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FORBWORD

This symposium brings together, for easy reference, pértinent
information concerning Michigan's program of testing the propriétary
#dmixtures Pozzolith and ﬁP-?. intended to prevent coﬁcrete pavement
sealing, Between 1938 and:1942 the following four experimental con-
erete pavements, containing such admlxtures, were constructed°
1) Project M 61-27, €5 on M-126 in Muskegon Heights" 2) The Michigan
- Test Road Durability Projept,on M-115 between US~10 and M-66 in Clare
and OScéola cauntiééﬁ 3) Project M 82-110, C1 on.M656 between Belle-
villa and US-112; and 4) Project P 71-24, C1 in Rogers City on US~-23A4.

~Included in the sym9031um are origina} reports and portions of
original reports containing pawing_mixturg and construction date, and-
the results of laboratory and field tests performed on the concrete
admixtures used in the above projects, Ths‘findingg of condition sur-
veys are also presented, In most instances,ioniginéi material is
included exactly as writben, withop,t eliminating duplicaté informa=
tion, For each project, a synopsis is presented which summarizes the

information in the original reports,



THE MUSKEGON FXPERIMENTAY PROJECT
PROJECT M 61-27, 05 = M-126, MUSKEGON HEIGHTS

CONTENTS

Excerpts from a report entitled "The Use of Portland-Natural Cement
Blends and Pozzolith Admixture in Goncreta Pavements®, G, H, Cash,
October 28, 1938,

- Excerpis from Highway Research Report No., 78, E. A. Finney, Decem=-
ber 10! 1945 L]

Condition survey of Pozzolith section and ad jacent portions of pro-
jeet, by Arthur A, Smith, June 25, 1954,

SYNOPSIS.

The above material inecludes paving mixture and con-
struction data for the Muskegon Heights project as
well as compressive strength ddta for cylinders made
from the concrete mixes used, and the results of two
condition surveys, The concrete containing Pozzolith
had a sticky, rubbery texture and was hard to finigh,
Its compressive strengths both at 7 and 28 days, were
appreciably greater than those of regular concrete,
After 16 years, a condition survey showed extensive
scaling on the gections constructed with regular con-
crete, while the section contaanlng Pozzolith was free
from scaling.



_Excerpts from Report by C. H, Cash, Oct, 28, 1938

‘The field construction work on.Projegt M,élaZi, C5 was éarried ou£
in September, 1938, The project consisteﬂ'oful.BB?.miles of zomft; concrete
pavement located on M~126 in Muskegon Heights end running from Peck Street
Sou$heast‘£o Getty Avenue, The purpose of the project was to determine the
effect which blendihg pbrtland cement with a natural cement or pozzolanic
material would have upon the resistance ef concrete pavement %o surface
scaling. The Pozzolith admixture was used upon & supereelevated curve
from Station 39+73 to 40+23, while standard portland cement concrete and
portland natural cement blends were used on the remainder of the project,
It was expected that reasonably heavy applications of calcium chloride
wgul@ be required for ice removal on the section cdntaining Pozzolith,

Pozzolith sdmixture was added to the mix at the rate of 2 peunds’p;r
saqkbof cement, DBsfore the admixture was used, 25;gallens‘of water were
raig%red to produce concrete having a 1w;pch glgmp;' The addition of Pozzo-
1ith caused the slump to increase to 4 inches, The water added at the
mixer was then reduced to 20 gallons per.batchrandbthe resul tihg concrete
had & slump of 1-3/8 inches as compared to a_slump:hf 1-3/k inchas in the
standard concrete, No attempt was made to correct the mix to compensate
for:the decrease in watgr required,

.The concrete containing Pozzolith hed a sticky, rubbéry texturs, due
apparently to an increase in the bond between the partlcles of aggregate,
| This was partlcularly notlceable in the glump tests, Instead of the con—f
cretg slumping into a dome-shaped pils, the top of the cohe retained its :
originel shape and the bottom portion became cylindrical in shape, In the
- case of the Y-inch slump, the pilé of concrete was;cyiindrical for almost
ité entire height;--Tha sticky consistency was’nhddubtedly due to the action
of the plasticizing agent which is said %o break up the agglomeration of
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cement particles. Although the mix was homogeneous and free'from segrega-~
tion, it was difficult to finish because of its rubbery texturs, The coarse
aggregate content could probably have @een increased, although the mix was
not as workable as one containing a roriland~natural cement blend,

The proportions of materials used igﬂthg stan@ard'and pozzolithlc
mixes are g;ven in Table I, while Table II shows the compressive strengths
at:?”and 28 days of concrete cylinders mgde_from ths two mixes, Table I
indiqates'that the water-cement ratio was decreaaéﬁ in the pozzolanic mix,
The decrease was believed caused by the action of:the plasticizing agent,
Pable II reveals that the concrete cylinders made of pozzolithic admix-
tures haed higher compressivé'strengths, both at 7 and 28 days, than those

made with the regular mix.



TABLE I

Type of Mix

Siation

Standard

30+80 - 39+73

Pouzolith

Standard

39¢73 = 40+23 LO¥23 - 43+EH

Proportion by weight 1:2,40:4,32 1:2, 054,32 132, 40:4,32
. Weights per sack Cement o ‘ c
Gravel L0b,5 Lo6,5 b06,5
Sand 224 224 - 224
Water 1,0 . 34,0 b1,0
Weight ver cu, yd. of Concrete o L :
 Gravel 2236 - 2236 - 2236
Sand 1232 1232 1232
Water _ 225 g 225
Portland cement 517 517 517
Pozzolith -0 St EL g
wie : : 657 o+ 545 657
b/bo 80" .80 .80°
afec - 2,83 2,83 2,83
. Slump, inches 1-3/4 - 1=3/ 1-3/Y
TABLE 11
Compressive Strength
Regular " Pozzolith
7 day 28 day 7 day 28 . day
3580 95 b1k 5745
3250 4625 4345 5890
4200 Ao 4335 5750
3875 | 4065
3410 3970
3960 3875
3070 4325 o
3620 krao -
4170 3310
2775
3510
2905 _
Average 3527 L229 4123 5795



Excerpﬁé from Highway Research Report 78
E, A. Finney, December 10, 1945
In the attempt to eliminate scaling from concrete pavements, several
conSt;ugtion fsatufas were considered in fhe Muskegon project, These fea-
tures are descridbed helows
1, The application of a bituminous membrane material to the
surface for the purpose of curing and, at the same time,
sealing the surface against pe£etraﬁion ;f chloride salt
aolu%ﬁons.which influence scaling.
2, The ﬁse of propristary admixtu;es such as PoZzolith to
produce a mors durable concretg pavement,
3. "The blending of natural cement with portland cement %o
reduce surface laitance and, cpnsaquéntly, scaling,
4, By brooming the surface to ram%ve.the sxcess mortar and
laitance coat_which forms on ths.surfacgfof the pavement
due to manipu1a$ion of‘the fresh concrét&,
~ TPhe results from the receat condition éurvex of the Muskegon progéct,"
as shown in Figures 2 and 3, as well as the results from other éubSQQuent
‘experimental work conducted by the Dapa?tment and embﬁ@ying the.same fea—
turaa,:claarly indicate that none of ths methads_outlinad above will.prevent
- goaling of coucretaﬂpavegfnts; . |
. In Pigures 1 and Z.it may be observed that gonsiderable scaling has
occurred on both lanes between Stations 0+00 and 19+00, and from 31+00 %o
36#50;;@n'the east lane only between S;atioas.5l&00 §nd S4+00 and from
66+00 to 68+00; and again over both lanes from Station 71+00 to the end
of the project at Getty Avenue, The worst scaling has occurred betwesn
Peck Street and Leahy Avenus, Stations 00 to i9+00. This is probably dﬁa

