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Article history: Two test series were examined using nondestructive measur-
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methods used were the rebound hammer and ultrasonic
pulse velocity measurement. Two types of geometries were

Dataset link: Interrelated Data Set from investigated: drilled cores and cubes. The measurement pro-

Nondestructive and Destructive Material cedure for each of these datasets is conditioned to the geom-
Testing of Concrete Compressive Strength etry and is therefore different.
Specimens (Original data) The first series consists of 20 drilled cores (approximately di-

ameter/height = 10 cm/20 c¢cm) from the 55-year-old Lahn-
tal Viaduct near Limburg, Germany. After preparation in the
first laboratory, the lateral surface of the drilled cores was
tested with the rebound hammer using a given pattern. Ev-
ery laboratory tested every drilled core at different locations.
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Ultrasonic measurements in transmission were performed
repeatedly at predefined points on the flat surfaces of the
specimen.
The second series consisted of 25 newly manufactured con-
crete cubes of a mix with a target concrete strength class of
C30/37. The edge length was 15 cm. Each laboratory received
five specimens of this test series. Thus, contrary to the first
series, each specimen was tested by only one laboratory. Two
side faces of each cube were tested with the rebound ham-
mer. In addition, ultrasonic measurements were performed
by one laboratory. The time of flight was measured between
the tested side faces of the rebound hammer at different po-
sitions.
For both series, rebound hammers were used to determine
the R-value as well as the Q-value. The rebound hammer
models within the laboratories were always the same, while
they differed between the laboratories. The ultrasonic mea-
surements took place with different measurement systems
and couplants. Finally, both specimen series were tested de-
structively for compressive strength.
The dataset contains the raw data summarized in tabular
form. In addition, relevant calculated data are included in
some cases. For the ultrasonic measurements, the time of
flight has already been converted into the ultrasonic veloc-
ity. Besides, in addition to the raw data of the compressive
strength test (force, weight, and geometry values), the calcu-
lated compressive strengths and densities are also provided.
© 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject
Specific subject area

Type of data
How the data were acquired

Data format
Description of data collection

Civil and Structural Engineering

Nondestructive evaluation of concrete (Rebound Hammer and Ultrasonic
Measurement)

Table (.csv)

Rebound Hammer

The rebound numbers of clamped concrete specimens were measured using
with N-type rebound hammers (impact energy: 2207 Nm). Overall, the
SilverSchmidt (Q-values) and OriginalSchmidt (R-values) models were used.
The raw data were directly read, stored, and summarized in tabular form.
Ultrasonic Measurements

Repeated transmission measurements of ultrasonic pulse velocity were
conducted on both the core and cube specimens. Various transducers with
respective central frequency were used (20-95 kHz). An additional
homogeneous polyamide specimen was tested in the same way for verification.
Raw, partially processed by calculations

1

2.
3.
4.

Specimens were preserved in a temperature and humidity-controlled
chamber (20 % 2 °C and 65 + 5% RH) before and after the experiments.
Positions of the measurements were precisely specified.

Result values to be provided were defined uniformly for all laboratories.
Data collection was carried out in accordance with German standards (DIN
EN 12,504-2 [1], —4 [2]).

Furthermore, each laboratory was given the freedom to use their own common
procedure for determining the measurement values.

(continued on next page)
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Data source location Institution: Technische Universitdt Dresden, Institute of Concrete Structures

City: Dresden
Country: Germany

Data accessibility Repository name: Harvard Dataverse

Data identification number: 10.7910/DVN/AFCITK
Direct URL to data: https://doi.org/10.7910/DVN/AFCITK [3]

Value of the Data

The availability of well-classified and systematic obtained results from nondestructive and
destructive testing evaluation methods is essential for the efficient evaluation of NDE data
and test results. Currently, civil engineers, contractors, laboratories, and government agencies
do not have reference values to evaluate the accuracy of destructive and nondestructive test
data sets from existing constructions. This dataset fills this gap.

