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EXECU'fiVE SUMMARY 

To produce the optimum structural con c r ete, aggregate must be tested 

a nd evaluated t o assu re conformance with required specif i cations . 

Thi s report do c uments resul ts of tests performed o n a proposed new 

source of 3/4" crus hed ston e for structural concrete. The material 

tested t-1as a 3/4" cru shed stone produced at the Calkins Sand & Gravel 

Corp . faci l ity jn Lyndon, Vermont . 

Test results a nd evaluation confirm t his material meets th e required 

specifications as a 3/4 " crushed stone , coarse aggregate source for 

structural concrete . 
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INTRODUCTION 

To provide an accurate evaluation of an aggregate for u se in 

structu ral concrete , not o nl y should t ests be init i ated to ass ure 

compl iance '"i th required speci f icatl o n s , b ut a collat ion of the new 

aggregate 1-1i th a previously evaluated reference aggregate should be 

performed . This procedure compares both aggregates by preparing a nd 

testi ng con crete mi xtures under the same condition s . 

Mr. Mich ael Classen , in c harge of quality control at Lawr ence 

Sangravco , initially requested an evaluaLion of 3/4" cru shed ston e 

processed at Calk in s Sand & Gravel facili ty , Lyndon, Vermont in May 

1992 . Followi ng his request , samples o f t h e new material were 

obtained by Materials and Research Division represen tat i ves on June 

11, 1992 a nd evaluated for compliance with the requi reme n ts of 

Section 704.02 of t h e Standard Specifications for Construction . The 

Agency of Transportation's Chief Geologist a ls o trave l e d to the site 

to obtain samples for petrograph ic analysis of the mater i al . 

On e initial sample of 3/4" crushed stone obtained on June 11 , 1992 

failed to compl y with gradation requirements a nd the manufacturer was 

i nformed o f the p robl e m. Th e manufacturer later reported the 3/4" 

crushed stone to be in compliance wi t h spec~fications , and s ubsequ ent 

samples of the material were o btaine d o n Au gust 31 , 1992 . Tests 

con firmed t he manufacturer's c l aims and mate rials Here obtai n ed for 

the performance-in - concrete p h ase o f the evaluatio n t-lhich t.;as 

conducted in t h e Central Laboratory o f the Materials and Research 

Di vision. 
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PROCEDURES 

PHASE_]:_ - SECTI ON 70 4 . 0 1 AND SECTI ON 704 . 0 2 TESTS 

The proposed n eH aggregate was sampled on Jun e 1 1 , 1 99 2 , b y 

r eprese nta tives of the Materials and Research Division, from a 

stockpi l e a t the Calkins Sand & Gravel fac i 1 i ty in Lyndon , Vermont . 

Subsequent samples were ob t ained on August 31 , 1992 from stockpi ) es at 

t he Lyndon fac j li ty and fro m stockp i le s at the Lawr e n ce Sangravco , 

plant in St . Johnsbury , Vermon t . Th e 3/4" crushed stone 1o1as examined 

f or Gradation ( AASHTO T 2 7-84 ) 1 Percent. of tv ear ( AAS IITO T 96-8 3) , Thin 

and Elongate d Pieces ( VT AOT-MD 22) , Fracture d Faces ( VT AOT-MD 23) 

and Sodium Sulfate Soundness (AASHTO '1'104-86) . 

Th e f i ne aggregate and refer e nce coars e aggregate 1-1ere from the 

LaHr e n ce Sangravco fac ili ty i n Guildha l l, Vermont . The reference 

aggregates Her e sampled f rom stockpiles at the Lawrence Sangravco 

ready-mix co ncrete plan t 1.n St. Johnsbury 1 Ver mon t . Th e fine 

aggregate was examin e d for Gradation (AAS HTO T 27-84) a nd Organic 

Impurit i es (AAS HTO T 21-86) . The reference 3/4'' cr ushed gravel coarse 

aggregate Has examin ed for Gradation ( AASHTO T 27 - 84) , Thin & 

Elongate d Pieces (VT AOT-t·'lD 22) , Fractured Faces (VT AO'f-MD 23) and 

Percen t of Wear (AASHTO T 96-83) . The fine aggregate a nd reference 

coarse aggregate He re found to comply respectivel y Hith Section 704 . 01 

and Section 704.02 requirements . Fi ne aggregate t es t r esults are 

shown in Table 1 . Coarse aggregate test results are s hoHn i n Table 2 

and Table 3. Aggregate test r esul t s are a l so s h own i n Laboratory 

Re port Nos . 09200334 , 09200335, 09200983 , 09201000 , 0 92 01347 , 

09201348 a nd A930096 , in Appendix B. 
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The Vermont Agency of Transportation, Chief Geologist traveled to th e 

facility i n Lyndon , VT to obtai n samples for analysis . Copies of the 

Chief Geologist's petrographic ana l ysis are shown in Appendix C . 

TABLE 1 

FINE AGGREGATE TEST DATA (Reference Aggregate) 

S i eve S i ze 

3 /8" 

#4 

#8 

#16 

#30 

#50 

#100 

F ineness Modulus 

Organic I mpur ities , color 

Lawrence San gravco , 
Guildhall, VT 

Date Sampled 
08-31-9 2 

% 
Passing 

4 

100 

100 

89 

65 

39 

17 

6 

2 . 84 

<1 

VAOT 
Specification 
Requirements 

% 
Passing 

100 

95-100 

50-80 

25-6 0 

10-30 

2-10 

2 . 60-3 .10 

2 max imum 



TABLE 2 

COARSE AGGREGATE TEST DA'l' A (Proposed NeH Aggregate) 

3/4" Crush ed Stone 
Calkins Sand & Gravel 

Lyndon, VT 
VAOT 

Dates Sampled Specification 
06-11-92 06-11-92 08- 31 -92 08-31-92 08-31-92 Re quirements 

% % % % % % 
Sieve Size Passing Passing Passing Passing Passing Passing 

1" 100 100 100 100 100 

3/4" 91 100 96 96 90-100 

3/8" 19 34 34 41 20-55 

#4 3 2 6 8 0-10 

#8 2 1 4 4 0-5 

L . A. Abrasion , 
% loss 27.8 24.3 30.4 31.8 35 maximum 

Thin and 
Elongated 
Pieces , % 5.6 4 . 2 5 . 8 6 . 6 10 maximum 

Fract ured 
Faces, % 100 . 0 100.0 100.0 100 . 0 50 min i mum 

Soundness, 
% loss 1. 17 8 maximum 
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TABLE 3 

COARSE AGGREGATE TEST DATA (Reference Aggregate) 

Sieve Size 

1" 

3/4" 

3/8" 

#4 

#8 

L. A. Abrasion, % wear 

Thin and Elongated 
Pieces , % 

Fractured Faces, % 

Soundness , % loss 

3/4" Cru s hed Gravel 
Lawren ce Sangravco , 

Gui ldhall , VT 

Date Sampled 
08 -31 - 92 

% 
Passin g 

6 

100 

96 

35 

3 

2 

24 . 4 

1.8 

86 . 6 

VAOT 
Specification 

Require ments 

% 
Passing 

100 

90 - 100 

20-55 

0-10 

0-5 

35 maximum 

10 maximum 

50 minimum 

8 maximum 



PHASE II PERFORMANCE- IN-CONCRETE TESTS 

The performance-in-concrete tests were conducted on concrete prepared 

in the Central Lab oratory . Mi xtures were desig n ed by Structu ral 

Concrete Subdivision personnel for Class A and Class B concrete , using 

the following materials: 

Fine Aggregate 

A. Reference Aggregate and Proposed New Aggregate 

Lawrence Sangravco , Guildhall, VT 

Coarse Aggregate 

A. Proposed New Aggregate 

Calkins Sand & Gravel Co . , Lyndon , VT 

B. Reference Aggregate 

Lawrence Sangravco , Guild hall , VT 

Cement 

Type II 
Ciment Quebec Inc. , Comte de Portne uf , QC , Canada 

Air En training Admixture 

Daravair 
W. R . Grace Co . , Cambridge , MA 

Water Reducing Admixture 

WRDA with Hycol 
W. R . Grace Co ., Cambridge, MA 

Aggregate properties used for prepari n g mi x designs are shown in Tabl e 

4 and Table 5 . 
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Referen ce Aggregate 
Lawrence Sangravco , 
Guildhall , VT 

TABLE 4 

FINE AGGREGATE PROPERTIES 

Bulk 
Specific 
Gravity 

2.6 1 

TABLE 5 

Absorp . , 
Percen t 

1.6 

COARSE AGGREGATE PROPERTIES 

Proposed New Aggregate 
Calk i n s Sand & Gravel , 
Lyndon , VT 

Reference Agg r egate 
Lawrence Sangravco , 
Guildhall, VT 

Bulk 
Specific 

Gravity 

2.74 

2 . 74 

Absorp., 
Per cen t 

0.7 

1.0 

Fineness 
Modulus 

2.90 

Dry Rodded 
Uni ·t \Yeight, 

lbs/ft3 

101.55 

104 . 60 

Th e concrete used i n this evaluation was mixed in a Sears rotary drum 

mixer with batch size being 1 . 8 cubic feet . Aggregates were dried 

prior to the start of mixing operaLions . 

