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The information contained in this report was compiled exclusively for the
uae of the Michigan Department of State Highways. Recommendations contained
herein are based upon the research data ohtained and the expertise of the re-

 searchers, and are not necessarily to be construed a8 Depariment polley., No
materlal contalned hereinis tobe reproduced—wholly or in part—without the ex-
presged permiseion of the Engineer of Testing and Research.




INTRODUCTION

The application of these patching concretes in the field culminates se-
veral years of laboratory workin which many commercial cements and mor-
tars were tested and evaluated. Many of these cements and mortars were
formally submitted for consideration through the New Materials Committee
while others were tested as control materials. The actual cements used on
this deck were a small portion of the total considered; most were eliminated

from further consideration because of inferior performances in the labora-
tory!,

The bridge deck selected for this field evaluation was 501 of 33035A
which carries westbound M 36 over the limited access roadways of US 127,
about one mile northwest of the city of Mason. This bridge was selected
because of the following considerations:

1) The deck, constructed in 1966, contained many isolated areas of de-
teriorated concrete, as evidenced by spalling, which made it ideal for this
kind of repair; hence, each material could be applied in at least three dif-
ferent locations. This policy of isolating the different patches of the same
material makes it impossible for any adverse peculiarities associated with

2) It was on a state trunkline; and the interchange of a Iimited access
highway; therefore, it would carry the same type traffic, at a reduced vol-
ume, as an Interstate roadway. This was important because these mate-
rials must be subjected to the kind of loading and ice removal salting that
will be encountered on Interstate highway bridge decks.

3) The deck could be closed to traffic. The bridge's location on a di-
vided highway with cross-over interchange ramps at either end made it pos-
sible to close it to traffic and run two-way traffic over its adjacent east-
bound structure. : :

4) The bridge was readily accessible to Lansing.

On July 14, 1972, a plaiming meeting was attended by 8. M. Cardone,
D. Kanellitsas, and G. E. Langen of the Maintenance Division and M. G.
Brown, W. K. Kruger, and H. L. Patterson of the Research Laboratory.

'Evaluation of Five Commercial Fast-Setting Hydraulic Patching Mortars.
MDSH Research Report No, R-715, and Evaluation of Six Commercial
Fast-Setting Hydraulic Patching Mortars, A Latex Bonding Agent, and an
Epoxy Emulsion Admixture. MDSH Research Report No. R-872,

one area of the deck to affect all applications of that particular material,
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At this meeting the pat ching materials and the required work for their ap-
plication were discussed. The materials included both conventional and
fast-setting concretes and were described as follows:

Conventional Hydraulic Cements (four-day cure)

Dow "Modifier A'"in portland cement (control) .
Dow "Medifier B" in portland cement (experimental) ]
Portland cement bonded with "Bonding Blend'" (71 NM-288)

Portland cement bonded with epoxy-polysulfide grout (experimen-
tal)

Portland cement bonded with cement slurry (control)

W Lo DD b
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Rapid Hydration Cement (24-hour cure)

6. Atlas ‘'Lumnite" bonded with Tumnite slurry (experimental)

Fast-Setting Hydraulic Cements {4 to 8 hour cure)

7. '"Duracal A" bonded with Duracal slurry (71 NM-290)
8. "Embeco 411A" bonded with Embeco slurry (experimental)
9. "'Regulated-Set" bonded with Regulated-Set slurry (68. NM-251).

Discussion during the meeting established that the work for this pro-
ject would be divided as follows: '

The Research Laboratory would:

a) Sound out.the bridge and outline patch locations with paint
b) procure materials

¢) monitor the removal of deteriorated concrete

d) measure the components and mix the concrete

e) prime the patch areas

f) measure the slump, entrained air, and make test specimens
g) furnish part of the required equipment.

District 8 Maintenance personnel would;

a) Reroute traffic

b} make perimeter saw-cuts and break out concrete (approx. 900 8q ft)
c) supply part of the required equipment

d) place, vibrate, and screed the concrete.




It was decided to beginwork on the bridge shortly before Labor Day so
the work could be completed by mid-September. This would allow time for
District Maintenance personnel to complete their presently scheduled work,
allow adequate time for the procurement of the necessary materials, and
permit the work totake place at cooler temperatures, which would be bene-
ficial for the temperature-sensitive Regulated-Set cement.

PATCHING CONCRETE DEVELOPMENT WORK

It was decided thatthe patching concrete should contain a coarse aggre-
gate, fine enoughto allow patching to a minimum depth of 1-1/2 in. All the
finer coarse aggregate designations listed in the MDSH Standard Specifica-
tions were considered and it was noted that none was ideal for this particu-
. larapplication. The finestgradation specifically intended for concrete (17A})
was too coarse, and the finer one, a bituminous mix aggregate (25A), was
poorly graded for concrete and allowed too much dust.