to the faect that frequent and'heamy chlorideasanﬂ‘a@plicaﬁions'ara necessaryr
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because of the many intersgctions in that particular area, The same cone
ditianprevails at the Getty Avenue enq of the project,  Secaling in the
other areas was observed to be sporadic and of no serious consequence at
the present time, No scaling was noted on ths area containing Pozzolith
but that test section is so short that it is of no value in establishing
a'criterion in this respect and, therefors, mu#t be discounted., The use -
-of bituminous membranes, as well as the bgéoming process did not prevent

scaling of concrete pavement surfaces,

by
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Condition Survey by Arthur A. Smith, June 25, 1954

On June 25, 1954, a second condition survey was carried out, Again,

the ‘section coxitaining Pozzolith was found to be free of scaling. The

sections constructed of regular concrete showed even more severe scalingi;_‘_‘

than in 1945, Figure 1, a condition survey drawing, shows the difference;

in the condition of payement made from the two types of concrete, The

results of these condition surveys indicate clearly that Pozzolith effec-
i

tively controls concrete pavement _s.ca.ling, even on pavement subjected to

calcium chloride treatments for the removal of snow and ice,

bl
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THE MICHIGAN TEST ROAD WIPERIMENTAL PROJECT
P 18-20, €3 and C4 and F 67-27, C6

Contents

Excerpts from Highway Research Reports P 51; B 525 P 58: 18; and 21,

Bxcerpts from a report sntitled "The Michigan Test Road", MSHD and public

Roads Administration, 1942,

Condition survey by Arthur A, Smith, April, 1954,

STWOPSIS

The above material includes the results of various laboratory
and field tests conducted on plain concrete and concrete con-
taining anti-scaling proprietary admixtures (Orvus, Vinsol
Resin, Pozzolith, and Plasgtiment) which was used in the Mich-
igan Test Road Durability Project. Also included are the
results of o condition survey conducted in 1954 by Arthur A,
Smith, These tests show that Orvas, Vinsol Resin, and Pozz~
olith markedly reduce scaling and deterloration, with the
first two being especially effective, Cores taken from concrete
containing admixturss were found %o resist freezing and thaw-
ing deterioration equally well at the top and bottom of the
core, whereas ordinary concrehe proved much weaker at the top
than at the bottom, Compressive and flexural strength fests
showed that the standard concrete was appreciably stronger

at 28 days than concretes containing Orvus, Vinsol Resin, or
Pozzolith, but weaker than concrete confaining Plastiment.
The condition survey reveals an average scaling of 3.1 percent
on the plain concrefe section; and 0,02, 0.07, 0,01, and 0,40
percent, respectively, for the sections containing Orvus, Vin-
sol Resin, Pozzolith, and Plastiment,



'Ekcérpts from Highway Research Reports
Pe51; Pu523 P«58; 18; and 215 and Report Entitled
‘ #The Michigan Test Road"

- In Méy,_1940, the administration of the Michigan State Highway Departe
menb, realizing the need for a comprehensive evaluation of modern theories of
design and construction practice of concrete pavements, decided to let cone
tracts for the construction of an experimental concrets pﬁxement to be located
on M-115 between US=10 and M-66, in Claré.ahd Osceola counties, ‘The test road
is divided inte two test sections, One section, 10,1 miles iﬁ iength,'is de=
voted to & stuly of the many principles and factors incidental to design and
cﬁggtiﬁﬁﬁion;,lmhe remaining 7.7 mile section is utilized for a study of dur-
ability factors,

|  £3 part of the durability project, several sections of the pavement were
constructed using concrete containing various adéitifes and admixtures in order
to chseck théir ability to prevent the pgvement from scaling,
The adﬁistures used and the 1ocation within the durability project of the

concrete sections containing them are presented in Table I,

TABLE I’
Admixture Quantity . Station Station Tength
SLTEN Beginning Ending in feet
Pozzolith | 2 416+09 428+80 1271
Plastiment 1 L O+10 452+10 1200
Orvus - 0,015 Lél+1.0 L76+10 1200
Orvus 0,015 L88+10 ' 499+55 1145
Vinsol Resin 0,.0375 511+83 536+65 . 2482
- Vinsol Resin 0,0375 548+00 572458 - 2458

The workabiliﬁyaof‘the concrets containing Pozzolith was fair %o poor, ,f
bleeding was noticiable, and ab an air temperature of 50°F, 18 hours of sétting
time was required before thé forms could be removed, This concrete finisﬁed
poqriy. Plagtiment produced similar results,Kexcépt that the workability and
finishing of concrete containing it were fair,

woClan



The workability and finishing qualities of concrete containing Vinmol
Resin varied from fair to good, depending upon the weather conditions, High
temperatures tended to @rcduqe a sticky concrete having a coheaivaness*ﬁﬁiikﬁ
abandard concrets, Puddling, straightedging, and floating of the conerete be-
came_more'difficult, and although the fleoats were steel shod, the Aifficnltiss
were not entirely overcome, Bleeding was noticeable at times, but the concrete
was enbirely free of laitance or segregation of the constitvuents, The workers
soon becams familiar with the idlosyncrasies of concrete containing Vinsol |
Besin and modified their handling metheds so as to overcome these diffieculites,
Once this had been done, Vinsol Resin Concrete proved quite satisfachory as a
paving material, Concrete containing Grvuﬁﬁwas very similar $o Vinsol Resin
concreéte, except that 1%s workability and finishing qnalitieskwere betber and
it bled less,

To determine the effectivenasé of the various admixtures in reslsting
the action of caleiwm chlorids upon conecrate, accelerated freezing and thawing
tests were conducted on 3 by 12 feet test panels located along ths oubside
edze of the pavement slab, Two methods of testing were used, In the first,
the panel was flooded with waxér which wag allowed to fresze overnight, The
next morning the ice was'deeongﬁ%ﬁd by distributing 5 pounds of cslceium chio-
ride over the test panel, the péﬁel flughed,_reflcodéd, and the gycle rapeaﬁa&;'”

‘Tha:seconﬁ,methoa of t84% consisted of applying a 104 calcium chloride solutign"'

to the surface of a panel and psrmitting iy to remain in place for five days.
Followingrthis period the solntion was'remﬂved, the panel flushed, and clear
w&ter'appliad for a freezing cyele evsf_the weekﬁnd,'after which the ealeium |
chloride cycle was repeabed, Table II presentﬁ'thﬁnnsults of these teshs,

It can be seén thet Pozmzolith was very effective in reducing scéling = almost
ag effsctive in facht, as the air-eniraining sgents, and conderably more so than

Plastiment..



