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LABORATORY COMPARISON OF 

VARIOUS PROTECTIVE SYSTEM CONCRETES 

Introduction 

Premature failure of concrete bridge decks is a serious problem 

in the State of Vermont. There have been many approaches to solving 

the problem. In the 11protective system11 approach, the Federal High

way Admini stration (1) classifies acceptable al ternatives as: 

(a) EpoXY-coated rebars - top layer. 

(b) Low water - cement ratio, Dense concrete 
LSDC (Iowa System) 

(c) Polymer modifi ed concrete overlays - PMC 

(d) Membrane system with bituminous concrete overlays. 

(e) Cathodic protection. 

Alternatives (a) and (d) are the subjects of recent Materials & 

Research Division reports. The purpose of this investigation was to 

compare in the l aboratory alternatives (b) and (c) using two Styrene 

butadiene latex modified concretes, one concrete mix containing si l icone 

admixture, one low water - cement ratio dense concrete mixture, and two 

typical State of Vermont conventional Class AA mixtures. 
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Materi al s 

(a) Styrene - butadi ene latices ; 

Thermofl ex 8002 
Reichhold Chemi cals, Inc . 
Dover , Del aware 

Arco Dyl ex 1186 
Arco Polymers, Inc. 
Phil adelphia, PA 

(b) Sili cone Admixture; 

Silane Z 6020 
Dow Chemical Company 
Mi dl and, Michi gan 

(c) Aggregate; 

(i)Stone; 

3/8" Dol omite 
F.W. Wh i tcomb Construction Co. 
Winooski, Vermont 

3/8" Granite 
Cooley Asphalt Paving Corp. 
Webstervill e, Vermont 

( i i) Sand; 

Lawrence Sangravco 
Guil dhall, Vermont 

(iii) Cement; 

Fli ntkote Cement Company 
Glens Fall s Divi si on Type II 
Glens Fall s, New York 
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Concrete Mixes 

Fresh Concrete Tests 

Three batches were prepared and mixed in the laboratory for 

each type of concrete tested . Admixture and latices were dispensed 

and mixed according to the manufacturer 1 s recommendations. Sl ump , 

Air Content, and Unit Weight tests were performed in accordance with 

AASHTO T119, T152 , and T121 respectively. Table 1 presents the 

resu lts of these tests. 

TABLE 1 

SLUMP, AIR CONTENT AND UN IT WEIGHT OF VARIOUS CONCRETES 

S LUt~P, AIR CONTENT, UNIT W~IGHT, 
CONCRETE INCHES PERCENT LB /FT 

Cl ass AA/Dol omi te (Reference) 1.8 7.4 142.2 
Cl ass AA/Grani te 1.8 6.8 140. 1 
Sil ane 26020 1.8 6.2 143.9 
LSDC 0.8 5.8 146.1 
Arco Dyl ex 1186 4.8 5.7 142 .6 
Thermofl ex 8002 6.6 5.1 142.6 

Compressive Strength: 

The compressive strengths of t he various concretes were determined 

using 4 - by 8 - i nch cyli nders in accordance wi t h AASHTO- T22 . Al l 

specimens were cured in the moist room unt il a few hours before testing. 

The Arco Dylex 1186 and the Thero1ofl ex 8002 concretes yielded the 

lowest strengths, however, al l concretes had average 28 - day compressive 

strengths over 4000 psi . Tabl e 2 presents the resu l ts of the compressive 

strength tests. 
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TABLE 2 

COMPRESSIVE STRENGTH 

COMPRESSIVE STRENGTHl&PSI AT 

CONCRETE 

Cl ass AA/Dolomite (Reference) 
Class AA/Grani te 
Si lane Z6020 
LSDC 
Arco Dyl ex 1186 
Thermoflex 8002 

14 DAYS 

4702 
4655 
5604 
5499 
4102 
3407 

28 DAYS 

5405 
5038 
6337 
5890 
4748 
4087 

1. Average compressive strength of nine 4 - by 8 - inch cylindrical 

specimens at each age. (Three specimens f rom each of three seperate 

batches). 

