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11The information contained in this report was compiled 
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and recommendations contained herein are based upon the research 

data obtained and the expertise of the researchers, and are not 

necessari ly to be construed as Agency policy. This report does 

not constitute a standard, specification, or regulation. The 

Vermont Agency of Transportation assumes no liability fo r its 

contents or the use thereof. 11 
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ABSTRACT 

Several ready-mix concrete producers in the State of 

Vermont use Type I cement for non-Agency projects. Recentlyt one 

producer has requested the option of using Type I on Agency projects. 

The Vermont Agency of Transportation specifications require the use 

of Type II cement for all Agency projects. 

This report documents the results of comparison testing of 

Type I and Type II cement. Compressive strength, freeze-thaw dura­

bility and heat of hydration were studied. From the test results, 

the conclusion has been drawn that we continue with the requirement 

that only Type II cement be used on Agency projects. 
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INTRODUCTION 

Prior to March 1, 1977, the choice of using either Type I or 

Type II cement on Agency of Transportation projects was generally left 

to individual ready-mixed concrete producers. Only on prpjects involv­

ing large box culverts was cement use restricted to Type II. 

Frequent problems, encountered when Type I cement was used, led to 

its deletion from specifications in the General Special Provi sions For 

All Projects dated March 1, 1977. Concrete containing Type I cement 

displayed rapid strength development at early ages with little or no 

strength gain between 14 days and 28 days. This often produced 28 day 

results below anticipated or required strengths . 

Many ready-mix concrete producers serving Vermont have multiple 

cement storage facilities at their plants. This allows them to offer 

customers some variety in the brands or types of cement which they may 

use. Producers with single cement storage capability must provide only 

one brand of Type II cement if they are to supply concrete to Agency 

projects . 

Thi s investi gation was initiated at the request of William E. Dailey, 

Inc., Shaftsbury, Vermont. Dailey's indicated they used mostly Type I 

cement in their business and would like the Agency of Transportation to 

consider using this material. 

Trial mixes were prepared using locally obtained materials, and 

laboratory tests conducted to compare the performance of Type I cement 

with the performance of Type II cement. Compressive strength, freeze­

thaw durability, and heat of hydration were studied. 
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MATERIALS 

The materials used in this investigation are as follows: 

Cement: 

Type I and Type II~ Glens Falls Portland Cement Companyt Inc. 
Glens Falls, New York 

Aggregates: 

(a) Coarse Aggregate, 
3/411 Crushed Igneous Stone, Cooley Asphalt Paving Corporation 
Webstervi lle, Vermont 

(b) Fine Aggregate, 
Albert S. Nadeau, Johnson, Vermont 

Admixtures: 

(a) Air Entraining Admixture, 
Darex AEA, ~/ . R. Grace & Co .~ Cambridge, Massachusetts 

(b) ~later Reducing Admixture 
WRDA with Hycol, W. R. Grace & Co., Cambridge, Massachusetts 

3 



PROCEDURES 

Concrete used in this investigation was prepared in the laboratory 

in a Sears 1 ~ cu. ft. mixer, following procedures outlined in AASHTO 

T 126-76. Two batches each of Class A and Class B concrete were prepared, 

using the Type I cement and two batches of each class of concrete were 

prepared, using the Type II cement. 

Tests were performed on the plastic concrete to determine Slump 

(AASHTO T 119-82) , Air Content (AASHTO T 152-82) and Unit ~Ieight 

(AASHTO T 121-82). Six test cylinders (6" x 12") and one 3" w x 3" d 

x 16" 1 freeze-thaw specimen were cast from each batch. The cyl inders 

were tested for compressive strength, two each, at ages 7, 14 and 28 days, 

in accordance with AASHTO T 22-82. The f reeze-thaw specimens were moist 

cured for 14 days, after which they were subjected to 500 cycles of 

freezing and thawing in a 3% NaCl solution, in accordance with AASHTO 

T 161-82. 

An additional 1 cu. ft. batch of Class A concrete containing Type I 

cement and an additional 1 cu. ft. batch of Class A concrete containing 

Type II cement were prepared to compare heat of hydration. The batches 

were placed in plastic containers , and then stored in separate covered 

enclosures. Thermometers embedded i n the concrete were monitored per­

iodically during t he early curing period. 

RESULTS 

Resul ts of physical tests of the Type I and Type II cement are 

shown on Laboratory Reports Nos. C83 0023 and C83 0028 in Appendix A. 

Aggregate test results are shown on Laboratory Reports Nos . G83 0018 

and G83 0019 in Appendix B. 

The results of tests on the fresh and hardened concrete are shown 

in Table 1 and Table 2. 
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TABLE 1 

CLASS A CONCRETE TEST RESULTS 

Type I Cement TYpe II Cement 
Batch 1 Batch 2 Batch 3 Batch 4 

Slump, inches 3 2 3/4 4 1/4 2 1/4 
Air Content, percen~ 3.9 4.1 5.4 3.5 

. Unit Weight, l bs/ft 145.87 145.87 144.96 148.22 
Concrete Temperature, Of 76 73 72 70 
Compressive Strength, psi 

7 days 4633 4465 4558 5111 
14 days 5133 4890 5477 5823 

*28 days 5332 5202 6062 6521 

Freeze-Thaw Durabi l ity 
i Weight Loss, percent 

@250 cycles 7.0 7.0 2.8 7.7 
@500 cycl es 11.1 13.1 3. 9 25.2 

Durabi l ity Factor I 

@500 cycles 87 .8 74.5 97 .9 52.2 I 

' 
I 

I 

*Design Compressive Strength 4000 psi 
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TABLE 2 

