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Compressive Strength

2023 updates

e Updates for T24 — Obtaining and Drilling Cores and Sawed Beams
0 (2.2-2.3) M339M/M339, Thermometers Used in the Testing of Construction Materials.
= E1, Standard Specification for ASTM Liquid-in-Glass Thermometers
=  E230/E230M, Standard Specification for Temperature-Electromotive Force (emf) Tables for
Standardized Thermocouples
= ASTM E2877, Standard Guide for Digital Contact Thermometers
= |EC 60584-1:2013 Thermocouples — Part 1: EMF Specifications and Tolerances
0 (7.7) Measurement — Measure the length and diameter of the core.
0 (9.2) The thermometer for measuring the temperature of the water shall meet the requirements of
M339M/M339 with a temperature range of at least 19 to 27°C (66.4 to 80.6°F) and an accuracy of
+0.5°C (+0.9°F) (see Note 17)
e NOTE 17: Thermometer types suitable for use include ASTM E1 mercury thermometers; ASTM
E2877 digital metal stem thermometer; ASTM E230/E230M thermocouple thermometer, Type T,
Special; or IEC 60584 thermocouple thermometer, Type T, Class 1.
o Updates for T148 — Measuring Length of Cores
O (4.1) This test method requires that at least one end of the core be a finished or formed surface.
0 (6.1) Cores used as specimens for length measurement shall be obtained in accordance with T24M/T24
and be in every way representative of the concrete in the structure from which they are removed.
o Updates for T 231- Sulfur Capping - no updates for 2023
e Updates for C1231- Neoprene Capping — No Updates for 2023
e Updates for T22 — Testing Strength

Table 1—Maximum Diameter of Bearing Face

Diameter of
Test Specimens, Max Diameter of Round Max Dimensions of Square
mm (in.) Bearing Face, mm (in.) Bearing Face, mm (in.)
50 (2) 105 (4) 105 by 105 (4 by 4)
75 (3) 130 (5) 130 by 130 (5 by 5)
100 (4) 165 (6.5) 165 by 165 (6.5 by 6.5)
150 (6) 255 (10) 255 by 255 (10 by 10)
200 (8) 280 (11) 280 by 280 (11 by 11)

0 (7.4) The thermometer for measuring the temperature of the water shall meet the requirements of
M339M/M339 with a temperature range of at least 19 to 27°C (66.4 to 80.6°F) and an accuracy of
+0.5°C (+0.9°F) (see Note 11)

e NOTE 11: Thermometer types suitable for use include ASTM E1 mercury thermometers; ASTM
E2877 digital metal stem thermometer; ASTM E230/E230M thermocouple thermometer, Type T,
Special; or IEC 60584 thermocouple thermometer, Type T, Class 1.

0 (8.3.1) Unless otherwise specified by the specifier of tests, for this methos, the test age shall start at the
beginning of casting specimens.
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O (9) CALCULATON

9.1.

Calculate the compressive strength of the specimen as follows:

ST Units: Inch-Pound Units:
_ 4000P,,, P
cm =D 2 cm T[D2
where:
fem = compressive strength, MPa (psi);
Pra: = maximum load. kKN (1bf): and
D = average measured diameter. mm (in.).

NOTE: Use at least five digits for the value of TT, that is, use 3.1416 or a more precise value.

(9.3) If required, calculate the density of the specimen to the nearest 10kg/m?3 (1Ib/ft?) using the applicable method.

9.3.

9.3.1.

9.3.2.

If required, calculate the density of the specimen to the nearest 10 kg/m® (1 Ib/ft®) using the
applicable method.

If the specimen density is determined based on specimen dimensions. calculate specimen density
as follows:
ST Units: Inch-Pound Units:

4210° < W _ 6912xW _
=JT><D2><L _JTKDQXL @
where:
= specimen density. kg/m® (Ib/ft%);
mass of specimen. kg (Ib):
= average measured diameter, mm (in.); and

tﬂg:%t‘

= average measured length. mm (in.).

If the specimen density is determined based on submerged weighing, calculate the density as
follows:

5
where:
p = specimen density. kg/m? (Ib/ft?):
w = mass of specimen. kg (Ib):
vw = density of water at 23°C (73.5°F) = 997.5 kg/m’ (62.27 Ib/ft’): and
w; = apparent mass of submerged specimen. kg (1b).

0 (10) REPORT

Concrete Strength

Specimen identification
Serial number of delivery ticket, if available.
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0 (10.1.7) If the average of two or more companion cylinders tested at the same age is reported, calculate
the average compressive strength using the unrounded individual compressive strength values. Report
the average compressive strength rounded to the nearest 0.1 Mpa (10psi);

0 (Figure 2) — Sketches of Types of Fracture

Type I—Reasonably well-formed cones on both ends,
less than 25mm (1 in.) of cracking through caps.

-'}____-_-_-_-

Type 2—Well-formed cone on one end, vertical cracks
) / . . runming through caps, no well-defined cone on other
_:" i '."r 5 rd d ‘\". .z'l L"u end.

=
.

Type 3—Columnar vertical cracking through both ends,
no well-formed cones.

Type 4—Diagonal fracture with no cracking through
ends; tap with hammer to distinguish from Type 1

Type 5—Side fractures at top or bottom; commonly
occurs with unbonded caps.

Tvpe 6—Similar to Type 5 but end of cylinder 1s
) ey pointed.

Type 4 Type 5 Type 6

Updates for T97 — Beams

0 (5) APPARATUS:

5.2.3.1. The loading blocks and support blocks should not be more than 65 mm (2'/; in.) high, measured
from the center or the axis of pivot, and should extend entirely across or beyond the full width of
the specimen. Each case-hardened bearing surface in contact with the specimen shall not depart
from a plane by more than 0.05 mm (0.002 in.) and should be a portion of a cylinder, the axis of
which is coincidental with either the axis of the rod or center of the ball, whichever the block is
pivoted upon. The angle subtended by the curved surface of each block should be at least
45 degrees (0.80 rad). At least every six months or as specified by the manufacturer of the flexural
testing apparatus, clean and lubricate metal-to-metal contact surfaces, such as internal concave
surfaces and steel balls and rods of the loading blocks and support blocks. The lubricant shall be a
petroleum-type oil. such as conventional motor oil, or as specified by the manufacturer of the
apparatus. The support blocks shall be free to rotate.

523.2. The loading blocks and support blocks shall be maintained in a vertical position and in contact
with the rod or ball by means of spring-loaded screws that hold them in contact with the rod or
ball.

5.2.3.3. The uppermost bearing plate and center point ball in Figure 1 may be omitted if the testing

machine has a spherically seated bearing block that meets the requirements of T 22M/T 22,
provided one rod and one ball are used as pivots for the upper loading blocks.
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5.1.

51.1.

51.2.

51.2.1.

6.1.2.2.

51.2.3.

5.1.24.

5.1.2.5.

5.2.

APPARATUS

Testing Machine—Hand-operated testing machines having pumps that do not provide a
continuous loading in one stroke are not permitted. Motorized pumps or hand-operated positive
displacement pumps having sufficient volume in one continuous stroke to complete a test without
requiring replenishment are permitted and shall be capable of applying loads at a uniform rate
without shock or interruption. The testing machine shall be equipped with a means of recording or
holding the peak value that will indicate the maximum load, to within 1 percent accuracy. applied
to the specimen during a test.

The testing machine shall conform to the requirements of sections on Basis of Verifications,
Corrections. and Time Interval between Verification of ASTM E4.

Verify the accuracy of the testing machine in accordance with ASTM E4. except that the verified
loading range shall be as required for flexural testing. Verification is required:

Within 13 months of the last verification,;

On original installation;

After relocation;

After making repairs or adjustments that affect the operation of the force applying system or the
values displayed on the load indicator. except for zero adjustments that compensate for the weight
of loading or support blocks or specimen. or both: or

Whenever there is reason to suspect the accuracy of the indicatad forces.

Loading Apparatus—The third-point loading method shall be used to determine the flexural
strength of concrete. The loading blocks and support blocks shall be designed so that forces
applied to the beam will be along lines perpendicular to the side faces of the beam and applied

without eccentricity. A diagram of an apparatus that accomplishes this purpose is shown in
Figure 1.

2021-2022 updates

o Update for T22 for the bearing blocks, location: Appendix for AASHTO T22
The bottom bearing block is specified for the purpose of providing a readily machineable surface for

maintenance of the specified surface conditions (note 4). The top and bottom surfaces shall be parallel to each

other. Its least horizontal dimension shall be at least 3 percent greater than the diameter of the specimen to be
tested. Concentric circles, as described in section 5.2, are optional on the bottom block. NEW: (If required, the
bottom bearing block may be fully supported by spacer blocks. Spacer blocks shall be made of solid steel with

parallel top and bottom faces. One vertical center hole up to 19mm (0.75 in.) in diameter is permissible.

Spacer blocks shall not be in direct contact with the specimen or the retainers for unbounded caps.)

o Update for T22 under Load Indication, location : Appendix for AASHTO T22:

Note 9: Readability is considered to be 0.5mm (0.02 in.) along the arc described by the end of the pointer. Also,
one half of the scale interval is about as close as can reasonably be read when the spacing on the load-indicating
mechanism is between 1mm (0.04 inch) and 2mm (0.08 inch). When the spacing is between 2mm and 3mm,

one-third of a scale interval can be read with reasonable certainty. When the spacing is 3mm or more, on fourth

of a scale interval can be read with reasonable certainty.

Concrete Strength
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e Update for T22 Table 2 Permissible Time Tolerances, location: Currently Slide 23
They deleted the percentages and added the note below the table: For test ages not listed, the test age
tolerance is £ 2.0 percent of the specified age.

2020 — Updates

e AUDIT NOTIFICATION SLIDE ADDED TO ALL MANUALS: To all material testers, who
work on Missouri Highways, this includes Consultants, Contractors, City, County, and
MoDOT workers; you will be audited by MoDOT IAS Inspectors and sometimes FHWA
personnel.

e AASHTO T 148 updated the apparatus used for verification of the measuring device.

The calibration blocks were replaced with a Verification Cylinder. Multiple verification
cylinders of different lengths may be needed to verify the measuring device.

Concrete Strength CS Updates
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AASHTO T 231

T231 Capping Cylindrical Concrete Specimens

Revised 10/09/2019

SCOPE

This method covers the apparatus, materials,
and procedures for. . .

A. Capping freshly molded concrete cylinders
with neat cement.

B. Capping hardened cylinders and drilled
concrete cores with sulfur mortar or high
strength gypsum plaster.

SIGNIFICANCE AND USE

* This practice describes procedures for
providing plane surfaces on the end surfaces
of freshly molded concrete cylinders,
hardened cylinders, or drilled concrete cores
when the end surfaces do not conform with
the planeness and perpendicularity
requirements of applicable standards.

MoDOT - TCP T231 Concrete Strength




EQUIPMENT

+ Capping Plates

Alignment Devices: Suitable alighment devices
such as guide bars shall be used in conjunction
with capping plates to ensure that no single cap
will depart from the perpendicularity of the
cylindrical specimen by more than 0.5 degrees.
(Equal to the slope of approximately % in. in 12 in.)

. Melting Pot for Sulfur Mortar: Equipped with
automatic temperature controls and made of
metal.

SAFETY: If not a peripheral heating pot, place a
metal rod or metal ladle in the pot that touches the
bottom and projects above the surface of the fluid
sulfur mix as it cools to avoid development of
pressure under the crust of sulfur.

Equipment Continued 5

5

+ Hood to exhaust the Sulfur fumes:
— SAFETY: The Capping area must be well ventilated.

— SAFETY: The flash point of sulfur is approximately
440°F and can ignite; if it does, quickly put a cover on

it.
- Ladle

- Ruler

Equipment Continued

6
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« Calipers
« Feeler Gauge 0.002 in.

- Masonry Stone - used to remove concrete
protrusions on cylinders by rubbing

- Gloves, Apron, Safety Glasses

NOTE: See the Appendix for more information on
equipment.

