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EXECUTTVE ST]MMARY

Portland Ccment conclcte is one of today's major constn¡ction matcrials. Par¡ements, bridge spans, higù rise buildi"gs,
hor¡se basement walls, etc are made of this versatile material. It is used for liærally 100 percent of stn¡ctu¡al

for¡ndations. Thc tcndency for concrete to deæriorare under æpeatcd frætnllfurw cycles has long been r€æSnized as a

major wrakness of this material. In recent years, resistance to fr€czÊ/tbaw deterioration has been provided by ai¡
entrainment, the deliberate inch¡sion of micro but¡bles. For air entrainment to be sr¡ccessfi¡I, concrete must tæ placed

carcfi¡lly as ovcr vib¡ation while plastic can cause the but¡bles to cmlesce and float to the nrface. An additive that can

not s€,parate out is næded"

Dipolar a¡kenyl dicarùo:rylic acid diammonir¡m salt is a highly hydrophobic chemical. There is a n¿tr¡¡al attraction
of the dipole moleq¡les to concrÊtÊ ingredients that make mechanical separation improbable. This srudy was planned to
veriS that the diammonium salq as an ad¡nirû¡re in conc¡ete, would provide ûoS protection. Mixes with difrerent
lwels of salt ü€atment rere put tbroug[ three hr¡ndred or morc ûeezelthaw cycles. The resulting d¡nam;c moduh¡s was

deærmined for use as a measufe of the ¡esistance to da¡ntge.

Thc diammonir¡m salt at scveral leræls performcd as uell as air c¡rtrainmcnt The salt can be obtaind as a water
solution and can easily be introduced into the concrete mixer along with thc mixing water. The levels r¡sed in this study
lowercd the compressive strengfh mo¡e rh¡q did the air cntrainnent teatment r¡sed for the control mixes. Howwer, the

strcngth was adoquaæ for naly oommon r¡ses of concrete and the elimimtion of unþrotected pockets of concrete which
shoræn masonry life should cnoü¡rage r¡se of the material. Morp wort shor¡ld be done to determine the trearment leræl

for balancc bctnæen compressive st¡Êngth and frost prot€ciion.

The salts also haw promisc as a mcans of reducing cnvironmental ooncems about the poæntial level of heary meal
leachatcs from incinc¡ater ash in concrete. \ltith thÊ inc'rcasing scarcity of natr¡¡al aggrcgates and the gro\Ying prúlem
of incineraær ash disposal, an envi¡on¡rentally safe mix is attractive. The diammonir¡m salt reduced the leachate of
nearly all metals. The possibility that the chelating and hydrophobic natr¡re of the maærial can provide corrosion
protection for rebar should also be investig;atcd,

IDEA PRODUCT

A chemical additive for Pofland Cement concrete which wilt be less sensitive to placing conditions than air
entrainment but provide equivalent protection from frost darnage has been laboratory tested. The ma¡erial also reduces

heary metal leachate potentiaily naking the use of incinerater asb either bottom or fly asb, in concrete environmentally
acceptable.

CONCTPT ^â.ND IIYNOVATION

R€peated freaing of concreæ, with water in the voids, destroys the oncrete. The increase in volum: as the water
cbangæ into ice, causes rcnsion str€sses in th9 cemcnt paste a¡or¡nd the void . Fatigrre afrer a number of cycles qauses

failure. Entrainmcnt of fine butùles *n¡cn:ðán not readily fil¡ with water, provides relief for the oçansiôn prÊssr¡re.

Ca¡e mr¡st be cxercisod when placing air cntrained concr€te as over vibration, while in the plastic pbase, can flmt the

but¡bles from the mix eliminaring thc protætion.

Dipolar alkenyl dicañoxylic acid diammonium sals å¡e st¡ong¡y bydrophobic. A small amount nixed into concr€te

should make the entire mix hydrophobic. If the cement paste around every srnall r¡oid were hyd¡ophúic the voids
qþuld not fll witb rvater and ûcczing expansion would be reduced.

A sccondary beneût could be the maal chclating property 6f ¡[s di¡mmonir¡m salt. Fly ash is ficquently used as a

workability additive to ooncr€te. Chelating of heary meøls þ the diammonium salt wor¡ld redr¡ce leaching and permit

the use of local incineraær fly ash in place of more expensive pourcr plant f,y ash.



IDEA PRODT'CT INVESTIGATION A¡ID PROGRESS

The basic Pl¡lpose of this str¡dy was .tbe cr¡¡h¡ation of the freøefthaw performance of diammonir¡m modified concrcte.
A æncnte mix ças selested bascd on 3Æ inch cn¡shed trap rodq a local wll graded natural sand and t',pe I/II Portland
cement This mix with and withor¡t air entrainment (Da¡ex as an "dditive) prwided the sandards for oomparison of the
modifid mixcs. Thc base mix *as then modified þ the addition of a dipolar alkenyl dicaröo:rylic acid diammonium
salt. Two difierent salts wer€ r¡scd" One wzs a 12 carüon molecule and the othcr an l8 carbon. The lcvels of salt
lldø tf* small percentagæ by weigbt of the cement contenl As the addition of the salt to the mixes required
in:reasd nixing water for wortability which increased the W/C ¡atio and probably reduced the srength, addiiional
mixes wrre made incorporating Polyheed as plasticizer

Thc labeling system for the mixcs r¡scd thrce descriptors. The ûr* was the lercf of diammonir¡m salt orpressed as
percent of cement. Thc second was the tlTe of diarnmonium saft, f2C for the 12 ca¡ton mater¡al, IBC for tneis ca¡bon
or N for nonc. The third was other additive present, AE for Da¡ex tr Air Entrain¡nent, P for Polyheed, lvfA for Mcro
AirorNfor none.