The coarse aggregate gradation of the AASHO specifications were con-
sulted and it was found that the size designated as M 43-54 (#7) was the best
for patching work with a nominal 5/8-in. top size. The same gradation is
also shown as ASTM specification C33-7T1a (#7). Since this coarse aggre-
gate is ideal fora partial-depth patching concrete, it was recommended that
it be included inmthe MDSH 1973 Standard Specifications. The Grand Rapids
Gravel Company produces this size natural gravel and supplied the coarse
aggregate for this work,

_ The patching concretes developed for use in this work are shown in
Table 1. They were all developed to contain 7 sacks of cement per cu yd,
equal volumes of sand and gravel, a slump ranging between 3 and 5 in., and
an air content of 6 percent. Exceptions were made for the two Dow Modi-
fier mixes where the latex admixture made the concrete too rich when equal
volumes of sand and gravel were used; therefore, the volume of sand was
reduced to 48 percent of the total aggregate. The Embeco 411A was a fully
packaged concrete which contained its own cement, aggregate, and admix-
ture. ’

A water reducer, Pozzolith 200N, and an air-entraining agent, Darex,
were used with the Huron Type-I cement of the control concrete. The high
aluminate cement, Atlas Lumnite, used only the air-entraining agent (Darex)
but required much more of itto entrain the desired amount of air. The two
fast-setting concretes, Regulated-Set and Duracal, each required a special-
ized admixture to retard their set along with the air entraining agent Darex.
The Embeco 411A concrete contained all the admixtures it required within
the fully packaged mix.
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FIELD WORK

Bridge Deck Preparation

The bridge deck was sounded with hammers and areas located where
the concrete was deteriorated. These included areas of delamination where
the concrete had already spalled off, delaminated areas which produced a
hollow sound beneaththe hammer, and areas showing cracks and rust stains
above the reinforcing bars. These deteriorated areas were then encom-
passed withblack paint stripes which ran transverse or parallel to the main
reinforcing steel of the deck. The stripes parallel to the steel were laid
out with a Swiss Pachometer such that they ran between two adjacent bars.
The Swiss Pachometer is an instrument which, through the employment of
a magnetic field, is able to locate the position of reinforeing bars that are
embedded in concrete.

In late August, District 8 Maintenance personnelbegan sawing the peri-
meters of the patch areas. Our concernwas tocut asdeep as possible with-
outdamaging the main reinforcing steel; hence, all cuts which were parallel
to, and between, the main reinforcing bars were sawed to a depth of 1-1/4
in., and all cuts which were perpendicular to, and over, these bars were
sawed to a depth of only 3/4 in, This measure was taken for two reasons;
to protectthe sound concrete outside the patch area from the fracturing ac-
tion of the air hammer, and to avoid any need for feathering the patching
concrete atthe perimeter of the patches. Since all saw cuts were run full-
depth up to the corner, the leading edge of the saw actually traveled a few
inches beyond the corner. These cuts were taped and filled with epoxy mor-
tar after the patch work was completed.

By mid-September the main breaking work was completed in all patch
areas and the final chipping work began, It was desired that the patch areas
be chipped to an average depth of 2-1/2 in., but it was necessary to go
deeper in some areas. On patch No. 23 where lime and salt stains were
visible onthe underside, it was necessary to chip full-depth in the afflicted
area to remove the 'punky, ' deteriorated concrete. In other patch areas,
mainly those in span 2, it was noted that the main reinforcing bars had in-
sufficient cover. Two techniques were found to be effective in coping with
this problem: in cases where the No. 3 shrinkage bars were sufficiently
deep and exposed only a shortdistance, it was possible to obtain 1~in. mini-
mum coverby tyingthe No. 8 bars down to them; in other cases where both
sets of bars were high, it was necessary to drive them down with sledge
hammers after chipping the necessary underclearance.
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measured; Table 2 gives the pertinent physical data for each of the 49 patch
areas. In this table, the patches are numbered consecutively in the order
in which they occur from the northwest abutment; their location is denoted
by a curb line numbering system and by the abbreviation "T'" or "P!" which
represent the traffic or passing lane in which they occur. A diagram of the

\deck and curb line numbering system ig shown in Figure 1. The system
begins on the NE curb line over the NW abutment reference line and consists
of consecutive numbers painted on the curb at 10-#t intervals along the en-
tire length of the bridge. The numbering on the SW curb line is subordinate
to that on the NE curb line and bears the Same numbers perpendicularly
across the bridge.

Figures 2 through 5 are diagrams of each of the four bridge deck spans;
they show the location and shape of each of the 49 patch areas.