TABLE IX

Scale, Degree of*
KAdmixture Parcent Scaling
Orvus .93 0 0,0
-Vinsol Resin a3 i 0.0
Pozzolith 93 6 0,1
Plastiment 61 56 0.9
None (average of 5 test areas) e - 8.4

Degree of Scaling = percent 'scale
. Wo, of cycles

Supplementing the field bests, laboratory freezing and thawing tests
were conducted on core semples taken from the pavement and on beams and
cylinders molded on the project during consiruction,

Bach core was cukb tragsversgly into thfee sections approximately 2 inches
thick representing the top, middle, and bottom portions of the pavement, The
top and botbtom sections were further divided into two egual segments, One
segment from the top and bottom of each core was reserved for freezing and
thawing in a 10 percent soiution of calcium chloride, while thé remaining seg;
ments weré‘ffozen and thawed in water for comparison purposes., The middle
sectioné were ﬁot tested, At.the time of %test, the cores were 21 months old,

Samples wers usually examined at the end of each five_gycles for evidénéé
of séaling'and féiiure of bond between mortar and aggregate. The spscimens )
were also struck lightly with‘arhammegié@d.the sound or ring noted. Testéi@@:g
continued until concrete had completely disintegrated or speéimens could bé. |
easily broken by being tapped 1ightiy with a hammer, The results of these
tests.are‘presénted in Table III, Two interesting facts may be observed from
this data, In the first place, the cores taken from air-entraining concrete
show considerably greater resistance to freezing and thawing action than those
from or&;nary_concrete; eand, second, the air-sntraining concrete resists de—
terioration equally ab toﬁ-and bottom of the core, whersas ordinary concrete is

congiderably weaker at the top than at the bottom,

wll e



TABLE III

N

CYCLES FOR COMPLETE DI?INTEGRATION

: 106 Caleium Chloride Wat

Admixture Top Bottom 4Var. Top: Bottom* % Var.
Orvus 140 206 =32 205 205 0
Qrvus 55 130 =58 110 200: =I5
Tinsol Resin 145 186 w22 175 170 +3
Vinsol Resin 185 165 +13 200 200 . )
Vinsol Besin 130 165 2] 205 200 E
Vinsol Resin 130 145 ~10 - 215 200 +8
Pozzolith 186 176 +6 200 155 +29
Plastiment 60 €5 -8 135 190 =29
Plastiment 95 55 +73 135 135 +0
Standard s 65 =31 120 135 =11
Standard 35 78 w55 120 195 =38
Standard 50 35 +43 80 110 =37
Standard iy 70 =36 70 135 48

The cylinders used in laboratory freezing and thawing tests were L inches

in diameter and 16 inches long, while the beams were 3 inches thick, 6 inches

wide, and 15 inches long.

These specimens were subsequently subjected to a

freezing and thawing eyele in the laboratory, being frozen al ~20% 29 and

thawed in wabter at 70-800F, Bach cycle was approximately 24 hours in 1en§$h,

After every five cycles, specimens were tested for fundamental fréquenﬁly

by %he sonic, or @ynamf@, method of determining modulus of elasticity, TFrsezming

and thawing was;§5ﬁ¢inu§d until deterioriation had progressed tﬁ‘a predeberminad

value of the fundamental frequency or %o a definite percent drop in the modulus

of slasticity,

the durability of the Pozzolith mixture was wxcellent,

The regults of these tests, summarized in Table IV, show that

TABIE IV
S-month-01ld beams* }=-yaar=01d E;@%gg .
ycles to Gycles to Gycles Ho Gomplete
Admixture 504 reduction Complets failure 505 peduction Failure
Qrvus: 80 - o a0
Vinsol Resin 80 —— -
Pozzolith 93 38 150
Plastiment 48 1 9
None 60 20 8%

* The cylinders proved umsatisfactory for freezing and thawing studies, and were
excluded from the %tests,



For each type of concrete mixture, 6 by 12 inch cylinders snd 6 by 8 by 2
inch heams wers pfeyared for 7 and 28 days compression and flexural tests,
respechively, The reagults of these tests, presented in Table ¥, show that the
compressive and flexural strengths of concrete containing Pozzolith wers some-
what lower at QSiQays than those of the plain concrete, Pozzolith strengths
were appreciably higher than those of the_airmentraining concretes at bhoth

ages, but lower than the strengths of Plastiment,

TABLE V

: Compressive Strepsth Flexural Strength

Admixture : 7 days 28 days 7 days 28 days
Psi Psi _ Psi Pai
Orvas - 2608 3728 : 389 562
Tinsol Resin 2845 3867 508 529
Pozzolith 4000 Lokvg | 538 617
Plastiment 4655 6080 i 465 807

Nonse 3543 Lsg7 567 702

As a check upon thﬁlresﬁlts.obtained by runninguéémﬁ;ession tests upon
molded cylinders, 6-inch concrete pawement'éorés were_gﬁtained and tested in
a similar manner, These tests, summarized in Table VI,.show that concrste
containing Pozzblith is again appreciably stronger than the air-entraining
concretes hut not aé shrong as either standard concrete or Plastiment admiz~

ture concrete,

TABIE VI
- _ COmpressivé'§£fenéth (20 months)
Admixture - _ o ’ . Psi
Orvag | A 3062
Vinsol Resin _ - k010
Pozzolith ' L7730
Plastiment 6320
None : 5375

an] 3&#



Condition Survey by A. Smith, April, 1954
The most recent condition survey of the Mi.chigan Test Road Durability Test
Section was carried out in April, 1954, by Arthur A. Smith. The purpose of this
survey was to note any new cracking which had occurred since thé January, 1950,
survey and to evaluate the percentage of scale per pavement slab. Table I gives
the results of this evéluation, Figure 1, a condition survey drawing, compares the
section containing Pozzolith and a typical section constructed without admixtures,

while Figure 2 shows the surface condition of the Pozzolith section.

TABLE 1
Admixture Percent of Scaling
Orvus - \ 0. 02
Vinsol Resin 0. 07
Pozzolith 0. 01
Plastiment - 0.40
None (average of 15 sections) 3.10

The percentage of scaling on the individual sections constructed without the use
of admixtures ranged from a low of 0.59 percent to a high of 7.7 percent. Eleven of
the sections showed 1.9 percent or more of sealing. In addition, one sectio'n, not
used in the above comparison, had ébout 70 percent scaling. These figures show .
clearly that Orvus, Vinsol Resin, and Pozzolith are very effeétive in preventing

concrete pavement scaling.
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Pigure 2. General view of du‘fabili’cy pr ject section containing
Pozzolith, Taken at middle of section looking south,
Note absence of scaling, ‘



) THE BEILEVILLE HIPERIMFENTAL PROJECT
PROJECT M 82-110, CL BETWHEN BELLEVILLE AND US-112

Contents
1, BExcerpts from engineer's field reports,
2, Report by Roy Falton, April 11, 1952,

3. Condition survey by Arthur A, Smith and Lewis Kiwala, June 24, 1954,
SYHOFSIS

The above material includes paving mixture and
construction information for the Belleville pro-
ject, flexural nd compressive strength, sonic
modulus, and time of set data, and the results

of two condition surveys, The HP-7 mixes were

harsh, somewhat hard to finish, and showed consider-
able bleeding; Vinsol Resin mixes tended to be wet,
finished satisfactorily, but showed some bleeding
later, Tlexural and compressive strengths, were
increaged by HP=7 and by & combination of Vinsol
Resin plus one pound of calcium chloride per sack of
cement, but decreased by other Vinsol Resin admix—
tures; moduli were decreased bydll Vinsol Resin ad-
mixtures bub increased slightly by HP-7., Vinsol