Ent¡ainod air æntent, comprcssive and indirecr rcnsile strcngths a¡d fucze/tbaç'¡csistance tests were canied out on
most mixes. Capillarity and pernreability meas¡r€ments were made on selecied mixcs.

A series of similar mixes with 15% of the cement replaced with incinera¡or ûy ash was r¡sed for leaching tests. The
added fly ash assr¡¡ed thc presence of heary metal that cor¡ld leach when *"shed with watcr.

SPECIMEN PREPARATION

Ingrediens wtre weighed to 0.ol tg. Mixing u/ìas in a small drun t)?e concrcte mixcr. The 12 and the lg carbon
dipolar alkenyl dicarùoxytic acid diammonir¡n¡ salts n¡ere obrained as 2ú/oin uaær solutions. The Eoolo warcr in the
salt solution wzs considersd part of the mixing $ater. The consistency of the mixes srìas rt¡fficult to predict as each
change in additive Ûsr¡tment also changed the slump. The target r+zs 12.5 cm, houpt€r due to time const¡aints, some
w¡iation cas aacepted.

Clinders, 101.6 m¡r -tf iryn¡ for comirrssior¡ indirect tcnsion and capillarity and 26.2 mm (3 inch) for
permeability, wÊfrÊ molded iû th¡oc fodded layers, ASTM c-t92. 76.2 w l0l5 by ¿oe.¿ mo, (3 by 4 by 16 inch)
freeze/thaw beans wcre molded in nlo layers each rodded 32 times. Alt samples úre moist cured. The freeze/thaw
beans for 14 days and the cylinden 2E days. As the mixes for leachate te$ñg s,Ere too small to tr¡mble wll in the
drum mixeç they nrcre mixed in a Hobart oounter mixer. In order to secure mÐdnrum sr¡¡face a¡ea for leaching, rhe
mixes were spread without compaclion 12.5 mm (l/2 inch) thick on plastic sheeting and moist (;r6d,24 hours. The
conclete nas then crumbled up and moist oring continued to ? days. For actr¡at test, that portion of the mix that passed
through a 6.4 m¡n (va inch) and was rcained on a3.2 mm (l/g inch) sicve was r¡sed.

TESTING

Slump, ASTM G143, a¡d air conænt, prcssr¡c m€lhod ASTI{ C-23l,tests werc made e¡ the ûesh concr€tc.

Comprcssion t€sts, ASTM C-39, urc¡e perforured after 2t da¡ls mois oring. Elastomeric caps wEre placed at both
top and boûton of thc cylindcrs. Loading uas at a consrant raûe of 2?5 kPa (4O psi) per seoond.

Indi¡€ct tension tcsts, ASTM C-{96 were also perforMed at 2t days. Ncr ptyurood strips alo4g the lines of loading
were used for cach spscimen" Loading wìas at a oonstant ¡ate of 69 lPa (10 ps¡)per second.

_ Frpczelthaw cycling nas canied out in an automatic cabinet with the samples continuouly wÊt, ASTM Cffi.
Clcling was set for E oomplete cyclcs p€r day with a tempcratue range of 0 to¡O F. The dpamic sonic testing was

a
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performed before cycling commenced and periodically thereafter with the beams thacrcd and at a temperaturc of 40 F.

The relatiræd:¡namic moduh¡s in percent is l(þ times the ¡atio of the square of the fr¡¡rdamental aansrrcrse Êequency at
cycle n to the square of the ñ¡ndamental tranwerse frequency atzljto cycles.

The simple capillarity test usd ænsised of the detelminâtion of the amount of waær draw¡ into a l0l mm (4 incÐ
diameter by 202 mm (8 inch) tall oven dry concreæ cylinder when standing in 25.4 mm (l inch) of nater for 48 hours.

Permeability tests wer€ ca¡ried out in a triaxial cell. The specimen were obtained by sawing slices out of the cenærs
of 76 mm (3 inch) by 152 mrn (6 inch) sylinders. The thickness rangd ûom 25 mrn (l inch) to 38 m¡r (1.5 inch).
Afrer the perimeter was covered with h¡gb yacuu¡n silicon grease, the disk was inserted into a latex membrane and a
275 hPa (40 psi) oonfining pressure applie¿ Flow under a pressurc difrerential of 69 kPa (10 psi) was d€termined. The
permeability ooefficient was calcr¡lated ucing the Darcey equation

The Univenity of Conncctictt Enviro¡rmental Research Institute canid out the leachate work Ten grams of the 3.2
to 6.4 mm (l/8 to l/4 inch) material was placed in 100 ml of deionizÊd water and rota¡ed for one hor¡r. The ample was
then uashed with hot deionized water througù an acid uashcd Mllipore quartr fber flter and voh¡metricalt¡ diluted to
250 ml. The diluted leacbate was analyzed rsing Inductively Coupled Plasma (ICP) çectroscopy. Those showing
smell çs¡ce¡tmtions of lea4 a¡senic or selenium s'ere renrn by Graphic Fr¡rnace Atomic Absorption (GFAA).