Two batches each of Cl ass A and Class B concrete contai ning t h e new 

fine aggregate a nd t he new coarse aggregate were prepared as wel l as 

two batches e ach of t h e Cl ass A and Cl ass B concrete containing t h e 

reference aggregates . 

Th e mi x proport i o ns used are shown in Table 6 and Tabl e 7 . 
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TABLE 6 

NEW AGGREGATE MIX DESIGN 
BATCH QUANTITIES PER C .Y. 

*Coarse Aggregate, lbs . 
*New Fine Aggregate, lbs. 

Cement , lbs . 
Air Entraining Admixture , oz. 
Water Reducing Admixture , oz . 
Net \vater , gal. 

Class A 

Batch 7 Batch 

1685 1685 
1255 1255 

660 660 
4 4 

19.8 19 . 8 
33 . 0 32.5 

Class B 

8 Batch 3 Batch 

1685 1685 
1316 1316 

611 611 
2 2 

18.3 18 . 3 
32 . 6 30 . 9 

*Weights converted to saturated surface-dry condjtion 

TABLE 7 

REFERENCE AGGREGATE MIX DESIGN 
BATCH QUANTITIES PER C . Y. 

Class A Clas s B 

4 

Batch 5 Batc h 6 Batch 1 Batch 2 

*Coarse Aggregate, lbs. 1740 1740 1740 1740 
*Fine Aggregate , lbs . 1229 1229 1350 1350 

Cement, lbs. 660 660 611 611 
Air Entraining Admixture , oz . 4 4 2.1 2 . 1 
Water Reducing Admixture , oz . 19 . 8 19.8 18 . 3 18 . 3 
Net Water, gal. 33 . 1 33 .5 31. 3 31.2 

*Weights converted to saturated surface - dry condition 

Tests were performed on th e fresh cnncrete to determine Slump (AASHTO 

T 119-86 } , Air Content (AASHTO T 152-86) and Unit Weight (AASHTO T 

121 -86} . Six test cylinders (6" x 12") and two 3"w x 3"d x 16"1 

freeze - t haw specimens were cast from each batch . The cylinders were 

tested for compressive strength (AASHTO T 22 - 86 ), two each at ages 7, 

14 and 28 days . The freeze-thal~ specimens were mo ist cured for 14 

days , after which they were subjected to f reezing and thawing (AASHTO 

T 161-86) in 3% NaCl solution. 
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RESULT S 

Results of tests on the fres h concrete and compressive strength test 

results are shown in Table 8 and Table 9. 

Slump , inches 
Air Conten t , percen t 
Uni ·t Height , lbs/ft3 
Compressive Strength, 

7 days 
14 days 
28 days 

TABLE 8 

PERFORMANCE TEST RESULTS 
NE\<1 AGGREGATE 

Class A 

Batch 7 Bat c h 

2 2 3/4 
5 . 0 5.8 

147.99 145 . 63 
psi 

3957 3986 
4319 4371 
49 09 488 4 

( Design Compressive Strength , psi) ( 4000) 

S l ump, i nches 
Air Content , percen ~ 
Unit \\1eight , lbs/ft 
Compressive Strength , 

7 days 
14 days 
28 days 

TABLE 9 

PERFORMANCE TEST RESULTS 
REFERENCE AGGREGATE 

Class A 

Batch 5 Batch 

2 1/2 2 1/2 
6 . 2 6 . 9 

145 . 95 144 . 75 
psi 

3694 3525 
4328 4 188 
4932 4722 

(Design Compressive Strength, psi) (4000) 
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Class B 

8 Batc h 3 Batch 4 

3 1/4 2 3/4 
5 . 4 4.7 

144 . 75 145 . 79 

3745 3908 
4335 4439 
4655 4917 

(3500) 

Class B 

6 Batch 1 Batch 2 

3 1/4 2 3/4 
5 . 2 5 . 4 

145 . 67 146 . 03 

3784 3871 
4225 4570 
4861 4806 

( 3500) 



The results of compressive strength tests are a l so s h own on La boratory 

Report Nos . C93 0016 through C930023 in Appe ndix D. Strength vs . age 

plots i llustr ating aver age compressive str~ngths i n ps i over time in 

days are shown in Fi gure I and Figure II . 

The results of dynami c testing of freeze-thaw specime n s are s h own in 

Table 10 . The pe rcent weigh t c h a nge res u lting from freezing and 

t hawing of specimens is s hown i n Table 11 . Freeze-th a w test resul ts 

are a lso s ummarized in Figure III and Figure I V. These figures show a 

comparison of results obtained with t h e reference aggregate and the 

new aggregate after 300 cycles of fr eezing and t h awing . 

11 



...... 
(,/') 
0.. 

" :::c 
~ 
:z 
LJ.J 
0:: 
t
(,/') 

6000 

~ 5000 ...... 
(,/') 
(,/') 
LJ.J 
0:: 
0.. 
::E 
0 
u 
LJ.J 
<..!) 

~ 
LJ.J 
:::> 
c:( 

7 

0 f~HJ AGGREGATE 

. /(DESIGN COMPRESSIVE STRENGTH - 4000 PSI) 
/ 

14 
AGE, DAYS 

AVERAGE COMPRESS IVE STRENGTH VS AGE 
CLASS A 

FIGURE I 

12 

2 



1-1 
(/) 
a.. 

... 
::c 
1-
(!) 
z: 
UJ 
ex: 
1-
(/) 

6000 

UJ 500 
> 
1-1 
(/) 
(/) 
UJ 
ex: 
a.. 
L 
0 
u 
UJ 
(!) 

~ 
UJ 
> 
cl: 

400 

# 

7 

4398 
~ 

~ 
.4-

/:}, 
6 

6 

4387 

/:}, 

0 
-ts- - -- -

--

NEI~ AGGREGATE 

REFERENCE AGGREGATE 

(DESIGN COMPRESSIVE STRENGTH - 3500 PSI) 

14 
AGE, DAYS 

28 

AVERAGE COMPRESSIVE STRENGTH VS AGE 
CLASS B 

FIGURE II 

13 



TABLE 10 

FREEZE-THAW TEST RESULTS - DURABILITY FACTOR 

New Aggregate Refere nce Aggregate 
Class A Class B Class A Class B 

No . Batch 7 Batch 8 Batch 3 Batch 4 Batch 5 Batch 6 Batch 1 Batch 2 
of 

Cyc l es *Average Durability Factor 

50 98 . 4 99 . 3 95 . 4 92 . 8 100 . 9 100.6 99 . 9 101.4 

100 100 . 3 99 . 9 94 . 0 90 . 8 97 . 5 100.3 103 .6 99 . 3 

150 95 . 0 95 . 8 91.6 92 . 4 94.5 97 . 0 102 . 1 95.4 

200 98 . 3 100 . 0 90 . 7 86 . 5 100.8 98.6 10 5 . 4 95.4 

250 98 . 5 99 . 4 9 3 . 1 87 . 2 94 . 5 98 . 8 107 . 1 92 . 8 

300 97 . 1 99 . 4 96 . 5 83.7 96 .0 98 . 2 108 . 1 96 . 3 

*Values s h own are t h e average resu l ts from two specimens . 

TABLE 11 

FREEZE-THAl'l TEST RESULTS - PERCENT \'lEIGHT CHANGE_ 

Ne~v Aggregate Referenc e Aggregat e 
Class A Class B Class A Class B 

No. Batch 7 Batch 8 Batch 3 Bai..c h 4 Batc h 5 Batch 6 Batch 1 Batch 2 
of 

Cycles *Average Percent Of We ight Change 

50 -0.8 -0 . 2 - 3 . 6 -4 . 8 -0.3 -0 . 4 -2 . 8 -5 . 2 

100 -2 . 8 -0 . 8 -7 . 8 -8.7 -0.9 - 1. 3 -5 . 7 -9 . 2 

150 -4 . 6 -1. 7 -11.0 -11.8 -1.6 -2 . 4 - 7.5 - 11.2 

200 -6 . 4 -2 . 6 -13 . 8 -15 . 1 - 2 . 2 - 3 . 2 -8 . 6 - 12 . 7 

250 - 7 . 8 -3 . 6 -16 . 2 -17.8 -2.9 -4 . 4 -10 . 0 - 14 . 3 

300 -9 . 1 -4 . 7 -18 . 4 - 20.5 -3 . 5 -5 . 4 - 10.2 -15 . 6 

*Values s hown are the average results from two specimens . 
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Fundamental Individual Relative 
Percent Transverse Durability Durability 

Batch No . Weight \veight Frequency Factor Average Factor 
Number Cycles Lbs. Loss "N" "N"2 DF DF RDF 
Reference Aggregate 

