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AESTPJ\CT 

Occasionally new sources of materials are proposed for 
the production of concrete. /',s ne\'1 sources are developed, 
tests are conducted on the materials to assure that the mat
erials will meet specifications and perform satisfactorily. 

Cold I:.i ver Sand and Gravel, Inc. , t-1hose quarry is lo
cated at their plant in il. l·!alpole, N.H., has submitted samples 
of a new coarse aggregate material. The material is des
cribed as a crushed stone manufactured from a metamorphic, 
mediwn grained biolite gneiss, strongly to weakly foliated, 
and knmm as nethlehem Gneiss. 

Thi~ report documents the results of the tests performed 
on this material. The results indicate that concrete tr.ix 
designs, using this material, can produce compressive strength 
in eJ~cess of 4900 l'. S. I. llesults also indicate tbat the 
coarse aggregate is structurally weak and therefore is not 
reconunended as a material to be used in the production of 
structural concrete for projects contracted by the State of 
Vermont, Agency of Transportation. 
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l11TRODVCTI01J 

Crushec..l gravel for use in s tructural concrete is becoming 
a scarce item . As construction ~rojects deplete existing 
sources, the use of a quarried crushed stone as a coarse aggre
gate in the production of structural concrete will become neces
sary . It is i~portant that we investigate new proposed sources 
and deten1ine if the material i s acceptable for use on projects 
contracted by the State of Vermont, Agency of Transportation. 

Frank H. \-!hi tcomb Construction Corporation , 11. Halpole, 
ll . ll. fonnerly Cold River Sand and Gravel , Inc . , has developed a 
new coarse aggregate source. They have notified the Material s 
Divis ion of their desire to market this product if it is ac
ceptable for State work. Should this material be acceptable, 
it would become a product available t o Charles to'm n.eady-;!ix , 
Inc., Charlestown , lL H. 

Samples of the pr oposed ne\v source have been obtained. 
Three series of tests have been performed on the agr,rcgates . 
tach test series consisted of preparing volumetric mix desicns, 
manufac turing cylinders under laboratory control, and breakinr. 
these cylinders to deterntine the results of the Aix c..lesign 
and the performance of the coarse aggrer;ate . 

Tl~ results of our test series indicate that concrete 
having compressive strengths in excess of 4900 P.S .I. can be 
obtained. 

l~wever , the tests also indicate that the coarse aggregate 
is ,.,eak and should not be used in the production of concrete 
for projects contracted by the State of Vermont, Agency of ':l:rans
portation. 
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NATERIALS 

FolloHing are listed the materials used in this investi
gation: 

Parent Haterial: 

F.W. Whitcomb Construction Corporati on, H. Halpole , N.ll. 

Coarse Aggregate: 

1 1/2" Stone - F.H. vn1i tcomb Construction Corporation, 
U. Hal pole, N.H . 

Coarse Aggregate: 

3/Lf" Stone- F.H. Hhitcomb Construction Corporation, 11 . 
Ha lpole , N.II. 

Sand - F.H. Hhitcomb Construction Corporation, N. Halpole, 
lL II. 

Cement: 

Type II- Glens Falls Por tland Cement Co., Glens Falls, N.Y. 

Admixtures: 

Air Entraining : 
Darex AEA- \\f .R. Grace & Co., Cambridge , Hass. 

Hater Reducing : 
HRDA llycol - H.R. Grace & Co., Cambridge , Mass. 

Retarding: 
Daratard 17 - H.R. Grace & Co., Cambridge , Nass . 
Daratard l!C - H.R. Grace [, Co. , Cambridge, Nass. 
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PROCEDUP.LS 

Samples of the ne\·1 coarse aggregate and samples of the 
fine a~gregate wer e obtained and tested in t he laboratory . 
All aggregate sampl es '"ere tested for compliance '"ith the 
" Stat e of Vermont Department of Highways St andard Specifica
tion for lligln.,ay and Uri dge Construction , " dat ed 1976 , I t em 
704 . 01 Fine Aggregat e for Concrete and Item 704.02 Coar se 
Aggrecate for Concrete . 

Hix designs were established for Class A and Class B 
concre t e . The volumet ric designs were based upon material 
characteris tics and the appli cation of the principles of A.C . I. 
214 . The l abor a t ory design s trength for each concrete class 
\vas de t ermined by using it s specifi ed s treng th and a coeffi
cient of varia tion of 14 . The laboratory design str engths of 
4875 P . S. I . for Class A and 4275 r . s . I . for Cl ass n concrete 
were es t ablished . 