RESTILTS

The fieeze/thaw daø indicates that the l2C did provide eficctive fros protection, Fig. l. The basic mix feiled at less
th¡n fQQ cyclcs. At 300 glclcs, the l7cl2C-N mix sú¡U had a relatir¡e df¡na¡ric moduhs of 98o/o. The highest 300 cycle
dlmamic moduh¡s wãs thât of the Polyhecd nix at lÛl.60/o. The difrerence of 3.60/o is riot very significanr There is a
urcak trend for the 300 cyclc modulr¡s to rary invcrsely with the percentage of l2C indicating that lorrcr lwels should be
t¡ied" A much stronger tend exists for the 300 cycle modutrs to nary directty with the sh'mF.

FIGITRE 1. IDynenic Modulu¡ ¡ftcr3üt Frcczc/fbrw Cycler

The l2C additiræ at lfu lyclcî/El rÊduced the oompressive strengfh of the basic mix by Sú/orïig.2. The strength of
thebasic mix was dÊcreased only 25/o by Da¡ex II air cntrain¡nent Increasing the l2C to 2,3 aú 4 o/o r€sultd in
minor strength gnfuis but ñ¡rlher increase to t o/o desroyed the srength. The addition of Polyheed impoved the
compressive slrength and fiost resistance of both the basic mix and the 27al2C mix. The tensile srength rvas

consisently l0 to 15% of the compressive srength, Fig. 3.
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Figurc 3. Tensile Strcngb,2t lDeyr

The entrained air varid geatly with the difrercnl ueÍ¡t¡ncnls, Table l. The 12 ca¡bon at borh I and 2%oentrained
more air rh¡n the air cntraining additiræs. This rnay be a partial cxplanation for the strength reduction. The air in rhe
voids carries no load but displaccs load çarrying concrcte. The¡e are no clear trends in the air entraiñment dara. For
examplg adding Polyhced to the plain mix morc than doubled the air entrainment and increased slrarply both rhe
comprcssitæ st¡ength and the resistance to frost damage. Adding Polyheed tothe2o/el2C mix reduæd the entrained air
by t/3 ¡tt incr€asd the compressive strength 50olo.

Capillarity was mcas¡¡cd for all mixcs ¡nade, Tablc l. Time ¡es¡ainrs limited the nr¡mber of permeabitity tests
complctcd, last col¡¡mn of Tablc l. Comparing the rcsults of the two tests on the 27el2C-N mix to those of the basic
mix prcsents an intercsting contr:tsL Addition of the l2C reduced the capillarity by thrÞe times but increased the
perneability by thrce plus times. As thc cntrained air also incrcased by th¡ce times, the imptications arc thrt the micro
voids increased pernining more nalcr to be forced through the concrcte under pressure. lt the sane timg the
hydrophobic cbaractcr of the l2C combats capi[ary morion.

t



TABLE I lVetcr ¡nd Air Rcl¡ted Mir Pruperties

t{ix w/c Air Entrain Slumo Capillaritv Permeabiliw
(percen0 cm (percent) ( cn/sec)

07aN-N 0.53 3.2 15.2 1.74 t.7 E-10

OelcN-AE 0.53 7.2 20.3 l.9E 9.9 E-10
l7al2C-N 0.53 l0 17.8 0.72
2o/el2C-N 0.53 9.t t2.7 0.57 t.2E-9
3o/el2C-N 0.5 2.5 0.55
47æl2C-N 0.56 to.2 0.54
8olel2C-N 0.65 17.8 0.61

Zo/al2C-P 0.39 6.5 t2.7 0.4 l.l E-9
2o/elZC-MA 0.47 6.2 8.9 o.42
37el8C-N 0.61 t2.7 0.61 3.9 E-9
2o/el8;C.P 0.43 17.8 o.57
0PlrN-P 0.3r 6.9 l7.r 1.83 tn¡perviors

'00Á-N-MA 0.48 E.6 6.4 1.54

TABLE 2 Ecery Mctd Conccntr¡tion in Lc¡chrte fiom Intinerrtor Fly Arh Concrcte

Test

Par¿meter

Toxicity

Level

ttglL

Fly Ash

No Cæment

uglL

Fly Ash &
2o/el2C

No Cement

IIEIL

OPleN-N

tt9lL

FlyAsh&,
0olæN-N

velL
Zo/rl2C-N

UEIL

Silver 500 ND ND ND ND ND
Barium 100,000 2,225 1,668 638 676 423

Cadmium l,(x)0 43 g 5 5 5

Chromium 5,(X)0 38 3t 49 37 u
A¡senic,Tot¡¡l 5,(X)0 l0.l 10.7 ND ND ND

Selenir¡m 1,000 4.6 3.6 ND ND ND
I,ead 5,(X)0 10,996 106.4 ND 6.7 ND

ND -NotDetected

TABLE 2 Continued

Toxicity Fly Ash & Fly Ash & Fly Ash & Fly Ash & Fly Ash &
Test L¿vel 2o/el2C-N": 0ol-N-P 2o/el2C-P 0oleN-MA 2o/el2C-lvlÀ

