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Session Objectives

[ Understand ASTM-based concrete quality control
procedures.

|0 Evaluate concrete using destructive and nondestructive
tests.

[ Interpret results affecting performance, durability, and
| reliability.




Content

[0 Quality Control of Fresh Concrete
[ Quality Control of Hardened Concrete




Fresh and Hardened Concrete Relationship

* Fresh properties influence hardened concrete performance.
* Concrete exhibits complex, non-linear material behavior.
* Workability affects strength, durability, and deformability.

* Testing evaluates quality throughout concrete development.



&% Quality Control of Fresh Concrete




Standards for fresh concrete tests

SAMPLING OF TEMPERATURE AIR CONTENT MAKING AND CURING
FRESH CONCRETE MEASUREMENT DETERMINATION CONCRETE SPECIMENS
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Source: Open Al (2026)



Concrete Sampling: Purpose and Equipment

* Obtain representative fresh concrete
sample.

* Required for quality control testing.

* Uses shovel, scoop, and wheelbarrow.

Source: ASTM International

* PPE ensures safe field operations.



Sampling Procedure Requirements

* Moisten equipment without leaving free
water.

e Sample from middle third of discharge.

* Collect sufficient concrete volume.

Source: Open Al (2026)

* Remix sample before testing procedures.



Sampling Time and Volume Requirements

* Collect at least two sample portions.
* Begin testing within five minutes.

* Minimum sample volume: one cubic foot.

* Complete tests within fifteen minutes.

Source: ASTM International



Slump Test Equipment

* Evaluates fresh concrete workability.
* Uses Abrams cone and base plate.

* Consolidation performed with tamping rod.

* PPE required during testing.

Source: ASTM International



Slump Test Procedure

Source: ASTM International



Fresh Concrete Temperature Test

* Temperature affects concrete performance.

* Influences setting and strength
development.

* Conducted according to ASTM C1064.

Source: ASTM International

* Uses thermometer and concrete sample.



Fresh Concrete Temperature Measurement

RANGO REFERENCIAL
13°C-32°C

(Concreto fresco)
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Source: ASTM International



Air Content Test Equipment

* Measures entrained and entrapped air
content.

* Conducted according to ASTM C231
requirements.

* Uses Washington air meter and accessories. Source: ASTM Intenational

* PPE required during testing procedures.



Air Content Test Preparation
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Source: ASTM International



nit Weight Test Equipment

(4)

{ 25 blows
(s2)

| 50 blows
(>2")

S8

Fill the container
with the first layer (1/3). |

Tap the sides. Fill the container
with the second layer (2/3).

25 blows
(s27)

50 blows
(>2°)

25 blows
(s29)

| 50 blows
(>27)

1

Tap the sides. | Fill the container Rod the layer. Tap the sides.

‘ with the final layer (3/3). |
UNIT WEIGHT ATION

Mass of container | Mass of container Net mass Volume of
+ concrete of concrete container
24.680 kg 6.320 kg \ 18.360 kg 0.01413 m®
Strike off the surface Clean the outside Weigh the container Mot masslof concrets 18.360
flush with the top. of the container. with the concrete. Unit weight = = ' 2,300 kg/m?
. — = e = = Volume of container 0.01413
EQUIPMENT AND MATERIALS
’ g 3 . Actual unit weight Acceptable range:
El i Wheelbarrow / % e Design unit weight 0.98 -1.02
Washington Tamping rod Rubber Metal ectr:)mc buggy PPE ° g
bucket mallet scoop Sca's (with fresh
(30kg/19) concrete)

Source: ASTM International



Specimen Molding and Curing

* Prepare specimens for hardened concrete
testing.

* Conducted according to ASTM C192.

* Uses cylindrical or prism molds. O emmesnan oot ier

and molds. of release agent.

Source: ASTM International

* Apply release agent before casting.



Finishing and Initial Storage

Rod the layer.

Prepare equipment Apply a thin layer Fill the mold Rod thellaver Add the second layer (2/3)
and molds. ‘ of release agent. with the first layer (1/3). yer and tap the sides.

FINAL STRENGTH
24+2h

16-27 °C
(60-80 °F)

Strike off and ‘

finishithe suiface. Cover and store. Remove the mold.

Add the final layer (3/3). Rod the layer. Tap the sides.

\

CURING TANK f 15 TEMPERATURE CONTROL [ 16 ALTERNATIVE CURING METHODS SPECIMEN REQUIREMENTS (ASTM C
— 7 \ ——
= WATER LEVEL 3 = 4in
3in (75 mm) " (100 mm)
specimens diameter
for each age
or test
8in
2 3/8in (10 mm) (200 mm)
maximum nominal length
layers of aggregate size
concrete
Finished test specimens ’ Cure In water Monitor and control Moist room or other
? i water temperature. | approved methods.