Resin decreased markedly the sebting time of concrete,
while BP-7 increased it somewhat, Condition surveys
showed all sections of the pavement, including those
constructed without admixtures, to be free of scaling
and in gensrally excellent condition,



Bxcarpts from Engineer's Fisld Reports

Construction Froject M 82-110, Cl is,locatéd in Wayne County between
the town of Belleville and US-112, Paving operations were carried out in
late 1942 by &, J, Rehmus of Bay City, using fine and coarse aggregates
supplied by the American Aggregates Corporation of Green Qak, and Petos—
key Portland Cemenit, The construction consigted of two 1¢-foot wide con-
crefe lanes on either side of an alrsady existing léwfbot concrete pavew
ment that had been widened to 20 feset and resurfaced with bituminous
material, See Figure 1 for a cross-sectional view of the roadway,

The new lanes were of 9=inch uniform non~-reinforced concrete with
l=inch wide expansion joints at 120-foot intervals, These Joints were
constructed without load-transfer devices, In order to divide the pave~
ment slabs into shorter lengths, dummy joints were located at 20-foot
intervals between the expansion joints,

Designated sections of the project were constructed with concrets
~containing HP-7 or Vingsol Resin and varying amounts of calcium chloride
as admixtures. There are seven Vinsol‘Rgsin test sections, The first,
(V-1)} rumning from Station 207 + 06 to 208 + 05 in the left lane (L) of
the new constructién, contains 0,375 pounds of Vinsol Resin per barrel of
cement and two pounds of calcium choloride per sack of cement, In ths
second section (V-2), 1§qgtea between S%ati;ns 208 + 05 and 209 +-05 L, the
celciom chloridé centent;has been reduced to one pound for each sackrof
cement, while the third section (V-3}, between Stations 209 + 05 and 210 +
05 L, omits the caleium chloride entirely,,

Sections Velt through V-7 are located in the right hand lane of the
new constructipn. The first of these, locabed between Stations 194 + 50
and 195 + 50 R, is a conbrol section. The other three, extending frém

Station 190 + 50 to 194 + 50 R, contain concrete identical in composition
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to that used in Sections V-1, V-2, and V-3,

There are three HP-7 test. sections, located between Stations 213 + 40
and 213 + 99,8 L (the end of the project) and between 203 + 00 and 213 + 99,8
R, The concrete in each of these sections contained one pound of HPw-Y? .per |
sack of cement and no calcium chloride. Table I presents concrete design
information for each test section while Figure 1 shows the foca.tion of the
sections within _the paving projent.

In consistency, the mixes containing HP-7 were harsh, somewhat hard
to finish, and showed considerable bleeding, The conerete without g;jz?msol
Resin or HP-7 was also somewhat harsh, but not hard to finish, Thex.-e waS
some ’olegding but this was probably due to excess water in the mix, In
cdntra.st‘, the Vinsol Resin admixtures tended to be wet, the wetness in-
oreasing with increases in calcium éb,loride content. All of these mixes
finished satisfactorily bul showed some bleeding later,

- Peams and cylinders for flemra.lk.and compressive strength tests, and
sonic beams f‘or sonic modulus and freezing and thawing tests, were made
from each of the concrete mixes used ip. the test sections, In addition,
'timéeof-set determinations were carried out on each mix, 'ugin@; the Burgeraf
method, |

lT_able 11 Summarizes the results of flexural and compressive strength_
tesﬁ;é.: and Table III the results of sonic modulus tests, These rgsults ghow
clearly that flexural and compressive strength are increassed by HP=7 and |
- with one exception decreased by Vinsol Resin, This exception occurs with
the concrete containing one pound of calcium chloride per sack of cement,
which has higher compres_si"v\e and flexural strengths than standard concrete.
Sonic Moduli were decreased by all '.}finsol Resi%l admixtures but increased
slightly by HP-7,

The results obtained in the time~of-sed determinations are presented
gra.phica,lly in Pigure 2, It can be seen that Vinsol Resin decreases
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DESIGN INFORMATION FOR COXCRETE USED IN VINSOL RESIN AND HP-7 TEST SECTICHS

Beglign Proportions of

Materials per sack of cement

e igh‘b. per

Fine Coarse Slump,
Series  Station - Aggregate  Aggregate  Water Admixtures inches cu, .
V-1 20706 to 211 1v. 373 1b, 50,6 Ibi 0,375 1b, V.R.E,fobl cement, 3
208+05 L ' 2 1b, Call,fsack of cement
Ve 208+05 %o. 211 1v, 373 Ib, 50.6 1b, 0,375 b, V,R.E./bbl cement 2-1f4
209+05 L I 1b, Call,fsack of cement
V=3  209+05 to 211 1b, 373 1b. 50.6 1b. 0.375 1b, V.R.E./bbl cement 21 /%
210405 L - Fo CaCl,
HBE=7-1 213+49 %o 211 1b. 373 1b, 50.6 1b. 1 1b, HE-7 per sack of cement 3-1/2 152,32
213+99.8 L
HPe7=2 '_ﬁ — 211 1%b, 373 1b., 50.6 1b, I 1b, HP~7 per sack of cement 1-3 /% 149,43
215t99.8 B
HP-7-3 203+00 %o 211 1b, 373 1b, 50,6 1b, 1 1b, HBa7 per sack of cement 2-3 [l 149,03
- R _

Vi 194+50 to 211 1v, 373 Ib. 50.6 1b, Bo.Vinsol Resin Brulsion or 3 152 44
: 195+50 B - Cally: ,
T-5 19350 to 211 1b, 373 1b, 50,6 1b. 0.375 1b, V.R,E, /bbl cement 2-1/2 146,43
Y 1%M+50 R ‘ ' Fo CaGl, ,
Vb 191+00 to 211 1b, 373 1b. 50.6 1b, 0.375 1h, V,B,E./bbl. cement 2-1/2 146,50

' 193450 R 1 1b, €abl, per sack cement
V=7 190+50 to 211 1v, 373 1b, 50.6 1b, - 0,375 1b, V.RLE,/bbl. cement 3 144,98
191+0C R 2 1b, Galls, per sack cement, ‘



TABLE II

FLEXURAL AND COMPRESSIVE STRENGTHS OF BEAMS AND CYLINDERS
MADE FROM CONCRETE CONTAINING VINSOL RESIN AND HP=7

. Admixbure | © STHENGTH

Flexural Compressive
7 day 28 day 7 day 28 day
HP~7 550 633 2583 h127
Vingol Resgint ' '
Wo, Calcium Chloride 335 504 1693 2988
1# Call,/ sack cement Lol 622. 2260 3641
24 Calls/ sack cement 330 516 1800 2433
Kveraga &« v v s 361 54? 191? 302}-
No Admixture . + o o+ o » & h31 536 2348 3532
TABLE IIX

Sonic¢ Modulus Tests
on Beams Made From Concrete
Conbaining Vinsol Resin and HP-7