Fa¡ameter úglL uglL uglL uElL uelL ue[L

Silver 500 ND ND ND ND ND
Barium 100,(n0 519 710 ilr 553 491

Cadmium l,(x)0 4 5 5 4 5

Ch¡omir¡m 5,(n0 36 36 34 32 33

Aisnìc Total 5,000 ND ND ND ND ND
. Selenir¡m l,(x)0 ND ND ND ND ND

L,ead 5,(X)0 5.5 5.7 t2.3 2.4 6.3

hID - NotDet€ctd
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The leachate tests wçr€ intended to eval¡¡ate the tendency for meals to nash out of the \¡arious concrete mixes. The

third coft¡mn of Table 2 lists the leachate levels from the uhtreated f,y ash. All cxcept lead were uæll below Fede¡al

Toxicity Limits. It shoutd be recog¡ized that, erven when well nixed, incinerator fly ash has a r¡ariable composition and

that minor difierencÊs may have liÍle or nc meaning. The fourth column r€prcsents the leachate from l2C treated f,y

ash that has not been in concrete. There ças little change for for¡r of the metals but ba¡ir¡m was reduced by a quarter

and lead þ tm tines to a leryel well within the Toxicity limits. The addition ofPortland Cement lowred most metals

fa¡ther. The addition of Polyhecd incrcased the quantity of ba¡ir¡m and ¡ead leached and the addition of Micro Air
reduced botb- Tbe inount of ch¡omium leachaæ was not afiectcd þ any of the the additivcs

PII\NS FOR IMPLEMENTATION

The rcsults just¡t trying Dipolar Alkenyl Dicañoxylic Acid Diammonir¡m Salt mod¡ñed ooncrete in exposed but non'
strengtb critical wo¡t. An obvior¡s placc would be the Jerscy barriers so widely r¡sed for trafrc cont¡ol úring
constn¡ction. At many sites, salt laden sh¡sh is thrown on the barriers þ snon, plows during winær storms creating

severc freeze/thaç, conditions. The barriers a¡e moved frequently and any poor performers æuld be easily replaced-

' 
Tbcre a¡e sever¿l other cha¡acteristics tbat should be invesigated for possible other uses. Unintentional remor¡al of

entrained air from concrcte by vibration during placement often causes localized frost deterioration. The l2C as an

additive did ent¡ain $¡bstant¡al quantities of air. The tests, as performed in this sn¡dy did not determine whether the

ûut protection was prwided by the air entrained or by the hydrophobic charactcr of the salt If the latter, concr€te

uing the salt as an additir¡e ç'or¡ld not be scnsitive to placement vibration. Specimen should be made by rodding

concrue conøining the diam¡ronir¡m salt into molds and immediaæly vibrating r¡ntil all ent¡ained air is remoræd. If
protect¡on against frost damage pcrsists, the problem of handling scnsitivity wutld bc solved.

The l2C salt has been r¡sed by the automobile industry to reduce cormsion. Therc have been seriors corrosion
prúlems with reinforcing bar. Calvanizing or epoxy coatings can reducc this prúlen but a¡e ssceptible ¡s damrge in
shipping and placing. The degree to which the l2C salt, when addd ûo concrete, chelates with the rebar surface should

. be investigated. As exponre of the bar to the diammonium salt in the aoncrcte uor¡ld occr¡r afrer all bar bandling was

completed, there would be no fr¡rther damage. This rrould bc an extremely simpte means of anti-corrosion t¡eatmenl

CONCT,USIONS

The Dipolar Alykenyl Dicarüoxylic Acid Diammo.ri¡¡m Salt lus bcen proven to be as efiective as conwntional air
entrainment for providing conctËte witb frost protection. There a¡e ¡nany concrcte uses where this material can now
serve as an efiætive frost proteclion additive. Fr¡fher studies a¡e needed to er¡aluate other clra¡acteristics a¡¡d to
detcrmine the best lervel of additive to balance strength and frost protection.



GLOSSARY

AE Air Entrainment, deliberate inch¡sion of nicroscopic air butùles

ASTM American Society for Testing lvlaærials

Dercr Commercially arailable air ent¡ainment agent

GFAA Graphite Fr¡rnace Atomic Absorption

IC? Inductivcly CoupledPlasma Spocrroscopy

Lc¡ch¡te Water borne metal ions

Micrc Air (MA) or (M) Air cntrainment agent ma¡lrctd by Nfarer Builden Co.

