE COMPANY

MANUFACTURERS OF UIGHTWEIGHT AGGREGATE “STALITE™

PO Box 1037

Salisbury, NC 28145-1037
FAX 704-638-0742

704-637-1515




June 18, 1991 A

LAW ENGINEERING

Carolina Stalite Company T
P.O. Box 1037 by 4= Agﬁgm
CONSUTANTS

Salisbury, North Carolina 28145-1037

Attention: Mr. Roberto Nunez

Subject: Report of Laboratory Concrete Tests
Stalite High-Performance Concrete
Law Engineering Job No. 5620124901

Gentlemen:

Law Engineering has completed laboratory testing of Stalite High-
Performance concrete mixtures, with the exception of compressive
creep testing which continues until January 1992. The purpose of
this work was to determine certain engineering properties of semi-
lightweight concrete mixturss cured in laboratory and elevated-
temperature conditions. The elevated-temperature conditions were
intended to simulate prestressed concrete production conditions.
This work was authorized by Mr. Roberto Nunez of Carolina Stalite
Company by acceptance of Law Proposal No. 560.90025 (Revised).

This report presents the information about the materials, mixtures,
and laboratory procedures used as well as the results of our
testing. An executive summary is included for your convenience.

Law Engineering appreciates the opportunity of providing this

service. If there are any questions about this report, or if we
may be of further service, please call. '

Sincerely,

LAW ENGINEERING, INC.

A

i £, BT John R. Love, P.E.
Materials Engineer Principal Materials Engineer

Attachments f “

390 PLASTERS AVENUE. NE
ATLANTA, GEORGIA 3032¢
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Carolina Stalite Company
June 18, 1991
Page 2
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The purpose of this work was to evaluate selected engineering
properties of high strength semi-lightweight concrete mixtures
cured in conditions to simulate post-tensioned and prestressed

applications.

EXECUTIVE SUMMARY

The testing program compared two concrete mixtures: one containing
a Type I portland cement binder and one with a portland cement and
silica fume binder. Both mixtures contained Carolina Stalite 3/4 .
inch coarse aggregate and a. natural quartzitic sand from Waugh,
Alabama. The gradations, specific gravities, and absorptions of
the aggregates used are presented on the attached Aggregate Testing
Report. Admixtures used were W.R. Grace products meeting ASTM C
494 requirements. The 'silica fume used was W.R. Grace "Force
10,000%" slurry. Initial mixture proportions were suggested by Mr.
Roberto Nunez of Carolina Stalite. Specific information about the
mixtures used is presented in the following report.

Two batches of each mixture were tested in our laboratory. One
batch was cured in standard laboratory conditions; the second batch
was cured .in a steam box for approximately 14 hours (beginning
inmediately after initial set) in general accordance with PCI MNL
117 procedures for accelerated curing of prestressed .concrete
members. Concrete temperatures were monitored and recorded  during
steam curing and are presented in the following report.

All compressive strength specimens were cured in our moist curing
room after being stripped from the molds. The split tensile
specimens were air dried until testing age after a period of six
days in the moist cure environment. Flexural strength specimens
were cured in a lime-water tank until tested. Linear drying
shrinkage spec1mens were cured in a lime-water tank for six days,
then air-dried in laboratory conditions.

" Laboratory testing was performed in accordance with applicable ASTM

procedures except where noted in the report. The testing
procedures used are presented in the following report.

A summary of the laboratory testing results is presented on the
following pages.




SUMMARY OF HARDENED CONCRETE TEST RESULTS
Carolina Stalite
June 18, 1991
Law Engineering Job No. 5620124901

A

Mix Identification 1A 1B 2a 2B
Binder Type PC PC PC+SF PC+SF
Curing Method STEAM LAB STEAM LAB
Compressive Strength, psi
1 day 4980 e 5500 -
3 day 5980 4780 5860 5770
7 day 6550 6500 6450 6460
28 day 6840 6710 6660 7040
91 day 7340 6680 6860 7720
Flexural Strength, psi
3 day 615 595 610 615
7 day 635 650 630 625
28 day 685 76p 77 wEwS 730
91 day 760 730 700 700
Splitting Tens%le
Strength, psi
3 day 520 450 530 525
7 day 520 475 Syl 500
28 cay 5510 SVIS 500 495
91 day 565 570 51515 s
Shrinkage, microstrain
28 day _ 90 100 50 110
. 91 day 390 320 340 160
Modulus of Elasticity,
million psi
1 day 3.05 o 3L..%6 -
3 day Sreyls 3.03 i OL7/ 3 LS
7 day  3.43 3.19 312 3.48
28 day 3 .79 800516 3.42 3.70




SUMMARY OF HARDENED CONCRETE TEST RESULTS
(continued)

Carolina Stalite
June 18, 1991
Law Engineering Job No. 5620124901

Mix Identification i 1B 2A 2B
Binder Type PC PC PC+SF PC+SF
Curing Method STEAM LAB STEAM LAB
Compressive Creep 3 1
Applied Load, psi 2050 2050 2050 2050
Percentage of f‘c 41 32 37 36
Initial E}astic SFrain, .
microstrain 84 S8 Sl 80
Specific Creep
7 day 0.037 0.022 0.024 0.089
28 day 0.0S3 0.064 0.040 0.103._
91 day 0.057 0.078 0.065 ONI2(0
Creep Coefficient ‘
7 day 0.91 .78 0.97 20529
28 day 1.28 2.26 1.58 205612
91 day 1.39 2.74 2.59 3., 07

Notes:

1)

2)

3)

4)

PC denotes portland cement binder, PC+SF denotes portland
cement and silica fume binder.

Equipment malfunction resulted in Mix 1B being loaded for
creep at an age of 8 days.

Curing of specimens for specific tests is discussed in
detail in the report.

Strength testing results are an average of at least two
specimens per age, except no cylinders were available for

split tensile testing at 91 days for Mix 2B.
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MATERIALS

CEMENT

The cement used was an ASTM C 150 Type I portland cement
manufactured by Medusa in Clinchfield, Georgia. The sample was
obtained in bulk by Law Engineering at Medusa‘’s Atlanta, Georgia

distribution facility.

SILICA FUME

The silica fume used was "Force 10,000", a slurry manufactured by
W.R. Grace & Company. The sample was obtained by Law Engineering
from Williams Brothers, Inc., a local ready-mix concrete supplier.

AGGREGATES

The coarse aggregate, a 3/4 inch maximum sized expanded slate, was
supplied by Carolina Stalite Company of Salisbury, Ncrth Carolina.

The fine aggregate was a natural quartzitic sand from Waugh,
Alabama obtained by Law Engineering from Williams Brothers, Inc.

The gradations, specific gravities, and absorptions of the
aggregates used are presented on the attached Aggregate Test

Report.

ADMIXTURES

Admixtures used were manufactured by W.R. Grace & Company. The
specific products used - were WRDA-19, an ASTM C 494 Type F
superplasticizer, and DAREX AEA, an ASTM C 260 air entrainer.

WATER : Y

Batch water was from the City of Atlanta municipal supply.
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Page 6
] CONCRETE MIXTURES

Two concrete mixtures were developed for this testing program. Mr.
i Roberto Nunez of Carolina Stalite suggested the initial mixture

proportions which were modified by Mr. Nunez and Law Engineering
based on laboratory trial batches. The one cubic yard design batch

] weights and plastic data for each 1laboratory test batch are
presented below. .

! DESIGN PROPORTIONS
Material Mixes 1A & Mixes 2A &

; 1B 2B

] Cement, lbs. : 800 720
Silica Fume Slurry, 1lbs. 0 80
Coarse Aggregate,lbs. SSD 950 950

a Fine Aggregate, lbs. SSD 1110 1126
Batch Water, lbs. 267 215
(Total Water) (267) (255)
Admixtures: oz./yd?