This dataset comprises measurement data from six independent laboratories, utilizing up to
three measurement techniques on two types of concrete. It facilitates comparisons within
and across laboratories, between concrete types, and measurement techniques. Precision val-
ues such as repeatability and reproducibility can be evaluated, including for structural and
laboratory concrete using the rebound hammer, and for structural concrete using ultrasonic
data.

For each nondestructive value, the corresponding concrete compressive strength value from
destructive testing is available, so that the correlation of destructive and nondestructive pa-
rameters can be evaluated. For structural concrete, the correlation between the nondestruc-
tive methods themselves is also possible. The data can be used to verify and improve existing
and future correlation functions between nondestructive and destructive data. Especially with
regard to old concrete, hardly any data sets are available.

The beneficiaries of this data set are scientists and research institutions in the fields of con-
crete construction, building material testing, and non-destructive testing. They are provided
with comprehensive, coherent data that can be processed according to their requirements.
The test design can support and expedite future test designs and can also serve as an exam-
ple. This applies both to comparative tests for the precision of scientific institutions and to
simple material tests performed by companies.

Reference values of the precision can be obtained from the data, contributing to reduce ex-
perimental errors during measurement campaigns involving different operators or laborato-
ries. Currently, there are no such reference values, as can be seen in European standardiza-
tion (DIN EN 12,504-2 [1] and DIN EN 12,504-4 [2]). Therefore, standardization bodies also
benefit from the data obtained.

By determining assured precision values, the quality of the measurement procedure can be
assessed, and its suitability for certain measurement tasks can be evaluated. The precision
values provide information about the scatter and uncertainty of the measurement method
under consideration and can be taken into account in the context of the semi-probabilistic
safety concept in civil engineering.

1. Objective

Currently, it is unclear what precision can be achieved with nondestructive testing methods

when testing hardened concrete. Most published datasets are abbreviated, the boundary con-
ditions are sometimes unclear, and often aim only at correlation between nondestructive test
values and concrete compressive strength. This dataset was created to estimate the repeatability
and reproducibility of the nondestructive test methods studied. The evaluation of specimens un-
der pre-established and equal conditions for all laboratories provides a data basis for estimating
the inter-laboratory reference accuracy for in-situ concrete specimens. Subsequently, the exten-
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sive dataset collected can also be used to investigate the correlation between nondestructive
data and the strength of destructively tested concrete.

2. Data Description

The dataset contains only data summarized in tables. The files were created using Excel (Ver-
sion 2108) and have the file format ".csv" (comma separated values), which can be read by most
evaluation programs. The designation and structure of each file is described below.

2.1. General file designation

The files are named according to the following rule:
Type of specimen_Measurement method(_Additional description)

Type of specimen: “core” - Drilled cores from an existing structure
“cube” - Newly fabricated cube specimens
Measurement method: “rn_R” - Rebound number (R-Value)

“rn_Q” - Rebound number (Q-Value)

“us” - Ultrasonic data

“compressive strength” - Compressive strength test data
Additional description: “summary” - Summarized table for all laboratories

“lab1” to “lab6” - Single laboratory content

“designation key” - Key for the table designations

2.2. Rebound hammer data

The dataset of the rebound hammer contains the raw rebound number (rn), which can be
either an R-Value or a Q-Value depending on the type of rebound hammer used. The values
itself have no unit, but to differentiate between measurement principles, the letters “R” and “Q”
are used. The data are summarized in two tables separated according to the rebound hammer

type and provided in “.csv’-format. Each value can be clearly assigned to a specimen and a
laboratory.

