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USE OF A SILICONE ADMIXTURE IN BRIDGE DECK CONCRETE
Scotten Ave. over US 12 (Michigan Ave.), Detroit (Mb S04 of 82062C, C3)

The use of silicone solutions of various Lypes and concenirations
both as a sealant coating on hardened concrete and as an admixiure in
fresh concrete has been explored by various agencies in recent years.
The Dow Corning Corp. of Midland, being a major producer of silicones,
has been evaluating both types of applications in concrete construction.
The benefits derived from silicone surface coatings in protecting bridge
deck concrete from the scaling action of ice removal salts have generally
been found to he of short duration or temporary in nature.

More recently, Dow Corning, as well as some other agencies, has
been evaluating the properties of concrete containing silicones ag an
admixture. They have obtained indications that several water soluble
silicones, added in small amounts fo portland cement concrete, produce
unusual delays in seiting properties; increases in bond, compressive,
and flexural strengths; some reduction in the net water-cement ratio; and
finally, increased resistance fo scaling on concrete of low or moderate
air content when ice removal salts are used.

A group of Dow Corning personnel presented a summary of their
recent laboratory studies on concrete with silicone admixtures to Highway
Department representatives in Midland on April 25, 1963, and also on
May 9, 1963, in Lansing. Their latest studies concern the use of DC-777
silicone liquid added to concrete primarily at the rate of 0.3 percent by
welight of cement. The DC-777 silicone is astraw-colored liquid-reactive
polysiloxane containing 100-percent silicone and weighs approximately
8.45 lb per gal. As previously mentioned, the 0.3-percent addition of
DC-777 to Type I cement in structural concrete alters the initial and
final setting properties at various temperatures approximately as follows:

Normal Concrete™ Concrete with
Temp., F 0.3 Percent DC-777*

Initial Set, hr | Final Set, hr |Initial Set, hr | Final Set, hr

40 10-1/2 15-1/2 52 63
60 6 8 31-1/2 37
80 4 5-1/2 23 29
100 2 3 15 24

* Typical setting times as determined by ASTM Method C 403,



After Dow Corning's presentations to the Department, the Scotten Ave.
structure was selected for anexperimental field study of silicone concrete
in comparison with conventional air-entrained concrete under normal
construction conditions. This report summarizes that study, and includes
all related laboratory data obtained on specimens made at the time of
construction.

Construction Procedure

The subject structure is a two span, through plate girder design,
141-ft long with a clear roadway of 42 ft. Curb, sidewalk, and girder
encasement pours on both sides of the deck result in an overall width of
62 it 8 in. The deck lays primarily in a north-south direction carrying
Scotten Ave. over Michigan Ave. (US 12) in Detroit. The original deck
was built in 1941 using non-air-entrained concrete and had deteriorated
so badly from weathering and de-icing salts that a heavy maintenance con-
tract was set up for removal of the old deck concrete and replacement
with air-entrained and silicone concrete. Fig. 1 is a plan view of the
deck pours with code designations for the roadway, curbs, sidewalks,
and girder encasements. The diagram shows that half of all of these
pours were cast with silicone concrete and half with conventional air-
entrained concrete.

The coatractor on this project, L. A, Davidson, was set up to furnish
the 248 cu yd of concrete required for all of the new deck concrete in
transit-mix trucks from his batching plant at Columbia and St. Antoine
Sts, This consisted of hauling and mixing 5-cu yd loads of concrete
approximately 3. 1 miles to the project. The concrete was transferred from
the transit-mix trucks to the proper pour areas with a 1-cu yd bucket by
crane (Fig. 2). The concrete was vibrated with a Stow mechanical
vibrator, screeded, and finished using normal hand methods. All finished
pours were covered with white polyethylene film for seven days of curing,
approximately 2 to 3 hr after finishing (Fig. 3).

The mix proportions and sources of materials are listed at the bottom
of Tables 1 and 2. Because the DC-777 acts as an air-entraining agent,
Type I cement was required for this project in place of the usual Type IA,
The DC-777 silicone liquid was furnished at no cost and added manually
to each load of transit-mix concrete, for pours reguiring it, at the batch
plant by Dow Corning personnel. A liquid air-entraining agent (Ersair)
was added to all control pour concrete by normal dispenser equipment
during batching. All coordination on the project was under the direction
of Robert . Coe, Department Project Engineer.
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Figure 2. Typical procedure for placement of transit-
mix concrete showing Stow vibrator at left and hand
screed at right (Pour D looking south toward finished
Pour A: September 30, 1963).