Equipment Continued

7

Capping Materials for Bonded Caps

¢ The following 4 materials are suitable to use for
capping:
1. Sulfur Mortar - Covered in this certification

NOTE: Proprietary or laboratory prepared sulfur
mortars are permitted if allowed to harden a
minimum of 2 hours before testing concrete with
strength less than 35 Mpa (5000 psi). For concrete
strengths of 35MPa (5,000 psi) or greater, sulfur
mortar caps must be allowed to harden at least

16 hours before testing, unless a shorter time has
been shown to be suitable.

2. Neat Hydraulic Cement Paste —
See Appendix for more information.
3. Neat Portland Cement Paste —

Neat cement paste caps will shrink and crack on drying
and therefore should be used only for specimens that
are to be moist-cured continuously until time of testing.
See Appendix for more information.

4, High Strength Gypsum Plaster —

Do not immerse cores with Gypsum caps in water and
do not store them in a moist room for more than 4
hours. If stored in a moist room, the plaster caps shall
be protected against water dripping on their surfaces.
See Appendix for more information.

Capping Materials Continued |

9
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QUALIFYING CAPPING MATERIALS

+ Test capping materials for compressive strength per
AASHTO T106M/T106 before using.

» |f sulfur mortar or high strength gypsum plaster are to
be used to test concrete with a strength greater than
7000 psi, manufacturer or the user of the material must
provide documentation. (Keep this in the quality control manual.}

* The strength of the capping material shall be
determined on receipt of a new lot and at intervals not
exceeding 3 months.

(Keep the test reports in the lab’s quality control manual.)

10

+ The compressive strength of capping materials shall be
determined by testing 2-in cubes following the
procedure described in AASHTO T106M/T106.

If a given lot of the capping
material fails to conform to
the strength requirements,
it shall not be used.

See the Appendix for more information.

Qualifying Capping Materials| 11
11

SPECIMENS

* Freshly Molded Cylinders

— Use only Neat Portland Cement Paste to cap
freshly molded cylinders.

—Make caps as thin as practical.

— Do not apply the neat paste to the exposed
end until the concrete has ceased settling in the
molds, generally from 2 to 4 hours after
molding.

More information in the Appendix.
12

12
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* Hardened Concrete Specimens

—End Condition: Points on the end of an
uncapped cylinder shall not exceed %" from the
plane that is perpendicular to the axis.

* If the end exceeds this limit, cut or grind prior to
capping.

Specimens 13

13

End Condition

Check the ends using a square.

B -

Specimens

14

SPECIMEN PREPARATION

Specimens will be prepared as defined in AASHTO
T23 & T24 prior to capping.

Core measured per AASHTO T148,

If necessary, reduce the length of a core to L/D
ratio of 2.0.

 No projections to exceed 0.2 in. (5 mm) above the
end surface.

+ The end surface shall not depart from
perpendicularity to the longitudinal axis by more
than 0.5 degrees.

15

15
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e Saw the ends to square.
» Specimens de-burred using masonry brick.

* Smooth ends to meet perpendicularity and
planeness requirements. e

Specimen Preparation

16

PROCEDURE

17

17

Capping with Sulfur Mortar

SAFETY: Wear protective clothing such as an apron,
safety glasses, and gloves before using hot melted
sulfur.

SAFETY: Plug sulfur pot in WITHOUT the use of an
extension cord.

SAFETY : Keep water away from molten sulfur
mortar!

18

18
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- Fill sulfur pot 2/3 full of flake sulfur.
Preheat to about 265°F (130°C).

Periodically check the temperature with an all-
metal thermometer.

After heating sulfur 5 times, discard.

+  When adding fresh sulfur mortar ensure it is dry.

Capping with Sulfur Mortar

19

19

alignment device
that fits the

(4" or 6” in diameter) I

= Check that the plate |
is free of gouges or
grooves greater than
0.25mm (0.010in)

- o
specimen, | i\_} ﬂ ST

= Selecta clean Alignment Device

deep.
Capping with Sulfur Mortar | 20
20
Setting up the Alignment Blocks
The bottom The top
alignment alignment
block should be block is
approximately placed

one and a half
inches (1 %”)
up from the
top of the
capping plate,
regardless of

P the way

the core or and the top of
cylinder size. the core or
cylinder.
Capping with Sulfur Mortar ‘ 2

approximately
two-thirds of

between the
hottom block

21
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Practice Setting the Core

This will help ensure that |
you won'’t drop the core
or cylinder into hot
sulfur and splash it on
you.

(Wear protective clothing). |

Capping with Sulfur Mortar 27
22

Oiling the Capping Plate

+ When sulfur is melted
and has reached
temperature, lightly oil
the base of the alighment
device.

- This should be s
performed before each ’ -
cap. B’

+ Use oil or a non-stick

cooking spray.

Capping with Sulfur Mortar | 2
23

Molten Sulfur Mortar
+  Sulfur mortar is ready at approximately 265°F
(130°C).
-Sulfur separates and develops an oily film.

-Sulfur also builds up on the ladle, clean it by
striking it with the rawhide mallet.

24
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Warming the Plates

- Warm the capping plate
by filling it with molten
sulfur mortar.

- Allow the sulfur to cool
and harden. (in about 45
seconds it will turn to a dull
color).

+ Hit the capping plate
with a rawhide mallet on
both sides to remove

not to gouge the plate.

Capping with Sulfur Mortar I

If a tool is used tn‘facilitate getting
sulfur from the plate' the harden sulfur loose, be careful

25

25

Capping a Specimen
+ Ensure thattheends [ 78 .
of the specimen are

free of moisture.

- Lightly oil the capping
plate.

« Stir the sulfur, ladle
into the capping plate.

« Quickly set the
specimen into the
sulfur, being sure to
keep it against the
alignment blocks.

Capping with Sulfur Mortar |

26

Capping a Specimen

¢ Continue to hold the
test specimen against
the alignment blocks for |
approximately 45
seconds till sulfur
hardens.

(The edges of the sulfur will
turn flat or dull as it cools.)

Capping with Sulfur Mortar I
27
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Capping a Specimen

.+ After the sulfur has
hardened, tap the plate
with the rawhide mallet
on both sides of the
specimen.

«  Gently twist the
specimen and pull
straight up, being careful
not to hit the cap against
the bottom alignment
blocks.

Capping with Sulfur Mortar |
28

Checking Finished Caps (Daily Check)

During each day’s capping operation, check the planeness,
soundness, and thickness of the caps prior to compression
testing on at least 3 specimens, selected at random,
representing the start, middle, and end of a run.

29

29

+ Check soundness by
using a metal object;
lightly tap or rub the cap.
If a hollow sound is
produced, an
unsatisfactory cap is
indicated. Remove the
sulfur cap and recast. If
no hollow sound is

heard, the cap is good for ~ Note: Abad cap canbe
soundness check removed from the end of the
! specimen using taps from the

mallet. 20

30

MoDOT - TCP T231 Concrete Strength
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Planeness Check
Using a straight edge and
feeler gage, check to
ensure the cap is within
0.002 in. (0.05mm) of
planeness at three
different diameters.
Record the results.

Check for hollow areas.

If caps fail to satisfy the
planeness requirement or
has hollow areas, remove
and reapply the caps.

31

Cap Thickness Check (After Testing)

« After completing the compression test, recover at
least 6 pieces of capping material from the top of
the selected specimen (can use hammer and chisel).
The pieces shall be selected at random and be
distributed over the entire area of the cap. The
selected pieces shall have double bonded
completely from the concrete.

32

32

« Measure and record the thickness of the pieces to
the nearest 0.01 in. (0.2mm) using a micrometer
or caliper. Compare the average and maximum
thickness with the values in Table 1, record the
results of the thickness determination in the
Quality Control document.

Cap Thickness RE]

33
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Strength and Thickness Table 1

Compressive Strength and Maximum Thickness of Capping Materials
Maximum | Maximum
Cylinder Compressive Average Thickness
Strength Mpa Minimum Strength of | thickness Any Part
(pst) Capping Material of Cap of Cap
3.5to 50 Mpa 35MPa (5000 psi) or | 6mm (1/4") | 8mm (5/16")
(500 to 7000 psi) Cylinder Strength
Which ever is greater
Greater than Compressive strength | 3mm (1/4") | Smm( 3/16" |
50MPa not less than cylinder
(50 to 7000psi) strength, except as
providedin5.1.1
34
34

Protecting Specimens After Capping

* Moist-cured specimens shall be maintained in a
moist condition between the completion of

capping and the time of testing by returning them

to moist storage.

A. Adrilled core is returned to its plastic bag.

B. A concrete cylinder is wrapped in wet
burlap and returned to moist storage.

« Do not test capped specimens before the capping
material has had sufficient time to develop the
required strength.

35
35
CALCULATIONS
For Bounded Capped Specimens
Final Length(L)/Diameter(D) Ratio will be
determined after capping:
Average Length
£¢ ~UET _ —1p
Average Diameter
36
36

MoDOT - TCP T231 Concrete Strength
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REPORTING

Record in a Quality Control Document or Manual

the following:

—Any documentation from manufacturer on the
compressive strength of capping material.

—Three month qualification test reports on the
2 inch cubes when checking compressive
strength of capping material.

—Cap thickness check measurements

—Planeness check measurements
—Soundness check

37

37
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AASHTO T 231: Capping Cylindrical Concrete Specimens

PROFICIENCY CHECKLIST
Applicant
Employer
1 2
Trial #
General
1. Capping plates and alignment device checked and in good condition

2.

Qualified capping material tested for strength every 3 months and reports are
kept in a Quality Control Manual

. Test specimens prepared and cured in accordance with AASHTO T 23, and T 24

Test specimens measured per AASHTO T 148

3
4,
5. End conditions are checked

- Removed coatings or deposits and roughed with a wire brush if needed

- Uncapped end from a plane is perpendicular to the axis not to exceed
0.125in (3mm)

Types of Capping Material
High Strength Gypsum Plaster
Neat Hydraulic Cement Paste
Neat Portland Cement Paste
Sulfur Mortar

Sulfur Mortar Capping was Used, Procedure Below

Sulfur mortar heated to about 265°F (130°C)

Sulfur pot 2/3 full, added only dry sulfur (Discarded sulfur after heated 5 times)

Selected the correct size of alignment device and set up the blocks accordingly

Lightly oiled the plate

Warmed the capping plate with hot sulfur, allowed to cool, and removed

Lightly oiled the plate again

Set the specimen into the sulfur keeping it against the alignment blocks

Waited till sulfur hardened

I NI RIEN NI

. Tapped the plate with a rawhide mallet on both sides of the specimen

10 Removed the specimen with cap without damaging it, repeated steps for the
other end

11. Checked finished caps for soundness and planeness of no more than 0.002 in
(0.05mm)

12. Stored sulfur capped specimen in a moist condition until tested

Examiner: Date:

PASS PASS
FAIL FAIL

MoDOT — TCP 12/26/2019






ASTM C1231

Use of Unbonded Caps in
Determination of Compressive
Strength of Hardened Cylindrical
Concrete Specimens

\

M\ DOT







ASTM C1231

Use of Unbonded caps in determination
of Compressive Strength of Hardened
Cylindrical Concrete Specimens

L= 10

Rev; 10/09/2019

SCOPE, SIGNIFICANCE AND USE

This practice covers requirements for a capping
system using unbonded caps for testing concrete
cylinders molded in accordance with AASHTO
T23, or cores obtained in accordance with Test
Method AASHTO T24 in lieu of capping systems
described in AASHTO T231 (Sulfur Capping).

Unbonded neoprene pads are permitted for a specified
number of uses up to a certain concrete strength level
and then require qualification testing.

Qualification testing is required for all elastomeric
materials other than neoprene regardless of the
concrete strength.

Significance and Use

MoDOT - TCP 1231 Concrete Strength




Unbonded caps are not to be used for
compressive strength betow 1,500 psi or above
12,000 psi.

Note: Values stated in either Si units or inch-
pound units are to be regarded separately as
standard. The values stated in each system may
not be exact equivalents; therefore, each system
shall be used independently of the other.