Bond Strength 

The bond strength of all concretes, except the Silane Z6020 and 

the Arco Dylex 1186 concretes were tested at 10 days, in accordance 

with Vt AOT-MD3. Bond strengths hi gher than 548 psi (obtained with 

the reference concrete) were produced by al l other concretes. Table 

3 presents the Bond Strength test results. 

CONCRETE 

TABLE 3 

BOND STRENGTHS 

Class AA/Dolomite (Reference) 
Class AA/Granite 
LSDC 
Thermoflex 
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BOND STRENGTH1,PSI 

548 
1035 
699 
838 



1. Average bond strength of four 2.75 - by 3 - by 12 - i nch 

specimens (two specimens f rom each of two seperate batches.) 

Freeze - thaw Durability 

The resistance of the concretes to freeze-thaw damage 

was studied using the procedures descri bed in Vt AOT-MD4. 

The Cl ass AA concrete with granite aggregate performed poorly 

compared to the reference mix. Testing of the Class AA/Granite 

concrete was di sconti nued at the completion of 25 freeze -thaw 

cycles . The specimens had deteriorated to a point where 

continued testing was no longer practical. 

Al l other concretes yielded better resu l ts than t he 

reference mix. The concrete containi ng Dyl ex Latex 1186 

showed no weight l oss at 100 cycles for all curing age groups . 

Tabl e 4 presents the res ults of the Freeze-Thaw Durabili ty test. 

TABLE 4 

FREEZE - THAW DURABILITY 

CURE TIME PRIOR TO TESTING 

AND CONCRETE TYPE 

PERCENT WEIGHT LOSS1 AFTER: 

25CYCLES 50CYCLES 75CYCLES lOOCYCLES 

1. Cured 28 days 
Class AA/Dolomite (Reference) 7 9 13 14 
Cl ass AA/Grani te 17 
Sil ane Z6020 4 4 4 4 
LSDC 2 2 5 5 
Area Dyl ex 1186 0 0 0 0 
Thermoflex 8002 0 0 1 1 

2. Cured 60 days 
Cl ass AA/Dol omi t e (Reference) 8 8 8 8 
Cl ass AA/Grani te 33 
Sil ane Z6020 1 2 2 3 
LSDC 4 4· 5 5 
Area Dyl ex 1186 0 0 0 0 
Thermofl ex 8002 0 0 0 2 
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3. Cured 90 days 
Class AA/Dolomi te 
Silane Z6020 
LSDC 
A reo Dyl ex 1186 
Thennoflex 8002 

(Reference) 9 
1 
2 
0 
0 

10 
2 
3 
0 
0 

10 
2 
3 
0 
1 

10 
2 
3 
0 
1 

1. Three 2 - inch cubes per batch per age. 

Chloride Permeabi lity 

Chloride permeabi l ities of the various concretes were evaluated 

using the Vt. AOT-MD20 procedure. The Si l ane Z6020 concrete showed 

the lowest chloride permeability of al l the concretes studi ed. The 

Cl ass AA/Granite mix allowed slightly more chloride ingress at the 

1 inch and deeper l evels than the reference mix . All other mixes 

were approximately equal i n performance to the reference mi x. 

Foll owi ng 200 days of continuous pondi ng with a 13 percent NaCl 

solution, none of the concretes contained an amount of chloride at 

the 1~- 2 inch depth which would be considered harmful .1 Table 5 

presents the resul ts of the chloride permeabi l ity tests. 

TABLE 5 

CHLORIDE PERMEABILITY RESULTS 

CONCRETE 

Cl ass AA/Dolomite (Reference) 

Cl ass AA/Granite 

Silane Z6020 

LSDC 

TOTAL CHLORIDE2, PPM/LB. PERCY 
MEAN 
SAMPL~NG PONOING FOR, 
DEPTH , IN 100 DAYS 200 DAYS 

0.75 965/3 .8 987/4 .0 
1. 25 136/0.5 138/0.6 
1. 75 100/0.4 108/0 .4 
0.75 1000/4 .0 944/3 .8 
1. 25 153/0.6 221/0.9 
1. 75 90/0 .4 177/0.7 
0. 75 89/0.4 119/0.5 
1. 25 59/0.2 73/ 0.3 
1. 75 51/0 .2 60/0. 2 
0.75 277/1.1 688/2. 8 
1. 25 127/0.5 143/0.6 
1. 75 78/0 .3 119/0.5 
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Arco Dyl ex 1186 0.75 232/0 .9 219/0.9 
1. 25 98/0.4 123/0. 5 
1. 75 72/0.3 95/0 .4 