Measured December,49 MWeasured June, 1954

Sonic  Modylus Jonie  Moduylus
Series Weight (ems) (eps¥y  (L0® psi) (eps) (2 06 pel)

T~1 10,477 2043 b, 37 2088 4,57
V-2 _ 10,791 2138 4,81 2200 5.23
V-3 10,473 2080 b, kg 2110 k.66
Vedt 10,397 2315 5,87 2360 5.57
V=5 10,655 2025 b, 37 2075 k,59
V6 11,129 2193 5.11 2285 5,81
V=7 10,595 2058 4 L9 2100 k.68
HP~7-1 11,299 2325 6,11 2458 6,83
P72 11,717 2384 6,54 2hs5 7.01
HPw-7=3 10,886 2188 5.21 2273 5.62
Average Vinsol Resin ,
2 1b, Callyf sack

cement S 2051 by 43 2094 k.62
1 1b, Call,/ sack -

cement [— 2166 L. 96 22143 5.52
0 1b, Cafly/ sack

cement ——— 2053 b 43 2093 b.62
Average HP-7 it 2299 5,95 2396 6.48
Average No AAmixture ~——ece— 2315 5e87 2360 5,57
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markedly the setting time of concrete, while HP-7 admixture increases

it somewhat,.
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Beport by Roy Fulton, April 11, 1952

Mr, &, Hagenbuch made a survey of this project on April 9, 1952,
and found no sealing on this project, He said very little cracking had

occurred and the project as a whole was in very good shape,
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Gondition Survey by A, A, Smith and I, Kiwala, June 2, 1954

A condition survey made June 24 by A, A, Smith and I, Kiwela showed
the roadway to be free of scaling throughout the entire length of the
project, Because of the generally excellent condition of the paveﬁent,
no conclusions can be drawn from this project regarding the effectiveness
of HP-7 and Vinsol Resin as scale preventatives, In time, however, diff-
erences may develop in the qonditioﬁ of the concrete pavement sections,

If this oceurs, evaluation of the admixtures will then be possible,
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THE ROGERS CITY EXPERIMENTAL PROJECT
US-23. — PROJECT F 71-24, €1

Contents

Undabted report by Donald B, MacPherson, Master Builders Company

representative,

Undated report by Roy Pulton,
Report by Roy Fulton dated April 10;.1952;

Highway Research Report 193, W. €, Broughton, August 20, 1953,
STNOPSIS

The above material includes design and construction
details for the Rogers City project and the results

of modulus of rupture tests on beams made from the
several concrete mixes, The results of condition
surveys, skidding tests, air content of concrete, and
compressive strength determinations made in 1952 and
1953 are also included, The concrete containing HP-7
proved extremely sticky and difficult to finish,
Bleeding was practically absent from all mixes re-
gardless of the HP-7 content or whether the mix was
wet or dry, The 7-day modulus of rupture sirengths
for concrste containing 1 pound of HP-Y per sack of
cement averaged slightly higher than the sirengths

for plain concrete, while the 28-day stren@ths of all
the concretes containing admixbures were lower, These
results, however, are open to guestion becuase of great
variations in the strengths of individual beams mads
from the same mix, The condition surveys showed that
scaling and pitting were extensive on the plain concrete
sechtions, tub the sections containing HP-7 were in ex-
cellent physical shape, The skidding factor was found
4o be 0,38 — under the minimum value recommended by the
AASHO, The air content of the plain concrete averaged
2.21 percent and that of the HP-7 concrete 5,9 percent,
The average compressive strength of the plain concrete
was 5037 psi, as compared to 4410 psi. for the concrete
contbaining HP=Y,
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Undated report by Donald R, MacPherson, Master Builders Company

All concreie with same consistency

Av, Mixi?foportions- Aver,.
Aver, per Sack of Cement Ave, Ratio
Cement - 1% 2gn w/c Aver, Sand ,
Type PFacher Tine 4 A 10 A Gal, Unit to Av, Modulus of Bupture
of Sks, per Agg. Agg. Ase. per Weight Total of 6x8x36-in, beams
Mix Gu, Y4, 1bs, 1lbs, 1bs, Sack ©p.c.f. Ags. 7 days 28 days
Plain 5,5 219,5 162,5 162.5 5.76 1448 RGN 630% . 685%*
HP=7 5.0 234,.5 183,7 183.8 5,99  141.1 38,9 620 685
HP=?7 5.0 234,5 183.7 183,8 6,04 141.0 38,9 615 645
HP=7 5.0 23%.5 183.7 183.8 543 mem— 38,9 625 750
HPw7 5.0 234.5 183.7 183.8 5065 =——=m 38,9 660 _ 655
Ager. HP=7 Wixes 5,96  141.1 38,9 630 685
HP-7 5.5 219.5 162,5 162.5 5,13 140,.8 40,4

* Each valus the average of 8 btests on 4 beams, one-half of which were poursed on
different days, All other values the average of 4 tests on 2 beams, Bach set
of values represenis different days pouring operabtions,

This tabulation shows average values taken_from Table I for the plain 5.5 sack mixes
and the 4, 1l-1b, HP-7 mixes with reduced cement content, The significance of the
date in the above tabulation is summarized as follows: =

1, With a 9% reduction is cement, 1&2 sack per cu, yd., in the HP=7 mixes, the
average wabter-cement ratio for both the plain and HP-7 conerete, at equal consistency,
is the same, This effect is accomplished principally through the cement dispersing
agend,

- .2, The average 7 and 28-day modulus of rupbure values for all 1-1bh, HP-7 mixes
are equivalent te the corresponding values for the plain mix which contains 1/2 sack
cement more per cu, yd, ' This was accomplished while the unit weight per au, ft., of
the HP=7 concrete wag reduced about 3.7 lvs,, viz., an increase in ailr conten®,

3. The substantial reduetion in unit weight or the increase in aierontent of
the HP-? mixes is about what could be expected, The amount of entrained air should
give marked durability to the HPWY mixes in freezing and thawing scaling,

%, When 1-1b, of HP-7 was used as a straight addition to the basiec 5.5 sack
mix, the waterwcement ratioc was reduced aboub 11% when equal consistency Was maile
Vtalned
5, It can be concluded on the basis of the data contained in the above tabula-
tion (obtained on concrete poured under job conditions in the field), that through
the uge of HP-7 in. the amount of 1.1b, per sack of cement, equal flexural sgitrengths
can be maintained in doncrete mixes which have been d681gned with 1/2 sack cement psr
cu, yd. less than corresponding plain mixes, and also the unit weight will be reduced
3l poc.f. while the water—cement ratio is held essentially constant at the same con-
slstency.
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In addition to the physical data reported herein, scaling resistance tests on the
plain 5.5 sack mix, 1-1b, HP~7 5,0-sack mix, and 1-1b, HP-7 5,5-sack mix are being
made at the’f pregent time, The specimens being used for this purpose are sections
from the broken beams which were cast during paving operations, Therefore, these
beam sections represent the acipal job concrete, The beam sections ars heing
exposed to alternate freezing with water>amd thawing with calcium chloride,

4

~25-




REPORT ON BXPERIMENT WITH HP-7 ADMIXTURB
US-23k, ROGERS CITY - PROJECT T 71-24, Cl

(Undated report by Roy Fulton)

Project M~71-24, 01, located at Rogers Cit& oh M-65 connection to US=23,
was selected for experimentation with the admixture designated HP-7,

HP%? is & powdered chemical compound, manufaciured by the Master Builders
Company of Gleveland,_dhio, to be used as an admixbure in concrete for the
- purpose of preventing bleeding. Its properties are:said td‘prpduce both those
of cement dispersion as obtained from their product, Pozgolith, end impermea~
bility and workability from a webbting agent such as Orvus, The powder is
gfayishfbrown-in color?éﬁdfrather Light in weiéptw Fifty pounds of HP-7 is
contained in a:bag approxiﬁately the size of aHregglar cement bag. It is
claimed the material is not deliguescént. However, the containers used for
megsuring the powder rapidly be&ame caﬁed and requlired frequent cleaning,

Approximately 7 tong of the powder were ghipped for use on this project,.