Significance and Use

4

» Pad - an unbonded elastomeric pad

» Unbonded Cap — A metal retainer and an
elastomeric pad

The elastomeric pads deform in initial loading to
conform to the contour of the ends of the test
specimens, they are restrained from excessive
lateral spreading by plates and metal rings to
provide a uniform distribution of load.

significance and Use

6
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MATERIALS AND EQUIPMENT

Materials and equipment necessary to produce ends
of reference specimens that conform to planeness
requirements of Test methods AASHTO T22 (Testing
Compressive Strength) and AASHTO T231 (sulfur

capping).
7
¥
Elastomeric Pads (Neoprene)
» Thickness: 1/2” + 1/16"
» Diameter: Shall not be more than 1/16 inch smaller
than the inside diameter of the retaining ring
* Meet the requirements of Classification ASTM D2000 as
follows in Chart A:
Chart A
Shore A Classification D2000
Durometer Line Call-Out
50 M2BC514
60 M2BC614
70 M2BC714
Apparatus 8

8

+ The tolerance on Shore A durometer hardness
is + 5 units.

* Pads will be made of Neoprene.
+ Table 1 provides requirements for use of caps.

Apparatus Elastomeric Pads

9
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TABLE 1 Requirements for Use of Neoprene Pads

Compressive Strength,A | Shore A | Qualification |Maximum
Mpa (psi) Durometer | Tests Required | Reuses
Hardness

Less than 10 (1500) Not permitted
10 to 40 (1500 to 6000) 50 None 100
17 to 50 (2500 to 7000) 60 None 100
28 to 50 (4000 to 7000) 70 None 100
50 to 80 (7000 to 12000) 70 Required 50
Greater than 80 (12000) - Not permitted -

A Compressive strength of concrete at age of testing as specified in contract
Documents. For acceptance testing , it is the specified compressive strength f, .

Apparatus Elastomeric Pads 10

Other elastomeric materials that meet the
performance requirements of qualification tests are
permitted.

Elastomeric pads shall be sﬂlﬁblied with the
following information:

—Manufacturer’s or Supplier’s name

—Shore A Hardness

— Applicable range of concrete compressive strength
from Table 1 or from qualification testing

Apparatus Elastomeric Pads 11

The user shall maintain a record indicating the date
the pads are placed in service, the pad durometer,
and the number of uses to which they have been
subjected.

Apparatus Elastomeric Pads 12

MoDOT - TCP C1231 Concrete Strength




Retainers

* Provide support for and alignment of pads and
test specimens.
« Height shall be 1.0+ 0.1 inch.

Apparatus ' 13
13

The inside diameter of the retaining ring shall not
be less than 102% or greater than 107A of the

diameter of the specimen.

Surface shall be plane to within 0.002",
Bearing surfaces of retainers shall have no gouges, grooves,
or indents larger than 0.001 inch deep or 0.5 inch?in the

surface area.

14

Materials and Apparatus - Retainers |

14

Figure 1 Example of Retaining Ring and Base Plate
Retainer Internal Diameter shall not be less than 102%

or greater than 107% of cylinder diameter.
MINIMUM WALL THICKNESS

TEST SPECIMEN NOMINAL DIAMETER:
> 100 mm [4in.}: 12 mm [0.47 in.)
< 100 mm [4in.): 9 mm [0.35 in.)

MINIMUM BASE PLATE THICKNESS
TEST SPECIMEN NOMINAL DIAMETER:

> 100 mm [4in.): 12 mm [0.47 in.]

< 100 mm [4in}: 8 mm [0.30in.]

AWALL THICKNESS (Minimum)

l ]

S
25 +/- 3 mm [1.0 4/- 0.1 in.
BASE PLATE THICKNESS \

SURFACE PLANE TO 0.05 mm [0.002 in.)
FIG. 1 Example of Retaining Ring and Base Plate |

15
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TEST SPECIMENS

* Made in accordance with AASHTO T23, or cores
obtained in accordance with test method AASHTO

T24.

 Depressions under a straight edge measured with
a round wire gage across any diameter shall not
exceed 0.20 inch.

« [f the specimen ends do not meet this tolerance,
the specimen shall not be tested unless
irregularities are corrected by sawing or grinding.

16

16

Test Specimens

+ Unbounded caps are permitted to be used on one or
both ends of a test specimen in lieu of cap or caps
meeting practice AASHTO T231, provided the caps
meet the requirements of ASTMC1231.

« Verify that the pads meet specified requirements:

— ¥ inch thick.
— Diameter no more than 1/16 inch smaller than the inside
diameter of the ring.
— Pad Hardness and Maximum uses meet Table 1.
= |nsert pad into retainer before placing it on the
cylinder.

Note — Some manufacturers recommend dusting the pads and the
ends of the specimens with corn starch or talcum powder prior to

testing.
8 17

17

Replace pads that do not meet the dimensional
requirements or when they exceed the maximum
reuse limits of Table 1.

Complete the load application, testing, calculation,
and reporting of results in accordance with test
method AASHTO T22.

18

18
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SAFETY: Due to sudden release
- of energy while testing with

| heoprene pads, it is a good
| ! practice to use a wrap for the
cylinder, not only for safety
reasons but also to protect
equipment from damage.

Note: The testing machine
may have a cage for testing
safety.

19

19

Tips

Check durometer of pads against requirements for
the strength of cylinders being tested.

L]

Record date pads were placed in service and the
number of reuses (100 maximum up to 7000 psi;
50 maximum from 7000 to 12000 psi).

.

Examine pads carefully for cracks or splits.

For strength levels above 7000 psi; qualification of
the neoprene caps is required.

20

20

Information only: MODOT MoDOT

7

When choosing a capping system at MoDOT;
« Drilled cores are sulfur capped (AASHTO T231).

» 28 day Cylinders typically test in the 4000 to 7000
psi range, in this case we use Neoprene Pads with
Shore A Durometer Hardness of 70. No
qualification of pads required. (See Table 1)

« In rare occasions when testing older cylinders,
day 56 or more, when the compressive strength
is over 7,000 psi, MoDOT will use sulfur caps
(ASHTO T231).

21

21
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See the Appendix for:

Qualification of Un-bonded Caps
Used for Testing Specimens

Over 7,000 PSI Compressive Strength

22

22
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ASTM C1231: Use of Unbonded Caps in Determination of

Compressive Strength of Hardened Cylindrical Concrete
Specimens

PROFICIENCY CHECKLIST

Applicant

Employer

Trial #

General

1. Pads gualify for use, records kept

2. Examined pads for excessive wear or damage

3. Examined retainers for grooves, protrusions, or indentations

4, Recorded each use of pads

Unbonded Cap Procedure

1. Pads inserted in the retainers before placing on the specimen
NOTE: dusting of talc or corn starch if needed on specimen and pads

2. Completed load application, testing, calculation and reporting of results in
ackordance with AASHTO T .22

Examiner: Date:

PASS PASS

FAIL FAIL

MoDOT — TCP 02/14/

2018
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N = AASHTOT22

Compressive Strength of
l Cylindrical Concrete
Specimens

Revised 08/27/2020

SUMMARY

This test method covers determination of
compressive strength of cylindrical concrete
specimens such as molded cylinders and drilled
cores. It is limited to concrete having a unit weight
in excess of 50 Ib./ft3.

A compressive axial load is applied to molded
cylinders or cores at a rate that is within a
prescribed range until failure occurs.

The compressive strength of the specimen is
calculated by dividing the maximum load by the
cross-sectional area of the specimen. 2

501.1.3.5 Compressive Strength MoDOT EPG

Compressive tests are performed both in the field and in the laboratory on
cylindrical specimens of concrete, 6 in. diameter and 12 in. tall (6x12) or 4 in.
diameter and 8 in. fall (4x8). The Standard Specifications require use of
compressive specimens for job contral of concrete production.

All concrete for air and slump tests as well as preparation of the specimens
should be secured from a single batch of concrete. Air and slump tests should
always be made on samples of concrete used for preparation of compressive
specimens.

Cylinder forms shall be filled with fresh concrete in accordance with the
instructions provided by AASHTO T 23 (ASTM C 31). Care should be taken
when placing the caps on the molds to avoid damage to the surface of the
concrete. The lids should be kept en tight to prevent moisture loss.

3
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SIGNIFICANCE AND USE

This test method may be used to determine
compressive strength of cylindrical specimens
prepared and cured in accordance with;

AASHTO T22: Compressive Strength Testing

AASHTO T23: Making & Curing Concrete
Specimens in the Field.

AASHTO T24: Obtaining & Testing Drilled Cores
and Sawed Beams of Concrete

AASHTO T231: Bonded Capping (Sulfur)
ASTM C1231: Neoprene Unbonded Capping

Strength values obtained will depend on the
following:

. Size and shape of the specimen
. Batching and mixing procedures
. Methods of sampling and molding
. Age, temperature
Moisture conditions during curing

m o O w >

Significance and Use

5

The results of this test may be used as a basis for:

. Quality control of concrete

. Proportioning

. Mixing

. Placing operations
Determination of compliance with
specification

F. Control for evaluating effectiveness of

admixtures and similar uses

mo o>

Significance and Use |

6
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Apparatus = Testing Machine

—Load indication shall not exceed 0.1% of full
scale load.

—Applies continuous load without shock.

—Capable of registering loads as specified in the
test method.

— Percent error shall not exceed * 1.0% of the
indicated load.

—Must be calibrated annually not to exceed 13
months, when relocated, after repairs, or when
reason to doubt accuracy.

—The testing machine includes a protective cage
to protect the operator from flying particles as
the cylinder is broken.

See Appendix for more information on the testing machine,
bearing blocks and Load Indication.

SPECIMENS

Specimens may be prepared for testing either by
AASHTO T231 “Bonded Caps”

OR
ASTM C1231 “Un-bonded Caps”

Testing Compressive Strength

~Sullur motlar cap Unbonded caps
AASHTO T231 ASTM G 1231

NOTE: When density of the test specimen s required,
determine as described in AASHTO T22, prior to

capping.

Specimens shall not be tested if any individual
diameter of a cylinder differs from any other
diameter of the same cylinder by more than 2%.

Specimens

9
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The ends of the test specimens shall not depart
from perpendicularity to the axis by more than
0.5 degrees.

Fora 6 x 12 inch cylinder

That's about equivalent to 0.12 inches in 12 inches.
(3mm in 300mm)

For a 4 x 8 inch cylinder

That's about equivalent to 0.08 inches in 8 inches.
(2mm in 200mm.) ;

' Specimens

10

* The ends of the specimens that are not plane,
within 0.002 inches, shall be sawed or ground to
meet the 0.002 inch tolerance.

OR
—Capped using bonded capping, AASHTO T231.
OR

—When permitted unbonded capping, ASTM
C1231/C1231M.

Specimens 11

11

Average Diameter

= Two measurements taken at right angles at mid-
height of specimen to the nearest 0.01 inch.

* Average the diameters to determine the cross-
sectional area of the test specimen to the

nearest 0.01 inch.

12
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CALCULATIONS

Determine the average diameter.

Average Diameter

(4.02 + 4.04)

2 = 4,03

13

13

Average Diameter, Number to Measure

o |f all specimens were made from a single lot of
molds that consistently produced the same
average diameters within a range of 0.02 inch.

Measure one for each 10 specimens
OR

Measure three per day
whichever is greater

« When average diameters do not fall within the
range of 0.02 inch, each specimen tested must be
measured individually, and the value used in the
calculation of its compressive strength. 14

14

When the diameters are measured at the reduced
frequency, the cross-sectional areas of all cylinders
tested on that day shall be computed from the average
of the diameters of the three or more cylinders
representing the group tested that day.
e =1= =7 Ao =

---- et

Measure diameterard length of cylinder 15

15
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Length-to-Diameter Correction Factor Table
L/D 1575 1.50 1.25 1.00
Factor 0.98 0.96 0.93 0.87

Length/Diameter Ratio:
« Specimens shall be corrected to a L/D ratio of 2.0
when practical.

If specimen L/D ratio is 1.75 or less correct the
results obtained by multiplying by the appropriate
correction factor listed above. Interpolate as
necessary.

Calculations 16
16

Density

If measurement of density of the test specimen is to be
determined, determine the mass of the specimen before
capping.

Remove any surface moisture with a towel and measure
the mass of the specimen using a scale that is accurate
to within 0.3 percent of the mass being measured.