Source: ASTM International



Requirements for 4x8-Inch Cylinders
4"x8" SPECIMENS vs 6”x12” @ Fo compression stength et prepar

THREE specimens for each test age
6" (instead of two).

4"

4" x 8" specimens

are the most commonly

used, replacing the P
traditional k.
6" x 12" specimens.

Consolidation must be performed using | g Each layer must be consolidated with

a smooth steel rod 3/8" in diameter, 25 evenly distributed roddings over
with a rounded tip and a length of the entire cross section.

approximately 12 inches.

-
~ Smooth steel |
- rod3/8”in

~ diameter
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Source: ASTM International



& &'&8 Quality Control of Hardened Concrete




Standards for hardened concrete tests

( (

o COMPRESSIVE STRENGTH TEST 9 STATIC MODULUS OF 9 FLEXURAL STRENGTH | o SPLITTING TENSILE STRENGTH
— ASTM C39 ELASTICITY AND POISSON’S RATIO \ > == == = — ASTM C496
— ASTM C469 ASTM C293 ASTM C78
; | (CENTER-POINT LOADING) (THIRD-POINT LOADING)
u
J a E = —
\ il
REBOUND HAMMER OR @ DRILLED CORES AND SAWED BEAM TESTING 6
SCHMIDT HAMMER TEST — ASTM C42 \
— ASTM C805

DRILLED CORES SAWED BEAMS

as— THESE sTANDARDS
< PROVIDE UNIFORM

|
(8] =3{| S BE Dot Op
o — | EVALUATING THE
o — | MECHANICAL PROPERTIES
‘ AND IN-SITU QUALITY
| OF CONCRETE.
|

Source: Open Al (2026)



Compressive Strength Test Equipment

STEEL
RETAINER
A %

Wipelyficd  PAD

* Compressive strength evaluates

concrete load-carrying capacity. - g L.
* Hydraulic press applies controlled f.°i,-_;{'j;
axial compression. Sy o
@ STEEL
’ Callpers measure SpeCImen Compression test configuration (concrete cylinder).

Source: ASTM International

dimensions for calculations.

* Neoprene pads improve load
distribution uniformity.



ompressive Strength Test Procedure

SPECIMEN CURING

Cylinders are cured in
saturated limewater at
approximately 23 °C
for at least 28 days.

CLEAN THE SPECIMEN

Remove the specimen from
the curing tank and wipe the
surfaces to remove excess
moisture and debris.

~

~

-

MEASURE DIAMETER

Measure the diameter of the
cylinder at two perpendicular
directions and record the
average value.

~

CAPPING (IF REQUIRED)

If the end surfaces are not plane
and true, cap the specimen
using capping pads or sulfur
capping.

s N

PLACE IN THE PRESS
Center the specimen on the
lower platen of the compression
testing machine.

the testing machine.

COMPRESSION
TESTING MACHINE

at the rate specified in
ASTM C39.

fails. Record the maximum load
sustained by the specimen.

S

and the specimen dimensions.

A=
fe =
fe =

Ly
c =

l:n
%

17706 mm?*
p

A
356400 N

17706 mm?

20.1 MPa

CURING TANK TOWEL MARKER L CALIPER NEOPRENE PADS STEEL CAPPING PLATES STEEL PLATE SEATING RING
N o\
(G r s
@ CLOSE THE SAFETY DOOR APPLY THE LOAD SPECIMEN FAILURE RECORD DATA @ CALCULATE COMPRESSIVE STRENGTH
Close the safety door of Apply the load continuously Continue loading until the specimen Record the maximum load The compressive strength is

obtained by dividing the
maximum load by the cross-
sectional area of the cylinder.

Fer =
20.1 MPa

RESULT
(AVERAGE)

Source: ASTM International



Testing Age Tolerances

* Concrete strength changes continuously
with age.

* Testing ages require specific permissible
tolerances.

* Record molding and testing times
accurately.

* Proper timing ensures reliable result
Interpretation.

AGE OF TEST ‘ PERMISSIBLE TOLERANCE
1 day + 0.5 hr
3 days + 2 fr
7 days + 6hnK
28 days + 20 hr
90 days + 2 days

Source: Author’s own ellaboration




Failure Types in Compression Testing

TYPES OF FRACTURE IN CONCRETE CYLINDERS

Typical fracture patterns after compressive strength testing (ASTM C39)

(d) (e)

(a) (b) (c)

CONE CONE AND SPLITTING CONE AND SHEAR
Well-formed cone on Well-formed cone on Well-formed cone on one
both ends, cracks both ends with a vertical end, with a diagonal

through the caps, crack through the shear crack.
<1 in. (25 mm) wide. specimen. Considered acceptable.

