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EXECUl'IVE SUt-11ARY 

To pt·oduce t he optimwn structural concrete , aggregate must be tested a nd 
evalual.ecl to assure conformance \vi th required specifications . 

This re)X>rt documents results of tests performed on a proposed ne1v 19.05 mm 
(3/4 in) crushed stone produced at t he Calkins Sand & Gravel Corp . facili.ty in 
Coventry , Vermon L. Priol:' to development and production of the crushed stone , 
the Coventry facilj ty had been used for many years to produce fine aggregate 
and crushed gravel materials for a t.,ridc variety of applications . 

Test 1·esul ts and evaluation confirm t h e ne \-1 material meets the required 
specj f i cations as a H). 05 mm ( 3/4 in) crushed stone , coarse aggregate source 
for structural conc1·e t e . 
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_INI'RODUCTION 

To pro,·ide a n accurate evaluation of an aggregat.e for use in structu ral 
conc r ete , n o t only should t ests be initiated to assure compliance t.Ji.th 
r e quired specificat ions , but a collation of the ne~ agg r egate ~ith a 
previously evaluated reference aggregate s hould be performed. This procedure 
compares both aggregates by preparing and test i ng concrete mixtures w1de r lhe 
same conditions . 

The Ca.ll{ins SR-nd &. Gravel , Inc . facility i n Cow~ntry, Vermont , for many year s 
haR produc.;ed fine aggregate and crus hed grave 1 materia l s for use in highway, 
resjdential ::~nd many othe r application s . ~'lore r ecently I a ledge outcr·op at 
t.he sj te has been developed by the company and crushed s tone rna teri a l s are not-.r 
be i.ng processed a t the f acility , as t<el l as t he c rushed g r avel products . 

During December 1993 I Mr. B1·uce \~arner , Quality \.',ontroJ Manager of Calldns 
Redimix Concrete I requestPd the ~1aterials a nd Research Divisi on conduct an 
evaluati on of the net.~ 19 . OS rnm ( 3/4 i n) crushed stone p rocessed at t he 
Coventry fac ility . Fol ]ot.ring his request , samples of t he nel-l material l--lerc 
obtained by Mate rials and Research Divisjon represent.atj ves and evaluated for 
compl ianc e t-~i th Lhe requ jrP.mP.nts of Section 704.02 of t h e Stan<.lard 
Specificat:ions for Construc tion . The Agency of 'franspol~tation ' s Chie f 
Geologist also traveled to the s l te Lo obt ain samples for petrographic 
analysis of the material . 

An initial sample of l9 . 05 mn• ( 3/4 j_n) c rus hed stone obtai ned on December· 21, 
1993 complied t<~ith gradation, wear, fractured f aces , thin and e l ongat ed pieces 
and soundness requj rements . The Tra nspol'tation Geo legist performed a 
pet rograph i c anal ysjs and determinetl t he maLerial was s imilar t o material 
generated at the Lebanon Crus hed Stone Quarry in Lebanon, Net<~ Hampshire . 'I'he 
Geologist no Led, hmo~ever, that the Coven Lry mate rial Has vn.riable and that 
J ess nompetent r ock t.ypP.s Here present i n t he quarry. Petrographi c analyses 
1-1ere also perf01·med by the Geologi s t on several s:i zes of coarse aggregate 
manufactured for use in bitumjnous c.:oncrete . 

Condi t"i onal approval to use Lhe 'l'W:>hed stone coarse aggrega Le i n Vermont 
Agency of 'Transportatton (AOT) s truc turaJ conc r ete was gran·ted on ,\pril 8 1 
l 994 . The approval ~o~as canting en L upon s uccessful camp 1 etion of freeze-thah'l 
t f'st s of concrete conta i nlug the neH aggrega te . f'vlat,edal s Here obtained for 
t.hf' performance-in-concrete phase of the evaluat ion whic h was conducted in 
the Cen tral Laborat ory o [ the tvlaterial s and Research Div i sion. 
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PROCEDURES - . - ·--

PHASE I -_ SECrt(!'J 704 . O_l_ AND SEC1.'ION 704. 02 TEST§ 

The proposed llP.IV aggregat e Has sampled on December 21 , 1993 , by Naterials and 
Research Division representatives , from a stockpil e at the Calkins Sand & 
Grave] facility in Coventry , Vermont . The 19 . 05 mm (3/4 in) crushed stone 
was examined for Gradation (AI-\Slfl'O '1' 27), Percent of \\1ear (MSHTO 'I' 96) , Thin 
and Elongated Pieces ( V'I' AOT-~10 22) 1 Fractured Ji'aces ( V'r A0T- t''1D 23) and Sodium 
Sulfate Sounnness ( 1-\ASHTO 'T'l 04). lvhen neHly produced materia] 1-1as desired for 
"Performanne-in-Concrete Tests" 1 subsequent samples of 9 . 5 nUll ( 3/8 in) and 
19 . 05 nun (3/4 in) ma1~erial wer·e obtained on J-une 30 1 1994 and blended to 
produce the requirAd grading . 