Concrete Placement Procedure

By mid-September, all the necessary materials and equipment required
to pour concrete were located at the bridge site. Because the bridge was
closed to traffic, the sand and gravel were piled on the shoulder of the Nw
approach and tha 6 cu ft rotary mixer was located between them but offset
Soastogit onthe pavement. The cement, admixture, measuring containers,
and density kit were located on a stake~bed truck to permit removal from
the site during. non-working hours. A mobile set of platform scales was '

To insure the concrete patch would bond well to the bridge deck sub-
Strate, a bonding agent was brushed into the Substrate prior to placemont
of the patching concrete, To obtain proper mixing of the bonding agent, a
Hobart mixer anda portable generator were hoth located on aplatform cart;
this permitted the mixerto be moved from patch to patch as work progres-
Sed.

used to transport the fresh concrete from the mixer to the patch area. Ag
the concrete wag placed in afreshly primed patch area, it was consolidated
by a probe-type electric vibrator. After a patch area was filled with con~-
crete and vibrated, the platform cart was moved to start the next batch
while screeding and troweling were completed.
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Table 3 shows the various patching concrétes used in this work, the
date they were poured, the patchareas they occupy, and the location of each
of these patch areas. The particular patch areas to be filled with one type
of concrete were done in an order such that those patch areas furthest (SE)
: I from the mixer were done first; i.e. in the reverse order as that given in

‘ Table 3. This nermitted these areas, as they were completed, to set un-
molested as work progressed across the deck to the last patch, which was
closest to the mixer. '

Concrete Placement Details

Portland Cement Control with Slurry Bond - OnSeptember 22, prepara-
tions were made to pour the first application of control concrete which had
the slurry bond. Those patch areas designated for this application were
sandblasted and all sand, chips, and dust were blown out. The moistening
and priming of the first patcharea started at the same time as the concrete
mixer.

When the first mix was too fluid and had to be adjusted with additional 0y
amounts of cement, sand, and gravel, it was realized that our measure-
ments of aggregate moisture content were not representative. I was dis-
covered thateven though the aggregate piles had been covered with tarpau- .
ling, rainwater had run underneath, The moisture content of the gravel re-
mained quite constant throughout the pile, but not the moisture content of
the sand; it varied from a minimum at the top of the pile to a maximum at
the bottom, and at the bottom it varied from the high crown side to the low
crownside of the pile. Subsequent bat ches, with mix proportions based upon
the average of moisture measurements atthe middle and bottom of the sand
pile, restored the concrete slump to design limits. '

After the floating, trowelmg, and broom finishing were completed on a
patch area, the fresh concrete was sprayed with a white membrane curing
compound as soon as the surface moisture had evaporated. As ghown in -~
Table 4, eight 2-cu ft batches of concrete were used to complete thig apph— :
cation. Slump and air measurements were taken on batch Nos. 2 and 6,

Figure 6 shows the Hobart mixer be ing charged for a batch of bondmg
slurry as the patch area in Figure 7 is moistened with a garden sprayer.
The bonding slurry was spread over the entire patcharea witha whisk broom
as is shown in Figure 8. Figure 9 shows the patching concrete bet mg placed

Portland Cement Control with Epoxy Bond - OnSe ptember 27, rainwater
was blown out of the remaining patch areas designated for the portland ce-
ment control, and by 10:00 a. m. they weredry enough tobegin sandblasting. .




Figure 7. Moistening substrate of patch area
No. 19 with sprayer prior to brushing in bond-
ing slurry.

i,

Figure 6. Mortar mixerused
to prepare bonding slurry.

Figure 8. Brooming bonding
slurry into substrate of patch
area No. 41.

Figure 9. Vibrating and
screeding patching concrete
in patch No. 15.
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TABLE 4 '
- PATCHING CONCRETE POUR DATA
Total :
Pour | 4outt | Mix| . Weather Slump, | E2T | Test
Conerete . Time Air,
Date Mixes | No. * | Temp, i in. reent Spee.
Poured ¥ Wind Sky perce:
Portland Control 9-22-72 8 2 1:00 56 -— w—— 4.5 6.5
w/Slurry Bond 6 2:00 3.5 6.5
Portland Control  9-27-72 11 1 12:30 59 S . 8.5
w/Epoxy Bond 5 ~ 2:30 2.8 6.8
& Bonding Blend 6 3:00 4.5 = 8.4 X
Portland Type 1 9-28-72 8 1 12:00 60 . 8E-15 Cloudy 6.0 3.6
w/Dow Mod. A 5 1:30 6.0 4.0 x
Portland Type 1 9-28-72 6 1 2:30 60 SE~-156 Cloudy 4.5 4,2
w/Dow Mod. B 5 4:00 4.5 4.7 x
Atlas Lumnite 10-11-72 13 1 10:30 68 SW-20 Cloudy 4.5 5.6
6 12:00 5.5 5.6 x
10 1:00 4.3 5.3
i _ 13 1:30 4.0 4.6
> ‘Embeco 411A 10-12-72 2 2 10:30 656 NW-5 Cloudy 2.8 7.0 X
Reg-Set 10-12-72 5 1 12:00 56 NwW-5 Cloudy 5.0 7.3
5 1:00 6.2 9.0 X
g Duracal 10-12-72 10 1 1:30 5¢ NW-5 Cloudy 3.8 4.9
- 5 25 5.2 8.4 x
16 3:00 4.3 6.2

