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CTR/TTI Support for You

¢ David Fowler and David Whitney of CTR
and Dan Zollinger of TTI will conduct the
training sessions and will provide
technical support for you.

* We will attend some of the training
sessions that you conduct to offer our
assistance.

* We will be available to help you at any

time during the next year as you
implement this research.

Additional Resources

» We will provide you with a notebook
that contains:
— TxDOT specifications

— Copies of slides for training engineers
and maintenance personnel.

—5110 report

Outline of Presentation

¢ Introduction

* Preparation of repair area

* Types of repair materials

¢ Mixing and placing materials







Saw Cutting

Concrete Removal

¢ Chipping hammers less than 15 Ibs or
hydro-demolition equipment should be
used.

¢ Heavier chipping hammers can damage
the concrete below the surface or
around the perimeter.

Preparation of Repair Area

¢ Sandblast and blow out spall area







Repair Materials Choices

¢ Non-Hydraulic Cement Products-

— Must meet TxDOT DMS 6170, Polymeric
Materials for Patching Spalls in Concrete
Pavement

— Pre approved list, polyptch, from CST M&P.
¢ Hydraulic Cement Products
— Must be approved by CST M&P, too.

— Still working on DMS 4655, Rapid Hardening
Cementitious Materials for Patching Concrete
Pavement

Types of Materials

* Polymeric (Polyurethane, Vinyl Esters,
Epoxy)

* Many different brand names:

FlexKrete — Vinyl Ester

FlexPatch — Epoxy

Delpatch — Polyurethane

Wabo ElastoPatch — Polyurethane
RSP - Polyurethane

What are polymers?

¢ They are made from combining two or
more chemicals to produce a long
chain molecule.

¢ They start as individual molecules,
similar to individual beads for a
necklace, called resins or monomers.

* When they cure, all the molecules link
together to form a very long necklace-
like chain, with several thousand
molecules.







POLYMERIZATION (CURING)

¢ The key is to get them to link together at
just the right speed so the polymer
doesn’t cure too fast or too slow.

¢ For repairs, the resins are mixed with
curing agents, sometimes called
hardeners, and with aggregate, usually
sand and sometimes pea gravel.

¢ Just like concrete, retarders and
accelerators can be added to control the
curing time

POLYMER CONCRETE

* The resulting material is called polymer
concrete—aggregate glued together with
polymers, or plastics.

Polymer concrete is very durable, water tight,
and wear resistant.

It bonds very well to dry concrete—but that is
important—usually the aggregate and concrete
need to be dry.

» Some of the polyurethanes are different—they
can work with wet surfaces and wet aggregate.

POLYMER CONCRETE

* Polymer concrete can be made very
flexible (ability to stretch without
breaking—think of chewing gum!)
which is better for repairs than a very
brittle material which cracks easily.

* Most of the polymer concretes we will
be talking about are very ductile, but
hard enough to wear well.







Types of Materials

¢ Rapid Setting Cement
— Rapid Set
* Chemically 33% calcium sulfo-aluminate and
67% di-calcium silicate.
* Add water per instructions to activate.

Types of Materials

¢ Magnesium Phosphate
— EucoSpeed
— Pavemend
— MgKrete

What is magnesium
phosphate?

¢ Magnesium phosphate is a special
chemical that reacts with water and
sets very quickly.

* It is mixed with aggregate very similar
to portland cement.

¢ In hot weather, it has to be retarded or
it will set faster than it can be placed
and finished.
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Material:

Wabo ElastoPatch (Elastomeric)

Delpatch (Elastomeric)

RSP (Elastomeric)

Fibrescreed (Elastomeric)

FlexKrete (Semi-Rigid)

$110.00

FlexPatch (Semi-Rigid)

$115.00

RapidSet (Semi-Rigid)

$26.00

EucoSpeed (Semi-Rigid)

$43.00

Pavemend (Semi-Rigid)

Not Available
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Field Evaluation - Houston

Cores taken to determine field
bond strength of three different
products: WaboCrete,
Fibrescreed, Delpatch,
FlexPatch

Results were inconclusive due to
the limited field samples
available for testing, and the
failure modes. (Only one
material failed at the bond line)

* However, visual evaluations of many
repairs over a period of about six years
in Houston indicate that the low
modulus repair materials, particularly
urethanes, have performed extremely
well.

¢ In many, even most, cases, the crack at
the bottom of the spall has not
reflected through the urethane repair
material after several years in place.

Field Evaluation-
1-35 Alvarado

* Manufacturers’ representatives placed
five repair materials in tracks made in
fresh concrete pavement by a motorist.

¢ Original repair material lasted several
years, was removed, and new materials
were placed in summer 2005

¢ This evaluation occurred one year after
placement.
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* Pavemend- considerable cracking
and some surface spalling. Estimated
life - 3 to 4 years

* MgKrete- Considerable surface
spalling; blisters formed on surface
during placement and later developed
spalls. Considerable cracking.
Estimated life - 2 to 3 years

Conclusions

* Polyurethane polymer concrete,
Delpatch, clearly outperformed all other
materials. This has been confirmed in
the Houston District where repairs have
been in place for 5 years or more and
show no signs of distress. The
excellent performance is due to the
very low modulus, high elongation and
excellent bond.

* The FlexPatch, which is an epoxy
polymer concrete, looked very good
except for continuous cracks along the
boundary which are likely to result in
failure within 5 years.

* The magnesuim phosphates developed
significant cracking and spalling. The
EucoSpeed has finer cracks than the
others. MgKrete was clearly the
poorest performer of all materials
tested at the site. The poor
performance of these materials is due
to the high modulus and low ductility.
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Environmental and Safety
Considerations

¢ Environmental:
— Clean up:
* Magnesium Phosphates and Rapid Setting
Mixes

—Clean up with water

* Delpatch
—Denatured alcohol

* Flexkrete
— Acetone

* Flexpatch
— Any solvent such as mineral spirits

* RSP and Wabo ElastoPatch
— Not specified

Environmental and Safety
Considerations (Continued)

— Proper Disposal of Materials
* Magnesium Phosphates and Rapid Setting
Mixes
—Normal disposal of unused product
* Urethanes
—Special disposal of unmixed product

Environmental and Safety
Considerations

* Safety

¢ Hard hats
 Steel-toed boots
» Safety glasses
* Back support belts

— Urethanes
* Latex gloves
» Well ventilated area or respirator protection
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Mixing and Placing

¢ WaboElastoPatch:

— Mix part “A” component with “B” in a
1:1 ratio for 2 minutes. Add packaged
aggregate and mix an additional 2
minutes until well blended.

— Pour material into spall.

Mixing and Placing

¢ FlexPatch:

— Mix prepackaged part
“A” component with “B”
for 3 minutes. Slowly
add “C” component
(aggregate) and “A-B”
liquid until well blended.

— Pour material into spall.

— Finish with steel trowel.

Mixing and Placing

. & BSP:

— Place aggregate into spall area.

— Mix part “A” component with “B”
component in 1:1 ratio.

— Pour material over aggregate in spall.

— Apply sand to top of repair.
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Mixing and Placing

* FibreScreed:
—Material placed by contractor with
proper equipment.

* Place packaged material in machine.

* Once material at proper temperature
(375 to 380 degrees) apply to spall
area in 2” lifts. Add 3” bulking stone
with each lift. Continue until flush
with surface.

» Apply aggregate topping coat for
skid resistance. (larger aggregates
make for noisier ride)

Mixing And Placing

* Reestablish joint for Rigid Materials
(saw cutting through depth of patch,
then fill with approved joint sealer)

v, -

Set Time
« Many products have o Ioitia) Sat
additional additives which
can speed up, and slow Vhb:EMo?mh £2
down set times and P 60
workability. RSP 6
Fibrescreed o
* Many companies also FlexKrete :
produce different FlexPatch 63
formulations for different RapidSet 24
temperatures which affect
S EucoSpeed 17
Pavemend 13
** Not
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Outline of Presentation

¢ Preparation of repair area
* Materials

* Field tests

¢ Selection of materials

Preparation of Repair
Area

* Remove old concrete or repair material
¢ Chip with light hammer all loose concrete

Preparation

e Saw Cut vs Non-Saw Cut

- Generally the repairs are less likely to
spall at the edge if a saw cut is used.

— Most repair materials, particularly the non-
polymers, do not perform well when
feather edge is used.

—TxDOT 720 requires a 1 %-in. deep
vertical cut around repairs when using
hydraulic cements.

— The disadvantage is the extra step in the
repair process and associated cost 6




Surface Preparation

¢ Saw cut as needed for non hydraulic
cements

Y L 4
e

6
{

Cut out depth of spall  Cutvertical edge Y2in.  No saw cut, feathered edge

Concete Removal

¢ Chipping hammers less than 15 Ibs or
hydrodemolition equipment should be
used for removing concrete.

¢ Heavier chipping hammers can damage
the concrete below the surface or around
the perimeter.

» Hydrodemolition requires a great deal of
water which may have to be captured and
will also produce a wet surface that may
have to be dried before some materials
can be applied.




Preparation of Repair
Area
* Sandblast and blow out spall area

Before

After

Sandblast Precautions

* |f air compressors are used, care should
be taken to ensure that an oil trap is used
to prevent an oil film from being placed on
the surface of the repair that could prevent
good bond.

Moisture Condition of
Surface

¢ Normally the surface should be dry.

» For hydraulic cements (those that have
water in the mix) can normally be damp or
SSD

* Most polymers should be dry. Blow
surface with air or lightly dry with a torch.







Types of Materials

* Polymeric (Polyurethane, Vinyl Esters, Epoxy)
* Many different brand names:

FlexKrete — Vinyl Ester

FlexPatch — Epoxy

Delpatch — Polyurethane

Wabo ElastoPatch — Polyurethane
RSP - Polyurethane

What are Polymers?

* They are made from combining two or
more chemicals to produce a long chain
molecule.

* They start as individual molecules, similar
to individual beads for a necklace, called
resins or monomers.

* When they cure, all the molecules link
together to form a very long necklace-like
chain, with several thousand molecules.

Polymerization Model

i HER

VO OHER

POLYMERS







Polymer Concrete

The resulting material is called polymer
concrete—aggregate glued together with
polymers, or plastics.

Polymer concrete is very durable, water tight,
and wear resistant.

It bonds very well to dry concrete—but that
is important—usually the aggregate and
concrete need to be dry.

Some of the polyurethanes are different—
they can work with wet surfaces and wet
aggregate.

Polymer Concrete

Polymer concrete can be made very
flexible (ability to stretch without
breaking—think of chewing gum!) which is
better for repairs than a very brittle
material which cracks easily.

Most of the polymer concretes we will be
talking about are very ductile, but tough
enough to wear well.

Polymer Concrete

» But there are no free lunches—
polymers cost a lot more than portland
cement.

* But their ability to bond and stay in the
repair without cracking may make them
very cost effective.

* When you make a repair you don’t want
to be going back any time soon.

* So material costs may not be nearly as
important for repairs as for new
construction. 2







Types of Materials

* Magnesium Phosphate
— EucoSpeed
— Pavemend
— MgKrete

28

What is Magnesium
Phosphate?

* Magnesium phosphate is a special
chemical that reacts with water and sets
very quickly.

* |t is mixed with aggregate very similar to
portland cement.

¢ In hot weather, it has to be retarded or it
will set faster than it can be placed and
finished.

Costs

* Material costs
¢ Labor and installation costs

¢ Maintenance and life time costs

10



Type of Material
Polyurethane Polymer Concrete

Delpatch Polyurethane Polymer Concrete Flexible
Wabo ElastoPatch Polyurethane Polymer Concrete Flexible
FlexPatch (SSI) Epoxy Polymer Concrete Semi Rigid

Thermosetting Vinyl Polymer Concrete

11




Results - Compressive
Strengths

For Rigid and Semi-Rigid Materials at 24 hours

24-hr Average Compressive Strengths

EucoSpeed MgKrete Pavemend Rapid Set FlexKrete™  RSP™

Material
**Indicates Sem-Rigid Material

[@40° B 70° T 100° with Non-Standard Failure .

Results - Compressive
Strengths

Found that
“Flexible” and
some “Semi-rigid’
materials were too
flexible for
conventional tests

Results - Flexural
Strengths

For Rigid and Semi-Rigid Materials at 24 hours

24-hr Average Flexural Strengths

Flexural Sirongh (pel)
- 8818 83

Material

[@40° m70° 0 100°
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Results - Flexural

Strengths

Found that some
materials were too
flexible for
conventional tests

Only able to test
‘Rigid’ and ‘Semi-rigid’
materials

Results - Modulus

Modulus of Elasticity (at 70 degrees F)

8000000 TR il

2 5,000,000
Somi-cigid Matariate

4,000,000

Flexible Materials

3,000,000

2,000,000

Modulus of ElastioRy (pe

i ) 560000

1,000,000

Material

o+ _ HETCT S P
@fb £ IS éiif’f g x“b
&

Results - Shrinkage

18-hr Initial Shrinkage

Material

@ 40° @70° 0 100°

Rigid materials
experienced

_ | low to

moderate

- | shrinkage
| values.

.| Semi-Rigid and

flexible
materials
experienced
moderate to
high shrinkage
values. o
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Results - COTE

Costticient of Thermal Expansion

TOEG oo e

CoTE Range for Narmal W Concrete:

Cosfficient of Thermal Expansion ( /°F)
8
m
&

2

S S R -
IASILELS S
& «

Material

Rigid materials
experienced

__|COTE which
||were comparable
' {to normal

| |concrete.

' |Semi-Rigid and

| flexible materials
. |lexperienced

= |COTE values

which were 3 to
10 times the
values of normal
concrete.

Results - Tensile Bond

Strength

Tensile Bond Strength Comparison

Tensile Bond Strength (psi)

Tensie Mawrial
‘Specmens Faiing at Bond Intertace [pa0 w70 o100°

Results mixed,
in some cases
showed good
performance
from each
category of
material.

Difficult to get an
consistent test of
bond strength
since bonding
surface different
for each spall‘1

Results - Abrasion

Resistance

Abrasion Resistance

3

3

Polymer

s

concretes

showed

| consistently

Mass Lost(g)

o mn & @ o®

good
| performance

14



i

= Delpaich

£

!i""“m

L

é * Foion

$

; . FlaxPatch

s 8 g Raiase AMIKS 4 EucoSpesd
...

Elastic Modulus (psi)

0 1000000 2000000 3000000 4000000 5000000 6000000

15



COTE

» Coefficient of thermal expansion (COTE)
has the units of inches/inch/degree
Fahrenheit

» Concrete has a COTE of 4 to 7x10¢
in./in./deg F

* If the COTE, for example, is 6x10¢
in./in./deg F, and we increase the
temperature 1 degree, a one-inch-long
piece of concrete would expand:

6x10€in./in./deg F x 1 in. x 1 deg. = 6x10¢
in.

* However, if that piece of concrete was
held between two pieces of concrete or
bonded to the substrate so that it couldn’t
expand, what would happen?

47

* |t would be the same thing as letting it
expand and then pushing it back to the
original position.

* That would require force as a result of
stress.

* How would you calculate the stress?

16
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How Much Stress is
Caused by a 1°
Temperature Change?

* Limestone aggregate concrete

-E =310 4.5 x 108 psi

-COTE =4 to 5x10%in./in./deg F

Stress = COTE x E = 12 to 22 psi/deg. F
« Silicious river gravel concrete

-E=41t05 x 108 psi

-COTE = 6 to 7x10¢in./in./deg F

Stress = 24 to 35 psi/deg. F

How Much Stress is
Caused in Polymer Repair
Materials?

¢ The COTE is much higher, but the E is much
lower so as a result the stress is much lower in
many polymer materials

 Stress ranges considerably:

* Delpatch (E=7400 psi, COTE= 65x10%)
Stress = 7400 x 65x10€in./in./deg F = 0.48
psi/deg. F

* RSP (E=200,000 psi, COTE= 37x10%®)

Stress = 200,000 x 37x10€in./in./deg F =
7.4 psi/deg. F

What Have We Learned
about COTE and E?

» From the field tests we have learned that the
polymers that had low E performed the best.

» Materials that had a COTE x E less than 10
psi/deg F seemed to perform better than the
rigid materials that had a COTE x E greater than
10.

* Does that mean that hydraulic cements are
never good repair materials?

-Probably not, but the research in this study did
not identify any that performed nearly as well.

18






But let’s look at one of the polymer concretes,
Delpatch.

The modulus is 7400 psi (that's right, 7400
psi) and the coefficient of expansion is 65 x10-
8in/in/°F. For the same 30°F drop in
temperature, the strain would be 30°F x 65 x
10 in/in/°F = 0.00195 in/in. The stress would
be 0.00195 in/in x 7400 psi = 14 psi.

The tenisile bond strength of these materials
is 50 to 100 psi so they would not fail.

What Have We Learmed?

¢ Even though the coefficient of thermal
expansion for some of the polymer
concretes may be as much as 10 times
greater than concrete, the modulus is
about 1/400 or 1/500 of concrete, the
stress produced is much smaller and the
repair material is much less likely to fail
when shrinkage or thermal change
oceurs

* Now let’'s see what happened in the
field...

Results of Field
Evaluations

e Houston
¢ | 35 near Alvarado in Ft. Worth District

20






22



23




24



25




|

\
1

26



27



. Flexpatcn—-qu* Pol

* Delpatch—Polyurethane oiymér .

Concrete
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* Pavemend—considerable cracking and
some surface spalling. Estimated life: 3-4
years

* MgKrete—Considerable surface spalling;
blisters formed on surface during
placement and later developed spalls.
Considerable cracking. Estimated life—
2to 3 years

Conclusions

* Polyurethane polymer concrete, Delpatch,
clearly outperformed all other materials.
This has been confirmed in the Houston
District where repairs have been in place
for 5 years or more and show no signs of
distress. The excellent performance is
due to the very low modulus, high
elongation and excellent bond.

95

* The FlexPatch, which is an epoxy
polymer concrete, looked very good
except for continuous cracks along the
boundary which are likely to result in
failure within 5 years.

The magnesuim phosphates developed
significant cracking and spalling. The
EucoSpeed has finer cracks than the
others. MgKrete was clearly the poorest
performer of all materials tested at the
site. The poor performance of these
materials is due to the high modulus and
low ductility.

96
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FlexPatch (SSI)- (Semi-Rigid) .
FlexKrete- (Semi-Rigid)

Pavemend 15- (Rigid)

RapidSet- (Rigid)
Fibrescreed- (Elastomeric)

{’f’/")’j‘{\‘i’*:f
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Environmental and Safety
Considerations

Environmental and Safety
Considerations

e Environmental:
— Clean up:
* Magnesium Phosphates and Rapid Setting
Mixes
—Clean up with water
* Delpatch
—Denatured alcohol
¢ Flexkrete
— Acetone
* Flexpatch
— Any solvent such as mineral spirits
* RSP and Wabo ElastoPatch
— Not specified

101

Environmental and Safety
Considerations

— Proper Disposal of Materials
» Magnesium Phosphates and Rapid Setting
Mixes

—Normal disposal of unused product
¢ Urethanes
—Special disposal of unmixed product

34






Mixing and Placing

¢ Delpatch:

— Mix 3000ml part “A”
component with 1500ml
part “B” component for 10
seconds. Add pre- bagged
aggregate and mix an
additional minute

— Pour material into spall

— Texture surface with trowel

Mixing and Placing

* FlexKrete:
— Mix 1gallon of FlexKrete

with 1.2 oz of catalyst.
Mix for 30 to 60 seconds.
Add 3 to 4 gallons of
sand and mix thoroughly
for 2 minutes.

— Pour material into spall

— Trowel into place

Mixing and Placing

* WaboElastoPatch:

— Mix part “A” component
with “B” in a 1:1 ratio for
2 minutes. Add packaged
aggregate and mix an
additional 2 minutes until
well blended.

— Pour material into spall.
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Mixing and Placing

¢ Pavemend 15:

— Add 1.0 gallon of water
to 45-Ib bucket of
material. Mix until
temperature has
reached 95 degrees.

— Pour material into
spall.

112

Mixing and Placing

* Rapid Set:
— Add 3 to 5 quarts of water for each 60-
Ib bag of material. Mix for 2 minutes.
Mix 1 to 3 minutes until of uniform
consistency

— Pour material into spall.
— Trowel, float or broom finish.

113

Mixing and Placing

¢ FibreScreed:
—Material placed by contractor with
proper equipment.
* Place packaged material in machine.

* Once material at proper temperature
(375 to 380 degrees) apply to spall area
in 2” lifts. Add 3” bulking stone with
each lift. Continue until flush with
surface.

» Apply top coat for skid resistance.

114







Summary: Polymer
Materials

Material Flexibility Moisture Ready for Cost,
Sensitivity traffic cu. ft.

Wabo EP Flexible Yes 1hr. $160
Delpatch Flexible Yes 1hr. $145
RSP Semi flex Yes 1hr. $52
Flexpatch Flexible Some 1-2 hrs. $115
FlexKrete Semi flex Yes 1.5 hrs. $110

118

Summary: Mag Phos,
Asphalt

PCC,

Material Flexibility Moisture Set Time Cost,
Sensitivity Cu. ft.
EucoSpeed Brittle Yes 1 hr. $43
Pavemend Brittle Yes 1.5 hrs. N/A
MgKrete Brittle Yes 1hr.
Rapid Set Brittle No 1hr. $26
Fibrescreed Flexible Yes %-1 hr. $101

119

Materials Requirement

¢ General Requirement
— Carry traffic in 3 hours of placement
— Resistance to weather and abrasion

— Use only aggregates specified by
manufacturer

- Skid resistant surface
- Reflective finish; color to match concrete
— Placing temperature of 10°C and above

40






Need Repairs?

124

Yes

126

Repairs to be
overlaid soon?

126
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Select for Moisture

For probable wet seasonal conditions
* Do not consider polyesters
* Check for specific urethanes

When repairs will be made only

under dry conditions select for
temperature conditions

: 1

131

Select for
Temperature
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Spall Repair Options

Weather Spall Material Specify/
Conditions Type Type Choices
HOT>95F Shallow Type | - Flexible | Dry Surface
Flexpatch
FlexKrete
DelPatch
WaboElastoPatch
H Deep Type | - Flexible | Recommended
i vp:“mn with added CA
FlexKrete (still more costly)
DelPatch
WaboElastoPatch
Type Il - Rigid | Less Costly
Eucospeed, alternative
Rapid Set

For Emergency Repairs

* Sudden-problem pavement spalls-

— Keep small stock of moisture-insensitive, low-
modulus, epoxy mortar concrete-patching system for
repairs above 55F. Polyurethanes and Polyesters can
more easily accommodate dry temperature extremes.

— For deep spalls keep bags of dried 2-inch coarse
aggregate to extend the mortar (as per manufacturers
instructions).

— Cool weather bring matls to room temp. over night.

— Make repairs at temperatures above 50F on sound,
clean, and dry or minimally damp substrates.

» Use for emergencies on bridge decks, too.
137

Questions?
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DMS 6170
for
Elastomeric
Concrete
Repair Materials

Tab Number 3

142

Draft of DMS 4655
for Rapid-Setting
Cementitious
Repair Materials

Tab Number 4

143

Previous
TxDOT Job
Specifications

Tab Number 5

144
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Repair Guidelines

Tab Number 9

148

1-5110
Final Report
CD

Tab Number 10

149

Performance
And
Evaluation

Tab Number 11

150

50



























51
























Need ™\,

., no
/\Fiepalrs > >

yes

Repairs to

be overlaid
soon?

i
S

Heavy no
itraffic?

Match COTE x E (of

concrete substrate)
12 -22 for CLS,
20- 36 for SRG

Select for
Moisture




<Ak _..:} e il :h. +1Mwaﬁ u\

&SR PUME] | MED DA,

i nm_g L A7 0 S y




iy of prequalified materials
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Polymeric Materials for Patching
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{On the web at:
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ITEM 720- REPAIR OF SPALLING
IN CONCRETE PAVEMENT

)« <;.(“ 984 of the
/d\i DARD SPECIFICATIONS FOM
COWRSTRUCTION AND
l\/ AINTENANCE OF HIGHWAY o
STREETS,AND BRIDGES

« Also found on the web at:

itp://ftp.dot.state.tx.us/pub/txdot-
info/des/specs/spechook.pdf
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Test VMiethoaos

Ton-418-A Compressive Strength of

Cylindrical Concrete Specimens @
o/ dot.state b us/pub/ixdot-
ifo/cst/ TMS/400-

£

A series/pdis/enn4g i 8.pdif

Len-428-A Determining the Coefficient

of Thermal Expansion of Concrete @

it /p.dot.state. b us/pub/txdot-
(/(x%t/'k M&S/400-

/L serias/pdis/cnn428.pdf




o lex-442-A Determining Compressive
Strength of Grouts @
o/Mip.dotstate. ix . us/pub/ixdot-
~no/CSL/TE\/ES/4OO—

A series/pdfs/cnn442.paf

o ex-446-A Rebound Number of

Hardened Concrete @
o/t . dot.state. b us/pub/ixdot- h: B —-
info/cst/ TMS/400- L

M series/pdis/cnind46.pdi T




lex-618-J Testing
EiastOmerlc Concrete @
tip:/ip.dotstaie. beus/pub/bad
at-info/cst/ TMS/600-

J sertes/pdfs/chmb18.pdi

Tex-614-J Testing Epoxy
Materlais @ ey
'mg // 0. doz state.bx. us/m b/t —

.'f~5 . S/mﬂfa/mmﬁ 4 pdf




FEENT 72¢

REPAIR OF SPALLING IN CONCRETE PAVEMENT

720.1. Description. Repair <puliing and pariial-depth failures in concrete pavement.

720).2. Materials. Furnish either rapid-set concrete or polymeric patching material unless
otherwise shown on the plans.