Figure 3. View toward north, showing Pours B and
D covered with white polyethylene; finished silicone
Pours A at left and C at right yet to be covered. Note
top of plate girder and sidewalk steel at right.

Figure 4. General view (left) of shrinkage
cracks in middle portion of silicone Pour A,
with close view of typical crack (below).
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Sampling and Testing Procedures

Tomeasure the properties of fresh and hardened concrete with DC-777
silicone and air-entrained concrete without silicone, systematic sampling
was planned for each 5-cu yd load of concrete at the job site for all four
of the roadway pours, totaling 164.8 cu yd. These tests were also to
measure the uniformity or bhatch-to-batch variations encountered with
{ransit-mix concrete under typical job conditions. Enough fresh concrete
was taken from the second or third cubic yard being transferred from the
transit-mix truck to the deck to run all the required tests and mold the
necessary specimens. The tfests run on each load of fresh concrete
(summarized in Tables 1 and 2)included slump, temperature, unit weight,
air content by Chace meter and Rollimeter, additional water added at
project, mixing revolutions at time of sampling, and the calculated net
water-cement ratios. 8Six 4- by 8-in. cylinders and three or four 3- by
4- by 16~in. beams were cast from each 5-cu yd load sampled, A total
of nine 3- by 3- by 15-in, shrinkage beams with stainless steel end studs
were cast from selected loads of both silicone concrete and air-entrained
concrete., Test data on these specimens are summarized in Tahbles 4 and
5. Normal Deparimental or standard ASTM test methods were used on
the fresh concrete and in molding and testing of specimens. Pours B and
D were placed with conventional air-entrained concrete on September 30,
1863, beginning at a center transverse construction joint and working
toward each end. The weather was clear and sunny and temperatures
ranged from 60 to 74 F during pouring. A fotal of 18 loads of transit-mix
were sampled from this first day's pouring of 8%.4 cu yd. Pours A and
C, totaling 75.4 cu yd of silicone-admixed concrete, were sampled from
16 loads of transit-mix and tested on October 1, 1963. The weather
continued clear and sunny with air temperatures from 68 to 75 F. The
remaining curb, sidewalk, and girder encasement pours were placed on
six different days later during October. Normal Departmental tests were
run on these latter pours and are summarized in Table 3, No test speci-
mens, however, were cast from these pours for laboratory tests.

Test specimens were covered at the job site with white polyethylene
approximately the same time as the finished roadway pours, about 2 hr
after final finishing, The air-entrained control beams were removed
from their molds after 24 hr and placed under polyethylene. The silicone
beams were not removed from melds until 48 hr affer molding due to the
much longer setting times characteristic of the admixed concrete. After
a minimum of 48 hr the test specimens were transported to the Research
Laboratory and placed in the moist room for curing until time of test.



TS1S9] OM], xx

uowad 10 yors 1od fusmnse[d JO 70 § PAUTBIUOD OS[V &

. =
umowyun - 08 0L 2/1-¢ »AV 62 10 178 | w0 o
umowu) €78 £°8 8L ¥ LIV €8 PO ZL o S% 5
ST 8¢ 0% gL £ QUODINE €% ‘WO gL z-" a8 &
UMOWUN) 4G 'F ‘G €4x07L°G"C AL g/T-L  Quooms g1 0O T'8 -g g
umowuyy 0°6 0°L 9L g «dV 82 10 776 9-s
uMOUHU) 8% ¥e 08 Tz av 8T 100 . Am;m o B
umOwU) 08 00T 9L ¥ v 8T "3%0 ad™ g &
z 811 0°0T L y/€-F  SUOOIMIS ST ‘100 &8 2z
g Z's g'g ¥L g SUOOINIS ST WO 88T -8 =
g v'S g 8L g/T-¢  QUORIS ST "300 Aﬁ-m
umowiul 69 0°E §°¢ - i av Z2 10 94 -3
UMOUNU[ v'9 0°9 - £ av z P00 9L P Y o
- - €9 89 & JUOOINS ¥ PO ., Jmmux g =
- - 0°g 9 g-g+  PUOOIMS ¥ 'I00 53 w &
2 --- g'g L9 b/€~p  SUOOIIS ¥ WO 974 -3
€3 J9JBUWITI0Y § 32BYD ER - odAT Inog pL na ‘ON peo]
‘I97EM jusoxed dwel | guingg XTI jo ‘ownIoA pue
pPoppPY “uauor) ITV 2J2I0u0D ) aed Inod apon aInod