E WRDA-19 96 104

Darex 4.8 . o ©)

TARGET PROPERTIES

! Mix Identification
1A & 1B 2A & 2B
Slump, inches S+1 S+1
Air Content,. percent 4.0 2.0
i Unit Weight, pcf 116.'1 114.8
i PLASTIC TEST DATA
Mix Identification
I e LAY o - iB 2A 2B
Shumps, » iy, 4 3/4 6 4 3/4 3 1/4
Air Content, % 3.0 3.2 2 50 1739
Unit Weight 116.6 116.0 116.0 114.9
I Air Temperature, °F 7/l 71 72 72
Mix Temperature, °F 70 72 72 74
Actual Water, pcy 215947 262.7 256.5 253.9
l Actual Binder
Content, pcy 805.5 800.6 809.0 801.0
Water-Binder
j Ratio 0.322 0.328 0.317 (0 &ul7/

Yield, cubic feet 26.9 27.0 26.7 27.0
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7N

Each of the two concrete mixtures were batched twice in accordance
with ASTM C 192, “Standard Practice for Making and Curing Concrete
Specimens in the Laboratory". One lab batch of each mixture was
cured in accordance with ASTM C 192. The other lab batch was cured
in a steam box. The steam curing was not begun until initial set
of the concrete had occurred, as determined in accordance with ASTM
C 403, "“Test Method for Time of Setting of Concrete Mixtures by
Penetration Resistance". Steam curing continued for approximately
14 hours, at which time preparation for 24 hour concrete testing

was begun.

CURING PROCEDURES

Concrete temperature was monitored continuously during the steam
curing procedure by a thermocouple embedded in a 4"x 8" cylinder.
The cylinder was for temperature monitoring purposes only and was
located near the steam inlet 'to monitor the potential highest

concrete temperature.

The steam curing box had been previously tested to verify that the
rate of concrete temperature rise was within the requirements of
PCI MNL 117, Quality Control Manual for prestressed concrete.

A graph of the thermocouple readings is attached. 'The curing box
temperatures . presented on the graph are an average of §
thermocouple readings located at different heights and distances
from the steam inlet.

Sld

rocm m=2eting ASTM C 511 after being stripped from the molds. The
split tensile specimens were air dried until testing age after a
period of six days in the moist cure environment. Flexural
strength specimens were cured in a lime-water tank until tested.
Linear drying shrinkage specimens were cured in a lime-water tank
for six days, then air-dried in laboratory conditions.

-

A1l compressive strength specimens were cured in our moist curing
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TEST PROCEDURES

The natural sand was tested in accordance with applicable
procedures presented in ASTM C 33, "“Standard Specification for
Concrete Aggregates", to document its gradation, absorption, and

specific gravity.

'The Carolina Stalite coarse aggregate had been previously tested in
our laboratory for compliance with ASTM C 330, “Standard
Specification for Lightweight Aggregates for Structural Concrete".
The coarse aggregate specific gravity was determined using the
pycnometer method presented in ACI 211, "“Standard Practice for
Selecting Proportions for Structural Lightweight Concrete".

Hardened concrete testing was performed in accordance with the
following ASTM procedures:

ASTM C 39, "Test Method for Compressive Strength of
Cylindrical Concrete Specimens",

ASTM C 78, "Test Method .for Flexural Strength. of Concrete
(Using Simple Beam with Third Point Loading)",

ASTM C 157, "Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete", :

ASTM C 469, "Test Method for Static Modulus of Elasticity and
Poisson’S Ratio of Concrete in Compression®,

ASTM C 496, ' Test Method for Splitting Tensile Strength otf
Cylindrical Concrete Specimens",.

ASTM C 6512, "Test Method for Creep of Concrete in

Compression", (with the exception that our measuring apparatus,
a Wittemore Gage, was accurate to 0.0001 inches).

, TEST RESULTS -

The results of our aggregate testing are presented on the attached
Aggregate Test Report.

The results of our concrete testing are presented in the Summary of
Hardened Concrete Test Results.

Graphs of the creep strain-with time are attached. Creep testing
will continue until the concrete is one year old.




AGGREGATE TEST REPORT
carolina Stalite
Stalite High Performance
June 18, 1991
Law Engineering Job No. 5620124901

Coarse Aggregate
Supplier: carolina Stalite

Type: Expanded Slate

= Nominal Size: 3/4 inch
Gradation:
Sieve Size Percent Passing
(= e 100
3/4" & 95
1/ 2" 42
. 3/8" 19
: No.4 S
i | No.8 1
b Specific Gravity
-~ (SSD) : 1.34
Absorption, percent: 6 ol
Fine Aggregate
Supplier: R & 5, Waugh,
Alabama
Type: Natural Quartzitic
Gradation:
Sieve Size Percent Pzssing
3/8" . 100
No. 4 99
No. 8 87
No. 16 72
” .. No. 30 _ 36
i No. 50 6
E No. 100 2L
o4 No. 200 0.5
Fineness Modulus: 3.01
'a Specific Gravity
(SSD) : - 2.63
Absorption, percent 0.6
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CREEP STRAIN, microstrain

STALITE HIGH PREFORMANCE
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okkelark til kopimaskinen Kodak 2110 Artikkelnr. 950520N
Skilleark — Kopiering pa

B RUKSANVISNING

K Legg nokkelarket foran originalen som skal kopieres pa B} Legg de blanke skillearkene i @vre papirmagasin.
skillearket.

Nokkelark

T\ Original som skal
10 kopieres pa

/ skillearket.

B2 Legg originalene og nekkelarkene i Feeder med P Trykk pa stjerne (*) og deretter pa startknappen for
forsiden opp, og velg standardfunksjoner. a aktivere nokkelarket.

P 3 9:00 am 22/1/1 |
Trykk & tast under funksjon for vaig av altemativ. ‘

X1 KN O30 =0 [ el |
ORIGINAL| PAPIR. KOP)- ORSTORR/FOR -
Ll:xopl "S°‘"E“'"MAGAﬂlKvwf'Erlr e o e ][ s | Merk: Nokkelarkene vil bli lagt i utmatingslommen Du kan ogs#

(~A) [A) ~) [(~) [~) bruke kopier av nokkelark.
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STALITE

STRENGTH DEVELOPMENT CURVES
FOR TYPICAL

LIGHTWEIGHT CONCRETE MIXES
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BESTS [SERIEE SHRNN
STANDARD 3/4'" MIS SERIES

Materials Mix #1-A iix #1-B Mix #1-C Mix
Cement, lbs: S 611 705 7¢¢
Air, ozs./cmt: 0.5 0.5 0.5 0.5
Water Reducer,ozs./cmt: 4 4 4 4
Lilesville Sand, lbs: 1483 1370 1257 TN
3/4" Stalite, 1lbs: 830 850 870 890
Wwater, gals: S/ RI6 316772, Si9516 40.0
Unit Weight,pct

Theory: 115.9 I15.9 lle6.0 s als FRl
Wet: SRS, 1S 188507, oL I35k, 7/7) AN AN
28 Days Air Dry: AL Il SRS 114.47 114.54 LS
Air Range, %: 6+2 6+2 6+2 6+2
Alr, 'Actwals, "3k 48K G) SIS 6.0 6.0
Slump Range, ins: 51 S+1 S+1 Gt |
Slump, Actual, ins: 3.5 4.75 5.0 SS90
Water Cement Ratio: Of el 0.49 i L7 0.42
Compressivé Test, Average:

§ ‘Qays) psk 3075 25.5 - 4430 T 5240 5535
7 daye, pei 4005 5205 5755 6155
28 days, psi 5225 6100 6695 7455
56 days, psi 5465 6790 71790 7850
Splitting Tensile Strength:

28 Days, psi 415.0 420.0 441.6 T ol 0 L




TEST SERIES ot
8000 g
7000
6000
50c2 K cays
= = - L C]T da;‘s
COMPRESSIVE STREKSTH 00 i
(psi) . 428 days
1
ool (St e
] ' ' é daYS |
1] 1 L} 05
2000 - -emmcmecmcmicd oo dececiiciceieaes f
19 1] .
t L .
P o AT SRR T L NP AP e T e :
; : :
L] L} 1
0 + . {
0.6% (1-A) 0.49 (1-6) .47 (i-O) 0.42 (1-D}

WATER/CEMERT RATIO
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TEST CSEREESH 2
STANDARD 3/8' KIX SERIES

\/
Materials Mix #£2-a Mix #£2-B Miy #£2-C Mix #2-D
Cement, 1lbs: 564 658 %52 846 .-
Air, ozs./cmt: 0-.2 0.7 0.7 0.7
Water Reducer,ozs./cmt: 4 4 4 4
Lilesville Sand, 1lbs: 1187 1069 955 843
3/8" Stalite, 1lbs: 925 950 970 990
Water, gals: 328.62 38.93 40.1 40.6
Unit Weight, pcf _
Theory': 111.0 1015,8 111.04 11e s
Wet: 109.63 1108.93 109.47 109.63
28 Days Air Dry: 168 108.6 5L B b By X5/
Lir Range, %: 8+2 8+2 §+2 8+2
Air, Actual, %: 8.5 9 9 -
Slump Range, ins: S+1 SitL, S S+1
Slump, Actual, ins: SEIS S.25 SIS 6.0
: [ s
Water Cement Ratio: BL.57 0.49 0.44 \0.40"
s
Compressive Test, Average:
4 days, psi 3050 3450 SIGIS 4935
7 days, psi 3610 4350 5345 6055
28 days, psi 5140 5615 6420 22315
56 days, psi 5470 5875 6810 7675
Splitting Tensile Strength:
410.0 GUSE 0 451.67