'!'he fine aggregate and reference coarse aggregate (19.05 mm [3/4 in] crushed 
gravel) are a)so produced at t he Coventry f acility and samples of these 
ma1~erials Her.c obtained at that location. The fine aggregate and reference 
J 9 . 05 rmn ( 3/4 in) crus hed gravel coarse aggregate are used routinely at t he 
Coventr.y eeady mj x plant and 1-1ere examined onl y for Gradation ( MSUTO T 27) . 

PI-lASE I I PERFORMANCE- IN- CONCRETE 'rESTS 

The perfor-mance-in-concrete tests 1-1ere conduct.ed on concrete prPpared in t he 
Central Laborator·y. Hixtures 1-1ere designed by St.ruetur-al Concret.e Subdivision 
personnel for Class A and Class B concret.e , using t he folletvin~ materials: 

Fine Aggr-egate, Ref erence Coarse Aggregate and Proposed Ne'" Aggreg~t.e 

Ca) kj ns Sand & Gravel, Coventry , Vet·mont 

Cement. ----

'T'ype IT. 
Cjment Quebec Inc . 1 St . . Rasile , Quebec , Canada 

Air Entr-aining Admixture 

Darex TT 
W. R. Grace Co . I Cambrid~e , l"lassachuset.ts 

t-Jater Reducing Admixture 

WRDA tv j th 1-lyr.o l 
W. R. firace Co. , Camhddge , fvlassachusetts 

Aggregate properties used for preparj 1:u; mix designs are s hm.;n in Table 1 and 
Table 2 1 in Appendix A. M) x proportions used are shmm in Table 3-SI and 
TabJ e 3-lJS in Appendix B. 

The concrete used in thi s evaluation 1¥as m] xed i n a Sear-s roLary drtun mixer 
t-~ith batch s i 7.P. bejng 0 . 042 m3 ( J . 5 rt3 ). Aggregates 1-1ere ai.r- d . .d ed prior Lo 
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t he s t a r t of rnJ x1 ng operaU on s . THo ba t c hes each of Cl ass A a nd Class B 
concreLe con Lain i ng f i ne aggrega te and t he new coar se aggr egu1,c ~-.~ere prepared 
as I..JelJ as twv batc he s each of t he Class A and C) ass B concrete con taini ng t he 
r e f e r ence aggr egaLes . 

Tes t s 1.;er e per formed on t he f resh concret e to · de t ermine Slump ( AASH1'0 'l' 1. 19 ) , 
Air Content (AASHTO T 152l and Unit Weigh t ! AASHTO T 121) . Six test 
cylinders , 152. '1 nun x 304 .8 mm (6 in x 12 in), and tHo freeze-tha1.; spe0ime ns , 
76 . 2 1mn wj de x 76 . 2 rrun deep x 406 . 4 mm long ( 3 in x 3 i n x 16 i n l , were cast 
from each batch. The cylinder s were tested f or compressi ve str ength (AASHTO 
T 22 ) , tHo each at. ages seven , 14 a nd 28 days . Tlte freeze- thaH specimens Her e 
moist c ured f or 14 days , a fter which t hey 1-rere s ubject e d to f reez ing a nd 
t haHing (AASI-ITO T 161) i n 3% NaCl solution . 
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RESULTS AND DISCUSSION 

1 . Samples of t he proposoo net.; coarse aggregat.e obtained from the Calkins Sand 
&.. Gravt=>l fac iljty in Coventry , Vermont were foLmd to be in compliance Hith the 
require ments o f Sec tion 704 . 02 when t e sted in conjunctio n with this 
eval uation. The fine aggregate and reference coarse aggregate Her e also found 
t o comply respectively with Section 704. 01 and Section 704 . 02 requirements . 
Fine aggregate t est r esul ts are displayed in Table 4 , in Appendix C. Coarse 
aggregate t est r esults are also shmm in Appendix C, in Table 5 and Table 6 . 

. Copies of the Chief Geologist' s petrographic analyse s are s ho1.;n in Ap}Jendix D. 

2. Tes t dat a for fresh and ha rdened cortcr e Le , f or all batches , is exhibited 
in Tables 7-SI and 7-US in Appendix E . 