Measure the length of the specimen to the nearest 0.05
inch at three locations spaced evenly around the
circumference.

Compute the average length and recorded to the nearest
1 mm (0.05 inch). 17

17

Density

* When required, calculate the density of the
specimen to the nearest 11b/ft? as follows:

Density = Mass of specimen (Ib.)
Volume of specimen (ft3)

Volume comes from the average diameter and
average length or from weighing the cylinder in air
and submerged.

18

18
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Density

Alternatively, determine the cylinder density by
weighing the cylinder in air and then submerged
under water at 73.5 + 3.5°F and computing the

volume according to:
(W-w,)
w
W, is apparent mass of submerged specimen in Ib.

Y,, is the density of water at 73.5°F = 62.27Ib/ft’
W is the mass of the specimen in Ib.

19

19

When density determination is not required and
the length to diameter ratio is less than 1.8 or more
than 2.2 measure the length of the specimen to the

nearest 0.05 in.

Measure diameter'and length of eylinder 20

PROCEDURE

Compression tests of moist-cured specimens shall be
completed as soon as practicable after removal from
moist storage.

21
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Test specimens shall be kept moist by any convenient
method during the period between removal from moist
storage and testing. They shall be tested in the moist
condition.

22

All test specimens for a given test age shall be broken
within the permissible time tolerances prescribed as
shown in Table 2.

|AASHTO Table 2|
Permissible Time Tolerances
Test Age Permissible Tolerance
24 hours +0.5 hours
3 days + 2 hours
7 days + 6 hours
28 days + 20 hours
56 days + 40 hours
90 days + 2 days
For test ages not listed, the test age
tolerance is + 2.0 percent of the specified age. 23

23

Placing the Specimen

Wipe clean the bearing faces of the upper
and lower-bearing blocks and of the test specimen.

24
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Place the specimen on the lower bearing block.

25

25

When using unbonded caps
| (neoprene), place a wrap

I around the cylinder to

1 control the fracture and for
| safety.

Center the cylinder
under the upper
bearing block.

26

Initially load specimen.
Gently rotate the upper bearing block as it is
brought to bear on the specimen.

27

27
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Secure the
protective cage.

28

28

Zero Verification and Block Seating — Prior to testing
the specimen, verify that the load indicator is set to
zero.

In cases where the indicator is not properly set to
zero, adjust the indicator.

As the spherically seated block is brought to bear on
the specimen, rotate its movable portion gently by
hand so that uniform seating is obtained.

NOTE: The technique used to verify and adjust the
load indicator to zero will vary depending on the
machine manufacturer.

29

29

Reset ultimate load indicator to zero.

30

30

MoDOT-TCP T22 Concrete Strength
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Rate of Loading — Apply the load continuousty and
without shock, except as permitted by ASTM
C1231/C1231M, until the specimen has failed.

The load shall be appiied at a rate of movement
{platen to crosshead measurement} corresponding
to a stress rate on the specimen of 35 &+ 7 psifs. The
designated rate of movement shall be maintained at
feast during the latter half of the anticipated loading
phase.

31

31

NOTE: For a screw-driven or disptacement-controlled
testing machine, preliminary testing will be necessary
to establish the required rate of movement to achieve
the specified stress rate.

During application of the first half of the anticipated
loading phase, a higher rate of loading may be
permitted. Apply the higher loading ratein a
controlled manner so the specimen is not subjected to
shock loading.

Da not adjust the rate of movement {platen to
crosshead) as the ultimate load is being approached
and the stress rate decreases due to cracking in the
specimen)

32

32

NOTE: Machine speed of travel for 4” diameter
specimens differs from 6” diameter substantialby.

As a general rule, use the following load rates:
4" specimens, approx. 450 Ibs./force/sec
6" specimens, approx. 1000 Ibs./force/sec

Actual ranges:

4”diameter specimens-> 352-528 lbs./force/sec
6"diameter specimens—>792-1187 |bs./force/sec

33

33
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Apply the compressive load until the load indicator
shows that the load is decreasing steadily and the
specimen displays a well-defined fracture pattern.

For a testing machine equipped with a specimen break
detector, automatic shutoff of the testing machine is
prohibited until the load has dropped to a value that is
less than 95percent of the peak load.

When testing with unbonded caps, a corner fracture
may occur before the ultimate capacity of the
specimen has been reached. Continue compressing
the specimen until the user is certain that the ultimate

capacity has been reached.
34

34

TESTIN

<

Comgressive Stress, MPa

35

Place the cylinder on
its side so that the
wrap may be removed
and the type of
fracture can be
determined.

:n"&.‘ i

The specimen can now be disposed of
in accordance with office practice.

36

36
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Record the maximum load carried by the specimen
during the test.

Note the type of fracture pattern according to
Figure 2.

If the fracture pattern is not one of the typical
patterns shown, briefly sketch and describe the

fracture.
37
37
Figure 2: Types of Fracture Patterns
Type 1 Type 2 Type3  Typed
o/ i 1 [
\ ‘ i [
\' v : : I
0 1 0 [
L% [l i [
i i { [
L ! s [
v fiy e N [ S
R i i
Il [
H I
i
Cone Conc and Split - Cone and Shear— Columnar Shear
38
38
Example of a Fracture Pattern
1
P
b
1 1
.
i
Shear Columnar
(t] ()
39

39
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If the measured strength is lower than expected,
examine the fractured concrete and note the
following:
A. Presence of large air voids
B. Evidence of segregation
C. Whether fractures pass predominantly
around or through the coarse aggregate
particles
D. Verify that end preparations were in
accordance with AASHTO T231 or ASTM
C1231/C131M.

40

40

CALCULATIONS

Calculate the compressive strength of the specimen
by dividing the maximum load carried by the
specimen during the test by the average cross-
sectional area determined as described in section 6
and express the result to the nearest 10 psi.

£ = Compressive Strength (psi)

A

L = Ultimate Load in pounds
A = Cross-sectional Area in square inches

41

41

Calculate Out-of-roundness
dl—d?2
d?2

X 100 = Answer < 2% maximum

Example:
d1l=6.20 inches Note: d1 = the larger
d2 =6.12 inches diameter; d2 = the

smaller diameter

(6.20-6.12) x100= 1.31=
6.12 < 2%

This specimen is not out-of-round; good to test!

42

42
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Calculating the Average Diameter

The two diameters (d¢1) and (d2) in inches, and averaged = (Da).
(d) and Da are reported to the nearest 0.01 inch

di+d2 &
2

= Average=Da

& :

The diameter average (Da) = 1‘{\9-"}"0'-“3;6

; - eetO S

is used to calculate the “Ef(:ta‘- rld-58 o 1
. ey T

cross-sectional area (A). =

Calculations 43
43

Calculating the Cross-sectional area of a the cylinder
n(Da)x(Da)
4

n =3.14159

(Da) — reported to the nearest 0.01 inch
(A) — reported to the nearest 0.01 sq. inch

= area (4)sq.in.

The above equation can be condensed to this:

7(Da)’
4

= area (A)sq.in.

44

Calculating the Compressive Strength

L = Ultimate Load in Lbs.
A = Average Cross Sectional Area

= Compressive Strength rounded to the nearest 10 psi

Example: Ultimate Load at breaking point = 165,220 Ibs.
Cross-sectional Area = 28.57 in?

165,220 = 5,783psi rounded nearest 10psi = 5780 psi
28.57

45

45
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When required, calculate the density of the specimen
to the nearest 10kg/m? (1Ib/ft3) as follows:

W = mass of specimen, kg (Ib.)
V = volume of specimen computed from the average
diameter and average length

OR
From weighing the cylinder in air and

submerged, m? (f83).
Calculations 46

46

REPORTING

 Results shall be reported on standard forms
approved for use by MoDOT.

¢ |dentification number.

 Average Measured Diameter (and length if
outside the range of 1.8D to 2.2D), in millimeters
or inches.

* Cross-sectional area, in square centimeters or
square inches.

* Maximum load.

+ Compressive strength calculated to the nearest
10 psi.

a7

47

» When two or more companion cylinders tested at
the same age are reported, calculate the average
compressive strength using the unrounded
individual compressive strength values. Report
the average compressive-strength rounded to the
nearest 10 psi.

¢ Type of fracture.
» Defects in specimen or caps.
e Age of specimen.

* When determined, record the density to the
nearest 1 lh./ft? (10kg/m3).

Reporting 48

48
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€18 Student Preblem: Class Problem

Cemprassh Suength Exaple

The ciameters of a conrctz Gkt § are meysaed a8 604" and 558" and Enlarged copies are

s e ad sustined in 3 campression ksl is 99,000 petrds
at the end of

3} Candaizthe avwerags raser R
this module.

(Show your work,formulas used, and clrcle the reporled answer.)

) Caivsme mosssectond I

Enlarged

€ Calulse he covpresshve stengih of e gyindef.

49

49

Stugent Prodlem: Ansmer
Compressive Strangth Example

Answers to class

The Gameters of 3 concele GIN3H tpeomen e meanred 3 & 01 and § 59, and problem
o e m 3 errgees son et 1 5,000 poun
a) Casutare awerage dameter .
D, 0, Enlarged copies are at
Average Diametor= 1" 7% (i,
"l the end of
: reters 04+ 353 : "
Average Dameter e_e; ity i this module,
L]
Average Domeser = 6.01 Inchen gy
2
) CéouAae e Crons-sectonal ared %m
Aresmz Ot =315 2]
i
Areaw 3 (8037 Araa= 304133 1.6 01x 601
4
£} Caleutaty the Compreisive SUENGIN of the Cytnder, é})/a
Compeastive Strength e Marimam Lesd /ZP
‘Ave. Cross.sectonst Area S,

Compreasve Strengs . . IW0RL
28.37 sqincher

50

50

Common Errors

Testing machine loading rate other than

35 + 7 psifsec

*Not cleaning neoprene pad and controller
prior to use

*Not centering the specimen under the upper
bearing block

*Un-calibrated testing machine

*Not zeroing the testing machine

51

51
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AASHTO T22

(Show your work, formulas used, and circle the reported answer.)

C.15 Student Problem:
Compressive Strength Example

The diameters of a concrete cylinder specimen are measured as 6.04" and 598" and
the maximum load sustained in a compression test is 99,000 pounds.

a)  Calculate the average diameter.

by  Calculate the cross-sectional area.

C) Calculate the compressive strength of the cylinder.






Student Problem: Answer

Answers to class
Compressive Strength Example
The dameters of a concrete cylinder specimen are measured as 6.04° and 598, and pl' Oblem
the maximum oad sustained in a compression test is 99,000 pounds.
a) Calculate average diameter, ,
,+0, Enlarged copies are at
Average Diameter = ' __*. (55,
2 " the end of
A e 508 fo .
seie we My, this module.
— Qq Qnd
Average Diameter = 6,01 |® c/,%’h
0 fOpo ”0d
b) Calculate the cross-sectional ared On‘we
Area n3,0° I1= 314159 W
4

peos 3 60y MO w Area= nf.gz 298,37 4.inches
4

¢) Calculate the compressive strength of the cylinder,

Ave, Cross-sectional Ared

Compressive Strength - 99,000 Ibs.
28.37 q.inches

Compressive Strength ' 3,489.60 psi
Report Compressive Strength = 3490 psi
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501.1.3.5 Compressive Strength

Compressive tests are performed both in the field and in the laboratory on cylindrical specimens of
concrete, 6 in. diameter and 12 in. tall {6x12) or 4 in. diameter and 8 in. tall (4x8). The Standard
Specifications require use of compressive specimens for job control of concrete production.

Al concrete for air and slump tests as well as preparation of the specimens should be secured from a
single batch of concrete. Air and slump tests should always be made on samples of concrete used for
preparation of compressive specimens.

Cylinder forms shall be filled with fresh concrete in accordance with the instructions provided by
AASHTO T 23 (ASTM C 31). Care should be taken when placing the caps on the molds to avoid damage to
the surface of the concrete. The lids should be kept on tight to prevent moisture loss.

501.1.3.5.1 Curing
Curing of compressive specimens will depend on whether they are for standard cure or field cure.

Standard Cure is defined as 1) specified strength for 28-day testing; 2} Check of mixture proportions or
design strength; 3) Quality control {i.e. monitoring mix variability) or 4) Maturity meter curve.