28 Days, psi 391.67
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TEST SERIES

K¢ days
74
COMPRESSIVE STRENGTH 07 dars
(psi) ' 428 days
-: i <>‘56 days
L]
: y %
BTO] i ot e Al i g i « e CRESE I A B =X 2
L] 1] €
1] 1 L]
L} € 4
1000 F-—cccee oo JeBS S50 50 coothot B :
' [ ] ]
L] [} L)
i 4 i
0.57 (2-A) 0.49 (2-8) 0.46 (2-C) 0.4 (2-0)
UATER/CEMERT RATIO
“




Materials
Cement, 1lbs:

Air, ozs./cmt:

Water Reducer,ozs./cmt:
Lilesville Sand, 1lbs:
3/4" Stalite, 1lbs:

Water, gals:

Unit Weight, pcf

Theory:
Wet:

28 Days Air Dry:

Air Range, %:

Air, Actual,

Slump Range,

Slump, Actual,

Water Cement Ratio:

sSINC¢

1881

TEST SERIES '3’

STANDARD 3/4'* MIX EERIES

Compressive Test, Average:

7 days, psi
28 days, psi
56 days, psi

Splitting Tensile Strength:

68 Days, psi

Mix #3-A Mix #3-B
Salg/ 611
(0155 (035 &)

4 4

1367 1254
890 930
35.04 315
114.02 114.3
112.1 112.4
15100 .,.2 b B0 577/
6+2 6+2
(555 6

5+1 S5+1

4 4.75
0...57 0.48
3580 4555
4215 5420
4945 5835
366.67 366.67

Mix #3-C
705

OIS

4

1141

950

25

114.36
112.9
112.13 ',

6+2
6

5+1
5.25

0.41

5810
6585 <C 4
6559

376.67 2.0

Mix #3-p
7989

S

4

1028
970 ¥

35

114.4
112.8
111.5 S0

6+2
€525

5895
7010 . 48,3
7295

38x.67 2.1
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TEST SERIES 3

8000 v ====-cccc-cccccyeccemmermmmmmann 5
[} [] t
] (] 1
[] [}
L R
L) 1
t )
6000 -.-------------.-:4/4{: ............... -
+ — R
5000 W7 cays
COMPRESSIVE STRENGTH 040 (J28 days
(psi)
S6 d
3000 e
2000
1000
0
0.57 (3-A) 0.48 (3-8) 0.41 ¢3-C) 0.37 (¢3-0)

WATER/CEMENT RATIO

Mama 4
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TEST DATA

FINE AGGREGATES

Material: LILESVILLE SAND
SIEVE SIZE PERCENT PASSING
31/481" 100.0
#4 : 98.8
#8 88.1
#16 72.6
#30 43.1
#50 10.9
#100 2,8
Fineness Modulus: 2.85
Specific Gravity: 2.62
Absorption, %: 0.7

COARSE AGGREGATES

Material: 3/4" STALITE 3/8" STALITE
S WEVGEMSINZE; PERCENT PASSING PERCENT PASSING
aL il 100.0 100.0
3/4" 95.6 100.0
Ayl 38.2 100.0
3/8" 16.0 95.5
74 B8R LS5 (0
#8 N/A 2.5
Specific Gravity: 1.5 1.56
Absorption, %: 5.8 Sh@
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TEST DATA

MATERIALS USED:
Santee Portland Cement, Type I
W.R. Grace & Company, Darex, Air Entraining Agent
W.R. Grace & Company, WRDA - Hycol, wWater Reducing Agent
B.V. Hedrick Sand and Gravel Company, Lilesville Pit Sand
Carolina Stalite Company, 3/8" Structural Lightweight Aggregate

Carolina Stalite Company, 3/4" Structural Lightweight Aggregzte




Ingen utmating

Nokkelark til kopimaskinen Kodak 2110 Artikkelnr. 950520N

Ingen utmating

(Nokkelarkene blir liggende i Feeder)

B RUKSANY

I S NI NG

Legg nekkelarket hvor som helst i originalsettet.

Nokkelark g

> Nokkeark

s

B Legg originalene og nekkelarkene i Feeder med
forsiden opp, og velg standardfunksjoner.

[ 900 am 22/171 )
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Trykk{ tast under funksjon for valg av alternativ.
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Skilleark — Fortrykte/Blanke

Nokkelark til kopimaskinen Kodak 2110 Artikkelnr. 950520N
Skilleark — Fortrykte/Blanke

- _IIIII|
I S NI NG

—J o

B RUKSA ANV

KB Legg nokkelarket eller -arkene akkurat der skillearkene B} Legg de fortrykte/blanke skillearkene i gvre
skal plasseres. papirmagasin.

Nekkelark

\ ‘Nokkelark

B Legg originalene og nokkelarkene i Feeder med B} Trykk pa stierne (*) og deretter pa startknappen for
forsiden opp, og velg standardfunksjoner. a aktivere ngkkelarket.

900 am 22/101 | ’
KLAR TiL KOPIERAING
Trykk & tast under funksjon for valg av allernativ. ‘

1 1 [l Ja [osxi1 ll Normat [N 100.0% | [ Nei |

[3ea[sonear][ SN [whiorter | e | TG | Merk: Nokkelarkene vil blilagt i utmatingslommen. Du kan ogsé
v bruke kopier av ngkkelark.
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AS Anlegg
Raftsundet Bru
8460 Hamaroy

Fiolveien 15
3016 TROMSO

Telefon 776 84231/94 571441
Telefaks 776 89510

Fokus Bank 9065-=1906856
|

v B. Kristiansen o«~ 1063/RSV 205 LOSE

Dgren rel Vir ret Tromso.

Jeg viser til vart brev avi 05.10.96, og telefonkontakt
15.10.96 vedrorende pumpbarhet, vann absorpsjon og censitet
for Stalite Lettklinker.

Som avtalt oversender jeg en del resultater fra proving av
lettbetong basert pd Stalite Lettklinker. I tillegg viser jeg
til resultater fra proving av produksjonsbetong hvor deler av
det grove tilslaget er erstattet med Stalite Lettklinker.

Generelt.

]
Som nevnt har Stalite lettklinker ikke tidligere vart benyttet
1 hegfast (fck hegere enn 45 Mpa) produksjonsbetong med
\ densitet 20 KN. Imidlertid er betong med trykkfastheter

70 Mpa (sylinder fasthet) og volumvekt 20 kN utprevetr pa
laboratorienivd ved flere anledninger.

|
Stalite lLettklinker har ogsd vart benyttet til produksjonen av
ca 120.000 m3 MND (Modifisert Normal Densitet) betong for en
GBS type plattformen som er under bygging pd& ostkysten av
Canada. Plattformen, som har et isforsterket betongunderstell,
er spesifisert i henhold til NS 3473 og deler av Ns 3474, med

betong 1 fasthetsklasse C80 (69 Mpa sylinderfasthet), og har
en beregnet brukstid pd 30 ar.

I lepet av byggeprosessen oppsto det bshov for 4 redusere
betongens densltet med ca 10 % for & oke plattformens marine
stabilitet under utslep. |

Det ble besluttet & benytte en Modifisert Normal Densitet
betong, hvor deler at det grove tilslaget ble erstattet med
Stalite Lettklinker 1 et forhold som gav en in~ situ
betongdensitet 1 storrelsesorden 2.20 kN, uten at betongens
E-modul ble redusert med mer enn 10%, samtidig som kravene til
andre materialegenskaper ble opprettholdt.

Det var likeledes et krav at eksisterende delematerialer og
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produksjonsutstyr matte kunne benyttes.

Av de 7 typer lettklinker fra produsentsr i Japan, Tyskland,
Norge, Usa og Canada, som ble vurdert som aktuelle materialer,
var det imidlertid bare Stallte Lettklinker som Xunne
tilfredsstille alle de oppsatte krav, og ca 45. 000 tonn ble i
lopet av perioden 1994-95 levert til prosjektet.