Thermofl ex 8002 0. 75 215/0.8 274/1 .1 
1. 25 84/0.3 113/0.5 
1. 75 60/0.2 88/0.4 

1. Corros ion threshold range currently thought to be between 300 

and 400 ppm at t he rebar l evel . 

2. Average of 2 sampl es f rom each 11 - by 11 - by 4 inch block. 

One block from each of two, t hree, or four batches. 

3. Mean sampling depths are gi ven. The actual depths were 1/16 to 

1 inch, 1 to 1 1/2 inch and 1 1/2 to 2 i nch . 
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Summary and Conclusions 

1. The ch 1 ori de permeab i 1 i ty of concrete containing s i 1 i cone 

admixture i s sli ghtly less than the conventional concretes. 

2. The latex modified concretes are not significantly damaged by 

100 freeze-thaw cycles. 

3. All concretes exhibited average 28-day compressive strengths 

greater than 4000 psi. 

4. Thermoflex 8002 concrete and the LSOC mixture had greater bond 

strengths than the reference concrete. 

5. The laboratory eval uation indicates that al l concretes except 

the class AA/Granite should perform equal ly well as low permeability 

bridge deck overlay concretes . 

6. Should the need arise i n the future for a concrete- related 

protective system, a field evaluation should f i rst be conducted to 

determine the in-service performance of these concretes under Vermont 

conditions. 
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:·d:..e: ria l s E'ivision 

77-R- 15 

PRODUCT E'.'f..LU/1.TI OU l·!ORI< PL/\11 

Dow Cor ning Z-6020 Si l ane 

Dow Corn ing Corporat ion 

Hid l and, I'Ji c h. 4864 0 

Di str i butor or 
P.eprr:senta t i ve 

Eva l uation Re:quc:s t ed By ---~~: _s_~!'~~ner 

r.ste !nfo: .-:1tio n ReC!~ i.·e d N/A 

['ate 

"' . , .: L~ Cata & ~ppl i cal i o n Instructions REce ived 

February 10, 1977 
- - ---------

.. l 
II .. I ., • , r., ~ r n 

(; : rc. r c h 7) 1 9/7 
l 0 f 1 r 

I i . ~ f~ : 

yes 

To determine i ncrease in fn~eze-thav1 durabil ity , co, ,·,pressive shength, bond strengt h, 

rrc; i stance to chlor i de intn1sion , base l eve l chlori de content . 

~ -~ : ~ .0d TEsts (Attach extra sheet i f ~ccGs~a 1y) 

1. Compress i ve strength 1 day , 7 days, 14 days, 28 days 
2. Bond Trst l 0 days 
3 . r1 eei'e--Tha\'1 dU t'abil i ty (v1gt. l oss @ 25 cycl e in terva l s at age s 3 days, 14 days, 

28 days , 50 days ) 
4. Chl or i de intrus i on 50 cla y in terva l s afte r 28 day cure . 
5. Chl o1·ide ro11tent ana lysis . 

r, . r:·:;c-c: l Di s•.lis~r:d ·.-:i th ~ollo·. :ing Subdivi sions R. Fr asco i a , J. Talbo t ___ _____ ________ _ 

r, .j -c t c:.d : ·;:n ;~o-.. c; 1- f.c:(!~lii<~ .. ..::nt s -~- day:_~-~~e_paration and da ily l tnd li ng __________________ _ 

C·:aluotion to be Concucted by _ --~~?-~do_n ____ _ 

3/7/77 
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State of Vermont 
Agoncy of Transportation 