The epoxy that was used for bonding this second application of portland
cement controlwas a type-I epoxy-polysulfide grout produced by American
Metaseal and designated '"P. E. Bonding Compound. " Tt conformedto para-
graph 8.16.08, '"Epoxy Bonding Agent for Plastic to Hardened Concrete, "
of the 1970 MDSH Standard Specifications.

In accordance with the specification we diluted the epoxy with 10 per-
cent toluene before brushing it on the bonding surfaces. Since the epoxy
sets slowly, and since the volatile toluene must be allowed to escape from
the epoxybefore the fresh concrete is placed, the bottom and side surfaces
of the patch areas were all primed before any concrete was mixed.

Even though a light coat of epoxy was brushed evenly over the entire
substrate surface, it was noted that it tended to run off the high spots and
puddle in the low spots; it is not known if this build up of epoxy thickness in
the low spots will have an adverse effect on the patch durability.

Table 3 shows the seven patch areas which were repaired with this ap-
plication. Again, the finished surfaces of the completed patch areas were
sprayed withwhite membrane curing compound.
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Portland Cement Control bonded with Bonding Blend - Immediately fol-
lowing the completion of the last portland cement control patch bonded with
epoxy, the portland cement control concrete was placed inthose patch areas
which were primed with Bonding Blend (Table 3). Bonding Blend is a latex
emulsion that the producer, M.P.S., Inc., recommends should be mixed
with Type-I portland cement to make a slurry of medium consistency. It
was found in the laboratory that 1-part Bonding Blend to 2.5~ parts cement
by weight produced an ideal slurry.

Table 4 shows that1l batches of portland cement control concrete were
mixed for the combined epoxy and Bonding Blend application. Of the 11
batches, slump and air measurements were made on batch Nos. 1, 5, and
6, and the laboratory test specimens were made from batch No. 6,

Portland Cement Type-I with Dow Modifier A - Since the concretes
containing Dow latex admixtures have a much lowerwater-cement ratio than
conventional concrete, it was necessary to use aggregates with very little
adsorbed water; this necessitated air drying the sand several days prior to
pouring the latex concretes and storing it under a tarpaulin cover to keep it
dry. By mid-day on September 28, all preliminary work was completed.
It had been planned to prime the patech areas with a latex-cement slurry,
but Neil Foor, a Dow Chemical Co. representative, recommended that the
patch substrate simply be moistened and some of the concrete broomed in
priorto filling the patch, He alsc recommended that the concrete be mixed
without an air-entraining admixture.

As noted in Table 4, the weather was cloudy, cool, and windy, and by
the time work was in progress on the third patch, it was discovered that the
moisture was evaporating so rapidly from the first patch (No, 48) that plas-
tic shrinkage cracks had already occurred. After covering the first patch,
it was discovered that the second patch (No. 30) had also started cracking,
and itwas evidentthat the freshly patched areas would have to be sealed be-
neath polyethylene immediately after the screeding and floating were com -
pleted. Upon recommendationfrom Mr. Foor, the plastic shrinkage cracks
in patcharea Nos. 48 and 30 were sealed with a pentrating epoxy as soon as
curing was complete.

- To prevent an excessive build-up of latex mortar in the mixer w_hile
successive batches were being mixed, the mixer was charged in the follow-
ing manner: immediately after abatch was discharged, the mixer was char-

ged with aggregate for the next batch; when the scoop loading tractor started
back for another load, the cement was added at the same time the Dow
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Modifierwas drawnfrom the drum; it was thenadded tothe mixer and mixed

for one minute while the mix water was added continucusly so as to not ex-
ceed thedesired slump. After allthe components had been added, the con-
crete was mixed for approximately four minutes. The Dow Modifier was
not drawn from the drum until ready for use because it skinned over if al-
lowed to sit for a few minutes in the air, . '

_ rAs shown in Table 4,a tétal of six bafches of the Dow Modifier A con-
crete were mixed and slump and air measurements were made after batch
Nos. 1 and 5, laboratory specimens were made from batch No. 5.

The polyethylene sheeting covering the patch areas was removed after
two days of curing and the latex concrete was allowed to air dry.

