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The dataset derives from a thorough laboratory charac-
terization of all existing stabilization technologies suitable
for coarse-graded aggregates. They include two traditional
binders (based on cement and bitumen) and eleven non-
traditional binders (based on brine salt, clay, organic non-
petroleum, organic petroleum and synthetic polymer). The
dataset derives from four laboratory test operations: repeated
load triaxial test performed both before and after exposing
the investigated samples to ten freeze-thaw cycles, weight
measurement of Marshall specimens during ten freeze-thaw
cycles and a modified version of rolling bottle test. Re-
peated load triaxial tests assess the resilient modulus and the
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resistance to permanent deformation of both unstabilized
and stabilized specimens. The mass loss of Marshall spec-
imens expresses the susceptibility of each additive to lose
its binding property when exposed to freezing action. The
modified version of the rolling bottle test characterizes the
propensity to stripping for each additive coating the ag-
gregates subjected to mechanical stirring action. Given the
surging necessity to improve the construction and mainte-
nance operations for road pavements worldwide, this dataset
containing information about several stabilization technolo-
gies can be very useful for transport agencies, contrac-
tors, industry and university researchers as well as compa-
nies manufacturing and supplying stabilization technologies.
© 2022 The Author(s). Published by Elsevier Inc.
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Specification Table

Subject
Specific subject area

Type of data

How data were
acquired

Data format
Description of data collection

Data source location

Data accessibility

Civil and Structural Engineering

Road stabilization, Traditional stabilizers, Nontraditional stabilizers, Unbound
granular materials, Pavement geotechnics, Freeze-thaw cycles, Repeated load
triaxial test, Rolling bottle test

Table

Image

The data were collected performing the following laboratory tests: Repeated
Load Triaxial Test (RLTT) both before and after the action of 10 Freeze-Thaw
(FT) cycles, weight measurement of Marshall specimens during 10 FT cycles
and a modified version of Rolling Bottle Test (RBT) for 14 different time
intervals, namely 1 h,2 h,3 h,4 h,5h, 6 h, 7h, 8 h, 10 h, 12 h, 14h, 16 h,
20 h and 24 h.

The total number of samples created and tested was: 28 RLTT samples (2
replicates, particle size between 0 mm and 32 mm), 39 Marshall samples (3
replicates, particle size between 4 mm and 8 mm) and 588 RBT samples (3
replicates, particle size between 8 mm and 11.2 mm).

Raw

The research comprised all existing types of traditional and nontraditional
stabilizers for coarse aggregates. Creation and testing of RLTT, Marshall and
RBT samples were based on the codes “EN 13286-7 Cyclic load triaxial test for
unbound mixtures”, “EN 12697-30 Specimen preparation by impact compactor”
and “EN 12697-11 Determination of the affinity between aggregate and
bitumen”, respectively.

The testing campaign was performed at the Department of Civil and
Environmental Engineering, Norwegian University of Science and Technology
(NTNU), Hegskoleringen 7A, Trondheim 7491, Norway.

Aggregates were collected from Vassfjell, Heimdal, Norway. All the stabilization
technologies were kindly supplied by industrial producers (refer to
Acknowledgments section).

Dataset is uploaded on Mendeley Data

Repository name:

Mechanical properties of coarse aggregates stabilized with traditional and
nontraditional additives: stiffness, deformation, resistance to freezing and
stripping

Data identification number:

DOI: 10.17632/xvb2dtjdch.1

Direct URL to data:

https://data.mendeley.com/datasets/xvb2dtjdch
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Value of the Data

» Connected with the surging necessity to improve the construction and maintenance op-

erations for road pavements worldwide, this dataset derives from a thorough laboratory

characterization and comparison of all the existing binder technologies suitable for stabi-
lizing coarse-graded aggregates.

Considering the global relevance of road infrastructures, the dataset derived from an in-

dependent investigation of several stabilization technologies can become a very useful re-

source for transport agencies, contractors, industry and university researchers as well as
companies manufacturing and supplying stabilization technologies.

+ The data can be used to evaluate and compare the mechanical behavior associated to
all the types of existing binder technologies that can stabilize coarse-graded aggregates.
Furthermore, the data can be interpreted according to various regression models and their
analysis can indicate the directions for possible further laboratory or field tests.