Standard curing involves two phases of curing: initial and final.

Each set of compressive test specimens for standard cure consists of two 6x12 cylinders or three 4x8
cylinders. Standard Cure specimens shall be cured in accordance with AASHTO T23 (ASTM C31) for initial

and final curing.
Standard Cure — Initial

If specimens cannot be molded at the place where they will receive initial curing, immediately after
finishing move the specimens to an initial curing place for storage. Recommended method for initial
curing is keeping the specimen in the plastic mold covered with a plastic lid or place in a damp sand pit
for a maximum of 48 hours in a temperature range from 60° F to 80° F and an environment preventing

moisture loss.

Standard Cure - Final

Upon completion of initial curing and within 30 minutes of removing the molds, cure specimens with
free water maintained on their surfaces at all times at a temperature of 70° F to 77° F using water
storage tanks or moisture room per AASHTO M201 (ASTM C511).

Storage Tanks When water tanks are used for final curing the temperature shall be maintained at 70° F
to 77° F. Method of recording temperature is required. Transportation of Specimens Specimens may be
transported to the Central Laboratory for final curing. To transport, after the initial cure period, the
specimen shall be removed from the mald and placed in a plastic bag to maintain free moisture during
shipping. Specimens should not be transported to begin final cure until at least 8 hours after final set.
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During transporting, use suitable material to prevent damage from jarring and use suitable insulation
material during cold weather. Show shipper's name and address on the outside of the box. The box
comes with the address of Central Laboratory printed on the side and a preprinted form that provides
basic information about the cylinders. If the box does not have the form preprinted, contact the Central
Laboratory for copies of the self stick form. SiteManager Sample 1D number should be written on the
side of cylinders or cylinder molds. Necessary boxes, cardboard liners, polyethylene bags, wire ties and
rolls of strapping tape are stock items available by requisition.

Field Curing

Field cure is defined as 1) Opening to traffic strength or staged construction; 2} Comparison with test
results of standard cure to in place methods, such as maturity method verification; 3) Adequacy of
curing and protection of concrete in the structure, such as cold weather placement or 4) Form removal.

Field curing shall be in accordance with AASHTO T23 (ASTM C 31). Store cylinders in or on the structure
as near as practical to the represented concrete. Protect all surfaces of the cylinders from the elements,
and ensure a temperature and moisture environment similar to the formed work. To meet these
conditions specimens made for the purpose of determining when a structure is capable of being put in
service shall be removed from the molds at the time of removal of form work.

Compressive test specimens for field cures may consist of one or more for either 6x12 cylinders 4x8
cylinders. Specimens prepared to determine when forms may be removed will be cured as described in
above except for bridge decks or heated concrete. Specimens representing bridge decks are to be cured
on the deck under wet mats until the cylinders are to be broken or wet curing is discontinued. If
cylinders remain after wet curing has ended, they shali be cured in plastic molds under field conditions

until they are ta be broken.

Specimens representing heated concrete are to be left in the enclosure subject to the same protection
as concrete they represent until they are to be broken. Cylinders should be feft in molds and covered
with wet burlap for 48 hours. If cylinders remain after the heating period has ended they shall be cured
in plastic molds under field conditions until they are to be broken.

Curing of bridge decks shall be in accordance with Standard Specification 704, wet curing shall be
maintained for 7 days and until the concrete has reached a minimum of 3000 psi

Test Procedures

A calibrated testing machine must be used by a certified technician. The SiteManager sample record
must be completed documenting the testing. Testing is to be done in the hydraulically operated
compressive testing machine. If there is doubt as to the 28-day strength of the cylinder, relative to the
working capability of the available testing machine, send the cylinders to the Central Laboratory. All
specimens are to be loaded to failure.

Ali cylinders are to be tested using a neoprene cap in a steel extrusion controller placed on each end of
the cylinder. The neoprene caps have 6 1/8 in. diameters and are 1/2 in. thick. The caps are made from
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neoprene and no substitution of material or cap is to be made. A 50 durometer neoprene cap is used for
concrete with a cement factor of less than 7.5 sacks per yard. Otherwise, a 60 durometer neoprene cap
is used. The caps should be replaced if worn or after a maximum of 100 cylinder breaks.

The steel extrusion controller’s outside bearing surface is to be maintained free of gouges, dents or
protrusions greater than 0.03125 in. or 0.0625 sq. in. surface area. The inside bearing surface is to be
maintained to within 0.002 in. of plane.

Care should be taken when molding the specimen since irregularities can result in poor test results.
Specimens should be tested using neoprene pads per ASTM C1231 or capped in accordance to AASHTO

T231.

Projections on the ends of test specimens should not be higher than 0.20 inches, and corrected as

necessary before testing.

Neither end of the concrete cylinder is to depart from perpendicularity to the axis of more than 0.5
degrees or 0.12” in 127(0.08” in 8”). Neither end of the cylinder is to be marked by scratching in the
date, cylinder number, etc. Cylinders not meeting these conditions shall not be tested unless the
irregularity is first corrected.

Neither end of the cylinder is to be marked by scratching in the date, cylinder number, etc. Cylinders not
meeting these conditions shall not be tested unless the irregularity is first corrected.

Neither end of the cylinder is to be marked by scratching in the date, cylinder number, etc. Cylinders not
meeting these conditions shall not be tested unless the irregularity is first corrected.

A sufficient amount of ordinary corn starch is used to completely fill any void between the edge of the
neoprene pad and the steel extrusion controller and to lubricate the face of the neoprene pad that
contacts the concrete cylinder. In lieu of corn starch, Pledge spray wax has been used with good results.

The same surface of the neoprene cap is to bear on the concrete cylinder for all tests performed with

that cap.

Place a steel extrusion controller containing a neoprene cap on the top and bottom surface of the
concrete surface. As the upper bearing block is lowered, carefully align the cylinder's axis with the
center of thrust of the upper block. The upper block should be carefully seated to obtain uniform
bearing. No loose particles are allowed between the concrete cylinder and the neoprene caps or
between the bearing surfaces of the extrusion controllers and the bearing surfaces of the test machine.

Concrete cylinders tested with neoprene caps rupture more intensely than comparable cylinders tested
with sulfur-mortar caps. The test machine is to be equipped with a protective cage to protect the
operator from flying fragments.

Once the cylinder is carefully seated, load shall be carefully and uniformly applied. The last half of the

anticipated maximum load must be applied at a constant rate which falls within the range of 35 + 7 {that
is, 28 to 42) psi per second or between 352 and 528 pounds force per second for 4 in. diameter cylinders
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and between 792 and 1187 pounds force per second for 6 in. diameter cylinders on the gauge dial. The
first half of load may be applied at a faster rate. Load is to be increased until the specimen fails. Needle
travel or digital load readout will usually slow, or even stop, just before visible failure. The maximum

distance of ram movement is 2 inches.

On digital readout machines, total load is captured automatically. On dial readout machines, although
the red needle is supposed to indicate total load, it should be watched carefully to be sure it does not
spring back at failure of the specimen. As soon as the specimen fails, the pressure should be released
allowing the upper block to return to the unloaded position.

All test data shall be recorded in SiteManager. Resuits of the tests are to be reported to the nearest 10
psi.
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| AASHTO T 22: Compressive Strength of Cylindrical Concrete Test Specimens
PROFICIENCY CHECKLIST

Applicant

Employer

Trial #

Specimen Preparation

1. Reduced to Length /Diameter ratio of 2 to 1 and length of specimen reported to nearest
0.01"

. Ends checked for perpendicularity to axis does not exceed 0.5°

. No projections exceeded 0.2 inch

2
3
4. Diameter of the ends did not depart more than 0.1” from the mean diameter of the core
5

- Mass of the specrmen reported to the nearest 0 1 Ebs

Follow procedure for Bonded caps in AASHTO T 231

FoElow procedure for Unbonded Caps in ASTM C1231 o

Compressmn Testmg B

1. Egquipment verification within 13 months

2. Two diameter measurements taken at the mid-section of the specimen, measured to
0.01”, reported average to 0.01”

Specimens kept moist

Lower and upper bearing surfaces wiped clean

Axis of the specimen centered under the upper bearing block

Zero setting checked prior to testing and adjusted when necessary

Spherical block rotated prior to contacting the specimen

IRMIY SN

Load applied continuously and without shock at the specified rate of 35 + 7 psi/s

9, No rate adjustment made while the cylinder was yielding

10. The maximum load recorded

11. Cylinders tested to failure and the type of fracture determined and recorded

12. Specimen tested within the time tolerance

13} Calculation and reporting of results in accordance with AASHTO T 22

PASS PASS

FAIL  FAIL

Examiner: Date:
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Appendix AASHTO T231 Rev 8/16/17
AASHTO T231

Capping Cylindrical Concrete Specimens

Capping Equipment

The capping plates, alignment device, and capping material will be verified as meeting the specified

requirements.
— Capping plates
Sulfur caps shall be formed against similar metal or stone plates.

» Plates shall be at least 25mm (1”) greater in diameter than the test specimen and the
working surfaces shall not depart from a plane by more than 0.05mm (0.002”) in
150mm (6”). The surface roughness of newly finished metal plates shall not exceed that
set forth in Table 4 of the American National Standard for surface Texture (ANSI B46.1)
or 0.003mm (125pin.) for any type of surface and direction of lay.

* The surface when new shall be free of gorges, grooves, or indentations beyond those
caused by the finishing operation.

» Metal plates that have been in use shall be free of gouges, grooves, or indentation s
greater than 0.25mm (0.010 in.) deep or greater than 32mm? (0.05in.?) in surface area.

. AASHTO T231 4.1

« Capping Plates (4.1)
o Plates shall be at least 1” greater in diameter
than specimen
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e Capping Plates (4.1)

o Working surface shall not depart from plane by
more than 0.002" in 6"

o Surface shall be free from gouges, grooves,
and indentations
» Greater than 0.010 in. deep, 0.05 in2 surface area

#
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o Axis of the alignment device
and the surface of a capping plate

e Perpendicular to 0.5°
oNote 2: T mm in 100 mm [1/8 in. in 12 in.]

» Located so that no cap off-centered by
more than 1/16”

— Alignment Devices

» Suitable alignment devices such as guide bars or bull’s-eye levels shall be used in
conjunction with capping plates to ensure that no single cap will depart from the
perpendicularity of the cylindrical specimen by more than 0.5 degrees (equal to a slope

of approximately 1mm in 100mm (%” in 12”)

¢ The same requirement is applicable to the relationship between the axis of the
alignment device and the surface of a capping plate when guide bars are used. In
addition, the location of each bar with respect to its plate must be such that no cap will

be off-centered on a test specimen by more than 1.6mm (0.06").

— Melting Pots for Sulfur Mortars

« Pots used for melting sulfur mortars shall be equipped with automatic temperature
controls and shall be made of metal or lined with a material that is nonreactive with

molten sulfur.

+  Melting pots equipped with peripheral heating will ensure against accidents during
reheating of cooled sulfur mixtures that have a crusted-over surface.

#
R === == ———=——-———————— . = =
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Melting pots without peripheral heating, a large metal ladle that contacts the bottom of

the pot and projects above the surface of the fluid sulfur mix as it cools, can help
prevent pressure buildup under the hardened surface crust on subsequent reheating.

Sulfur melting posts should be used under a hood to exhaust the fumes to outdoors. If

sulfur catches fire, put a lid on it to snuff it out.

» Melting Pots for Sulfur
Mortar (4.3)

o Equipped with automatic
temperature controls

- Metal or lined with material that
is not reactive with molten sulfur

o Use in a hood to exhaust fumes

o Open flame dangerous: flash
point of sulfur is 405°F

+ The strength of the capping material and the thickness of the caps shall conform to the Table below:

Cylinder Compressive |  Minimum Strength of | Maximum Average | - Thickness Any

Maximum

Strength MPa (psi) Capping Material Thickness of Cap |  Part of Cap
50010 7,000psi {5,000 psi (35 MPa) or cylinder : .
(35t0 50 MPa) | strength, whichever is greater 025 (G mm) 0.5 rmm)
. |Compressive strength not less
greate{ggaﬁgé[)loo P than oylinder strength, except| 0.125in(3mm) | 020in (3 mm)

as provided in Section 5.1.1.