Portland Cement Type-I with Dow Modifier B - Immediately after com-
pleting the Dow Modifier A concrete pours, the work on the Dow Modifier
B concrete began. The same procedures were employed as before; like the
Modifier A concrete, no air-entraining admixture was used and the patch
substrates were merely wetted and the latex concrete broomed into the sur-
face before the patch was filled. Six batches of Dow Modifier B concrete
were mixed, and slump and air were measured on batches Nos. 1 and 5,
and laboratory test specimens were cast from batch No., 5 (Table 4).

In general, these latex modified concretes were sticky to work with,
difficult to float and trowel, and difficult to remove from tools that were
not cleaned immediately.

Atlas Lumnite with Slurry Bond - Lumnite is different from Type-I
portland cement in the following ways; it is a high aluminate cement; it
nearly completely hydrates in 24 hours; it has a lower water-cement ratio;
it produces a slightly harsher mix; and it requires more admixture to entrain
air. During initial stages of rotary mixing, when the correct proportioning
of mix water and air-entraining admixture are present, the concrete locks
very dry and harsh. More mix water must not be added, because as mixing
continues and more air is entrained, it gradually loses its dry, harsh ap-
pearance and begins toroll and fold like well-proportioned portland cement
concrete., Tumnite concrete has the advantage of good workability, ecasy
clean-up, lower shrinkage upon curing, and near maximum strength in 24
hours. When hydration starts, it occurs rapidly and proper curing is very
important; the manufacturer prefers moist curing?: but suggests that a resin-
base curing compound may be used as an alternate method.

2Ry sprinkling after initial set; sprinkled water carries away intense heat
of hydration and keeps surface wet -- impractical for bridge decks.

-17-




On October 10, rainwater was blown out of all the remaining patch
areas, and on the following morning the preliminary work began. By mid-
day, priming of the patchsubstrate areas with a Lumnite cement slurry be-
gan at the same time as the mixing work., Each batch of Lumnite concrete
was mixed for five minufes. '

As shown in Table 4, a total of 13 batches were poured and stump and
air measurements were taken on batch Nos. 1, 6, 10, and 13. Laboratory
test specimens were made from batch No. 6.

An otherwise excellent application of Lumnite concrete was debilitated
when a concrete surface hardening compound was inadvertently used as a
curing compound; this material did not seal the surface against moisture
loss. On the following morning, it-was discovered that the surface mortar
was soft and that it dusted badly under foot. A laboratory evaluation re-
vealed that the weakening effect of the improper curing produced soft mor-
tar toa depthof 1/8 in. The mortardeeper thanthis was harder and seem-
ed tobe more normal. Tt was concluded that this debilitated application
might notbe capable of representing correctly cured Lumnite concrete ina
long-term field evaluation study. It appeared that the best course of action
was totry toprevent unknown limits of disintegration by coating the surface
with a penetrating epoxy. On November 6, the Lumnite patch areas were
sealed with a Type-1I° epoxy binder, Meta Bond 200, which was diluted 25
percent with toluene to give itbetter penetration. Sufficient epoxywas avail-
able to coverall the Lumnite patch areas except the northwest half of patch
No. 17; this portion was left unprotected. At the time the sealant was ap- -
plied, those portions of the patch areas under traffic had abraded down to
a harder surface. Figure 10 shows a view of patch No. 17; the unsealed
portion of the patch in the foreground is quite distinct from the sealed por-
tion in the background.

Fast-Setting Patching Concrete ~ Mix development work in the labora-
tory established that the set time for each of these concretes was from 10
to 15 minutes at room temperature. It also established that the set time
varied with the mix temperature, being faster when warm and slower when
cool.

The rotary mixer was not ideally suited for the mixing of these con -
cretes; it was remotely located from the patch areas and required three
minutes of mix time to entrain the necessary air. To cope with this pro-
blem, chemical retarders were employed for use with both the Regulated-
Set and Duracal concretes; they would retard the set about five minutes

SMDSH 1970 Standard Specification 8.16. 06.
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s e el WA - 2
Figure 10. View of patch No. 17 containing ILumnite Concrete.
Note that furthest portion of patch has been sealed with a pene-

trating epoxy.

which hopefully would permit enough total time to mix, transport, place,
screed, and finish the concrete.

The weather was ideal for mixing and placing these fast-setting con-
cretes. The most critical timing would occur on the larger patches where
one batch of concrete would have to remain plastic until the next batch was
placed in order to avoid the formation of cold joints. ‘

About 10:00 a. m. the pouring of Embeco 411A was started with J. E.
Flanagan, a Master Builder's technical representative, on hand to view the
work. The three patch areas shownin Table 3 were filled with two full-
sized and one partial batch of this material. As shown in Table 4, slump
and air measurements, and the laboratory specimens, were made from
batch No. 2. Mr. Flanagan requested that the patch areas be covered with
wet rags upon completion of floating and then later sprayed with Master
Builders' Curing Compound MB-429, which he furnished. The set time for
the concrete was about 30 minutes.