Al

Rapid-Set Concrete. Provide concrete that meets DMS-1655. “Rapid-Hardening Cementing
Materials for Concrete Repair.”™

Use a packaged blend of hydraulic cement. sand. and gravel (maximum size 3/8 in.)which
requires the addition of water and has a maximum shrinkage of 0.15% in accordance with
ASTM C928. Do not use chlorides, magnesium or gypsum 1o accelerate setting time. Before
spall repair operations. demonstrate that the mixture achieves flexural strength of atleast 425
psi in 5 hr.. a minimum compressive strength of 5.100 psi in 7 days. and 6.300 psi in 28 days.
Test in accordance with Tex-418-A and Tex-448-A.

Polymeric Patching Material. Provide polymeric patching material that meets DMS-6170,
“Polymeric Materials for Patching Spalls in Concrete Pavement,” and matches the color of
the pavement.

720.3. Equipment. Furnish equipment in accordance with ltem 429, “Concrete Structure
Repair,” or as approved.

720.4. Work Methods. Repair areas as shown on the plans or as directed. Dispose of debris off
the right of way in accordance with federal, state. and local regulations.

A.

B.

Hydraulic Cement Concrete Material. Saw at least 1 172 in. deep around repair area before
concrete removal, unless otherwise directed. providing a vertical face around the perimeter of
the repair area. Provide a uniform rough surface free of loose particles and suitable for
bonding. Remove concrete to a depth of 1 1/2 in. or the depth of deteriorated concrete.
whichever is greater. Use chipping hammers not heavier than the nominal 15-1b. class or
hydro-demolition equipment for the removal of concrete below 1 1/2 -in. depth. Mix. place.
and cure in accordance with manufacturer’s recommendations. Do not place concrete if th

air temperature is below 40°F. Screed concrete to conform to roadway surface. Previde a
rough broom finish.

Polymeric Patching Material. Submit for approval a statement from the manufacturer
identifying the recommended equipment and installation procedures. Remove the
deteriorated concrete to the dimensions shown on the plans or as directed. Dry and abrasive-
blast the repair area (o ensure it is free from moisture, dirt, grease, oil. or other foreign
material that may reduce the bond. Remove dust from the abrasive blasting operation. Apply
primer to the repair arca. Reapply primer if conditions change before placing patching
material. Mix, place, and cure in accordance with manufacturer’s recommendations. Begin
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1 be meacured as follows:

A Hydrautic Cement Concrete Material. By the cubic foat of concerete repair maternial pluced.
A A placed

B. Polymeric Patching Material. By the gallon of polymeric patching materizl placed.

720.6. Payment. The work performed and materials furnished in accordance with this lem and
measured as provided under “Measurement™ will be paid for at the unit price bid for “Spalling
Repair” of the type (Hydraulic Cement: Polvimeric. Flexible: or Polymeric. Semi-rigid) specificd.
This price is full compensation for sawing. chipping. milling. cleaning. abrasive-blasting,
repairing spalled concrete pavement. disposal of materials. materials. equipment. labor. tools.
and incidentals.



Section 8

DMS-6170, Polymeric Materials for Patching Spalls in Concrete Pavement

Overview
Effective Date: August 2004 (refer to “Archived Versions™ for previous versiens).

This Specification governs the quality monitoring program (QMP) for polymeric material for
patching spalls in concrete pavement, and describes prequalification, quality monitoring requirc-
ments, disqualification and requalification, sampling and testing, and material requircments.

Material Description

Concrete patching matcrial is a thermosetting polymer-based materizl mixed with aggregate 1o
form a mortar used for patching spalls in concrcte pavement.

¢ Typelisa flexible material with high resilience propertics. This material is not intended for
use in arcas where a concrete asphalt ovcrlay is anticipated.

+  Typcllis a scmirigid material with a high compressive strength. The rigidity of this matcrial js
preferred when the concrete pavement will be repaved with a conercte asphalt overlay.

Prequalification

Material Producer List

The Matcrials and Pavements Scction of the Construction Division (CST/M&P) maintains a mate-
rial producer list (polyptch) of all materials conforming to the requirements of 1his program.
Matcrials appearing on the material producer list require no further testing unless deemed necces-

sary by the engincer. To obtain a placc on the material producer list the producer must be accepted
into the QMP.

The material will be prequalified as a complcte binder and aggregate system; thus, the list wil
include the binder and agaregate specified by the manufacturer. The Contractor, supplicr, or pro-
ducer cannot substitute any of the componcnts without prior notice to and approval of CST/M&P.

Materials not appearing on the material praducer list require project specific testing and approval
before use. Refer to "Project Specific Testing.'

Prequalification Requests

Departmental Material Specifications
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vour preducts. Include the following information in the recuest:

¢ contact person and telephone number. and

+ matenal type.

Performance History

CST/M&P will only accept into the QMP those materials that are determined by the Dircctor of
CST/M&P to have an cstablished performance history and compliance with this Specification.
Therefore, prospective producers or suppliers may be required to install their material at a test loca-
tion. The Department must approve test scctions before installation. Provide materials and
installation for the test site at no cost to the Department. CST/M&P will monitor the test location
for a minimum period of 12 mo. unless the material fails prematurely.

Prequalification Procedures

After the producer submits a request for QMP prequalification, CST/M&P will usc the following
proccdure to prequalify the material:

¢ The producer will provide a laboratory test report that contains data showing compliance of the
matcrial in accordance to the requirements in“Material Requirements™.

¢ The producer will submit a minimum of | sample (amount of binder components cqual to

gal. of mixed material and corresponding aggregate) for consideration of cach type of patching
matcnial.

¢ CST/M&P will test cach sample according to the tests outlined in "Material Requirements.’
CST/M&P will determine if there is an adequate correlation between the producerand CST/
M&P test results. CST/M&P will reject the material if a correlation is not cstablished or if the
matenal docs not mect the requirements.

CST/M&P will place materials meeting all requirements in the quality monitoring program. After
acceptance, any changes in formulation or composition must be reported to CST/M&P. Materizal
changes require resubmission for prequalification.

Quality Monitoring Requirements

The prequalification periods are from January 1510 June 30" and July 1% 1o December 31% of

cvery year. During cach prequalification period, the producer must provide 1 prequalification sam-
ple, and monthly quality control testing reports.

oy
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Monthly Quality Control Reports

The Depanment requires that el producers in the QMP perfonn quality control testing on their

material. The Department reguires that producers submit monihly quality control testing reports 10

CST/M&P for every prequalified maicrizl. The report must reflect the test data from cach batch of
prequalified material produced during thet month regardless of the destination of the material. The

monthly report must contain the following information:
+ type of patching material,

+ date of manufacture,

+  batch number, and

+ QM test results.

QM tests arc thosc listed in "Matcrial Requirements.' Producers must submit reports by the first
business day of cvery month. If no prequalified material is produced for a particular month, then
submit a report stating no material was produced.

Prequalification Sample

Submit a sample of cach prequalified matcrial for every prequalification period at least | mo.
before the beginning of the prequalification period to allow sufficient time for testing. Any matcerial
not submitied on time may be delayed in posting on the material producer list.

Random Testing and Auditing

The Department reserves the right to conduct random sampling of prequalified materials for test-
ing, and perform random audits of test reports. Dcepartment representative may sample material
from the manufacturing plant, the project site, and warchouse. Maintain a complete record of all
test reports for the previous and current calendar year. CST/M&P reserves the right to inspect and
approve the laboratory where the quality control testing is performed to ensure that all criteria for
cquipment and procedure compliance are met. CST/M&P reserves the right to test samples to ver-
ify compliance with "DMS-6170, Polymeric Materials for Patching Spalls in Concrete Pavement."

Disqualification and Requalification

A producer may be disqualificd and removed from the quality monitoring program if 1 of the fol-
lowing infractions occurs:

¢ materiel tested by CST/M&P fails to meet the requirements stated in this Specification

¢ the producer fails to properly submit complete monthly quality control testing reparts or
prequalification samples to CST/M&P or

¢ the producer fails to report changes in the formulation or composition of the material to CST/
M&P.

Departmental Material Specifications 2.2] TxDOT 08/2006
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To requalify after the 6-mo. disqualification period, the producer must submit a written recucst 1o
CST/M&P. Include with the request a test report from an independent laboratory with data that cor-

[Pe38

tifics that the material mects the requirements in “Material Requirements.”Afier receiving the
request and test data, all requirements in 'Prequalificatien Procedures' will apply.

Sampling and Testing
The Department will sample in accordance with "Tex-734-1, Sampling Epoxy,” and will tcst in
accordance with '"Material Requirements.

Costs of sampling and testing are normally borne by the Department; however, the costs 10 sample
and test materials failing to conform to the requirements of this Specification arc borne by the Con-

tractor or supplicr. This cost will be assessed at the rate cstablished by the Dircctor of CST/M& P
and in effect at the time of testing.

Amounts duc the Department will be deducted from monthly or final estimates on Contracts or
from partial or final payments on dircct purchases by the State.

Project Specific Testing

Materials not appearing on the material producer list require project specific testing and approval
before their use. Submit samples to CST/M&P with a certified test report from an independent lab-
oratory with test data verifying that the material mects the requirements stated within this
Specification. This material must not be used until testing is complete and material is approved.

Material Requirements

General Requirements

Both types of concrcte pavement patching material have the following properties:

¢ The patching material is able to carry traffic within 3 hr. of placement or as directed by the
Engincer.

¢  Concrete patching matcrial is resistant to weather and abrasion.
¢ Theaggregate type used in the patching material will be those specified by the manufaciurer.
¢ The patching material has a skid-resistant finish (e.g., tining, broadcast sand).

¢ The patching matcrial has a nonreflective finish with similar color tone to concrete, and

Departmental Material Specifications 2-32 TxDOT 08/2006
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Chemical Effects
Deicers None
Motor ol None
Sodium Chloride Solution (5%) None
Hvdraulic Brake Fluid - None
Standard: ASTM "D 471, Standard Test Method for Rubber Properry-Effect of Liquids.” 25°C (77°F) afier 22
hr.

Submit report before the material is accepted into the QMP. It is not required as a partof the
monthly quality control reports, unless requested by CST/M&P.

Physical Requirements

¢ Typel

Tyvpe 1

Test

Method

Requirements

Gel Time, min.

"Tex-614-), Testing Epoxy Materials”

5 minimum — 60 maximum

Wet Bond Strength to Concrete, psi

"Tex-6018-J, Testing Elastomeric
Concrete”

100 minimum

Compressive Strength 24 hr, psi

ASTM "C 579, Standurd Test Mcthods for
Compressive Strength of Chemical-Resis-
tant Mortars, Grouts, Monolithic
Surfacings and Polymer Concretes,”
Mcthod B

200 minimum

Compressive Stress @ 0.1 in., 7
days, psi

"Tex-618-J, Testing Elastomeric
Concrete"

200 minimum

Resilience, %

"Tex-618-1, Testing Elastomeric
Cencrete”

90 minimum

Thermal Compatibility

One cycleis8 hrs. @ 60°C foliowed
by 16 hrs. @ -21°C

Determine results after 9 cycles.

ASTM "C884/ C884M, Standard Test
Method for Thenmal Compatibiliry
Between Concerete and 2n Epoxy-Resin
Overlay," with modifications

No delaminztion or
cracking

Deparunental Marerial Specifications
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Tyvpe 1

NMethod

Requirements

Gel Time. min.

"Tex-614-], Testing Epoxy Meierials”

Wet Bond Strength to Cencrete, pst

"Tex-618-], Testing Elasiemeric
Concrete"

2530 mintmum

Compressive Strength 24 br. psi

ASTM "C 579, Standard Test Mcthods for
Compressive Strength of Chemical-Resis-
tant Mortars, Grouts, Monolithic
Surfacings and Polvmer Concretes,”
NMethod B

2000 minimum

Compressive Stress (@, 0.1 in., 7
days. psi

"Tex-618-1, Testing Elastomeric
Concrete”

2.000 minimum

Resilience, %

"Tex-618-J, Testing Elastomeric
Concrete”

65 minimum

Thermal Compatibility

One cycleis 8 hrs. @ 60°C followed
by 16 hrs. @ -21°C.

Determine results after 9 cycles.

ASTM "C884/ C884M, Standard Test
Method for Thermal Comipatibility
Between Concrete and an Epoxy-Resin
Overlay,” with modifications

No dclamination or
cracking

N "
Packaging and Labeling

Package reactive componcents in airtight containers and protect from light and moisture. Packace
aggregates 1o protect them from moisture. Include instructions for mixing and application of the
matcrial, and include all safety information and wamings regarding contact with the components.

Labels must include the following information:

+ type of material

+ resin or hardener components

¢ brand name

+ name of manufacturer

« ratio of components to be mixed by volume

¢ unique batch number
¢+ date of manufacture and

¢  cxpiration date.

Departimental Material Specificarions
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Archived versions of "DMS 6170, Polvimaric Materials o Patching Spalls in Conerec Pavement
arc aveilable through the following link
Chick en 6170-0703 fer the Specification cffective July 2003 through July 2004
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Overview
Effective Date: (Septamiber 2623 73

This Specification governs the quality monitoring program (QMP) for rapid- hardening
cementing material for patching spalls in concrete pavement, and describes
prequalification, quality monitoring requirements, disqualification and requalification,

sampling and testing, and material requirements.
Material Description

This concrete patching material is a rapidly hardening, hydraulic cement-based material
mixed with aggregate to form a mortar, grout or concrete used for patching spalls in

concrete pavement.

Use a TxDOT-approved, commercially pﬂckaged blend of hydraulic cement, and sand
(also gravel of maximum size 3/8 in. pcrmlssrble for spalls deeper than 2 in.) which
requires the addition of water and has a maximum shrinkage of 0.15% in accordznce
with ASTM C 928. Do not use chlorides, magnesium (from Std. Spec. ltem 720) or

aypsum to accelerate setting time.

This material must form a semi-rigid or rigid material designed to meeta minimum
average compressive strength of 2,000 psi in 3 hours. Provide class HES concrete in
accordance with Item 421, “Hydraulic Cement Concrete,” except that strength over-
design is not desirable. Bafore spall répair Operaiions, demonstrate that the mixture

achieves a final modulus of elasticity of less than 4.0 x 10° 2nd minimum average

2



The rigidily of this material is preferred over elastomeric patching materials for deegp
repairs required when the concrete pavement will be repaved with a concrete orasphalt

overlay within three years from the repair.
Prequalification
Material Producer List

The Materials and Pavements Section of the Construction Division (CST/M&P)
maintains a material producer list (rigdpich?) of all prepackaged materials conforming to
the requirements of this program. Materials appearing on the material producerlist
require no further testing unless deemed necessary by the engineer. To cbtain a place

on the material producer list the producer must be accepted into the QMP.

The material will be prequalified as a complete binder and aggregate system; thus, the
list will include the binder and aggregate specified by the manufacturer. The Contracior,
supplier, or producer cannot substitute any of the components without prior nctice to
and approval of CST/M&P.

Materials not appearing on the material producer list require project specific testing and

approval before use. Refer to 'Project Specific Testing.'
Prequalification Requests

Submit a written request to the Texas Depariment of Transportation, Construction
Bivision, Materials and Pavements Section (CP51), 125 E. 11" Sireet, Austin, Texas
78701-2483, to prequality your products. Include the following information in the

request:

. company name,



Perfermance History

CST/M&P will only accept into the GMP those materials that are determined by the
Director of CST/M&P to have an established performance history and compliance with
this Specification. Therefore, prospective producers or suppliers may be required to
install their material at a test location. The Department must approve test sections
before installation. Provide materials and installation for the test site at no costto the

Department. CST/M&P will monitor the test location for a minimum period of 12 mo.

unless the material fails prematurely.
Prequalification Procedures

Aiter the producer submits a request for QMP prequalification, CST/M&P will use the

following procedure to prequalify the material:

+ The producer will provide a laboratory test report that contains data showing
compliance of the material in accordance to tha requirements in liz'erisl

Reauiremenis.

+ The producer will submit a minimum of 1 sample (amount of binder components

equal to tcu. ft. of mixed material and corresponding aggregate) for consideration of
each type of patching material.

«  CST/M&P will test each sample according to the tests outlined in ‘Material
Requirements.' CST/M&P will determine if there is an adeguate correlation bstween
the producer and CST/M&P test results. CST/M&P will reject the material if a

correlation is not established or if the material does not meet the requirements.

CST/M&P will place materials meeting all requirements in the quality monitoring
program. After acceptance, any changes in formulation or composition must be reported

to CST/M&P. Material changes require resubmission for preqguelification.



Menthly Quality Control Reports

The Department requires that all producers in the QMP perform quality control testing
on their material. The Department requires that producers submit monthly quelity control
testing reports to CST/M&P for every prequalified material. The report must reflect the
test data from each batch of prequalified material produced during thét month
regardless of the destination of the material. The monthly report must contain the

following information:

. type of patching material,
. date of manufacture,

. batch number, and

. QM test results.

QM tests are those listed in 'Material Requirements.' Producers must submit reporis by
the first business day of every month. If no prequalified material is produced fora

particular month, then submit a report stating no material was produced.

Frequalification Sample

Submit a sample of each prequalified material for every prequalification period at least 1
mo. before the beginning of the prequalification period to allow sufficient time for testing.
Any material not submitted on time may be delayed in posting on the material producer

list.
Random Testing and Auditing

The Department reserves the right to conduct random sampling of prequalified materials

for testing, and perform random eudits of test reports. Deparimental representalive may
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CET/MR&P reserves the right to inspect and appreve the leboratery where the qualit
control testing is performed to ensure that all criteria for equipment and procedurs
cempliance are met. CST/M&P reserves the right to test samples to verify comeliance
with "DMS-4655, Rapid-Hardening Cementitious Materials for Patching Spallsin
Cencrete Pavement.”

Cisgualification and Requalification

A producer may be disqualified and removed from the quality monitoring program if 1 of

the following infractions occurs:

« Material tested by CST/M&P fails to meet the requirements stated in this
Specification

+ The producer fails to properly submit complete monthly quality control testing reports
or prequalification samples to CST/M&P or

« The producer fails to report changes in the fermulation or composition of the material
to CST/M&P.

If a material is disqualified, the producer will not be allowed to supply material to the
Department for a period of 6 mo., or as determined by the Director of CST/M&P. Alter
this time has expired, the producer must requalify to regain QMP status. Disquelification

will only apply to the patching material type corresponding to the infraction.

To requality after the 6-mo. disqualification period, the producer must submit a written
request to CST/M&P. Include with the request a test report from an independent

laboratory with data that certifies that the material meets the requirements in hizigrizl

iecvirsments. After receiving the request and test data, all requirements in

‘Prequalification Procedures’ will apply.

Sampling and Testing



Cests ¢f sampling and tesiing are normelly borne by the Depariment; however, he
ccsts 1o sample and test materiais failing to conform to the requirements of this
Specification are berne by the Contractor or supplier. This cest will be assessed at the

b
rate established by the Director ¢f CST/M&P and in effect at the time of testing.

Amounts due the Department will be deducted frem monthly or final estimates on

Contracts cr from partial or final payments cn direct purchases by the State.

Project Specific Testing

Materials not appearing on the material producer list require project specific testing and
approval before their use. Submit samples to CST/M&P with a certified test report from
an independent laboratory with test data verifying that the material meets the
requirements stated within this Specification. This material must not be used until

testing is complete and meterial is approved.
Naterial Requirentents
General Requirements

Rapid-setting cementitious concrete pavement patching material have the following

properties:

» The patching material is able to carry traffic within 3 hr. of placement or as diected
by the Engineer.

« Concrete patching material is resistant to weather and abrasion.

« The aggregate type used in the patching material will be those specified by the
manufacturer.

« The patching material has a skid-resistant finish (e.g., tining, broadcast sand).

« The patching material has a nonreflective finish with similar color tone to concrete,
and



Chemical Resistance

Menuiacturers must submit a cenified report indicatin compliance to the followina
K g

requirements for chemical resistance.

Chemical Effects
Deicers None
Motor oil None
Socium Chloride Solution (5%) None
Hydraulic Brake Fluid None

Standard: ASTM "C 267, Standard Test Method for Chemical Resistance of Monaré, Grouts, and
Monolithic Suracings.”

Submit report before the material is accepted into the QMP. It is not required as a part

of the menthly quality control reports, unless requested by CST/M&P.

Physical Requirements

Test Method Rec_qﬁirerﬁe'nfs
Final Set, min. 180 maximum

Slant Sheear Strength "2 1000 minimum
to Concrete, psi

Compressive “ASTM C 579, Standard Test Methods for
Q ‘I . . .
Strengin Compressive Strength of Chemical-Resistant
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ol ] 4.0 x 107 maximum

CoTE, “Tex-428-A, Determining the Coefficient of

Thermal Expansion of Concrete™

in./in./degree F 5.0 x 10°® maximum

Packaging and Labeiing

Package reactive components in airtight containers and protect from light and moisture.
Package aggregates to protect them from moisture. Include instructions for mixing and
application of the material, and include all safety information and warnings regarding

contact with the components.

Labels mustinclude the following information:

. type of material

. active chemical components

. brand name

. name of manufacturer

. ratio of components to be mixed by volume
. unigue batch number

. date of manufacture and

. expiration date.



1993 Specifications CSJ’s 0050-09-062 & 0912-71-880

SPECIAL SPECIFICATION
3408
Crack and Spall Repair (Elastomeric Patching Material)

1. Description. This Itcm shall govern for the furnishing and installation of clastomeric
patching material for the repair of random cracks and spalls in existing Portland cement

concrete pavement in accordance with the requirements herein and the details shown on the
plans.

2. Materials. The repair material shall be an clastomeric patching material consisting of a
fluid polyurcthane base or binder with a sand and with or without fiberglass aggregate
system to provide a product that mixcs in 5 minutes or less, {lows readily, adheres to
concrete, and requires no cxternal application of heat for curing. This material shall be
Delpatch (TM) and Dclercte (TM) Elastomeric Concrete as manufactured by D. S. Brown
Company, or cqual, as approved by the Engincer.

The matcrials shall mect the following physical propertics:

Binder Only
Test Test Method Specification
Original Properties Tenstle Strength, TEX-618-J 1,100 Min.
(after conditioning psi
at 100 F for Tensile Stress, TEX-618-J 500 Min.
7 days) psi
Elongation, % TEX-618-J 200 Min.
Hardness, ASTM D2240 90+3 A
Durometer D
Tensile Properties Tensile Strength, TEX-618-J 1,100 Min.
(after oven aging 7 pst
days @ 158 F Tensile Stress, TEX-618-J 500 Min.
ASTM D573 psi
Elongation, % TEX-618-J 200 Min.
Hardness, ASTM D2240 90+3A
Durometer D

Propertics for the binder and aggregate shall be submitted by the Manufacturer to the

Engincer for approval.

The size of the aggregate and binder to ag

oo

typces:

=

gregate ratio shall meet one of the following mix
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I eal. of binder.

Type2. The aggregate shall consist of finc silica sand passing the No. 6 sicve size. The

composition of the mix shall be approximately 30 to 40 1b. of aggregate per
1 gal. of binder.

Type3. The aggregate shall consist of sand of the size sclected by the Manufacturer.

The composition of the mix shall be approximately 60 Ib. of aggregate per 1 gal.

of binder.
The type of mix required for the project shall be as indicated on the drawings.

The clastomeric patching matcrial shall be gray.in color. The matcrial shall be kept dry and
above freezing temperatures. During hot weather the material shall be kept in the shade
and/or as dirccted by the Manufacturer.

Construction Methods. Prior to beginning operations, the Contractor shall submit a

statement from the clastomeric concrete manufacturer showing the recommended cquipment

and installation proccdures to be used. All equipment and procedures will be subjectto
approval by the Engincer.

