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Abstract

Multi-step uniaxial compression creep and relaxation tests were performed on three stone
mastic asphalt drill cores. Before and after the mechanical tests, micrometer resolution
X-Ray Computed Tomography (nXRCT) imaging of the drill cores was performed to
characterize the deformation and damage state of the microstructure as a result of the
multi-step uniaxial compression loading tests. Both the mechanical measurement results
as well as the reconstructed grayscale pnXRCT images with a voxel size of 30 pm are
included.

1 Background

The microstructure of asphalt concrete has become an important area of research in pave-
ment engineering, mainly because it can explain the main cause of pavement failure. In
order to characterize asphalt structures consisting of the three basic components, coarse
aggregates, mortar (binder, fine aggregates, filler) and air voids, micro X-Ray Computed
Tomography (nXRCT) has become a prominent 3D imaging technique. It provides non-
destructive access to the morphology of asphalt concrete down to micrometer resolution.
Because of its non-destructive nature, it allows classical characterization methods such as
mechanical testing to be combined with pXRCT imaging at different sample states. The
three investigated drill cores in the three datasets [1, 2, 3] are stone mastic asphalt with
a nominal maximum aggregate size of 11 mm. Each of the three datasets contains the
measurement data of the performed multi-step uniaxial compression creep/relaxation
tests and pXRCT images of the initial sample state and the state after the performed
mechanical test.

2 Specification

Table 1: Specification

Subject Engineering: Structural and Civil Engineering

Specific subject area Asphalt structures; High-resolution micro X-ray Com-
puted Tomography

Type of data Table, Images (reconstructed grayscale images)

Data collection (1) Mechanical measurements
(2) micro X-ray Computed Tomography (ex situ)

Related research article None.
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3 Value

The dataset provided is of high value to the scientific community. The dataset can be
used in different ways, such as:

o General improvement of the understanding of the morphology of asphalt concrete
and its evolution in the deformed or damaged state.

« Enhancement of analysis methods of the morphology of asphalt concrete structures
based on 3D image data for the intact and deformed/damaged state.

o Computational creation of artificial asphalt concrete microstructures and their
improvements based on the image and measurement data.

o Enhancement of numerical and theoretical multi-scale and multi-phase (multi-
X) approaches as basis for coarse-grained considerations of long-term behavior
of roads.

o The dataset can be used by researchers in the fields of computational solid me-
chanics, computational fluid dynamics, digital porous media and image processing,
among others.

4 Data Description

Each of the three datasets [1, 2, 3] contains the measurement results (time, displacement,
load, eng. stress, and eng. strain) of multi-step uniaxial compression creep /relaxation
tests (files: * compression_test_data.csv), as well as the corresponding reconstructed
nXRCT images of the samples before and after the mechanical loading (files: recon-
structed_ *.tar.gz). The mechanical measurements performed are shown in Figure 1.
Figure 2 shows representative cross-sections of sample 2-1 before and after the mechan-
ical testing.

5 Experimental Design, Materials, Methods

Samples The three drill cores (sample 2-1, 2-2, 2-3) in the corresponding three datasets
[1, 2, 3] are stone mastic asphalt with a nominal maximum aggregate size of 11 mm.
It contains diabase aggregates and a 50/70 bitumen binder. Details about the material
can be found in [4]. All three considered drill cores were part of one large drill core
(sample 2), taken from a test track by the “Institute of Highway Engineering (ISAC)” at
the RWTH Aachen and subsequently cut into three parts (sample 2-1, sample 2-2, and
sample 2-3) by the “Institute of Urban and Pavement Engineering” at the Technische
Universitat Dresden (TUD) for further analysis. A microstructural characterization of
the initial sample states based on the pXRCT images can be found in [5]. In Table 2,
the geometrical dimensions of the three samples before and after mechanical testing are
summarized. For positioning of the samples on the sample holder /rotational stage of the
nXRCT system, the drill cores were fixed with double-sided tape on cylindrical aluminum
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Figure 1: Visualization of the measurement data of the performed multi-step uniaxial
compression creep/relaxation tests performed on the three samples.

Figure 2: Visualization of zy- and zz-cross-sections of the pXRCT images of sample 2-1.
Left: Before mechanical loading. Right: After mechanical loading.
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Table 2: Sample dimensions before and after the mechanical uniaxial compression tests.

Sample Diameter initial Height initial Diameter after test Height after test
[mm)] [mm)] [mm)] [mm)]
Sample 2-1 75.12 70.93 78.05 67.11
Sample 2-2 75.18 71.88 77.35 68.74
Sample 2-3 75.33 70.64 76.71 67.40

plates with a centric thread hole. The mechanical tests were performed including the
aluminum plate.

3D pXRCT imaging The 3D images cover a cylindrical subregion of 58.32 mm in
diameter and 42.75 mm in height located in the center of each core. The voxel size of all
pXRCT-images is 30 pm. A modular pXRCT system described in [6] was used for 3D
imaging. The acquisition parameters were configured as follows: geometric magnification
of 2.5, tube voltage of 160 kV, tube current of 400 pA, projections over a rotation of
360° in 0.25° steps, frame averaging of 5 slightly shifted detector positions for bad
pixel compensation, exposure time of 2000 ms for each projection. The 3D volume
reconstruction was performed with the FDK algorithm [7] using the commercial software
Octopus Reconstruction (v.8.9.4-64 bit) [8].

Multi-step uniaxial compression creep/relaxation testing The protocol/measure-
ments are visualized in Figure 1. The engineering stress ¢ and strain € were determined
by o = |F|/Ap and ¢ = |AH|/Hy, where F' is the applied /measured load, Ay is the initial
cylindrical cross-sectional area, AH is the change in sample height (displacement) and
Hy the initial sample height. Details of the exact test parameters can be found in the
metadata of the datasets [1, 2, 3]. The samples were tested under ambient (laboratory)
conditions on a RM 50 kN (Schenck-Trebel) electromechanical tensile/compression test-
ing machine. The testing machine was refurbished by DOLI Elektronik and is equipped
with an EDC 580 controller and a 63 kN load sensor.

6 Limitations

For sample 2-1 [1] it turned out that the sample top and bottom surfaces were not exactly
plane-parallel, resulting in a non-uniform transmission of the load. The first full-surface

contact between the load plate and the top surface of the sample was reached at a load
of 1500 N (0.338 MPa).
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7 Technical Validation

Mechanical testing was performed on a calibrated testing machine, and imaging was
performed on a well-established pXRCT imaging system.

8 Usage Notes

The pXRCT images are provided as grayscale image stacks in 16 bit *.TIF file format.
They can be opened with any TIF-reader, e.g., ImageJ [9] and imported as image se-
quence. A rescaling of the gray values might be necessary for better recognizability.
Note that the before and after scans are not registered. However, care has been taken
to ensure that the sample positioning in the pXRCT system is approximately identical.
The mechanical measurement data are provided in *.CSV file format.
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