At noon, the workwith Huron Cement Company's 'Regulated-Set' con-
crete began. Five pours were made in the patch areas shown in Table 3;
Taple 4 indicates that slump and air measurements were made on batch
Nos. 1 and 5, and that laboratory specimens were cast from batch No. 5.

ko
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The cool weather plus the citric acid retarder extended the concrete set
time to about 30 minutes which was ample time to complete the finighing.
After the patchareas had been floated, they were sprayed with the remain-
der of the MB-429 to effect proper curing.

At 1:30 p.m., work beganon the Duracal A concrete patches (Table 3).
Slump and air measurements were made on three of the ten batches, and
laboratory test specimens were cast from batch No. 5 (Table 4). As with
the other fast-setting concretes, Duracal set in approximately 30 minutes;
this allowed ample finishing time. Arthur Grant, from the U.S. Gypsum
Co., stated that his company had not recommended that a curing compound
be used on Duracal patches. ‘

Following the pouring of the Duracal patches, the patching work was
complete except for sealing the saw cuts past the corners of the patch areas.
On October 13, the saw cuts were repaired, and by evening the bridge was
reopened to traffic. '

FIELD SPECIMEN TEST RESULTS

For each different concrete poured in the field, samples were taken
for laboratory control. The specimens cast included six 4 by 8-in. com-
pression cylinders, three 3 by 4 by 16-in. freeze-thaw beams, three 3 by
3 by 14-in. shrinkage prisms, and three 9.by 12 by 2-1/2-in. freeze-thaw
scaling slabs. The specimens were cast at the mixing site and were cured
under polyethylene sheeting. In all cases, after the specimens had set, they
were returned tothe laboratorybefore they were stripped from their forms.

Compression Cylinders

All conerete cylinders were cured in polyethylene bags until their test
time. The testing included measurements for calculating their specific
pravity, ultimate compressive strength, an approximate measurement of
their compressive modulus of elasticity, and determination of their mois-
ture content. The test times and test result values are shown in Table 5.

Freeze-Thaw Beams

All freeze-thaw beams were cured 14 days in the moist curing room
priorto the beginning of freeze-thaw testing. At the beginning, and periodi-
cally throughout the testing program, the resonant vibration frequency was
determined on a "sonometer' instrument and the relative dynamic modulus
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TABLE &
PATCBHING CONCRETE CYLINDER DATA

Compression Test
Wet Moisture

c to Pour Concrete Bulk Content Modulus of

oncrete Date Age | Specitic| N 0|Strength,| Elasticity

Gravity | © psi | at 1000 psi

{psi)

Portland Control 9 27-72 3 Days - 2.33 6.2 3070 1,02 x 108
. 7 Days 2.34 4.7 4190 1.11

Portland Type I - 9 28-72 3 Days 2.43 3.1 3390  1.01 x 108
w/Dow Mod A 7 Days 2.43 3.0 4080  1.16

Portland Type I 928 72 3 Days 2.43 3.5 4630 1,03 x 10°
w/Dow Mod B 7 Days 2,42 3.4 5550 1.41

Atlas Lumnite 10-11-72 24 Hours 2.37 4.3 4620 1.11 x 106
7 Days 2.38 4.3 5810 1.26

Embeco 4114 10-12-72 8 Hours  2.32 6.2 1330 0.44 x 108
24 Hours =~ 2.32 5.9 3520 1.18

Reg-Set 10-12 72 8 Hours  2.28 5.3 1580 -~ 0,78 x 108
' : 24 Hours  2.28 5.4 1910 0.78

Duracal 10-12-72 8 Hours  2.35 6.3 950 ——
24 Hours  2.34 6.1 1220  0.51 x 108

of elasticity calculated. The values of this modulus, expressed as a per-
centage of the initial value, are shown in the graphs of Figures 11 and 12.
The sonometer instrument enables the deterioration of the beams fo be
periodically monitored without actuélly breakingthem in flexure. After 336
cycles of continuous testing, the beams were tested in flexure (Table 6).

The only concrete to not complete this freeze-thaw test with excellent -

performance was Duracal which failed before the 84 cycle test.