5A 0 12.50 1615 2608225 
3 . 3 101 . 2 

5A 300 12.09 1625 2640625 

5B 0 12.61 1664 27 68896 
3.7 90 . 7 

5B 300 12 .1 4 1585 2512225 
9 7 . 1 

6A 0 12 .4 3 1600 2560000 
5 . 1 97 .6 

6A 300 11 .80 1581 2499561 

6B 0 12.56 1602 2566404 
...... 5 . 6 98 . 8 
01 

6B 300 11.86 1592 2534464 

101 . 2 
New Aggregate 

7A 0 12.76 1625 2640625 
9.0 97.0 

7A 300 11.61 1600 2560000 

7B 0 12 . 80 1617 2 614689 
9 . 1 97 . 2 

7B 300 11.63 1594 2540836 
98.3 

8A 0 12 .58 1612 2598544 
4.5 100.5 

SA 300 12 . 02 1616 2611 456 

8B 0 12 . 56 1604 2572816 
4 .8 98 . 3 

8B 300 11 . 96 1590 2528100 

SUMMARY OF FREEZE-THAW TEST RESULTS 
CLASS A 

FIGURE III 



Fundamental Individual Relative 
Percent Transverse Durability Durability 

Batch No . We i ght Weight Frequency Factor Average Factor 
Number Cycles Lbs. Loss "N" "N"2 DF DF RDF 
Reference Aggregate 

1A 0 12 . 89 1664 2768896 
10 . 2 110 . 4 

1A 300 11 . 57 1748 3055504 

1B 0 12 . 92 1688 2849344 
10 . 1 105 . 7 

1B 300 11. 61 1735 3010225 
102 . 2 

2A 0 12 . 75 1630 2656900 
16 . 3 94.2 

2A 300 10 . 6? 1582 2502724 

2B 0 12 . 71 1635 2673225 
,_. 14 . 9 98 . 3 
Q) 

2B 300 10 . 81 1621 2627641 

88 . 2 
New Aggregate 

3A 0 12 . 83 1680 2822400 
18.0 103 . 0 

3A 300 10 . 52 1705 2907025 

3B 0 12 . 77 1673 2798929 
18 . 7 89.9 

3B 300 10 . 38 1586 2515396 
90 . 1 

4A 0 12 . 87 1690 2856100 
22 . 0 92 . 2 

4A 300 10 . 04 1623 2634129 

4B 0 12 . 78 1680 2822400 
19 . 0 7 5 . 1 

4B 300 10 . 35 1456 2119936 

SUMMARY OF FREEZE- THAW TEST RESULTS 
CLASS B 

FIGURE IV 



SUMMARY AND CONCLUSIONS 

1 . An initial sampl e of the proposed new coarse aggregate fro m the 

Calkins Sand & Gravel Corporation facility in Lyndon , VT failed to 

comply wi t h gradation requirements . Subsequent samp les of the 

proposed new coarse aggregate obtained from the same facility were 

found to be in compliance with the requireme nts of Section 704 . 02 when 

tested in conjunction with t h is evaluation . 

2 . The average 28 day compressive strengths of concrete containing 

the Calkins Sand & Gravel 3/4'' cru s hed stone coarse aggregate were 

approximately equal to the strengths of concrete con t aining the 

reference aggregate . The Class A concrete contain ing the proposed new 

aggregate from Calkins Lyndon quarry had an average compressive 

strength of 4827 psi at 28 days, while the Cl ass A concrete containing 

the reference aggregates yielded an average c ompressive strength of 

4897 psi. Th e Class B concrete conta ining the n ew 3/4" crushed stone 

aggregate f rom Calkins quarry in Lyndon , VT had an average compress ive 

strength of 483 4 psi at 28 days , while the Class B concrete containing 

t he reference aggregate had an average compressive strength of 4786 

psi. 

3. Results of fre ez ing and t h awing t ests showed overall reduced 

performance for concrete con taining t he new aggregate , when compared 

wit h co n crete contai ning t he reference aggregate . Th e average 

durability factor for Class A concrete with t he new aggregate was 98.3 

while Class A concrete wit h the reference aggregate had an averag e 

durabilily factor of 97 . 1. The Class A concrete containing the new 
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aggregates , however, shoHed greater average \-Ieight loss ( 6 . 9% l than 

the Class A concrete containing the reference aggregate (4.4%). Class 

B concre~e con taining the new aggregate performed poorly in sonic 

testing when compared with Class B concrete con taining t he reference 

aggregate . The average durability facto r was 90 . 1 for Class B 

concrete with the ne w aggregate a nd 102 . 2 for Class B concrete with 

t h e reference aggregate. Class B concrete containing the new 

aggregate a l so showed greater average l-leigh t loss (19.4%) than Cl ass B 

concrete with the reference aggregate (12.9%) . 

4. Mix design tabl es , shown on page 9, indicate Class A and Class B 

mixtures containing the n ew aggregate required comparable quantities 

o f mixing water to d eve lop air contents and slumps equal to the mi xes 

containing the reference aggregates . 
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RECOMMENDATIONS 

1 . It is reco mmended that t h e present Calkins Sand & Gravel Corp . 

facility in Lyndon, VT be approved as a source of coarse aggregate for 

use i n structural concrete . 

2 . During the i n itial uses of concrete containing this aggregate on 

Agency projects, Mater ials and Research Division representatives s hall 

conduct tests necessary to determine t he performa nce of this aggregate 

in concrete under field conditions. Du e to the range of resu l ts 

obtained in freeze-thaw tests , it is recomm e nded t hat sub sequent 

testing i n clude fabri cation o f fre eze-thaw specimens to permit further 

examination of t hi s concrete property . 

3 . Performa nce of additional petrographic evaluations of t h e n e w 

coarse aggregate i s also recomme nded annually , as a minimum , to permit 

monitor i ng of any c hanges i n the mi neralogy of t h e material. Should 

examina t ion reveal significant increases in the quantity of Phyl lite 

present in the stone , the Materials and Research Division reserves t h e 

right to order use of t h e material discontinued. 
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1. SCOPE 

APPENDIX A 

STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 

Prepared By: 
nate: 
Page: 

VERMONT PROCEDURE FOR EVALUATING A .NEW 
SOURCE OF STRUCTURAL CONCRETE AGGREGATE 

VT-AOT-MRD 9-82 

H. MeyerW-1/1 
March 26, 1982 
1 of 2 

A procedure for evaluating new structural concrete aggregate sources 
by testing proposed new aggregates for compliance 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 which the Materials and Research Division has no service-in
concrete data) shall be divided into two sections called: . 

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

All requests for evaluation of new structural concrete aggregate 
sources shall be made, in writing, to the Materials and Research 
Engineer . Requests shall describe the type of material proposed for 
use as well as the location and quantity of available stockpiles. 

Materials and Research Division person~el shall perform all work 
necessary for both the Phase I and Phase II sections of this eval
uation process. The work will be performed in an expeditious manner 
consistent with availability of manpower. Evaluations may require 60 
calendar days or more from the date the aggregate is available for 
testing (controlled by the avai labi l ity of personnel to perform 
testing). Delays beyond the control of the Materials and Research 
Div1 ~ion shall be documented and notification given of the consequent 
extension of time required to complete the evaluation. 

Test results shall be the basis for determining acceptanc~ •. further 
testing, or rejection of the proposed new material. Failure of the 
material to comply with all applicable requirements, during any phase 
of testing, may necessitate rescheduling or termination of the evaluation. 

The cost of materials necessary to complete the evaluation will be 
borne by the requesting party. 
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A report shall be prepared documenting the Material s and Research 
Divi sion•s involvement in the evaluation. A copy of the repor t shall 
be forwarded with a cover l etter, informing the requesti ng party of the 
acceptability or nonacceptability of the aggregate. 

Phase I 

1. Following receipt of the written request, the Structural Co ncrete 
Engineer will schedul e a field petrographic examination of the 
proposed new aggregate source by the Vermont A.O.T. Chief Geologist. 

2. The Structural Concret e Engineer or his representative will visit 
the site and det ermine: 

(a) Does a stockpile of at least 50 cubic yards of processed 
material exist? 

(b) Can samples be obtained in the standard manner from the 
stockpiles? 

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

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

5. Report the results (as an Evaluation Samp~e) on the Standard 
Materials and Research Division forms. 

Phase II 

1. The performance-in-concrete tests shall be performed on concrete 
prepared at the Central laboratory. The proposed new aggregate 
will be eval uated by compa ring results of tests performed on concrete 
using the new aggregate with results obtained from concrete containing 
a reference aggregate. Cement, admi xtures , and aggregates , other 
than the proposed new aggregate, will be selected by the Structural 
Concrete Engineer. Normally, these materials will be the same as the 
materials current l y in use at t he Ready- mix plant where the proposed 
.new aggregate will be used. 

2. Mi x proportions for each class of concrete required shall be designed 
· or approved by t he Ma terial s and Research Divi sion and shall conform 
to Table 501 . 03A of the Vermont Standard Specifications for Highway 
and Bridge Construction, current edition. 