The use of any cquipment which damages dowels, reinforcing steel, concrete, base, subbase
or subgrade shall be discontinued, and the joint and/or crack shall be clcaned by other
mcthods which do not causc such damage.

(A) Crack And Spall Preparation. At thc timc of scaling, the crack or spall shall be free

of all debris, dirt, dust, saw cuttings or other forcign matcrial.

The cracks shall be cleaned by a method approved by the Engincer. Unless otherwise
shown on the plans, hand tools, air guns, power routers, abrasive blasting cquipment or
other cquipment may be used to clean the cracks.

Unsound concrete shall be removed to the dimensions indicated on the plans or as
dirccted by the Engincer. Prior to application of the clastomeric patching material, the
surface shall be dry and shall be sandblasted to ensurc it is free from dirt, grease, oil,
laitance or other foreign material which may reduce the bond between the clastomeric
patching matcrial and the existing concrete pavement. There shall be no dust from the
sand blasting opcration in the arca to be repaired.

(B) Primer. Aftcr sandblasting, a primer supplicd by the manufacturcr shall be applied to

the arca to be repaired and allowed to cure for a minimum of 30 minutes before placing
the clastomeric patching material. The primer shall be re-applicd if 6 hours pass prior to
introduction of the clastomeric patching material, or if a rain occurs.

(C) Application. Elastomeric concrete components shall be weighed and mixed in

accordance with the manufacturer's reccommendations. The matcrial shall be placed into
the arca to be repaired within 4 minutes of the initial mixing, 1fthercis a sloped
condition in the roadway, placement shall begin at the lower end. Upon initial cure, a
notched trowel shall be used to provide a non-skid finish to the surface.

2-3 3408
03-04
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An experienced manufacturer's representative or agent of the manufaciurer <hali be
present during the installation of the elastomeric patching matcrial.

4

Measurement. This ltem will be measured by the mixed gallon of clastomeric patching
matcrial, complete in place. of the type specificd.

Payment. The work performed and materials furnished in accordance with this ltem and
mcasured as provided under “Measurement™ will be paid for at the unit price bid for “Crack
and Spall Repair Type 17, “Crack and Spall Repair Type 27 or “Crack and Spall Repair
Type 3”. This price shall be full compensation for furnishing all materials; for all routing
and chipping, removal of loose concrete and cleaning; furnishing and installing “Elastomeric
Patching Material and Primer™; and for all manipulations, labor, cquipment, tools and
incidentals necessary to complete the work.

3-3 3408
03-04
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SPECIAL SPECIFICATION
3096
Fiber Reinforced Polymer Patching Material

1. Description. Repair spalled areas, potholes, and joints on concrete decks, and concrete
pavements using a fiber reinforced polymer patching material, bulking aggregates and
surface course aggregates as specified below.

2. Material. The patching material is a dry powder consisting of resin, polymers, graded
fillers, granite aggregates, metal fibers, glass fibers and recycled tire rubber that once heated
provides an impermeable, voidless mass solid at ambient temperatures. The patching
material is formulated according to climatic conditions to provide a durable pavement repair
with good fluidty at process temperature, low temperature flexibility and ambient
temperature flow resistance.

Provide material where the binder meets the following requirements:

Binder Properties Method Requirement
Bond ASTM D 5329 Pass, 3 cycles @ -20°F 50% extension
Cone Penetration ASTM D 3329 15 pen units min @ 39°F
Ductility AASHTO TsI 1575 in min @ 77°F
Flow ASTM D 5329 0.12in max @ 140°F for 5 hours
Resilience ASTM D 5329 40% min @ 77°F
Softening Point AASHTO T53 179°F min
Flash Point AASHTO T48 410°F min

Bulking Aggregate. Provide single sized bulking aggregate consisting of a crushed, double
washed, and dried Grade 1 Granite in accordance with ltem 302, “Aggregates for Surface
Treatments” or equivalent.

Final Surface Aggregate. Provide final surface aggregate consisting of a crushed, double
washed, and dried Grade 5 aggregate in accordance with Item 302, “Aggregates for Surface
Treatments.”

3. Construction. Place the patching material installation to encompass the damaged / spalled
areas as shown on the plans. Variations in depth and width of the repair area can be adjusted
in the field by the Engineer.

The repair/replacement procedure will include the following:

1-2 3096
08-06
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(3)

(6)

(7

(8)

%)
Do

Ensure work is performed by an applicaior certified by the material.

Saw cut around the repair area and remove all loose and damaged pavement. Remove
the repair area to a depth and width which will allow proper seating of the palching
material.

Use a milling machine or jackhammer to develop the depressed seat. Obtain approval
for jackhammer size prior to use. Use an approved jackhammer capable of performing
the required removal of the existing material without further damaging the surrounding
pavement. Thoroughly clean and dry concrete substrate faces using a hot-compressed
air lance.

For concrete pavement, prime the area using a primer determined by the manufacturer
to prevent moisture intrusion. For concrete pavement repair, apply a layer of heated
binder 10 cover the bottom and sides of the repair area.

Mix and heat the patching material binder on site in a horizontal mixing unit equipped
with electronically controlled thermostats. Heat the bulking and final surface

aggregates and dry free of any dust in a vented barrel mixer to 300°F or other approved
method.

Apply the patching material binder to the repair area. If the repair area is deeper than
2 in., add bulking aggregate at a minimum rate of 15% and maximum rate of 30% by
volume as directed. If the repair extends deeper than 2 in., install the heated binder in
layers and add the heated bulking aggregates to the repair material at the rate directed
above.

Build the patching in successive layers until level with the existing pavement.

Apply a final coat of the heated patching material binder to level the repair area and
overlap the edges of the repair area approximately 2 in. to ensure a tight, waterproof
seal. The surface of the patch will then be dressed with heated surface aggregate.

Sweep the area and remove all debris from the site.

not allow traffic over the material until after it has cooled to the point that it does not

permanently deform under pressure as directed and/or as specified by the patching material
binder manufactures instructions.

Measurement. This Item will be measured by the pound of fiber reinforced patching
material binder installed.

Payment. The work performed and materials furnished in accordance with the Item and
measured as provided under “Measurement” will be paid for at the unit price bid for “Fiber
Reinforced Polymer Patching Material”. This price is full compensation for furnishing
materials, including bulking and final surface aggregates, patching material binder, and
primer; heating and mixing; removal and disposal of existing pavement material; placing
and finishing; and labor, equipment, tools and incidentals.

2.2 3096
08-06
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TXDOT Elastomeric Cancrete Specifications
T 14-J, Testing Epoxy Materizis
T !

-

-J, Testing Elastomeric Concrzis

y (D

Nl
~
N

h

i
.~
- T

A

1l

.

»,
ASTM Mcthods Cited in TxDOT Elastomieric Testing Specifications
ASTM C 190 (prior to 1831) for reference to molding briquet specimens

ASTM C 579, Standard Test Methods for Compressive Strength of Chemical-Resist

Grouts, Monclithic Surfacings, and Polymer Concrates

ASTM D 76, Standard Specifications for Tensile Testing Machines for Textiles

ASTM D 412, Standard Test Wethods for Vulcanized Rubber and Thermoplastic Ela

Tension

nt Maorars

stomers-

ASTM D 624, Standerd Test Method for Tear Stiength of Conventional Vulcanized Rubber end

thermoplastic Elzstomers
ASTIM D 638. Standard Test Method for Tensile Propedies of Plastics
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Fart ] of this method covars doominmg o

cpeeimiens such as molded exlinders and i ! i

weieht in excess of §00 kg/m™ (20 1b1 ). [_,\ copt for eduenal differences. ihi N
39 and AASHTO T _'3. P it 11 discusses the use of nea

idenncal wit
during this lcsnng

Units of Measurement
) are not standard and mav aot be exaa

cses (f provided
parately. Combining values from ihe

The values given in parenthe
mathematical conversions. Use cach system of units s
1o systems may result in nonconformance wiih the .\mlmznd.
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spetumens such ceonen !

Hhueieht meveoss of N0

nificance and Use

'7\

Below is informatien regarding the significance and use of this test methed,

e

Creise ¢arc interpreting the significance of campressive strength determinations by ihis

—
Ty
e

test imethod. since strength s not a fundamental or mirinsic preperiy of concrete made from
given maierials. Values obtained will depend onthe size and shape of the specimen,
batching, mixing procedures. the meihods of sampling, molding, fabrication, age,

temperature. and the moisture conditions during curing.

Usc this method 1o determine compressive strength of cvlindrical specimens prepared and
cured according to test methods "Tex-4 24-A, Obuining and Testing Drilled Corcs of
Concrete, Tex-447-A, Making and Curing Conercte Test Specimens," and/or "Tex-430-A.
Capping Cylindrical Concrere Specimens.”

The results of this test method may be used as a basis for quality control of concrete
proporiioning. mixing. and placing eperations; determination of compliance with
specificaiions; control for cvaluzting effectivencss of admixiures and similer vses,

Apparatus
The following apparatus is required:

¢ Testing Machine, power operzted, able to apply a laad continuously raiher than
imtermiitenily, without shock, having sufMicient capacity, and capable of providing the
rates of loading prescribed herein. If it has only ene loading rate, it must be provided
witha supplemental means for loading at a rate svitable forverifica ton. This
supplemental means of loading may be power or hand operited

@

Elastic calibration device, such as the crrcular proving ring, with sufficient Capacity 1o
coverthe potential leading range of the testing machine and w hich ceniphics witlithe
requirements of ASTM E 74

¢ Bearing Blocks. Upper and Lower. with bearing faces that have a Rockwell hardness
netles than 55 HRC. and minimum dimensions o least 3% ¢

reater than the diameter off
the test specimen. Except for the concesniric cireles described below, bearing fae
notdepart frem a planc by more than 0.025 mm (0.001 in) in any 132 mm (6in.)i

mn
blocks 132 mm (6in) in diameter or luraer, ar by more than 0.025 mm (0.00] inJin

¢sshall

iexas Depaitment of Transporiaricn

)

R XDOT 06:2000)



n €

Afevimum Diameter of Bearing Fuce

L Dizmicter of Test Specimens Maximum Dizndter of
mnt (in.) Bezrine Face mm (in.)
31(2) H02 (1)
| 76(2) 127 (3)
] 162 (3)
152 (6)

203 (%)

NOTE: Square bearing 1a

44
o

inscribed cirele do

(2]

S

CS are pemit

C
not execee

1he above diameter.

The center of the sphere must coincide with the surface of the bearing face within a
tolerance of & 5% of the radius of the sphere. The diamcter of the sphere must be at feast
753% of the diameter of the specimien to be tesied.

When the diameter of the bearing face of the spherically scated block exceeds the dizmeier

of the specimen by more than 13 mm (1/2 in.), inscribe concentric circles not more than C.8
m (1/32 in.) deep and not more than 1.2 mm (3764 in.) wide w facilitate proper contering,

The ball and the socket must be co designed by the manufacturer that the steed in the contact
arca does not permancently deform vnder repeated foads up 10 82.7 MPa (12,000 psi) on the
test specimen. The preferred contact arca 1s in the form of a ring (described as "prefened
bearing area”) as shown in 'Schematic Sketch of a Typical Sphenical Bearing Block!

s Departmicnt of Transpernazicn
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M 2B CS5 14 Ald Big

ST Unitg Type  Hardness Heat
Resistance

Type - 100 °C Test Temperzture

Class - 1209 Maximum Yolume Swell
Hardness (Burometer) - 30+ 5 points {Duro)
Tensile Strength - 14 Mpa
Heat Resistance - Tested acconding to Test Methed ASTM
Compression Set - Tested acc

373

D
ording o Test Methed ASTM D 393

Figure I. Schemaric Skeich of a Typical Spherical Bearing Block.
The fo”owing text refers 1o the 'Schematic Skerch ofa Typical Spherical Bearing Block!

The curved surfaces of the socket and of the spherical portion shal] be kept elean and shall
oc ubricated with petroleum-type oil such as conventional motor oil, not wiih pressure pe
greasce. Afier contacting the specimen and apphcation of small mnitial load, further tilling of
the spherically seated block is not intended and is undesirable,

I the radius of the sphere is smaller than the radius of the largest specimen 10 be lested, the
portion of the bearing face extending beyond the sphere shall have 3 thickness not less than
the difference between the radius of the sphere and radiug ofthe specimen. The least
dimension of the bearing face sha!l be at least as areat as the diameter of the sphere,

The movable portion of the bearing block shall be held clesely inthe spherical seat, bu iy
design shall be such that the bearing face can he rotated {freely and il at least 4% in apy
irection.

(o9

Nazke final centering with reference 1o the upper spherical block, When the lower he

caima
block is used to assist in centering the specimen, the center of the concentric rings. hen
provided, or of the block itsclf. must be dircctly below the center of the spherical head
Mzke provisions an the platen to assure such g position,

¢ Lower bearing block, at Jeast 35 min (1 inl) thick when new.and at feast 22.9 pay 9/19
m.) thick after any resurfacing operations, on which spectmens will reet, which provides

a machincable surface (o maintain the specified surface conditions. Concentric circles,

as described above, are eptional. The bloek may ke fastened 1o the platen of the teqine

5
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Q0 ':hCiUCw ion 1S fr\lklx\ the s aloe thar 19 100 tiacs

nee of lead s

1l be consic
SCaic must }\ z ;‘L"C ];!‘\_‘C.'\". i
cqual to zero @ M 30 nun b C] hc diza'l painter shall be of sutficient

o rcach 1} ¢ graduation marks: the width of the poinier tip must nat excecdthe
r distance benween the smellest eraduations, Each dial shall be og

l“ll\ sod witha z¢10
::a_;usnncm casily accessibie frem cutside the case. with a sunabk

-

times uniil reser, will indicate 1o within 1% accurzey the maximum log

NOTE: One half of a scale interval is shout as close @s can reasonably be ren
10.02 in.]) slong the arc ucscnbcd by the end ofllm poimiery or when th
load indicating mechanism is between 1 mim and 1.6 mm (1/25 m. and 16 '-1) \\nm
spacing is between 1.6 mm (1/16 in.) and 3.2 mm (1/8 in). onc third of an mtenval can
be read with reasonable certainty. When the spacing is 3.2 mm (1/8 in.) or more.one
fourth of a scale interval can be read with reasoneble cerainty.

e Dicital load indicator, with a numerical GIQph\' Jarge cnough to be casily read, and
aumerical increment cqual to or less than 0.10% of the full scale load of a givenloading
ranec. In no case shall the verified loading range include loads less than the mirimem
numerical increment multiplicd by 100, The accuracy of the indicated load mustie
within 1.0% for any valuc displayed within the verified loading range. Provisien must
be made for adjusting to indicate true zero 2t zero load. A maximum load indicatr will
indicate, within 1% system accuracy. the maximum load applicd to the specimenat 2l
times, untl reset,

Calibration Requirements

Below are the requirements for verifying calibration of the testing machine:

¢ Verifving calibration of the testing machine sccording to ASTM E 4 is required:

«  After an clepsed interval since the previous verification of 1S months maximum,
but preferably after an interval of 12 months

e  Qnoriginal installation or relocation of the machine

« Immediztely after making repairs or adjustments which may in any way afict the
operation of the weighing system or the values displayed, exceptfor zero
zdjustments that compensaie for the weight ef tooling, or specimen. or both

s Whenever there is reasen to doubt the accuracy of the resulis. witheut reeard o the

time interval since the last verification.
« The accuracy of the testing machine thould conform to these provisions:

« The pereentage of error for the loads within the proposed range of use of the testing
machine must not exceed £ 1.0% of the indicated load.

Tovas Deparsinent of Trangse 5
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= 4-3
Ep=i00(4-3)/8

~
I

Where:
A =load, N indicated 5y the machine being verified. and

B = applicd load, N as determined by the calibrating device.

¢ Therepont on the verification of g testing machine should S HHURIE
range it was found (o conform to specification requirements, rather than reporiing a
blanket acceprance or rejection. In no case shall the loading range be stated us
including loads below the value which is 100 times the smallest change of load the
can be estimated on the load—indic:ning mechanism of the festing machine o loads
within that portion of the range below 10% of the Maximum range capaciy,

1thin what loading

¢ Inno case shall the loading range be stated ag including leads outside the rinee of

loads applicd during the verificztion test.

* Theindicated load of 3 festing machine should net be corrected cither by
caleulation or by the usc of 3 calibration diagram 1o obtain valucs within the
required permissible variation,

Specimens

+  Specimens shall not be tested if any diameter of 3 cylinder differs from any other

dizmeter of the same evlinder by mere than 2%.
NOTE: This may occur when single use molds arc damaged or deformed durine shipment,
|

when flexible single use molds are deformed curing molding, or when o cere dril)
detlecis or shifts during drilling.

¢ Ncitherend of compressive test specimiens should cepart rom perpendicularity tae
axis by more than 0.5° (3 mmin 300 mm [1:8inin 12 in.J).

¢ Capthe ends of compression 1ot specimens according to Tes Nethad "Teoxn-430-4

Capping Cylindrical Conerete Specimens.”

¢ Dclermine the diameter used for calcu]:zling the cross-sectiona! arca of the test
to theneerest 0.25 mm (0.01 in)) by averagimg two dismeters measured

to cach other at zbout mid-heieht of the specimen,

atright ane

Texas Depariient of Tmnq)m'/:.’:imz DOT i
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Solss srande

3 Vhen the diamcte

r
all cylinders tesied on that day shail be compuied from the averaee of
cC

the shree or more cvlinders representing the group tesied 1ihat day.

3 R IR o N I N e -
¢ are mousured at the reduced frequency. the cross-sectional areas of
o
b

<
e diamatas of

neth sha g1 be measured 1o the nearest 0. 03D when the fengih to dizmeter v 210

len
than L\, or maore than 2.2, ar when ihe volume of ihe cvlinder s dete erminediromn
mcasurcd mcnsion

¢« Thel
8%

Test Procedure
The following describes the procedure for compression testing of cylindrical conereie
SPECHMNCNS:
& Test specimens in a moist condition.

+  Perform compression tests of maoist cured specimens as saen as practicable after
removal from moist storage.

+  Kcep test specimens moist by any conve nient method during the peried between
removal from moist sterage and testing.

¢ Break all test specimens for a civen test age within the sermissible ttme telerances
A 2 ]

LS
preseribed:
Time Telerances
Test Ace Permissible Tolerance
24h 203 hor2.1%
3 davs Dhor28%%
7 davs Ghor36hs
28 davs 20h or 3.0%
| 90 duys 2 davs 2.2%%
Texas Deparmment of Transporiciion § INDOT 052660



. ¢ Curcfully abenihe ovic o the specimen with the conter of thrus ol the spherics v aed ‘
block
¢ Agthe sphericelly seated Block is brought 1o beer on the Specimen. retzte its movabh

peThen
eently by hund. so that uniform scating is obigined.

- ¢ Applyihe loed continuoush und without shock.,

« Foriesting muchines of the serow e the moving head shall travel it

1

2 ruie of
dpﬂu\m.hmv Fm (0,05 in )y minute when the machine § s running idle.

«  For hydrovlically opersied machines, the Tox shsbhull be spplicd st a raie of mos o
{nlaten o cross- ‘nm musmameni) conesponding 10 a loadin graic enihe s

i within
the range of 014 10 033 Apuss {2010 50 psi's). Maintzin the designated rue of mvement

atleast during the lutter half of the anticipeted Yoading phuse of the 1 lesting evele,

+ During the application of the first half of the anticipuied Jouding phase g higher ra:

¢ efloading
shall be penmitted.

¢ Muke no adjustment in the re of movement of the platen at any time while a NG

e i
viclding rapidly immediately before failure,

+ Apply the load unuil the specimen fails, snd record the maximum load ¢

arried by the pecimen
(‘ur'n«v the rest

¢+ Naie the ivpe of fiilure and the appesrance of the conerete,

Calculations
Use the following calculations to determine the compressive strength of the specimer;

Cileulate the compressive sirength of the specimen by dividine gathe maximum load caried
by the specimien during the test by the average cross-sectional arca determined as pradcushy
described and express the result 1o the nearest S0 kPa (10 psi).

If the specimen length to dizmeter ratio is fess than 1.8, correct the result obtained by

U

multiplying by the approprizate correction factor show nin the following 1able:

|

Carrection Factors i

LD 1.73 1.50 |
| Fuctor: (.98 0.96 '

NOTE 8§ These Corrc tion {actors 2p;)]\ o fichtw cight conerete welching b"'\"ﬂcw J RG]
and 1920 l\z,m (100 and 200 ib.U) and to normal weight concrete, They @ 'wiw‘\!c
to concrete dry ar soaked at time of load ing. Values '*(1 civen inthe able <I‘"11
determined by i mterpelation (see 'Cylindrical Canerete Specimens Factar Table! nTest

Method "Tex-424-A. Obtainine and Testing Drilied Coxc> of Concrete™). The co

S n"k(t 10n
factors are applicable for nominal concrete strengths from 13.8 t0 41 4 APy (2000
6000 psi).
Texas Departizent of Transperaiion 9 IXDOT 62060
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¢ Mavmmum load, in Newiens fpeunds-{ered)

+  Compressive strengih caleulated to the nearest 30 kPa (10 psi)

\
="
Cadlendyy

Type of fracture. if other than the usual cone (sce "Skeiches of Types ¢f Fraciure

4

Defecis in cither specimien or caps

¢+ Agcof specimen.

\ / ;N\ /
/ \ ,

Core Cone 2nd Sniit Cone and Shear Coturenar
(&) ) Shear {3 {c)
£~
(<)

) | ]
| 1
A AL LS i
|
i

Figure 2. Skeiches of Types of Fracture.
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Specimens Using Unbanded Cips

ot il - Comypressive Sirer ngth of Cvlindrical € oncreie’ discusses the use 0 ‘:':1bondcd
w nh metal extrusion contral reEiners as a suitable aliernae CAppIng procedure 10 (hoce
identified in Test Method "Tex ~430-A, Cupping C vhndrical Concreie S
determing the compressive <.rcn~ h ot mielded cvlindrical con uuu specime !:\C(‘g?l for
cdnorizl differences, this procedure is the same ag A ST C 1

p&umu "

Apparatus
he fellowing apperatus is required:

¢ Steel extrusion control ret: uners, with cavities w hich have 3 depth ateast twice the
thickness of the pad. The inside diameter of the retaining rings should not be lessthan
102% or greater than 1049 of the diamcter of the C\Immr. The surfaces of the stee]
rctainer which contact the bearing blocks of the testing machine must be planc wowiilin
0.05 mm (17300 in. ). The bcnrms surfaces ef the reainers should not have ¢ gougcs,
:’mous or indentations arcater than 0.25 mm (1/100 in.) d deep or 32 mny (1/20 ) in
surface area,

¢ Padsmade of polyurcihanc or v arious other rubbers such as polyvchloroprene
(neeprene) or natural rubber th: \t have a Shore "A" durometer hardness of 30

10 W have
been found acceptable, Shore ", A" hardness is determined by ASTM D 2240,

Precautiens

The follo\\mo precaution should be observed when testing cviinders with unbonded ¢ cips:
Concrete cylinders tested with unbonded caps fupture more intenselv tha
ey linders tested with sulfur moriar Caps. Asa safety precavtion, ihe
should be cguipped with a proteciive cage.

b

an compurable

cyhinder tosting michine

Test Specimens

Test specimen as detailed n Part 1, Det termining Comipressive Siren wwih of C vhindrical
Ceoncrete Specimens' of this test m icthod, modified as noltd:
¢ Eachend of the conerete cvlinder mustbe planc within 3 M (18 i) across any

i which are deeper
Smm (18 in.). Do not tf“q cvlinders that do not meet this 1¢ olerance, unless ¢! i
urface irregularity is correcic

diz rctu 1.c., there shall be no depressions in the concrete surfa

}'\')

Texas Depariment of Transporiaiion 1]
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1 3 : 3.y T3 H Vi bt
FETIanm the comypressian st as Setarted wy Part I Doomning
H

o

Cylindrical Concrete Specimens’ of this test method. moditied s .d]o\\x

¢ Placc an exirusion coniroller, containing a pad (as described i ‘App;x atus'), on the wep

and bottam surfaces of the concreie eyhinder. With '.h neCprenc eaps in conact with the
concrete eviinder, carcfuily align the axis of the specimen wiih the center of thrus of

the spherically scaied Block. Bring the bearing blocks of the machine in contact with

both of the extrusion contraliers.
¢ Noloosc particles shall be trapped between the concreie © }l]ﬂdkr ind the neeprene cuns
or between ithe bearing surfzees of the extrusion controller

s and the bearing tloas of
the testing machine.

¢ The same surface of the ncoprene cap shall bear on the concrete cylinder for all wsts
performed with that cap. Do not test mom than 100 cylinders with one ncoprencap,

Pads cxhibiting cracks or splits, regardless of number of uses, must be replaced
immcediaiely.