The core tables are organized as follows:

» Header (rows 1 - 4)
o Row 1: Number of the executing laboratory (Lab 1 - Lab 5)
o Row 2: Type of rebound number value (R or Q)
o Row 3: Position of the tested column on the lateral surface in [°]
o Row 4: Number of the tested line on the lateral surface in Roman numerals (I - VI)

« Describing Columns (columns 1 - 2)
o Column 1: Number of the core
o Column 2: Core name as original identifier

Actual raw data of rebound numbers
o Between rows 5 - 24 and columns 4 - 39

The cube tables are organized as follows:

Header (rows 1 - 3)
o Row 1: Type of rebound number value (R or Q)
o Row 2: Position of the tested column on side face named in Latin letters (A - E)
o Row 3: Number of the tested line on the side face in Roman numerals (I - V)
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« Describing Columns (column 1 - 3)
o Column 1: Number of the executing laboratory (Lab 1 - Lab 5)
o Column 2: Number of the cube (W01 - W25)
o Column 3: Tested side face (S1 - S2)

» Actual raw data of rebound numbers
o Between rows 4 - 28 and columns 5 - 29

2.3. Ultrasonic data

The ultrasonic testing consisted of 12 successive measurements of the time of flight. Two
types of measurement points were defined: Center Points (CP) and Third Points (TP). The data
in the table have been sorted according to the following layout.

 Header (rows 1 - 4)

o Row 1: Measuring point: Point type CP or TP. The number after CP represents the mea-
surement repetition at that point, e.g., CP5 (fifth repetition). The number after TP repre-
sents the measured point position TP2

o Row 2: Azimuth angle in [°] of the measurement point TP with respect to the reference
meridian plane of the specimen

o Row 3: Parameter: e.g., Laboratory, TOF: time of flight, UPV: Ultrasonic Pulse Velocity,

o Row 4: Unit of the measured parameter

« Describing Columns

o Column 1: Number of the core

o Column 2: Core name as original identifier
Column 3: Laboratory
Column 4 - 12: Specimen data
Column 13 - 14: Measurement conditions
Column 15 - 38: Measurement data TOF-UPV

2.4. Compressive strength test

The dataset of the compressive strength values contains the raw data of the geometry, weight
and force as well as the calculated values of the density and compressive strength. The machine
force is divided by the measured cross-sectional area of the specimens. The dataset contains the
geometric dimensions of each specimen as well as the calculated compressive strength.

The data are presented in tables and given in “.csv”’-format. Each value can be clearly as-
signed to a specimen.

The core tables are organized as follows:

+ Header (rows 1 - 2)
o R. 1: Name of the values contained in the column
o R. 2: Unit of the values contained in the column

» Columns

: Number of the core

: Core name as the original identifier

: Diameter as the mean out of three measured values

: Hight as mean out of three measured values

: Area of the core calculated from the diameter

: Weight of the specimen

: Density calculated from weight divided by the volume of area and height

o

ISNSNSNSNSNSNS)
N U WN =

O O O O O o
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o C. 8: Maximum force at failure
o C. 9: Compressive strength calculated from force divided by area

The cube tables are organized as follows.

» Header (rows 1 - 2)
o R. 1: Name of the values contained in the column
o R. 2: Unit of the values contained in the column

+ Columns

: Number of the cube

: Length of the first side of the cube as the mean out of four values

: Length of the second side of the cube the as mean out of four values

: Length of the third side of the cube as the mean out of four values

: Area of the cube calculated from the first and second length

: Weight of the specimen

: Density calculated from the weight divided by the volume of area and height
: Maximum force at failure

: Compressive strength calculated from the force divided by area

[e]

o O o o O O O ©o

NN ONONNON
©oONDU A WN

1

3. Experimental Design, Materials and Methods

3.1. Specimens

3.1.1. Drilled core series

The first test series contains 20 drilled cores from 55-year-old bridge. Their diameter is
100mm, their height is 200mm, and the documented concrete class was B450. The cores were
obtained by wet drilling and then the end planes were prepared by cutting and wet grinding.
Until the beginning of the tests the specimens were stored in a climatic chamber under stan-
dard conditions (20 °C/65% rH). The prepared cores can be seen in Fig. 1. All samples fulfill the

requirements according to DIN EN 12,504-1 [4].