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

4. Tests of Slump , Air Content, and Unit Weight s hall be in accordance 
with AASHTO Tll9, AASHTO Tl52, and AASHTO Tl21, respectively. 
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TA 419 Rev. 2.5 M 1-92 APPENDIX B 
STATE OF VERMONT 

AGENCY OF TRANSPORTATION 
MATERIALS AND RESEARCH DIVISION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 
G 92 oo33 '/ 

t: ~: :_'" '-' :.;\.l :J Laboratory Number Pay Item £0 1 
Project Name Co,./k,·ns Qu,vrt - LYflclcadile v;:Project Numbe_r.......,........_.L-_ ____ _ __ _ 

Sampled By !f. M e Bea.a 'Date Sampled :;zz,0 e 11 !99ZExamined For 7a 1/:02 
Sampled From . f2'Co'-'Sf-'4 Plant At Ca..Jb.:,-bs quacr,r L,varl-za~e<'tle ,~c t~ve/ 
Source of Matenal- ~ ~~-ns Lw~/) f/,;Jle 
Quantity Represented _ Sample Type -=:J-B..L4;~;;,1u.~~-mLLL'J-, n...uw:"'b'Y'--.-----------
Sample Comparison /110 Cross Reference Number---- ------

, if (/eJye ) 
MATERIAL TESTED 3/¥ Cruslzed .. 5'-*rJOe f'or Ca/lt:re c~ 

SIEVE 

S IZE 

WEIGHT 

INOIV. 

fo RETAINED fo PAS<;JNG 

CUMUL. 

AGGREGATE MOISTURE CONTENT 

RET --

RET-

RET _ / __ 

RET~ 
RET L 

RET -!A_ 
RET ~ 
RET _a_ 
PA N 

TOTAL 

Fineness Modulus 

INO'V, C UMUL. 

Cumul. Total Retained/ 100 

Organic Impurities: Color ----
T&E 5. G, % Thin & Elongated Pieces 

Total Weight 
Fractures = _ ___ - !()0 % Fractured Faces 

Total Weight 

Original Weight >-5"0(2 0 
Final Weight . '? tQ 12. 

I 388 

Grading '3 ·' 
Percent Wear 2 z 8 

) Test results are in compliance with specifications. 

( ~est results are outside specifications. 

WET WEIGHT ____ _ 

DRY WEIGHT ____ _ 

MOISTURE CONTENT % _ _ __ _ 

I NOTE: MOISTURE CONTENT(%)= 

X 100 

W w = WET WEIGHT 

W 0 = DRY WEIGHT 

-1 , s,·(; ve. 

JB ,, 5 / t: <I(: 

a '( _s,e.;~ 

AASHTO T96 

i. 3 ~ 
~-8 
s. 2. 

7·? 

Comments: TA/.s· /Jlevf e l'" /u. I ie.stec.l L.,- e vc.../U4..f/CJ/l 
L"Ur,eose<: r 

Tested By Ji!J/~ 
Date Completed =/ 9 Z::: 



TA 419 Rev. 2.5 M 1-92 
STATE OF VERMONT 

AGENCY OF TRANSPORTATION 
MATERIALS AND RESEARCH DMSION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 

r,4'~ ' ... .... , , ..... ,.,f:'"' 

Lab?ratory Number '· .· "'" \. ' ~"" 0 . Pay Item ___..s~,.J.-...,<2~/ ________ _ 
ProJect Name Ca/l(','n5 Qt/,(!.uv-Z..tndoovl tle ProJect Number=--::---;-;:~---:----,,..---
Sampled By .ll Me .flea a Date Sampled Tuae ({ /992. Examined For 70 "-/. 0 2. 
Sampled From ..S-cor..ke/1(: -Plant At (4./kr~s At- L,rarkavtlle - lot.f..f:c leue/ 
Source of Material e.o.j, (r72 f zy~ll~'tLJUCL'L..Lt'n.'flc~.~~---.-:------:-:~---------
Quantity Represented Sample Type :::--J..P.A:.......L.;.£.r:---f-LL..'t~71..!J-' -"-:n~<&~cYt=----------
Sample Comparison Jt/ 0 Cross Reference Number---------

~ (!.~Jse) 
MATERIAL TESTED -?/;1 /f (._ ruShed ..Stone /-far C.of1C/e fe 

S IEVE 

S IZE 

RET--

RET -

RET _ / _ 

RET~ 
K 

RET _L_ 

RET~ 
RET __:!__ 
RETL 
PAN 

TOTAL. 

WEIGHT 

INDIV. 

------.3,7D 
/)·21 
R..3if 
(),Jz 
o,z9 

2-s-,G£ 
Fineness Modulus 

% RE AINED 'Yo PAS'SING 

IND 0V. CUMUL. CUMU L . 

---- /o·o 
..-- !dO 
?2. 2. _7_7.~ 

'-13-7 ? J.f·l 
32.-£ J.G 

-

63- J,/ 
; ,/ 

-
Cumul. Total Retained/ 100 

Organic Impurities: Color ---- v I 5r..,"'" PI e. 
-(c ~V" 

AGGREGATE MOISTURE CONTENT 

WET WEIGHT ____ _ 

DRY WEIGHT _ _ __ _ 

MOISTURE CONTENT % ____ _ 

1 NOTE: MOISTURE CONTENT(%)= 

X 100 

W w = WET WEIGHT 

W 0 = DRY WEIGHT 

"2 .5·~ " "" 
!J-- - --:> o o (; 83 - C •lZ /c 

_ _ T_&_E __ - · ___ - '-1,2 % Thin & Elongated Pieces 
{

I " 

1.6' " .5u:: v e 

glf S,'<:ve_ 

~ :: 1.:1/o * ;: '1·7/o 

Total Weight 
Fractures = = /fJ:" % Fractured Faces ---- , u 

Total Weight 

Original Weight ..!;.-() o 0 
Final Weight , 1 7 8 G 

!ZI'f 
{ J-./'). Test results are in compliance with specifications. 

Grading -;-;;----"'_J?~=-:-~,.---
Percent Wear 2 '{- ,":J AASHTO T96 

) Test results are outside specifications. 

Comments: Th£s lnalerio-1 / .s- 6e./n t; C<:;.S-fed h/ ev-o-lv..c...f/on 
A ~ / 

ur(Jo se ... .c:. on I y. 
~ , - ---------------------------------

Tested By £ tfJu..foaptf /f!tfo;f- Reviewed By Jo/j H. Weaver, P.E. 
Date Completed ~::Tu.oc: 1 .;/' / 99L. Date b ] ( q1...<' 

J ~ I 
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STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS AND RESEARCH DIVISION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 

Laboratory Number C ~2 0 0 ~ bJ Pay Item _ ...... :S}~tJ::.....L../--::-:,-----:;::::;-=:----:--=-
Project Name PQ$!B?/i' !Vzyg£ U'f'G" Project Nwnber f . .f/OfUI Plilt! 92- C -17 . 
Sampled By J. 't::.a.J.-Y1 s.A~~ate Sampled ~8/.y/:z,.. Examined"For -~~~'!>4-::......!....:....:' 6::..:2-=--

Sampled From S-a?CKP1U:: Plant c_~ - LyAI.PtW'J/ItL!i" 
Source of Material C!ltKIAJS Ci>f»:Jeel.Ji ,· L YA/.DaiVI//LLtr, vz:= 
Quantity Represented 0 c.Y Sample Type ..,..· -'-B.t:.'l?glj~~'PI.uYM~'Il~K'-f.Y-;--....----:-:--------
Sample Comparison NO Cross Reference Number _._!tJ~ju.A:z__ _____ _ 

I ' 

MATERIAL TESTED~ (.EJ)(pG /!ocK. /VR (_~ 

WEIGHT ')\'o RETAINED % 1'1\S<;tNG S IEVE AGGREGATE MOISTURE CONTENT 

S IZE 

RET--

RET--

11' 

RET--

RCT~ 
~·· RET - -
:t/ ,, 

RET .:zg__ 

RET_±__ 
RET _ 8'_ 
PAN 

T OTAL 

INOIV. 

-
5Zo.~ 

3q4t.l 
3o44.& 
-41<//.3 

[;o7.5 
5fo1,5 

&. 774.1> 
Fineness Modulus 

IN O ' V. C UMUL. C UMUL. 

( OD 

4- q~ -
31 fo5 
z4 4{ 
33, A 
4 4 
4 
l OO I -

Cumul. Total Retained/ 100 

Organic Impurities: Color ----
T&E = 41·8 = (o.(p % Thin & Elongated Pieces 

Total Weight 7 I q , 6 
Fractures = 7 / q. 5 - I 00 % Fractured Faces 

Total Weight 7ttJ.5 
(' I , 

Grading ..f5 

WET WEIGliT ____ _ 

DRY WEIGHT. ___ _ _ 

MOISTUiili CONTENT % ____ _ 

t NOTE: MOTSTIIRE CONTENT (%) = 

X tOO 

W w = WET WEIGHT 

W 0 = DRY WEIGHT 

Original Weight r r.f'Y>o 
-·t-..LJ~~=s--1~ 

Final Weight _....,;j..._41.L.:._.1~· 7~'}- Percent Wear - ..3--::::-7/-, grr-oz07
- - AASHTO '1'96 

( v1 Test results are in compliance with specifications. 

Test results are outside specifications. 