CLASS B CONCRETE TEST RESULTS 

Type I Cement Type I I Cement 
Batch 5 Batch 6 Batc~h _7 Batch 8 

Sl ump , inches 2 1/2 3 l/2 3 1/2 3 1/4 
Air Content , percen~ 4.3 5.5 7.3 4.5 
Uni t Weight, l bs/ft 145. 82 143.76 141.41 145 . 78 
Concrete Temperature, Of 72 72 70 .71 
Compressive Strength, psi 

7 days 4302 4226 3501 4143 
14 days 4549 4461 4129 5067 

*28 days 5098 491 2 5001 5752 
Freeze-Thaw Durability 

Weiqht Loss , percent 
@250 cycles 4.5 5.0 1.9 4.2 
@500 cycles 6. 0 7.4 1. 6 7.0 

Durabili ty Factor 
@500 cycles 95.8 87.8 101.4 54.9 

*Design Compressive Strength 3500 psi 

The results of compressive strength tests are also shown on Lab9rator.Y 

Reports Nos. C83 0037 through C83 0044 in Appendi x ~. Strength age plots 

illustrating average compressive strengths are shown in Fi gure I and 

Figure I I. 

A temperature age graph shown i n Figure III indicat es differences in 

the heat of hydration of the two cements. 
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SUMMARY & CONCLUSIONS 

1. While compressive strengths were approximately equal for both 

types of cement at 7 days, the Type II cement produced generally 

much higher strengths at 14 days and 28 days. One exception, 

Batch No. 7 Class B concrete contai ning Type II cement, had an 

air content of 7.3%, which apparently caused the lower strengths 

in that batch. 

2. The heat of hydration study shows that , during the early curing 

period, Type I cement generates heat at a faster rate and attains 

a hi gher temperature than the Type II cement. Some undesirable 

effects on concrete due to the higher temperatures may be: 

decreased strength, decreased durability, and increased tendency 

for drying shrinkage and differential thermal cracking. 

3. Testing in this evaluation was conducted at normal l aboratory 

temperature and humidity levels. Conditions of higher summertime 

temperatures and long haul distances can be expected to aggravate 

strength and temperature problems shown in 1 and 2 above. 

4. Wide variations in freeze-thaw test results, both weight loss and 

dynamic testing, appear to be caused more by the air content of 

the concrete than by the type of cement. 
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RECOMMENDATION 

Specifications requiring the use of Type II cement, 11 Unless 

otherwise indicated on t he plans or approved by the Engineer", shoul d 

be reta i ned as currently written. Requests for using other types of 

cement should be examined on a project by project basis, with con­

sideration for approval based upon Agency of Transportation needs 

and priorities . 
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L b N C83 0023 

a oratory o ·---------------- Tes t ed By ---------------------------Eaton 

Name Portland Cement Type II 
-------------------------------------~~-----------------------------------------

I tem 501 

Identi fication Marks _________ P_r_el_,_·m_i_n_a_r~y ___ S_a_m~pl_e __________________________________________ ___ 

Submitted by l~or i ssette Title PFP Address ------------- -------------------------------------
Sampl ed 3-23 , 19 83 Received , 19 ----------- ----
Sampled From ___________________ B~a~g~----~(~L~ot~C~I~C~) __________________________________ __ 

Quantity Represented --------------------------------------------------------------------
Source of Ha t e rial Gl ens Fa 11 s Cement Co., Glens Fa 11 s, N.Y. 

Location Used or to be Used Laboratory mix 
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Exemined For 701 . 01 

TEST RESULTS 

PHYSICAL TESTS 

Air Cont ent of mortar , percent by vol ume 9.7 
Fineness-S~ecific Surface, Sq . em. per 

gm. . .................................... 3987 
Soundness-Autocl ave Expansion, percent •• 0.00 
Normal Consist ency- Vicat Needle • • •••• • •• 25. 5 
Time of Sctting-Gil l more Needle: 

Initi a l 3 Hrs . 00 Hins . 
------..-~ -~---Final Hrs . 40 Hins. 

CHEHICAL TESTS 
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Sulphuric Amhydri de (so3),percent. ____ __ 
Magnesia (Ug()) , percent •••••• • •••• ___ _ 

CO}fi>ffiNTS: 

CQl.IPRESSIVE STRENGTH This material meets requirements for the tests 
indi cated for item 701.01. 

3 days 
Cubc.No . ! •..... ..•.... ... . 2825 ps i --= ....... --" 
Cube No. 2 • ••••••••••••••• 

-..,..-;;:~---" 

Cube No . 3 • .•••.••.•••• • •• 
2875 psi 
2900 psi 

Average: 

Cube No. 
Cube No. 
Cube No . 

Average : 

-----" 

................ ·------" 2870 psi 

7 days 
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5 .. . . .•. . . .... • • • __ =38=0~0~~ps i 
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TA 18?.F Rev . 2M ~£2 1 
Ja rv i s STATE OF VERHO~n 

AGbNCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 
Mont pe l ier , Vermont 05602 

REPORT ON SAHPLE OF AGGREGATE 

APPENDIX B 

Report 3-24 
------~~------

19 83 

Laboratory No. G83 0018 Tested By ~1o ri ss ette 
--~~~~~~-------

Name Fine Aggregate for Concrete, Item 501 

Identifica tion Marks ----~P~r~el~l~·m:~i~n~a~r~y~Sa~m~p~l~e~----------------------------------~ 

Submi tted by Morissette Title PFP Address ----------------- -------------- -------------------
Sampled 3-17,1983 Rece ived 3-1 7 , 19~ Testing Completed: 3-17-83 

Sample from Stockpile@ Hutch , Montpel ier Jet. , Vt. 
----------------~----------~--~--------~---------------------