NOTE I: Deterioration of the pad at the perimeter is normal. however if the thicknessis
reduced by more than 4 mm (1/8 in.) the pad shall be replaced.

NOTE 2: When used, ncoprene caps shall be considered as an acceptable substitute for

sulfur-mortar caps without correction for apparent strenigth differences.
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Secvion 2

N N N R R T FOTN TR arae o S 1 ~ N ST c
peble of mainteming tenperatares ST SO0 2 1 C 22 22 TFyandla =

Scaic or balance with a capaciiv of 20 ke (44 1b). and accurate 10 0.1%% over its mn

Caliper, comparator or other suitzbie deviee to measure 1
ncarest 0.1 mm (0.005 1n)

o

e specimen lengih o the

Support frame, as deseribed in 'Suppont Frame'

Concrete saw, capable of sawing the ends of a ¢y Hindrical specimen perper

wdicular tothe
axis and paralicl 1o cach other

Four submersible temperature mcasuring devices with a resolution of 0.1 <C (0.27°F)
and accuratc 10 0.2 °C (0.4 °F)

Submersible LVDT gage head with excitation source and digital readout, with a
minimum resclution of 0.00025 mm (0.00001 in.), and a range suitable for the teq (for
casc in seriing up the apparatus, a range of £ 3 mm (0.1 in.) has been found praciical)
Reference bar. made of 204 stanless steel or other non-corrasive material of known

thermal expansion: approximately 180 mm (7 in)) in length and 31 mm (2 i) in
dizmeter.

Texas Deparmment of Transporiarion 3 TDOT620600]
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Urocedure
The fellogwima nr Ay soiling rers ta determnine the cooificient of thermal
Lac icnowing proceaurce outly the Stops o geternnne e cecinaient of et
C\pansmn
Determining the Coelfficient of Thermul Expansion
Step Action
] ¢ Cendition the test specimens by submerging i setureied Bmewater 2t 2222 °C ({73 2 4
¢F) for not less than <8 hours.
« Conditioning is complete when 1w o successive \'«'C;“]‘i"g&‘ of the curfuce-dried sample
wxhon ot intervale of 24 hours show an increese nweicht of less than Q5890 s
'
Ly . ~ . . ~ . . it
+  Obrain a surfece dricd sample by removing the surface motsivre with 1 towel,
2 + To avoid eny sticking at the points of contzet with the specimen. put @ very iftin film of
silicon grease on the end of the suppont buttons znd LVDT up.
+ Place the support frame. with LVDT stiachied. in the celd water buth,
3 Place the four temperature sensors in ihe bath at locaiens thet will provide snaverege
temperature for the buth 2s a whole.
4 ¢ Remove the specimen from the ssiuration tank und measure its lengih st room
temperature 1o the nearest 0.1 mun (0.004 ).
+ Rccord this length as L.
NOTE: AN measurcmients must be completed within one minute eficr remioving the
specimen from the szturation tank.
|
3 Plzce the specimen in the measuring apparaius Joczied in the contreiled temperzture bath,
making sure that the lower end of the specimen s firmly seated agiinst the support buttons,
and that the LVDT tip is seared 2eainst the upper end of the speaimen.
6 ¢ Sctthe temperature of the water bath 1o 10 £ 1 °C (502 2 °F).
s Muzintain this temperature until thermal equilibrium of the specimen hus been rezched.
us indicated by consistent readings of the LVDT 1o the nearest 0.00025 mm (0.0000]
n.) teken every ten minutes,
+ Ensure that the specimen is finnly seated ceainst the suppoert buttons, as confinmed by
the LVDT reading.
7 ¢ Record the temperature readings from the four sensors 1o the neerest 0.1 °C (0.2 °F).
The averzee of the four temperature readings 1s the initizl temperature, T, ‘
¢ Record the LVDT reading to the neerest 0.00023 mm (0.00001 in). This iy the inni
leneth reading, L. :
8 ¢ Sctthe wempereture of the waier buth 10 20 2 1 °C (122 2 2°F). :
¢ Maintzinhis temporature ot thermal eguilibrivm of the specimen hus been reached, |
us indicuted by mn,\!slcm readings of the LVDT to the nearest 0.00025 mm (0.00001
in.) 1aken overv 1on minuics.
9 ¢ Record ihe temperemure readings fromthe feur sensors to the neerest 001 7C (U2 °F), \
!
The average of the four temperiture reedings s the secend tempereture, To. ?
¢ Record the LVDT reading to the neerest 0.00023 mm (0.063071 in.). This is the second
reading, Lo,
10 + Sct the tempereture of the water bath 1o 102 1 °C (30 £ 2 °F).
¢ Maintain this temmnerzture vatil thermel cquilibrivm of the specimen hes been reached,
srisicni of Transporiation Al xDOTU12001
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Step i Action
ceondiceiod by consisient roadings of the LVET 1o 1ho Cnest OGGNES ) 1)
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¢ Record the LVDT rending o ihe nearest 0.00023 mm (0.0000] in.). This Is the thirg ]
: 1
readime, La. :
Calculations

An average coefficiont of thermal expansion ( (COTE) will be ohtained by determiningthe
individual COTE for both Steps 6-9 and for Steps 8-11. A correction factor (Chyis neded 1
climinate any effect caused by thermal expansions or contractions of the measuri ng
apparatusand support frame. The caleulation of the correction facior i1s described in Fart 1)

of this test meihod.

The COTE for the first scgment is determined as described below

(L:=L)+[C oL, «(T,~T,)]
Lys(T,~T,)

COTE, =

The COTE for the second scement is cxleulated as:

(L:_LJ)+[Cf°]~n°(TJ_Ts)]
Lye(T,-T,)

COTE, =

The average of COTEL and COTE2 shall be the COTE of the speennen.

NOTE: The difference between COTET and COTE2 must be less than or cqual to 0.5 micro
straing/C (0.3 micro strains/F). If this tolcrance is exceeded, enc or more additional
test segments should be completed until two successive test scaments vield COTE
values within allowable tolerances.

Repert
Report theaverage COTE 1o three significant digits.

Example:

COTE=173x10°/°C

Texas Department of Trensporteiion 6 xDOT 01°00]
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Part I, Determining Correction Facror
Procedure
The following table cuthines the steps to determince the correciion facior.
i
Determining Caorrection Factor i
Step Action
I Cenduct Steps 3-8 from the ‘Determining the Cociticiont of Thermal Expansien’ precedure
& b }

using the reference bar as the test speciimen.
NOTE: The reference bar should be keptin a clean. dry locutton and will not be plaved in
the szturztion tank.

2 Calculaie the measured length chanee (ALY of the reference ber during the wonperziure
change using the {ollewing conation:
AL, , =1L, - ‘LJ
3 Celeulate the actozl lengih change (AL, ) of the reference bar during the 1emperature
change using the following equation:
AL, =Ly xa x(T,-T))
Where:
¢+ Lp=length of the reference bar
¢ .= cocfiicient of thermual expansion of reference bar, 72C (17.3 x 10°C. for 204 SS).
4 Caleulute the correction factor (Cy) as foltows and record to three significant digits:

AL = A

el

Cf
L.’:(T." - T/)

msdd

Support Frame

The frame shall be made of non-correding materiel to minimize the effects of being
submeraed ina water bath, Verticel members shell be made of Invar. a tow thermaily

3
expansive material. All athier components shell be made of 204 stainless steel

he threaded measurement tip shall have a threadlocker (example, Loctite 242) applicd ¢

srevent focsening during a test. The framie may be desiened to be adjustable to

(

zCCo mmoh different sample lengihs; however. calibrations will be required afier cach
adjustment.

Baseplate Dia. - 10" or Rectangular 10" x 37

Texas Denarisent of Trasporiarion 7 XDOTHI200]
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Figure 1. Support Frame.
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Averview

Cifecine da1er fune 2O03,

sreut cubes. Grout §s fommed

3 R ) STTYTIINOR TN o Tae e o oy e
Phis testimchod detennines ihe COIMIPTCSSIve Jirene

ared, and comyprossed.

This procedurc is identical 1o ASTN C 942

Units Disclaimer
The values given in parentheses (if provided) are not stendard and may not be eaact

¢ cach system of units separately. €

mathematical conversions. Use car ombining values frem ke
with the stendard,

two systems imay result in nonconformance

Texas Depariment of Transportarion 2
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Sectign 2

+ baseplates
¢ trowel

+ testing machine as specified in "Tex-418-A, Cempressive Streneith of Cylindrical
Concrete Specimens”™

+ cover plates for specimen molds, capable of supporting a 15-1b. mass
+ massof 15 1b. for holding down cover plates

+ rcleascagent.

Texas Deparnmeit of Transpoitaiiv 3 INDOTH52003
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Procedure
The follewine wble dosoribos the Comprossive i
Ceniprossive Strenath Ted
Step Action
] Gresse molds with refease seent,
2 NMold sets of cube specimens.
¢ A 3-cenu cube mold will constitie 1 rest set.
+ Provide gt least 2 sois
3 +  Fill cach mold halfwn

¢ Puddle cuch with a gloved finger 3 times to release entrapped eir.

¢ Fill the mold and puddie ayuin.

+ Bringthe excess grout to the center and tinish the surface by (‘x:ning Tthe excess withihe
straight edye of @ trowel held verie: I|]) end drown across the top of the mold with a suving
motien.

4 ¢ Place the cover plute over the mold. 1aking cure that the grow or loose craing of sund donot
prevent seating of the plute.

+ Plaicca mass of 15 1b. on cach cover plaite.

3 Store ficld specimens according 10 "Tex-347-A. Makine and Curing Concrete Test Specimens,™
6 +  Determine the average compressive strength of 3 cube specimens a minimum of 7 duys

¢ Testthe final set of cubes. if needed. at 28 days.

7 +  Wipc each specimen to a surfuce dry condinien, and remove any loese send graing fromihe
faccs that will be in contact with the bearing blocks of the testing machine,

¢ Check the fuces with a straightedee,

¢ Planc cunved surfuces by erinding or discard specimen.

¢+ Muake @ cheek of the cross-sectional arca of the specimens.

S Apply the load to specimen faces that were in contact with the tnie plane surfaces of the mdd.

+ Place the specimen in the testing machine below the center of the upper bearing black.

¢+ Use no cushioning or bedding maiterisls,

10 + Bring the spherically scated block into uniform contact with the surfuce of the specimen,
¢ Apply the load rate gt a relutive rate of movement benween the upper and lower platens
corresponding 1o a Joading on ihe specimen with the renece of 200 10 JHO Ih./ecc.
11 + Record the maximum lezd imdicated by the testing machine,
¢ Celeuslate the compressive strength of the cube.
¢ Tekean averace of the ot of cubes
yas Do 3




< A
Sectian S
Caleulations
LTSI the RISETIItES

+ F., = compressive strength (ps1)

¢ P =1otal maximum load (1b.)

>

A =zirea of leaded surface (in),

Derenmine the average of the 3 cubes as follows:

S = Cir+Cor+ Ca
Avg E
Where:

¢ Avg = Average compressive strengih of 3 cubes (ps1)

+ C) =compressive strength of cebe | (psi)
¢ C:=compressive strength of cube 2 (psi)

¢ (3 =compressive streneth of cube 3 {ps1).

Texas Department of Transporiation 4
¢ - i

IxDOT 0422003
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Pdelineate areas of poor aunlity or deteriorsted ¢ o '
13 CCHNCEIC BICES O POOT SUEOTY OF CCICTIoreicg (ondrelg
. e A1 reet T ramialv Sorien o Leraa crene a8 el
TEITINICT IS MOS useiu] 101 x.i;.)i\]]_\ survening L'.;\_;L‘\:Yk‘.m O1 St

GTCONTTC in
the construction under consideration. This test method is netimiended as an aliernative for
strength determination of concrete and may only be used as an aid in locating suspec
concretce.

Texas Depariment of Transporiation ?
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Pex-498-A, Mintmum Standards for Acceptance of g

E,u{)oratory for Concrete and Aggregate Testing

Contents
ST OT 1 m NIV OV Lo 2
SECIOTT 2 — D OCUITIC I AN e et e et et e e LD
Section 3 — Equipment Calibratien and Verification.. ... D
Gl ON A — PrOCCAUTC S e e e e e e 19
Texas Department of Transperiaiion I 20T 19599



Section |

Overviesy

Overview

Uec this proce d‘"'c 10 determidne i a labor oy mwets the miunimum standards for conre
ate testung. The scope of a labors tory's qualitication may

reg include only thosw 1
srelevant wo its operations or which may be required under contract. All appli
s

procedur catle
cquipment shall be calibraied or verified at the specificd intervals. In addition 1o
requiremients shown below, cach apperitus required to perfornm cach test method nivy be
ivailable in the laboratory.

Units ¢f Measurement
The values given in parentheses (if provided) are not stzndard and may not be exact
mathematical conversions. Use cach system of units scparately. Conibining values frem the
Bwo sysicms may result in nonconformance with the standard.

Texas Deperimeiit of Transportesion 2 TWROT 0871669
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uch ree c.c S \wrl \h:czs shail mclude ihe feblow

imfermstion for e
picce of cyuipment:

+ descripuon of cquipment

¢+ senial number, or other ID

¢ frequency of calibration

¢ czlibrating technician

¢ daic of cahbraiion

+ daic of last calibrauon

+ datc of next calibration

+  proccedure used to calibrate equipment

+ deciailed results of calibration work

See 'Calibraven/Verification Worksheet! for an examiple of a ty pical worksheet used w
document calibration and \'criﬁcmion ofgqm ment.

Texas Depariment of Transportaiion

fng

DOT 641¢
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TENASDEPARTMENT OF TRANSPORTATION

EQUIPMENT CALISRATION RECORD

SLUMP CONE (Tex-415-F)

NMunufacturern:

Model'Serinl Na,

Dute:

Calibraned byt

Previcus Culibration Dove:

Neat Do

Frecuenev: 12 mwonthy

Locstion:

Acticen recaommended:

Bepur Repluce

Naone Oher

Calibration Equipment

Equipment LD,

Ruler, rendablen 17167

Measuring Tape, readuble to 17167

SLUMP CONE

C

Dimensions

LERR S

s
m

U

12=1%"

Resuhs |

Isthe slump cone fiee of conerete buitdup?
Is the stump cone free of indentations?

ts the slump cone

ipped with foot pieces?
tsinterior of cone fee fom projections?

REMARKS:

Texas Department of Transportaics

N

IxDOTii¢69
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\il‘lql nent Calinratidn and veriicatian

g T A e te orvals encciiiod holow
JQuEpnnl = N a8an on 1o i vals ‘Lkl;mu\-g.\/\\.. 14

re- IIL‘L 1cd Or\dan” HIII]L s moved o

N

balancess QL\AIcc beam breakers (cheek zero and adjust as needed). compression machines,

thermometers (cheek for broken mercury column), and ovens.

Sicves - In additon 1o the noted six-month visuel ingpections, resulis from annual scils and
ggregates proficiency samples can be used to verify the accuracy of sicves.

_)

«

¢ "Tex-401-A. Sieve Analvsis ol Fine and Com% Ageregeic o

Tex-401-A. Sieve Analvsis of Fine and Course Acuregates
. . Intervil
Equipment Requirements Procedure . '
(Monihs)
Sicves, us Bisted in procedure Check physical condivion | Tex-907-X 6
Check uccuracy Proficiency 12
Sumple
Quuartering machine, sample splitter, | Visual inspection NA 12
or quartenng cloth
Mechamecal Shaker Verify sieving Procedure 10-2 12
thoroughness
Balunce, accurste and readuble to Verify calibration Tex-901-K 12
0.1¢2 or 0.1%6 of the mass of the test | records
sample
Drving oven, muintuined st Verify temperature Procedurce 10-1 4
2029°F (11045°C) semng
Pans, scoops. brushes. cic. Visual inspection NA 12
¢ "Tex-402-A. Fineness Modulus of Fine Acercaate”
Tex-402-A. Fineness Modulus of Fine Acercoate
. . Interval
Equipment Reguirements Procedure
(Manths)
Apparatus specified in Test Method | Same as Tex-401-A Semc as Tex-301- | Same s
Tex-201-A A Tex-401-A
¢ "Tex-403-A. Saturated Surface-Dry Specific Gravity and Absomtion of Agerceates”
Tex-403-A. Saturated Surface-Drv Specific Gravity and Ahsorption of Acorecates
. . Inten:l
Equipment Requircments Pracedure '
{Maonth)
Glass jar (pycnometer). 0.5¢e1 (2L), | Cahbrate & check Tex-203-A Euch ue
and pyenomeler cep nhvsical condition
Balance. minimum capacity of Verify calibration Tex-G01-K 12
4000¢g, with en zccuracy and records
readability of 0.5g or 0.1%% of the
mass of the test sample, whichever
18 greater

o

Texas Deparmient of Transportaiicn

xDOT 051999



Chock phvsicad vondition 6
Cheek vecursev 12
Poensc 120 n diameicr Visued fnspection 10
Sl Trewel Visual mspection NaA 12
Syringe or rubber bulb Visual inspection NA 12
Quunenng machine. sumple sphrter, | Visual inspcction NA 12
or quuriering cloth
Lintfree cleth or 1owel Visuzl inspection Na 12
Semple container Visual ingpection NA 12
Suspended Apparatus, s deseribed | Visual inspection NA 12
in procedure
\Water wenk Visual inspection NA 12
Meial cone and 1wmper Verify dimensions Tex-406-A 12
"Tex-404-A. Determining Unit Mass (Weieht) of Aeerceates”
Tex-404-A. Determination of Unit Mass (Weicht) of Acoreentes
. . Inter:)
Equipment Requirements Procedure :
(Monthey
Scoeps, one medium ond one small. | Viewal inspection NA 12
having sguare poinis
Quartering cloth or large flat metal | Visual inspection NA 12
pan
Balance, accurate to within 0.1%0f | Verify calibration Tex-201-K 12
the test sumple and readeble 10 S¢ records
for finc aggregate and 10y for
course zueregate
Metal straightedee Visual inspection NA 12
Volume mezsures; volumes of 0.1 Verify calibration Tex-903-K 12
and 0.5 cubic feet records
Denim cloth sleeve Verify mcasurements Tex-404.4 12
Tamping red Verify measurements Tex-102-A 12
"Tex-405-A. Determining Pereent Selids and Voids in Concerete Agorceate”
Tex-405-A. Determinzation of Percent Solids and Voids in Concrete Acoreoute
. . Inten:!
Equipment Requirements Procedure
(Monits)
Apperatus specified in Test Method | Same os Tex-403-A Semic as Tex-203- | Same z
Tex-103-A A Tex-4024
Apparets specificd in Test Mcthod | Seme os Tex-404-A Seme as Tex-404- | Same a
Tex-104-A A Tex-404.4

Texas Depariment of Transporiciion

T
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¢ UTeox-406-AL Materiah iner than the Noo 2 Sieve
2H0) Sieve In Mlinerz] Ae nleton
Test for Concrete Agoregates)
: , . ; . Interd
Eguipment Reguirements Procedure
LS 4 )
{Manths)
Bulence minimum cepacity of Tex-401-K 12
60002, securste und readable to records
0.5¢ or 0.1 of the mass of the text
sample. whichever s ereater
Drying oven. maintuined a1 Verify temperature Procedure 10-1 or | 3
14049°F (6023°CY Tex-927-K
Drying oven. maintzined at Verify temperature Procedure 10-1 or {4
23029 (11025°0) Tex-907-K
Sicves, as listed 10 proceduwe Chicck physicel conditen | Tex-507-K 6
Check accuracy Proficiency Sample | 12
Puns Visual ingpection NA 12
Sample sphitter. or quancring cloth Visual inspection NA 12
piesp j ]
Plasier of panis molds with filier Visual nspection NA 12
puaper
Part Il (in addition)
Wide mouth funncl Visual mspection NA 12
Pyenometer; 0.3gal (2L) glass Calibrate & check Tex-203-A Euch e
mason jar with 2 pycnometer ¢zp phyvsical condition
Part 111 (petlimestone)
Dessicator, with indicating ovpe Visual inspection NA 12
g0y p
silica-vel dessicant
Anzlytica] balance, suitable for Verify calibration Tex-901-K 12
rapid weighing, minimum capecity | records
of 100g. accurate and readabale 10
0.01¢
200 beaker Visual inspection NA 12
Stirrer, magnctic type, with a teflon- | Visual inspection NA 12
covered bar
Burcue, class A, 30l cepaciiy, Visual inspection NA 12
eraduated 10 0.1ml
pH meter, having an accuracy of Check flmid Jevel in NA Each use
0.1 pH enit or better, within a probe and stzndardize
temperature renge of 32°F 10 212°F | the meter as per the
. N- Foyee .
{0°C 10 100°C). The meter shall MARULCCT S
have cither 2 manual or automatic recommendations.
ICmperanre compensator.,
¢ "Tcx-407-A, Sampling Freshlv Mixed Concrete”
Tex-407-A. Sampling Freshlv Mixed Concrete
Equipment Requirements Procedure Inter:]
(Maniks)

~d

- . .
Texes Depariment of Traisporiation

TxDOT ($/19¢9



N P LY - ]
Shovel or scoep A needed N boEachune
¢ "Tex-408-A. Oreanic Impuritics in Fine Acgregate for Cancrote!
Tex-208-A. Orgznic Umpurities in Fine Azveregnte for Concrete
. . Iritenal
Equipment Reyuirements Procedure
{Maoathe)
Glass bertles, 12-16 oz.. clear glass Visual inspection NA 12
2% sodium hydroxide solution Visual inspection NA 12
Glass color stzndard. mounted in a Visuzl ingpection NA 12

plustic holder with jive orgunic
color numbers, hhrough 3 (Gardner
coler standard numbers 5.8, 11, 14,
and 16. ASTM 1540)

+  "Tex-409-A. Free moisture and Water Absorption in Aggrecates for Concrete”

e Pantl

Tex-409-A. Free moisture and Water Absorption in Acoreontes for Concrete- Parnl

fntenal

2000g, securste and readable 1o 2t | records
feast (1.3¢ or 0196 of the mass of
the test sample

Equipment Requirements Procedure
(Monthg)
Balunce, minimum capacity of Verify calibration Tex-201-K 12

Pycnometer; 0.5gal (2 L) plass Culibrate & check Tex-303-A Each ue
macon jur with @ pyenometer cup phvsiczel condition
' Towel or int-free cloth Visual Inspection NA 12
+ Partll

Tex-409-A. Free moisture and Water Absorption in Acerceates for Concrete- Partl]

. . Intenal
Equipment Requirements Praocedure
(Maonthe)
Belance, minimum cupecity of Verify calibretion Tex-901-K 12
1.000¢. zccurate and readzable to records
0.5
Pan, approximztely 1240, in Visual inspection NA 12
L ] P ;
 diumeter
| Towel or lint-free cloth Visuzl inspection NA 12

¢ "Tex-410-A. Abrasion of Cozrse Agerceates Usina the Les Anacles Machine”

Tex—10-A, Abrasion of Course Aggrevates Using the Los Anceles Machine

. . [ntenz]
Equipment Requirements Procedure '
_ (Manths)
Texas Department of Transpertaricn S NDOTHS]6
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Cheok pinvsice! condition &
Cheok sevurecy Semple | g0
Veriy calibration Ten-biil-K i2
rovords

reaurad for this test

Drving oven maeinzined ot Procedure i1 or | 2

23029F (110:3°0) Tex-227-K

Les angeles Abrasion Machine und | Veonfy dimonsions end ASTN C-131 12

«nlicres RPM

"Tex-411-A, Soundness of Agerceate by Usc of Sodium Sulfate or Maenesium

Sulfae”

Tex-411-A, Soundness of Avoreeate by Use of Sodium Sulfate or Macnesivm Sulfate

. . - Intersl
Equipment Requirements Procedure :
{(Manthe)
Sieves, as listed in procedure Check physicst condition | Tex-407-K 6
Check necuracy Proficiency Sample | 12
Drying oven. muintained st Verify temperature and Procedure 10-1 or | 4
230:29°F (11023°C), with an evaporation rate Tex-627-K -
cvaporation rate of at least 235 g'hr Procedure 10-3
for 4 hrs while the doors of the oven
are closed
Tanks, non-corrosive 2nd non- Visual inspection NA 12
reacuve
Perforated contetners. of a non- Visual inspection WNA 12
corrosive material, for immersion of
samples
Sulfete selution Verify temperusture and NA Weekly
specific gravity of
solution
Solution remperarure contrel device | Visval inspection NA 12
Balunce, sccurate and readsble o Venfy calibration Tex-601-K 12
0.1¢ records
Hydrometer, conforming 1o the Verify dimensions ASTA E 100 24
requirements of ASTM E 100
Poizble water NA NA NA
Bariem chloride (0.2 molar) Viswal inspection NA 12
"Tex-412-A, Lichtweieht Picces in Agerceate™
Tex-412-A, Livhtweight Pieces in Avorepate
. . Interat
Equipment Requirements Procedure
(Manths)
As specificd in ASTM C 123 Asspecified m ASTM C | ASTAM C 123 See ASTA
123 C 123