Shrinkage Prisms

All shrinkage prisms were cured 14 days in a polyethylene bag prior
to air drying in the laboratory. Their initial length and weight measure-
ments were made immediately after being removed from their molds and
subsequent measurements were made periodically throughout the phases of
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curing and drying. The graphs in TABLE 6

Figures 13 and 14 show the length FREEZE-THAW BEAM
variations of these prisms through FLEXURAL STRENGTH
six months of air drying and one month AFTER 336 F-T CYCLES

of moist room recovery. The graphs

in Figures 15 and 16 show the weight Avg.

variations that correspond to the Concrete Pour | Flexural
Date Strength,

length measurements. _ psi

. Portland Control 9-97-72 824
Scaling Slabs
_—— Portland Type I

w/Dow Mod. A 9-28-72 1,240

When the scaling slabs were re—
Portland Type 1

tl.II‘ned to the laborf.:ltory, mortar w/Dow Mod. B 9-28-72 9886
dikes forwater retentionwere mold-

. ) , Atlas Lummite 10-11-72 933
ed around their perimeter with an
epoxy bond. Curing tookplace under = Fmbeco4llA 10-12-72 989
polyethylene through seven days and Reg-Set 10-12-72 821
was followed by airdrying inthe labo- Duracal 10-12-72 —

ratory through14 days. Atthis point
freeze-thaw testing began at one cy-
cle per day and ran through six 20 cycle sets; each set started with fresh
water ponded on the surface for four cycles and then alternated between salt
and fresh water everythird orfourth cycle. At theend ofeach 20 cycle set,
the surfaces of the slabs were scrubbed off, allowed to air dry, visually
rated, and photographed. The ratingswere basedon a "1 to 5' scale where
"1 " represented an unscaled condition and ''5" represented a heavily scaled
condition. The graphs in Figures 17 and 18 show the visual rating of the
slabs through six sets of 120 cycles of testing.

DISCUSSION

Portland Cement with Dow Modifiers - Because of the nature of the latex
in the Dow Modifier concretes, when the concrete sets, no substantial
strength candevelop untilthe cement hydrates and the latex loses its emul-
sifying moisture; therefore, it is recommended that moist curing be applied
for two days only and then removed. The slow rate at which the latex con-
crete loses its water will leave sufficient moisture to continue the hydration
of the cement past the second day. Once the latex concrete dries and loses
its emulsifying moisture, it will not re-emulsify in the presence of water
and it will re -admit moisture as slowly as it lost it. This makes air dried
latex concrete very resistant to freeze-thaw breakdown.
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The test results of the Dow Modifier A concrete as shown in the graphs
and tables indicates that it does not have as high a strength as the Modifier
B concrete, but it shrinks at a slower rate. Both seem to have excellent
resistance to freeze-thawbreakdown, and both seem to outperform the port-
land cement control concrete in every test.

Atlas Lumnite - The Atlas Lumnite concrete, which built up such a high
24-hr strength, outperformed the control concrete in every respect except
for its resistance to freeze~-thaw scaling; in this test it demonstrated a un-
usual characteristic. After 40 freeze thaw cycles, the slabs scaled to a
depth of 1/16-in.; below this depth, however, the mortar was much more
resistant and the rate of scaling decreased rapidly. The reason for this
seemed, again, to be the debilitation caused by improper curing, These
scdling slabs were cured under polyethylene which slowed the escape of the
intense heat of hydration which tended to vaporize and drive off the surface
moisture.

Fast-Setting Coneretes

Laboratory test results on the fast setting concretes show that none at
the 8-hr test, and only Embeco 411A at the 24-hr test, have adequate com-
pressive strength to safely carry live load stresses in maximum bending
moment areas of bridge decks.

Embeco 411A - Thetest results on the Embeco 411A indicates it to be
superior to any other fast-setting concrete. These same test resuits also
show it to be superior to ‘the portland cement control in every respect ex-
cept shrinkage; however, this 'may not be a problem in the field where long
periods of air drying rarely occur. '

Regulated-Set - The Regulated-Set concrete's resistance to freeze-thaw
deteriorationwas very impressive, but its 24-hr compressive strength and
shrinkage after six months of air d rying were disappointing. The 9 percent
entrained air was certainly a big factorin the favorable freeze-thaw perfor-
mance, but was detrimental to the strength levels. Another factor which
undoubtedly retarded the strength gain was the cool weather in which the
concrete was exposed for the first six hours after it was poured. The set
retarding effect of this temperature was certainly welcome, but not its re-
tarding effect on the rate of strength development.

To check the test results of these field specimens, a subsequent mix
of the same proportioning was poured in the laboratory; the sand, gravel,
and mix water for this mix were stored overnight in a 40 F cooler to retard
the set long enoughto make the necessary slump and air measurements and
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to fill the various specimen molds. The immediate hydration of this mix

‘was so completely retarded that it had an 8-1/2-in. slump and a 30 minute

settime; at normal laboratory temperatures, there would have beenno more
than a 4-in. slump and a 15 minute set time. The entrained air level was
measured and was found to be at 8 percent. As the concrete test s pecimens
sat in laboratory air, their temperature and rate of strength development
rose rapidly; the compressive cylinder test values were 1,670 psi at 8 hr,
2,510 psi at 24-hr, 3,410 psi at 3 days, and 3,980 psiat 7 days. These
values showed that with favorable curing conditions, the 24 -hr strength was
substantially improved, but was still far from be ing ideal for use on bridge
decks. Perhaps aneight ornine sack mix would substantially improve these
compressive values.