Materia ls Divis i on - Resear ch & Developmen t Subdivi s ion 

PRODUCT EVALUATION 

Work Pl an No. 78-C&R-13 

J),' l c: 
Sheet 

3/3/78 
I of l 

Product 
" AA" .Loncrete Nix Iltilizing_3./~...Cr ani te Aggrag.at.e-.--- -----------

Hanufacturer 3/8" aggregate source Dis tributor or 
Represent at ive 

Cooley A~ha~l~t~--------------

\-.1ebster~ille, V_e:..:ro..:m.::.:o,_n=t ____ _ 

Eva luation Reques ted By --~I~n~H~o~u,_s,_e=---------------- Date ~farch 3, 1978 

Date Evaluation Requ i red No Date .. ~S~e~t~--- Date Product Information Received ~N~-~A~---------

Da te a nd Quantity of Sampl es Received --~N~-~A~-----------------------------

Purpose of Evaluation To de termine if the mix i s acceptable for use as a struc t ural 

overlay in the construction of two course brid~~~c~k~s~·~-------------------------

Proposed Tests Three (3) individual mixes each consisting of t be fol~l~o~w=i~n~g~=------------

Compressive Stren_g_th (6) 4"x8" cylinders 3 eac at 14 & 28_day..s_age ___ _ ________________ _ 

Free ~e-Thaw Durability (1 2) 2 "x 2" x 2" cubes compr:.e.s.s iY..e_s_tx.eeJJnlJ'g:Jt:.thl.._)aa.Jtt-2L81;La.d.aa:.;.y:ss~---------o 

plus durability of 3 c ubes aged 28 , 60 and 90 days at 25 cycl e_int~e~r~vuaulus~--------------

Flexura l Stre n gth (2) 3/4"x3"xl2" beam sections using singl e poinL.t:t:.-Jl..c.o)...;:i;ud1;;~.u· n~s~----------

Resistance To Chloride Penetration (1) l1 11 x ll"x4" s l ah 

All t es t results to be compa r ed agains t refe rence mix consisting of "IIA" co.ncre.e..tt.ee'----- ---

mix utilizi~3j~D9Jomite aggregate 

Proposa l Discussed With _!T~aAl~b~out~~C~o~r~t~i ________________________________________________________ __ 

Projected Manpower Requirements _P~~&~t~e~s~t~i~n~g~=-~6-llim~a~nL£d~a~y~sL-~r~e~p~uo~rLt~~3LJmllialln~d~aay~s---------------

Evaluation To Be Conducted By Structural Concrete & R&D 

Proposed Starting Date March 20, 1978 

~/~is approval by Hater i a ls Engineer -~__:;s:::::=-.;·~·(;p_..,_,,L-..L..~.Yf~/-....:::<-:r:::c.k.£::L.....~oo'--f2=::o..........::.>-==:::::.....,-.:::/:j-;/J_y.-"~};t...i_.2'-"f_" 
"c~ by Hated als Engineer 

Estimated Completion Date ~.Iu1~~n~e~, ~l ~9+7~9---------------

Mater i a l s Divis ion 
Highway De partment 
Agency of Tr~ nsporta tion 

T';I;J«cf 3/1 3()/'" 
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State of Vermont 
A~tncy of Transpor t a t i on 

Mat erials Divi s ion - Research & Development Subdivision 

PRODUCT EVALUATION 

Work Plan No. 78-C&R -14 

"' • J I • U L 

D.l Ll' : 3/6/78 
Sh(:C t 1 of 1 

Pr oduct I ow a Co nc rete Hix Uti 1 i zing 3 I 8" Do 1 omit e'=-A~g.as.:..r..=e:.e.gi.!:a~t:.!e::__ ________ ______ _ 

' I 

Hanuf acturer 3/ 8" aggr ega te source Distributor or __ ~N_-~A~------------------------
Representat ive 

F.W. Whitc~mb Construction Corp. 

Evalua tion Reque s t e d By In House Date Harch 6, 1978 

Date Evaluation Required No da te set Date Product Information Receive d --~N_-~A~--------

Date and Quantity of Samples Received --~N~-~A~--------------------------------------------------

Purpose of Evaluation To deter mine if the mix is acceptable for use as a s tructural 

overlay in the construction of two course bridge decks . 