Sammenlignet med andre typer lettklinker har Stalite
Lettkl{nker meget lav vann absorpsjon (tab 1), og kan derfor,
helt eller delvis, vannmettes for blanding, uten at
vektokningen blir for stor.

Porestrukturen medvirker ogsd til at vann fra mertelfasen i
nye mindre grad vil bli presset inn 1 tilslagskornene under

punping/utsteping, enn hva som er tilfellet for de fleste
andre typer lettklinker.

Dette forholdet kommer klart fram ved & sammenligne
forskiellige typer lettklinker som utsettes for vanntrykk pa
ca 1 Mpa (tilsvarende maksimal trykk 1 normale betongpumper).
I disse tilfeller vil Stalite Lettklinker typisk vise
maksimalt vannoppsug 1 storrelsesorden 10 %, mens andre
samnenlignbare typer lettklinker, vil viser vanncppsug over 20
3.

P4 dette grunnlag mener jeg derfor at det skal vere fult mulig
4 pumpe lettbetongen som er beskrevet for Rartsundet Bru, ved
& bruke Stalite, eller tilsvarende typer lettklinker.

Iridlertid vil det vare nedvendig a foresta utproving av
betongresepter i fullskala: for & dokumtere pumpbarhet og
stepelighet.

Dersom det er onskelig stiller vi gjerne var erfaring og
materialprover til raddighet i forbindelse med en slik
prcporsjonering og sttarproving, og vi vil ogsd gjerne delta 1
samtaler med de involverte parter i fall det vil vare behcv
for vadr erfaring pd produksjon og dokumentasjon av hogfast
let.tbetong.

Med hilsen
AXION AS

%ﬂ—Tore Hbland

vedlegg




Vedlegg 1

Materialdokumentasjon

I forbindelse med overgang fra normal betong til MND betong
for Hibernia prosjektet, ble det behov for & dokumentere at
grunnleggende kriterier for dimensjonering ble opprettholdt
ved lavere betongdensitet, og introduksjon av lettklinker.

Basert pd forslag fra byggherrens byggetekniske konsulent
S. B Leivestad (Berdal Stromme as) ble et omfattende
preveprogram ble lverksatt (tab. 5), og resultatene fra
provingsanstalter 1 Canada og Norge, viste at betongen
tilfredsstilte de oppsatte krav med god margin, ved bruk av
Stalite Lettklinker.

Fullskala pumpeforseok (Tab 3) viste ogsd at det ikke var
nodvendig & ta spesielle forholdsregler for & Xunne
transportere betong med 250-350 kg/m3 Stalite Lettklinker
enn 250 m horisontalt og 30 m vertikalt,
pumpeutstyr.

mer
ved hjelp av vanlig

Betongegenskaper

Resultatene fra utpreving av hegfast lettbetong for Hibernia
pilattformen er byggherrens (HMDC) eiendom, og sa ner som for
deler som tidligere er presentert ved internmational symposier,
er ikke dataene offentlig tilgjengelig.

Basert pd deler som er tilgjengelig, og egne labkoratorie- og
produksjondata, har jeg sammenstillet generelle opplysninger
or hegfast lettbetong hvor deler av det grove tilslaget er
erstattet med Stalite lettklinker i de fglgende tabeller.

Tab.l TyplsKe egenskaper for noen typer lettklinker benyttet i

hegfastbetong
~ Material Volumvekt Densitet Abs. 1 t abs 24 t
typer lost lagret vekt % vekt 3
overflate overflate
terr Xag/m3 toxr kKN
L.__.__Leca 8Q0 80O 14.50 8 a7l
Liapnor 8 800 15,00 7 10
Lytaa 800 1500 12 20
Solite 700 14,1010 ) 10
[ Stalite 3 /2% 70 815500 = 2
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Tab.2. Endringer 1 betongegenskaper ved bruk av Stalite Lettklinker
til erstatning for normalt: tilslag. Masseforhold 0.31-0.35.

Stalite Egenskaper herdet betong
1/2 " “Densitet] trykk- { Boye/strekk] E- Modul] Luft-
kg £ kN fasthet fasthet GPa innholad

Mpa' ») Mpa 3

665 85 1928 65,2 4.2 = P57
603 43 2018 70.9 4,6 27.7 o)
431 28 2939 74.9 5.4 2932 1.6 r
290 18 2232 79,2 5.5 T O 1.8
156 9 2322 87.4 il 35.2 1.8

0 0 2400 89.8 5.4 39,0 1.6 |

anm: 1) Sylinderfasthet.

Tab.2. Hibernia GBS. Oversikt over variasjoner 1 ferske betongegenskaper
for og etter pumping. Basert pd produksjonsdata fra glidesteping av
Ice Wall el 9.2 - 18.8 i perioden 07-13.09.94.

EGENSXAP FGR PUMPING 1 | ETTER PUMPING 2
maksiown 250 mm ' 250 mm
SLUMP mininum 220 mm 160 mm
ar. middel 24) mm ! 220 mm
maks imum 21.75 kN 1 22.55 kN [
DENSITET minimum 21.20 KN i 22.00 kN !
- ar. middel 21.40 X | 22,20 KN |
| |
maksimum 6.8 % f 4.4 %
LUFT-~- minimum 5.7 % i 2.4 3
INNHOLD ar. midde] 61 3% ! 3.4 %
f
maksimum 15 oC : 19 oC
BETONG ninimum 1l o 138 e
_TEMPERATUR ar. middel 113 6C . 16 ¢
Anm. 1) 15 preover tatt fra trommelbil ved blandeverk,

2y 25 prever tatt fra form etter pumping.
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Tab.4. Stalite Lettklinker. Typisk blandetabell for hegfast
produksjonsbetong.

Dengitet (in- situ) 19, 30 kN 221 00 kN

Materialer (kg/m3)

o Sement 420 420
{
J silika 30 30
i~
Vann b 160 160
o Sand normal vekt 680 9009
Stein -n- - - 470
Stein lettklinkerxr ] 650 240
Plastiserende og luft
innferende tilsetnings-
—stoffer

masseforheold 0 0.35

Trykkfasthet 28 d |
—__ (8vylinderfasthet) Y ' 65 Mpa 75 Mpa

T

Tab. 5. Proveprogramm for dokumentasjon av materlalegenskaper for MND
betong basert pd Stalite i Lettklinker for Hibernia GBS.
Materialegenskap. | Provemetodikk
Trykkfast (sylinder) CSA A23.2-9C

-t (tarning) NS 427A
Boye-strekk fasthet - CSA A23.2-13C
Strekkfasthet (direkte) aget opplaegg
E-modul under trykk ASTM C469

~- strekk eget opplegg
Stress/strain diagram
under trykk | ASTM C469
Volumvekt/absorpsjon 5 ASTM C642
Luftinnhold/slump CSA A23.2-4C/7C
Fryse/tineegenskaper ; ASTM C666
Kryp/svinn ASTM C512/157/492
Bruddenergi Rilem TC50
vanninntrenging j DIN/1SO
Uttrekk av armering _ Rilem
Lastoverforing fra

t-hode armering Rilem

vedlegg 2. Data fra fullskala puhpeforsmk (tidlligere cversendt)

-"- 3. Teknisk brosjyre Stalite Lettklinker for Hibernia GBS.
g




Skilleark — Fortrykte/Blanke

okkelark til kopimaskinen Kodak 2110 Artikkelnr. 950520N

Skilleark — Fortrykte/Blanke

i 2

i [ L

-

|

B RUKSANYV

I S NI NG

B Legg nokkelarket eller -arkene akkurat der skillearkene
skal plasseres.

Nokkelark

\ Nakkelark

[l

B Legg originalene og nekkelarkene i Feeder med
forsiden opp, og velg standardfunksjoner.

9:00 am wnm

n TIL KOPIERNG

Trykk & tast under funksjon for vaig av altemativ.

[ e oses o [rore et |

ORIGINAL PAPIR- || KOPI- | FORST@RR/FORMINSH [ KOPIUT-
R | | e | P e L™ |[ smFne ]
J

el B &)
508 il T 5 B R T

Bl Legg de fortrykte/blanke skillearkene i gvre
papirmagasin.

B2 Trykk pa stjerne (*) og deretter pa startknappen for
a aktivere ngkkelarket.