The freeze-thaw and shrinkage values of this laboratory mix compared
very closely with the values of the field s pecimens.

Duracal A - The overall performance of the Duracal test specimens in

‘the laboratory was poor. The compressive strengths were disappointingly

low forboth the 8 and the 24-hr tests, the freeze-thaw beams had partially
disintegrated by the end of 84 cycles, and the freeze—thaw;ﬁSlabs had scaled
to a "4'" rating by the end of 20 cycles. The only commendable performance
was recorded by the shrinkage prisms which swelled during the curing period
and remained in a swollen state throughout the first 28 days of air drying;
however, moist room re covery measurements indicated anexcessive degree
of swelling. ' '

Because an obviously inferior material had passed through the mortar
evaluation study without detection, Research Lahoratory personnel reviewed
the mortartest results. They showed a normal weakening inshearbond and
compressive strengths during200 cyeleg of freeze-thaw, but no sign of phy-
sical disintegration. o

1

Immediately, a full set of test specimens was cast in the laboratory
with the same Duracal cement which had been used in the field. It conform-
ed to the manufacturer's recommended mix proportions which cons isted of
equal parts of cement, sand, and ‘gr.avel by weight. This proportioning was
shunned as a field mix because it was sticky and difficult to finish. This
laboratory mix had 6.3 percent entrained air, and because of its excessive
richness, a 10-in. slump. Test results showed 3 substantial, but still in-
adequate improvement in its compressive strength and freeze-thaw beam
performance. The resistance to freeze-thaw scaling showed no improve-
ments over the field specimen performance.
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The freeze-thaw beam performance of this latter mix was very inter-
esting; sonic measurements indicated that the beams lost 45 percent of their
internal strength after 126 cycles, but no physical disintegration occurred
until after 250 cycles. This explained its apparently successful freeze-
thaw performance during the mortar tests.

Patching Concrete Material Costs TABLE 7
PATCHING CONCRETE
Although the cost of these patch- . MATERIAL COST
ing materials will be secondary to
their performance, it must be con- Patching Concrete perc c:::ft
sidered at the time a final selection
iz made. Table 7 lists the various Portland Control $ 0.80
. . . P. C. with Dow Mod A 5.25 (Est.)
patching concretes used in this work P. C. with Dow Mod B 4.50 (Est.)

and shows their material cost. The Atlas Lumnite 1.60
costs of mixing and placement are _

not included inthis figure as they will f{;“gﬁ;’e:iégt $1?: zg
be approximately the same for each Duracal - 2.00
of the materials.

These figures include the cost of fine and

Bonding Agent Material Costs 7 coarse aggregates, cement, and admix-
tures. The Embeco 411A is a pre-mixed

e . material that contains all aggregates, ad-
Although it is impossible to com~ mixtires, and cement inthe packaged pro-

pare the cogt of the bonding agent duct,

"Bonding Blend' to any of the patch-

ing concretes, it can be compared to

the cost of the epoxy grout which was used as a bonding agent for several
of the control patches. Calculations showed that 1 gal of epoxy grout and
the Bonding Blend slurry, which is made by mixing 1 gal of Bonding Blend
with 21 1b of portland cement, would both prime 50 sq ft of patch substrate.
The unit costs of these materials are 19-cents per sq ft for the Bonding
Blend slurry and 25-cents per sq ft for the epoxy grout.

Comments

This report onpatching concretes is concerned only with their field ap-
plication and laboratory test results on specimens obtained from the field.
Because of its limited scope, we cannot make any firm recommendations as
to which patching concrete should be specified for general usage; these will
be forthcoming based on current field performance teats.

It can be stated, however, that the two fast-setting materials, Regula-
ted-Set portland cement and Embeco 411A, are superior to any others pre-
viously tested by the Research Laboratory and should be used preferentially

=20~




until a more comprehensive recommendation can be made. Because of the
expense of the Embeco 411A material, its use should be confined to small
isolated jobs where it is impractical to haul in aggregate to a drum type
mixer, ‘

The bridge adjacentto the subject bridge, which carries eastbound M 36
over US 127 (310 of 33035), is similarly afflicted by spalling concrete over
high reinforcing steel bars. Because of its ideal location it is recommen-
ded that this bridge be reserved for future application of experimental patch-
ing concretes.