3 . Tbe average 28 day cotnpress i ve strengths of concrete containing the 
Calldns Sand & Grave l 19.05 mm (3/4 in) crushed s tone coarse aggregate were 
approximately equaJ to the s trengths of concrete containing the r e f e r ence 
aggr egate . Cl ass A c oncrete containing proposed n eH aggregate from Lhe 
Coventry quarry had an average compressive strength of 33 . 19 NPa (4814 ps il at 
28 days , >vhile the Cl ass A concrete containi ng r eference aggregate yielded an 
average compressive strength of 33 . 20 MPa (4815 psil . The Class B conc r e t e 
conta ining the ne 1<1 19 . 05 mm ( 3/4 in) c rus hed stone aggregate from Calkins 
quarry in Coventry had an average compressi ve strength of 32 . 01 NPa (4643 psi) 
at 28 days, Hhile the Class B concre·tc containing the reference aggregate had 
an average compressive strength of 32 . 87 ~'IPa ( 4 768 psi} . 

4. Results of freezing and t ha1.Jing test s showed reduced p e rformance for 
concr e t e conta jning the neH aggregate , Hhen compared Hith concrete containing 
t he reference aggregate . Both Class A and Class B concrete ,.,.,;_ t h t he ne1-1 
aggregat e had s pecimens Hhic h '"ere too de teriorated for sonic t ests to be 
completed through the entire 300 c yc l es . However, weight loss results wer e 
not significantly different f row the c oncret es containing .~eference 
aggrega·Les . The average \.;eight loss of Clnss A concrete 1./BS 0 . 8% greater than 
the lveigh t loss of conc r e t es containing t he r e f erence aggregate. Cl ass B 
concrete containi ng the ne1<~ aggregate s h01.;ed 4% greater a ver age He ight l oss 
than Cl ass B concret e Hith the refer ence aggregate . 

5 . ~Jix design tables (Appe ndix B) i ndicat e Class A and Class 8 mixtures 
containing net< aggr egates required comparable quant i ties of mixing 1-1at er to 
devP.Jop a i r contents and slumps s imilar to the mixe s containing the r e f erence 
aggregates . 
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RECOOMmiDATIONS 

1 . It .i s r ecomme nded that the neH· crushed s t one coarse aggregate produced at 
the CuJ ldns Snnd & Gravel Cm~p. facility i n Coven Lry, Vermont be appr oved for 
use :in structural c oncre t e . 

2 . During the initial uses of concrete conta ining t he crushed stone coarse 
aggregate on Agency projects , 1"\aterials and Research Div i s:ion representatives 
shall conduct t es t s necessar,-y· to dete ernine the perfnrrna.nce of t hP. material in 
concrete w1de r fi e ld oondj tions . Due to the range of l~A~tll ts obtaj ned j n 
freeze-thaw tests , it j s r ecomme llde d t hat s ubseque nt t P.s ting :inc lude 
fabr:i cation of free~e- t haw specimens to permit. further examination of Lhis 
concr.et l';' property. 

3. Perf ormance of additional pet,rographic e va luations of the neH coarse 
aggregate is a l so rec ommended annua ll y , as a mi n i rntlm , to pennit monitoring of 
any c ha nges in the mine r a l ogy of Lhe material. Should examination r eveal 
significant increases in t he quantjty nf Phyllite present in the stone , the 
Mater ials and Research Divisi on rP.sen·es the right to order use o f the 
material discontinued. 
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TABLE 1 

FI NE ACGREGA'Y~ _POOPERTffiS 

Calkins Sand & Gravel 
Coventry, Vermont 

Du)k 
Specific 
Gravity 

2.63 

'l'ABLE 2 

Absorption , 
Percent 

1. 3 

ffiARSE AGGREGATE PROPER'l'J.Eq 

Bulk 
Specific 
Gravjty 

Proposed Ne1v Aggregate 
19 . 05 mm (3/4 in) Crushed Stone 
Calkins Sand & Gravel, 
Coventry, Vermont 2.82 

Reference Aggregate 
19 .05 mm ( 3/ll in) Crusherl. rtrave l 
C".-alldns Sand & Gravel, 
Cow-mtry, Vermont 2 . 7 5 

7 

Absorption, 
Percent 

0.8 

1.0 

Appendix ''A" 

Fineness 
ModuJus 

2 . 90 

Dry Rodded 
Unit \veight, 

kg/m3 llbs/rt3) 

1648 (102.86) 

1701 (106 . 18) 



'l'ABLE 3- SI 

OONCRETE MrX DESIGNS - -

BA'l'CII QUANTITIES PElt CUBIC ME'I'~ 

New Aggregate 
13atch Numbers* 1 

Appendix "D" 