Two Cl ass A and one Class n mixes were prepar ed i n the 
laboratory. Each mix was t ested in the plastic state and 
cylinders were prepared for breaking at ages of 14 , 28 , and 
42 days . After r eceiv i ng a s t andard cure for the prescribed 
age , the cylinder s were broken. Compressive stren~ths were 
recorded and observations of the fractured aggregate were 
noted. 

Because neither mb~ desip;n obtained the desired l abora
tory design strength, and because the cylinders exhibited an 
abnormally high amount of coarse aggregate failure, it was 
decided to institute another test series . 

A work plan investigating mix designs for Class A, Class 
B, Class C, and Class D concrete \otas initiated. The same 
principl es of A.C.I. 2]./• used in establishinc the laboratory 
design strengths for Cl ass A and Class B in our first test 
series \olere not-7 expanded to include Class C and Class D con
crete . The laboratory design strengths of 3650 P . S. I . and 
J050 P . S.I . were established for Class C and Class D concrete, 
respectively . 

Aggregates ,.,ere tested and t rial batches prepared for 
our second test series . Tests were perforu1cd on the plastic 
concrete and cylinders '"ere prepared for breaking at the ages 
of 7 , 14, and 28 days . After receiving a standard cure for 
the prescribed age, the cylinder s Here broken. Compressive 
strengths '"ere recorded and observations of the fractured 
agcregate were noted. 
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PROCIDURf.S (can't) 

The Class A and Class C mi x designs obtained 28 day strengths 
very close to those desired. The Class B and Class D mix designs 
failed to obtain their desired 28 day strengths. Inspection of 
the broken cylinders again revealed an abnormally high amount of 
coarse aggregate failure. 

Because the Class A mix had obtained a compressive strength 
in excess of 4900 P.S.I., -.;.1e decided to institute a third test 
series to complete the objective of the work plan. 

Class ll and Class U mixes '1•1ere again prepared follov1ing the 
testing of aggregates and redesigning tlte mixes. Laboratory tests 
Here performed on the plastic concrete and cylinders Here again 
tested and inspected as previously outlined • 
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P..ESULTS 

Results of the First Test Series 
Acgregates 

Smnplcd October 1, 197(, frol•l stockpile at Cold River Sand 
nnd Gravel, Inc., li. Halpo]e, ll.ll. l1y Earl Chaffee. 

Laboratory t.lumber A 76-1739 A 76-1704 
Identification 1 1/2'' !:it one 3/ 4" Stone 

______ J2!~e~v~e~S~iz=e~)~------------~C~%~P=a~s~s~in~f~j)~----~(% Passin£~ 

1 3/ '• 
1 1/2 
1 

3/ ,, 
3/3 

Ho. 4 
Uo. e 
No. 16 
Ho. 30 
llo. 50 
Ho. 100 
Uo. 200 

Fineness Modulus 
% of Hear A.ASH'£0 T3 
% of Hear A.ASHTO T96 
Thin and Elongated Pieces % 
Soundness 
Specific Gravity (Bulk Dry) 
Dry Rodded Unit Weight 
Absorption 

1.1 

27.2 
3 
3.11. 
2.81 

0.5 

100 

9'· 
]0 
2 
1 

0.5 

27.2 
Hi 
3.11 
2.80 

0.9 

;\ 76--l6!J.7 
F:i.ne t,~grel)ate 

(7{ Passing) 

1.00 
98 
88 
76 
51 
15 
3 
1 
2.69 

2.50 
2.62 

.1.3 

The tests on the 3/4" Stone used in the first test series 
revealed 16% thin and elongated pieces; the maximum alloued is 
10%. It also had 10% passing the 3/8" sieve; the minimum allm-1ed 
is 20%. The 1 1/211 Stone and Fine Aggregate meet specifications. 

Because the producer only had a limited stockpile of mat
erial and knm·ling that gradation could be corrected, He continued 
Hi th the us e of the se materials in our first test series. 
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Results of the First Test Series (con't) 
lli:x: Designs and Results 

Hix Design llo. Class A (1) Class A. 