It was used throughout with the exception of about 654 lineal feet of pavement
and the intersection ab the“west%egd:of the Jjob,

Originally, the project was set up for the usual qémgﬁt_coptent of 5,5
saéks of cement per cubic yard of concrete, but in order to.comfensate the
contractor for the additionél time and labor to do the experimental work withe
out increasing the Budget for the job, the éeﬁent content was reduced to‘5.0'
sacks,

According to the Master\Bu{i&ersl representative, the savings made possible
by the use of HP-7 through a reducsad cgment content and lower wakter-cement ratio

.and an improved quality of cbncrets would justify the extra cost of the powdai.
Phis powder was furnished at $105,00 per ton f.q.b.,Cléveland. VShipping charges
approximated $11,80 per ton, making & total of $116,80 per ton on the job, &b

the prescribed rate of application of HP=7, the cost of it per cubic yard of
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‘concrete for 5 sacks of cement (the lowest cement content permitted) per cubic
yafd would be_$0;292, However, the saving in. cement is only approximately $0,25
per cubic yard of concrete at current prices, The water-cement ratio for the
concrete, using HP-7 and 5 sacks of cement per cubic yard, was actually slightly
h;gher $than the ragﬁlar paving mix without HP=7? and a cement content of 5,5 saclks
per cubic yard.

During the process of crew orgenization, the first 654 feet of pavement were
placed, using a regular pavement mix of 5,5 sacks of cement psr cubic yard of
concrete, relative water content, 1,215 and bjﬁh.of 0,76, The proportions for
the remainder of the pavement were modified and adjusted to provide for changes
resulting f rom the use of the admixture,

The cement was obtained from the Petoskey Portland Cement Company and the
aggregates (crushed limestone and stone sand) from the Michigan limestone and
Chemical Gompany.) The proportioning plant was located on the Limestone Company
premisés in close proximity to the plant stock piles and the‘cemént was added
near the job from bags, The HP=7 was distributed in ité original packages at
intervals along the pavement for convenlent accessibility by the operator,

The admixture was dumped:directly on top of the batch in the skip of the
mixer, At first it was weighel for each individual batch but as this proved
too slow and inconvenient for rapid production, metal containers were cali-
braxéd for the correct amount, Thereafter, the admixture was proportioned by
volume, Care was necessary to prevent uneéual quantities since the powder
tended o0 compact in the measuring cans if they were Jarred or roughly handled,
After the operator bscame accustomed to the work, n§ particular difﬁiculty wa.g
experienced ai@ept in keeping the cens clean to pfovide full measure., A COne
siderable amount of powder was wasted in the dipping process, especially when
progress was. rapid, Other 1bsses occurred by mishandling and carelessness in

other phases of the operations,
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During the first 654 feet of pavement, HP-7 was added to a few batches ab
the recommended rate of 1 pound per sack of dement.to establish the probable
reduction of water and the approximate reduction in unit weight of concrete,
ks was expected, without altering the dsign quahtitieé but adding 1 pound of
HP=7 per sack of cement, the mix became guite fluid and allowed reducing the
water-cement ratio from 5.§5 gallons_§6'5;l3 gallons per sack of cement, At
‘the same time, the actual tested weight drepped from 144,80 pounds to 140,75
.pounds per cubic foot of cdnc%?fe, or a reduction of 4,05 pounds, A second
test resulted in a reduction of &;55 pounds, ~ On the basis of these tests, the
design relative water content was changed from 1,215 to 1,15 té give the proper
oconsistency., Also, the fine aggregate was reduced to compengate for the re
duction in unit w&igﬁt of concrete,

Beginning with the continual use of HP-7, the cement content was changed
from 5.5 to 5,0 sacks per cubic yard'as per agresment, One pound of HP=7 per
sack of cement was used throughout the project 6§cept during tWQ pericds in
which the amount was changed to 1-1/4 and 3[4_pounds for comparative purposes,
The mix test data are shown in Table I whigh includes the variocus constants for
the desigﬁ; the proportions, water-cement ratio, and unit weight tests,

As theﬁﬁestS‘progressed, it was soon evident that the true reduction in
wunit weight was much less than theciesigﬁed amount of 4,5 pounds, Bven with
an increased amouht of HP-7, the reduction was less then 3 pounds. Ab th§§
point, the proportipns were changed to provide for a reduction of two pound s
per cubic foot of conecrete, The yield more nearly checked the design yield
as shown in the second serles of tests for mix Wo, 5 of June ¥4, in which the
theoretical welght was 140,81 pounds per cublc foot and the actual test weight
was 141,10 pounds per esubic foot,

For mix Ne, 7, the fine aggregate was altered from 234 pounds per sack of

cement to 236,2 pounds which gives a theoretical weight of 141,22 pounds\ﬁﬁp
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TABLE I

M 7i-2h OL Cement - Petoskey Sp. 6r. 3.15
Fine Aggregste -~ Michigan Lime & Chemical Co, Absorphicn 668 Spe Gr. 2.52
Course Aggregabte - Michigan Lime & Chemical Co. Absorviion 7 Sp, Gr. 2,52
Tnit We, Fine .
- : Station ofCoarse hgg, ba 104 Water Wwe
. Miz Cement ' to  Agg. Cement  1bf 1v/ 1b/ Comp. Actual cal,
Dats  No, Chart No, Content BWG b/bo  Station 1bjeu.ft, 1b/sack Sack Sack Sack  1bfsk 1b/sk /Sack
June 2 1 52-1T~1l4K 5.5  1.215 0.7 36479 87 FH 219.5  162.5  162,5 63.2  63.2  5.95
30+25 .
June 2 2 52-11-1kA 5.5 1,215  0.76  31.5 f£%, 87 ol 219,5 162.5  162.5° . 63.2 56,3 5,13
“ . between 59.0  5.45
@ above :
stas,
June 3 3 52-11-14A-3 5,0 1,15 0.76  30+25 86 o 254 176.2  176.3 .. 65.9 , 6.08
29+10 86 94 229,6  176.2 176,3 65.3 62,5  5.76
| 86 ol 229.6  196,2  176,3  65.3 66,7 6,27
¥ June 3 & 52-11-14A-3F 5.0 1,15 0.76  29+¥10 8 % 254 176.2  176,3 65,9 6.08
and. Y : 2H+90 86 ol 229,6 176.2. 176,.3 65,3 63.7  5.91
Fune 4 86 o 229.6  176.2  176,3  65.3 65,9 6,17
June & 5 52-11-14A-5 5.0 1,15 0,78 24490 86 o 248 181,5 181,5  65.6 6,0
. 21+90 86 ol 237 181.5 181,5. 65.3 65,3  6.04
87 o 234 183.7  183,8 6.9 649 5,99
June b 6 52-11-14A-5 5,0 1,15 0.78  21+30 87 o 2k8 181.5  18L.5  65.6 6.04
20410 87 o 234 183.7  183.8 64,9 64,9 5,99
Jume % 7 52-11-144~5 5.0 1,15  0.78 20410 87 P 2h8 181.5  18l.5  65.6 6.0
: 87 S 236.2 183.7 183.8 64,9 5.99