Reference Aggref~te 
BaLch Numbers 

CJass A Class B Class A Cl~ss B 
-----=-t-=Ia:..::t=e=-r=ia=l=--__ _.__......:l:..:..A.:.._-..:::.;:ST __ 2A-ST 1B-ST 2I:l-s_'l' __ : 1A-GR __ 2A-Qll_ 1j!-GR 2B-GR 

*319 .1 mm Stone, kg 
*3sand, kg 

996 .1 2 996.12 996 . 12 996 .12 
792 . 03 792.03 865 . 01 865.01 
391 . 57 391. 57 362 . 50 ~62.50 

1030 . 53 1030.53 L030 . 53 1.030. 5:3 
737. 45 737.45 810.42 

Cement, ltg 391. 57 :3~1 . 57 362 .50 
Darex II , L 
\vRDA/Hycol , L 

0.3:3 
0.77 

0 . 33 0 . 23 
0.77 0 . 71 

Net water, L 

0.34 0.34 0 . 23 0 . 23 
0 .77 0 . 77 0.71 0.71 

163 .88 165 . 37 158 . 93 164.38 163 .88 164 .38 160 . 91 

*1Batch number!=> desj gnated S'l' contain crushPd st,one coarse aggregate . 
*2Batch numbers designated GR contain crushed gravel coarse aggregate . 
*3tveights converted to srtturated surface-dry conrli t ion. 

TABLE _;3-US 

OONCRRTE MIX DESIGNS 

BATCII QYANTITIES PER CUBIC YARD 

New Aggregat e 
Batch Numbers*l 

Reference Aggref~te 
Batch Numbers 2 

Class A Class B Class A Class B 
lA-ST 2A-ST l B-ST 28-ST ~~teria==l-----~~ lA-GR 2~-GR lB-GR 2B-:-GR 

*33/4 in. Ston~ , lbs 
*3sand, lbs 
Cement, lbs 
Darex I I, oz 
WRDA/Hycol , oz 
Net water , ga] 

1679 
1335 
660 
8 . 8 

19 .8 
33 .1 

1679 J679 
1335 1458 
660 611 
8 .8 6 . 0 

19 .8 18 . 3 
33 .4 32 . 1 

1679 1737 1.737 1737 
1458 1243 1243 1366 
611 660 G60 611 
6 . 0 8 . 6 8 . 6 6 . 0 

18 . 3 19.8 19.8 18.3 
33.2 33.1 33 . 2 32 . 5 

*1Batch numbf!rs designated ST contain crushed stone coarse aggregate . 
:t:2BaLch nurubers designated OR contain crushed gravel coarse aggregate . 
*3we:i.ghLs converLed t o saturaLed surf ace-dry condl Lion . 
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1737 
1366 
611 
6 . 0 

18.3 
32 . 4 

810.42 
362 . 50 

0.23 
0.71 

160 . 42 



Sieve Size 
SI (US) 

9 . 50 mm 
4 .75 mm 
2. 36 nun 
1 . 18 mrn 
600 }1lll 

300 J . .Ull 

150 l-'lll 

(3/8") 
(No . 4) 
(No . 8 ) 
(No . 16) 
(No . 30 ) 
(No . 50) 
(No . 100) 

Fi neness t-1odulus 

TABLE 4 

FINE AGGREGATE 'l'ES'I' DA'l'A 

Calkins Sand & Gravel 
Coventry , Vermont 

Date Sampled 
6/16/94 

Percent Passing 

100 
100 
85 
60 
38 
20 

7 

2 . 90 

TABLE 5 

Appendix "C" 

ACJr 
Specification 
Requirements 

100 
95-100 

50- 80 
25- 60 
10- 30 
2- 10 

2 .60-3 . 10 

COARSE AGGREGATE T.ES'l' DATA (Proposed New Aggregate) 

Sjeve Size 
SI (US) 

25 . 40 mm ( 1") 
19.05 mm (3/4") 

9 .50 rnm (3/8") 
4. 75 mm (No . 4 ) 
2 . 36 mm (No . 8) 

L.A. Abrasion , % loss 

19 . 05 mm (3/4 i n) Crushed Stone 
Cal kins Sand &. Gravel 

Coventry , Vermont 

Dates Samp] ed 
12/21/93 6/30/94 

Percent Passing Percent Passing 

100 100 
99 96 
23 23 
6 7 
3 1 

28 .6 
Thin and Elongated Pieces , % 3 .0 
Fractured Faces , % 100.0 
Soundness , % l oss 0.57 

9 

A(Jf 
Specification 

Requirements 

100 
90-100 
20- 55 
0- 10 
0- 5 

35 maximum 
10 maximum 

100 minimum 
8 maximum 



TABLE 6 

COARSE AGGREGATE TEST DATA (Reference Aggrega t e ) 