Quantity Represented ---------------------------------------------------------

Source of Haterial Nadeau. Johnson , Vt. --------------------------
Location used or to be used Work Plan No. 83-C-11 

Examined f or 

Total Sampl e 
Sieve Size % Passing 

4 l/2" 
4" 
3 1/2" 
3" 
2 1/2" 
2" 
1 3/4" 
1 1/2" 
1" 
3/ 4" 
5/ 8" 
1/2" 
3/8" 100 
No. 4 98 
No. 8 79 
No. 10 
No. 16 61 
No. 30 41 
No. 50 2j 
No. 100 Io 
No. 200 dry ~-5-

---------------------------------------------------
I tern 704.01 

TEST RESULTS 

Fineness Modulus 
% Coarser Than 

No. 100 
No. 50 
No. 30 
No. 16 
No. 8 
No. 4 

90 
- -77-
-sg---

39 
21 

2 

Percent o f We<~r 

AASIITO TJ 
M SHTO T4 
AASHTO T96 ---
Fractured Faces, Z ---

Fineness Modulus ~ 2.88 
Thin & Elongated 

Pieces , 'Z 

Color = -1 
Comme nts : 

Soundness, i. Loss 

Thi s material meets requirements for the tests indicated 
for i tern 704.01. 

Sand 
Portion 

ACCEPTED 
S. J. Gar.~ . P.E, Chief En~ineer 

/ l - "/j . ~ () 
--;:_;£;f.J ( :/"~~lt?tt~ 

By: - .f4!:. / 
R. f . f~1cnolson, P E., tv1aterials & Resear~h Engmcer 
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TA 18?.FRev. 21~ 2/82 

Labora tory No. 

STATE OF VERHONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 
Montpelier , Vermont 05602 

REPORT ON SAHPLE OF AGGREGATE 

Report 

1 
Jarv i s 

APPENDIX B 

3-24 19 83 ----------------
G83 0019 Tested By Morissette 

----~~~~~-------

Name ---------------~Coarse Aggregate for Concrete, Item 501 

Identifica tion Marks _ _ _ P_r_e_l imi nary Sample, 3/4" Crushed Igneous Stone 

Submitted by f~ori ssette Title PFP Address ----------------- -------------- -------------------
Sampled 3- .17, 19 83 Received 3-17 , 19 83 Testing Completed: 3-17-83 

Sa mp 1 e from -----------'S'-'t"""o~c...:..;k..L..p..;...il-'-e.::.._:@'--H;..;;.;u-"t""""c-'-h ..._, -'-M~o:....:.n.:...::t;..Lp_:;e..;._l ..:....; e~r'---'-.J~-=c.:...::t=-=._.__-=-V t..::....;_. - ---------

Quantity Represented --------------------------------------------------------
Source of Haterial Cooley, Websterville, Vt. -----------------------------
Location used or to be used Work Plan No . 83-C-11 ---------------------------------------------------
Examined for 704.02 -----------------------------------------------------------------

Total Sampl e 
Sieve Size % Passing 

4 1/2" 
4" 
3 1/2" 
3" 
2 1/2" 

TEST RESULTS 

Fineness Modulus 
% Coarser Than 

No . 100 
No. 50 
No. 30 
No. 16 
No. 8 

Percent of Wer~r 

AASHTO TJ 
AASHTO T4 
AASHTO T96 36 ....:::..;:-.._ 

B Grading 
Fractured Faces, % ---2" 

1 3/4" 
1 1/2" 
1" 
3/4" 
5/8" 
1/2" 
J/8 " 
No. 4 
No . 8 
No. 10 
No. 16 
No. JO 
No. 50 
No . 100 
No . 200 

100 
99 

No. 4 

Finenesn Modulus c 

Comme nts : 

----
Thin & Elongated 

Pieces, 'Z 

Soundness, 7. Los s 

1 

25 Thi s ma teri al meets the requi rements for the tests indicated 
4 for 704.02. 

---=-3-

Sand 
Portion AC; CE:PTED 
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Lnborator 7 No. C83 0041 (28 L __ Ee i"'o r t 0 t__}_, 14 , 28 Day Break.., D.ntt! typ.!d _ _ 4- 2? : " l __ 

Pay It em_----'5<.;,0 1. 2 0. .{;l.!....!Lad..>S;t_,S!-OA _ _____ _ Type or: S.:unpl e I nves t i_g_a tory ---- --·---
S ut--t.l11: ted by .J:]Qr i ssette _Tltle _ _ _ PFP _ _ Addre ss 

Sourt:e of Ma terial t1ateria ls & Resear ch La.E_ _____ Quantity Repr esen..:ed _ _ _!_ 1/2 c _f _ _ _ 

Coarse A~gregatc _ _ Coo 1 ey - Hebs ter vil1 e Fine Agg.:egat ~-- ___ Na deau, Johnson ____ _ 

Ce:~.cn c ih:an rl. Gl ens Fall s Typ I Lb c. 660 - --------- ---·-------- ----- - -
Ai r Entraining Admixt ure Dare:: AEI', _Dosage SJ-2 vz/cy Admi :<t u ee t-!RDA Hyco 1 Doi3<Jge_3_oz/ c-:..:.w:..:t~-
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F:e ld Tested by Morissette ·------"Lab . Tea ted by ___ .~~-t_o_n _____ _ 

Sarr.-,led fron l 1/2 c f Sears ~1ix er --- - Dt'.t e .:)a.np led: 3-30-83 

Lc.:a ~ion Used or to be Used Laboratory eva luation of Type I cement Batch 1 ------- ------- ~ 

ExaL1jned for Hod. o f Ruptur e ___ _____ Compre ss i ve Strengt. _ _______ . __ _ 