-»

Merk: Nokkelarkene vil bli lagt i utmatingslommen. Du kan ogs&
bruke kopier av ngkkelark.
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et VEDLEGG B.4
POLEKONSULT A4/8

Adresse 1! riolgoion 15 9016 Tromse

Telefon : 776 78680 / 94 571441

Telafaks: 716 71441

1

Til: AS ANLBGG! Telefaks nr Dato
76%59996 08.04.97
For : q Tot. ant sider
Bard Krzatians*n Rolf Valum 4
| 15
Vedr. Dokumentasjon Stalite Lettklinker.

Viser til dagens telefonsamtale og oversender som avtalt en
del manglende dokumentasjon vedrorende Stalite Lattklinker som
felger:

1. Bekreftelse [pd at tidligere rapportert svovelinnhold i
Stalite LettXlinker er & férstA som total svovelinnhold.

Kommentar: Bakﬁeftelsen som jeg flkk oversendt fra sStalite, er
ixke videre pyttig siden den ikke gir tilstrekkelig
sporbarhet. Jeq har varslet leverandeoren, og haper pd & f4 en
akseptabel bpkreftelse snarest.

2/1-2. RappoLtlfra Hegskolen i Stavanger men resultater fra
preving av betdng fra prevepumpingen 20.02.97

Kommentar: Sylindre er utstmpt etter pumping, mens terninger
er utstept twr:pumping‘

3/1-7. Rappo] tlfra proving |av alkali-silika reaktivitet i hh
til ASTM C 227 'for Stalite |Lettklinker.

Kommentar: Vedllagt er ogsé |en oversettelse til norsk av
rapporten, samt kopi av et (utdrag av ASTM 33 som gjengir maks.
godkjent eksgansjon for at mateérialene kan ansees som ikke
reaktive. t tekst til tabeller og fig. ikke er oversatt
til norsk, mén Xan oversendes innen kort tid dersom det er
onskeligqg.

4/1-3. Overs Hover typiske sikte kurver fra produksjonen av
1/2" (12mm) Stalite lettklinker over en periode pAd ca 1 mndr.
Kommentar: I|hehhold til ASTM er det ikke krav til
fraksjonerin pﬁ 16 mm som |er den ovre grensen vi onsker &
benytte til Rafpundet Bru. |Stalite vil derfor blande
materialer fra B/4 " og 1/2" for & produsere en gradering som
vi onsker. N$ hhr ingen quv til gradering av
tilslagsmatefialene men SV i pk 2 (97) gir en anbefaling til
kombinert gradeking. Stalite vil produsere et materiale med
D100 = 16 mnm!og' som sammen med den aktuelle sanden moter
kravene i Pk2 dersom det er enskelig.

Det er ogsd Vvedlagt et utdrag av ASTM 330 som viser kravene
til gradering fbr konstrukdlv lettklinker.

Som nevnt har jeg ikke fatt satt 1 sving apparatet for &
utfore tynnsiip nalyse pd en terning som ble utstept for
pumping 20.0

.97, men vil nd f3 ut fingeren fra en unevnt
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kroppsdel, gg f& prosessen| i gang. Jeg er redd resultatene
ikke kan forleligge for om yel 2 uker.

Dersom dett ai et problem|ber jeg om at du kontakter meg.
Ellers hdper] Jag at det er| noe nytte i materialet jeg

oversender.

Hilsen

Al hul -




P8-/04/97 12:56 FIOLVEIEM LS MD. 1LY POD3
Ny 0. QP -

_ e
| &

CHEM!BAC Zadorazonics. Tne

] «P O.BOX 19198 CHARLO(IE, N C 2B219¢

1HL. 394.638 1
FAX #.704 194-4382

March 11, 1997

KEF: 1198 4
Ww.0. 1306

sulfur Ccbntent ol Sample

MADE FQR: Stalite Environmgnlal
P.GQ. Hux 1098
Salisbury, N.C. 48144

ATTENTION: Bill| Griggs
MARKED: Sample received at [Chem-Bac Labs, Inc. on 02/17/97

ANALYSIS: SURLfUr —--ceeeo.. -- less than .010%

Respectfully submitted,

CHEERiﬁigggiagiﬁoarzs. INC.
J.C. Subbell

JCH/th supervising Chemist

gy
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Institult fof Bygg og Anleggsteknikk
Beton estasjonen

Stavanger 07.04.97

DUL, YANNINNTREGNING QG DENSITET

Vedla,t resultar fra testing dvialt pr. telefon samt notat av 17.03.97.
Prove tykkene ble merket s]],-l. 1.syl.2, tern. A, tern. B av oss etter mottakelse.

|
Testingen har tatt noc mer tid enn antatt. Dette beklager vi.

|

Bortsatt fre resultat av uykkfasthet som har fdt mer ean 28 degn, s& mencr vi denne
ekstaltid {kke har hatt noen|innvirkning pd de andre resultatenc.

Vi hiper 8t resultat ex i samsvar med deres forventning.

Fo vl

Hagehs o= | Bravanger SVCin O. WiCk

Pestvens 3007 Vedldgg: Testing av provelegemer i betong. vanninntreningsforsgk (2)
Vilgndnavg
4004 Dravenge

Toielon 83 03 30 0O

fqelerosy 84 88 30 80

Imotitytt 1ar bygy

og smidggerekalny

Sosontogrrree

Milsndnoeg

4904 Siecange’

Tatelea 84 88 27 00
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Authichivgg,

Hogunotor | Btararger

Postaune 2847

Vilpndhrovy

490¢ Stavanger

Toletve 83 §J 10 00

Teletane 81 32 10 00

Tagtitett foe Vygyg

g .nh..luhnln

Qesenosdines

Vitendreuy

4008 Brovengs:

foisraa 61 89 17 00

Tatetens 81 80 3 00

Byggeplass: [Raftsund bro
Stopested: !'Provepumping
Provetaker: Axian A/S

PROVELEGEME: 2X syl 1(X
|
MERKET: syl. 1, syl. 2.tcrn.A1

I)Jn<200rnm
2X tern. 100x100x100mm

TESTING AV PRODUSENT REO MR, 1257
PROVELEGEMER I R
BETONG 1
! REKVNR.
Testing | h.h.til: E{MODUL - N5 3676
DENSITET - NS 3673

VANNINNTREGNING - N534207 ISOIDIS 7031

20.02.97
19.03.97
3.4.0490

Stept dato:
Mottatt datwo:
Pravet dato:

TILSIKTET KVALITET: LC60

B

PRODU?Q'-B |T: HAlogaland Grus& Betong Myrland

PROVE!INR| | || Syl.1 |Syl.2 |A B
PROVEALDER 42 42 |42 42
DIAmm|/ $ide mm 101 100,5 100,5 1100
HOYDE mh/ Side mm 200,5 (200,53 | 101 100,2
L
BRUDDLAST kN 512 491
TRYKKFASTHET SYL. N/mim2 |63,9 (61,9
Midlere lrykkfasthet N/mm2
A |
VEKT Jg 137126 [3,049 | 1840,7 | 1830,4
YOLUM mm3 | 1615 [1578 [1011,1 ({9972
DENSITET |kg/m3 11936 1932 | 1820,7 | 1836*
MIDLERE DENSITET kg/m3
l .'
E-MODUL | Eo GPa 26 24
[ Ec GPa | 24 21.5
VANNINNTREGNING mm 8 10 ,
Anmerkninger: Sylinder ikke sitkulzr. Starre porer i bide syl.1 og syl.2
*Visuelt synes det 4 vere mer smiporer | toming enn i gylindrer.
Teminger Jagret fukdg, ikke i vann, i.h.h tl standerd. Syl. lagret i
vann for testing
testrolf.doc/dw Sign:ht?‘@,/; 07.04.97
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Oversettelsae lav rapport av 23.02 95 fra Law Engineering, Inc. til
Mr Roberto Nuhei Carolina Stalite Company, PO Box 1037
Salisbury, North Carolina 28145, UBA.

Oversettelsen er foretatt ay Rolf Valum 06.04.97.

Ref. Sluttrapport: ASTM C277-90 Preveresultater.

Dear Roberto.

Law Engineering har utfert, undersekelser av betong med Stalite
Lettklinker som tilslag i henhbold til vAart tilbud Nr. 282-93092
(revidert) .