Compressive Strength and Maximum Thickness of Capping Materials

Table 1

f
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Any materials, except neat cement paste,
used to test concretes with strengths greater
than 7000 psi, that has a strength less than
the cylinder strength, shall provide the
following documentation (5.1.1)

o Average strength of 15 cylinders capped with material not

less than 98% of companion cylinders capped with neat
cement or ground plane to within 0.002.

- Standard deviation of strength should not be greater than

1.57 times standard deviation of reference cylinders
o Cap thicknesses were met
< Hardening time
o Compressive strength of 2 in. cubes

— If sulfur mortar, high strength gypsum plaster, and other materials except neat cement paste are

to be used to test concrete with a strength greater than 50MPa (7000psi), the manufacturer or
the user of the material must provide documentation:

That the average strength of 15 cylinders capped with the materials is not less than 98%
of the average strength of 15 companion cylinders capped with neat cement paste or 15
cylinders ground lane to within 0.05 mm (0.002in.)

That the standard deviation of the strengths of the capped cylinders is not greater than
1.57 times that of the standard deviation of the reference cylinders;

That the cap thickness requirements were met in the qualification tests; and
of the hardening time of the caps used in the qualification tests.

Additionally, the qualification test report must include the compressive strength of 50-
mm {2in.) cubes of the material qualified and of neat cement paste cubes, if used.
Capping materials conforming to these requirements are permitted to be used for
cylinders with strengths up to 20% greater than the concrete tested in these
qualification tests. The manufacturer must re-qualify loss of material manufactured on
an annual basis or whenever there is a change in the formulation of the raw materials.
The user of the material must retain a copy of the gualification results, and the dates of
manufacture of material qualified and of the material currently being used. See Table 2

W
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Note-Manufacturer: Testing Supplies Co.
Capping Material: Super Strong AAA-Sulfur mortar
Lot: 12a45 Date Tested: 11/3/98
Signed by:
{Testing Agency and Responsible Official)
. Capping Control :
item Material Cylinders Ratio Criteria | Pass/Fail
Concrete Cylinder Test Data
Type of Capping Material Sutfur Graund
Average Concrete Strength, MPa 76.2 (11,061} 75.9 (11,008) 1.005 >0.98 Xc Pass
(psi) Standard Deviation MPa (psi} 2.59 (376) 1.72 (250) 1.504 =1.57C Pass
Number of cylinders tested 15 15
Cap age when cylinders tested 7 days nfa
Capping Material Test Data
Average cap thickness mm (in} 28 (0.11) n/a
Compressive strength of 50 mm
(2 in) cubes, MPa (psi) 91(12,195)
Cube age when tested 7 days
Maximum concrete sirength qualified, MPa (psi)
aNominally a specified strength of 75 MPa (11,000 psi) 1.2 Av. Str = 91.5 (13,273)a
and perhaps somewhat higher.

Sample Report of Qualifications of a Capping Material
Table 2

» The compressive strength of capping materials shall be determined by testing 50-mm
(2in.) cubes following the procedure described in T106M/T106. Except for sulfur
mortars, molding procedures shall be as in T106M/T106 unless other procedures are
required to eliminate large entrapped air voids.

» The strength of the capping material shall be determined on receipt of a new lot and at
intervals not exceeding 3 months. If a given lot of the capping material fails to conform
to the strength requirements, it shall not be used, and strength tests of the replacement
material shall be made weekly until four consecutive determinations conform to
specification requirements.

— Neat Hydraulic Cement Paste:

«  Make the qualification test of the neat hydraulic paste prior to use for capping to establish
the effects of water/cement ratio and age on compressive strength of 50-mm (2in.) cubes.

»  Mix the neat cement paste to the desired consistency at a water/cement ratio equal to or
less than that required to produce the required strength, generally 2 to 4 hours before the
paste is to be used. Remix as necessary to maintain acceptable consistency. Some re-
tempering of the paste is acceptable if the required water/cement ratios of 0.32 to 0.36 by
mass for Type I and Type IT cements and 0.35 to 0.39 by mass for Type Il cements.

T e e ee———— e e e e ]
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— High-Strength Gypsum Cement Paste:

* No fillers or extenders may be added to neat high-strength gypsum cement paste
subsequent to the manufacture of the cement. Qualification tests shall be made to
determine the effects of water/cement ratio and age on the compressive strength 50-mm
(2in) cubes. Retarders may be used to extend working time, but their effects on required
water/cement ratio and strength must be determined.

»  Mix the neat gypsum cement paste at the desired water/cement ratio and use it promptly
because it sets rapidly.

— Determination of Compressive Strength

= Prepare test specimens using a cube mold and base plate conforming to the requirements
of T106M/T106 and a metal cover plate conforming in principle to the design shown in
Figure 1.

*+  Bring the various parts of the apparatus to a temperature of 20-30°C (68 - 86°L), lightly
coat the surfaces that will be in contact with the sulfur mortar with mineral oil and
assemble near the melting pot. Bring the temperature of the molten sulfur mortar in the
pot within a range of 129 to 143°C (265 to 290°F), stir thoroughly, and begin casting
cubes. Using a ladle or other suitable pouring device, quickly fill each of the three
compattments until the molten material reaches the top of the filling hole. Allow
sufficient time for maximum shrinkage, due to cooling, and solidification to occur
(approximately 15min) and refill each hole with molten material. After solidification is
complete, remove the cubes from the mold without breaking off the knob formed by the
filling hole in the cover plate. Remove oil, sharp edges, and fins from the cubes and
check the planeness of the bearing surfaces in the manner described in T106M/T106.
After storage at room temperature to the desired age, but not less than 2 hours, test cubes
in compression following the procedure described in T106M?1106 and calculate the
compressive strength in Mpa (psi).

W
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o Make quadlification tests on 2 inch cubes
» To determine effect of w/c ratio and age

o Mix to desired consistency generally 2 to 4 hours
before paste is to be used

o Make qualification tests on 2 inch cubes
* To determine effect of w/c ratic and age

o Mix to desired consistency and use promptly
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« Sulfur Mortar (5.4)

o Harden 2 hours — strengths less than 5000 psi
o Harden 16 hours - strengths 5000 psi or greater

o Qualification test
» Bring apparatus to temperature of 68 to 86°F
» Lightly coat surfaces with mineral oil

—
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e Sulfur Mortar (5.4)

o Qualification test
= Bring mortar temperature fo 265 to 290°F

 Sulfur Mortar (5.4)

o Stir sulfur

#
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-

o Fill to top
o Allow for shrinkage
o Refill with sulfur

o Allow to solidify
o Remove from molds without breaking knob

a0 —— - —s————————. - s s reeee- o -—— e e
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- Remove oil, sharp edges, and fins
o Check planeness
o Test cubes in compression — (ASTM C1079)
o Caleculate compressive strength

ﬂ
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Determining compressive sirengih:

s For high-strength gypsum plaster, mold
specimens as reguired by AASHTO T 106
Conduct strength tests according 1o steps 7
through 9 for sulfur mortar (see salfur mortar
procedure belows),

#  Forsulfur morar, mold cubes and conduct
strength testing as follows:

1. Apply a light coat of mineral oil o the cube
mold and cover plate. Assemble the mold
and attach the cover plate.

b

Bring the assembled apparatus 1o a
temperaiure of 68 to 86°F, Place the
apparalus near the capping area.

3. Bring the emperature of the molten sulfur
mortar ia the potto a range of 265 to 2HFF,
stir thoreughly, and begin casting cubes.

4. Using a ladle, pour the molten sulfur moriar
imta the {illing holes of the cover plale until
level with the op of the filling holes.

5. Allow the material to coal such that
max imum shrinkage occurs {usuatly about
15 mintes), then refill with molten sulfur
mortar to the wop of the Alling holes.

6.  Afier cubes have solidilied, remove the
mold without breaking off knobs formed by
filling holes and remove oil, sharp edges,
and fins,

7. Alter the required curing period at room
temperature (not less than 2 hours), check
planeness of bearing surfaces, and measure
dimensions. Calculale cross-sectional area

& Testfor compressive strength according to
AASHTO T 106, applying the Lest load al a rate of
200 to 400 pounds/second.

9. Calculate compressive strength by dividing the
tolal load by the cross-sectional area.

T T e e e e
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— CAPPING PROCEDURES

— Capping with High-Strength Gypsum Cement Paste or Neat Hydraulic cement Paste:

«  Mix the paste as described above. Do not exceed the water-cement ratio determined in
qualification tests. Form the caps as described to achieve the alignment required.
Generally, capping plates may be removed within 45 min with high strength gypsum
paste and after 12 hours with neat hydraulic cement paste, without visibly damaging the
cap.

« Type I neat cement caps generally require at least 6 days to develop acceptable strength
and Type 111 neat cement caps at least 2 days. Dry concrete specimens will absorb water
from freshly mixed neat cement paste and produce unsatisfactory caps. Neat cement
paste caps will shrink and crack on drying and therefore should be used only for
specimens that are to be moist-cured continuously until time of testing.

Specimens with gypsum plaster caps shall not be immersed in water and shall not be
stored in a moist room for more than 4 hours. If stored in a moist room, the plaster caps
shall be protected agents water dripping on their surfaces.

W
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Capping Procedure
High-Strength Gypsum Plaster:

1. Mix the material at the same percent of
mixing water as used for qualification tests.

L

Rapidly spread the capping material on the
capping plate.

3, Immediately place the specimen on the
capping material, using guide plates or a
bulls-eye level to assure perpendicularity of
the axis to the capped surface.

4. Carefully isolate each specimen from the
surrounding gypsum plaster without
disturbing the material coating the end of the
specimen (scribing around the perimeter
with the finger is effective).

h

Allow material to harden sufficiently o

avoid damage during removal from the

capping plate.

Capping with High-Strength Gypsum Cement Past

e
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Section 5: Apparatus

5.1 Testing Machine — shall be of a type having sufficient capacity and capable of providing the rates of 0.25+0.05 MPa/s
(35 + 7 psi/s). (Section 7.5)

Verify calibration of the testing machine in accordance with ASTM E4, except that the verified loading range shall be as

required in section 5.3. Verification is required under the following conditions:

e At least annually, but not to exceed 13 months

e On original installation or immediately after relocation
Immediately after making repairs or adjustments that affect the operation of the force applying system or the values

displayed on the load indicating system, except for zero adjustments that compensate for the mas (weight)of tooling

or specimen or both; or
e Whenever there is reason to suspect the accuracy of the indicated loads.

Design — The design of the machine must include the following features:

AAAAANAAN (AAAAAAL
B OO0
DOOOOOOO000
OO0
OO0
OO0
DOOOOOOO0C0
000000
OG0
LUOUOO00OCK]
00
OGN
NN
OO
AN
SONNNN
OO
OGN0
AN
AN
)
N0
OO0
NN
OO0
AN
e
nz:g‘:_g‘pu_u

o

4y "

MoDOT - TCP Page 18



Appendix AASHTO T22 8/28/2018

Power-operated and must apply the load continuously, and without shock. If the machine has only one foading rate
(meeting the requirements of T22 section 7.5, it must be provided with a supplemental means for foading at a rate
suitable for verifications. This supplemental means of loading may be power or hand-operated.

¢ Space to accommodate an Eleatic calibration device (circular proving rings or load cells) that is of sufficient
capacity to cover the potential loading range of the testing machine.

Accuracy —

e The percentage of error for the loads within the proposed range of use of the testing machine shall not exceed
+1.0 percent of the indicated load.

e Shall be verified by applying five test loads in four approximately equal increments in ascending order. The
difference between any 2 successive test loads shall not exceed one third of the difference between the
maximum and minimum test loads.

¢ The test load as indicated by the testing machine and the applied load computed from the readings of the
verification device shall be recorded at each test point. Calculate the error, E, and the percentage of error, Ep, fo
each point from these data as follows:

o E=A-B
o Ep=100{A-B)/B

A = Load, kN {or Ibf) indicated by the machine being verified; and
B = applied load, kN (or |bf) as determined by the calibrating device

e The report on the verification of a testing machine shall state within what loading range it was found to conform
to specification requirements rather than reporting a blanket acceptance or rejection. In no case shall the
loading range be stated as including loads below the value that is 100 times the smallest change of load that can
be estimated on the load-indicating mechanism of the testing machine or loads within that portion of the range
below 10 percent of the maximum range capacity.

