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Background

Review of three methods for in-place
strength

» Rebound hammer
» Probe penetration
» Pullout test

Statistical considerations
Summary




Performance-Based
Requirements

e Owner is interested in results; less
interested in how results are obtained

* Owner specifies
» Required quality characteristics

» Methods for sampling and testing
~ Acceptance criteria




Current Practice

* Testing of standard-cured specimens
~ Sampling at point of delivery (discharge)

~ Establishes if concrete as delivered meets
contractual requirements

» In-place performance is not assessed

* Testing of field-cured specimens (ACT 318-08,
5.6.4)
» Assess adequacy of curing
» When required by Engineer or Building Official




Future Practice

* Testing of standard-cured specimens

~ Still required for contractual agreement with
concrete supplier

* Testing for in-place properties

» Assurance that concrete in structure meets
Owner's requirements

- Strength for structural safety <
- Durability-related properties for service life




Field-Cured Specimens
(ASTM C31/C31 M)

 Stored under "same" conditions as structure
* Problems:

» Consolidation not representative of concrete in
structure

» Temperature history not same as concrete in
structure (mass/area effect)

» Can't evaluate strength at critical locations
~ Specimens are prone to mishandling and abuse
~ Specimens must be sent to laboratory

Alternative is in-place tests.




In-Place Tests

Advantages
* Measure properties of concrete in structure

* Concentrate on critical portions of
structure

* Inexpensive compared with coring
Disadvantages

* Indirect measure of compressive strength
* Require correlation (strength relationship)
* Planning and interpretation
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In-Place Test Methods

 Rebound number—ASTM C805/C805M
* Probe penetration—ASTM C803/C803M
* Pullout test—ASTM C900




ASTM C805/C805M Rebound
Number of Hardened Concrete

* Measure the rebound of spring-driven mass
(hammer) after impact with rod in contact with
concrete.




fush Body — Operation
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Result = average of 10 readings
Discard reading > 6 units from average

d ﬂ
*

Aggregate Air void Dry or
Carbonation




Correlation Testing
ACIl 228.1R Chapter 4

* Alternative 1
~ Cast cylinders
~ At regular strength intervals (2 6)

- Support cylinders in testing machine
and measure rebound number

+ Test cylinders in compression

* Alternative 2
» Measure rebound on structure
» Drill and test cores




ASTM C 805/C805-08

* Alternative 2 is recognized
» Accounts for surface conditions
* Texture
» Moisture condition
> Accounts for hammer orientation

* "5.5 This test method is not suitable as the
basis for acceptance or rejection of concrete.”
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Ward, M.A. and Langan, B.W., Cement Concrete and Aggregates, 16(2), Dec. 1994, 181-185




ASTM C803/C803M Penetration
Resistance of Hardened Concrete

* Measure depth of penetration of probe
or pin driven intfo concrete.
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“Calibration” Table

COMPRESSIVE STRENGTH (p.s.i.)

—~WINDSOR PROBE TEST SYSTEM

EXPOSED
| PrO1IE | Mohs'| Mohs'| Mohs'| Mohs' | Mohs'
(Inchec) No. 3| No. 4| No. 5| No. 6| No. 7
S —
1.275 - = - = 3
1.300 - - - - &
1.325 - - - = P
1.350 - - - - -
1.375 - - = - -
1.400 | 3000 - » = ”
H-h.mm .WH.-NW - - - -
1.450 | 3325 - - - R
1.475 | 3500 - - " -
1.500 | 3675 | 3000 - - i
1.525 | 3825 | 3175 - = =
1.550 {4000 | 3350 - - -
1.575 | 4175 | 3525 - - -
1.600 |4325 | 3700 | 3050 - 5
1.625 | 4500 | 3875 | 3225 - -
1.650 | 4675 | 4050 | 3400 - -
1.675 | 4825 | 4225 | 3600 - -
1.700 | 5000 | 4400 | 3775 | 3000 -
1.725 {5175 | 4575 | 3950 | 3200 -
1.750 |5325 | 4750 | 4150 | 3400 -
1.775 | 5500 | 4925 | 4325 3600 -
1.800 |5675 .| 5100 | 4500 | 3800 | 3000
1.825 |5825 | 5275 | 4700 | 4000 | 3225
.p._mwo., 6000 | 5450 | 4875 | 4200 | 3425
1.875

IMPORTANT INSTRUCTIONS

This Table is used only for the STANDARD
POWER range of the Windsor Probe System,
operated in accordance with the manufacturers
Instruction Manual.

The Table represents the resulte of calibra-
ting the system to the velocity of the probe
at the STANDARD POWER position.

STANDARD POWER is used for testing concrete,
in existing structures, usually cured longer
then 28 days. _

ALWAYS change to ,LOW POWER if the Probe
System, used at stendard power, indicates
less than 3000 psi. .

This Table, No. 1, has no fixed relation-
ship to Table No. 2. Each Table has been
calitrated independently to the respective
probe velocity. A point of convergence
will occur in the range of 3600 psi, and
vary slightly, depeniding on the design mix.

NOTB: If the speed (velocity) of a crushing
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Ref: Malhotra, V.M., Materials and Structures, 7(37), 1974
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Mohs Hardness Scale