Texas Depeartment of Transporiaiion

ND

OOT 6471699



ARTRTIS L
‘ '~ o
& niing Doleierious
Toa-413-40
" , frrencd
ffrocecure
5 Tox-407-K 6

siove Proficiency Surpie | 1o

Dnving oven, muinizined at Venfy tempersture Procedure 1-1 or )

230=9°F (11643°C) Tex-007-K

Balence. minimum cupucity of Verify cuhbration Tex-9G1-K 12

2000g. sccarate ond readuble o records

cither 0.5g or 0.1%% of the est load.

whichever is erceter

Pan Visuual inspection NA 12

Smedl sparale having a blade 4 in. Visual inspection NA 12

long and %4 in. wide

Sample splitier, quariening cloth, or | Visual inspection NA 12

quaricring machine
L4

"Tex-414-A, Air Content of Frcshly _Mixcd_Concrctc by the \/'olumc!rric'Mcthod"

Tex-414-A, Air Content of Freshlv Mixed Concrete by the Valumetric Method

- . Intena
Equipment Requirements Procedure enal
{(Mantks)
Atrmeter with a bowl and 1op Verify bowt velume & Tex-414-A 12
seetion dimensions: verify
accuracy of eraduations in
neek of 1op section
“unnel Venfy discharge will not Procedure 1-1 12
disturb sumple
Temping rod Vernify length, digmeter and § Pracedure 1-2 12
up
Stuike-off bar Verify lengih, thickness Procedure 1-3 12
and widih
Bulb svringe Aveilabiliny NA 12
Pouring vessel. cepzeity approx. 1| Aveilability NA 12
gt. (1 L)
Measuring cup, czpacity cquzlto | Verify valume Tex-114-A 12
1.03 £ 0.04%% of the volume of the
bowl of the nir meter
Scoop Smz!l NA 12
Trowel Visuzl Inspection NA 12
Isopropy] alechol 70% Isopropy] alcokol NA Eochuse
AR
Mailet (rubber or rawhide) Verify weielt 3-4 12

narenent of T



Sl rorenn Culitresion wnld Vel
Slumip of Portiand Cement Conerete
Equipment Reguirenients Pracedure intenl

Siump cone (mcieh Procedare 222 12

Tumping rod Prov i2
and tip

\Wide mouth funnel Visual inspection NA 12

Scoop Smezll NA Euchwe

Rule Ninimum gradugtions 3 NA Eachue

mm (8 i)

“Tex-416-A. Air Content of Freshlv Mixed Concret

¢ bv the Pressure Methad”

Tex-416-A. Air Content of Frechlv Mived Cancrete hyv the Pressure NMethad

Equipment Requirements Procedure Intervad
(Manthe)

Ajirmeter with a measuring bowl Verify bowl volume & vex-316-A, 3
and 1op section dimensions
Calbranon vessel Calibrie Tex-416-A 3
Tamping rod Verify length, dimmeier Procedurce 3-1 12

and up
Mallet Verify weieht Procedure -2 12
Strike-off plute Verify length, thickness, | Procedure 3-4 12

widih and surface

smoothness
Strike-off bar Venfy lengih, thickness Procedure 3-3 12

and widith
Trowel Standurd brick muson’s NA 12

—

Container for water Minimum 1 L (1 at.) NA Fachue
Vibrator Verify diameter, lengih, | 3-1 12

vibration {requency und

shaft

S

Scoon Small NA Fach vee

Texas Department of Trensperiation

—~—
)
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rict of Coner
Ly LONCH

Feuipment Reguirenienis Procedere triensd
o (O ITHAS:
nee (eecureie 10 0.3%% o test Tox-901-K iz
cebibration sticker dare
Tumping rod Verify length, diemeter 3-1 12
and tip
Vibrator Verify lengih, diameter 3-3 iz
and vibration freauency
Volume Measure {oylindrical mode Verify calibration siicker | Tex-665-K 12
of steel) and cheek calibration
report
Sirthe-cff plaie Venfv dimensions 3-3 12
Mallet {rubber, rawhide) Verify weight 3.2 12

+ "Tex-418-A. Compressive Strength of Cvlindrical Concrete Specimens™

Tex-418-A. Compressive Strenoth of Chlindrical Concrete Specimen

s
Equipment Requirements Procedure Intenval
(Monthe)
Cempression testing machine Venify cabibration Tex-902-K, 12
reccords Tex-418-A
Bearing blocks (upper, spherical, Verify minimum 3-1 12
scated and lower) dunensions
Part Il - Usine Neoprene Caps
Steel retainers Verify size and bearing 4.2 12
surface smoothness
Pads Verify composition und Procedure 4-2 Upoen
size receint
"Tex-421-A. Splitting Tensile Streneth of Cyvlindrica) Concreie Specimens”

Tex-{21-A, Splittineg Tensile Strenath of Cy lindrics

I Concrete Specimens

Equipment Requirements Procedure Intenal
{(Manth)
Compression testing mackine Verify celibrution Tex-002-K 12
records
Supplementzny beering bur or plate Verifv dimensions hel| }2
A S
Reering strips Verify dimensiens 3.2 Euch
rurchase
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12
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mincratere of FredhlvaMived Poardand Coment Conereie

Requirenents

Procedure

Intend
»

{Nenih

13

and minimum rangec

Conteiner Verify minnnum G-
dimensions
Teomperarure device Verify required accuraey | 6-2 i

¢ "Tcx-423-A. Determining Pavement Thickness by Dircet Measuremcent

.

Tex-423-A. Determining Pavement Thickness by Direct Measurement

Equipment Requirements Procedure Intervl
(Manthy)
Straightstee) rod 4 in. (100 mm) Verify manimum NA “ach use
Jonger than the depih of paverment gimensions
with blunt end
Standard tapc measure readable 1o Verify required accuracy | NA Fach use
1716 in.(1 mm) and mmimum rengc

¢ “Tex-424-A, Obtaining and Testing Drilled Cores of Concrete”

e Panl

Tex-424-A. Ohtaining and Testing Drilled Cares of Concrete (Part 1)

Equipment Requirements Procedure Intered
(Monthy
Core dnill Shot or diamond drifl as NA 12
described in procedure

s Pantll
Tex-424-A. Obtaining and Testing Drilled Cores of Concrete (Part 1)
Suppons NMade of hardened steel. NA 12
Verifv dimensions
Scale with accuraely spaced | Spacing of the NA 12 g
eradustions arzduutions sheuld be
0.1 in. or @ decimal pant ]
thereof :
NMeasuring rod Verify dimensions NA 12
Calipering device Verify device mects Procedure 7-1 12
minimuin reguirement

« Pantlll
Tex-424-A. Obtainine and Testine Drilled Cores of Concrete (Pzrt 1D

| Core drill Visual inspection NA 12
Water storzge (Hime suturzted | Visual ingpection NA Euach use
wzter) Verify temperature.
Wet blanket of burlep or Visual inspection NA 12
other suitable ehsorbent
fsbric

Texas Department of Transportation 13 IxDOT 871999
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' 12
recerids
Caps or Visvel inspeciion N4 L2
|
!
. —
Yivunl NEnCCLGn NA ' 12
L
Visual insnection NA [ 12
Visual inspection NA |12
Verify device meeis Provedure 7-1 12
Minium reguirement

"Tex-425-A, Determining Maisture Content in Fine A

P\‘Ioismrc Nethod"

egregate by the 'Speedy’

Tex-123-4, Determining Moisture Content in Fine

Aggregate by the “Speedy™ Maisture

Method
. . Intenv]
Equipment Reguirements Procedure )
(M onths)
Culetum carbide pressure tester set Visual inspection NA 12
|
Small scoop Visual inspection NA 12
Brush and cloth Visual inspection NA 12

Apparutus, zs listed in Tex-103-E,

Same as Tex-103-E

Same us Tex-103-

E

Supply of calcium carbide

Visual inspection

Standard US. No, 1 (4,73 mm)
sicve

Check physica! condition
Check aecuracy

NA 12
—_——

Tex-907-K 5

Proficiency 12

Sample

Sume zs
Tex-103.E

"Tex-426-A. Estimatine Concrete Strength by the M

aturity Method"

Tex-426-A, Estimzting Concrefe Streneth by the Maturity Method

Equipment

Requirements

Procedure

Interve)

(Months)

Maieriny meter, commercial battery-
powered which avtomatica}ly
computes and displays maturity
index in terms of a emperature-time
factor, or both a temperature-time
fuctor end cquivelent zue

Verify proper value of
daum temperature is
sclected

Verify czlibration

NA

-4

Procedure -1

el

Each use

Euch use
and at min,
every 12
mos.

Each use
Euch uee

Themocouple wire erade 2 20 2we. | Visusl inspection NA
Buatterics Verify sdequately NA
cheroed
Texas Department of Transperiaiion i 7-



jehy Coarse Aogresate
. tnterved
Reguirements Procedure
(Nenthd
Somic us Tox-403-A Semie es Tox-303- 1 Seme os
A Tox-205-A
Apparates cuilined in Test Meihed Semc as Tex-304-A Same zs Tex-404- | Sumc as
Tex-104-A / Tex-404-A
“Tex-431-A. Pressure Slaking Test of Synthetic Coarse Agercgate”
. . Interyv:
Equipment Requirements Procedure
(Menths
Sieves. as lisied in procedure Ciheck physical condition | Tex-207-K
Check accuracy Proficiency 12
Sumyple
Drying oven, mzintained at Verify temperature Procedure 10-1 or | 4
230:9F (11025°C) Tex-927-K
Balance, minimum cupacity of Verify calibration Tex-901-K 12
3000g, accurate and rezdable 10 records
0.1¢ or 0.1% of the mass of the test
<aimple,
Ncchanical Sieve Shuker Venfy sieving Procedure 10-2 12
thoroughness
Pressure cooker, approximately 6 gt | Visual inspection NA 12
(6L) capacity with 15 psi reeulator
Heavy duty shaker, Equipoise Visual inspection NA 12
model No.S853 or cquivalent
Heat source Visual inspection NA 12
Beeker, 250 ml Visusl inspection NA i2
Distilled or de-ionized weter Visual ingpection NA 12
Centrifuge boitles, 300ml Pyrex Visual ingpection NA 12
“Tex-432-A. Coarse Aeerceate Frecze-Thaw Test”
Tex-132-A. Conrse Avoreaate Freeve-Thaw Test
- . Intene]
Equipment Requirements Procedure )
(Months)
Sicves, a5 listed in procedure Check physical condition | Tex-0C7-K
Check accuracy Proficiency 12
Sample
Drying oven. mzintzined at Verify temperature Procedure 10-1 or | 4
23029°F (11025°C) Tex-927-K
Bazlance, minimum capacity of Verify calibretion Tex-901-K 12
800y, uccurzte and readable 1o 0.1e | records
or 0.1% of the mass of the test
samrle
Texas Departient of Transpericrion 15 IxDOT8/1999



Tex-433-A. Absorption and Drv Bulk Specific Grs

2vitvof Lichtweioht Coarse Avoreoste

Equipment Requirements Procedure Inten:l
(Maontk)

| Lorontis) |
Balence, minimum capacity of Verifv calibration Tex-901-X 12
<000g. zecurate und readable 1o records
0.5¢0r 0.1%% of the test load
Drying oven. maintained m Verity tempereture Procedure 10-1 4
230i9°F (11023°C) Tex-927-K
Glass jar (pyenometer). 0.53usl (2L). | Calibrete & check Tex-403-A Each use
witha pvenometer cap phvsical condition

]
Standard U.S. No. 5:8 (16 mm) and | Cheek physical condition Tex-207-K 6
No. 8(2.36 mm) sicves Check accuracy Proficiency 12

Sumple

Funnel, wide mouthed Visual inspection NA 12
Dessicator Visual inspection NA 12
Tinung device (stopwatch) Verify accuracy Tex-924-K 6
Syrimge or rubber bulb Visual inspection NA 12

— ]
Distilled or de-ionized water Visuul inspection NA 12

"Tex-436-A. Mcasuring Texture Depth by the Sand Patch Method™

Tex-436-A, Measuring Texture Depth by the Sand Pateh Methog
Equipment Requirements Procedure Interva]
{Monih)
Sund spreading too) 2.5 in. (63 mm} | Visual inspection NA 12
dizmeter flat woeden disc with 2 3.8
in. (16 mim) thick hard rubber disc
zitzched 1o one fuce 2nd short dowel
handle on other face
Metal mezsuring evlinder volume Verify capacity NA 12
- - 2 k] .
gpprox. 1.3 in (246 m) {culibraic)
Natural silica sand Verify eradation NA 12
. - . - - . P —
Ruler 12 in. (300 mim) marked in Visual inspection NA 12
divisions of 1710 in. (1 mm)
Wire brush Visual inepection NA 12
Soft hand brush Visual ingpection NA 12

e
~
4
)

)
N
~
&
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e Yo i Fiew Cone Mothady®
oM G T ahiXTares o fow COong Mo

Pev-437-A. Teat for Flow of Grout Mivteres (Flow Cone Method)

Eguipment Requirements Procedure interiel
(Mamiby
Fiow Cone Visusl inspection NA 12
Conteiner mIninnT Capaciy of 68 NA 12
1. oz, (2000 mb)
Ring stand Visual inspecuon NA 12
Level. campenier’s or similar Visual inspection NA 12
Stop watch wble 10 read 0.25 Visuol inspection NA 12
Grout nixcr Visual inspection WA 12
+  "Tex-438-A. Accclerated Polish Test for Coarse Aegercoate”
Tex-438-A. Acceleraied Polish Test for Coarse Aggregaie
Equipment Requirements Procedure Intenel
(Maonth)
Wessex Accelerated Polishing Check rpm, feed rate, NA Weekly
Machinc water
British Pendulum Tester Verify calibration NA 3
records
Rubber sliders. new, conditioned for Visual inspectien NA Euch shir
the BPT
Height measuring dial gauge, Verify calibration NA 12
accurate 1o 0.001in (0.023mm) records
O-rings, rubber 14in dimmeter with a | Visual inspection NA 12
thickaess of 0.125in
Drying oven. maintained 2t \erify temperature Procedure 10-1 4
23029°F (11045°C)
Metzl molds, to form test coupons Vieual inspection NA 12
s "Tex-d47-A. Making and Curing Concrete Test Specimens”
Tex-447-A. Makine and Curing Concrete Test Specinens
Equipment Requirements Procedure Intervl
(Monthd)
Vibrator Verify length, diameter Procedure 3-3 12
and vibrator frcouency
Tamping red Verify lengih, diameter Procedure 3-3 12
and tip
Smzll toals (shovel. pails, trowels, Verify availebility NA 12
woaod floats, scoops & rubber
aloves)
Mzliet (rubber or rawhide) Verifv weicht Procedure 3-4 12
Couton mats Verifv avalebility NA Esch e
Moist room or storage tank, with Verify water temperzture | Procedure 8-1 Datly
recording thermameter and lime content
Molds (single use und reuseble) and | Verify dimensions Procedure 802 Upon receipt
caps
as Deperiment of Transporiarion 17 ™DOTHS/1999



Fiexura) Strene:

v-428-a

Tex-448-4. Flevurzl Streneth ¢f Cencrete usine Simple Seam Third-Paint Lon iine
Eauipment Hequiremenss Procodure 5 :
{NMaonihsy
Testing mechine Verfy calibration sticker NA P2
Leutlier <hims Vernifv dimensions Procedure 941 12
Feeler guuges (2 cach) Verify sives Procedure 9-3 12
Ruler or tupe meusure Verify increment NA 12
capabiliny (1716 in.) .
Small square and straieln cdee Verifvaveilabiline NA 2
"Tex-430-A, Cappine Cylindrical Concrete Specimens™
Tex-430-4, Cnmging Cylindrical Conerete Specimens
Equipment Requirements Procedure Inter
(Months)
Cupping pluies und cupping Verify plate materia) Procedure 9-} 12
malerials type, dimensions,
smoothness und strenysh
of capping material
Guide bars (alignment burg) Verify perpendicularity Procedure 9-2 12
1o cepping plate
Mecling pots Verify tvpe of heating Pracedure 9-3 Initisily
{peripheral)
Feeler eauee Verify size (002 in) NA _13&
Metal rods Availubility NA 12
Ladle. larec Availubility NA 12
Straicht edue Availubiliry NA 12 1
"Tex-460-A. Determining Crushed Face Particle Count™
Tex-160-4, Determinine Crushed Face Particle Count
Equipment Requirements Procedure Intera)
(Monthg
Drying oven. maintained a1 Verify temperature Procedure 10-1 or [ 4
23029°F (11025°C) Tex-927-K
A standard US. No.4 (4.75mm) Check physical condition Tex-¢07-K 6 -
sicve Cheek necuracy Proficiency 12
Sample

C

sas Depertment of Transpertaiion



-1, Funnel

Funnecl with a spout of a size permitting it to be insent cd throughthe neck of thetop sc:xim
nd lo ng enough 1o extend 1o a point just abaove the botiom of the top section. The dischery
end of the spout shall be so consirucied that when water is added to the container therew 111
he a minimum disturbance to ihe conerctc.

Pt ]

1-2, Tamping Rod

Round. steel, or plastic, straight /8 in. diameter x 12 in. tong (16 mm x 300 mim) with boih
ends rounded to hamispherical tip of the same dizmeter.

1-3, Strike-Off Bar

Flat, straight, at least:
& 18 in. (3 mm) thick for stect bars or 1 ‘4 in. (6 mm) thick for plastic bars

¢ 340 (20 mm) wide

4+ 120 (300 mm) long.

[

1
—
»

. Stump Cone

Metal molds, not readily attacked by cement paste, and not thinner than No. 16 gauvge
(BWG). if formed by the spinning process. there shall be no point atwhich the thickne
less than 0.045 in (1.14 mm).

e mold <hall conform to the following dimensions:
¢ Topopening— 4= 18 in. (100 mm = 3mm)
¢ Bottom cpening — § £ 18 in. (200 mm & 3mm)
¢ Height-12=1/8in (200 mm =3 mm).

The base and top shall be epen, pargtlel and at nchta

picces, handles, and an interior which is smooth and fr
free {rom dents.

neles to the axis of the cone, have foot
ce from projections such as rivets, and

Texas Department of Trapsporianion ' 19 DOTO8/1699



3-1, Tamping Rod

-
3~

3-

3-

~

3~

Rouid, straight steel roc Beving a tamping ond rounded 10 a hemisphericel tp the dismer
.

ef the rod:

¢ - 38 in. diamcler x 16 0n, leng (16 mim x 300 mm) for Test Mehiod "Tex-416-A. Air
Content of Freshly Mixed Concrete by the Pressure Methed”
¢ - 24 in (600 mm) long for "Tex-4] 7-AL Unit Weicht, Yield. and Adr Content

(Gravimetric) of Concrete.”

2, Mallet

Rawhide or rubber 1.25 Ibhs, 2 .30 Ihs, (0.57 kg 0.23 ky).

3, Sirike-Off Bar, Steel or other suitable metal, at least:

Length - 12 in. (300 mm)
Thickness - 1/ in. (3 mm)

Width - 3/4 in. (20 mm).

4, Strike-Off Plate

Strike-Off Plate, flat rectangular metal, ot least 14 in. (6 mm) thick. or glass or acrylic, at
feast 172 in. (13 mm) thick with a length and width at least 2 in, (51 mm) grezter than the
diameter of the measure with which it is to be vsed. The cdgcs of the plate shall be stratcht
and smooih within a tolerance of 1716 in. (1.5 mm). )

5, Vibrator

Refer 1o the "Apparatus’ section of Part | of "Tex-447-A Neakino ard Curing Concree Test
Specimens.”

4-1. Bearing Blocks

Refer tothe Bearing Blocks, Upper and Lower listed under ‘Apparatus' of Part I of "Tex-
418-A, Compressive Strength of Cylindrical Cencrete Specimens.”

N T o VR T oY ~—
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1
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,

6-1,

6-2,

) S

aus ol Tanid
Supplementary Bearing Bar or Plate
Refer to the Supplemeniary Bearing Bar or Plare listed under "Apparatus’ of "Tex-421-A,

er’
Splitting Tensile Strength of Cylindricel Concrete Specimens.”

. Bearing Strips

Refer to Bearing Strips listed under "Apparatus’ of "Tex-421-A, Splitting Tensile Strength of
Cylindrical Concrete Specimens.”

Container

Container shall be made of non-absorptive material and large enough to provide at feast 3 in.
(75 mm) of concrete in all directions around the sensor of the temperature measuring deviee,
concrete cover must also be at feast three times the nominal maximum sizce of the coane
aggregale.

Temperature Device

Temperature measuring device, capable of measuring the temperature of the {reshly mixed
concrete to = 1°F (& 0.5°C) throughout the entire temperature rangc likcly to be encountered
in the fresh cencrete and having a range from 0 to 120°F (-18 10 19°C). The calibration of
thermometers shall take place in a water bath capable of maintaining the set temperature
within £ 0.5°F (£ 0.25°C). Digital thermometers shall be calibrated at three points andzll
other thenmomelers at two points over a minimum range of 30°F (15°C).

Other thermometers of the required aceuracy, including the metal immersion type, are
acceptable. Panial, immersien liquid-in-glass thermomcters (and possibly other types)shall
have a permanent mark to which the device must be immersed witheut applying a concction
factor.

Acceptable certificates of calibration include a manu acturer's calibration report or
certificates issued by the Meterials and Pavements Scetion or the District Laboratory
indicating successful calibration according "Tex-926-X. Thenmometer Calibration Using

Controlled Temperature Baths." All certificates must have a date of issuance within the last
6-month peried.

,o—

Texas Depariment of Transporiciion 2] NDOT 81689



8-1, Sterage Tanks

Refer to ifurer Storage Tanks listed under "Requiremients’ of "Tex-44 7-A, Maoking
Curing Concrete Specimens.”

8-2, Moulds (Single use and Reusable)

ic

Refer to the 'Apparatus’ of "Tex-447-A. Making and Curing Cancrete Specimens” forl
following:

¢ Cylinder Molds, 'Pant 1, Comipressive Strength Specimens'
+  Beam Molds, 'Part 11, Flexure Strengih Specimens (Beams)!
9-1, Capping Plates and Capping Material

Refer to Capping Plates listed under 'Apparatus’ of "Tex-450-A. Capping Cylindrical
Concrete Specimens.”

Refer to 'Marerials' of "Tex-450-A, Capping Cvlindrical Concrete Specimens.”

9-2, Guide Bars (Alignment Bars)

Refer to 4lignment Devices listed under ‘Apparatus’ of "Tex-450-A, Capping Cylindrical
Concrete Specimens."

9-3, Melting Pot (Sulfur Caps)

Refer to the Cuution under '‘Apparatus’ of "Tex-430-A, | Capping Cylindrical Conerete
Specimens.”

8-4, Leather Shims
Thickness - 1/4 in.
Width- 110 2 in.

Length - 6-1/4 in.

[}
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13-1. Ovens

Apparaims

« A czlibrated digitel thermometer ¢ aduated in 2°F (1°C). having arange includineihe
{emperature range to be checked.
«  \When using the calibrated digital thenmometer. place the thermocouple prebeon
the shelf where the samples are normally placed.

e Take the first reading at feast 1 hour after closing ihe oven (oven should remain
undisturbed). Take as many readings as necessary 10 determine if the temperaure
range is within the specified tolerance (three consceutive readings, taken no ess
than - hour apart and within the tolerance allowed, arc required).

«  Adjust the temperaturc of the oven if an obscrved temperature reading is outside
ihe specified tolerance (allow at least © hour for the temperature 10 stabihze
between cach adjustment).

o Repeat Steps 3 and 4 as nceessary.

-OR-

¢ A calibrated thermomcter araduated m 2°F (1.0°C) increments, having a range mduding
the temperature range to be checked.

«  When using the calibrated thermometer, place it inside the brass well with the
clothespin attached to the thermometer.Position the thermometer on the shelfwhere
the samples are normally placed. Take the first reading at least 1 hour after closing
the oven (oven should remain undisturbed). Take as many readings as neeessiry 10
determine if the temperature range is within the specified tolerance (three
consceutive readings, teken no less than I hour apart and within the tolerance
allowed, are required).

e Adjust the emperature of the oven if an obscrved temperature reading is ouiside
the specified tolerance (allow 2t least 17 hour for the temperature to stabilize
between cach adjustment).

« Repeat Steps 3 and 4 as necessary.

e A brass thermometer well to reiain heat while the oven door is epen. This is essentiz]
for a constant temperature reading.

s A clothespin to hold the thermometier in such a manner as to enable the operaterio read
the seale casily from outside er inside the oven.