eoaT ‘CGZ 01 Z 1940120 JO SIN0J SNOSUBIIISIN

ALIIONOD HSHYA NO VIVQ LSHL dTHIA 40 AGVININAS
g€ H'IIVL




As shown in Tables 4 and 5, all cylinder and beam sirengths were
measured afler moist curing for 7 or 28 days. Cylinders were capped
with hot capping compound prior to test. Beams were broken by third-
point loading., One beam was selected from each batch to be tested in the
automatic freeze-thaw machine using ASTM Method C 290 (rapid freeze-
thaw in water). 8Six cycles per day were obtained by this method and
beams were moist-cured 14 days prior to beginning the test. A similar
set of one beam from each mix (34 total) was transferred to the Dow
Corning laboratory for a similar rapid freeze-thaw test in a 10-percent
sodium chloride solution, Shrinkage measurements were made at the
intervals shown in Tables 4 and 5 using ASTM Mefhod C 157, and an
initial 14-day moist-curing period was followed by storage in laboratory
air. Sections of beams from four batches each of the air-entrained and
gilicone mixes were cut and polished fo measure air void properties by
the linear traverse method. Beams were selected from mixes of high
and low air contents.

Discussion of Results

Test data for samples taken from 34 loads of fresh transit-mix
concrete listed in Tables 1 and 2, with the corresponding data from cured
concrete specimens in Tables 4 and 5, contain some informative measures
of transit-mix concrete variation under field conditions. As mentioned
earlier, all tests and specimens were made from the second or third
cubic yard of concrete discharged from the individual 5~cu yd loads,

Only 20 mixing revolutions were applied to each load of concrete at
the batch plant, and trucks ran their loads at agitation speeds while
traveling the 3 miles to the project. Upon arrival, additional mix water
had to be added to most transit-mix loads to obtain a slump of approxi-
mately 4 in. The balance of mixing occurred during the addition of this
extra water.

The stirengih properties of each load of transit-mix with and without
the DC-777 silicone were measured primarily by means of cylinder
compressive strengths. In comparing the compressive strengths of the
air-enfrained mixes in Table 4 with the silicone mixes in Table 5, a
congsiderable difference is noted, All silicone mixes averaged 50-percent
stronger at 7 days and 3l-percent stronger at 28 days than the air-
entrained mixes. Although test dataonflexural strengthare more limited,
the silicone mixes averaged 24- and 31-percent stronger at 7 and 28
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days, respectively. A major portion of this strength difference was
undoubtedly due to the lower average net water-cement ratio of 4.5 gal
per sack for the silicone mixes as compared to 5.5 for the air-entrained
mixes,

Considerable variation can be seen in the compressive strengths of
individual loads of both the 18 air-entrained mixes and the 16 silicone
mixes (Tables 4 and 5). However, none of the 28-day averages fell below
the design value of 3500 psi. These variations would reflect corresponding
variations in air content, net water-cement ratio, and slump. A contri-
buting factor to these measured test variations would be the number and
type of transit-mix trucks involved. A total of four different mixing
trucks were involved with the 18 loads of pours B and D on Sepitember 30
and three different trucks for the 16 loads used in pours A and C on
October 1. However, all these trucks were of the inclined-drum type,
6-cu yd rated capacity, and operated at a mixing speed of 10 rpm. The
variability of the silicone loads does not appear to be appreciably different
from the air-entrained loads.