Comments: 
- ----· - - ·--·---------- - - ---- - --

If. J/aL7 
Tested By ~) .1/ ~ Reviewed By .fflhx, H. weaver, P.E. 
Date Com pl e-.,t-ed.....----t.rL-"=A-a;-'t'--"-Z"'~_.ij?£"-=7?-Z------Da te 9/ 2.. / 9 2. ..J.""--1#--14-----=--"',.,..J....-
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TA 419 Rev. 2.5 M 1-92 
STATE OF VERMONT 

AGENCY OF TRANSPORTATION 
MATERIALS AND RESEARCH DNISION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 

R i/O! { 

CF 

Lab?ra tory Number G92010JO Pay Item ~ ()/ 
P roJect Na._J?e_fo.s$/b k ktu1 e t/SP Project Numbe_r_._j/IZ~:;-c-K_p__,fi-o-9~·-::z=---c-=----1-J 

~::~~~ ~;0~ frJ.;{£fMJJ:/tnMJDate s:t:!ed~Qft{:;/,{!~2 ~ .. Exa~~~:6u~¥ ()2 
Sourc~ of Material7(llkl'l'lS {Q @..rrV

1
n ;;;;-c~vft 

Quantity Represented Sample TfPe _·g_:m _:";!;. _ _ 
Sample Com p~rison IVa c=rLo....Lss~RL-ef~e'-'re'-'n'-'c'-'e'-:No;-"u.c;:m~e"""r----------

MATERIAL TESTED 3/y "c rU.Shecf/edr;e roCK ~rJr Cot1.Cre t<:: 
• J 7 

SIEVE 

S IZE 

W EIGHT 

INDIV. 

'!'>RETAINED ~ PA S '>ING 

RET --

R ET -

R ET _ /_ 

RET~ 
R E T _z_ 
RET~ 
RET _!I__ 
RET _g_ 
P AN 

T O TAL 

Fineness Modulus 

I N D 'V. 

Cumul. Total Retained/ 100 

Organic Impurities: Color 

C UMUL. CUMUL. 

- ---
T&E = 3 2. = S, 8 % Thin & Elongated Pieces 

Total Weight ~ 
Fractures = 5-S(e -· /00% FracturedFaces 

Total Weight S.5fo 

Original Weight £ OOQ 
Final Weight _ _..2~¥1..-L.7_,8~

/S2._Z-

Grading 'J? . ' 
Percent "w..-:e-=-ar--':::"-=::t=o.._......, _,9',...,.--

(V) Test r esults are in compliance with specifications. 

) Test results are outside specifications. 

Comments: 

AGGREGATE MOISTURE CONTENT 

WET WEIGHT ____ _ 

DRY WEIGHT ____ _ 

MOISTURE CONTENT % ____ _ 

t NOTE: MOISTURE CONTENT(% ) = 

X tOO 

W w = WET WEIGHT 

W 0 . = DRY WEIGHT 

/J~ J.~U---4 
Tested By fu Revi-ewed By JeliR II. Wea"eL, P ~ 
Date Completed' __ -.£..<0-..\...o..._.c.._,c:.._~-------Date o 9 /o 4 ,/CJ Z _ __..-=+=rii"';-...._ 

25 



TA 419 Rev. 2.5 M 1-92 
STATE OF VERMONT 

AGENCY OF TRANSPORTATION 
MATERIALS AND RESEARCH DMSION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 

Lab?ratory Number ( ~ ~ l2 {J L .J t ·; Pay Item 5'0 I 
ProJect Name tJ.flt3._/C pL.!( V u q 2 -c..-1 7 Project Numbe_r ____________ _ 

Sampled By/:.E2Z5Y--;?Rtn!WoN6nate Sampled RJ;:u/91=; Examined For 71)5101 
Sampled From <:Tf'4LI'1LE" Plant L.~iV{!.G -S/. J"of/l'l!S8v~Y 
Source of Material 6 0/L-.PH/JU 
Quantity Represente~d...,L...>!.:...<.....::;--""-.:...=.~=-:S:::-a-m-p.-le-;;;T;-yp-e-&..,..-::;CCE:-:;;;c-~~;;:;-/==-w~f3£-;:;-:....------------

Sample Comparison AlO Cross Reference Number----------

MATERIAL TESTED fll(}c A &6 HJf2 CJJJJcJ2i?re 

S IEVE 

S IZE 

RET - 

RET u 
RET __i__ 
RET~ 
RET A_ 
R ET _.1Q_ 
RET 5!2...._ 
RET lf!r2__ 

PAN 

TOTAL 

WEIGHT 

INDIV. 

--
st/t 1 
JZ..3~1 
Jffp, I 
/ ff, f 
s~,'f 
J2,t.f 
SI.J,Cj 

Fineness Modulus 

,. RETAINED 

IND'V. CUMUL. 

1/ II 
z¥ JS" 

z_t;;_ &I 
Z-2-- t'l 
II CJ'f 
~ 

U'l 

Cumul. Total Retained/ 100 

Organic Impurities: Color ----

'Yo PAS'iiNG 

CUMUL. 

100 
;()0 
rfCj 
(p$" 
J<f 
17 
it; 

-

AGGREGATE MOISTURE CONTENT 

WF:r WEIGHT ____ _ 

DRY WEIGHT ____ _ 

MOISTURE CONTENT % ____ _ 

t NOTE: MOISTURE CONTENT (%) = 

X 100 

WW = WET WEIGHT 

W 0 = DRY WEIGHT 

T&E - - % Thin & Elongated Pieces ----- ---- ---
Total Weight 

Fractw·es = - % FracturedFaces ---- ---
Total Weight 

Original Weight -----Final Weight ------
Grading 
Percent Wear AASHTO T96 -----

V) Test results are in compliance with specifications. 

Test r esults are outside specifications. 

Comments: 

Tested By ~~~ 
Date Compleed ~/S: 



TA 419 Rev. 2.5 M 1-92 
STATE OF VERMONT 

AGENCY OF TRANSPORTATION 
MATERIALS AND RESEARCH DIVISION 

REPORT ON SAMPLE OF STRUCTURAL CONCRETE AGGREGATE 

SIEVE 

S IZE 

R E T --

RET-

RET _l__ 
R E T ~sf 
RET .Yz
RET # 
R E T __'/__ 

R CT _%____ 

P A N 

T OTAL 

W E I GHT 

I NDI V . 

-
JtoO.o 

JIO/, ~ 

Z~f-3. _'/ 
3~2-(p.O 

J/'1. 0 
2ll/.7 
OtJ32. 7 

Fineness Modulus 

'JI, RE AINE D 

IND 1V . CUMUL. 

'I 
Jl 
30 
32-
I 
z. 

Cumul. Total Retained/ 100 

Organic Impurities: Color ----

% PAS <;I NG 

C U MUL . 

/tJO 
CJ!p_ 
&~ 
J) 
3 
z. 

-

AGGREGATE MOISTURE CONTENT 

WET WEIGHT ___ _ _ 

DRY WEIGHT _ ___ _ 

MOlSTURE CONTENT % ____ _ 

t NOTE: MOISTURE CONTENT(%)= 

X 100 

W w = WET WEIGHT 

W 0 = DRY WEIGHT 

T&E = 7. t - /, t % Thln & Elongated Pieces 
Total Weight 41./ I 

Fractures = 3t1f,9 - fiG£ % Fractured Faces 
Total Weight "/'II 

Original Weight S,ljfgi 
Final Weight JZ > Grading If 

Percent Wear ·-:z~~.~z;r-~.--:-9-l~c-::-rn..,... AASHTO T96 

{ v/) Test r esults are in compliance with specifications. 

{ Test r esults are outside specifications. 

Comments: 

/) . F. f{II&E 
Revi·ewed By iJo!mJf· We a vet , P.E. .V ~ 
Date ///..5;L!/:2 
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E~1ADRR 11 VERMONT AO~NC~;:brr. TR~NS~ORTATION 
'HA'J'ERI ALS i\ND '· RESF;ARCH ··D r\i TS JON 

Di s t r i bu t1 d n ~ . i s t 
C'('> nt r a J F.U (' s 

L:·lll No : ,\. ~ 30(1 !-Jf 

RF.POI?T ON SAHPLE · OF .·\Gr.JH\f, .:\'IT: · 
P r·0 l im.inary -Sampl ~· 

H :t.l ~· 
l : p (' :l (J~ i !.' f 

Pro j ec t: Possi b l e futut~e n se 

·1) · · I" ; · c·o·l'rr·J:' 0 T I" r-1 -~ ss· n r: () 1 zr. ::3 ;\ . \ f trt . • ... , r . , 1 '" .: , . , p ,l ~ , • , I 

Samp l e d By: Ke l l y 

D ~.d. r. ~ Sampl €'d: (JR/3 J /9 '!... 
~I Rte r ia.J Nallle: G l.' ~:Hl ;·lU on Heg.u)re me n ts f o r 3/4'' S l o n e· 

Sampl ed F t·o m: S l ~.:oc f.pd e· 

1):-:t Le Hectd \ N l: f)f~ /'1 1 / 9'2' 
·~:A L I\TNS S.-\ND &· GHt\\ ' EL L YHDONYl Ll.E '.'T 

.· Te~ted By: O .F~ I c h . 