Si eve Size 
SI (US ) 

25 .40 mm 
19 .05 mm 
9 . 50 mm 
4 . 75 mm 
2 . 36 mm 

( 1 II) 
(3/4" ) 
(3/8" ) 

(No . 4) 
(No . 8) 

19 . 05 mm (3/4 in) Crushed Gravel 
Calkins Sand & Gravel 

Coventry , Vermont 

Date Sampled 
6/16/94 

Percent Passing 

10 

100 
100 
32 

') ..., 

1 

Aar 
Specificati on 
Iiequi r ements 

100 
90-100 
20- 55 
0- 10 
0- 5 
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AGENCY OF TRANSPORTATION OFFI CE MEMORANDUM 

TO: 

FROM : 

David F . Hale, Structural Concrete Engineer 

Alan J. McBea~an~portation Geologist 

DATE: ·Marc h 23, 1994 

SUBJECT: Calkins Quarry, Cove ntry, Vt • . , Petrographic Analysis 

On December· 21, 1993, a site inspection was made at the Calkinl: 
Quarrr in Coventry, Vermont. 

The quarry is loca ted in the Coburn Hill member of the Miss isquoi 
Formation. · ' The · lithologi~s seen in the quarry are foliated 
(layered) greenstone and a more massive amphibolite. Typically, the 
foliated material forms laye rs 2 to 12 inches thick between thicke r 
sections of the massive amphibolit e. The foliated material is soft 
and incompete n t and can be pulled from the quarry face by ha nd. The 
amphibolite i s a hard, unweathered material which s hould produce 
excellent aggr egate. 

The coarse aggregate e x amin e d had an equant to tabular particle 
shape , 100% fractured faces, and was essentially unweathered . The 
massive amphibolite still exhibits some foliation, but this does not 
appear to adversely affect the aggregate quality. Wear and 
soundness t ests will · be key to evaluate t his aggregate for the 
presence of i ncompetent material. If a significant quantity of the 
foliated greenstone is present in .the coar se aggregates, percent 
wear and percent loss in the soundness t est should i ncrease. 
Howe ver, it appears t hat th i s s oft material completel y disinteg!ates 
and e nds up in the c ru s her dust. 

This massive amphibolite aggr~gate is similar to t he material 
gene r ated at the Lebanon Cru s hed Stone Quarry . in Lebano n, · N.H. 
However, due . to t he variability of t h e Coventry mate rial and the 
presence o f l ess compe tent roc k types in t he quarry, it may be 
prudent to pe rform a freeze-thaw test series t o determine if enough 
o f the poor quality material i s present to affect the ·aggregate ' s 
perf ormance. 

e tn 

c AJM Fi l e 
Project File 
Read. File 
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AGENCY OF TRANSPORTATION OFFICE MEMORANDUM 

TO: Charles J erd, Bituminous Concrete Supervisor 

FROM: Alan J. M'cBean~ns~ortation Geologist 

DATE May 27, 1994 

SUBJECT C!llkins Quarry - cOventry, Vermont 

Petrographic analyses were performed on samples o f 3/4", l/2", and 3/8'' 
aggregate manufactured for use in bituminous concr ete . The .results are 
·as follows : · 

Lithology Percent 
ill ill 3/8 

Vei n quartz/calcil~ 6.5 7. 2 5 . 6 

Medium grained , 78.6 81.6 70.4 
foliated amphibolite 

Quartz-chlorite 14.9 11. 3 23.9 
s chist 

The rock type of concern i s the quartz-chlor ite schist. This material 
was seen in a very weather ed s tate in the .cap rock when the quarry was 
first opened. Hence , it did not appear in the coarse aggregate be ing 
manufactured at t hat time as it was either being washed out as fines or 
.exiting the crus hing loop i n size fractions not found in the coarse 
aggre~ate gradations . ( Se~ memo da t ed.-March 23 , 1 ~94 to David F. Hale ). 

At present, the working face of the quarry has increased in height and 
width and is producing much fresher ~aterial. The schist -which was very 
weathered originally is now fresh rock "·hich i s durable enough to 
s urv i ve as coar se aggregate in the c rushing c ircuit. The results of t he 

' petrographic ana lysis indicate that this material- i s s till being 
preferentially concentr~ted in t he finer size fractions as evidenced by 
a two- fold increase between the 1/2" and 3/8" samples. The LA Abrasi on 
(AASHTO T-96) values seem to reflect this increase; t he valu~ for the B 
grading using a combin~d sample frofl the 3/4" and 1/2" materials was 
25 .4 and the value f or t he C grading , which uses jus t t he 3/8" sampl e, 
was 29.9 percent loss. Therefore, the percent loss obtained by the wear 
tes t seems to be an · i ndicator of Lhe amoun t of schist in the sampl e . If 
t he amoun.t o f schis t gets loo hi gh, the weur w i 11 probably exceed the 35 
percen t allowed ·in the Standard Spec-ifications . · 
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Calkins Quarry Page 2 