Considered ideal.

Source: Pasquel. (1998)

SHEAR COLUMNAR
Diagonal shear crack Columnar vertical
with no well-formed cracks along the

cone. axis of the specimen.
Considered marginal. Considered poor.



Variables Affecting Strength Results

* Curing conditions strongly influence strength development,
variability, and long-term concrete performance.

* Improper sampling, consolidation, transportation, or moisture control
increases result variability significantly.

* Loading rate, specimen alignment, and equipment calibration directly
affect measured strengths.

 Standardized procedures minimize variability and ensure reliable,
representative compression test results.



Modulus of Elasticity and Poisson’s Ratio
Equipment

* Conducted according to ASTM C469
requirements.

e Uses cylinders similar to compression
testing specimens.

* Compressometer measures longitudinal
and transverse deformations Source: ASTM Interational
simultaneously.

e Data acquisition system records loads and
strains.



Modulus of Elasticity Test Procedure

ASSEMBLE THE STRAIN
MEASUREMENT DEVICE

\" PREPARE THE SPECIMEN
AND EQUIPMENT

9 ZERO THE DIAL GAUGES

E = |

Attach the ring (compressometer) =
around the specimen and tighten

Center the specinous and apply

Set the dial gauges and the a small preload to ensure proper

extensometer to zero.

Measure the specimen dimensions
and prepare the equipment.

it evenly. seating.
OBTAIN THE STRESS-STRAIN 0 CONTINUE LOADING 0 SPECIMEN FAILURE RECORD AND PROCESS
CURVE

THE RESULTS

Stress
(MPa) =
25 . i : S | TEST DATA
20 1

Max'lmum\pad Ny —

15 pe WPl ——

Stress 2t 50
= 50 pe

or 40 % of
f’c 4 g > 5 Transver

R oA § ) WModutus of
20 40 60 80 ' y | ‘ , passonisTatOY: —
Longitudinal strain (pe)

\.ondnud’ma\s\va’m\pz\-, D

se strain (pe):

casiEty EE: —

The curve is used to determine
modulus of elasticity and
Poisson’s ratio.

Record the maximum load
at failure.

Continue applying load
until the specimen fails.

Calculate the mechanical properties
of the concrete.

Source: ASTM International

PLACE THE SPECIMEN
IN THE TEST MACHINE

| e START THE TEST AND

RECORD DATA

Load

120.4 kN
™) Stress
Longitudinal (MPa)
452

Elong (1E)
45.2

— "' | Erans (p€
0 60 80 "_“1"2(’11 )
Longitudinal strain (ue) =

Apply load continuously and record
the load, stress, and deformations.

CALCULATE MECHANICAL

PROPERTIES
t o

—_—

MODULUS OF

ELASTICITY
o

E.= &

) —

P

POISSON'S RATIO

€
v=--"
&

Evaluate modulus of elasticity
and Poisson’s ratio.



Interpretation of Elastic Properties

* Modulus represents concrete stiffness
under applied loading.

= 50 pe
or 40 % of
£

e ASTM uses secant modulus for nonlinear
behavior.

20 40 60
Longitudinal strain (pe)

* Poisson’s ratio relates lateral and
longitudinal strains.

Source: Open Al (2026)

e Stress-strain curve reveals deformation
characteristics clearly.



Flexural Strength Test Equipment

* Evaluates tensile resistance induced by
bending stresses.

* ASTM C293 uses single-point loading
configuration.

* ASTM C78 uses third-point loading
configuration.

* Prism beams tested using flexural loading
apparatus.

0 ASTM C78 0 ASTM C293
(THIRD-POINT LOADING) (CENTER-POINT LOADING)

L/3 L/3 L/3

225cm =225cm 225cm =225cm
(21.0in) (21.0in) (21.0in) (21.0in)
L = span (45 cm /17.7 in) L = span (45 cm /17.7 in)
Apply load at the third points of the span Apply load at the center of the span
(distance L/3 from each support). (midpoint).

Source: ASTM International



Flexural Strength Test Procedure

o CURING

23+2°C
(73 £ 4 °F)

Cure the specimens in clean water
at 23 + 2 °C (73 £ 4 °F) until the

9 BEAM DIMENSIONS

45-50 cm
(17.7-19.7 in)

| 15¢em
(5.9in)

15em &

(5.9 in)

Typical beam: 15 cm x 15 cm x 45-50 cm
(5.9 in x 5.9 in x 17.7-19.7 in).