TABLE T Continued

Actual Unit Weight of Conecrete-lbs, ) Designed Actual Reduction

B =7 Theoret,
1%, Tnit ¥, Reduction or Increase in
per 1b, per 1bs. 1bs. 1Dbs, 1bs, 1bs, 1b, per Unit ¥Weight
Sack Cu. Ft. 1 2 3 L Average Cu. Fi, 1ib, per Cu, F%.
0 142,68 1k, 7 il 7 145, 0 ' 14 80 Q 2,12 1b. increase (144,80 —
| . 142,68)
1 141,27 138,6 142,9 . © 140,75 0 1,93 1bs, decrease {142, 68—
140,75)
1 141,82 140,9 139.6 140,25 0 2,43 1b. dscrease (142,68~
140.25)
- 141,93 ~
1 136,78 143,5 140.2 143,71 141,60 bog 0.33 1b. decraase (1@1.93)-
141,60
1 137,60 A2k 139,6 : 141,00 L.5 0,93 1b, decrease (141.93 -
g ' 141.00)
C!:
141,93
11/ 137.00 139.4 139.3 _ 139.35 k.5 2.58 1b, decrease (141.93)-
139.35
11/4 137,41 138,2 136,0 1421 140,1 130,10 kg 2.83 1b, decrease (141,93
' ' 139.10)
: 42,70 ‘ ,
1 140,61 142,.5 -143,8 140,9 , 142,50 2.0 0.30 1b, decrease (142,70 -
: : 142,40)
1 140,61 1414 141,11 140,8 ikt 1o 2.0 1.60 1b, decrease (142,70 -
' 141,10}
. 142,70
3/ 30,81 41,2 140.6 142,k 141,1 141,33 2.0 1,37 1b. decrease (Q42,70 —~
141.33)
2,70
1 141,22 This mix used toward eand of Job because 1% more nsarly checks yield obtained in last tests

of June 3. (1¥1.10)



cubic foot of concrete and a close check on the last yield test,

Mﬁch difficulty arcse in the control of the water at the mixer throughout
the project, Due to the schedule of the Michigan Limestone Company, the ag-
gregates were stocked at varying intervals during the progress of the Job result-
ing in very wet aggregates at different times during the day, Whenever this
occurred, the batches would come out extremely wet which required an adjustment
of water at the mixer, As the aggregates became drier, the water again had to
be adjusted. Thus, the fluctuaﬁion continued during the 1ife of the pouring
operations,

The bfbo factor was increased because there was evidence of over-sanded-
ness in the mix, Due to the high void content of limestone, the mix normally
provides a greater volume of mortar than for natural aggregate, Then, when
HP=-7 is added and the mortar becomes correspondingly more flﬁid, the excess of
mortar becomes highly evident, The finishing machineé tended to push and waste
mortar over the forms unbil that adjustment was made,

Final finishing was done by means of a straight edge and a hand float,

A 10-foot box float was provided but its weight, coupled with the extrene
sbickiness of the mixbturs, made its use very diffieult, The finisher complain=
ed %o thes point of refusal upon 1ts use and only a short portion was actuvally
floated with the 10=foot float.

HP-7 was varied from the prescribed amount of 1 pound psr sack of cement
to 1—1/4 pounds and to 3/4 pounds for purposss of comparison of mixes and for
strength tests, Bleeding was practically absent in all mixes regardless of
whether the amount of HP-7 was 3/4, 1, or 1-1/4 pounds per sack of cement, or
whether the mixes were wet or dry. The weather at the time was warm and dry
which also tends to reduce bleeding, TFurther, the slab was laid on a very
sandy subgrade, ﬁll of these factors must‘be considered when arriving at the

true merits of the admixture,
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Modulus of rupture tests were made on the several mixes, a tabulation of
which is shown in Table ITI, A considerable fluctuation of beam strengths re-
sulted from the several mixzes, Part of it may be attributable to the fluectuat-
ion in the moisture content of the aggregates, and part may he due to uncertain
curing and rough hendling, although the‘uncertaih_curing oceurred only after
the age of 7 days, except for Series 10, Table II, The more probable cause
may be due to incomplete distribution of the HP=7 in the concrete., The Project
Bngineer reported that beam series 10 and 11, Table II, were mads of concrete
of very wet consistency (4-in. to 6-in, slump} for hand finishing which may
have permitted a more thorough mix resulting in higher average strengths, A1l
beams were molded by the same inspector to reduce, as far as possible, the
personal element in technique,
The following conclusions were reached as a result of observations mads
during pouring operationsy¢
1, HEL? powdsrhgppﬁars_to he glightlg_dgliquescent, Judging from
thé w;;.it qﬁickly éo&%ed gp ﬁhe'dipﬁing container,

2, The cost of HP=7 powder was slightly more than the savings in the
reduction of cement, The difference was $0,042 per cubic yard.,

3. The water-cement ratio was higher using HP-7 powder and a reduced

cement content than when using regular concrete paving proportions.

4.-JE&6§ortidning the HP-? powder by weight was the most accurate method
but, dve to the rate of progress, it was too time-consuming, making
it necessary to proportion by volume,

5. Proportioning by volume induced the following variationst

a, Rapid measurements resulted in over - and under—qpantiﬁies.
b. Jarring or compacting from vigorous handling resulted in
varying quantities,

c. Spillage was prevalent in rapid handling,
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TABLE 1II

Series Date HR-7 Cement W[G 7 Day * 28 Day *
Molded  1b./Sack Sacks/Cyd, Cal,fSack Bfbo  1b,/Sq.In. 1b./S¢. In.

1 6-3-42 0 5.5 5.95 0,76 637.5 630+
2 6m3udi 2 1 5.0 5.76 0,76 750,0 602
3 Gudbmds 2 11/ 5.0 5.91 0.78 522,5 604,.5
4 bulsls2 1 5.0 5.99 078 621.5 683, 5
5 6-tt2 3/ 5.0 5.99 0,78 42,5 590.5
6 6-5-2 1 5.0 6.04 0,78 612,5 Glily +
7 6-5-L2 1 5.0 5.6k 0.78 610.5 6885
8 6ab-l42 L 5.0 5,65 0.78 731,0 572

9 6642 1 5.0 5.65 0.78  660.0 653+
10 6-7-#2 1 5.0 543 0.78 561, 0%* 707
i1 6-7-42 1 5.0 5,43 0.78 625, 5%k 748

12 6Bt 2 0 5.5 5.57 0.78 622,5 7H3.5

* Bach value represents 4 individual breaks unless otherwise indicated,
*% Beams poorly cured
*%% 6 Day beam

4+ Breaks
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11,

d. Material sticking to measuring cans constanily changed pro-
portions,

There was inconvenience due: to the HP-7 powder being distributed
along the pavemént ahead of operations, and the material was constaatiy
subject to breakage and loss,
The concrete in which HP-7 powder was used developed,stickiness

that was not evident in regular conerete, making hand floating very
difficult.
Beam series Wos, 3 and 5, Table 1I, indicate that deviation from

the prescribed quantity of HP-7 may adversely affect strength.