&ou r cP : ·C:\LF.JNS S:~hD t ' GR./\\' El. l.YNPON\' 1 LL[ FT 

(' ("' IJ IJ II '' I 1 I : 

1'0 1'.'\L SA~.IPLF: 

S J E\'E P\S SH!C1 
1···.1 /~~ " 
I ,. -. 
:'- 11'2 " 
.j " 

~~-~: /2 " 
. , .. 
! - .l/ 11" 
l. - 1 /?. " 
l'' 
.. ~ / I II 

!) / f' II 

t / ~:" 
,., / ~) ,, 

Hr• 
l·k 
Nn . 
!~J t' 

!\it_: I 

n 
J-1'! 
·w 
H' 
·:, 0 

OLITS lDE 
SPEC'S 

I . 

t 

TEST RESULTS 
F I NENESS t-WDULl'S 

?-b . COM~S I':R THAN 
N~; . ·I 
1'l u . 8 
N<.) . 1 0 
N ~' - 30 
Nu . ·1 0 
Nc·. 5 fJ 
N,_. . 1 OQ 

TC:'.~ t s _Co mr·l e t •· : fl. t /2 :1 /9 3 

X-Ref No : 

F j n c- n e ~~ ::. 
C.: <:o .l v l" 

G t'~ld i n g · 
Pe r c t:: n t. u f ,,. i': 1 1 

A \ SI·ITO 1'96 -

Frnc F a cvs 
Th i n / E1 f.' ll !:' ·

S ot lndn r·s.s 1 . l 7 

0t.1T'S 'I P I:: 
:.; J' !·:·.·s 

!'l l·: 

No . 
t o n 
2 00 

Rew .<H I·~!?. : Result s v f t e-s t !-' !JC" l.fo J ·m·~ d ~l J;C i tt 

(' OOI J • l.i an '2t~ h' it. li s pec if:i c ati o l! £ . 
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AGENCY OF TRANSPORTATION 

TO : 

FROM: 

DATE: 

John H. Weaver, Structural Concr et e Engineer 

Alan J . McBean~nsportation Geologist 

June 17, 1992 

APPENDIX C 

OFFICE MEMORANDUM 

SUBJECT: Petrographic Analysis of Aggregate From Calkins Quarry 
Lyndon, Vermont 

On June 11, 1992 Reginald Holt and I visited the Calkins Quarry in 
Lyndon, Vermont and. inspected two stockpiles of material, which had been 
manufactured from l edge exposed i n the gravel pit currently be i ng operated 
on the s i te . 

The exposed ledge consists of i nterbedded limestone and phyllite of 
the Waits River Formation. A petrographic analysis was conducted on 
samples from each stockpi le to determi ne the percentages ·of each rock type 
present. Tables 1 and 2 summarize t he r esults . 

TABLE 1 
Upper Stockpile 

Percent Retained 
Lithol ogy/Mineral 3/4 1/2 3/8 No . 4 No . 8 

Quartz 4.1 7. 0 4.9 5.9 7.5 
Phyllite 44.3 45 . 6 42.2 42 .8 46.5 
Limestone 51.5 47.4 52 . 9 51.3 46 . 1 

Total 100 .0 100.0 100 . 0 100.0 100 .1 

TABLE 2 
Lower Stockpile 

Percent Retained 
Lithology/Mineral 1/2 3/8 No . 4 No. 8 

Quartz 11.2 10.4 8.8 15.8 
Phyllite 36 . 6 49 . 4 52 . 6 50.6 
Limestone 52.2 39 . 3 38 . 6 32.8 
Gravel 0.8 
Pyrite 0.2 
Calcite 0 . 6 

Total 100.0 99 . 9 100.0 100.0 
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John H. Weaver -2- June 17, 1992 

Of the rock types observed , phyllite is the material which has the 
potential to behave poorly in concr ete . Due to the th inly layered, fine 
grained texture of the rock , freeze-thaw cycling could result in premature 
failu re of t he aggregate . This mater ial also tends to produce thin and/or 
elongat ed particle shapes. Further testing i s needed to determine the 
f reeze-thaw characteristics and overall performance of this mat erial in 
concrete . 

AJM/slv 

cc: Lab File 
Central Fi l es 
Reading 
AJM 
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APPENDIX D 

LABRPT Vermont Agency of Transportation 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Report on Concrete Test Beam 
Preliminary Sample 

Lab No: C930016 

Project: WORK PLAN 92-C-17 

Pay Item: Concrete, Class A 501 . 22 

Mater i al Name/Type: Concrete Class A 501 . 03A 

Report Date: 02/05/93 

Date Sampled: 11/09/92 

Time Sampled: 10: 30 

Sampled From: LAB MIX BATCH 7 
Resident: 

Field Test By: CONCRETE DIY 
Quantity Represented: 1 . 8 CF 

Lab Tested By: CONCRETE DIY 
Mater i al Source: MATERIALS & RESRARCH LAB 

Location Used: PERFORMANCE IN CONCRETE EVA LUAT ION 
X-Ref No: CS: 

Coarse Agg CALKINS SAND & GRAVE LYNDONVILLE VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: GLENS FALLS GLENS FALLS NY 

A/E Admi x: DARAVAIR 
Admixture: WRDA / HYCOL 
Admi xture: 

Comments: 

Total Agg. Dry Wgt : 
Type: 2 Lbs: 

Dosage: 4.0 OZ/CY 
Dos age: 3 OZ/CWT 
Dosage: 

2908 
660 

Specs 
Test Min Max 

Indi cates if 
Outside of Specs 

Unit Wgt of Fresh Concrete,pcf 148. 
Air Content, Percent 5 . 5. 7 . 
Slump, I nches 2 . 2 . 4. 
Total Water, Gal/cy 33 . 35. 1 
W/C Ratio 0.42 0.44 
Concrete Temperature, Deg F. 64 50 80 
Ambient Temperature, Deg F. 62 10 85 

Specm . Cy l Date Date Des Age Hour Brk Avg 28 Day Indic. if 
No. Wgt Received Broken Age Brk Break F/S PSI PSI Spec Out. Specs 

TA1 1 51 11 /09/92 11 / 16/92 7 7 s 3985 3957 4000 
TA2 151 11 /09/92 11/16/92 7 7 s 3929 3957 4000 
TA3 150 11 /09/92 11 /23/92 14 14 s 4146 4319 4000 
TA4 150 11/09/92 11/23/92 14 14 s 4492 4319 4000 
TA5 11 /09/92 12/07/92 28 28 s 4980 4909 4000 
TA6 11/09/92 12/07/92 28 28 s 4838 4909 4000 

Remarks: Results of tests performed are in compliance with Specifi c ations. 
Comments : 

Flexural Strength Tests Conducted in accordance with AASHTO T97 

Reviewed By: Robert J. O' Brien, Supervisor of Test ing Labs 
Fo r: Robert F. Cauley, Mater i als and Research Engineer 
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LABRPT Vermont Agency of Transportation 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Report on Concrete Cylinder 
Preliminary Sample 

Lab No: C930017 

Project: WORK PLAN 92-C- 17 

Pay Item: Concrete, Class A 501 . 22 

Material Name/Type: Concrete Class A 501 .03A 

Report Date: 02/05/93 

Date Sampled: 11 /09/92 

Time Sampled: 11:15 

Sampled From: LAB MIX BATCH 8 
Resident: · 

Field Test By: CONCERTE DIV 
Quantity Represented: 1.8 CF 

Lab Tested By: CONCRETE DIV 
Material Source: MATERIALS & RESEARCH LAB 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 
X-Ref No: CS : 

Coarse Agg CALKINS SAND & GRAVE LYNDONVI LLE VT 
Fine Agg LAWR ENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

A/E Admix: DARAVAIR 
Admixture: WRDA I HYCOL 
Admixture: 

Comments: 

Total Agg. Dry Wgt: 
Type: 2 Lbs: 

Dosage: 4 OZ/CY 
Dosage: 3 OZ/CWT 
Dosage: 

2908 
660 

Specs 
Test Min Max 

Indicates if 
outside of Specs 

Unit Wg t of Fresh Concrete,pcf 146. 
Air Content, Percent 5.8 5. 7. 
Slump, Inches 2.75 2. 4 . 
Total Water, Galley 32.5 35 . 1 
W/C Ratio 0.41 0 . 44 
Concrete Temperature, Deg F. 64 50 80 
Ambient Temperature, Deg F. 62 10 85 

Specm. Cyl Date Date Des Age Hour Brk Avg 28 Day Indic. if 
No. Wgt Received Broken Age Brk Break F/S PSI PSI Spec Out. Specs 

TA07 149 11/09/92 11 /16/92 7 7 s 4040 3987 4000 
TAOS 149 11 /09/92 11/16/92 7 7 s 3933 3987 4000 
TA09 148 11/09/92 11 /23/92 14 14 s 4331 4371 4000 
TA10 148 11/09/92 11/23/92 14 14 s 4411 4371 4000 
TA 11 11/09/92 12/07/92 28 28 s 4870 4884 4000 
TA12 11/09/92 12/07/92 28 28 s 4898 4884 4000 

Remarks: Results of tests performed are in compliance with Specifications . 
Comments: 