Formdlet med|undersokelsen |[har vert 4 sammenligne alkali-silika
reaktiviteten 1 Stalite Lettklinker med et lokalt tilgjengelig
tilslag med normal densitet, Undersokelsen er utfert i henhold til
ASTM C227-90 'Standard Test Methode for Potential Aklali Reactivity
of Cement-Aggregate Combination (Mortar Bar Methode)" ( Standard
metode for urldersskelse av potensiell alkali-silica reaktivitet i
sement-tilslag kombinasjoner (mertel- prisme metode)).

Denne rapporten presenterer| proveprosedyrer og resultater.

Materialer bilandinger.

(3/4") 1lettkKlinker som e en ekspandert skifer prodqusert i
rotasjonsovn. Materialet Dble knust, sortert 1 fraksjoner og
sammensatt vdrt laboratorie til en graderingskurve som
tilfredsstiller Kkravene 1 ASTM C-227. Betongblandingene var som
spesifisert il A9TM C 277, meh tilslagsandelen ble justert i forhold
til spesifiki?j¢nene, for 3| kompensere for forskjellen i densitet
mellom Stalite Lettklinker| og det naturlige tilslagaet som ble
undersekt. Degte ble gjordt for at bAde Stalite og

refeeranseblandingen SKulliLfé sanme tilslags- og pastvdlum. For

Mertel prismer: Vi har mottatt ca 50 kg prever av stagﬁte 19mm

blandingen med dtalite ble det Benyttet et v/c tall pd 0,51 (152 gr
vann/300 gr éemént), noe som gav en flyt pd 118.

Til referanseblandingen benyttet vi en kvartsittisk natutsand fra
waugh, Alabaga. Sanden er mye bényttet som betongtilslag i omraddet
rundt Atlanta, dg har gjenngm ldkale prosjekt over lengere tid vist
akseptabel bestﬁndighet med| hedsyn til alkali-silika reaktivitet.
Sanden -ble fﬁakéjonert og sammehsatt pd vdrt laboratorum I henhold
til kravene STM C 277. Mortlelen ble sammensatt i1 henhold til
Kravene i AS 277, med et v/t forhold pd 0.50 (150 g vann/300 g
sement), og ded en flyt pa [111.

Som bindemid@el ble det benyttet en Type 1 portland seément fra
Birmingham, Alabama. Sementén ble undersaskt i henhold til ASTM 114-
88 '"standard ﬂest Methode| for chemical Analysis of Hydraulic
Cement" (Standard Metode forn Kjemisk Analyse av Hydraulisk Sement).
for & verifiisqre innholdet av alkalier. Innholdet av totale
alkalier, rapportert som Na20 ble malt til 0.75%.
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Det ble utstept flere lettbetong sylindre med dxh=

76X154mm Fra betongblgndinger med samme voluretriske

blandingsforhold som i mertelprismene i henhold til ASTM V 277. I
disse blandingene av lettbetong, var ca 50 % av tilslaget tilsatt
som standar@ (uknust) 3/4" 19mm) Stalite Lettklinkar, for &
representere tilslagsforde}ingén i en typist standard 1C betong.
Sylindrene fikk samme herdings- og lagrings betingelser aon
mertelprismene i henhold til ASTM C 277.

Proveprosedyxrexn.

;. Prismene ble pgrevet i henhold til ASTH C227-50
"Standard TebBt Methode for!Potential Aklali Reactivity of Cement-
Aggregate Combination (Mortar Bar Methode)" (Standard Metode for
UndersokelseL.ab Potensiell Alkali-Silica Reaktivitet 1 Sement-~
Tilslag Kombinasjoner (mertelprisme metode)).

svlindre; Brudﬂflatene i sylindrene ble undarsekt ved hjelp av en
teknikk som |behytter seg av ultrafiolett lys, og er gjjengitt i
SHRP-C/FR-91F10d1, " Handbdok for the Identification of Alkali-
Silica Reaktivity in ighway Structuras”. (HAndbok for
identifiselring av Alkali-silika Reaktivitet i
Motorveikonstruk sjoner). Bruddflatene ble preparert og undersokt
ved samme alder som pravingen i henhold til ASTM C 227.

Resultater.

£ is : Resultatene /fra proving wtter ASTM C 227 framgdr av
vedlagte kurver og figurer, og viser at prismene som inneholdt
Stalite Lettklihker hadde eh gjennomsnittlig ekspansjon +0.017%
etter ett ar. Tilsvarende ksﬁansjon for referanseblandingen var
+0.012%. Sp;%dnﬁngen pa de to resultatene er mindre enn hva ASTM C
227 aksepterer for spreding mellom flere prismer fra samme
betongblanding.

Lettklinker |ikke hadde synlige indikasjoner pd alkali-silika
reaktivitet | vdd wundersokplse med ultrafiolett 1lys og 10x
forstorrelse| i lepet av detf dret undersokelsen foregikk.

Sylindre: Syl?g?erpr@vene diste at tilslagspartiklene fra Stalite

Law Engineeringy setter prjis pa mulighetn til 4 fA& yte denne
tjenese. Dersor det skullle vere speorsmdl forbundet til denne
rapporten, ellexr om vi kan Vere til ytterligere hjelp, ber vi om 4
bli kontaktet.

med hilsen

Law Engineering|, Inc.

Figur A.

Vadlegg: Samkenbtilling av [ASTM C 227 Proveresultater
Utdragl av ASTM C 33. Kommentarer til provemetodr C 277.
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X113 Jest Method CR27=—The rosults of 1his test
method when made with|a High-alkali cement. fumish
informanion on the hkelihdod f harmtul reactions| occur.
nng. [he alkab content of the cement should be substintially
above DAL und mcl’erajvly dbove () 8 %. expreised as
sudium oude. Combinations of aggregate and cemdnt that
hase produced excessive gipansions n thas test [usually
should be considered potenlially reactive. While thejline of
demarcation between nunrehctivk and reactise combinations
v not vicarly defined. expansion s generally considered to be
excessive 1f gt exceeds 0.05[%% al ) months or 0.101% at 6
months. Expansions greater[than 0 08 7 at } monthy should
not be conudered cxceessivé where the d-month cxpansion
remains below 0 10 % Datd for the 3-month tests should be
considered onls v.hen A-mu nth tesults are not av all.l]ﬂL

X144 Tese Method ¢ 342---This 1est method is Wmndcd
primarily for research cong rmng the patential exputdsionuf
cement-aggregate combinalions subjected to vanations of

temperituse and water s.itumt:on dunng storagd under
prescnbed conditions of |Est ts use 1s mainly by those
interested in research on ag;_rcg,alcs that are found mf ans of

Kansas. Nebraska, towa anfl potsibly ather adjoining areis.
X114 In addition to ifs uséfulness in rescarch. 1his test
mcthod has been found usetul in the selection of Jggrcgalnx
uf the so-called “sand.graviel™ @ pe found maialy 10 some
parts of Kansus, .\’eblrukaJ and fowa, which contdin very
hittle coarse matenal: generdlly 5 ta 1S % retained onfthe No
4 (475-mm) sieve. MucH work has been done |on the
problems of using these aggregaes xucccssf'ully in Joncrete
ond 18 reported n summan in the “Final Report of
Cooperative Tests of Pmpurcd Tentative Method of [Test for

tigo Ll Faas

A2

ca3

Potential Volume Change of Cement. Aggregate Combina.
tions.™ Appendiz 1o Commintee C-9 Report. Proceedings.
ASTM. Volume 54. 1954, p. 356. 1t indicates that cement.
aggregatc combinations lested by this procedure in which
expansion equals or exceeds 0.200 % at an age of | year may
be considered unsatisfactory for use in concrete ¢xposed to
wide vanations of bemperatwre and degree of saturation with
waler. In that geographical region. the problem has been
reduced through the use of partial replacement of the
“sand-gravel™ with limestone coarse a ge.

X1.1.5 potential Reactivity of Carbonate Aggregaies—
The recaction of the dolomite in certain carbonate rocks with
alkalies in portland cement paste has been found to he
associaled with deletenous expansion of concrele containing
such rocks as coarse aggregate. Carbonate rocks capable of

Asuch reaction possess a characteristic texture and composi-
non. The charactenstic texture is that in which relatively
large crystals of dolomite arc scattered in a finer-grained
matnx of calcite and clay. The characteristic composition 1
that in which the carbonate portion consists of substantial
amountys of both dolomite and calaite, and the acid-inwluhle
residue contains 8 significant amount of clay. Except in
certain areas. such rocks are of relatively infrequent occur-
rence and seldom make up a sigmficant proportion of the
matenal present in a depoxit of rock belng considered for use
in making aggregate for concrete. Test Method C 586 has
been successfully used in (/) research and (2) preliminan
screening uf aggregate sources 1o indicate the presence o
material with a potential for deletendus expansions when
used in concrate.