TEST J.ESULTS 

Unit Hei ght Fres h Concrete___,l!:-4!...::5~ .. :::3.:..7 ____ Air : Pri! e sur.=_--"'-3-'-'. 9::..:.%:___ Chace ____ _ 

Total Hater, Galley Us ed _ _::3~3~3 __ Sl ump_...;.3 __ Temperdtur~ . Concre t e 
I) 

76 F Alni-> ~ e :1t 

- -------------------------- -------------------·------ ------------------
Specimen~~~~~ 1 na t~ Date Desi~ed Age at Type* Break 1 Break 2

1

1 Ave . 
No . Hgt . Rec ' d Brok~n age at Br e"lk S- F P. S. I. P. s .r. P.s. -

IP . C. F. b reak 
---..-l -

1 
146 · 

1

--

1 

r ~~--- , 

IAl 2 i 146 4-6 7 7 S 4615 4f5S l ~ 1 

_!..!._.::....·-~---.:,-+-1 ...... :..,...,:~..--~~---~--~ -:-~-:;-!----~: ~l : , :::~-~:: 1 : : : ; r-- ~---
=----~-~ ~·-f-,1 -! --4--~ --- 1 ~-+---- +- i + ·--:-= . . -~--+---+---~----
- - _ __1--;--::----=:-i --::::---'-::1 -::-:---:-::~'----=--!'--·--......!....~ _ __!_1_----!_._1 -=--=---c-=-_-;--__ _ 
*S = S t a~dard Cur~ ~· F o Field l ured 

mlm 

: ~- ·-,~ "l t'3 : 
i'A 1.5"' · R~v. 
i ~ ~ ,' f) l 

QEJ000JB 
1 •) 3 4 ' 
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Project ~arne 

N.P. 83-C-11 
Project Number 

STATE OF VERMONT 
AGE NCY OF TRANSPORTATION 

MATERIALS AND RESEARCH DIVISION 
Mon t pelier, Vermont 05602 

Report on Concre t e Test Beam or CylinderB 

Laboratory No , C83 0042 (28) . Re r t £7 , 14, 28 Day Breaks 
-----~-"-__ po o J;.._;:..___.:... __ ---' 

2 
Jarvi s 
CF 

APPENDIX C 

Date typed 4-27-83 

Pay Item 501.20 Class A Type of Samp l e. _ __::I:..:..n:..:..v..:.e..:..s..:....t -'; g:!.,.a_t....:.o_r:!...y __________ _ 

Submit t ed by - ---- ---Morissette Title · PFP Address. _________ ____________ __ 

Source of Material Mater ials & Research Lab Quantity Represented. ______ l~l/:..:..2_c_f ________ __ 

Coarse Aggr egate Coo 1 ey - Hebster vi ll e Fine Aggregate. ___ N_a_d_ea_u_ -_J_o_h_n_so_n _____________ __ 

d Glens Fa 11 s T I Lb 660 Cer:1en t Bran·------------------- ype ____ ---"=------- s . _ _______ _ 

Air Entraining AdmixtureDarex AEA Dosage 9 oz/cy ·----_;; Admixture ~/RDA Hycol Dosage 3 oz/cwt 

~1aximum allovable water content, Gal/Cy _____ Total Aggre~ate, Dry Wgt. _ __ 2_8_3_9 ___ _ 

Field Tested by_~M.=..o.:...r.:..;i s:...:s:...:e;..:t:..::t;..::e:..___. ________ L. ab . Tea ted by __ --=.Ea=-t.::..:o::...;.n.;__ _________ _ 

Sampled from 1 1/2 cf Sears mixer Date Sarnp l ed :_~3.....;-3:..:0::..--=8:.::3 ______ _ 

Location Used or to be Used Laboratory eva luat i on of Tlee I cement Batch 2 

Examined for Nod. of Rupture Compressive Streng th-__ ________ _ 

TEST RESULTS 

Unit He.igh t Fresh Concre te_=-14.:...:5"--'.:..::B:..:..7 ___ _,;Air: Pressure _ _ _.:_4..:....1=--- Chace:,__ _________ _ 

To tal v7ater, Gal/Cy Used __ 3.;..5:...:•:..;;2'--_Slump 2 3/4 Temperature, Concrete 73°F Ambient - ---
Cyl. 

Specimen Ur.it Date Date Desired Age at Type* Break 1 Break 2 Ave. Break Type 
No. Wgt. Rec'd Broken age at Break S - F P.S.I . P.S.I. P.S. I. 1 2 

P.C.F. break 
1 145 

4-6 7 7 1A2 2 146 s 4368 4562 4465 
3 146 

4-13 14 14 4 145 s 4925 4854 4890 
5 146 

4-27 28 6 146 28 s 5305 5199 5202 

*S - Standard Cured ; F = Field r.ured 

~;:•s of Breaks: QEJQ0ITJ8 
1 2 J 4 5 6 

S. J. Gage, P.E., Chief Engineer 

Comments : 
TA 183H Rev . 