Fig. 1. Drilled cores prepared for testing.
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3.1.2. Cube series

The second test series consists of 25 cube specimens manufactured according to the standard
DIN EN 12,390-3 [5] with a concrete class of C30/37. The edge length is 150mm. The prepared
cube can be seen in Fig. 2.

Fig. 2. Cube prepared for testing.

4. Measurement Systems
4.1. Rebound hammers

Table 1 shows an overview of the measurement systems used for each laboratory. The re-
bound hammer “Silver Schmidt” returns the rebound value Q while all other return the rebound
value R. All rebound hammers are “Typ N”, which means that they have a impact energy of 2207
Nm.

Table 1
Measurement systems for rebound number acquisition.
Method Modell
Lab 1 R, Q Proceq DIGI-SCHMIDT 2000 (Modell ND),

Proceq Silver Schmidt 058200 N (Typ N)

Lab 2 R Proceq Original Schmidt (Typ N)
Lab 3 Q Proceq Silver Schmidt (Typ N)
Lab 4 R, Q Proceq Silver Schmidt (Typ N),
Proceq Original Schmidt (Typ N)
Lab 5 R, Q Proceq Original Schmidt (Typ N),

Proceq Silver Schmidt (Typ N)
Lab 6 - -
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Table 2
Measurement systems for ultrasonic data acquisition.
Ultrasonic Equipment Software Transducer Center frequency Couplant

Lab 1 Ritec RAM 5000 RAM-5000 v 1.1.3 Olympus V101-RB 95 kHz Acrylpads
Lab 2 Geotron USG 40 Lighthouse * UP-80 80 kHz Acrylpads
Lab 3 Geotron Lighthouse Lighthouse * UPG-D/UPE-D 46 kHz no couplant
Lab 4 Geotron USG 40 Lighthouse* UPG-D/UPE-D 64 kHz no couplant
Lab 5 Proceq pundit Pundit Lab (+) Pundit Transducer 54 kHz 54 kHz Acrylpads
Lab 6 Geotron USG 20, Fluke 192B Lighthouse * UPG-D/UPE-D 20 kHz no couplant

* The Lighthouse software is customized for each device.

4.2. Ultrasonic measurement

Table 2 shows an overview of the ultrasonic measurement devices and transducers used by
each laboratory. Before the measurement campaign, each laboratory used the same standard
calibration bar to offset the ultrasonic measurement equipment to a reference value.

5. Data Acquisition
5.1. Rebound numbers on cores

The area of testing is the lateral surface of the drilled core. This area is divides by each 30°,
which leads to 12 vertical lines. On every line, 6 impact points were marked with a distance of
30mm and numbered with the Roman numerals from I to VI. The outer impact points have a
distance of 25mm from the edge. Fig. 3 shows the unrolled lateral surface of a core with the
corresponding impact pattern. Each point may only be hit once. Each laboratory tests each core,
resultingin a dataset of 12 rebound numbers per laboratory and cube and 60 rebound numbers
in total per core. During the data acquisition, the drill cores were fixed in a testing machine
with 100kN to secure their position. All rebound hammers were checked for calibration on the
test anvil before and after the test and passed den test.

5.2. Ultrasonic pulse velocity on cores

The measurements were performed under laboratory conditions at a temperature of 20 °C
(£2 °C) and a relative humidity of 65% (£+5%). Low-frequency transducers (center frequency from
20 to 95kHz) were used for the investigation. Before the measurement campaign, each labora-
tory used the same standard calibration bar to offset the ultrasonic measurement equipment to
a reference value. For this reference measurement, the same coupling and the same measur-
ing conditions were used as for the subsequent measurement on the concrete specimens. Each
laboratory used a special apparatus to ensure a constant controlled contact pressure between
the specimen and the transducers. The measurements were carried out in compliance with the
recommendations for transmission measurements prescribed in DIN EN 12,504-4 [2] and in the
technical bulletin BO4 2018 of the German Society for Nondestructive Testing [6].