Polybced (P) . Md/high level plasticizer marteted þ Master Builden Co.

lY/C lVatertocementratio

tzO 12 Ca¡ùon molecule, Dipolar Alkenyl Dicarbo:rylic Di¡rnmonium Salt

ItC lE Ca¡bon moleoile, Dipolar Alkenyl Dicarùoxylic Diammonir¡m Salt
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TEST DATA



l0

0oleN-N

Comprcssion Strength

Specinen Rcadine C. Strenglh

I 92,5001b 50,7fl) kPa

2 E9,(n0 lb 48,Eü) lPa
3 t9,500 lb 49,100 kPa

Average 49,500 kPa

Indirect Tension Strength

Spcimen Reading T. Strength

I 36,4001b 4,990 kPa

2 37,20olb 5,l00lfa
3 3t,9001b 4,3801Pa

4,820liPa

Mix Composition

Cement Sand 3lt'Trap Water Waær/Cement Slump (cm)

12.61kg 24.57 kg 22.02kg 6.68 kg 0.53 15.2 cm

lveieùt (ke) Rcl.Dyn.Mod lVeieht (kg) Rel.DJ¡n.Nrod" lVeieüt (kg) Rel.DJm.Mod.

Specimen I Specimen I Spocimen 2 Spæimen 2 Specimen 3 Spocimen 3



ll

OolrN-AE

Mix Composition

Ccment Sand 3/8'Trap Water AE Agent lVater/Cement Slump (cm)

12.61kg 24.57 ke 22.o2kg 6.68 kg 19.4 kg 0.53 20.3

Compression Strength

Spæimen Rcading C. Strength

I 63,5001b 34,t00lPa
2 67,500lb 37,000 kPa

3 65,500 tb 35,900 kPa

Average 35,90OkPa

Indi¡ect Tension Strength

Spccinen Reading T. Strength

| 2t,¿m0 lb 3,t90 kpa

2 29,¡1001b 4,030 kPa

3 2t,(n0 lb 3,840 LFa

Average 3,920 kPa

Freeze ThawData

Clcles
lVeiebt(kg) Rel.DJ¡n.Mod

Specimen I Specimen I
tVeight ftg) Rel.qm"Mod. Weieht (ke) Rel.Dtìn.Mod.

Specimen 2 Specimcn 2 Specimen 3 Specinen 3

0 7.536 lûú/e 7.559 lOú/" 7.500 l00f/l
36 7-532 9E.7Yc 7.5s 97.1o/c 7.496 9t.lo/o
85 7.532 9E-4Yo 7.582 9E.2Vo 7-505 97.4Yo

126 7.545 99.3o/o 7.5K 98.f/o 7.5t4 98-f/"
t62 7.54t 9E.ïYo 7.5E6 99.3o/o 7.523 99.l%o

201 7.545 99.z%o 7.5K 99.60/o 7.527 98.8o/"

247 7.545 99.4% 7.59t 99.EVo 7.532 100.0%
297 7.550 l0O.lo/o 7.582 99.3o/o 7.527 99.7o/o

32t 7.54t 99.lVo 7.577 98.3Vo 7.523 98.lYo



12

lolel2C-N

Conpression Strength

Specimen Rcading C. St¡ength

| 43,900tb 24,l00kPa
2 39,6001b 2l,700lPa
3 38,1001b 20,9001Pa

Avcrage x2,20okPa

Indirect Tension Strengn

Specimen Reading T. Strenglh

I 19,2001b 2,6301Pa

2 21,300 tb 2,920kPd
3 22,0001b 3,0201Pa

Avcrage 2,tó0 kPa

Freeze ThawData

Wciebt (kg) Ret.DJ¡n.Mod lVeight (kg) Rel.DJ¡n.Mod. ÌVeiebt (kg) Rel.DJ¡n.Mod.

Clcles Specimcn I Specimen I Specimen2 Specimen2 Specimen3 Specimen3

0 7.t70 l0ff/c 7.tt4 lÛú/o 7.t25 lûV/o
4t ?.2ú 97-tP/" 7.220 97.4Ve 7.t47 ,96-20/"

t0 7.2t1 97.6Yo 7.23t 97.3Yo 7.t6 96.to/o

13l 7.229 98.t% 7.252 97-f/o 7.t79 97-60/o

195 7.229 99.t% 7.243 98.4Yo 7.t79 9t.2o/o

23t 7.zrt 9t.7o/o 7.224 98.íYo 7.t56 9t.60/"

308 7-t93 97.7% 7.t93 98.ú/o 7.t34 9t.4o/o



l3

2o/elãC-N

Indfu€ct Tension Strength

Specinen Rcading T. Strength

I 22,3001b 3,060kPa

2 19,4001b z,ffiuPa
3 19,&n lb 2,710lPa

Average 2,810lPa

Mix Composition
Cement Sand 318'Trap lVaær l2C Additive lVater/Cement Slump (cm)
12.6lks 24.57 kg 22.02k9 6.69 kg o.25ks 0.53 t2.7

Compression Strength

Specimen Reading C. Str,ength

| 42,800 lb 23,500 kPa

2 42,600 lb 23,400 LPa

3 42,000 lb 23,000 kpa

Averagé 23,300lPa

Freeze ThawData

Clcles
lveiehr(kg) Rct.Dyn.Mod

Spccimen I Specimcn I
\t¡ciebt(kg) Rßl.DJm.Mod"

Spæimen 2 Spccincn 2

lvcigût(kg) Rel.DJm.Mod.