By:_Td.l( L-J~~ /d]t!J 
2~ 1/81 R. F. Nichol~ m, P.E., Matena~'l ~ Re~earch Engineer 
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Proj ect :-lame 

W 0 P 0 83- C-11 
Pro ject Numbe r 

STi\TF. OF VER~!ONT 

AGENCY OF TRANSPORTATION 

MATERIALS AND RESEARCH DIVISI ON 
Montpe lier, Vermont 05602 

Report on Concre t e Tes t Beam or Cylinders 

2 
Jarv is 
CF 

APPENDI X C 

Labor atory No. C83 0043 (28) __ Report of 7, 14 , 23 Day Breaks Date typed 4-27-83 

Pay I tem.___~50!!,.;1"-'''-"2,0~....;C~1:...::a~s:...o:s.....:..:.A _ _ __ _ Type of Samp le. _ _____ _::.r.:..:.n.,_v -=-es:...t.,_i-=g~a...:.t.:..:.o....:ry::.-____ _ 

Submitted by Morissette Title PFP Address. ______________________ _ 

Sour ce of Materia1Materia1s & Re search La b Quantity Represented. ___ l~1/_2_c_f _ _ ______ __ 

Coarse Aggregate. __ ~C~o~o1~e~y~-~W~e~b~st~e~r~v~i~1~1~e ______ Fine Aggregate. ________ N_a_d_e_a_u __ -_J_o_h_n_s_o_n _______ _ 

Cer.1en t Brando ____ G~1~e::.!n.!.::s:...._:_F.:::.a.:...1.:_1 S:::_ ________ Type _ ___ II _____ Lbs . 66 0 

Air Entraining Admixture Darex AEA Dosage 6 oz/cy Admixture HROA Hyco 1 Dosage 3 oz/cwt 

Haxi mum allot-table water content, Gal/Cy _ ____ Total AggreAate , Dry Wgt. __ 2_8_39_·------~-

Field Tested by __ ~Mo~r~i~s~s~e~t~t~e ____________ ~Lab. Tested by ___________ E_a_to_n ________ ___ 

Samp led f rom 1 1/2 cf Sears Mixer Date Sampled : ______ 3_-_3_0_-_8_3 _____ _ 

Location Used or to be Used La boratory evaluation of Type I cement Batch 3 
--~~-------------------

Examined for Hod . of Rupture. _______________ Compress ive Streng th _ _________ _ 

TEST RESULTS 

Unit Height Fresh Concre te. ____ I_4_4,;.... 9_6 ____ ~Air : Pressure __ 5_._4% __ Chace~---------

Total Hater, Gal /Cy Used 33.5 4l::4
11 72°F Slump_~--Temperature, Concrete.,__.,__~-----·Ambient _____ _ 

Cyl. 
Specimen Unit Date Date Des ired 

No. Hgt, Rec'd .Broken age at 
P. C. F. break 

l 145 
4-6 7 riAl 2 147 

J 146 4-13 14 4 146 
!> 147 

4-27 28 6 146 

I *S = Standard Cured; F c Field r.ur ed 
Ty pes of Br eaka : 

mlm 

Comments : 
TA 18'3H Rev . 
2~{ 4/q 1 

~EJD00J8 
1 2 J 4 5 6 

Age at 
Break 

7 

14 

28 

18 

Type* Break 1 Break 2 Ave. Break (.l'Jle 
S - F P . S.I. P.S.I. P.S.l. 1 2 

s 4615 4501 4558 

s 5499 5455 5477 

s 6234 5889 6062 

S. J. Gage, P.E., Chief Engineer 

---7/// !J c:-- . ~~A 
f~·:-~---~:. ~ -- ~=~-_,_~ 1f/t!J 
S. 1. '" · ·. - ., : .:., •. : ... ···J ~·~·~ E:1~iw~~r 



ProJect .!:r.c ST A TF. OF VF.R~IONT 

AGENCY OF TRANSPORTATION 
--~~~~. P~. 83-~C~-~11~------~ 
Project ;\wnbcr MATERIALS AND RESEARCH DIVISI ON 

Montpelier, Vermont 05602 

Report on Concre te Test Bean or Cy1inder3 

2 
Jarv i s 
CF 

APPENDIX G 

Laborato ry No . C83 0044 (28) _ _ Report of 7, 14 28 Day Breaks Date t yped. ___ 4 __ -_2_7-_8_3 

r ny Item'--__ 5 0_1_._2_0_C_l_a_s_s_A _______ Type of Somp l e. _ __ r_n_v_es_t_i-=g:......a_t_o-...:r y=------------

Title PFP Addre ss Submitted by Mor issette ---------- ------------------------------
Source of Materia l Materials & Research La b Quantity Represen~ed. ______ l~1~/~2~c_f ______ _ 

Coarse Aggrega t e --=-Co::..;o:....l:....:e:l(.y_-~~/ e.;:...b;;...;s:......t:....:e;...;..r_v;...;..i:....:l :....:1 e.:.._ __ Fine Agg r c gu tc. ____ Na_d_e_a_u_ -_J_o_h_n_s_o_n _______ _ 

ce~ent Brand. __ ~G:....:l =en~s~F~a;...;..l ;...;..l=s ____________________ Typc. _____ ~I I~-------Lbs . 660 

Air Entraining Admi x ture Darex AEA Dosage 6 o z/ cy Admi xture HRDA HycolDo:Ja"e .., ___ _ 3 OZ. C\•/t 

Haximum al l m.,rah1e water content, Gal/Cy _____ Total Aggregate, Dry Wgt . __ 2_8_3_9 ____ _ 

Field Tes t ed by Morissette Lab . Tes t ed by __________ E_a_t_o_n ____________ __ 

Sampled from 1 1/2 CF Sears Mi xer Date Samp l ed: ______ 3_-_3_0_-_8_3 ________ __ 

Location Used or to be Used Labo~r. tory eva luatio n of Type I cement Batch 4 
----------~~-------------~~--------_;_:~~~----------------

Examined for Nod . of Rupt ure _________ _ Compreosive Strength~-----------------

TEST RESULTS 

Unit Height Fresh Concrete_1_4_8....:._2_2 ___ ___;Air : Pressure:.__.._3_._5_%_a ___ Chace. ___________ _ 

Totnl Hater , Gal/Cy Used ___ 31_._4 ___ Slurnp 2 1/4 Temperature . Concrete.. ___ 70_
0
_F __ .Arnbient _ _ _ 