» In no case shall the loading range be stated as including loads outside the range of loads applied during the
verification test.

¢ The indicated load of a testing machine shall not be corrected either by calculation or by the use of a calibration
diagram to obtain values within the required permissible variation.

e The testing machine shall be equipped with two steel bearing blocks with hardened faces (NOTE 3), one of which
is a spherically seated block that will bear on the upper surface of the specimen and the other a solid block on
which the specimen shall rest. Bearing faces of the blocks shall have a minimum dimension at least 3 percent
greater than the diameter of the specimen to be tested. Except for the concentric circles described helow, the
bearing faces shall not depart from a plane by more than 0.02 mm (0.001 in.) in the diameter of any smaller
block; and new blocks shall be manufactured within one half of this tolerance. When the diameter of the bearing
face of the spherically seated block exceeds the diameter of the specimen by more than 13mm (0.51in.),
concentric circles not more than 0.8mm (0.03in.) deep and not more than Imm (0.04in.) wide shali be inscribed
to facilitate proper centering.

o NOTE 3: it's desirable that Bearing faces of blocks used for compression testing of concrete have a

Rockwell harness of not less than 55HRC.
W
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Bottom bearing blocks shall conform to the following requirements:

e The bottom bearing block is specified for the purpose of providing a readily machineable surface for maintenance
of the specified surface conditions (note4). The top and bottom surfaces shall be parallel to each other. Its least
horizontal dimension shall be at least 3 percent greater than the diameter of the specimen to be tested.
Concentric circles, as described in section 5.2, are optional on the bottom block.

Note 4: The block may be fastened to the platen of the testing machine.

e Final centering must be made with reference to the upper spherical block when the lower bearing block is used
to assist in centering the specimen. The center of the concentric rings, when provided or the center of the block
itself must be directly below the center of the spherical head. Provision shall be made on the platen of the
machine to assure such a position.

e The bottom bearing block shall be at least 25mm {1in.} thick when new and at least 22.5mm *0.9) thick after
resurfacing operations.

o Note 5: If the testing machine is so designed that the platen itself can be readily maintained in the
specified surface condition, a bottom block is not required.
The spherical seated bearing block shall conform to the following requirements:

s The maximum diameter of the bearing face of the suspended spherically seated block shall not exceed the values
given in Tablel.

TABLE 1 — Maximum diameter of Bearing Face

Diameter of Test Specimens, Max Diameter of Bearing Face
mm {inch) mm (inch)
50 (2) 105 {4)
75 (3) 130 (5)
100 (4) 165 (6.5)
150 (6) 255 {10}
200 (8) 280 (11)

NOTE 6: Square bearing faces are permissible, provided the diameter of the largest possible inscribed circle does
not exceed the above diameter.

e The center of the sphere shall coincide with the surface of the bearing face within a tolerance of 45 percent of
the radius of the sphere. The diameter of the sphere shall be at least 75 percent of the diameter of the specimen
to be tested.

e The ball and the socket shall be designed so that the steel in the contact area does not permanently deform when
loaded to the capacity of the test machine.

o NOTE 7: The preferred contact area is in the form of a ring {described as “preferred bearing area”) as
shown in Figure 1.

T e v e e e ]
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o At least every six months, or as specified by the manufacturer of the testing machine, clean and lubricate the
curved surfaces of the socket and of the spherical portion of the machine. The lubricant shall be a petroleum-
type oil such as conventional motor oil or as specified by the manufacturer of the testing machine.

o NOTE 8: To ensure uniform seating, the spherically seated head is designed to tilt freely as it comes into
contact with the top of the specimen. After contact, further rotation is undesirable. Friction between
the socket and the spherical portion of the head provides restraint against further rotation during
loading. Petroleum-type oil such as conventional motor oil has been shown to permit the necessary
friction to develop. Pressure-type greases can reduce the desired friction and permit undesired rotation
of the spherical head and should not be used unless recommended by the manufacturer of the testing
machine.

o If the radius of the sphere is smaller than the radius of the largest specimen to be tested, the portion of the
bearing face extending beyond the sphere shall have a thickness not less than the difference between the radius
of the sphere and radius of the specimen. The least dimension of the bearing face shall be at least as great as the
diameter of the sphere. {See figure 1.)

Y NN

SOCHET

— — il itk — e ——— o

PREFERRED
BEARING
AREA

T MusST BE NO LESS THAN (R-r)

TEST SPECIMEN

Note 1—Provision shall be made for holding the ball in the socket and
for holding the entire unit in the testing machine.

FIGURE 1.

W
MoDOT - TCP Page 21




Appendix AASHTO T22 8/28/2018

e The movable portion of the bearing block shall be held closely in the spherical seal, but the design shall be such
that the bearing face can be rotated freely and tilted at least 4 degrees in any direction.

e If the ball portion of the upper bearing block is a two-piece design composed of a spherical portion and a bearing
plate, a mechanical means shall be provided to ensure that the spherical portion is fixed and centered on the

bearing plate.

Load Indication:

e Ifthe load of a compression machine used in concrete tests is registered on a dial, the dial shall be provided
3wiht a graduated scale that can be read to at least the nearest 0.1 percent of the full scale load (Note 9). The
dial shall be readable within 1 percent of the indicated load at any given load level within the loading range. In
no case shall the loading range of a dial be considered to include loads below the value that is 100 times the
smallest change of load that can be read on the scale. The scale shall be provided with a graduation line equal to
zero and so numbered. The dial pointer shall be of sufficient length to reach the graduation marks; the width of
the end of the pointer shall not exceed the clear distance between the smallest graduations. Each dial shall be
equipped with a zero adjustment located outside the dial case and easily accessible from the front of the
machine while observing the zero mark and dial pointer. Each dial shall be equipped with a suitable device that
at all times, until reset, will indicate to within 1 percent accuracy the maximum load applied to the specimen.

o Note 9: Readability is considered to be 0.5mm (0.02 in.) along the arc described by the end of the
pointer. Also, one half of the scale interval is about as close as can reasonably be read when the spacing
on the load-indicating mechanism is between 1mm (0.04 inch) and 2mm (0.06 inch). When the spacing is
between 2mm and 3mm, one-third of a scale interval can be read with reasonable certainty. When the
spacing is 3mm or more, on fourth of a scale interval can be read with reasonable certainty.

#
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e |f the testing machine load is indicated in digital form, the numerical display must be large enough to be easily
read. The numerical increment must be equal to or less than 0.1 percent of the full-scale load of a given loading
range. In no case shall the verified loading range include loads less than the minimum numerical increment
multiplied by 100. The accuracy of the indicated load must be within 1.0percent for any value displayed within
the verified loading range. Provision must be made for adjusting to indicate true zero at zero load. There shall be
provided a maximum load indicator that at all times until reset will indicate within 1.0percent system accuracy

the maximum load applied to the specimen.

- S SO
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Rate of Loading Calculation

120000

Peak Load =
92,000 lbs

20000 \

Load, Ibs

&0000

LOoDao

40000

20000

T T T T T T T T T T T T T

0 10 20 30 40 50 a0 70 a0 S0

Time, sec

For each 28-day compressive strength test used to determine if specifications are met
the rate of loading shall be calculated. Simply providing a graph of Load vs. Time is not
enough. It must be determine if the rate of loading 35 + 7 psifsec has been met.

1. The rate of loading is the slope of the line on a Load vs. Time plot.

Rate of Loading = {Increase in Load)
{Increase in Time) X {Cross-sectional Area)

2. Select two points on the line where it's easy to pick numbers off the chart.
a. At 20 seconds the load was 40,000 pounds.
b. At 60 seconds the load was 80,000 pounds.

3. Rate of Loading =(80.000 — 40.000 Ibs) =40.000 Ibs =353 psi
(60 —20 sec) X (28.35sqin) 40secX28.35sqin sec

4. |sit a valid test based on rate of loading? Yes.

#
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Appendix AASHTO T24
8. CORES FOR SPLITTING TENSILE STRENGTH
8.1, Test Specimens—The specimens shall conform to the dimensional requirements in Sections 7.1,
7.2, 7.4.1. and 7.4.2. Ends are not to be capped.
8.2, Molsture Conditioning—Prior to testing, the specimens shall be conditioned as described in
Section 7.3 or as directed by the specifier of tests.
8.3. Bearing Surfaces—The line of contact between the specimen and each bearing strip shall be

straight and free of any projections or depressions higher or deeper than 0.2 mm [0.01 in.].
When the line of contact is not stralght or contains projections or depressions having heights or
depths greater than 0.2 mm [0.01 in.], grind or cap the specimen so as to produce bearing
lines meeting these requirements. Do not test specimens with projections or depressions
greater than 2 mm [0.1 In.]. When capping is employed, the caps shall be as thin as practicable

and shall be formed of high-strength gypsum plaster.

Note 15—Figure 1 illustrates a device suitable for applying caps to the bearing surfaces of core
specimens.

#
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:F —'! Iarse 0.2d

Plan
d = nominal core diameter

1.8-mm High Pin

Figure i—Sultable Capping Device for Splitting Tenslle Strength Test

8.4, Testing—Test the specimens in accordance with the applicable provislons of T 198,

8.5. Calcwlation and Report—Calculate the splitting tensile strength and report the results as
required in T 198, When grinding or capping of the bearing surfaces is required, the diameter

shall be measured between the finished surfaces. Indicate that the specimen was a care and
stale fts moisture condition history as in Section 7.10.6.

#
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Appendix

8.6 FPregision.

8.6.1. The within-laberatory, single-operator coefficient of variation for splitting tensiie strength
between 3.6 MPa [520 psi) and 4.1 MPa [550 psi] of cores has been found o be 5.3 percent,
Therefore, resulls of two praperly conducted tests by Lhe same operator in the same laboratory
on the same sample of materlal shoutd not differ by more than 14.9 percent of thelr average,

84.6.2. The multilaboralory coefficient of variation for splitling tensile strength between 3.6 Mbae [520
psi] and 4.1 MPa [590 |isl] of cotes has been found to be 15 percent. Therafora, resuits of two
properly conducked tests on the same sample of material of hardenead concrete and tasted by
twio different laborataries should not differ from each other by more than 42,3 percent. of their
average,

B7. Bias—Because there is no accepted reference material suitable for determining the bias for the

procedure in this test method, no stalement o blas is being made.

4000 U
Page 27

MoDOT - TCP







Appendix AASHTO TC1231 Rev 12/03/2018

Qualification of Un-bonded
Caps Used for Testing
Specimens Over 7,000 PSI
Compressive Strength
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See the Appendix for:

Qualification of Un-bonded Caps
Used for Testing Specimens
Over 7,000 PSI Compressive

Strength

Information only:  MODOT MoDOT

—

When choosing a capping system at MoDOT; (acs,
—Drilled cores are sulfur capped (AASHTO T231).

—28 day Cylinders typically test in the 4000 to
7000psi range, in this case we use Neoprene Pads
with Shore A Durometer Hardness of 70. No
qualification of pads required. See Table 1

—In rare occasions when testing older cylinders,
day 56 or more, when the compressive strength
is over 7,000 psi, MoDOT will use sulfur caps
(ASHTO T231). Therefore we do not need to
qualify unbonded capping systems.

Qualification of Unbonded Caps

* This is for testing compressive strength in the
range of 7,000 to 12,000 psi when using an
unbonded cap system such as the Neoprene
Pads.

« The following slides are for informational
purpose to use in your lab when needed.
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Sec 8 - Qualification of Unbonded Capping
Systems and Verification of Reuse of Pads

8.1

NOTE: Use qualification of unbonded Neoprene
caps when compressive strength is over 7,000 psi.,

Table 1 specifies the conditions under which
neoprene unbonded pads must be qualified under
this section depending on the concrete strength
and the Shore A hardness.