Aggregate ' soundness results obtained from stone screenings manufactured 
from the less weathered parent rock also indicate an improvement in · 
aggregate quality. Three ~odium Sulfate Soundness tests were run ~ith 
the results ranging from 4.8 pe rcent to 5.6 percent. The mean value was 
5.23 percent with a standard error of 0.40 percent. Considering the 
poor repeatability of this tes t these are very consist~nt results and 
seem to indicate that the weathered materia~ found ~n the first · round or· 
s-p.les is not a factqr at this ti11e·. The quarry operator will need to 
exercise care in the development of this source so that we do not see a 
repeat of poor quality materiaA in the fine aggregates produced. 

It is my opinion that both coars~ and fine aggregates produced from . the 
Calkins quarry are acceptable for use in bi himinous concrete mixes. 

clp 

Nate Danforth 
D.F. Hale 
AJM File 
Read File 
·Central File 

MCBEAN\CALKINS .M27 
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Appendix "E" 

TABU: 7 -SI 

OONCRETE 'l'EST RESULTS 

New Aggregat e Ref erence Aggrega~e 
Batch Numbers Ratch Numbers 

Class A Class B Class A Class B 
Test lA-ST 2A-ST lB-ST 2B-ST lA-GR 2A-GR lB-GR 2B-GR 

Slump, mm 69 .9 63 . 5 63 . 5 69.9 76.2 76 .2 69 .9 69 .9 
Air content , % 6.1 5 .4 5.1 5.6 6.4 5.4 5.5 5 .6 
Temperature , °C 26 . 1 25 .6 26.1 26 . 1 26 . 1 26 . 1 25.6 25 .6 
lveight, li:g/m3 2374 2364 2393 2380 2342 2361 2361 2372 
Compressive 

strength , MPa 
7 days 25 .78 25.46 24.29 24 .30 24 .78 25 .05 24.22 24 .54 

14 days 29 . 19 28 . 90 28 . 87 26.90 29 .17 29 . 25 28 .82 28.24 
28 days 33 . 41 32.96 33 . 40 30 .63 32 .93 33.46 32.95 32 .79 

*Freeze/thaw 
resistance: 

\ve ight loss, % 
50 cycles 1.3 3.5 3.1 3. 2 1.7 2. 8 2 .9 2 .7 

100 cycles 3.2 7.0 6 . 3 7 . 2 3 .6 6 . 2 6 .7 6 . 7 
150 cycles 6.8 9.7 10.3 10 . 3 5 .8 9 . 8 9 . 9 10 . 3 
200 cycles 9.4 l1. 9 14.3 14 .0 8 .0 12. 1 12 . 6 13.1 
250 cycles 11.0 U .8 16 .7 J8.7 9 . 5 13 . 8 14 . 8 14 . 8 
300 cycles 12.~ 15.4 20 .3 21.5 10.7 15 . 4 17 . 0 16.7 

Durability factor 
50 cycles 97 . 1 102.0 96.4 101 .7 97 .8 99 . 5 101.0 99 . 0 

100 cycles 96 . 4 102. 2 95.4 102 .6 100.5 101.4 98 . 5 101. 0 
150 cycles 96 .8 103 . 3 91.3 101.1 99 .9 101 . 1 95 . 2 96.9 
200 cycles 97.8 101.51 91.1 94 . 1 100. 4 99 . 0 92.9 96 . 3 
250 cycl es 96 .9 97 s1 85.0 92.4 99 .9 96 . 3 90 . 4 94 . 1 
300 cycl es 96.9 

. 1 
****2 90 .4 98 .8 93 .6 86 .6 93 .9 93.4 

*Values shmvn are the average resulLs from b"o specimens. 

1va lues shown are the results f rom one specimen . The remaining 
specimen ~-1as too deterj orated to conduct dynamic testing . 