‘he Amesnican SoCmiyilor Tasting and Matcnals tafos no 0q311:0n A3 pECUNg Ine vaidty o/ dny pelent rigits ssseted In fonmection
wnn eny dem manfiored . ths standard Users of i <1angard are 010033’y advised that celerminetion of the vehdRy o ey such
patent aghty and (he L ninngerngat o suchH 'v?hlv‘ ara hatraly thye Own 18 309 Oy

TRig €29nUard 14 $udECt 10 ravi$iOn Al any I'me Dy[}ho raspnrs dle lecnmcal comraities ard mudt B9 reviewed evary Iv¢ ysers ad

A not revesavt e.mrv 7]

10ved o wilAdrawn Your rimmaents ara invited edmer 101 ravis:0n of 1N stendwrd or for 4oditionn) stengarda

u~} sncuid be aaq;ns ] 10 ASTM Huadauarters Your commaents will ticave carelul Consd®aton d & meeling of P4 As00N IO

techmcyt nmrr-rnu wh
v RwS AarCwn [y 1h[- ASTH Commutrgy on Standsray.

n you myy Mtend i you fr:ei that your comments rave nit teCesvet] a lax hee g you shuukd meke your
1916 Hace S1. Philadeiome. PA 19103
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May 23, 1995

Mr. Roberio Nune

Cuolina Stalite Compény

P.0). Box 1037

Salisbury, Morth Gacolfna 28145

Subject’ ELnl eport
ASTM C 227-90 Text Results
“arvljae Stalite Aggregate
ngineering Job No. 5820644801

Dear Roberto:
' Law L-,ngmegnngc[ has completed testing of cbncrctc mixtures oont:inlng Stalite in
accordance with 9ur Froposal No. 582- 93093 (Revised). The purposc of our tesling is to compare

the alkali-silica mcxwuy of Statits rotary kiin, expanded slate aggregate and a locally avalisble

normal-weight aggreghte whea using ASTM C227-90, "Standard Test Method for Polential Alksli
Resetvity Ochment-Agnggltc Combinations (Mortar-Bar Method)®. This report presarrts the rest
procadures and rqsu!t.s

Matcrials and Mixtyres

Morar Bars: Caroligs Stalite Company provided an approximately 100 pousd sampl of Stalits
3/4-inch, moury ?ﬁﬂn, expanded slate ug#rcgnbc, The Stlite aggreger ssmple in the
laborarory, separated into size fractions, and cormbined to moet the requirements of ASTM C 227.
The mixtures used were as specified by'AS'I‘M C 227. The aggregme barch welghts in
ASTM C 227 were adjusted to compensate for the difference in specific gravity the Smlttz:
agyregare and tHe natural aggregate belg tested. This procedure was followed so that both the
Stalitc and the Reference mixtures had :'hc samc aggregate and paste volumes. The woter-cament
rativ of the Stalite mixture was 0.51 (152 grams of water/300 grams of aaneut) to praduce a flow
of 118.

law Enginesrin g obtained a naturul quadtzitic sand from Waugh, Alabama for use in the reftrence
mixture. The m(uril sand is widely ubed in concrete in the Atlanta area and has ah acooptable
performance hns.tory with respect o alkpli-silica reactivity in local projects. Thic natural sand was
separated into sF,c factions and recombined in accordance with ASTM C 227. The mortar bw
mixture was prupaitioned in accordarce with ASTM C 227, The water<zment mtio of the
reference mixture wWs 0.50 (150 gramy| of water/300 grams of cement) to produce a Blow of 111,

Law Enginrering obksined a sample ot 'ype I portland cement from Birminghzm. Alebama for usc
on this project. LThc cement was tested to verify its alkali content. The totpl alkalid, reportad as
Na.0, xvas mcaured o bc 0.75 percent ‘hen tested in sccordance with ASTM C ] 14-88 "Standad

LAW ENGINEERING, INC.
TH PUGTULS AVENUE N E o ATUANTA. GA 38334

|
\
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Cylinders: Severul 3-idch diameter by 6—i|nch lightweight concrete cylinders were inade using the
same volumetric propoptions as the ASIM (217 mortar bars  Approximately SO percent of the
ageregate in the cy|inddrs was uncrushed. 3/4 inch maximum sized, iighnveight aggregate particics.
The uncrushed lightweight aggregate pasticles were included in the cylinders to represant the
aggregate in a typical lightweight sTuctural conaete mixtute. The cylinders were cured and stored
in the same conditions ks the ASTM C 22|7 spedimens

Test Procedures

Mortar Bars. Mortar bars were tested in socordance with ASTM C 227-90, "Standard Test Mcthod
for Potential Alkal| Reactivity of C'zmcntJAggmgatn Combinations (Mortar-Bar Method)”.

Cylinders; Fractuted fhees of the cylindars werc observed using the ultra-violet light echnique
presented in SRRPEC/FR-91-101, "Handbbok for the Identification of Alkali-Silica Rewctivity in
Highway Suuctures™, frcsh fractured faces were prepared and observed al the saoc ages as the
ASTM C 227 meadurements.

Test Results

Morar Barx: ASTIIA C 227 test results ars presenitad {n the anached tablkes und figure. In soamary,
the mortsr burs cotaining Stalite aggregate expanded and average of +0.017 peroant canpared o
Wi avciagc expmi$n of -H0.012 percent for the reference mixture over the one year daration of the
st The range of the wo results is less tHan the ASTM C 227 allowable within sest vertetion for

a single matcrial.

Cylinders: Thc Shlitd aggregnte pmicl'fs in the cylinder specimens did not cxhibit visible
indications of alkall-sillica reactivity when |vicwed using the ulaviolet light technique and # 10x
magnification over the éne year duretion of the test.

Law Enginocring ,prailliatus the opportunity of providing this servies. If thare ere amy gamsdons
about this report, ot if we may be of further serVice, please call,

Sincerely,

LAW ENGINEERING, IINC.

Terry IL.
Scnior Eagincer

T S i -
e il 2

-~ <« -
John R. Love, P.E.
Prncipel Engincer

Attachment ¢ Surrtmarty of ASTM C 227| Test Results
Figure A

TLVARL \tving sPoAd8A1 mx
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ASTM (| 227-90 TEST DATA
Carolipa Stalite Company
. W = s
[ STALITE AGGREGATE MIXTURE | Bach Deie: p/21/54
Length Chinge, percent Avérage
P.eading - Az Length
| AE. A B - L D C ! %
I day 0,000 0.00p 0.000 0.000 0000
14 days 0007 0007 |  0.007 0.007 0.007 |
28 days 007 0.007 0.007 0.007 0007
2 months 0012 0.01] | o.on 9.011 0.01)
5 months 0X1S 0014 | 0014 0.013 0914
4 months 0,018 0018 0.018 0.016 0018
6 months | opis 0.017 0.018 0.016 0017
9 months | 0p16 001p 0.016 0.014 0d1s
12 months an17 0.016 : 0.017 0.016 0.p1
> :?3 '; . _ﬁ!.—-_m-
Note: Tth subject samples did not exhibit warplng, surface aracking, of surfwa: deposits
duriag the testing.
e a— o S
REFERENCE MIXTURE Baich Date: 2/2194
|
Length Chdnge, peroent Awrege
Reading
- - u+ e
| day 0,000 oo | 0000 0.000 0.000
14 duys 0{008 0005 0.005 0.005 0bos |
T | ! 3
28 dayvs ojovy 0.004 | 0.004 0.004 a.pos
| . ;
2 munths 0,012 0.008 0.007 0.003 0009
3 months 0io3 0.010 0.009 0.009 0.010
4 months ojots 0.01p 0.012 0.012 0p13
6 months 0017 0.0tk 0013 0.013 0014
9 munthie 0}0[3 no‘lo 0.010 0.0l1} OP“ H
[2 monthy 01013 0.01F 0.010 0.012 0p12
- 1= — — R
Notw The subject camples did not ¢xhibir warping, surface cracking, or surfew: deposits
dunjng lj'nc testing.