Cyl. 
Specimen u::it Date Date Desired Age at Type* Break 1 Break 2 Ave . Break typ_e 

No . Hgt . Rec'd Broken age at Break S - F P . S.I. P.S.I. P. S. I. 1 2 
P.C.F. break 

1 150 
7 I IA2 2 149 4-16 7 s 5022 5199 5111 

3 150 
14 4 150 4-13 14 s 5845 5800 5823 

~ 

I 149 L:_ 6 150 4-27 28 28 6552 6490 6521 
-

j 
I I I 

-

I 

' -xs - Standard Cured; F - F1eld f.ured 
Types oi Breaks : 

QEJQ00JB mlr1 

1 2 J 4 5 6 
:>: . 1 ~ n t ·; : 

.·.\ UUH . I . 

?: ' , /~ l 
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\L P. 83-C- 11 
Project l\urnbcr 

La ho rato r y No. C83 0037 

r~y I t e m 501.25 Cl ass 8 

STATF. OF VF.RHONT 
AGENCY OF TRANSPORTl\TION 

MATERIALS AND RESEARCH DIVISION 
Nontpelier, Vermont 05602 APPENDIX C 

Repor t on Concre te Test Be s..""l or Cyl i nders 

2 
Jarvi s 
CF 

(28) Report of if 14, 28 Day Breaks Dat e typed. ____ 4_,_--=2:..::6:_0 _::::_8c.:::...3 

Type of Sampl e ______ ~In~v~e~s~t~i~g~a~to~r~v~-------------

submitted by _ __ ~lo_r_,_· s_s_e_t_t _e _ __ Tit l e _____ P_FP __ ~Address _______________________________ __ 

Source of Material Materials & Research Lab Quantity Repre aented ________ 1 __ 1~/_2 __ c_f __ _ 

Co a r se Aggregate Coo 1 ey - Hebsterbi ll e Fin~ Aggregat e ------------------------------' Nadea u - John son 

ce~ent Brand. ______ G_l_e_n_s __ F_a_ll_s __________ ~-------Type _________ I _______ Lh s . ____ 61_1 _ _________ _ 

Air Entrai ning Admixture Darex AEA Dosage 4 oz/cy Admixture ~IRO.O. Hyco 1 Dos age 3 oz[f.1·L!; . 

Max imum allowable water content , Gal/ Cy Total Aggregate , Dry Wgt. 2981 ---------- -----~-

Field Tested by tv!ori ssette Lab . Tested by Eaton --------------------------------- --------------~----------· 

Sa~ple d from l /2 cf Sears Mi xer Dat e Sampl ed: -------------------3-29-83 

Location Used or to be U sed ______ L_a_bo_r_a_t_o_r""-y_ E_v_a l_u_a..;_t_i..;_o_n--'-o_f _T_,y:J.p_e __ I__:_Ce..:...m...;..e_n_t ____ -=B-=a-=t ...::..c.:.:.h _5=--- - - ---

' Examined for Hod . of Rupture _______________ Compressive St rength _ _____ _ ___ _ _ 

TEST RESULTS 

Unit'W~ight Fresh Concr ete 145 . 82 Air: Pre ssure 4. 3% _____ _,;· Chace - ------- -
I 33 7 2 1/2 72oF Total Hater , Gal Cy Used ___ • __ Slump Temperature , Concrete ____ ~- __ Ambient __ _ 

c l I y • I Date I Date Spe cimen l.i:-:.i t Desired Age at Type* Break 1 Break 2 Ave . Bre a!<. TVT)~ _,_ 
~o. Hgt. Rec' d Broken age at Break S - F P.S . I. p . s. I. P . S.I. 1 2 

P . C.F. break 
l m I IBl 2 145 4-5 7 7 s 4297 4306 4302 - --·- r - - · 
4 I i:~ 4- 12 14 14 s 4527 4571 4549 
5 I 14 / I 4-26 28 , -6 145 28 s 5102 5093 5098 

-

I I 
! 

I 
\ I I I 

-

I <r-- -'5 - St andard Cured; F = Field r.ured 
Ty?es of Breaks: 

ml m Q~D~ITJ8 
1 2 J ;, 5 6 

~ . 1 r; 1 •• i o ,.. C' · , E . . , . ' .c. , nrer n ~ r n et:r 

20 
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· 1 1 l •,...-A • ..__ ·~ 

. ·~ . ; • ' • .l ( - " - · ~ ,_,.LJ~,---.... ........_ I 
' ;t? ~ '7 . - ----- --- --- -------- {/) ! ' 

. ·· P !' i.-1 .. , r. rl . , , • ._ '""-
~ , • • , ·-! j fl ( J. tlt i t ,) ~, ,,, • . '";r r rf En ~ II , 

# I .I J 1\ I o' ' ~ .. ' 
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Pro.lcct :\,\inC 

--"'-\~__,_P 83-C- u_ __ 
Project ~umber 

STATF. OF VF.RHONT 
AGE t!CY OF TRANSPORTATION 

--·--- MATERIALS AND RESEARCH DIVISI ON 
Mon tpelier , Vermont 05602 

Report on Concre te Test Beam or Cylindera 

2 
J 

APPENDI X C 

Lnbornto~y No. C83 0038 ( 28) Report of?, 14, 28 Day Breaks Da t e type d. ___ 4-_2 __ 6_-_8_3_ 

P :t y It em.__-..:5:::..::0,_,1..!.. -=-2 .:::..5 ---.::C:.....:.l~a-=-s ~s --=8=------- Type o f Sampl e. __ ___:I:....:.n!..:v..::e~s..:::.t..:..i ;:z.:9a=-.t::.:o:..:.r...t.y _______ _ 