Batch-to-batch variations are also reflected in the durability factors
and weight loss figures of individual freeze-thaw beams. Comparison of
group averages indicates the silicone beams held up slightly better than
the air-entrained beams in the freeze-thaw test, The silicone concrete
appears to be about the same as the conventional air-entrained concrete
in shrinkage properties up to ages of six months. A slight difference was
noted in the air void size from cut sections of four silicone beams as
compared to similar sections from four air-entrained beams. Air entrain-
ment by the DC-777 silicone produced an average void size of 0. 0068-in.
diam as compared to 0.0057-in, average for voids entrained by the
conventional liquid air-entraining agent Ersair, :

First Field Inspection

An inspection was made by R. H, Merrill on April 7, 1964, to assess
the general condition of the deck concrete after the first winter of exposure.
A number of short shrinkage cracks in the silicone pours noticed during
the first few days after finishing last October were found to be primarily
in an unchanged condition. These cracks are shown diagrammatically in
Fig. 1 and also in Fig. 4. The majority of the short, fine cracks were
transverse and in the middle half of pour A, the southeast corner of
pour C, and the south quarter of the east sidewalk. All the deck concrete
appeared to be in good condition, except for these fine shrinkage cracks.

~12-



Conclusions

Based on the described tests on fresh and hardened concrete syste-
matically sampled from individual transit-mix trucks on Septemher 30
and October 1, 1963, and on observationg made at the time of construction,
the following conclusions may be made:

i. Considerable increases in compressive and flexural strengths at
7 and 28 days were realized from the DC-777 silicone mixes as compared
to the air-entrained control mixes. The increases were 50 and 31 percent
for compressive and 24 and 31 percent for flexural strengths, respectively.
This is substantially more than the 10-percent minimum indicated for
Type D Admixtures in ASTM Specification C 494-63T.

2. DC-777 when used at the rate of 0.3 percent by weight of Type I
cement produced slightly higher air contents (7.3 percent) than Ersair
(6.6 percent) added at the rate of 2 to 2-1/2 oz per sack. Average void
size was slightly larger for the silicone concrete--0. 0068 in. compared
to 0.0057 in. for air-entrained concrete,

3. Batch-to-batch variations were slightly higher for silicone con-
crete than for air-entrained concrete with respect to strength, but about
the same for air content, slump, and net water-cement ratio. For the
air-entrained concrete of pours B and D, high and low batch strengths
were +22 and -20 percent from the average at 7 days, and +17 and -16
percent at 28 days. The silicone pours A and C produced strength varia-
tions of +27 and -31 percent at 7 days, and +20 and -31 percent from the
average at 28 days. The minimum strength values of the silicone mixes
occurred in the first load of pour C when the highest air content of all
mixes (11 percent) was produced. '

4, A major cause of the variations measured for all mixes may be
the addition of water near the end of the mixing period at the job site to
obtain a working slump of 4 in. In some cases, not enough mixing was
done after water addition to obtain homogeneity within the bhatch, and in
many cases too much mixing occurred, producing higher air contents,
These mixing difficulties point out the need for two-way radio contact
between the job site and bhafch plant so that instantaneous adjustments in
mix water or any other mix component can be made quickly, at the point
of hatching, All projects using transit-mix concrete could benefit by the
use of radio communication. The Scotten Ave. project did not have this
radio contact between job site and batch plant.



5, Placing and finishing of the silicone concrete was comparable to
the air-entrained concrete, Batch variations occasionally caused trouble
in screeding and finishing of stiff or low slump concrete in both types of
mixes, ‘

6. The shrinkage ecracks produced in silicone pours A and C may
possibly beatiributed tothe highabsorptivity of the slag coarse aggregate,
in conjunction with the long plastic period (greater than 24 hr) for the
silicone mixes. Theslag aggregate had an absorption of about 4. 0 percent
and only contained 1. 8 percent water at time of mixing for pours A and C.
Slag aggregate may induce plastic shrinkage cracking in any bridge deck
concrete where prolonged set retardation is used. This would be more
probable if the slag were dry or below saturation at time of mixing.

7. 'The durability of the silicone concrete of pours A and C will have
to be compared to that of pours B and D after additional winters of expo-
sure to ice-removal chemicals. After one winter there is no indication
of pitting or light scale on any of the concrete. Durability should be good
on all roadway concrete since the air content was within specification
limits (5 to 8 percent) for most of the 34 loads of concrete involved.