The ultrasonic measurements, including the calibration, were carried out using a test appara-
tus in which the specimen can be firmly held to ensure a constant contact pressure of approx-
imately 1bar +0.5bar between transducer and specimen. All laboratories except Lab 4 and Lab
6 used Acryl pads as a couplant. Lab 4 and Lab 6 used dry coupling for the investigation. The
ultrasonic transducers were applied to the front surface with a constant contact pressure (see
Fig. 4).

After a calibration procedure described before, the ultrasonic time of flight was measured
repeatedly in specific measurement points at the plane sides of the cores. The ultrasonic pulse
velocity was then calculated based on the corrected time of flight measurement.
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Fig. 4. Exemplary preparations for measurement at laboratory 1.
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All laboratories performed ultrasonic measurements on 20 concrete cores. An additional ho-
mogeneous polyamide specimen was additionally measured following the same procedure. This
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\

240
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\
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Fig. 5. Measuring points.

polyamide specimen can be used as a reference specimen.

A total of twelve ultrasonic measurements per specimen were performed. Six measurements
were performed in transmission measurement in the center of the sample on the front surface. A
total of 6 additional measurements were taken 2.5cm away from the center point (2 repetitions
x 3 measurement points with azimuth = {0°, 120°, 240 °}). The measurement sequence for each

specimen was performed in the following order (Fig. 5):

SOOI U A WN A

—

. Measurement:
. Measurement:
. Measurement:
. Measurement:
. Measurement:
. Measurement:
Measurement:
. Measurement:
. Measurement:
. Measurement:

Center point (CP)

Middle third point (TP) at O
Center point (CP)

Middle third point (TP) at 120
Center point (CP)

Middle third point (TP) at 240
Center point (CP)

Middle third point (TP) at 120
Center point (CP)

Middle third point (TP) at 240



D. Gebauer, RE. Beltrdn Gutiérrez and S. Marx et al./Data in Brief 48 (2023) 109201 1

A B C D E

) | | ) | 0
I I I I I N
| -1----- O----O0----0----- O----- O ----- - =
1 1 1 I I L‘)
I I | ) I N
T S S St S SE
| I | ) I 0
1 1 1 I I N
- -g=---- - Q- Q- @----- Q- - 7T
I I I l l 0
I | | ) | o
Vv -1----- &----0----0----- Q----- O ----- -
| | I ) l o)
\ I I l l N
A e e e e
1 1 1 1 1 L(')
| | I ) l N
\ \ \ \ \ \ \
K N N K K y \
25 25 25 25 25 25
@ Impact point [mm]

Fig. 6. Side surface of a cube with impact pattern.

11. Measurement: Center point (CP)
12. Measurement: Middle third point (TP) at 240

5.3. Rebound numbers on cubes

The areas of testing are two of the six surface areas of the cube. Each surface is divided
into a pattern of 5x5 impact points. The columns are named from A to E, while the lines are
numbered by Roman numerals from I to VI. The distance between the impact points and the
edge is 25mm. Fig. 6 shows the impact pattern of one cube surface. Each point may only be
hit once! Each laboratory tests five different cubes from the same mixture. The results are two
datasets of 25 rebound numbers per cube. During the data acquisition, the cubes were fixed in
a testing machine with 60kN to secure their position. All rebound hammers were checked for
calibration on the test anvil before and after the test and passed den test.

5.4. Ultrasonic pulse velocity on cubes

The measurement was performed longitudinally along the axis of the cores and along two
opposite faces in the case of the cubes. One laboratory performed for each of the 25 cube sam-
ples, measurements at two opposite faces (Fig. 7) labeled as face with and without points ac-
cording to the impact pattern of the rebound hammer tests.
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Fig. 7. Measuring plan scheme on two opposite faces of a cube sample.