Texas Department of Transporiaiion 23 TDOTUS/1699
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! k ng shows mare than 19 ;um ng any
given sicve, h| n QIAJ\I 1g time should be increased and the check repeated u; u!] all sereen
show less than 19 by weight passing a ¢iven sicve

10-3, Oven Evaporation Rate Check

Place 500 g of water at 70+3°F incach of 5 one-liter low- formbeakers. Position onc Seaker
In cach comcr :nd onc in the center of one oven shelf. At ihe end of four hours w cu_h cach
beaker and determine the ov aporation rate for cach |

ocation. RLPL‘ t for cach sheif. The
cvaporation rate for cach location shall be at Jeast 25g/hr for four hours.

10-4, Water Bath

Place a calibrated thermometer in center of the water bath

for 1 hour to verify temperature
sciting,

NOTE: Check setting at which the witer bath s used.

Texes Department of Tror speriarion 2
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Secrign 1

Overview

This test method includes the felicwing test procedures:

+  Compressive Strength

*  Viscosity of Mixed Compenenss
+ Differencein Viscosity

+  Stabiity

¢ GelTime

¢ Tensile Bond

¢ Tensile Bond for Type | Epoxy
+  Thixotropy

+ | Tensile Shear Streneth

+  Impact Strength

¢ Wet Strength

¢+ Wet Pullout Strength

¢+ Grind

¢ Bond Strength of fresh concrete to cured concre

+  Oid Concrete to New Grout Mix:
+  Hiding Power
+ Water Gain

¢ Coentoct Time,

Texas Department of T ransporiation 2
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Apparaius
Use 1he {ollowing apparatus:

¢ PVCitubing, 1in x 2in (25 mm x 30 mm) in length for use as molds

+ mold release grease
+  plastic film and rubber bands to ceal bottoms of the molds
&  meial ointment can, 6 fi. oz. (170 mL) size

¢ balance, with minimum capacity of 2000 g, which meets the requirements of
"Tex-901-K, Verfying the Calibration of Weighing Devices used for Laboratony
Testing”

& compression testing machine as described in Section 5.1 of ASTM D 695, "Standard
Test Methed for Compressive Properties of Rigid Plastics,” capable of a constantrate of
crosshead movement of 0.05 in/min. and capable of applying a maximum load ¢f at
least 10,000 Ibf. Use compressicn plates that are {1at and perallel to each cther ina
plane normal to the vertical loading axis.

Procediure

Use the following procedure to determine the compressive strength of epoxy tvpes Tad IV,

Compressive Strength Test

Step Action

1 Set up the molds.
+ Sctupatlezst 3 of the PVC molds for each test sumple.
+ Ceat the inside of the ;olds with relecse greese.

+ Sealthe botion of the molds with 2 plastic film to prevent leckege.

&

-

NOTE: For type I epoxy, setup 2 sets of 3 molds.

2

Cast the epoxy spechinens.
+ Use the component ratios to detenning te amown

tof each comnponent necessary to maie 200 g
of mixed epoxy.

+ Weigh the components into a metal can.

Texas Department of Transportalion
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s Fariypelepevy AW specimens to

~

specimen for 24 hr. and the second ser for 58 hr,

¢ Fortype IV cpexy, sllow the Specimien to cure for 48 by at7

4 Test the epoxy specimens.
¢ Compress speciinens in a compression-testing machine.
+ Testspecimen et a rate of 0.05 in. (1.3 mm) pern

+ Record the load at failure or o 0.1 In. (2.5 mm) crossiead vavel, whicl

N,

wr

Cileulute the compressive stength,

¢+ Use the czleulztions listed under "Calculations.”
+ Average the results from all the specimens.

+ Report results in psi (kPa).

S —_—

Calcularions

Use the following calculation 1o determine compressive siren

(Ce =L/ ;. psi)

Where:

oth.

¢+ Cs'= compressive strength, psi (kPa)
¢ L=load, Ib. (N)

+ r=radius of the specimen, in, (m).

Viscosity of Mixed Components
The following procedure applies to epoxies Ypes HL IV, V VI and 1N
Apparetus
Use the following apparatus:
¢ Brookfield viscometer

¢ fnctien top cans, 1 pt. (300 mL) and 1 q1. (1 L)

Texas Department of Transporiaiion
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Procedure

The following procedure describes ihe viscosity test.

Viscosity of Mixed Componenis Tt

Step Action
1 v Setup the viscometer zecording 1o menufucturer’s insinuctions.
+ Level the instrament.
+ Sct the speed control at 20 rpm.
YOTE: Set the speed control at 10 rpin if the viscosity of the matcrial is greater than 1200 poise.
+ Choose tie proper spindle for the viscosity measurement and sttoch the spindle to the viscometer.
NOTE: Type of spindle is dependent on measured viscosity range snd type of viscometer.
2 Mix the cpoxy.
+ Measure the temperature of each component of cpoxy znd ensure the tampereiure of cachis 77
£2°F (25 21°C).
+ Using the mixing ratios, detennine the amount of 1esin 2nd hardener needed to meke 300¢ of
mixced cpoxy. ’
+ Wcigh components into a 1 pt. (300 mL)ecan.
+ Mix the epoxy for 3 min.
3 Linmerse the spindle into the cpoNy.
+ Adjust the height of the viscometer o bring the liquid level to the indention I the spindle.
+ Ensure that there is 2t least a | in. (25 mmm) clearznce between the bottom and sides of thespindle
and the container when immersing the spindle to the proper depth in the sample.
NOTE: With disk lype spindles, first immerse the spindle in the liguid 2t anangle to eliminzie air
bubbles, and then ztizch the spindle to the shafl.
4 Measure the viscosity.
+ Start the viscometer.
+ Allow the reading to stabilize.
+ Record the viscosily.
Texas Department of Transportaiion 7
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Fhe following procsdure ApPHEs I cpony e il

~ra \""Tnld VICrAy Tater
¢ STOCKIIEId viscomisieg

+ fnctienitop cans, 1 pt. (300 mL)

¢ thermomater, range 6610 80°F (19 1o 27°C), 0.2 division (F17 thenmemeter as shownin
ASTME 1)

+  spatula

¢+ baance, with minimum capacity of 2000 o, which meels the requirements of Tex-801-K
+  sfopwatch,

Procedure

The following procedure describes the viscosity test for ivpe ] epoxy.

Difference in Viscosity Test
Step Action

] Setup the viscomeler according 1o munufacturer’s instnictions,
+ Level the instument,

¢ Set the speed control at 20 rpm.

NOTE: Set the speed control at 0 rpm if the viscosity of the materia| 1s greater than 1200pcise,
+ Choose the proper spdle for the viscosity measurcment and altach the sp
viscometer,

NOTE: Type of spindle is de ende

indle 1o the

ntof measured Viscosity ra

nge and tvpe of viscomeler,

2 Prepare the epoxy.
+ Neasure the temperatwe of each component of the epoxy and ensure the femperature of each
is 77 £2°F (25 £1°C), _
+_Plece 200 p of each component into stperate 1 ot (500 mL) cons,
3 lirimerse the spindle info one of the components,

+ Adjustthe height of the viscometer to bring the lguid |
¢ Enswre that there is ot least a | in
spindle and the conteiner when

b

evelto the indention in the spiidle,
(25 mm) clearance between the hattom and sides of the
iminersing the spindle to the proper ¢

epthin the somple.

3 Nezsure the viscosity,
+ Stert the viscometer,
+ Allow the reading to stuhilize,
*+ Record the viscosity,
5 Repeat mezsurement for the secand component.
¢ Step the viscometer.
Texas Departmerit of Transperiation §
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[iference in Viseosity Tt

Siep i Lction
¢ e
I+ Repeetihe presedure heeimming ol Sten 2.
L messremens co caleulie and repont ihe ilference o VISTL

Where:

¢ v1=lower viscosity reading

+ V2 =hicher viscosity reading.

Stability
The stability test apphes to epoxy types 11, V, V1, and VIIL
+ Forthe stability on type 1l epoxy, measure the viscosity of the individual components.

¢ Forthe stability on types V, V11, and VI epoxy, measure the viscosity on the mived
ePONY.

Apparatus

Use the following apparatus:

¢+ Brookfield viscometer

¢ friction top cans, 1 pt. (300 mL)and 1 qt. (1 L)

+ themmometer, range 66 to 80°F (15 1o 27¢C), 0.2 divisien (F17 thermometer &s sionn in
ASTME)

¢ oven capable of maintaining a temperaiure of 120°F (49°C).
¢ metal spatula
& balance, with minimum capacity of 2000 g, which meets the requirements of Tex-0C1-K

¢ stepwalch.

Texas Department of Transportation 9 TxDOT07/2006



Fril separzne 1 g (FL) cans with resin ang hardener.

¢ Ploce the sesin znd hurdener i the oven, setat 120°F (4 SC)Y, for 14 davs.

Remove epoxy froin oven ang dllow the material to oo 10 7722°F (252

3 Setup the viscometer zecording 1o munufacturer's instructions,

+ Level the instrument.

+ Sctihe speed control ot 20 pm.

NOTE: Set the speed control o1 Y0 rpm if the viscosity of the materig] is greater then 1209 poise,
+ Choese the proper spindle for the VISCOSily measwement and 2ach the spindle to the
viscomeler,

NOTE: Type of spindle is dependent of mensured viscosily range and type of viscomeler.

4 Prepare the CpoNy.

+ Meosure the temperature of each component of the €poNy, and enswre the temperature of ¢qe
is 77 22°F (25 %] °C).

+ Fortypell epoxy, place 400 g of cach component inta separate | PL (300 mL) cans,

h

+ Fortypes V, VI, and VIII €PONY, use the mixing ratios znd measure 200z of resin und
hardener intoa | PL (300 mL) can. Then mix the epoxy for 3 min,

5 Iminerse the spindle into the cpoxy.
+ Adjust e height of the viscemeler 1o bring the Liquid Tevelto the indention in e spindle.
+ Ensure that there is at Jenst alin. (25 mm) clearance belhween the bottom and sides of the
spindle and the contuiner, when immersing the spindle 1o the proper depth in the samyple.
NOTE: With disk ype spindles, first immerse the spindle in the liquid atan angle to climinue 23
bubbles, and then sttach the spindle to the shaf,
|
6 Meassure the viscosily.
¢ Start the viscometer.
+ Allowhe reading to stabitize.
¢ Record the viscosity,
¢ Fortypell CPOXY, repeat Steps 5 2nd 6 for the second component.
S
7 Use the stzbility caleulztion to determine the stebility,

+ Fertype I epoxy, vse the viscosities determined from the difference in VisCOosity test us e
viscesity of original mzterial,

+ FortypesV, VII. and V] CpoxNy, use the viscosities determined from the viscosity of mixed
cempenents lest os the viscosity of original material,

Texas Department of Transporiation 10 xDOT 42006
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Lafeilaiivns

Gel Time Tests
The following procedures apply all types of epoxy.
Apparatus (Except Type X)

Use the following apparatus:

themmometer, range 66 to 80°F (19 to 27°C) (F17 thermometer as shownin ASTM E 1)

balance, with minimum capacity ¢f 2600 g, which meets the requirements of Tex901-K

+ metal ointment can, 6 fl. 0z. (170 mL) size

+  metal spatula

s wooden block, minimum thickness of 11n. (25 mm)
+ round, wooden toothpick

+  stopwatch.

Procedure

The following procedure describes the gel time test except fortype X.

Gel Time Test (Except for Type X)

Step Action
1 Test Preperation
+ Measure the temperature of cach component cf the cpoxy und ensure the temperature efexch is
77 22°F (25 £1°C).
+ Using the compenent ratios, determine the ameunt of each component necessary to mukes totl
100 g of mixed adhesive.
NOTE: Conditicn the tvpe I cpoxy to the specified tanperative.
2 |Weigh the components. Weigh 100 g totz] of adhesive into 2 6 {l. oz. (170 mL)inetal ointment con.
Texas Department of Transporiation 1
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e Tost {Zxcent for Tyre N

Acting

Z spotgia
e sidesond bottem of e con penadicaily,

SN 3amia,mix the components for | min

1.
4
+ Place the can with Uie mived sdhesive o0 a wooden Hock,
¢+ Inserttoothpick in the center of mived materizl,
—_— ]
5 Probe the materisl 10 detennine the geltiine.

+ Ifudhesive hus a gel time less than 20 min. probe adhesive every minute until it pels.
¢+ If zdhesive has a cel time zbove 20 min., probe the i

nived adhiesive every min. starting 16 i,
from the initistion of mixing until center of muaterial gels.

NCOTE: An sdhesive reaches its gel point when a ball of cured muteriz] forins in the center,

_—

6 |Record the elapsed time as the gel time,

Apparatus for Epoxy Type X

Use the following apparatus:
+ ihermometer, range 66 10 SO°F (19 1o 27°C) (F17 thermometer as shown in ASTM E 1)

¢ balance, with minimum capacity of 2000 g, which meets the requirements of Tex-001-K
¢+ {rction top can, | pt. (5300 mL), with friction Iip removed

+  metal spatula

+ woaden block, minimum thickness of 1 in. (25 mm)

+  classstirring rod

+  stopwatch.

Procedure

The fellowing procedure describes the el time test for epony tvpe X

Gel Time Test For Epoxy Type X

Step Actien

l Test Preparation.

+ Measure the temperature of each comp

onentof the epexy and ensure the temperature of vach is
77 22°F (25 21°C).

e

Texas Depariment of Transportation 12
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i l
Step \ Acdien

the cOmpOnenl Tetils, Jewermine e mount of cech commponeninge

¢ Usin

|+ Usine
l 300 g of mived cpoxy.
|

3 Start the stepwaich ond begin miving.
+ Mix the 2 components for 5 min.witha spotula.

+ During the mixing, scrape the sides and bottam of the can penodicelly.

4 | Afer mixng, set cside the epoXy.
+ TPluce the czn on a weoden tlock.

» Allow mixed material to sitfor 35 min.

5 | Determine the gel time.
+ Probe mixed meterizt every 5 min. witha gluss-stirring rod until i pels.
+ Record the elopsed time 2s the gel ume.

NOTE: An epoxy reaches its gel point when a bal} of cured material forms in the center.

Tensile Bond

The tensile bond test requires the use of cement moriar briqueties. The procedure apphies 1o
epoxy tvpes 11, 1LV, Vi1, and VIIL

Apparaius

Use the following apparatus:

E'S

metal spatula

¢  metal ointment can, 6 1. cz. (170 mL)

& oven capable of maintaining a temperature of 120°F (49°C)

+  aconstant rate of crosshead movement testing machine as described in Section i} of
ASTM D 638, "Standard Test Methed fer Tensile Properties of Plastics,” capableof
mzintaining a constant rate of travel of 0.05 in./min. (1.3 mm/min.) and applyinga
tensile force of at least 00 1bf. (2.2 kN) Use erips to hold specimens as described in
Section 4.7 of ASTM C 190, “Standard Test Method For Tensile Strength Of Hydraulic
Cement Mortars,” (Discontinued 1991; No Replacement)

¢ cement (Typelll)

s washed river sand agoregate sieved though a No. 4 sieve

+  molds as described in ASTM C 190

Texas Department of Transportation 13 TxDOT0i/2006



icist cabinet or room cenforining
ification for Mixing Rooms, Moist Cabineis

anks Used in the Testing of Hydraulic Cerm

0 ihe requirements of ASTM C 511, “Standed

. Moist Roomis, znd Water Stor:
ents and Concrefes”

=

¥ watersiorage tank, conforming 1o the requirements of ASTM C 511

¢ class graduate, confornung io the requirements of ASTAM C 190

+  balance, with minimum capacity of 2000 o, w}

uch meets the requi
K

‘rements of Tey-90)-
Prepare Mortar Briquertes

The following procedure describes the preparation of moriar briquettes

Preparing Mortar Briquettes

Action :
1 Prepare molds.

+ Obtain molds as deserihed in ASTM C 190,

Place a shim verically in the | in. weistline of cach briquette mold.

Couatihe inside of the molds inrelease notenal.

+ Sctihe mold on top of zn tngreased sheet of plass.

2 Oblain compenents for making the cement mertar,

+ The mortar is I-part cement 1o ip

¢+ Weigh 750 g of river sand.

cris cppregate,

+ Weigh 230 g of cement.

+ Measure 125 mL of water,

—
3 Mix components to make the mortar. .

+ Thoroughly mix sznd znd cement.

Create a crater in the center of the sand and cement mnixture,

+
+ Pour water into the center of the crater,
.

Scocp the materiz] from he sides 1nto the crater over the top efthe weter within 20 sec. of
2dding the water

+ Forthe next 30 sec., trowel the dry mortar around the outside ¢f the cone over the remaining
inortar for the chsorplion of weter, i
+ Complete the operation with v

gorots mixing, squ
L5 min. During the mixing o
g gop

eezing, and rneeding the moray by hand for
eration, protect hands with rubber ploves,

Texas Department of Transperiaiion
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Dreparing Muorter Briquettes

i
b
Step \ Action
= 1?;11 the melds with conerete on hoth sides of b
‘ \:mc:d\:c:

\ + Press the monar nnnly with the mab
Tamp each briguetie 12 imics.
¢ Add more monar and compact zgzain unil mold is compicte.

s ‘ezp more mortur zbove tie meld end smocth it of T with a trowel

S |Condition the bnquettes.
+ Place the maold with the briqueites in 2 meist eubinet and cure for 24 hr.

v After 24 hr., remove the triqueties from ihe mold and nnmserse them in

e water sterepetnk
for G days.

\ ) \Rcmm'e the briqueties {rom the wuter storage tznk, end 2low the brigueties to dry belere use

Proccedire

The following procedure describes the tensile bond test.

Tensile Bond Test

Step Action

1 Picpare the briquettes.

+ Divide the briguettes into sets of 6 briguettes.

+ Sandblast the bonding face of each morier briquette to remove the Joitance on the surfoce
+ After sendblasting, clean the bonding faces of the Briquettes with compressed air.
~OTE: Do not touch bonding faces cfier sondblasting.

J

MixX the epexy.

+ Ensure that the initiz] temperzature of cach cpoxy component is 77 22°F (25 21°C).

+ Using the camponent ratios, detennine the amount of cach component necessary to mekes toted
50 g of mixed cpoxy.

+ Weigh 50 g of tota] epoxy components into a metz] cintment cen.

+ Mix with a spatula for 3 min.

3 |Prepare the specimen.
+ Tlace a small zmount of epoxy on the bonding fece of each briquetle.
+ Use aspatulato spred the epoxy uniformly zcross the bonding face.

+ Adhere the faces of 2 briguettes tegether with light pressure, and repeat for the remaining
briquettes.

+ Remove the excess epoxy {rom the edges of the bonded zrea with a sputula end stend upoght
+ Make | setof 3 specimens for cpoxy types 1LV, VI, and Vill.

» Nake 2 sets of 3 specimens for epoxy type 1L

NOTE: Allow no mare then 10 min. to elepse during preparation of the spe
allow no mere then 6 min.

crnens. For typell,

Texas Department of Transportaiic !

4
2

W

TxDOT 0772006




SHOT AT ene AT e
e fpeciiens, AN fpreanen

£LClC e speoimens for 2
el setof 3 epec

(TS 1O et )
(23 21°CY end ten 'z

¢ Ferwpe VT closs A cure the specimens for 34 by 21 37 F2F (25 21°C),

+ Forivoe VI cless B, cure the spaeimens for 6 Iy o1 37 FIF (25 21°Q),

Set vp the tensile imachine for lesting,

+ Slurt up tensile mzchine zecording 1o manufuctyrer

's Instructions.

+ Bulence and calibrote the tensile machine.
¢ Pluce the grips on the machine,

¢ Set the crosshezd speed to 0.05 in/min. (1.3 min/inin)

Test the specimen,

+ Load abriguette into the 1ensile machine.

¢ Start the testing mzchine and load unti} breuk,
+ Record the load at brek.

+ Repeattest for the remaining specimen,

+ For type Il set of specimen cured ot 12Q°F (49°0), 1e
immediately zfier removing it from the oven,

st each specimen, one at 3 thne,

Report the averzge load ol break as the tensile bond strength.

Tensile Bond for Typel Epoxy

Apparatus

Use the following apparatus,

+  metal spatula

+  metal ointment can, 6 {1, oz, (170 mL)

¢+ bdance, with minimum capacity of 2000 2, which meets the requirements of Tex901.K

¢ third-point leading apparatus as described in ASTM C 78, "Standard Test Method for
Flexural Strength of Concrete (Using Simple Beam with Third-Point Loading)"

+ environmental chamber, capable of maintaining temperatures of 60£2°F (15 =1°0), 80
=2°F (27 21°C), and 105 22°F (41 £1°C)

Texas Department of Transporiation 16 7
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The thixotropy test applies to the follow
Thixorropy Test (Except Tipe X)

Refer to the following table to determine

the conditioning temperatures, the form thickn

cn-li - copte Fonev Ao L ! et
Procedure
The following procedurs Jesinines W ATNINE nond e est Tor nped
e ONV.
el
Tensile Bund Test for Tyvpe LEnoxy
Step \ sction 1
Prepare the blocks.
+ Prepare and cure flexure] concrele snecimens as deseribed in ASTM cas.
+ Cut 2 cured concrete beams in helfl
Mix the epoNy.
o+ Ensure thot he ambient temperatuwe in the chamiber and the initial tempersture of ewh
epoxy component 1s Ui temperature specified.
2 + Using the caw.ponent ratios, determine tie amaownt of cach component necessary 1o ke 2
1oz} 100 g of mixed cpoxy.
+ Weigh 100 g of cpoXy components into a metzl aintnent ean,
+ Mix with a spatcla for 3 min.
Prepare the specimen.
« Place a layer of cpoxy on the tonding foce of cach block. The bonding face is the sk
3 opposite to the cut.
+ Use a spatula to spread the cpoxy unifonmly across the bonding face.
+ Adhere the faces of 2 halves topether 10 make a complete block.
4 Allow the blocks to cure for 24 hr. atthe specified temperetue.
Test the specimen.
5 + Test the blocks in the third point loading apparatus as described in ASTM C 78,
¢ Report the averege of the 2 blocks.
Thixotropy

ng epoxy types: I 1L 111, VI, and X,

ess,
and measurement ty pe required for each type of epoxy.
Thixotrepy Test Parameters
Testing Parameter Typel Tvpe ll Tvpe HI Tvpe V1T
As specificd
Conditioning 60 £2°F (16 21°C) 120 22°F 120 £2°F 772XF
= 20 £2°T (27 21°C) o
Temperature oF (49=1°C) (49 £1°C) (25:21°0)
105 22°F (41 21°C)
Fonn Thickness 0.1 in. (2.5 mm) 0.1 in (2.5 mm) 0.05 in. (1.3 mm) 0.25 . (64 mm
Measurement Tyvpe Seg Sag Thickness Retained Sue

Special Instructions

Testwiticpoyy
and sand mixtwe

Texas Department ¢f Transportation 17
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¥ Apporow

¢ lorced-craft oven capetle of mz Rlamming temperctures of 120 2F (59210
¢ aavironmenta) chamber clpable of mamtaining temperaiures of 60 L2°F (1%
c v o LA g - C - 1 = (I
=1°C), S0 =2°F (27 =) C), and 105 22¢F (GlzicQ) T ‘pe lenhy]

¢ thickness gauge, with a rescluiion of at least 0.00005 in. (0.00] mi)
*  calipers with aresolution of o1 least 0.001 in. (0.03 num)

*  smooih, clean meta] plate 3 in. x 6 n.(76 mm x 152 mm) approximately 0 | in. (2.3
mm) thick

* steel forms 3 in. x 6in, (76 mm x 132 mm) with 2 in. x 4 ip. (S mm x 102 mm)
cutout in the center of the following thicknesses: 0.1 in. (2.5 mm), 0.05 in, {13
mm), and 0.25 in. (6.4 mm)

*  metal spatula

¢ metal cintment cans, 3 11. oz. (85 mL)

* balance, with minimum capacity of 2000 g, which meets the requirements of
Tex-901-K_

+  Procedure

The following procedure describes the thixotropy test for €PONY types I, 11, HI, and vy

Thixotropy Test

Obtain the epoxy.
+ Using the component ratios, delennine the amowntof each component necessary o pinduce
20 g of mixed CpONYy.

¢ MNeasure each compaonent inte separate 3 f]. ©z. (85 mL) metal aintment cans.

88}

Obuiin the metzl plate and form.

+ Oblainthe3in x6in, (76 1nm x 152 mm) metal plate and the 3 In. % 6in. (76 mm x 152
Inm) metzl fonm witha 2 i, « 4 (51 mm x 102 min) ctlout in the center. Use a fon of
the tickness specified.

parzllelto the 3 in. (76 mim) side. The mark wi)) correspond with | end of the 2in xipy
GClimm x 102 mm) cutout in the steel fonm.