The use of H?—? powder permitted less botal water per cubic yard of
concrete,

The use of HP-7 powder permitted slightly smaller quantity of fine
éggregats per cubic yard of concrete for an increased b/bo (.78) and
a still smaller guantity for b/bo (.76) and retained good finishing
gualities,

HP-7 powder prevented bleeding in concrete with all concentrations

uged on this vproject,

4 further comment on the merits of HP=7 powder as compared with the webit-

ing agent Orvus and Vinsoel Resin, which 1s a grinding aid, may be in order here,

Orvus paste is supplied at a cost of from $,25 %o $.30 per pound, depending

upon whether it is furnished in cartons or in mlk, The paste is diluted to

such a guantity that the cost per cubic yard of concrete is $.017 to $.021 for

the material, Vinsol Resin ground into the cement may be furnished at no

extra cost, Both Orvus and Vinsol Resin are successful in eliminating bleed-

ing, The waber-cement ratio is decreased approximately 0,3 zallon per sadki

of cement from a regular pavement proportioning design and the finishing

gualities are good,

w3l



Report by Roy Fulton, April 10, 1952

" A short survey was made of this project on Septerber 13, 1951, to observe
the general coﬁdition of the surface with respect %o sceling., The admixture
HP-7, manufactured by the Master Builders Company, was uéad to prévent scaling
in the concrete in which both fine and coarse aggregates were crushed liméstone@

The admi:_cture wag used at the rate of one pound per sack of cement throush-
out, except for one section of no HP-7 and one section each of 3/4 and 1.1/ 1bs,
of HP-7,.

At the beginning of the job during the process of organizing the crew,
a regular paving mix of 5,5 sacks of cement per cubic yaa:"d. of concrete and no
EP-7 was used, This continued from Sta, 36+79 to Sta, 30425, with the except-
ion of 31,5 fset, Scaiing at the rate of 9% to 25% of the surface of individual
slabs was noted from Sta, 36+79 %o S%a, 30450, The 31,5-foot section mentioned,
in which HP=7 was used, was not identified by station and was not noticed in
the inspection,. | |

Prom Sta, 30450 e'_ast to the end of the project, there was practically no
scaling, The cement conbtent of concrete in this area was 5 sacks ‘per cubic
yard, HP-7 wag used at the rate of 3/4 lbs, per sack from Sta, 20+10 to Sta,
21430, and 1=1/k 1bs, per sack from Sta. 2H+90 to 29+10,

Cracking was not observed in the 1951 survey, bubt a survey made in 1G4
by Mr, E, A, Finney showed cormer cracking at Stations 14+00 and 2‘3-1-50.'.

Apparently the HP-7 admixbure _i)erforms wall é.s an alr-entraining agenf in

the amounts used on this project.



Highway Résearch Report No. 193 - W. C, Breughton

In 1942, Project 71-24, €1, located on US-23K in Rogers City, was establish-
ed as an expsrimenial concrete paveme;t project containing HP-7, a powdered
chemicel compound manufactured by the Master Builders Company of Cleveland, Ohio,
This project was constructed using both fine and coarse limesione aggregates from
the Rogers City Quarry and the H?av was added as an admixture to prevent bleeding
and gsubsequent scaling. |

Phe expseriment was conducted under the supervision of the Construction
Diviﬂion with Roy Fulton assigned to the project.to observe the work, Mr.

Fulton has submlitted two reports, The first, not dated, covers rafher completely
all history and congtruction details, A more recent report by Mr, Fulton, dated
April 10, 1952, discloseas scaling on the control section between Stations 30+50
and 36+20 in which HP-7 was omitted,

At the reguest of Mr, W, W. Mclaughlin, condition surveys have been made
by Messrs,. W. C, Broughton and B, A, Finney covering a périﬁé'between Oétober,
1952 and August, 1953, '

In Qctober, 1952 a complete condition survey and skidding tests were made
under thﬂ.aupervisicn of W, C, Broughton. The only scaling %o have developed
on this project at that time was in the west 600-foot section which contains
none of the admixture HP~7, The general condition of thﬁépawement at that time

is illustrated in Figure 1, |
Skidding tests were made on October 28, 1952 with the following results:

LENGTH OF SRIPDING IN TEET

Station 1 2 3 by 5 6 Average Factor

U400 b5 oM 39 32 29 26 35,83 0,372

21+00 B 32 3 32 36 35 34,33 0,388
Average 0.38

36



A

The average skidding factor was 0,38 which is under the minimum value of
0,40 recommended by AASHO for concrete pavements,

In March, 1953 four coresg were taken from the project to check air content
and strength of the concrete, Cores were taken from both the treated and wn-

treated concrete pavement, Results are given below:

CORE .~ ADMIXTURE % AR COMPRESSIVE STRENGTH, psi,
161 HP~7 5,29 5,270)

162 HP=7 6.52 3'570)  W4lO

163 Standard 1.55 5,580)

164 Standard 2,87 B, 190) 5035

~ Core sections from which air-content determinatibgs were madle are shown
in FigureSAZ, 3, &, and 5, Core sections in Figures 2 and 3 contain HP-7,
Note giz8 and distribution of air bubbles, ‘Figures 4 and 5 show standard cone
crate without HP-7, In this case, the alr bubbles are few bub large ond widely
di?persed.

On Angust 9, 1953 picﬁﬁkes yare taken of scaled areas by B, A, Finney,
These are shown in Figures 6, 7, 8, and 9, écaling and subsequent deep pibtting
has become.extensiva over the west end of this projsct where HP-7 was not used.
The condition of the pavement.surface is such that only a regular hot mix as=—
phalt concrete resurfacing course will suffice to do a satisfactory-repair job,
This work should bs done immediately between Sta, 30+20 and 37+00,

The bvalance of the project is in exceilent Physical condition, As shown
in Figure 1, no scaiing hes taken place on the HP-7 section and in only'a very
few instances has cracking béen ohserved,

The project as a whole has the élippery—when—wet charecteristics of shone
sand concrete as sxperienced on concrebts pavemsnts built with Inland Stéﬁe Band .
Howsver, the State Police report that for a least the past three years, there
have been no gkidding accidents\qn this project involving wet pavement, The
location of the project is ih a lbw gpeed area, which may account “for Fhis fact,
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, Containing HP-7 . "

Core 161

Figure 2,




t

-7

Containing HP

Core 162,

Tigure 3,

|




re 4 ,Core 163, Without HP=7
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| Fig, 6 T 71-24, Gl - Typical scaling at west end of
project between Stations 30+20 and 37+00 where

HP-7 was omitted,

Pig, 7 Character of scaling and deep pitting 33+00,




Tt

Fig, 8 Typical scaling and pitting at Station 34+00,

Pig. 9 Close view showing depth of fballing, 34+00.