2Both specimens lo~ere t,oo deteriorated to conduct dynamic testing . 
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TABt.E 7- US 

CX>NCRETE TEST RESULTS 

New Aggregate Reference Aggrega-te 
Batch Numbers Batch Numbers 

Class A Class B Class A Cl ass B 
Test lA-ST 2A-ST lB-ST 2B-ST 1A-GR 2A-GR lB-GR 2B-GR 

Slump , in 2 . 75 2.50 2 . 50 2.75 3.00 3.00 2 . 75 2 . 75 
Air content, % 6. 1 5.4 5 . 1 5 .6 6 .4 5 . 4 5 .5 5 . 6 
Temperature , OF 79 78 79 79 79 79 78 78 
Weight , lb/ft3 148 .2 147.6 149 . 4 148 .6 146 . 2 147.4 147 . 4 148 .1 
Compressive 

strength, psi 
7 days 3739 3693 3523 3525 3594 3633 3513 3559 

14 days 4234 4192 4187 3902 4231 4242 4180 4095 
28 days 4846 4781 4844 4442 4776 4853 4779 4756 

*Freeze/thal·v 
resist.ance: 

Weight l oss , % 
50 cycl es 1. 3 3.5 3.1 3 . 2 1.7 2.8 2.9 2.7 

100 cycl es 3 . 2 7 . 0 6 . 3 7 . 2 3.6 6.2 6.7 6.7 
150 uycles 6.8 9. 7 10.3 10 . 3 5 .8 9.8 9 . 9 10 . 3 
200 cycl es 9 . 4 11.9 14 . 3 14.0 8 .0 12.1 12.6 13.1 
250 cycl es 11 .0 13. 8 16 .7 18 .7 9 . 5 13 . 8 14.8 14 .8 
300 cycJes J 2 . 3 15 . 4 20 .3 21.5 10. 7 15 . 4 17.0 16 .7 

Durability factor 
50 cycles 97 .1 102.0 96 . 4 101. 7 97 .8 99.5 101. 0 99 .0 

100 cycl es 96 .4 102. 2 95.4 102 .6 100.5 101.4 98.5 101.0 
150 cycl es 96 .8 103 . 3 91. 3 101. l 99 .9 101..1. 95.2 96 .9 
200 cycl es 97 . 8 101.51 91.1 94 .1 100 . 4. 99.0 92.9 96 . 3 
250 cycl es 96 .9 97 . 51 85.0 92 . 4 99 . 9 96 . 3 90.4 94 .1 
300 cycles 96 .9 93.41 uu2 90 . 4 98 .8 93 .6 86 .6 93 . 9 

*Values shown are t he average r esults from t1.;ro specimens . 

1values shown are the results from one specimen. The remaining 
specimen was too deteriorated to conduct dynamic testing . 

2Both specimens Here too deteriorated to conduct dynamic testing . 
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1. SCOPE 

STATE OF VERMONT . 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 

~"F" 

Prepared By: H. Meyer1J.)t...IJJ1 
nate: March 26, 1982 
Page: 1 of 2 

VERI10tll PROCEDURE FOR EVALUATING A NEW 
SOURCE OF STRUCTURAL CONCRETE AGGREGATE 

VT-AOT-MRD 9-82 

A procedure for evaluating new structural concrete aggr~gate sources 
by testing proposed new aggregates for compl iance with Section 700 
requirements and by comparing results of tests performed on concrete 
using the new aggregate with results obtained from concrete containing 
a reference aggregate. 

2. PROCEDURE 

General 

The evaluation of a new structural concrete aggregate source (i.e., 
one on whi ch the Materials and Research Division has no servi ce-in­
concrete data) shall be divided into two sections call ed: 

Phase I Section 700 and related tests , and Phase II Per ­
formance-in-Concrete tests . 

All requests for ' evaluation of new s tructural concrete aggregate 
sources shal l be made, in writing. to the Materials and Research 
Engineer . Requests shal l describe the type of material proposed for 
use as well as the l ocation and quanti ty of availabl e stockpiles. 

Materials and Resea rch Division person~el shal l perform all work 
necessary for both the Phase I and Phase II sections of thi s eval ­
uation process. The work wil l be performed in an expeditious manner 
consistent .with availabi lity of manpower. Evaluations may r equire 60 
cal endar days or more from the date the aggregate is available for 
testing (controlled by the availability of personnel to perform 
testing). Delays beyond the control of the Materials and Research 
Division shall be documented and notification given of the consequent 
extens ion of time required to complete the evaluation . 

Test resul t s s hall be the basis for determining acceptance , further 
testing , or rejection of the proposed new material . Failure of the 
~~terial to comply with all applicable requirements, during any phase 
of testing, may necessitate rescheduling or termination of the eval uation. 

The cost of materials necessary to complete the eval uation will be 
borne by t he requesting party. 
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A r eport s hall be prepared documenting the Materials and Research 
Divi sion ' s involvement in the evaluation. A copy of the r eport s hall 
be forwarded wi th a cover l etter, informing the r equesting party of the 
acceptability or nonacceptability of the aggregate . 

Phase I 

1. Following r eceipt of the written request, the Structura l Concrete 
Engineer will schedul e a fiel d petrographic examination of t he 
proposed new aggregate source by the Vermont A. O.T. Chief Geologist . 