1 1/2" Stone (lbs/c.y. ) (dry) 
3/l~" Stone (lbs/c. y.) (dry) 1633 1633 
Fine Aggregate (lbs/c.y.)(dry) 1363 1363 
Cement Type II (lbs/c.y.) 660 660 
Darex AEA (oz/c . y.) 5 ll 

HRDA Ilycol (oz/c.,Lt.) 
Daratard IIC (oz/sack) 3 3 
Slump (inches) 3 3 
Air Content (percent) 8 6 
Density (lbs/cubic feet) 142.51 143.32 
Yield (cubic feet) 27.92 27 .77 
Laboratory Design Strength P.S.I. 4875 '•875 
7 Day Breaks - A.ve. of 2 Cylinders 
14 Day Breaks - Ave. of 2 Cylinders 3510 3670 
28 Day Breaks - Ave. of 2 Cylinders U29 4125 
42 Day Breaks - Ave. of 2 Cylinders 1:448 4342 

(2) 

Co1m,1ents: The l aboratory design strengths Here not obtained 

Cl3ss n 

949 
953 
1195 
610 
5 

2 3/4 
5 
149.48 
26.96 
l+275 

34]3 
4041 
4386 

on the standard cured cylinder f or ei t her class of 
concrete at 28 days. Extensive coarse aegregate failure 
\vas observed in all cylinders broken. 

-7-
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P.I:SULTS (con ' t) 

Resul ts of the Second Test Series 
Aegregates 

Samples of the 1 1/2" stone and 3/411 stone l-Tere obtained on 
April 1 8 , 1977 from stockpiles at Cold River Sand and Gravel, 
Inc., n . Ualpole, U. n. by E . Blodgett. rinc Aggrc~nte samples 
Here obtained April 12, 1977 by L. Uheeler from Charles tm-m 
Ready-11ix, Charlestolvn, N .1!. 

Laboratory ~lt.nnber G 77-0067 G 77-0068 G 77-0077 
Identificati on 1 1 /211 Stone 3/411 Stone Fine 

(Sieve Si ze) (rl ,. Passi ng) ("' I• Passing) (% 

1 3/ 4 
1 1/2 100 
1 45 100 

3/4 9 9 7 
3/ 8 1 36 

no . 4 6 
1~0. 8 3 
No . 16 
Ho . 30 
lio . 50 
1lo . 100 
i·lo . 200 

Fineness Nod ulus 
7. Hear AASllTO T 3 
I. Hear AASHTO T96 
Thin and I1onga t ed Pieces i; 5 . 2 9.9 
Soundness 
Speci f i c Gravity (Bulk Dr y) 2 . 78 2. 78 
Dry Rodded Unit \-!eight 98 . 74 97 . 94 
Absor p tion 0 . 5 1.0 

The aggrega t e tes t ed me t specifications. The 3/4" stone 
had 9 . 9:; t hin and elongated pieces ; the ma."<imum allmo,~ed is 10::; . 
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Aegregate 
Pass inc) 

100 
97 
84 
68 
43 
1 7 
5 
1. 0 
2 . 86 

2 . 62 

1.4 



Results of t he Second Test Series (con ' t) 
Hi:x Designs and Results 

Hix Design No. 

1 1/2" Stone (1bs / c.y.) (dry) 
3/411 Stone (lbs / c . y.) (dry) 
Fine Ageregate ( lbs / c.y.) (dry) 
Cement Type II (l bs / c . y .) 
Dare:x AEA (oz / c.y.) 
V1I!DA Uycol (oz/ c . w. t .) 
Daratard HC (oz / c.vr.t.) 
Daratard 17 (oz/ c .w.t.) 
Slump (inches) 
Air Content (per cent) 
Density (lbs / cubic feet) 
Yield (cub i c f eet ) 
Labor a t or y Des i cn St rength P.S .I. 
7 Day Dr eaks - Ave . of 2 Cylinders 
14 Day Dreaks - Ave . of 2 Cylinders 
28 Day Breaks - Ave . of 2 Cylinders 

Class A (3) 

1613 
1315 
660 

'• 

3 
2 l / L1 
5 . 8 
llf5. 53 
26.93 
L187 5 
3413 
/140'• 
'•974 

Class B (2 ) 

933 
933 
123/1 
610 
5 

2 1/2 
5 "' • v 

1117.30 
27.30 
' •275 
2591 
3305 
3877 

Class C (1) 

933 
933 
1273 

2 1/ '• 
5 .5 
l ll7. 71 
27.20 
3650 
2401 
3095 
3(;30 

Comments: The Cl ass A mi x 
The Cl ass C mix 
be acceptable . 
observed in all 

pr oduced adequate compress ive s t rengths . 
compressive str eng ths ar e cons i der ed t o 
Extensive coarse ae;gregat e f a ilure l•7as 
cyli nders broken . 
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Class D (1) 

933 
933 
1362 

2 1/4 
6 . 8 
l/15. 33 
27.63 
3050 
l ll33 
1941 
2613 



RLSULTS (con ' t) 

Results of the Third Test Series 
Aggregates 

Sampled Februury 16, 1978 from F. \.J. m1itcomb Construc
tion Corporation , N. Halpole , l l.ll., fonnerly Cold River Sand 
and Gravel, Inc. , by J. Talbot. 