9 ASTM C78
(THIRD-POINT LOADING)
L/3 L/3

L/3

225cm
(21.0in)

L = span (45 cm /17.7 in)

=225cm
(21.0in)

Apply load at the third points of the span

ASTM C293
(CENTER-POINT LOADING)

4

225cm
(=21.0in)

225cm
(21.0in)

L = span (45 cm /17.7 in)

Apply load at the center of the span

TESTING
(LOAD APPLICATION)

36.75kn

Apply load continuously at the

Record the maximum load (P)
and observe the type of failure.

Mark the crack pattern and note
any unusual failure behavior.

L = span (45 cm/A7474in)]

Measure the span (distance between

support lines).

P = load at failure (N)
L = span (mm)

b = width (mm)

d = depth (mm)

Calculate the flexural strength (FR)
using the appropriate equation.

rate specified in the standard
test age. Measure all dimensions. (distance L/3 from each support). (midpoint). until failure occurs.
e N >~ \
0 N 7 r
0 FAILURE o MARKING THE FAILURE 0 MEASURING THE SPAN (L) 0 CALCULATIONS @ VALID / INVALID TEST
= s -“ VALID TEST INVALID TEST
Single fracture within Fracture outside the
the middle third.

middle third.

Other invalid results:

= Multiple fractures in the middle third
« Shear failure (diagonal fracture)

« Crushed ends or bearing failure

Only results that meet the valid criteria
shall be considered.

Source: ASTM International



Interpretation of Flexural Strength Results

* Modulus rupture indicates bending tensile
re S i St a n C e ° Single fragre within Fracturgside the

the middle third. middle third.
| | 1 1 1

* Strength depends on materials and curing SR vale
conditions. TR

= Multiple fractures in the middle third
« Shear failure (diagonal fracture)
« Crushed ends or bearing failure

* Aggregate characteristics significantly
influence flexural performance.

Source: Open Al (2026)

* Fracture pattern helps validate testing
results.



Indirect Tensile Strength Test Equipment

§r gr
* ASTM C496 uses Brazilian splitting test
method.
* Cylindrical specimens similar N 0
. . F F
compression test specimens.
. . . . A fin(i?e) solid circular cylinder sugj?c)acted to the indirect tensile testfc()a)
° Bea nng St”ps d|Str|bute |Oad ISRM Brazilian test; (b) Mathematical model; and (c) ASTM test..

Source: Mindess, Sidney, Young, J. Francis, & Darwin, David. (2013)

uniformly across cylinder.

* Hydraulic press applies controlled
compressive loading.



Indirect Tensile Strength Procedure

* Position cylinder horizontally between
loading platens.

* Place bearing strips along opposite
diametrical lines.

* Increase load continuously until specimen
failure.

Source: Author’s own ellaboration

* Calculate tensile strength using standard
equation.



Interpretation of Tensile Strength Results

2P

LD

)
* Vertical crack indicates typical splitting test /-t\—[ o
D

failure.

. . . fee = indirect tensile strength
* Tensile strength exceeds direct tensile test \_Zl g

P = maximum applied load

Va I ues. * L = cylinder length

—— [ — D = cylinder diameter

* Property depends on mixture and curing
quality.

Source: ASTM International

* Concrete requires reinforcement under
significant tensile stresses.



Rebound Hammer Test Equipment

* ASTM C805 provides nondestructive
evaluation procedure.

* Schmidt hammer estimates strength
from surface hardness.

G' //

Rebound Hammer

(Schmidt Hammer)
Correlation Charts / Curves

* Abrasive stone prepares testing surface
adequately.

Source: ASTM International

e Correlation curves estimate
compressive strength values.
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Rebound Hammer Test Procedure

Source: ASTM International



Core Extraction and Testing Equipment

* ASTM C42 evaluates in-place concrete
strength directly.

* Core drilling machine extracts structural
concrete specimens.

* Diamond bits and water cooling prevent
damage.

Source: ASTM International

* Compression testing determines strength of
extracted cores.



Source: ASTM International



Interpretation of Core Test Results

* Core testing directly evaluates in-place concrete strength, providing
reliable information for structural condition assessments.

* Results are influenced by age, geometry, moisture, drilling damage,
reinforcement, and extraction orientation.

* Core strengths are typically lower than laboratory-cured cylinders,
reflecting actual field performance conditions.

* Core extraction also assesses uniformity, defects,
cracking, consolidation quality, and material
durability characteristics.



Conclusions

[ Quality control begins with fresh concrete evaluation and continues
through hardened concrete performance and compliance verification.

] Fresh concrete tests assess workability, consistency, uniformity, and
suitability before placement and consolidation operations commence.

211 Proper sampling, curing, temperature control, and testing procedures
~w| ensurereliable, representative, and accurate results.

] ASTM procedures and laboratory and field testing support durable, safe,
| and high-performance concrete structures.
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