+ Ifmeasuring the zmount of seg, scribe a mark acress the meta] plate Vin. from the ee ong

Condition the EPONyY cemponents, metz] plcte, stee forin, anda spatela at the emperature
specified,

[NOTE: For type 11 epoxy, pesfonn Steps 4-7 within 2 min.

Mix the epoxy.

+ Remove the CPOXY compenents and a spatula from the oven or environmental chambe if
necessary.

* Transfer the resin to the hardener can and mix with a spatula

for 3 min.

Texas Department of Transportoiion 18 IXDOT 072006



+ Remcve the siee) piate 2nd forn

¥

+ Place diem on 2 herizentel sufac
under the steel plate.

: niece of thin o

¢ Place the form on the plate, ond align the sides of the plete end the fenn.

+ Ifmeasuring the amount of seg, chen

m

the scribed mark with 1 side of the 2 i x 4 in (31

£n
Liske note of where the mark is.

i x 102 1mim) cutout in the ferm. b

o

romm

1he cpoxy parnel.

+ Pour an excess of mixed adhesive i mediately into the fonn.

¢ U

se a spatula lo sereed adhesive on the top surface of the form.

YOTE: Be careful not 1o ailow tie fonn 1o chift during the screeding process.

s Slowly lft the forn upward.

NOTE: This will lezve a 2 in. x 4 in (31 mm % 102 mm) penel of cpoxy on the plute.

L

.

7 |Stund the steel plate vertically.
+ The 6in. (152 min) sides of the plute are vertical and the 3 in. (76 man) sides cre enfhe tep
and bottom.
+ Ifmcasuring the amount of sag, make sure the scribed end of the plute is at the hotton.
+ Condition the plate ot the temperature specified until te cpoxy has hardened.
8 | To detennine the amount of sag, perform the following:
+ After he adhesive hes hardened, romeve the plate from the oven or environmental chamber
if necessary.
+ Neasure the distance the epoxy sapged over the edge of seribed line.
+ Tcke 3 measurements, one ot the center and one at each edge.
+ Averzge the 3 ineasurements.
+ Report the average 10 the nearest 0.01 in. (0.5 mm).
9 (Tom

easure the amount of thickness retained by the epoxy, perfonn the following:

+ Remove tie plate with the epoxy panel from the oven.

v A
¢+ U

1low the plate to cocl to rocm temperature.

sing the thickness goge, tuke 8 measwements, 4 on each side of the epoxy layer.
Before taking each thickness reading, zero the thickness gavge by measunng the
thickness of steel plate nextto the 4 readings en cach side.
Start measuring the epoxy thickness al 0.5 in. (13 mm) frem ihe top 2nd sides, then 1eed
down 1 in. (25.4men) apartand 0.5 in. (13 inm) from side.

« Average ol readings and reportio e necrest 0.001 in. (0.05 mm).

Texas Department of Transporiation 19 TxDGT 07/2006



Hhivoropy Te

& A
v K

f_/ﬁ':i" f_’;’,"i'}:{]’

¢ olance with minimum cansoin £ 2000 g, which mests e FEQUITEMENIS of Tey.
SG1-K

¢ themmemeter. range 6510 80°F (19 10 27°CY(F17 thermometer ¢ shown in a3Tug
E i

¢ thickn

€5s gauge, with a resolution of at Jeast 0.0000s in. (0.00] mm)

* smooth steel plates 5in. x § i, x 0.1'in. (127 mm x 203 mm x 2.5 mm)

s zdjusteble film former, such as 2 Boston Bradlev draw-down sauge with aparh o

least 3
*  meial
*  metal

+  Procedure

in. wide and the opening set ar approximately 16 mils,
ointment can, 6 f1. oz (170 mL)

spatula,

The following procedure describes thixotropy for epoxy type X.

—————
Step

[N

Texas Department o Transporiction
F

Thixotropy Test

Action

Detennine the thickness of the meta) plate.

+ Detennine the averzge thickness to the nearest 0.001 in. (0.03 mm)ofa2in, x gy G1mm
* 102 mm) arca ona smeoth, clean 5 in. x 8y, (127 mm x 203 Inm) steel plate,

¢ The2in x1in (51 1mm x 102 mm)area is defined 253 in, (76 mm) from the topund | ip.
(25 1mm) from the bottom zlong the 8 in. (203 niin) dimensicn, and .5 n. (38 mm)
cach side along the § in, (127 mm) dimension of the plate.

+ Using the thickness gepe, tzke 8 random readings, and record the average,

from

Mix the epoxy.
+ Ensure thot the injtal lemperature of each Cpoxy component is 77 23¢F (25 x]1<Q)
+ Using the component ratios, delennine the amount of each Component necessa
100 g of mixed epoxy. )
Weigh out the cemponentsinfo a metn) can.
Stir the 2 components of the €POXY cealing for 5 ynin.

Yo produce

Form the epoxy panel.

+ Using approximately half of the mived materizl, apply the epexy on the
equal amounts, one at top and other ot center of the stee] tlate.

*+ Drawa I61mil film down te length of the steel plate vsing the film 1o

plate in 2les of

aner.

Stand the steel plate venically.

ON o1 its sheq edpe

awolre,

+ Afler forming the epexy film, stand the stee] panel inavertics) posi
+ Make sure that no more tian 10 min clepse between the miNing

steel perel in the vertical position, .
+ Letstand overmight.

mie and the placin, of e

Measure the thickpess retained by the CpONY.

IxDOT 0372004



Thivetrepy Tt

| SWp Acuion
l . P | - S Vasgn e B RTINS N -
e Afer DweepoNy es nlid secsure the averige dickness of

3

¢

‘e U
4in (ST mm x 102 mm)erea of the ste] plate defined in Step 1.

EEAS e A rendin
+ Tahe §rundem recdings.

6 Detennine the averape cured couting thickness Ty subt
from the overage of total panel plus cozting thickness.

Adhesive Shear Strength
Apparatas
Use the following apparates:
¢ steelspecimens 1in. x 6.5 in. % 0.064 in. (25 mm x 165 mm x 1.6 mm)
¢ sandblasting machine
+  ocamet blasting abrasive, 36 mesh
¢+ Adtesting machine as described in Section 5 of ASTM D 1002, *Standard Test Mzhod
for Apparent Shear Strength of Single-Lap-Joint Adhesively Bonded Metal Specmens
by Tension Loading (Metal-to-Metal)."
Proccedire

The following procedure describes the adhesive shear sirength test for type H epoxy.

Adhesive Shear Strength

—

Step Action

1 |Follow the procedure outlined in ASTM D 1002, "Stendard Test Method for Apparent Sheu
Strength of Single-Lap-Jeint Adhesively Bonded Metal Specimens by Tension Loading (Mtal-to-
Metal)."

|38}

Prepare the surfaces of the individuzl precut specimens by sandhlzsting to white metel.

3 |Clean blasted ends with compressed air.

Cure the test specimens for 7 deys ot 7010 80°F (21 10 27°C) before testing.

—

1)
—

Texas Department of Transportation TxDOT (72006
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PGS

2

bdance, with minimum capacity of 2000 o, which meels the requ’

¢ disk meld to makea 2.5 205 in. (64 =1 mm) dizmeter by 0.37 20.01 in. (
thick disk

+ sonding lathe

¢ machined steel plate, 6 x 6 x 0.5 . (132 x 132 x]3 mmj

+  steel pipe, 2in. (51 mm) inside diameter, approximately 3 f1, (] m) in length

+  steel ball, 1 1b, (4354 o)
+ metal ointment can, 6 . oz (170 mL).

Procediire

The following procedure describes the Impact strength test for fvpe Il epoxy.

Impact Strength

Step Action

] Chtain at least 3 disk molds tomzke 2.5 20,515, (64 £1 m1n) dameter by 0.372001 in (95203
mm}) thick disks.

2 Mix the epoxy.
*+ Ensure that the initial lemperature of each ¢PONY component is 77 2 2¢F (25 £)
+ Using the component ratios, detennine the amount of each component necessa

200°g of mixed epoxy.

¢ Weigh out the compenents into 2 metzl can,
¢ Mix the epoxy for 3 min

3 Make the cpoxy disks.
*+ Pour the cpoxy into the disk molds.
+ Carefully tep disks on countertop to level material and remove bubkles.
¢+ Curethe disks for 7 days at 70 1o 8Q°F (2l o 27°C).

4 Prepare the cpoxy disks.
*+ Remove the epoxy disks from the melds.
+ Gnnd or machine the Plane surfaces of the disks flat and parallel,
+ The thickness of the finished disks is 0.3020.02 in. (805 mm),
+ Smooth the specimens with s No, 180 grit sendpeper.
*+ Blow clean the disks with oil-free compressed air,
NOTE: Be careful not to heat the disks zbhove 120°F {45°C) when machining or grinding

“C).

ry to produce

Tvrme Promr T —
Texas Departient of Trmupm'mM




Dimpzct Strengib
e
( ‘ |
Step ‘ Activn :
e . J
! S Qet up the anpotl resifianee west
\ o Tlace e frirhed speaimens on g mali sned steel .“ e SL‘CJ'C‘.)' sunched concrete sub !
+ Piece the 3 it (1 m) steel pipe ebove e mochined steel plate such hietihetop of theppes 3
. (1.5 m) ehove the plete,

+ Place the cpoxy disk on tie steed plate Jirecily helow the pipe.

je pipe zcls as 2 guide for the Lall to fzil on the epoxy disk.

Perform the impact resistance test.

+« Dropallb.(454

g) bell ento the center of the disks from aninitiz] height of 5L (1.5%)

+ Increase the height of the pipe by 6

in. (132 mm) for cach successive drop unti! te specimen

{zils by cracking or chzttering or until rezching & maxinuwn heightof 7 {t (2.1 m).

+ Record the height of the drop at which the fzilure occurs.

+ Repezt for the restof the spECimens,

NOTE: Do not allow the ball to strike the disk zfier rebounding froin ihe testdro

7 chon the average to the nezrest 0.5 fL 1b. (0.7 joule).

\Wet Strength
The wet strength test is required for type 11,1V, and 1X.
Apparatus

Use the fcllowing apparatus:

« baance, with minimum capacity of 2000 g,

4 metal spatula

o rmetal ointment can, 6 fl. oz. (170 mL)

& mortar brnquetles

+ water bath, capable of maintaining 100 =2°F (38 1°C)
+  water bath, cepable of maintaining 73 =2°F (23 = °C)
+

a constant rate of crosshead movement testing machine as descnibed in Section3) of

which meets the requirements of Tex-901-K

ASTM D 633 cup"ble of maint
mm/min.) and epplying a tensl

aining a constant rate of trav el of 0.05 in. /mn (13
e force of at least 500 1bf. (2.2 kN) Use erips toheld

specimens s described in S

ection 4.7 of ASTM C 190.

Texas Department of Transporiation
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Wet Streneth Tegg
. !
(‘t—_'

sels of morar triqueties yzde L3 &ceordance with "Prepare monar briquenss” of e

Bend” procedure,

+ Sendblost the bonding fuce of each snonar briqueite.

¢ Clean the honding faces of 3 sets of brigueties with compressed zir.

¢ FortypelX €pGNV!

* Scak the brigueties in distilied or deionized Waler Gt 77 22°F (25 £1°C) [or 24 hr.

+ Remove the triqueties from the water buth and blow e bonding faces Cry wi
compressed air,

NOTE: Do not touch bonding fuces ufter szndblasting.
Mix the epexy.

¢ Enswe that the injijal temperature of cach CPONY componentis 77 £2¢F (25=21<C)

hooil-frece

¢+ Using the component ralios, detenmine the amount of each coimponent NECessary 1o muke g
total 30 g of mixed CpoXy.

¢+ Weigh50 g of €PONY components in 2 inetaj can.
+ Mix with a spatula for 3 min,

Prepare the specimen.
*+ Place a smzll 2mount of epexy on the bending face of each briguette,

¢+ Useaspatula to spread Uie epoxy unifornly across Uhe bonding face.

¢ Dlace the faces of 2 brigueties holves tegether with light pressure, and repeat for gie reimnine
briquettes, i
¢+ Remove the excess cpoxy from the edges of the bonded areawith a spatula ang stand upy
NOTE: For type 1 €poxy, «llow no nore then 6 min, to elapse during preparation of the
specimens.

ight,

Cendition the specimen,

+ Allow the briquettes 10 cure for 24 hr a1 77 22<F {25z1°C),

*+ lmmediately trensfer the briquettes to an oven at 120 £2°F (49 =1°C) for 28 .

+ Immerse the cured specunens in a distjlled or deionized water bath maintained o 100 22F (38
=1°C) for 4 days.

+ Remove specimens and plzce them in a distilled or deionized water bath QLT3 E2°F (23

for 1 hr. )

)
"
a
O
~—

Setup the tensile machine for testing.
*+ Start uptensile machine eccording 1o manufacturer's instructions.
+ Balance and calibrate the tensile mnzchine.

* Plzce the prips on the mechine.

t Setilic cresshes speed to 0.05 in./min (1.3 mm/min).

Test the specimen,

*+ Lcod abriquette into the tensile machine,
¢ Start the testing in

achine 2rd Jood unyil bres

N
da

XDOT 0772004



e TUIMLILNG F;.‘C'C".ff'»('ﬂ.

7 \Rﬁpoﬂ (e average Jaod ot bregk s the vt hond sirength.

8

270 psi (1862 KPa).

Test one mere set of specimens if any of (e tested briguelics fuilin e mortar of stenpiheidow

Wet Pullout Strength
Appurains

Use the fcllowing apparatus:

+ balance, with minimum capacity of 2000 g, which meets the requirements of Tex-901-K

« rebar, grade 60, #3,30 in. (760 mm) in length

+ concrete block with a minimum size of 6 in. x 6 in. x 8 in. (150 mm x 150 mm * 200
mm) or a concrete cylinder with a minimum size of 6 in. (150 mm) diameter and 8 in.
(200 mm ) high. The block or cylinder must be compression rated at 5,000 =3001b.

(223 £2.2kN)

¢ waterbath at 77 £3°F (25 =2 °C)

+ carbide tip masonry drill bit, 6 in. x 5/8 in, diameter (150 mm x 13 mm)

¢ hammer dnll

+ melal ointment can, 6 {1. 0z. (170 mL)

+  aconstant rate of crosshead movement testing machine as described in Section 3.1 of
ASTM D 638 capable of maintaining a constant rate of travel of 0.2 in./min. (5

mm/min.) and applying 2 tencile force of at least 10,000 Ibf. (44.5 kN).

¢ mechanical wedge gnps, use wedge erips with v-shaped jaw faces to crab the rehar end

of the pullout specimen.

Texas Department of Transporianon
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i Prensre the concrete biody.
« Drill 3 hole, 5:8in. (13 mm) dizmeter end 3500 ($0 mam) in depdy, locsted vt ihe cuntenthe
top surfuce of the conercle block or eviinder.
+ Remove debris and dust from the hole using moistire-free compiessed &ir

+ Ensure the rebar fits without binding.

2 |Mix the epoxy.

¢ Ensure that the initic] temperature of cach ¢poxy component is 77 #2°F (23 21°0)

+ Using the component ratios, detennine the amount of each cemponent necessany o malea
1c1al 50 g of mixed cpoxy.

+ Weigh 30 g of epoxy camponents o 2 el can,

+ Mix with a spatula for 3 min.

3 | Prepare the specimen.
+ Place the cpoxy in the hole.
+ Insert the rebar the entire depth of the hole.

« Rolate the rebar several Umes to ensure that the cpoxy adequately couts the rebar and to
remove air pockets in the epoxy.

+ Repeat filling the hole and inserting the reber as necessary untl the hele is full.

+ Remove excess epoxy from the surface of the cylinder.

« NOTE: To ensure a valid test, the rebar imust remain plumb end centrally located in the hale.

4 |Cwethe spccimén
+ Cure the speciinen in air for 24 lr. 2t 77 3°F (25 22°C).

+ Submerge the block into a water-bath 2t 77 £3°F (25 £2°C) in an upright position for 6 &ys.

5 | Setup the tensile machine for testing.

+ Start up tensile machine according to manufacturer's instructions.
+ Bzlance 2nd calibrate the tensile inachine.

+ Dlace a wedge grip on the testing machine zs the top finture.

+ Screw the four sods inte the bottom plate of the testing machine.

+ Set the crosshead speed 1o 0.2 in/min. (5 mm/min.)

6 | Load the specimen in the testing machine.

+ Place the specimen in between the rods.

o Pluce the steel plate over the block. Fit the rebar trough the center hale 2nd the 4 rods
through the 4 holes at the corners of the plate.

+ Grip the rebar in the wedge anp.

+ Lift the block 2 in. and adjust the hlock to ensure the rehar is pulling streight

With the block lifted, tighten the 4 nuts to the steel plute.

SR

7 | Test the specimen.

+ Start the testing machine znd load until breek.

Texas Department of Transportaiion
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1038 el breek os e vl pLllcst strength,

Grind — Epoxy X
The grind testis only re
.4pﬁ(1ralxlx
Use the following apparatus:
+

metal spatula

tapered gage, a hardened steel, s
approximately 7.5 in. (190 mm)
in thickness. The top surface of th
in. (127 mm) iong by 2
lengithwise from about

The preferred calibration is Heem
scraper, a double ed

in. (55 mm) fong, 1.5 in. “
the 3.75 in, sides ar

0 mum)
erounded {oa

Procediire

The following procedure describes the

1 Prepare the EpONY,

-

¢ Weigh 10gof 1y
+ Add 2 g of xylene,

¢ Struntlitisa homogencus m

Perform the grind test on the epox
Fineness of Dispersion of Pigmen

Texas Deparimernt o "Transporiciion
I J

balance, with minimum capacity of 2000 g

tainless steel, or chrome-p
in |2

in. (50 mm) wide path. The p
4 mils (100 )
the other with intermediate calibrations

an units,

ged hardened steel, s

iesin cemnponent ;

y resin according to ASTM D 1210, "Stzndard Test Ne
t-Vehicle Systems by Heg:

quired for epoxy type X.

> Which meets the requirements of Tex-041.K

metal ointment can, 3 1. oz (85 mL)

ated steel block

n widih, and 1 in, (231mm)
and planar and containg 5
ath is tapered uniformly in deph
2 0.41in. (10 mm) from one end to zero depih o
in accordance with the depth at those poings,

ngth, 3.5 in. (90 mm)j ]

e block is ground smooth

tainless steel, or chrome-plated stee] by
wide, and 0.25 in. (6.4 mm) thick. The fwo e
radius of 0.015 in, (0.38 mm).

de 3.75
€res on

-

erind test for epoxy t)’pve X.
Grind Test

Action

e

o amelzl can.

INture,

liod for

nan-Type Gzpe. "

28 XDOT 9712004
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.d Strengih of Fresh Concrete to Cured Concrete
This test method applies to types V znd V11 epoxy.
Apparaius
Use the following apparatus:
+ balance, with minimumca yacity of 2000 g, which meets the requirements of Tex-901-K
+ metwl spatula
+  melal ointment can, 3 {l. oz. (85 mL)
+ mortar brquettes |
+ sand and cement to prepare mortar as described in ASTM C 190
+ bﬁqueﬁe molds as described in ASTM C 190
+ aconstantrate of crosshead movement testing machine as described in Section 31 of
ASTM D 638 capable of maintaining a constant rate of travel of 0.05 in./min. (1.3
mm/min.) and applying 2 tensile force of at least 500 1bf. (2.2 kN). Use erips toheld
specimens s described in Section 4.7 of ASTM C 190.

Proccedure

The following procedure describes the bonding fresh to cured concrete test.

Bounding Fresh Concrele te Cured Concrete Test

Prepare briqueties

+ Obtzin briquettes made in accordence with "Prepare Morar Briquette” of the "Tensile 3end”
procedure.

+ Sandblast the bonding fzce of each mortar briquette.

s+ Clean the bonding foces of the briquettes with compressed air.
NOTE: Do not touch b after senéblasting.

3
onding faces

hMix the epoxy.

¢ Ensure that the initisl temperature of each epoxy component is 77 £2°F (2521°C)

+ Using the component roties, determine the amount of each component necessary to melea

o
\O

TxDOT 07/2096




Bundirg Fresk Concrvic i Cured Curncrete Tt

+ Tikecne of the briqueries ang risce 5

+ Usea spatla o spread e cpovy wiformly seress the suiface.
* Repeat for the remzining briquenes,

da

Mold new mortor o the briguettes 10 make complete 1ens:
*+ Prepere new montar gs described in e ‘Tensile Bong® rrocedure,
¢ Place each briguetie into 2 briguetie mold.

+ Mcold the new mortar against cach of the 3 briquenes ta fa

+ Cure the specimen for 7 duys, occarding 1o ASTM C 190,

S Setup the tensile machine for testing,

*+ St up tensile muchine according 10 manufacturer's instructions.
+ Bulance and celibrate the tensile machine.

+ Place the grips on the machine.

+ Set the crosshead speed to 0.05 in/imin, (1.3 mm/min)

6 Test the tensile specunen,
+ Load a specimen into the tensile machine,

¢+ Stert the testing machine and lead until bregk
* Record the load ot break.

+ Repeat the test for the remaining specimen.

Report the average load al brezk as the bond strength

+ Testone more set of specunens if any of the tested spechy
below 270 ps; (1862 kPz).

Old Concrete to New Grout Mix
This test procedure applies to tvpe Vil epoxy cnly.
Apparats
Use the following apparatus:
¢ balance, with minimum capacity of 2000 9, which meets the
¢ metal spatula
¢ friction top can, | pt. (500 mL), with fnction lip removed

*  mortar briguettes

Texas Deparinient of Transporiation

Loy
[

Fetea small smount of CHONY onthe b

le specimen,

|

————

for 3min,
Lettes,

ending e,

N 3 complete tensije Speclinens,

nens fail in the mortar ot sirepgs

'€ requirements of Tex-001-x
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nerele to new greut test for iype VI epoxy.

Old Concrete to New Grout Tesf

Step Action

Prepare the briqueties.

+ Oblain 3 briquettes made in accordance with "Prepare Mortar Briguctie” of the “Tensile Bond”
procedure. "

+ Sznchlsst he bonding foce of ezch mony briguette.

+ Cleon the bonding faces of the briquettes with coinpressed air.
NOTE: Do not touch bonding fuces alter sapdblasting.

tad

Mix the cpoxy grout.
+ Ensure thal the initial teinperature of each epoxy component is 77 22°F (25 £1°C).

+ Using the component ratios, detenmine the mncunt of cach component necessary to makea totzl
250 g of mixed grout
+ Weigh the prout components inal pt (300mL) can.

s Mix with a spetula for 3 min.

Nold cpoxy grout to the briqueties 1o mzke ceomplete tensile specimen..

+ Place cach briquette into 2 briguette moid.

« Mold the epoxy prout against each of the 3 briquettes to forn 3 complete tensile specimens.
+ Cure the specimen for 7 days at 77 £2°F (25 21°C).

Set up the tensile machine for testing.

+ Start up tensile machine sccording to menufacturer's instructions.
+ Balence and calibrate ihe tensile mochine.

¢ Place the grips on the machine.

+ Set the crosshead speed to 0.05 in/min. (1.3 jmun/inin.)

Test the tensile spechmen.

« Load a specimen into the tensile machine.

+ Start the testing machine znd load unti} brezk.
+ Record the load ¢t break.

+ Repeet the test for the remaining specimen

+ Report the zverage load 2t break as the bond stength.

s Testone more set of specimens if any of the tested specimen fuil in the cament morterd
strengths below 270 psi (1862 kTa).

Texas Department of Transpertation 2] TxDOT 07/2006




Tea tbs TS0 N e ety
Use the fellewing opparan

+  bolance, with minimuom capacity of 2000 g, which mesisthe requirsments of Tew-00]-K

¢ black and white paper charts that are smeoth and level, and impervious to pantliquids,
The black area must have a maximum reflectance of 1% and the white area a nynmum

- reflectance of 78%. The white area must te nonflourescent,

¢ drawdown cauge, 5 mil

®  vacuum platter or other sujtable device

+ reflectance measurement instrument that allows diffusely reflected, radiant flux 1 be
incident upon the measuring element. It must employ a photomeatric system, including
source, filters, and receptor, that provides a response closely similar 1o the product of
the spectral luminous efficiency funciion of the CIE standard observer and source C.lt
must provide readings 1o at least the third decimal place and permit estimation fo (he
founth.

¢ metal cintment can, 6 1. oz (170 mL).