Laboratory Humber A 7 8-0276 A 78-0300 A 78-0299 
Identification Parent Hateria1 1 1/2" Stone 3/4" Stone 

(Sieve Size) (% Passins) (% Passin~) 

1 3/4 100 
1 1/2 100 
1 3G 100 

3/ '• 4 95 
3/8 1 20 

Uo. 4 2 
Ho . 8 1 
No. 16 
Ho . 30 
No . 50 
Ho . 100 
No . 200 

Fineness 11od ulus 
% ~Jear MSIITO T 3 7.5 
% \.Jear MSHTO T96 27.8 
Thin and Elongated Pieces % 6. 7 10. 8 
Soundness 0.92 
Specific Gravity (Bulk Dry) 2.78 2.78 
Dry Rodded Unit T.Jeight 98.74 97.94 
Absorption 0.5 1.0 

The t ests on the 3/ '•" coarse aggree;ate used in the third 
test series revealed lO. B% thin and elongated pieces ; t he maxi
mum allov1ed is 10;~ . The 1 1/2" coarse aggregate and fine aggre
gate met specifications . 
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A 7 8-0298 
Fine Ae;gregate 

(% Passing) 

100 
97 
87 
72 
47 
22 
6 

2.66 

2.62 

1.4 



Results of the Third Test Series_.J.con't) 
Mix Designs and Results 

Hix Design No. Class E (3) Class B (4) Class D _(2) _ 

11/-211 Stone ( l bs/c.y.)(dry) 
J/l111 Stone (lbs/c.y.)(dry) 
Fine Aggregate (lbs/c.y.)(dry) 
Cement Type II (lbs/c.y.) 
Darex l'iliA (oz/c.y.) 
\\lPJ)A Ilyco1 (oz/ c. ~·1. t.) 
Daratard IIC (oz/c.'tif. t.) 
Daratard 17 (oz/c.w.t.) 
S1tunp (inches) 
Air Content (percent) 
Density (lbs/cubic feet) 
Yield (cubic feet) 
Laboratory Design Strength P. S. I. 
7 Day Breaks - Ave. of 2 Cylinders 
ll1 Day Breaks - Ave. of 2 Cylinders 
28 Day Breaks - Ave. of 2 Cylinders 

1666 
11117 
610 

'f 

2 1/2 
5.7 
ll16. 7 3 
2 7 ·''7 
4275 
2392 
3183 
4014 

1666 
136ls 
63lt 
3 
5 

2 1/4 

4 ·'' 
llll3. 7 0 
26. 8l, 
''275 
3391 
ll297 
/1982 

960 
960 
1311 
470 
2 

2 1/lf 
4.0 
151.35 
26 , l,6 
3050 
2171 
2838 
3581 _______________________ , _______________________ _ 

Conunents: The Class B mix containing 610 lbs. of cement failed 
to obtain the laboratory design strength. The Class 
I:l mix containing 634 lbs. of cement and HP.JJA Eycol 
and the Class D mix did ob tnin the de sired compres-
sive strength. 

The deg ree of coarse a~gregate failure increased as 
the compressive strengths increased. At an age of 7 
days, the D (2) mix design exhibited low coarse aggre
gate failure, the II (3) rnoderute coarse agg r egate 
failure, and the B (4) mix extensive coarse aggregate 
failure. 11.11 cylinders broken at ages J.lt a nd 28 days 
exhibited extensive coars e aggre~ate failure. 
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co;:cLUS IOi; S 

The objective of obtaining mix des igns for concrete 
Class A,D,C, and D that produce ·the des ired labora tory design 
strengths has been achieved. The se mix de siBnS are: 

Concrete Class 

Class A 
Class n 
Class C 
Class D 

Hix Design J!o. 

Class A (3) 
Class f, (4) 
Class c (1) 
Class D (2) 

!:.eport Pap,e Ho. 

"9 
11 

9 
11 

The coarse aggregate when tes ted for grada tion failed 
only one test. This is considered minor as gradation can be 
controlled during nanufacture. 

The coorsc aggregate tes ts indicate the 3/4" stone may 
have a probleQ of consistantly meeting the specifications for 
thin and elongated pieces. Of the three tes ts taken, t~o 

failed to neet requirements. 