Proposed Tests Three (3) individual mixes each consisting of t he following~: ________________ ___ 

___ Com_p res s i ve S.t_r e n g t h (6 ) 4 11 x 8 11 cy 1 incle r s 3 each a t Hq__b.&_:L.2ll8L....£dl.:al..\)!...!' s>---.<aacgg.ee-------------------

Freeze-Thaw Durabj] i ty 02) 2 11x2''x2" c!lbes compr essive st r e ngth at 28 

days ~lus durability Qf 3 cube s aged 28, 60 & 90 day s a t 25 cycle interva l s 

Fexural Strength (2) 2 3/4"x3"xl 2" beam sections nsing single point Joad:i: 

Resis tance To Chloride Penet r atiQJl (l) ll"xll "x4" s l ab 

All test re s ults t o be comP.ared again~t_a_refexence mix consis t jog ~------------------

concrete mix utilizing 3/8" Dolomit.e__ag~p:.e.g_atEL-. _______ _ _ __ _ 

Proposa l Discussed With --~F~r~a~s~c~oQki~a~a~n~d~Cdour~t~i~--------------------------------------------------

Projected Nanpower Requirements Prep & testing - 6 man day~~-=--)LJmllia~nrr_duaay~s ____________ _ 

Evaluation To Be Conducted By --~S~t~r~u~cht~u~r~a~l~c~oun~c~r~e~t~e~~&~R~&~D~----------

Proposed Start ing Date M~rch 9, 1978 
""'\ 

Comments by Materials Engineer 

Materials Division 
Highway De partment 
Agency of Tra n s portat i on 
-r; rJ<i (.t :J ;.i '1 ;, r 

Ji)ngineer 

Estimated Comple tion Date _lun.ee"-.!l~9t...7~9:L-----:---------, 
~ ~1--J.·A~__.._3Lf.-11.L_./ ~~--.t-7!--.,L)....:r--k'--
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D:J l C? : 3/6/78 I 

Shee t 1 of 1 
SUt Le of \lermcm t 

Agency ot Tr ans por tat i on 
Materials Divi s i on - Resea r ch & Deve l opment Subdivision 

PRODUCT EVALUATION 

Work Plan No. 78- C&R- 15 

Hanufac turer ARCO Polymers I nc, Distribu tor or Tex-Crete I nc. 
Representative 

Philadelphia 6305 Gran~d~A~v~e~· --------------------

Pen ns ylvania 191 01 Gurnee, Illinois 6~0~0~3~1~-----------

Evaluation Reques ted By I n House 
--~~~~~-------------------

Da te March 6 , 1978 

Date Evaluation Required No Date Set Date Prod uct Information Received J a n. 10, 1978 

Date an d Quanti ty of Samples Received __ F~e~b~r~u=a~r~y~6~·-=1~9~7~8~--------------------------------------

Purpose of Evaluation To determine if the mix is accep table for use as a structural 

ove rlay in the construction of two course bridge decks . 

Proposed Tes ts Thre e (3) ind i vidual mixes each consist~~g of_tbe_folLQwui~n~g~: __________________ __ 

__compressive S trengt h ..(D) 4~.q.lin.ders 3 each a t 14 & 28 days age 

Freeze Th aw Dura hi 1i ty (12) 2"x2"x2" cl!he.s-C.Omp.re.ssi ve s.tX-en.gth ~t -2-B----------------- -

days p 1 11 s dura b i 1 i t y a f 3 c oh e s age s; 2 8 , 6 0 _ ;;u:) ci 9 0 d ays - .a t---2--§--e-y c..Jloi'e~ii-IA'I-t~e~r vv-.<~:a-l-l-:!':s,.--------------

Flexural Streng th (2) 2 3/4"x3"xl 2" beam sect i ons using single point loading 

Resista nce To Chloride Penetr ation (l) ll"x ll"x4" slab 

All test r esult s are to be compared against a reference mix consisting of 

M concrete utilizing 3/8" Dolomite agg_r 

Proposa l Discus sed With --~F~r~a~S£C~o~i~a~a~n~dLJC~o~rr£tki _ ________________________ _______ ___ __ 