Compressive Strength Tests Conduc t ed in accordance with AASHTO T2 2 

Reviewed By: Robert J. O'Brien , Supervisor of Testing Labs 
For: Robert F. Cauley, Materials and Research Engineer 
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LABRPT Vermont Agency of Transportat ion 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Report on Concrete Test Beam 
Preliminary Sampl e 

Lab No: C930018 
Report Date: 04/20/93 

Project: WORK PLAN 92-C- 17 
Date Sampled: 11/09/92 

Pay Item: Conc rete , Class A 501.22 
Time Sampled: 8:45 

Material Name/Type: Concrete Class A 501 . 03A 
Sampled From : LAB MIX BATCH 5 

Resident: 
Field Test By : CONCRETE DIV 

Quantity Represented: 1.8 CF 
Lab Tested By: CONCRETE DIV 

Material Source: MATERIALS & RESEARCH LAB 

Location Used: PREFORMANCE I N CONCRETE EVALUATION 
X-Ref No: CS: 

Coarse Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

A/E Admix: DARAVAIR 
Admixture: WRDA / HYCOL 
Admixture: 

Comments: 

Total Agg. Dry Wgt~ 
Type: 2 Lbs: 

Dosage: 4 OZ/CY 
Dosage : 3 OZ/CWT 
Dosage: 

2933 
660 

Specs 
Test Min Max 

I ndicates if 
Outside of Specs 

Unit l~gt of Fresh Concrete ,pc f 146. 
Air Con tent , Percent 6.2 5. 7 . 
Slump , Inches 2 . 5 2 . 4 . 
Total lva ter , Gal/cy 33 . 1 35. 1 
W/C Ratio 0.42 0.44 
Concrete Temperature, Deg F . 62 50 80 
Ambient Temperature, Deg F . 65 10 85 

Specm. Cyl Date Date Des Age Hour Br k Avg 28 Day Indic . if 
No . Wgt Received Broken Age Brk Break F/S PSI PSI Spec Out. Specs 

RAl 148 11/09/92 1 1/16/92 7 7 s 3645 3694 4000 
RA2 148 11/09/92 11/16/92 7 7 s 3743 3694 4000 
RA3 149 11/09/92 11/23/92 14 14 s 4296 4328 4000 
RA4 149 11 /09/92 11/23/92 14 14 s 4359 4328 4000 
RA5 11/09/92 12/07/92 28 28 s 4948 4932 4000 
RA6 11/09/92 12/07/92 28 28 s 4916 4932 4000 

Remarks: Results of tests performed are in compliance with Specifications . 
Comments: 

Flexural Strength Tests Conduc ted in accordance with AASHTO T97 

Reviewed By: Robert J. O'Brien, Supervisor of Testing Labs 
For : Robe rt F . Cauley, Mater~~ls and Research Engineer 



LABRPT Vermont Agency of Transportation 
Materials and Research Divisi o n 

Distr i bution List 
Central Files 
R. HALE 

Report on Concrete Cylinder 
Prel i minary Sample 

Lab No: C930019 

Project : WORK PLAN 92-C-17 

Pay Item: Concrete, Class A 501 . 22 

Material Name/Type: Concrete Class A 501 .03A 

Report Date: 02/05/93 

Date Sampled: 11/09/92 

Time Sampled: 9:30 

Sampled From: LAB MI X BATCH 6 
Resident: 

Quantity Represented: 1.8 CF 

Material Source: MATERIALS & RESEARCH LAB 

Field Test By: CONCRETE DIY 

Lab Tested By: CONCRETE DIY 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 
X- Ref No : CS: 

Coarse Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

Total Agg. Dry Wgt: 2933 
Type: 2 Lbs: 660 

A/E Admi x : DARAVAIR 
Admi xture: WRDA / HYCOL 
Admi x ture: 

Comments: 

Test 

Un i t Wgt of Fresh Conc rete,pcf 
Air Content, Percent 
S lump, Inches 
Total Water, Galley 
W/ C Ratio 
Concrete Temperatu re, Deg F . 
Ambient Temperature, Deg F . 

Specm . Cyl Date Date Des 
No. Wgt Received Broken Age 

RA07 148 11 /09/92 11 / 16/92 7 
RA08 148 11/09/92 11/16/92 7 
RA09 148 11 / 09 / 92 11 /23/92 14 
RA10 148 11/09/92 11/23/92 14 
RA 11 11/09/92 12/07/92 28 
RA12 1 1/09/92 12/07/92 28 

145. 
6.9 
2 . 5 

33 . 5 
0 . 4 2 

65 
65 

Age Hour 
Brk Break 

7 
7 
14 
14 
28 
28 

Remarks: Resul ts of tes ts perf ormed are in 
Comments: 

Dosage : 4 OZ/CY 
Dosage: 3 OZ/CWT 
Dosage : 

Specs 
Mi n Max 

5. 7. 
2 . 4. 

35 . 1 
0 . 44 

50 80 
10 85 

Br k Avg 
F/S PSI PSI 

s 3508 3521 
s 3533 3521 
s 4163 4188 
s 4212 4188 
s 4722 4722 
s 4722 4722 

compliance with 

Indicates if 
Outside o f Specs 

28 Day Indic. if 
Spec Out. Specs 

4000 
4000 
4000 
4000 
4000 
4000 

Specifications. 

Compressive Strength Tests Conducted in accordance with AASHTO T22 

Reviewed By: Robert J . O' Bri en, Supervisor o f Tes ting Labs 
For: Robert F. Cauley, Mater i~l s and Research Engineer 



LABRPT Ve rmont Agency of Transportation 
Materials and Research Division 

Distribution Li st 
Central Files 
R. HALE 

Report on Concrete Cylinder 
Preliminary Sample 

Lab No: C930020 

Project : WORK PLAN 92-C- 17 

Pay Item: Concrete, Class B 501.25 

Material Name/Type: Concrete Class B 501 .03A 

Report Date: 02/05/93 

Date Sampled: 11/16/92 

Time Sampled: 9:00 

Sampled From: LAB MIX BATCH 3 
Resident: · 

Quantity Represented: 1.8 CF 

Material Source: MATERIALS & RESEARCH LAB 

Field Test By: CONCRETE DIY 

Lab Tested By : CONCRETE DIY 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 
X- Ref No: CS: 

Coarse Agg CALKI NS SAND & GRAVE LYNDONV ILLE VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

A/E Admix: DARAVAIR 
Admixture: WRDA / HYCOL 
Admixture: 

Comments: 

Total Agg. Dry Wgt: 
Type: 2 Lbs: 

Dosage: 2 OZ/CY 
Dosage: 3 OZ/CWT 
Dosage: 

2968 
6 11 

Specs 
Test Min Max 

Indicates if 
Outside of Specs 

Unit Wgt of Fresh Concrete,pcf 145. 
Air Content, Perc ent 5 . 4 4. 6 . 
S lump, Inches 3.25 2 . 4 . 
Total Wate r , Gal/cy 32.6 35.75 
W/C Ratio 0 .45 0.49 
Concrete Temperature, Deg F . 64 50 80 
Ambient Temperature, Deg F. 69 10 85 

Specm. Cyl Date Date Des Age Hou r Brk Avg 28 Day Indic. if 
No . Wgt Received Broken Age Brk Break F/S PSI PSI Spec Out. Specs 

TB1 150 11/16/92 11 /23/92 7 7 s 3683 37 45 3500 
TB2 150 11 /16/92 11/23/92 7 7 s 3806 3745 3500 
TB3 150 11/16/92 11/30/92 14 14 s 4322 4335 3500 
TB4 150 11 /16/92 11/30/92 14 14 s 4347 4335 3500 
TB5 11 /16/92 12/14/92 28 28 s 4726 4691 3500 
TB6 11 /16/92 12/14/92 28 28 s 4655 4691 3500 

Remarks: Results of tests performed are in compliance with Specifications . 
Comments: 

Compressive Strength Tests Conducted in accordance with AASHTO T22 

Reviewed By: Robert J . O'Brien, Supervisor of Testing Labs 
For : Robert F . Cauley, Materials and Research Engineer 
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LABRPT Vermont Agency of Transportat ion 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Repo rt on Concrete Cylinder 
Preliminary Sample 

Lab No: C93002 1 

Project : WORK PLAN 92-C-17 

Pay Item: Concrete, Class B 50 1 . 25 

Material Name/Type: Concrete Class B 501 . 03A 

Report Date : 02 / 05/93 

Date Sampled : 1 1/16/92 

T ime Sampled : 1 1 :30 

Resident: 
Sampled From: LAB MI X BATCH 4 

Field Test By : CONCERTE DIY 
Quantity Represented: 1 . 8 CF 

Lab Tested By: CONCRETE DIY 
Mat erial Source : MATERIALS & RESEARCH LAB 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 

Coarse Agg CALKINS SAND & GRAVE LYNDONVILLE VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

A/E Admi x : DARAVAIR 
Admi x ture: WRDA / HYCOL 
Admixtu re : 

Comments: 

X-Ref No : 

Total Agg. Dry Wgt : 
Type: 2 Lbs: 

Dosage : 2 OZ /CY 
Dosage: 3 OZ/CWT 
Dosage: 