Specinen 3 Specimen 3
0 7.49t lûú/o 7.323 toúÁ 7.3t2 l0ú/o
3l 7.523 96.3% 7.35s 96.ú/c 7-4tt 95.to/o
76 7.545 98.ú/o 7.373 9E.5Y. 7.Ut 98.5o/o
tt7 7.54t 99.1o/o 7.355 tæ.2% 7.427 99.2%
166 7.527 993% 7-337 99.5% 7.4t4 99.4Yo
2æ 7.527 99.1Yo 7.332 99.3Vo 7.396 99.4o/"
240 7.505 9E.7o/o 7.323 9t.3% 7.378 98.V/o
2% 7.49t 98.lyo 7.305 95.sVo 7.3il 97.zyo
330 7-473 96.V/o 7.296 93.y/o 7.355 96.6o/0



l4

3o/el2C-N

Comprcssion Strength

S¡ecimen Rcading C. Strengn

I 45,5001b 24,7001Pa

2 53,ü)0lb 29,1ü) kPa

3 51,2001b 28,0001Pa

Avcrage 27,300 kPa

Indi¡est Tension Strengtb

Spocimcn Rcading T. Strcngth

I 27,5001b 3,770kPa

2 27,7001b 3,8fl) lPa
3 25,9(n lb 3,5501Pa

Arærage 3,7t0 tPa

F¡efzr ThawDala

lVeigût ftg) Rcl.Dyn.Mod lVeight ftg) RÊl.Dyn.Mod" lVeieüt (ke) RÊl.DJ¡tr"Mod"

Cycles Specimen I Specimen I Specimen2 Specimen2 Specimen3 Specimen3

0 7.t72 l0ú/o 7.954 Itú/o 7.t32 l0Æf/o

4t 7.9r3 96.9/c 7.9n 97.1o/o 7.t72 96-8o/"

77 7.913 96.to/" 7-986, 97.V/o 7.859 96.4o/o

lt6 7.9U 95.9/o 79K %i.lo/o 7.t59 94.s%o

t63 7.9M 94.1o/o 7.977 95.60/o 7.U5 94.60/o

2t3 7.900 90.ú/o 7.977 94.1Vo 7.t45 94.ú/o

244 7.t86 t6.f/o 7.!ßE 9l-60/" 7.Ut 91.5o/o

289 7.877 t7.lYo 7.950 9.lo/o 7.827 90.4Yo

330 7.t77 tt6.5o/o 7.950 t8.0olo 7.t27 9O-2o/o

379 7.854 t2.4o/o 7.931 85-5o/o 7.t09 88.1%



l5

4o/el}C-N

Mix C-omposition

Cement Sand 3/8'Trap lVarcr l2C Additive Waær/Cement Slump (cm)

t2.6rkg 24.57 kg 22.O2kg 7.02k9 0.50 kg 0.56 r0.2

Compression Stength

Spccimen Reading C. Strength

I 45,3001b 25,¿!00 kPa

2 47,2001b 25,9fi) lPa
3 45,1001b 24,7008P^

Average 25,300lPa

Indfu€ct Tension Strength

Specimen Reading T. Strength

| 22,2001b 3,0501Pa

2 23,5001b 3,220 kPa

3 21,9(n lb 3,ü)0 kPa

Average 3,0901P¿

FterzeThawData

Cycles

Wcigbtftg) Rel.Dlm.Mod

Specimen I Specinen I
Weigbt ftg) R€l.DJ¡D.Mod"

Specimen 2 Specimen 2

weiebt (kg) Rel.Dyn"Mod"

Spocimen 3 Specimen 3

0 7.Ul l0lJf/c 7.341 lûú/c 7.3t2 lOú/"
4t 7-ß 97.7Yo 7.373 97.60/o 7.n5 97.2o/o

90 7.450 97.3% 7_355 96.7o/o 7.396 97.2%
t24 7.437 96.9/o 7.332 96.t% 7-387 96.60/o

164 7.409 96.t% 7.305 95.80/o 7.359 95.z%o

2to 7.364 95-f/" 7.273 94.7yo 7.328 94.V/"
254 7-359 94.ú/o 7.264 92.7Vo 7.3t4 92.6Vo

302 7.337 93-2o/o 7.232 92.6Yo 7.246 9O.9/o



l6

Compression Strength

I 16,2001b t,E90 kPa

2 15,,û001b t,470lPa
3 15,6001b t,s¿!0lPa

8,630lPa

t7cl2C-N

Test Discontinued, Specimens Fetl Apaf

Indi¡ect Tension Strength

Specimen Reading T. Súength

I t,700 lb l,l90lP¿
2 E 650lb l,l80l¡Pa
3 t,900lb l,220hPa

l,200lPa

rvc¡e[t (kg)

Specimen I
RÊt.Ðm.Mod

Specimen I
Wcie¡rt (kg)