Unbonded pads made of other elastomeric
materials must be qualified using the proceduresin

this section.
4

8.2

When qualification tests are required, they must be
made by either the supplier or user of the unbonded
pads.

The user of the pads must retain a copy of the current
qualification test report to demonstrate compliance
with this practice.

8.3

The compressive strength of molded cylinders tested
with unbonded caps shall be compared with that of
companion cylinders tested with ends ground or
capped to meet requirements of AASHTO T22 and
AASHTO T231,

LQualification

8.4

To be acceptable, tests must demonstrate that at a
95% confidence level o = 0.05), the average
strength obtained using unbonded caps is not less
than 98% of the average strength of companion
cylinders capped or ground in accordance with
AASHTO T22 and T231.

8.4.1
When required, qualification test in accordance with
8.5, shall be made on initial use of an unbonded cap
at both the highest and lowest strength levels
anticipated, to establish an acceptable range of
cylinder strength for use.

| Qualification
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In practice, individual cylinders shall not have strengths
more than 10% greater than the high strength level or
more than 10% less than the low strength level gualified
or specified in Table 1.

Qualification tests shall be repeated when one of the

following occur:

A. When there is a change in the design or dimensions
of the retailing rings

B. When there is a change in pad composition or
thickness.

C. When the Shore A hardness changes by more than
five units.

Initial qualification tests shalt include verification that
after the specified maximum number of reuses the pads
meet the requirements of 8.4.

7

8.4.2
Laboratories must maintain records of the number
of times pads are reused.

Section 8.5 — Specimen Preparation for
Qualification and Pad Reuse Tasting:

8.5.1

Pairs of individual cylinders shall be made from a
sample of concrete and cured as nearly alike as
possible: One cylinder per pair is to be tested after
grinding or capping in accordance with AASHTO T22
and AASHTO T231 and the other is to be tested
using the unbonded cap system.

8.5.2

A minimum of 10 pairs of cylinders shall be made at
both the highest and lowest strength fevels desired
or anticipated.

The “strength level” is the average of the strengths
of the 20 or more cylinders whose strengths are
within a range of 7 Mpa (1000 psi).

The range of strengths permitted in gualification
testing to define the strength level is 7MPA 1000
psi), but that in counting number of reuses only
cylinders within a range of 14MPa (2000 psi) are
included in the reuse count.

Qualification
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More than one pair of cylinders can be made from a
single concrete sample, but cylinders must become

from a minimum of two samples made on different

days for each concrete strength level.

10

Qualification

Calculation

For each strength level, compute the difference in
strength for each pair of cylinders, and compute the
average strength of the cylinders with the reference
caps and the average strength of the cylinders with
unbonded caps as follows:

cli =Xpi Xy

Xs=(Xg + X +XgooaF Xy )

Xp=(Xp +Xpp +Xp3...FXp, )0
14

d, = difference in strength of a pair of cylinders
computed as the strength of the unbonded
capped cylinder minus the strength of the
cylinder prepared by T231

X = cylinder strength using unbonded cap (nesprene caps)

X,; = cylinder strength using practice T231 sufurcaps)

n = number of pairs of cylinders tested for the
strength level

X, = average strength of T231 capped cylinders for a
strength level and

X, = average strength of unbonded capped cylinders
for a strength level 12
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Compute the average difference (d ) and
standard deviation of the difference (Sqg), for
each strength level, as follows:

d= (d,+d,...+d,)/n

5= E (0. -d) s(n- 1)]”2

Calculations 13

To comply with this practice the following
relationship must be satisfied:

;p >0.98 X +(tsd )i(n) "

where t is the value of “students ™ for (n-1) pairs al

0=0.05 from

Calculations 14

Formula for Qualifying Neoprene pads

Xp 2098 xs+(ts,)/(n) "

X, =Is the average result of 10 pairs Sulfur caps tested

)(p = |s the average result of 10 pairs of Neoprene caps
tested

Sy = Is the standard deviation of the difference
between the neoprene caps and sulfur caps tested

n = is the number of cylinder pairs tested

t = [is the, (n-1) = (10-1)= 9,
and 9 from the chart is 1.833

15
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Table 2 — Values of “t”

Cm-D) t(0=0.05)"
9

1.833
14 1.761
19 1..729
100 1.662

A Use linear interpolation
for other values of (n-1) or
refer to appropriate
statistical tables.

This table includes counts of 10, 15, 20, and 101 for (n-1)
16

Calculations

Sample Report

X1.1.1 Pad Material:
Lot 3342, Shore A =52, thickness 13mm (0.51 inch).

X1.1.2 Retaining Ring:
Set A manufactured 1-89.

X1.1.3 Concrete Cylinders:
Job 1207, Nos. 1-10, June 2™ to 5%, 2017
X1.1.4 Sulfur Mortar:
Lot 3428, Compressive Strength of 48.2 (6985 psi).

X1.1.5 Age: All tests 28 days.

17
Sample Report and Calculation
; S Compressive Strength, psi
Cylinder Pair Neoprene Pad Sulfur Cap DifTerence, d
| 3605 3580 25
2 3605 1690 -85
3 3585 3595 -10
4 3570 3625 -55
5 3625 3640 -15
6 3660 340 -80
T 3750 3720 30
8 3725 3720 5
9 3700 a72s -25
10 3805 3755 50
Averages Xp 3663 Xy 3679 d -6
Std. Dev. sd 46,06
Pad Material: Lot 3742, Shore A = 52, Thickness = 0.51"
Retaining Ring: Set A manulactured 1-87.
Concrete Cylinders: Job 1207, Nos. 1-10, January 2 to 5, 1987,
Sulfur Mortar: Lot 3420. Compressive Strength of 6983 psi.
Test Age: All Tests 28 duys age. 18
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Summary and Calculation

Summa ry:

Xs = 3679 psi
Xp = 3663 psi
sa = 46.06 psi
n = 10

t = 1.833
Calculation:

36632 (0.98)(3679)+ (1.833)(46.06)/(10) *

. 2
3663 > 3632 19

Class Problem 1A
X, 0.98 X+ (tS,) / (n)*

* Does this system (of neoprene pads)
qualify for use? Use the following
information to determine, Yes or No.

s = 3688 psi
p = 3659 psi
S4= 51.04 psi
n= 10

t= 1.833

] X

X

20

Answer 1A

X, > 0.98 X, + (tS,) / (n)*

3659 psi 2 (0.98 x 2688) + (1.833 x 51.04) / (10)*
3659 psi 2 3614 + (93.56 / 3.162)
3659 psi 2 3614 + 29.59
3659 psi = 3644 psi
The answer is YES these neoprene pads qualify
for use.

21
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Concrete Glossary of Terms

AASHTO
American Association of State Highway and Transportation Officials

Aggregate Correction Factor

An easily run test that accounts for air in the aggregate structure which fills with water under
pressure. It is determined on inundated fine and coarse aggregate in approximately the same
moisture condition, amount and proportions occurring in the concrete sample under test.

Air Content
The amount of air in mortar or concrete, exclusive of pore space in the aggregate particles,
usually expressed as a percentage of total volume of mortar or concrete.

Air Void

A space in cement paste, mortar, or concrete filled with air, and entrapped air void is
characteristically Imm (0.04 in.) or more in size and irregular in shape; an air entrained air void
is typically between 10pum and 1mm in diameter and spherical {or nearly so).

Batch Weights
Quantity of concrete or mortar mixed at one time.

Central Mixed Concrete
A stationary concrete mixer from which the fresh concrete is transported to the work.

Compression Test

Test made on a specimen of mortar or concrete to determine the compressive strength; unless
otherwise specified, compression tests of mortars are made on 50mm (2 in.) cubes, and
compression tests of concrete are made on cylinders either 4 inches in diameter and 8 inches in
height or 6 inches in diameter and 12 inches in height.

Compressive Strength
The measure resistance of a concrete or mortar specimen to axial loading; expressed as pounds

per square inch (psi) of cross-sectional area.

Concrete
A composite material that consists essentially of a binding medium in which is embedded

particles or fragments of relatively inert material filler. In Portland cement concrete, the binder
is a mixture of Portland cement and water; the filler may be any of a wide variety of natural or
artificial aggregates.

Consistency
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The relative mobility or ability of fresh concrete or mortar to flow. The usual measures of
consistency are slump or ball penetration for concrete and flow for mortar.

Consalidation

The process of inducing a closer arrangement of the solid particles in freshly mixed concrete or
mortar during placement by the reduction of voids, usually by vibration, centrifugation,
tamping, or some combination of these actions; also applicable to similar manipulation of other
cementitious mixtures, soils, aggregates, or the like.

Core
A cylindrical specimen of standard diameter drilled from a structure or rock foundation to be

bested compression or examined petrographically.

Entrained Air
Round, uniformly distributed, microscopic, non-coalescing air bubbles entrained by the use of

air-entraining agents; usually less than 1mm (.04 in.} in size.

Entrapped Air
Air in concrete that is not purposely entrained. Entrapped air is generally considered to be

large voids (larger than 1mm [.04 in.]).

Field Cured Cylinders
Test cylinders cured as nearly as practicable in the same manner as the concrete in the

structure to indicate when supporting forms may be removed, additional loads may be
imposed, or the structure may be placed in service.

Finishing
Leveling, smoothing, compacting, and otherwise treating surfaces of fresh or recently placed
concrete or mortar to produce desired appearance and service.

Gradation

The distribution of particles of granular material among various sizes, usually expressed in
terms of cumulative percentages larger or smaller than each of a series of sizes (sieve openings)
or the percentages between certain ranges of sizes (sieve openings).

Length Measurement
The longitudinal measurement taken along the specimen axis

Modulus of Rupture

An ultimate strength pertaining to the failure of beams by flexure equal to the bending moment
at rupture divided by the section modulus of the beam

Pad
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An unbonded elastomeric pad

Plasticity
The property of fresh concrete or mortar which determines its resistance to deformation or its

ease of molding.

PsI
Pounds per square inch; a measurement of the compressive, tensile or flexural strength of

concrete as determined by appropriate test.

Pumping

The forceful displacement of a mixture of soil and water that occurs under slab joints, cracks,
cracks and pavement edges which are depressed and released quickly by high-speed heavy
vehicle loads; occurs when concrete pavements are placed directly on fine-grained, plastic soils
or erodible sub base materials.

Quality Assurance

Planned and systematic actions by an owner or his representative to provide confidence that a
product or facility meet applicable standards of good practice. This involves continued
evaluation of design, plan specification development, contract advertisement and award,
construction, and maintenance, and the interactions of these activities.

Quality Control
Actions taken by a producer or contractor to provide control over what is being done and what
is being provided so that the applicable standards of good practice for the work are followed.

Rebar
Abbreviation for “Reinforcing Bar.” Bars, wires, strands, and other slender members embedded

in concrete in such a manner that the reinforcement and the concrete act together in resisting
forces.

Rod, Tamping
A straight steel rod of circular cross section having one or both ends rounded to a hemispherical

tip.

Rodding
Compaction of concrete by means of a tamping rod.

Sample

A group of units, or portion of material, taken from a larger collection of units or quantity of
material, which serves to provide information that can be used as a basis for action on the
larger quantity or the production process; the term is also used in the sense of a sample of

observations.
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Slump
A measure of consistency of freshly mixed concrete, equal to the subsidence measured to the

nearest 6mm (% in.) of the molded specimen immediately after removal of the slump cone.

Standard Cure
The curing method used when specimens are intended for acceptance testing for specified
strength, checking the adequacy of mixture proportions for strength, quality control.

Strike off
To remove concrete in excess of that required to fill the form evenly or bring the surface to

grade; performed with a straight edged piece of wood or metal by means of forward sawing
movement or by a power operated tool appropriate for this purpose; also the name applied to
the tool.

Tamping
The operation of compacting freshly placed concrete by repeated blows or penetrations with a
tamping device.

Thickness Measurement
The length measurement of a core taken perpendicular to the driving surface of a pavement.

Three Point Caliper
A device used to determine the length of a cylindrical shaped specimen consisting of three
resting points and a means of evenly measuring nine different points on the opposite end.

Truck-Mixed Concrete
Concrete, the mixing of which is accomplished in a truck mixer

Unbonded Cap
A metal retainer and an elastomeric pad
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