5.5. Compressive strength

The compressive strength was determined in destructive tests according to DIN EN 12,504-
1 [4] for the drilled cores and DIN EN 12,390-3 [5] for the cubes. The dimensions fulfill the
requirements of DIN EN 12,504-1 [4]| for the drilled cores and DIN EN 12,390-1 [7] for the
cubes.
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Data Availability

Interrelated Data Set from Nondestructive and Destructive Material Testing of Concrete
Compressive Strength Specimens (Original data) (Dataverse).

Acknowledgments

This research did not receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors. The Article Processing Charge (APC) were funded by the joint
publication funds of the TU Dresden, including Carl Gustav Carus Faculty of Medicine, and the
SLUB Dresden as well as the Open Access Publication Funding of the DFG. The authors would
like to thank the construction company "Adam Hornig" for the technical support during the
sampling of the cores! The samples could be obtained accompanying the research project "Lab-
oratory Investigations for the Deconstruction of the Lahntal Bridge" funded by DEGES.

References

[1] DIN EN 12504-2, Testing concrete in structures — Part 2: non-destructive testing — Determination of rebound number;
German version EN 12504-2:2021, Beuth Verlag 2021.

[2] DIN EN 12504-4, Testing concrete in structures — Part 4: determination of ultrasonic pulse velocity; German version
EN 12504-4:2021, Beuth Verlag 2021.

[3] D. Gebauer, RE. Beltrdn Gutiérrez, S. Marx, S. Maack, S. Kiittenbaum, S. Pirskawetz, W. Breit, V. Mechtcherine,
K. Grahl, T. Thiel, M. Schickert, M. Kriiger, Interrelated data set from nondestructive and destructive material testing
of concrete compressive strength specimens, Harvard Dataverse, v1.0 (2023) </Dataset>, doi:10.7910/DVN/AFCITK.

[4] DIN EN 12504-1, Testing concrete in structures — Part 1: cored specimens - Taking, examining and testing in com-
pression; German version EN 12504-1:2019, Beuth Verlag 2019.

[5] DIN EN 12390-3, Testing hardened concrete - Part 3: compressive strength of test specimens; German version EN
12390-3:2019, Beuth. Verlag. 2019.

[6] Merkblatt B04, Ultraschallverfahren zur Zerstérungsfreien Priifung im Bauwesen, DGZfP-Fachausschuss Zerstérungs-
freie Priifung im Bauwesen, Unterausschuss Ultraschallpriifung (DGZfP), 2018. Engl.: Ultrasonic methods for nonde-
structive testing in civil engineering, DGZfP Technical Committee Nondestructive Testing in Construction, Subcommittee
Ultrasonic Testing.

[7] DIN EN 12390-1, Testing hardened concrete - Part 1: shape, dimensions and other requirements for specimens and
moulds; German version EN 12390-1:2021, Beuth Verlag 2021.


https://doi.org/10.7910/DVN/AFCITK
https://doi.org/10.7910/DVN/AFCITK

	Interrelated dataset of rebound numbers, ultrasonic pulse velocities and compressive strengths of drilled concrete cores from an existing structure and new fabricated concrete cubes
	Value of the Data
	1 Objective
	2 Data Description
	2.1 General file designation
	2.2 Rebound hammer data
	2.3 Ultrasonic data
	2.4 Compressive strength test

	3 Experimental Design, Materials and Methods
	3.1 Specimens
	3.1.1 Drilled core series
	3.1.2 Cube series


	4 Measurement Systems
	4.1 Rebound hammers
	4.2 Ultrasonic measurement

	5 Data Acquisition
	5.1 Rebound numbers on cores
	5.2 Ultrasonic pulse velocity on cores
	5.3 Rebound numbers on cubes
	5.4 Ultrasonic pulse velocity on cubes
	5.5 Compressive strength

	Ethics Statements
	CRediT Author Statement
	Declaration of Competing Interest
	Data Availability
	Acknowledgments

	References