Spccimen 2

Rcl.DJm.Mod-

Specimen 2

lveiebt (ke)

Specimen 3

Rel.DJm.Mo¿

Spocimen 3



t7

2o/el2C-P

Mix Composition

Cement Sand 318'Trap Warcr l2C Additive lVatcr/Cement Slunp (cm)

12.61kg 24.57kg 22.o2ks 5.65 kg 0.25 kg 0.39 t2-7

Polyheed

197 nl

Compression Strengtl

Specimen Rcading C. Strength

I 72,(n0lb 39,5fl) kPa

2 70,fl)0lb' 3t,¡l{X} kPa

3 67,500 lb 38,100 kPa

Average 3E,700kPa

Indirect Tension Strengtl
Specimen Reading T. Strength

I 30,700 tb 4,210 kPa
2 27,5001b 3,770kPa
3 2g,l00lb 3,8501Pa

Average 3,940 kPa

Freeze ThawDate

Clcles
rVeigütftg) Rel-DJm.Mod

Spccimcn I Specimen I
weight (ke) Rel.DJ¡n.Mod"

Specimen 2 Specimen 2

rveieùt (kg) Rel.qm"Mod.

Specimen 3 Specimen 3
0 7.533 lÙU/o 7.533 lWYo 7.519 l0ú/o

42 7.s65 96.4o/c 7.556 9?.50/c 7.5æ 96.f/o
88 7.57t 97.V/o 7.569 98.2o/o 7.573 99.4Yo
130 7.5t3 95-to/" 7.569 96-f/o 7.573 97.5%
l7r 7.574 93.4Vo 7.569 963% 7.565 95.1Vo
22t 7.5æ 92.to/" 7.560 98.to/o 7.556 93.wo
2& 7.5ß 93.4% 7.551 98.2% 7.542 93-to/;
304 7.565 93.4% 7-546 96.f/o 7.52E 94.sYo



t8

2o/elZC-MA

Mix Composition

Cement Sand 3Æ'Trap Waær l2C Additive Waler/Cement Slunp (cn)
12.6lkg 24.57 kg 22.o2kg 6.62kg 0.25 kg 0.47 8.9

Micro Air
132 mt

Compression Strengtl
Specinen Rcading C. Streng¡h

I 48,800 tb 26,t00 kPa

2 ß,2001b 26,40/u.EPa

3 4.5,5001t- 24,9(n lPa
Average 26,0001Pa

Indir€ct Tension Strenglh

Specimcn Reading T. Strength

I 25,6001b 3,510 kPa

2 19,3001b 2,650 kPa

3 22,2001b 3,040 kPa

Average 3,070 kPa

F¡wnThawData

Cycles

lVcigbt (kg)

Specincn I
Rel.DJm.Mod

Specinen I
lVeight ftg)
Specimen 2

Rcl.DJ¡n.Mod.

Specimen 2

lvcig[t (kg)

Specimen 3

Rcl.DJm.Mod.

Specimen 3

0 7.Nt lûú/o 7.4t0 l0fJo/" 7.546 l0ú/o
42 7.45t 95.f/o 7.465 95.9/o 7.5û 94.7Yo

88 7.433 97.3Yo 7.45t lO0.ú/" 7.583 96.7Vo

130 7.M 95.3Yo 7.U2 97.3yo 7.556 95.4o/o

t78 7.374 97.3o/o 7.313 94.60/o 7.528 93.4Yo

22t 7.338 92.60/o 7.333 92.6% 7.450 94.1o/o

2& 7.333 9l-9/" 7.311 93-3o/o 7.490 94.l%o
304 7.283 91.9/o 7-280 91.9/o 7.43t 94.7o/o



l9

37Fltc-N

Mix Composition

Cement Sand 318'Trap Water ItC Additive lVater/Cement Slump (cur)

12.6lkg 24.57 kg 22.O2kg 7.68 kg 0.39 tg 0.6t t2.7

Compression Strengtn

Specimen Reading . C. Strength

I U.200 tb 24,300 tPa
2 43,7001b 24,000 kPa

3 39,8001b 2t,800lPa
Average 23,4O0LPa

Indi¡ect Tension Strength

Specimen Reading T. Strength

I 19,4001b 2,6601Pa

2 20,4001b 2,7801Pa

3 lg,E(n lb 2,7l0wa
Average 2,72ObPa

Freeze Thaw Dara

Cycles

lveieùr(kÐ Ret.DJ¡n.Mod

Spccimen I Specimen I
Weigbt (kg) Rel.Dlm.I{od.

Specimen2 Spocinen2

lveig[t(kg) Rel.DJ¡n.Mod.