CS: 

2968 
6 11 

Specs 
Tes t Min Max 

Indicates i f 
Outside of Specs 

Unit Wgt o f Fres h Conc rete,pc f 145 . 5 
Air Content , Percent 4.7 4. 6 . 
S lump, Inches 2 . 7 5 2 . 4 . 
Total Water, Gal/cy 30.9 35 . 75 
W/C Ratio 0 . 42 0.49 
Concrete Temperature, Deg F. 66 50 80 
Ambient Temperature, Deg F . 69 10 85 

Spe c m. Cyl Date Date Des Age Hour Brk Avg 28 Day Indic. if 
No. Wgt Recei ved Broken Age Brk Break F/S PSI PSI Spec Out. Specs 

TB07 152 11/16/92 11 /23/92 7 7 s 3929 3908 3500 
TB08 152 11/16/92 11/23/92 7 7 s 3887 3908 3 500 
TB09 152 11/ 16/92 11 /30/92 14 14 s 4435 4439 3 500 
TB10 152 11/16/92 11/30/92 14 14 s 4442 4439 3500 
TB1 1 11 / 16/92 12/14/92 28 28 s 5023 4 91 7 3500 
T81 2 11/ 16/92 12/14/92 28 28 s 4811 4917 3500 

Remarks : Results of tests performed are in compl i ance wi th Specifications . 
Comments : 

Compressive Strength Tests Conducted i n accordance with AASHTO T22 

Reviewed By: Robert J. O' Bri en, Superv i sor o f Testing Labs 
For: Robert F . Cau ley, Material s and Research Engineer 

36 



LABRPT Vermont Agency of Transportation 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Report on Concrete Cylinder 
Preliminary Sample 

Lab No: C930022 

Project: WORK PLAN 92-C-17 

Pay Item: Concrete, Class B 501 . 25 

Material Name/Type: Concrete Class B 501.03A 

Resident: 

Quantity Represented: 1.8 CF 

Material Source: MATERIALS & RESEARCH LAB 

Report Date: 02/05/93 

Date Sampled: 11/16/92 

Time Sampled: 10:00 

Sampled From: LAB MIX BATCH 

Field Test By: CONCRETE DIV 

Lab Tested By: CONCRETE DIV 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 
X-Ref No: CS: 

Coarse Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Fine Agg LAWRENCE SANGRAVCO GUI LDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

Total Agg . Dry Wgt: 3052 
Type: 2 Lbs: 611 

A/E Admix: DARAVAIR 
Admixture: WRDA / HYCOL 
Admixture: 

Comments: 

Test 

Unit Wgt of Fresh Concrete,pcf 
Air Content, Percent 
Slump, Inches 
Total Water , Gal/cy 
W/C Ratio 
Concrete Temperature, Deg F . 
Ambient Temperature, Deg F. 

Specm . Cyl Date Date Des 
No. Wgt Received Broken Age 

RB1 152 1 1/16/92 11/23/92 7 
RB2 152 11/16/92 11/23/92 7 
RB3 152 11/16/92 11/30/92 14 
RB4 152 11/16/92 11/30/92 14 
RB5 1 1/16/92 12/14/92 28 
RB6 11/16/92 12/14/92 28 

146. 
5 . 2 

3 . 25 
31 . 3 
0.43 

66 
69 

Age Hour 
Brk Break 

7 
7 
14 
14 
28 3 : 00 
28 3:00 

Remarks: Resu l ts of tests performed are in 
Comments: 

Dosage: 2.1 OZ/CY 
Dosage: 3 OZ/CWT 
Dosage: 

Specs 
Min Max 

4 . 6. 
2 . 4 . 

35 . 75 
0 . 49 

50 80 
10 85 

Brk Avg 
F/S PSI PSI 

s 3768 3784 
s 3799 3784 
s 4241 4225 
s 4209 4225 
s 4786 4861 
s 4935 4861 

compliance with 

Indicates if 
Outside of Specs 

28 Day Indic. if 
Spec out. Specs 

3500 
3500 
3500 
3500 

· 3500 
3500 

Specifications . 

Compressive Strength Tests Conducted in accordanc e with AASHTO T22 

Reviewed By: Robert J . O'Brien, Supervi sor of Testing Labs 
Fo r: Robert F. Cauley, Mat erial s and Research Eng i neer 
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LABRPT Vermont Agency of Transportation 
Materials and Research Division 

Distribution List 
Central Files 
R. HALE 

Repo rt on Concrete Cylinder 
Pre liminary Sample 

Lab No: C930023 

Project: WORK PLAN 92-C-17 

Pay Item: Concrete, Class B 501 . 25 

Material Name/Type: Concrete Class B 501.03A 

Report Date: 02/05/93 

Date Sampled: 11/16/92 

Time Sampled: 11:00 

Samp l ed From: LAB MIX BATCH 2 
Resident: · 

Quantity Represented : 1 .8 CF 

Material Source: MATERIALS & RESEARCH LAB 

Field Test By: CONCERTE DIV 

Lab Tested By: CONCRETE DIV 

Location Used: PERFORMANCE IN CONCRETE EVALUATION 
X-Ref No: cs: 

Coarse Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Fine Agg LAWRENCE SANGRAVCO GUILDHALL VT 
Cement Brand: CIMENT QUEBEC INC QUEBEC CANADA 

Total Agg. Dry Wgt: 3052 
Type: 2 Lbs: 611 

A/E Admi x : DARAVAIR 
Admixture: WRDA / HYCOL 
Admixture: 

Comments: 

Test 

Unit Wgt of Fresh Concrete,pcf 
Air Content, Percent 
S lump, Inches 
Total Water , Gal/cy 
W/C Ratio 
Concrete Temperature, Deg F. 
Ambient Temperature, Deg F. 

Specm. Cyl Date Date Des 
No. Wgt Received Broken Age 

RB07 152 11 / 16/92 11/23/92 7 
RB08 152 11/16/92 11/23/92 7 
RB09 1 51 11/16/92 11/30/92 14 
RB10 151 11/16/92 11/30/92 14 
RB11 11 /16/92 12/ 14/92 28 
RB12 11/16/92 12/14/92 28 

146. 
5.4 

2.75 
31.2 
0.43 

66 
69 

Age Hour 
Brk Break 

7 
7 
14 
14 
28 3:00 
28 3:00 

Remarks: Results of tests performed are in 
Comments: 

Dosage: 2.1 OZ/CY 
Dosage: 3 OZ/CWT 
Dosage: 

Specs 
Min Max 

4. 6. 
2 . 4 . 

35 .75 
0 .49 

50 80 
10 85 

Brk Avg 
F/S PSI PSI 

s 3848 387 1 
s 3894 3871 
s 4559 4570 
s 4580 4570 
s 4839 4806 
s 4772 4806 

comp liance with 

Indicates if 
Outside of Specs 

28 Day Indic. if 
Spec out. Specs 

3500 
3500 
3500 
3500 
3500 
3500 

Speci fications. 

Compressive Strength Tests Conducted in accordance with AASHTO T22 

Reviewed By: Robert J. O'Brien, Supervisor of Testing Labs 
For: Robert F. Cau ley, Materials and Research Engineer 
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STATE OF VERMONT 

APPENDIX E 

Prepared By: R.J. Holt 
Oatc: 6/17/92 
Sheet 1 of 1 

AGENCY OF TRANSPORTATION 
MATERIALS & RESEARCH DIVISION 

RESEARCH INVESTIGATION 

Work Plan No. 92-C-17 

Subject Evaluation of Crushed Stone Coarse Aggregate, Lawrence Sandgravco 
St.Johnsb4ry Vermont 

Investigation Requested By Michael Classen Date Received 5/12!1992 

Date In~rmation Req~ired~~A_SA_P~~~~~~~~~~~~~~~~~~~~~~~ 

'Purpose of Investigation To evaluate a crushed stone coarse aggregate from the Calkins 

Quarry, proposed for use as a structural concrete aggregate. Quarry is located in 

Lyndon, Vermont . 

Proposed Tests or Evaluation Procedure See Vermont Procedure For Evaluating a New Source 

of Structural c·0r1crete Aggregate VT-AOT-MRD 9-82. 

1. Performance- in-concrete tests will be performed using two batches each of 

Class A and Class B concrete containing the proposed new aggregate and two 

batches each of Class A and Class B concrete containing a reference 

aggregate. 

2. -Prepare specimens from each batch of concrete to determine resistance to 

freezing and thawing. 

J77iJ 
Proposal Discussed With John Weaver Projected Manpower Requirements 25 man days 

Investigation To B~ Conducted By Structural Concrete Subdivision 

Proposed Starting Date 06/22/92 Estimated Completion ·Date 08/28/92 ·-----------------
/? . a , 

Approv a 1 I ~va 1 by Materia 1 s & Re search Eng in eer___./fdr_::::::L.::..<~~.L--t~/)c~" ..c.·-----==~:=:.?Z-..:.<-=~b~..+..:.~~;L.-
Comments by Materials & Research Engineer_~----~-----~--~-~~---/ __ _ 

t-'.ateria ls & Research Divi sion 
Agency of Transportation 
Date Typed: 
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