2. The Structural Concrete Engineer or hi s representative will visit 
the sit e and determine: 

(a) Does a stockpile of at l east 50 cubic yards of processed 
material exi st? 

(b) Can sampl es be obtai ned in the standard manner from the 
stocl<piles? 

3. If 2(a) and 2(b} are yes , t he Structural Concrete Engineer shall 
make necessary arrangements for obtaining samples from the desi g­
nated stockpile. 

4. The material shall be tested at t he Central laboratory using t he 
Structural Concrete Subdivision Annual Aggregate Testing. Program 
procedure . 

5. Repor t the results (as an Evaluat ion Sampl e) on t he Standard 
Material s and Research Divi sion forms. 

Phase II 

l . The performance-in-concrete tests s hal l be performed on concrete 
pr epared at t he Central laboratory. The proposed new aggregate 
will be evaluated by comparing resul ts of tests performed on concr ete 
using the new aggregate with r esul ts obtained from concrete conta ining 
a reference aggregate. Cement, admixtures , and aggregates , other . 
than the proposed new aggregate, wil l be sel ected by the Structural 
Concrete Engi neer. Normally, these material s wil l be the same as t he 
mater ial s currently in use at t he Ready-mix pl ant where .the proposed 
new aggregate wil l be used. 

2. Mi x proportions for each cl ass of concrete required sha ll be des igned 
or approved by the Materials and Research Division and shal l confo rm 
to Table 501.03A of t he Vermont Standard Specifications fo r Highway 
and Bridge Construction , curr ent edi tion . 

3. Test cylinders shall be fabricated and cured in accordance with AASHTO 
T23. They shall be tested for compressive strength at ages 7, 14, and 
28 days i n accordance with AASHTO T22. 

4. Tests of Slump , Air Content , and Unit Wei ght s hal l be in aGcordance 
with AASHTO Tll9, AASHTO Tl52, and AASHTO Tl 21, respectively. 
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TA. -565 

STATE OF -~ 
AGENCY OF 'J.'RANSP(Rl'ATIOO 

MATERIALS & ~ DIVISIOO 

RESBARCH INVBSTIGATION 

Work Plan No. 94-R-18 

Prepared By: 
Date: 
Page : 

~~'G" 

W.Mey~ 
06/01/94 
1 of - 1 

Subject Evaluation of Crushed Stone Coarae . .Aggregate From Calkins, Covent;cy1 VT 
. . . 

IDvesti.gation Requested By Bruce Warner · · ·. Date 12/07/93 

Da~ Information Required~----------~~----~AS~AP~----------~--------~ · .. ~ 
~- of fuveati.g~t~on T~ e~uate a c~herl s~n~ coars~ aggregate'· pro~sed·,.·· 

. . . 
'• . 

.- for ~e -~ a struct~ral concrete . aggrega~.- - ·:.-~~ -~ro~sed ~teri~ is . from: 
• .1' .. 

. . ,. ·. . . 

. Calkins quarry in Coventry; Vermont. 

ProPosoo Tests or Evaluation ~- See'Vemnont ProcedU.re -For Evaluating a . . . . . 

New Source of Structural' cOncrete Aggregate · VT-AcYr-MRD "9-82 . 

1.' _Performance-in~oncrete tests will be perfo~ ·using two ~tches · each of · . 
. .. ... .. • i~- .: - ; . ·. · ... ·' . - ·. . ... 

Class A and Class B concrete ·containing the propOsed new aggregate arid two ·, 
. -\ . . 

batches each of Class A and Class /~ cOncrete ilsing a reference aggregate~ · . 
I ' r •• ':, 

2. Prepare spec~en~ from ea.Ch batch ' of ~:xmc~ete to' dete rmine resistance' to-:-:-

freezing and' thawing. 

Note: Preliminary aggregate ~sts have ~n· performed and a petrographib 
I ''tl, ... -

analysis has been conducted by · Alan r-bBean~ ·. . · 
R~ Hale ... ..~- .. !' · ·•. · 

Pro~ Discussed With : L. Willey PrOjected. MBnpOwer ~rements 30 ·days· 
. ·" .· ' .• . :-· 

~uation _·To Be Conducted By Structural· Concrete Sect ion 

_Propo~ed sta.t:ting Date D6/15/94 . ·. Hsti:.Uated-Canpletion Date 10/15/94. 

A!JI=~/Dtsapprt>Vitl· by Ma~s & ~~·Hngineer h ~· 
Comments by Materials & Research Engineer~--~------------------~----~~ 

Materials &-Research Division 
Agency of Transportat i on 
nate Typed: _JliD.e 1' 1994 