Specimen 3 Specimen 3

0 7.24t IOU/o 7.29t lûú/o 7.2t2 lûOo/o

34 7-282 97.6% 7.323 97.f/o 7.318 98.3Y.
74 7.264 97-5o/" 7.309 98.to/c 7.300 9t.6Vo
120 7.250 99.2o/o 7.309 9t.7o/o 7.2t2 97.60/o

t& 7.223 96.9/o 7.287 97.2% 7.246 95.V/o
2t2 7.205 95.V/o 7.259 96.9/o 7.228 94.BYo

244 7.180 9l.4Vo 7.239 94-5o/" 7.203 92.t%
295 7.15r 89.60/o 7.2t2 9l.8Vo 7.185 9l-lo/o
359 7.t26 t7.8ú/o 7.t99 9l.V/o 7.t26 90.t%



20

2o/eltC-P

Mix Composition

Cement Sand 3/8'Trap Water ItC Additive Water/Cement Slunp (cm)

12.6lkg 24.57 kg 22.o2kg 6.13 kg o.25ke 0.43 17.8

Polyheed

197 nt

Compression St¡ength

Specimen Rcading C. Streneth

I 56,5001b 3l,000 tPa
2 5t,0001b 31,8ü) lPa
3 54,500 lb 29,9001Pa

Average 30,900kP4

Indirect Tension St¡ength

I 25,f,.r0 lb 3,540 kPa

2 25,2001b 3,4501P¿

3 26.300 lb 3,6001¡Pa

Average 3,5301Pa

Ftæze ThawData

Clcles

rVeiebt ße)
Spocimen I

RÊl.Dyn.Mod

Specimcn I
weieùt ßg)
Spocimen 2

Rcl.Dyn.Mod"

Specimen 2

lveigbt (kg)

Specimen 3

Rel.Dyo.Mod.

Specimen 3

0 7.388 lWo 7.347 too% 7.488 l0ffi/o

42 7.406 95.60/" 7.397 95.5% 7.533 93.8o/o

88 7.433 98-lo/o 1.406 95SVo 7.53r 93.lYo

130 7.424 94.f/o 7.397 94.zYo 7.528 9l.3Vo

t78 7.4t5 94.9/" 7.392 94.2o/o 7.515 90.1o/o

22t 7.397 92.5o/o 7.367 t9.9/o 7.450 t9.4Yo

2& 7.388 94.f/e 7.36t 90.5% 7.4E0 9O-lo/o

304 7.370 93.|o/e 7.379 9l.l%o 7.m 89.5V"



2l

07eN-P

Mix Composition

Cement Sand 3lt'Trap Water Polyheed Water/Cement Sl¡¡mp (cm)

12.61kg 24.57 kg 22.o2kg 4.84 kg 197 mt 0.38 17.8

Conpression Strength

Specimen Reading C. Strength

I 114,0@ tb 62,5001Pa

2 ll3,500lb 62,2úhPa
3 ll5,(m0 lb 63,100 kPa

Average 62,600 kPa

Indirect Tension Strength

Specimen Reading T. Strength

| 41,9001b 5,7,10 kPa

2 43,2001b 5,g20lPa
3 n,4ü) lb 6,5001Pa

Avcragc 6,050 tPa

Frceze ThawData

Clcles

lVcight (kg) Rel.Dyn.Mod lVeigbt (kg) Rel.DJ¡n"Mo¿ Weieùt (kg) RelÐyn"Mod"
Specínen I Specimen I Specimen2 Spocimen2 Specimen3 Specimen3

0 7.542 l0lJoy'l, 7.624 l0ú/o 7.5ß llJfJPy'"

42 7.550 97.7o/o 7.628 98.8o/o 7-510 96.5o/o

EE 7.550 99.4o/o 7.633 102.f/o 7.510 lü).0olo
130 7.55t 9t-to/o 7.633 t02.3% 7-524 lOO.Oo/o

178 7.55t 9t.8o/" 7.633 lM.l%o 7.524 100.0%
22t 7.55t 99.4Yo 7.633 lO3.5o/o 7-519 l04.lo/o
304 7.551 100.60/o 7.633 102.9/o 7.524 l0l-2o/o



z¿

Comprcssion Strpngth

Specimen Reading C. Strength

I 4t,8fl)lb 30,3001Pa

2 4t,2001b 29,9o0lPa
3 45,5001b 30,200lPa

Average 30,1fl) kPa

Indi¡ect Tension Strength

Specimen Reading T. Sriength

I 25,6001b 3,650 kPa

2 lg,30f lb 3,320kPa
3 22,2æ tb 3,3701Pa

Average 3,450lPa

0oleN-lvfA

FrweThawDaa

Cyclcs

lveigùt (kg)

Spccimen I
RÊl.DJm.Mod

Specimen I
Weieht (ke)

Spccimcn 2

Ret.Dyn.Mod.

Specimen 2

Weielrt (kg)

Specimcn 3

Rel.Dyn.Mod.

Specimen 3

0 7.424 l0[f/o 7.4t0 lÛú/o 7.4t5 lÛú/o
42 7.ffi 9t.7'/c 7.442 96.2o/o 7.45t 96.1o/"
88 7.m 99.4o/o 7.U7 9t.7% 7.46s l0o.OVo

130 7.42 9t.lo/o 7.429 97 -4o/" 7.447 97.4Vo
t78 7.424 98.lYo 7.4t0 9E.l%c 7.430 98.1Yo
22t 7.40t 100.60/o 7.392 9t.7o/o 7.4t5 lOO.TYo

3M 7.374 99.4o/o 7.365 lO0.V/o 7.390 9E.1Yo

g