Submitted oy _ ___:.M.:.:::oc..:..r....:..i..::.s..::.s ..::.e t.::...t.::...e:;__ ___ Ti t 1 e ____ P....:..F_P __ ....:..Address. _____________________ _ 

Source of Materi a l Materia ls & Research lab Quantity Repreaented. ___ 1 __ 1..:../_2 __ c_f ________ _ 

Coarse Aggregate Cooley - Websterv i l le Fine Aggregat e. ____ ~_la_d_e_a_u_-_J_o_h_n_s_o_n _________ _ 

ce~en t nrand ____ ....:..G_l_e....:..n_s __ F_a_l_l_s _____________ Type. ____ I ______ Lbs . 611 

Air Entraining Admixture Darex AEA Dosage 4~ oz/cy Admi xture \•IRDA Hycol Doaage 3 oz/cwt 

}faximum al l mvable \-rater content, Gal/Cy ______ Total Aggre~nte , Dry Hgt._...;:2~9...:.8..::.1 _____ ~--

Field Tested by_~M~o~r-=i~s~s~e~t~te~------------------Lab . Tes t ed by _ _______ ~Ea~t~o~n~------------

Sampled from 1/2 cf Sears Mixer Date Sampl ed : ____ 3:...-...:.:2...:..9_-_8_3 -----

Location Used or t o be Used La bora tory eva l ua t i on of Type I cement Batch 6 

Examined for Hod . of Rupture Compressive Strength -----------------
TEST RESULTS 

Unit \.Je.ight Fresh Concre te.-'1::...4!..:3~·:..!.7....::::6~---..:Air : Pressure 5.5% Chace ------
Total Water, Ga l/Cy Used 34.5 1 2 72o ~r Slump 3 / Temperature , Concrete. _ ___ __.;Arnbient ___ _ 

Cyl. I Date Specimen l.i::i.t Date Desir ed 
~o . Hgt . Rec 'd Droken age a t 

P.C . F. break 
1 144 

7 IB2 2 144 4-5 
3 144 

4-12 14 4 I 144 
5 145 
6 145 4- 26 28 

-
I 

I -'· ... As = Standard Cured ; F - Field rured 

mlm QtJQiJOJB 
1 2 J L, 5 6 

T·'pes of Breaks : 

.... · ;nts : 
... ·~ .. :t ~). -'l 9 

'?l 
21 

Age at 
Break 

7 

14 

28 

Type* Break 1 Break 2 Ave. 
S - F P.S.I. P.S.I. P.S.I. 

s *3254 4226 4226 

s 4465 4456 4461 

s 4934 4890 4912 

I 
\ I I 

*3254 not used in average 

::5 . .J. r] 1':1
'· '

1-E., Chief En2ineer 
.-- . -;:.;~ ;( .... /} . ij' () 

Break T_ype 
1 2 

, , • • • J I (. -::..: ·'--l.r-,"'L, .-.. ...---.. 
' - - · ' . /;1/l 7 

. -----~ ~ 

-
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Hon t pe lie r, Vermont 05602 

Report on Concrete Test Beam or Cylinders 

APPENDIX C 

2 
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CF 

La bo r a tor y No . C83 0039 (28 ) __ Report 0 f.-Z..-JA_~Day Breaks Date t ype d ____ 4,_- 29..::..8_3 __ . 

Pay It emc__ _ __ 5_0_1....;..._2_5 __ C_l....;..a_s_s_ B ___ _ Type of Samp l e. __ _:.:I n~v:....e:..:s:....t...:i.:!.g~a..:...to.::..r.....::y"---------

Submitted by t•1o ri s set t e Tith _ _ P_F_P _ _....;..Addr eas. _ ___________________________ __ 

Source of MateriatMateri a l s & Res ea r c h Lhb Quantity Repreocnte d ______ l __ l....;../ _2_ c_f ___ 

Co3rse A~gregat e Cooley- Webster vi l le Fi A Nad ea u - Johnson ne ggr e gatc. _ _ _ ___________ _ 

c B d Glens Fa 11 s T I I Lb 611 emen t r an ---- --------------- --- ype _________ o . _ ___ _ 

Air Entraining Admixture Darex AEA Dosage 4~ oz/cy Admi xture HRDA Hyco l Dosa3e_ 3 oz/c ~;rt __ 

~!a:d.mum a l l ovable wa t cr content , Gal/ Cy _ _ ___ Total Aggregate , Dr y Wg t . 2981 

Field Tested by_.....:M..:.....:o:...:.r.....:i..:::s..:::s..=.e..::.t .:..te=-----------___:La b . Te a t ed by_ ..:;:.Ea::...t.;.;o::..;n.:__ _ _ _ _ _ 

s amp 1 e d f r om _ _ ___.;1;:.._;;1;.<../..:::2~c .:...f ....;..S:...:e:.:::a~r~s..-:...:M..:..i :...:..x e.:;;.:r....;..__ Dat e Samp l ed : 3-29- 83 
-----~~~-----------

Location used or to be Us e d _ _ ..::L:=.a..=.b.=..o ~ra::..t:..:o~r..~.'i . .....:::e..:..v;:;..a ~1 u=.:a::...t:..:i:-=o:..:;n:....::o.:...f _T.:.,.YwP::..:e::......:I_.:.c..:;:.er:..:.l.::.:e n.:...t~-__:::B:.::.a.:::.t.:::..c h~7:._ ___ ____ _ 

Exami ne d for Nod. of Rup t ure. _ _ ____________ Compreas ive Streng th ________ ___ _ 

TEST RESULTS 

Unit He i ght Fresh Con e r e te _ _ _ .::..l4..:..:1::....:·:....:4~1-~Air : Pressure....;..__7_.~..;3~%....;..__ Chace _________ _ _ _ 

Tot~l Wa t er, Gal / Cy Used 33 .4 Slump 3 1/2 Tempe r a t u re , Concre te 70° F Ambient --- ---
I Cyl. 