ASTM C 227 TEST RESULTS
Carollna Stalite
FIGURE A -
0.230— ‘ 0.913
9.928-- —— 3 0 0.928
! l |
0 625--— - : 0.025
|
0023~ - 0.023
H L— | - r I
0020 : —Ii—0 020
0.018 e —tco1s .
T - — e c ‘
-—_‘-'-"-l-.
2 0015 rid Em— 0015 & =
i TS e— - b =ty
> R A L—/ . : 1 s
3 0Cte : - (30 (o Bal
df /// ! l 'iJ
0.009 / 0.0C8
0.05~ —2/-\“ —0 CE
0.002 : —++0 ca2
)
0.000 - -0.GOG
: i
.C.003 —}-.0.903
I
00085t T T T T T T T 11 e b e B e 5 S B D L =T e T +0.005
0 28 56 84 112 140 188 198 254, 282 280 308 316 ag4
Nota: Avarage of ‘ot bars per mixture
PREPARED BY LAW ENGINEERING
JOB NUMBER S820644601 - STALTE 2l REFERENCE 5/24/95 TU
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THESE ARE|TYPICAL GRADATIONS OF OUR 1/2 INCH “STALITE". THEY WERE TAKEN
OVER A TIME OF APPROXTMATELY ONE MONTI.
SAMPLE # QRADATION(PERCCNT PASSING)
SIEVESIZE 31 12 3/% #4 "8
(ISmm)  (12.50um)  (9.5ugn)  ($.75mm)  (2.568um)
1 Hin 91.2 52.9 6.7 2.9
2 1o 2.6 $4.) 6.6 33
E 100 92.9 $6.7 7.1 1.1
4 100 93.0 53.3 5.5 35
5 ] 92.0 46.0 3.7 L2
6 160 932 51.0 3.9 24
N 10 Y2l 438.% 3.5 ns
3 It 41.6 558 8.2 59
9 1) 92.6 $52.8 28R 1.9
10 1) 93.6 S8 44 2.5
AVERAGE 100 918 2.7 53 24
TH!S MATERIAL. 1S PRODUGCED TO ¢OMPLY WITH ASTM C330
/’//0/'&!?//%? (AUt 2 Croee v Covee P, e 4
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TABLE | Gdading Requirements for Lightweight Aggregates tor Btructurel Conorete
¥ g e Peroeniages by Wegh) Pessmg Seves Hewg Souere Ouregt
BT tn un wn W n Mo 4 No 8 M 18 N0 %0 Mo 100
ok s i (250 (19.0 1zs @5 {4.76- - (r1s - (300 (160~
mm) mmj mm) mm) mm) ey ) | ) wm_ _____
Fire sggregale
Ne 4w 0 . 100 88100 -] 1038 5-2%
Coarss aggregale
1in W No 4 5-100 25-80 A 0-10
Win wNo 4 100 80-100 ; 10-50 0-15
Yein b0 Mo 4 ) 100 R0-100 40-80 0=20 0-10
W woNo B o 100 #0-100 5-40 -0 0-10
Comtnnad hre and COM 8 BJUTEgNIE
Ym0l » 100 95-100 L1 ) -0 2-1%
Wan 100 . : 100 $0-100 8590 683 10-25 5-1%

TABLE 3 Weight of Kivwe Tust Sempie for Fine Lightweight

TABLE 2 Unit Weght Requirements iof Lightwaight Aggregptes
tor Structurs| Congrete r P‘“Iﬁ
Dey L0034 Aange of Npmna =
1 1 Weagrt of Test
Sizn Dewignaton chgg;’;r’mu. - Weght of Agpregehe Satoe. b
{kglm?) e -
F t 101120 e o o
S Sy g : 15-25 240400 100
Coprse aggrepets 55 (880) 2535 180
Combuned fine and cOoMn aQQregste 44 (1040 2645 $90-730 200
43-58 70490 260
. : ; g 53-83 840 -1040 300
plastic over the hurlap will facslitate keeping it wet Remove 85-70 1040-1120 380

specimens from the molds notjless than 20 nor more than 48
h after casting and store 1n 2 moist room maintained at| 73.4
+ PF (23 £ 1 7°C) with a relguve humidity of not less|than
95 %. At the age of 7 days. ramove the specimens from the
moist room. measure for length. and store in 3 curing cabinet
maintained at 100 = 2°F (37.8 & 1.1°C) with a rc ative
humidity of 32 £ 2 %.

8.7 Grading (Method C 136)—Foliow the procedures of
Method C 136, except that the weight of the test sample for
fine aggregate shall be in accordance with Table J. The test
sample for coarse aggregate shall consist of 0.1 £ (2830 cm’)
or more of the material used for the ination of unit
weight. The aggregate, when mechani weved, thall be
sieved for only 5 min.

8.8 Unit Weight (Loose) (Test Method C 29)—The aggre-
gate shall be tested in an oven dry condition vtilizing the
shoveling procedure.

8.9 Clay Lumps and Friable Panticles in Aggregales—
Test Method C 142

NoTE 4—The air immediately aLove 4 saturated solution of magne-
sium chloride (MgCl,) at 100°F (37 8°C) Is approximutely 32 % rtlauve
humidity.

$£.4.3 Report—After stor:glf in ‘the cabinet fur 28 |days,
determine the change in length of each specimen to the
nearest 0.01 % of the cffective gageilength. Report the change

in length as the drving shrinkage of the specimen; repo the
average drying shrinkage of [the specimens as the drying
shninkage of the concrete r

8.5 Test for Popout Matetials-—Prepare concrete peci-
rmens for the test for popout materikls as described in method
for preparation of samples far sh}inkagc of concrete.|Cure
and autoclave the specimens ih accordance with| Test
Method C 151. Visually inspegt the autoclaved specimens for
the number of popouts that Have developed on the surface.
Report the nverage number of pogouts per specimen,

8.6 Test for Freezing and \Thawing—Make freezing and
thawing tests of concrete. when required, in accordancg with
Test Method C 666

The Armerican Socmty for Tasting 1 Mateclsts [skes N0 poLTioN rempecting the Wity o ey
I imws standard Usare of Ihis planderd are axproesay achived thal

wilh gny hem mentrorted

This sranded ie

9. Rejection

9.1 Material that fails to conform to the requirements of
this specification may be|rejectod. Re) shall be reported
1o the producer or supplier prozoptly an in writing.
10. Certification

10.1 When specified in the purchase prder or contract, 4
producer’s or supplier’s certification shall be furnished to the
purchaser that the material was manufactured, sampled, and
tested in accordance with this specificition and has been
found to meet the requirernents. specified in the
purchase order or contract, 2 report of the test results shall be

furnished.
| npnmu.rnm
of the vatialty of (]

patom rghts and the|risk of sninngement of such rohtd, e enfiraly thaw own respans Dty

. bmWﬂmymby!mrmhmeMMMMMm

Aot revised edhe rqqppro}-.aorm'marrm rwmmummﬂﬁwumdhnmrbw
art 3houlc be acoredsad M ASTM Hestguarters YWHW!MHWWWIIMNWW

166 g 3! COmmunss

hech you may Aftend #rwfn.rmuourcamsn-nmmohﬁm;wmﬂm”ﬁ

wrawd kngwn 10 Me ASTM Commates on STandards, 1016 Race . Priaciaipiis. PA 19103
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Stalite: Structural Ag
Size
34" o k4
Sieve Size . % Passing
1" (25mm) 100
3/4" (19mm) © 90-100
38" (9.5mny)  10-50
#4  (4.75mm) ' 0-15
12" to #
Steve Size % Passing
3/4" (19mm) 100
12" (12.5mm) ' 90-100
- 3/8" (9.5mm) 40-80
#4 (475mm) 0-20
#8 (236 mm)| 0-10
3/8'" to#
Sieve Size % Passing
122" (12.5mm) . 100
3/8" (9.5mun) - &0-100
#4 (4.75mm) : 540

#8 (236mm) ' 0-20
#16 (1.18mJn) e 6

Fines For Structutal Concrete
Sieve Size % Passing
#4 (4.75mm) : 97-100
#8 (236mm) 70-85

#16 (1.18mm) 40-55
i 30-40
17-25
14-17

#30 (600um)

#50 (300wm)
# 100 (150pm)

Qoo

' CAROLINA STALITE
gate Gradations
Specific Gravity Unit Weight (Demp Loose)
Lin/Cabic Foot (Kgs/Cubic Meter
1.47 t0 1.54 47 to S8 (750 to 800)
1.49 tu 1.55 48 to 82 (770 1o 830)
1.57 to 1.64 50 to 54 (800 0 8G5)
175 to 1.85 530 57 (850 to 910)
STALITE &
. ) ST 154