Proj ec ted ~{anpower Requirements ~P~r~e~pP_2&~t~e~sut~iun~g~=-Q_6~m~a~n~duai~~~s~_rLe~p~o~r~t~~3LJm~aann_aoaa~y~s-------------

Evaluation To Be Conduc t ed By ---~S~tEr~u~c~t~uur~a~l~c~o~n~c££r~e~t~e~&~R~&~DL_ ______________________________ _ 

Proposed Starting Date Ma r ch 14. 1978 Estimated Completion Dat~ 

9 1 /Disa pproval by Hateria l s Engineer ----k',J: 1~.:-JJ.-..'= 
Comments by Materia l s Engineer 

Mat e rials Division 
Highway Department 
Age ncy of Tra ns porta tion 
--r .. 7/J«.; :;;, -r-1) r 13 
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S Late o f Ve Jtndnt 
ARency of Trans portation 

Materia l s Division - Research & Development Subdivision 

PRODUCT EVALUATION 

\Jork Plan No. 78-C&R-1 6 

0.1LC: 3/6/78 
Shee t 1 of 1 

Product Late x Concrete uti lizing Thermoflex 8002 & 3/8" Dolomite A~2g~r-=e~g~a:!:t;:;e~----------

Manu fac turer Reichhold Chemicals Inc. 
Emulsion Polymer Division 
P. 0. Dra\ve r K 

Dove r, Delaware 19901 

In House 

Dis tributor or Thermoflex ~I~n~c~·----------------
Representative 

Box 21134 

Louisville , Kentucky _________ _ 

Evaluation Re quested By ------- ---------------- -- Date March 6, 1978 

Da t e Evaluat i on Required No Date Set Da te Product Informat i on Received 6/21/77 

Date and Quantity of Samples Received _F~e~b~· -=1~4~·-=1~9~7~8 _____________________________________ ___ 

Purpose of Evaluation To determine if the mix is accep t able for use as a structural 

overlay in the const ruction of two course bridg~~d~e~c~k~s~---------------------------------

Proposed Tes ts ...:rh.ree_(3} ; 0 d; vi d 11 a l ....mixe..s....c.a.ch-~.g-o f the~-l-l-e\?-i-ng :·- --- -------

Compressive Strength (6) 4"x8" cylinders__J_g_acb_at B &~_age. _________________ _ 

Freeze-Thaw Durability (12) 2"x2"x2" cubes compressive srrengg,.ttllhL-Caut:._.2u8:s_ ___ __________ _ 

days plus durability of 3 cubes aged 28, 60 and 90 days a t 25 cycle interua]s 

Flexural Strength (2) 2 3/4"x3"xl 2" beam _sections using single ~-in-t:---1-G-ad-!-n'""g'------------

Resistance To Chloride Penetration (I) Jl " xl1 11x4" 

___ All t est results are to be compared against a r eference mix co~~-~-------------

AA concrete utiliz ing 3/8" Dolomite aggregate_ ______________________________________________ _ 

Proposa l Discussed With --~FtLraa~s~c~o~i~a~aunud~C~oQLr~t1i ___________________________________________________ _ 

Proj ec ted Manpower Requirements JPLr~e~pp_b&~t~e~sut~iLin~g~~6n_mmtaann~d~a~y~sL-~r~e~p~nOLrLt-=~3~m~aun~d~a~)~'~S--------------

Eva 1 u a t ion To Be Conducted By ___s_tl.:..Uil m:.al_cccODl.COtJ:C:.Ir:.ee!Jt:Je~&x._RKJ&tx.Du_ ____________________ _ _________ _ 

Proposed Start ing Date ~'aa~r~c~h-JJ~s4-~1~9~7u8~--- Estimated Completion Date June 
~ _ [I_ ' ~ 

~sapproval by Haterials Engineer~~- 4~~ "<= 

1979-------------

-f/tY/-:>t: 
Comments by Materials Engineer -------------------------------------------------------

Material s Division 
Highway De partment 
Agenc y of Transportation 
-r;_ ~ .-: _tf 7 I/$'/) I-
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