I 

Specimen ti:-.i t: Da t e Date Desire d Age at 
No . Hgt . Rec ' d Broken a ge at Break 

P.C. F . brea k 
1 141 I IIB1 2 142 4-5 7 7 
3 141 

I 4 143 4-12 14 14 
5 142 ·- ·-

I 6 I 142 4-26 28 28 -

I 
I I I 

(' F == Fie ld r.ure d *S - ~ tandard Cured ; 
Typ~~ of Br e a ks : 

Q~OJOJB '11m 

-"' ,\:s : 
·~-:'I :J . !~, . 

I .., : 

1 
., J 4 5 6 

22 

Type:"r Break 1 Brea k 2 Ave . Break!!: 
S - F P . S . I. P.S.I . P.S.I. 1 2 

I 3554 3528 s 3501 

s 427 9 3979 41 29 I 
s 4943 5058 5001 _L_ 

I 

\ I I 
s. J. GJ2e, P.E., Cl1ief En:~i n 8er 

---v" ?~ ,11 ~ .. _f'_._0<rv--- 1/7 7 
" .. ;..- =- r ;u(rl r 

.~'. : _ .... --- ·-- .. _ .. _ ~ - -·---- . 
. r . .... ~~: . : . l :" .• .. . , .. : ..... -.~ .: : ........ ;~t·~· ':; ( 
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·--· ____ _ _ ___ ___ ~1on tpe li t:! r , Vc mont 05602 

Re~ort on Concr2(e Tes t Be~rn or C7linders 

t . .,\loc:.to~:y No. C83 0040 (28L __ Repor t 0 L.l,_J4 , 28 Day Br~ o!cJ 

2 
Jarvis 
cf 

APPENDI X C 

p 1•: It-e .. , 501. ~a2~ _B __ ~----- Typ~ of S :r•<P l~ I nv est i ga to r._!!.y ____________ _ 

s ~., .. itt e d by _ _ ,_'·lo_r_,_· s:_s:_e_t_t_e ____ Ti t le PFP 

Soerce of Naterio.l r~ateri a l s & Re searc h La b ---- ____ Quantity Reprev~nted 1 l /2 cf ----
C<;:. .-se /.~gregate Coo 1 ey - \le bst ervi 11 e -.----- F'i ne Ag~r~got!!_. Nad ~a u - John son 

C~·-an t Br an d Gl ens Fa 11 s ____________ Type ______ I_I ______ _ Lbs . 611 ---- -- --·----
Ai r· Entraining Admixture DArex AE~ __ posnge 3 oz/cy Admix tur2 11iRDA Hyco l Do:Ja3c __ 3_oz/n.' 

~! .J. ··C:.;~.u:·, allovahle ~:at e:;: conten t, Gal/ Cy _______ Total Aggre~a.ta, Dry ~·lgt . __ f2JU _____ _ 

:-:.~ ld I es t-2d by _ _ fio r i s s.E:t t e,___ _ _ _ Lab . T. ~s ted by ---- Eaton 

s~··.-, led f ·:om 1 1/2 c f --~ ~~I.;i __ M_: i_x_e _r __ _ Date Sampl ~d : ______ 3_-_2_9_-_8_3 ____ _ 

~oc.-~ion Used or to be Used Laborator_y_ eva_l_uation of Type I c~-=-Ba=-t=..:c:..:.h.:.......:8 ______ _ 

' 2:< · ... ~ned ior Hod , of Rupture ________________ CompreJsi vc St rength _ _ _____ -------· 

TEST RESUL i'S 

i:nit \.Jc.igh t Fresh Con ere tc~~ .?_~ ______ Air : Pressure 4 ·5°{ ___ Chace ____ _ 

Total Water, Gal /C y Used _ 3:..;;3~·....:.3 __ ,_Slump_ D/~Temperature , Co ne rete 71° F Ambi::;nt 

.,... ; of lreak.> : 

s. j 
r: ... . !) ... -· 

im "_......_ .1 
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APPENDIX D 

Subject. __ ~la~b~o~r~a~t~o~ry~E~v~a~l~u~at~,~·o~n~o~f_T~Yuo~e~r~ce~m~e~n~t~---------------------------

Investigation Requested By t•Ji 11 i am E. Da i 1 ey", II I Date September 14. 1982 

Date Information Required~~A~s~so~o~n~a~s~p~o~s~Sl~·b~l~e~-----------------------------

Purpose of Investigation To evaluate Type I cement in the laboratory to 

determine if it should be considered for use on future Agency projects . 

Proposed Tests or Evaluation Procedure 
~-----------------------------------

Prepare two batches each of Class A and Class B concrete ~ontain-

ing Type I cement and two batches each of Class A and Class B concrete 

containing Type II cement. 

Perform tests to determine slump, air content, unit weight 

freeze-thaw resistance, and 7, 14 and 28 day compressive strengths . 

D. Brown 
Proposal Discussed With R. Frascoia Projected Manpower Requirements 20 man days 

Investigation To Be Conducted By Structural Concrete Subdivision 

Proposed Starting Date March 21, 1983 Estimated Completion Date June 15. ]983 

--~Disapproval by Mate rials Engineer~4~ J-2.~-f.3 
Comments by Materials Engineer Heat of hydration needs to be investigated. 

Materials & Research Divis ion 
Agency of Transpor t ation 
March 24, 1983 24 