Procedure

The following procedure describes the hiding power test for epoxy type X,

Texas Department of Transporiaion

Hiding Power

Step Acticn

] Mix the epexy.
+ Ensure that the initiz] lemperature of each CPEXY compenent is 77 £2°F (35 2] Q).
+

- Using the componen! ratios, detenmine the emount ¢f cach componet

necessary (o make g ey-)
50 g ef mixed epoxy.

S

Weigh the camponents into a meta] can.

¢ Mixwitha spatula for 5 mip

(]

Draw down a § mil thick fikin on the black and white paper cha

¢ Flace the black and white Feper charten a flat surface,

¢ Pour 2 horizontel Ynes of mixed ¢pexy on the black and white paper, ene en each celor,
+ Mzke the lines the width of the draw down ¢z
+ Putthe drow dowp 2age at the top of the paper

» 2and draw it down at Sppreximetely 2.4 inec,
(61 mm/cec).

3 Allow the film 1o dry.

¢ Plece the Black and while pe

per chartina well-ventilated dust free location,

o
o

Ix2OT 072506



TITG =
Hiding fover

Py ~
| Swep \ Aciien \

¢ Aliow 1o dny overnight.

\ 3 Negeure e reflecience wr.d Zetermine the convest Telio.

¢ Wessure ine reflectance ol 3 rendom raoints on exch calor,

(o}

ast retio oy dividing thereflectance on white subsvotie (V) into Uie refieeunce

Water Gain
This testprocedure applies to type VIII epoxy only.
Apparatus

Use the following apparatus:

s disk mold to mzkea 2.5 =0.51n. (64 =1 mm) diameter by 037 20.01 in. (9.5 203 mm)
thick disk

« distilled or deionized water

+  plaxs container, approximately 610 10 in. (152 to 254 mm)deep and 4105 in. (102 10
127 mun) in diameter

+ cilicon carbide sandpaper No. 180 arit
+ machine lathe

+ analytical balance with a minimum capacity of 100 g, which mests the requirements of
Tex-901-K.

Proceldure

The following procedure describes the water ain test.

Water Gain Test

Step

i Oblein 3 molds to meke 2.5 =0.5 in. (64 £1 nun) dizmeter by 0.3720.0) in. (3.5203mm)
thick disks.

Piepare hie €poXy.

Action

+ Encure that the initcl temperzature of cach epoxy component is 77 L2°F (25 z1°C)
4 Using the component ratios, dete
produce 200 g of mixed epoxy.

|3

+ Weigh out the components into a metal can.

+ Mix the epoxy for 3 min.

3 Cast and cwe the cpoxy disks.

Texas Department of Transporiaiion
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¢ Remove e epoxy disks frem tie melds,

¢ Crind or mechine the plene surfaces of Uie disks flatend porallel,
* The thickness of tie finished disks must be 0,39 =0.02
*+ Smooth the specimens with No. 180 ¢rit sandpeper.

+ Blow clean the cisks with ail-free compressed Lir,

NOTE: Be cureful rot 1o hest the djcis chove 120°F (4 Y when muchy

Weich the disks on &n anelvtical belznce 10 Uie negrest 0.091 2.

Immerse the disks in 2 water bath,
¢ Fill a warer bath with distilled or deionized water,
+ Ensure the waler lemperature is melntsined ot 77 4°F (25 *2¢C).
ie waler bath for 24 hy.
Weigh the ssturated disks 1o detenmine the wa

¢ linmerse the disks in th

ler gzin.
+ Remove one of the disks from the water bath,

7 + Wipe the swiace weler off with a éry cloth,

+ Immediztely weigh the disk 10 the nearest 0.001 p.
¢ Repeat for the other 2 disks.

N Calevlate the percent increzse in weight of eacl disk,
nearest 0.1%.

Calculations
Increase in welght

wet weight - conditioned weight

,%=\x]00

Incresse in weicht — -
conditioned weight

Where:

*+ Increasein weight, % = percent Increase in the weight of the sample

+  wetweight = weight in grams of the sample after soaking in water

+  conditicned weight = weightin grams of th
waler,

Contact Time

This test procedure appliesto type | epoxy only.

Texas Departmert of Transportarion

ZEDECHES fer T Eevs 61 T80 SGF (2] wo 30 ).
AL T
repure the spovy dickg, ]

in. {8205 mmn).

Average the resuis and report tothe

—

e conditioned sample before sozking in
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¢ mictd spotuia

el ointment czn, 611 0Z. (170 mL)

4

& morar bnguetles.

Procedure

Contact Time Test

Step Action
Prepure the briqueties.
+ Obtin 3 scts of mortar briguettes made in zccordance with "Prepare Mortar Briquute” of
the "Tensile Bond™ procedise.
: + Sandblast the bonding face of ezch mentar briqueite.
¢ Clezn the bonding foces of the briqueties with compressed 2ir.
NOTE: Do not touch bonding faces z{ter sandblasting.
Mix the epoxy.
+ Condilion cpoxy components 10 Use tenperature specified.
3 « Using the component ratios, determine the wnowt of ecch component neeessery lomake
total 50 g of mixed ¢poxy.
s Weigh 50 g of epoxy comporents n a2 mete! can.
+ Mix with 2 spatula for 3 min.
Prepare the specimen
+ Tzke ane of the briquettes and plecea anall amount of epoxy on the bonding face.
3 + Useaspatule lo spread e cpoxy wniformly aeross the surface.
+ Repest for remaining briguetics.
+ Let the briquette halves sit for 60 min. 2t the temperatwre specified.
After 60 min., put 2 baiquette halves together. 1f the briguettes adhiere together, the epoxy mects
4 the 60 min. contact time requirement. If the cpoxy has hardened 2nd the briquettes do ot stick
topether, the epoxy docs not meet the 60 min. contzct time requirement

=

L%y
n
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+ 614-0101 for the test pracedure effective January 2001 through July 2602,

¢ 614-0802 for the test procedure e

Texas Depariment of Transportaiion

~

ffec

¢
i

e Avgust 2002 threugh Jure 2006,

Uiy
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¢ Tests on Elestomeric Binder Only

* Impact Strength

* Tear Resisiance.
+  Tests on Complete Elastomeric Ceoncrele
*  WetBond Strength to Concrete
*  24-hour Compressive Strength
*  Compressive Stress

*  Resilience.
Units of Measurement
The values given in parentheses (if provided) are not standard and may

mathematical conversions. Use each system of unijts separately,
tWo systems may result in nonconformance with the standard.

not be exact
Combining valyes from the

Texas Deparmicnt of Transporiation 2 XDOT 682005




¢ Allow matenzilo sig
+ Measure compenenis in the reties specified by U ¢ menufecturer.
+ Convertvohune ratics to weight retics using the pallon weight of the componernts

2 horoughly mix the commponents. For tests that use zgeregele, meke siwre the eggregate ismxed
wel} with the binder.

3 Use Teflon or lubricant cozted metal us maid serfece.

4 Pour binder mixtures into molds s soon &s possible cfter doravgh m Ning.

NOTE: To mniniinize entzined air during mixing, use physicel means or pass a sofl flameever te
surface.

S L Allow specimens 1o cure sufficiently co they will not be dummueed by 1emove] {rom molds

Texas Department of Transportarion 3 TxDOT (872002



T £l N s T em P
Ihe Tollowing crparatus is requured:

+  discswitha 64 =1 mm (2.20%0.05 in.) diameter and a%5203mm (0.37 =00 in)
thickness

¢ sanding lathe

*  water bath capable of maintzining 0 °C (32 °F)

¢ pipe no mere than 4.5 feet in height znd 2 inches in dlameter

¢ 1 pound steel ball no more than 2 inches in diameter.

Procedure

The following describes the impact strenoth test,

——
Impuct Streneth
Step Action
1 Obin at least three dises witha 642 ) mm (2502005 in)dimmeter and a 95203 mm 1037
20.01 in.) thickness.
- NOTE: Lining the discs with relezse prezse helps.
2 + Using the weight MININg rutics, mezsure out sufficient binder matened to 1 the three discs,
+ Thoroughly mix the meleral and pour 1110 the discs.
+ Setthe discs aside 10 cure.,
3 Afier seven days cure 5t 25 = 2 “C(77 24 <F), sand Nat the feces of the dise, and immierse the
specimen inice wzler o condition it 10 0 °C (32 °F).
4 Remove tie specimen from the ice water, towel dry, @nd place them on a dry machined sice)
plate.
5 + Immediately afler placing on the plute, drep a ane-peund stee) bail onto the center of the
specimen {rom o height of 1.5 m (5 ).
|+ Usethe pipe for a better aim,
5 Increese the dro heieht in 152 mm (0.5 A1) intervals unti] the specimen fails by cracking,
7 Report the averzce velue of three specimens in Joule (ft/iv),

Tensile Strencth
=3
Apparatus
The following apparatus is required:

+ tensile specimen mold conforming to ASTM D 63 8, Tvpe IV

with dimension WO of 25
mm(1in)

Texas Department of Transportation E YDOT 032092



g power lo prevent

Tensile Strenath

Step Action

1 + Perfonn the tensile sirength test according to ASTM D 438-84 using the Type IV secinen
with dimensien WO of 23 mm (1 in).

+ This corresponds to Die C of ASTM D 412,

2
+*

Using the weighl relios, measure a sufficient eneunt of the binder components 1o 7 1z
mold.

+ Thoroughly mix the components, and pour into the mold.
+ Cast ot least three specimens.

+ Remove any entrained air using a sofl flaine or physical methods.

3 Perform test after seven days of curing 2125 £ 2 °C (77 = 4 °F).
Cazrefully remove the specimen from the mold.
Remove excess malerial and simooth the edges.

4 Measure the thickness and width of the specimen neck with a dial gauge or caliper end
determine the cross-sectional area.
5 + Use an initial test machine jaw separation of 51 mm (2 in) and a cross-heed speed of 51 mm

(2 in.) per minute.

+ Czlibrate and set an extensiometer on the sample with anintizl gage length of 25 1 ()

in.).
6 Load the specimen lo failure 2nd use the meximum load to determine the {ensile streneh.
1 + Rerort the average results from the three specimens in MPa (psi).

+ Discard zny with obvious flaws,

Tensile Stress
Perform this test according to the methods of 'Tenstle Strength' using the same specimens

TensileStress is measured at 12 mm (1/2 in.) elongation based on cross-head travel. Repe
the average result from the three specimens in MPa (psi).

Ultimate Elongaticen
Perform this test according to the methods of Tensile Strength' using the same specimens.
Determine ultimate elongation frem initial gage length and the finzal amount of extendcen ot

failure. Calculate the ultimate elongation as a percent of the onginal gage length. Repert the
average result from the three specimens.

~

exas Department of Transportation
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+ ing clamps with 25 mm x 56 mm (Jin. X 2 in)serrated taws, and ¢

g pewer (e preveni slipring or croshing

+ stamping die corforming to ASTM D 624, Die C

Procediure

The followine describes the tear resistance test.

Tear Resistunce
Step Action

] ¢ Obtain a mold of a sheet measuring 4.5 in. X 6.5 in. witha 0.063 in. thickness.

¢ Using the weight ratios, measure out a sufficient amount of binder components to f] e
mold.

¢ Thoroughly mix the components and pour into the moid. Remove entrzined ir using 3 soft
Nlame or physical methods.

¢ Letthe shectcure 5t 25 £ 2 °C (77+ 4 °F).

(2N}
+

Once the sheet of material has sufficiendy cured, stamp
test using the Die C specimen of ASTM D 624,

¢ Stamp at least four specimens,

the speciinens for Tear R esistance

¢ _Sand the specimens to remeve imepularitics and provide tmue surfuces.

3 Continve the lest aficr a 1012l of seven davs cureat 25+ 2°C (77 2 4 °F)

4 Detennine the thickness of the specimen at the paint of tear with a dia) gavge or colipa,

35 Use an initiz} test machine jaw separztion of 51 :nm (2 in}and a cross-hezd speed of 3 inan (2
in.) per minute.

6

+ Measure the maximum load as the specimen s tearing,

+ Record the average of the four specimens in N/m (Ib./in).

Wet Bond Strength to Concrete
Apparatus

The fellowing epparatus is required:

¢ tensle testing machine, constant-rate-of-extensicn (CRE) type, with automati

[t}
ceniorming to the requirements of ASTM D 75

+ water bath capable of maintaining 25 °C (77 °F).

Procedire

}

N
<>

N

Texas Department of Transporiation 6 TxDOT (373
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Wet Bond Strenoth to Concervie

Stp Aciion
]
WNOTE: If recominended by the manufecturer, cout the side of the brigueste with primer Lo e
pamer &ry.
3 ¢ Using the weight retios, mezsure sufficient binder and cggregate to Gl the three brigieite
helves. .
¢ Thorouphly mix the dyee components.
+ Fill the other half of the briguette melds with complete ¢lestomeric concrete.
+ Mcke at least thyce specimens.
4 Let the briquettes cure for S davs inairat 25 2 <C (77 24 °F).
5 hinmerse the specimens in 25 £ 2 °C (77 £ 4 °F) water for fwo davs in 2 horizostal postion.
6 Remove the speciimens {rom the weter, blot dry, end subject Giem to tensile lozding whie sl
damp.
7

. . . 2 . .
+ Delennine the averzge tensile breaking stress hased on a 25 mm” (1 in.) cross-secional
area,

+ Record the average of the three specimens in MPa (psi).

24-hour Compressive Strength

Perform test as described in ASTM C 579.

Form three specimens and cure for 24 hours at 25= 2 °C (77 =4 °F).

Compress samples in 2 compression machine, and measure the maximum load.

Calculate stress from max load and report the average of the three specimens in MPa(psi).

[e ot

Compressive Stress

Apparatus

The following apparatus is required:

L

compression testing machine, constant-rate-of-extension (CRE) type, with autenztic
recorder conforming to the requirements cf ASTM D 76

molds to cast 2 in. cube

dial g2

vee or calipers.

Texas Department of Transpertation 7 IxDOTL8/2002




fne 1w C 5€SC7["ES he COMMIressive sirggs 1esf,
Compressive Stregs
Sien Action §

] ¢ Orizin moeidsic cost tiree 51 mm (2:in)cubes. ]
+ Line the inside of tie moids with relesse prease.

2 + Using tie weightmixing ratics, measure sufficiont binder ond cgperrgile muterial 0 ke

thiree cubes,

+ Thoroughly mix the three specimens.

3 ¢ Pour the mixture into the molds in two lifis end temp themeatenic] efter cach h,
+ Screed off eny excess materizl op tep of the blocks.
+ Cure specimen fer seven davs 21 35 2 2 °C (77 £ 4 °F).

"4 Using a dizl gavge or caliper, determine the original height of the specimen within 0.03 1

(0.001 in.) without a lozd. ’

5 Place the specimen in the compression machine, zero the dis gauge, and epply m
1b ) load.

6 + Load the specimen 2t a rete of 4 mm/min. (0.15 in/min)until deflection of 2.5 1 (0.10

in.) is reached.

+ Record load 01 2.5 inm (0.10 in.).

7 ¢ Calculate the compressive siress based on the original 2380 mm? aren (4in7),
4+ Repont the everage of the three specimens in MPa (psn).

Resilience
The resilience test is a continuation of the '‘Compressive Stress' test,

Afterremoval of the load, allow the specimen to recover for five minutes.

Remeasure the height, and calculate the resilience as a percentage of recovered heicly

. S+ f -1
Resmencc:—‘ﬁf——

R
where:

¢ s=max displacement of cross-head (2.5 mm or 0. ] in.)
« [={inal height of cube

» 1=:initial height of cube

Report the average of the three specimens.

Texas Deparment of Transportation N
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Prequalificd Products List tor Polviaeric Materials for Patching Spalls in

General

Conerete Pavement

The following products have met the requirements of DMS-6170, “Polymieric Materials for

Puatching Spalls in Concrete Pavement.”

The Department reserves the right to conduct random sampling of prequalified materials for
testing and to perform random audits of test reports. Department representatives may sample
matcerial from the manufacturing plant. the project site. and the warchouse. CST/M&P
reserves the right to test samples to verify compliance with DMS-6170, “Polymeric
Matcrials for Patching Spalls in Concrete Pavement.”

Prequalified Producers of Polymeric Patching Materials
Type Product Name Producer Contact Lab Number| Tested Expires
Information
Type I | Delpatch DS Brown Ben Jacobus JO6482725 171807 123107
North Baltimore,
OH
419-257-3561
Type @ | ElastoPatch Craleo Vern Thompson JO7481294 1203107
Chandler.AZ
(8500) 528-8242
Type I | FlexKrete 102 FlexKrete Roy Perrin JO7480319 1022107 [ 1231.07
Technologies McKinney, TX
972-964-8707
Typc Il | Flexpatch* Silicone Richard Waters 107482018 12/19/07 | 12/31/0%
Specialists Inc. | Fr. Worth, TN
99242 RI17-731-7804
Type 1 | Pavesaver DS Brown Ben Jacobus J06482660 122006 | 1231,07
300 E. Cherry St.
North Baltimore.
Ohio 45872
419-257-1600
*Materials should arrive prepackaged with a two component binder and acercsate.

- Marcerial/Producer List

01/04/08




Insert MSDS and Product
Data Sheets here for the
candidate systems for your
future projects



Guidelines for Repair Procedures

The following guidelines cre provided to summarize good practices sssociated with

successful repair techniques. Since many of the requirements are specific for certain mueria
types. it is important to determine exactly what is required by the manufacture before the final
product is selecied. In some cases, because of time or seasonal temperature constraints.
particular requirements for a given product might preclude its use in the spall repair project
under consideration.

Preparation for spzall repairs are typically begun by cleaning all contaminants and
unsound concrele from the spalled area. Depending on thé 1ype of contaminant this may even
require some chipping with a light jack hammer or bush-milling. Many materials also require
that the edges be well defined and of a minimum depth to avoid feathered edges that often ravel.
For materials with this requirement the spalled edees are rypically sawed 1/4 in. 10 ¥2 in.deep
before sandblasiing. Other materials, like epoxy or vinyl-ester systems may not require any
special edge preparation and may only need the area to be sandblasted or dry air blasted. Other
common concerns to keep in mind are listed below.

® Clean Rebar (If required) - When the depth of the spall is such that rebar is exposed,
repair material manufacturers may recommend or require that the rebar be cleancd
(sandblasted, shotblasted or wire brushed) down to clean white-metal condition. This is
particularly true for hydraulic cement repair materials. such as Rapid Set, Fuco Speed.
Pavemend, and MGKrete..

® Prime Surface (If required by manufacturer) - Some of the materials depend upon a little
extra effort to ensure proper wet out or bond advantages to the substrate. The
manufacturers of these materials require that a primer be applied to the cleaned spall
before itis filled with their repair material. If this litle extra step insures miniml
maintenance on the repairs in the coming years it is well worth the effort.

Priming is required by:

Fibrescreed

Delpatch

FlexKrete

Wabo ElastoPatch

Flexpatch - Only if repair is less than |~ deep.

@ 0 06



elp conmrol the workine 2od curing times. Son N an
f;:fp control e worki 8 and CUnng dmes. Home ¢pany SYSWZIS are Cusiom catched aiihe

sL\[UIV to aeconmodaie a \'%,Lun\, ambient iiperaiure 1

This type of repair materiul is called polynier coneretes which simply mieans aeeesuies

glucd to éelher with polymers, or plastics. Pelvimer cencrete s very duruble, water tight, and wear
resistant. [t bonds very well to dry aggregates dﬂd dry concrete—but this is impoertant—usuaily
the aggr gate and concrete need 1o be dry. Some epoxies and polyurethanes are different in tha
they can work with wet surfaces and possibly even damp aggregate.

Polymer concrete can be made very flexible. so that they have the sbility 10 sureich
without breaking (think of chewing cum). This miakes them better for repairs than a very brinle
material which cracks casily. Most of the polymer concretes considered for repairing pavement
spalls are very ductile, but still hard enough to wear well. Generally speaking, the more resin-
rich repair matrix gives more elastomeric properties, and filling the matrix with more clean, dry
sand or clean, dry coarse aggregate makes it more rigid. It is important 10 note that polymers cost
a lot more than portland cement, but their ability 10 bond and stay in the repair without cracking
may make them very cost effective. When making a repair, it is a good thing to not have to
return for re-repairs any time soon. So, initial material costs in a labor intensive job may not be
nearly as important for repairs as for new construction.

Polymer concrete brand names:
FlexKrete — Vinyl Ester
FlexPatch — Epoxy

Delpatch - Polyurethane

Wabo ElastePatch - Polyurethane
RSP - Polyurethane

@ Modified Bitumen

This binder system, basically an asphalt upgraded with polymers, requires special
equipment to heat the bitumen. similar to making hot mix. That renders it a material available
for large contracted jobs. It does not have the strength or wear resistance of most of the other
repair materials, but it has remained in the spall where it has been applied.

Fibrescreed — a hot applied synthetic polymer modified resin and bitumen compound
containing mineral fillers, chopped fibers, sand and graded granite aggregate.

@ Rapid Setting HydraulicCement

These systems are physically similar to normal portland cement concrete, grouts or
mortars. They cost considerably more but they set much more quickly to accommodate early
return-to-traffic times. Because they are brittle, edge sawing is typically required.

Rapld Set Chemically, this material is 33% calcium sulfo-aluminate and 67% di-
calcium silicat

& Magnesium phosphate
This binder system is a special chemical that reacts with water and sets very quickly ina
rigid binder system. Itis mixed with aggregate very similarly to portland cement. Inhot

weather, it must be retarded or it will set faster than it can be placed and finished. | Itrapidly
cures 1o a relatively brittle material.



Material placed by comractor with proper cquipment.
& Place packaged material in machine.

& Once material at proper temperature (373-380 ¢
in 27 Iifis. Add 327 kulking vone with cach 1if
surface.

€ Apply top coat for skid resistance.
pply op

greesy apply o qua
- Continue unul iluch with

The table below is provided for quick reference recardine the tvpe and times for
] g g Ayt

materials evaluated in this research project.

Material: Initial Set Time [Return to traffic Type
(minutes)
Elastomeric
Wabo ElastoPatch 22 1 hr Polyurethane
Elastomeric
Delpatch 60 1 hr Polyurethane
Elastomeric
RSP 6 1 hr Polyurethane
Visco-Elastic
Fibrescreed HE 15 min — 1 hr | Polymer-modified bitumen
Semi-Rigid
FlexKrete 8 1.5 hrs Vinvl Ester
Semi-Rigid
FlexPatch 63 1-2hrs Epoxy
Rigid
RapidSet 24 1 hr Hydraulic Cement
Rigid
EucoSpeed 17 | hr Magnesium Phosphate
Rigid
Pavemend 13 1.5 hrs Magnesium Phosphate
Rigid
MG Krete ? ? Magnesium Phosphate

* Notchemically activaied, temperature controlied

Keep in mind that many products have additional additives which can speed up. anddow
down working times and set times. Some companics also produce different formulations for
different temperatures which effect critical times.



“ontacts for this Implementation of Best Spall Repairs project are:

e Research Technology and Implementation Division: Dr. German Claros — 512-465-3881,
gclaros@dot.state.tx.us

e Construction Division Polymers Materials Section Chem. Branch: Claudia Kern — 512-506-5872,
ckern@dot.state.tx.us

e Construction Division Materials Section Concrete Branch: Lisa Lukefahr — 512-506-5858,
elukefa@dot.state.tx.us

e Maintenance Division: Toribio Garza, Director — 512-416-3195, tgarza@dot.state.tx.us

e Houston District: Mike Alford — 713-802-5551, malford @dot.state.tx.us

¢ Dallas District: Abbas Mehdibeigi — 214-320-6165, amehdib@dot.state.tx.us

e Ft. Worth District: Richard Williamee — 817-235-3397 (mobile); 817-370-6675, rwillia@dot.state.tx.us

e Lubbock District: Neil Welch — 806-748-4370, nwelch @dot.state.tx.us

¢ El Paso District: Tomas Saenz — 915-790-4350, tsaenz@dot.state.tx.us

¢ Waco District: Billy Pigg — 254-867-2780, bpigg@dot.state.tx.us
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Kristina Santos
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Dan Zollinger
David Fowler
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Construction Pavement &Materials — Chem. Branch
Construction Pavement &Materials — Concrete Branch
Construction Pavement &Materials

Lubbock

El Paso Materials Engineer

Houston Maintenance Engineer

Houston District

Asst. Maintenance Supervisor, Fort Worth District
Dallas Construction Engineer

Ft. Worth District, Inspection Supervisor

Ft. Worth District, Maintenance Supervisor

Ft. Worth District, Materials Engineer

A&M Dept. CE, Texas Transportation Institue
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UT/CTR - CMRG
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ckern@dot.state.tx.us
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ldu@dot.state.tx.us
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nwelch@dot.state.tx.us
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cmckenn@dot.state.tx.us
jhand @dot.state.tx.us
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dpwhitney@ mail.utexas.edu
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