Coarse aggregate, when t es t ed by AASIITO T96 ":r-es istance 
to Abraision of Snall Size Coarse Aggre[ate hy Use of the Los 
Angeles !lachine," met specifications . The parent failed Hhen 
tested by AASIITO T3 "Abraision of Stone and Slag by Use of 
t he Deval Hachine." 

Inspection of the cylinders af t er being tested for com
pressive strength indicated that an abnormally high degree 
of coarse aggregate fracture had occured at compressive 
strengths be lm-1 their specified strengths. The degree of 
failure increased as the compressive strengths of fractured 
cylinders increased. 

Coarse aggre~ate f ailure \,·as no ted in Hi.x Desi gn No . 
Class D (2) at 2171 P . S. I. ilodera te coars e aGgregate f ailur e 
\·Jas no ted in ~Hx 1::>esir,n :~o. Class lJ (3) at 2 392 P. S. I. and 
extensive coarse aggregate failure in liix Des i p,n !:o . Class ~ 
(4) at 3391 P.S.I. 

The conpanion cy l i nder s continued to be curetl for hreal~ine 

a t later ages. The results of these breal~s shm.,red that the 
rr.atrix of t he r.li:~ designs die possess the ability to achieve 
the l aboratory des ign strengths a t 28 days . Ce causc of the 
~.1ount of coarse a~Gregate failure observed in all cylinders 
tested, it is concl uded that the coarse agr.regate is \veal: and 
adds little benefit to the produc t ion o f concr e te. 

-12-



CONCLUSIONS (c;on~l 

Coarse a&gregate may be thought of as a filler material 
used for economy in the raauufacture of conc·rete. This filler 
should possess a structural strength greater than the design 
strength of the concrete desired. Hnted.als that do not denlon
strate this characteristic should be consiJ~red for use only 
'·Then and where other matertals of acceptable quality cannot be 
obtained. 
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REC OHHr.lJDAT 101'! S 

The crushed stone manufactured by F. P. Hhitcomb Construc
tion Corporation, N. Halpol e, N.H., formerly Cold River Sand 
and Gravel, Inc. , is not recommended for use as Item 701, , 02 
Coarse Aggregate for concrete on projects mmrcled by the State 
of Vennont, Agency of Transportation. 

liix designs using this mate rial can be developed to achieve 
satisfactory compressive strengths. llmvever, the use of these 
materials has demonstrated that the product is structurally 
weak. Structurally Heak aggregate is not permitted for usc 
under Item 70L•. 02 Coarse f,ggregate for Concrete . 



Prepared by: W. Meyer 
L\PI''CLH>L{ A Date: May 10, 1977 

Vermont Department of Highways 
Haterials Division - Structural Concrete Subdivision 

PRODUCT EVALUATION WORK PLAN 

Number WP 77-C-31 

Product Trial mixes for new coarse aggregate source - Cold River S&G, crushed stone 

Manufacturer Cold River Sand & Gravel Distributor or ------------------------
No. Walpole, N.H. 

Representative 

Evaluation Requested By In House Date ----------------------------- -----------------------
NA 

Date Information Required NA -------------------------
Date Product Data & Application Instructions Received NA -----------------------------
Date Samples Received April 15, 1977 ----------------------------
Sample Quantity _______ N_A __________________ Were sufficient samples received ___ Y_e_s __ 

Purpose of Evaluation 
Investigative. To evaluate our mix designs for Class A, Class B, Class C, and Class D 
concretes when used 'dth the ne,., aggregate source to determine if concrete of the desired 

quality can be produced. Class A - 4875 psi. Class C 3650 
Class B - 4275 psi Class D - 3050 

Proposed Tests (Attach extra sheet if necessary) 

1. One batch for each class of concrete. 
Air Content 
Slump 
Temperature 
Unit Weight and Yield 
7, 14, and 28 day compressive strength 
using 6"xl2" cylinders 

Aggregate tested for 
Gradation 
Specific Gravity and Absorption 
Dry Rodded Unit Weight 
Thin and Elongated Pieces 
\~ear 

Proposal Discussed with following Sub-divisions Research & Development, Compliance Testing 

Projected Manpower Requirements 11 man days including report 

Evaluation to be Conducted by Structural Concrete Subdivision 

Proposed Starting Date May 16, 1977 Estimated Completion Date June 30, 1977 

~3/Disapproval by Materials Engineer~.d: ~,!?.,be'> .r-,/tJIJ) 

Comments by ~laterials Engineer -----------------------------------------
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