» As unpaved low-volume roads form most of the road infrastructures worldwide and are
often in very poor condition due to lack of maintenance operations, the dataset formed
in this single independent laboratory testing campaign represents a valuable resource for
objective comparison across several stabilization technologies.

1. Objective

This work reports on the dataset “Mechanical properties of coarse aggregates stabilized with
traditional and nontraditional additives: stiffness, deformation, resistance to freezing and strip-
ping” (https://data.mendeley.com/datasets/xvb2dtjdch) [1] obtained by means of laboratory tests
performed at the Department of Civil and Environmental Engineering (Norwegian University of
Science and Technology, Trondheim, Norway) in 2020 and 2021. The major reason for performing
such testing campaign has been to investigate and compare the stabilization potential of tradi-
tional and nontraditional binders that are used in road pavement engineering. Very few previous
investigations have comprehensively compared the mechanical properties of both traditional and
nontraditional technologies in a single independent study. The dataset has a size of 3 772 MB
and revolves around the binder application to coarse-graded aggregates as thoroughly discussed
in the two corresponding research articles [2,3]. The objective of this data article is three-fold:
to describe how the data have been obtained in the laboratory, to explain the taxonomy adopted
to store the dataset on the public repository Mendeley Data and to highlight how stakeholders
(e.g., transport agencies, contractors, researchers, manufacturers of the stabilizers) can benefit
from it.

2. Data Description

The dataset derives from a thorough investigation assessing the mechanical properties of
all the existing binder technologies suitable for stabilizing coarse-graded aggregates [2,3]. The
data were collected by performing four laboratory test operations: Repeated Load Triaxial Test
(RLTT) both before and after the action of 10 Freeze-Thaw (FT) cycles, weight measurement of
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Table 1

Overview of the tested stabilization technologies and name abbreviations.
Numbering Name of stabilization technology Abbreviation
1 unbound granular material (untreated) UGM
2 cement CEM
3 bitumen BIT
4 brine salt type A, calcium chloride SAL-A
5 brine salt type B, minerals mixture SAL-B
6 bentonite BEN
7 lignosulphonate LIG
8 reduced sugar SUG
9 petroleum resin RES
10 polyurethane POL
1 acrylate ACR
12 styrene butadiene STB
13 acetate, type A ACE-A
14 acetate, type B ACE-B

Table 2

Content of each subfolder referring to the samples tested with Repeated Load Triaxial Tests.

Specimen 01

File type File name

Spreadsheet with raw data (.xlsx) “Spec. #abbreviation# 01"
Sample picture (.jpg) “Spec. #abbreviation# 01 a”
Sample picture (.jpg) “Spec. #abbreviation# 01 b”

Specimen 02

File type File name

Spreadsheet with raw data (.xIsx) “Spec. #abbreviation# 02"
Sample picture (.jpg) “Spec. #abbreviation# 02 a”
Sample picture (.jpg) “Spec. #abbreviation# 02 b”

Marshall specimens during 10 FT cycles and a modified version of Rolling Bottle Test (RBT).
The content of the dataset includes both raw data and pictures for all the tested specimen
(https://data.mendeley.com/datasets/xvb2dtjdch) [1]. As reported in Table 1, thirteen stabiliza-
tion technologies are investigated and represent both traditional additives (cement and bitumen)
and nontraditional additives (brine salt, clay, organic non-petroleum, organic petroleum and syn-
thetic polymer) [4-7].

2.1. Data from repeated load triaxial tests

The data derived from RLTTs are reported in the folder “Data from RLTT before 10 FT cycles”
and “Data from RLTT after 10 FT cycles”. 14 subfolders contain the data for each stabilization
treatment listed in Table 1, two replicate specimens (denoted as “01” and “02”) were tested for
each additive binder. RLTT samples created using UGM materials were only tested before the
exposure to 10 FT. For each specimen, three pieces of information are reported according to the
nomenclature reported in Table 2.

The content of all the spreadsheets is structured according to the same logic as described
elsewhere [8]. Each spreadsheet contains five sheets (“Sequence 1”, “Sequence 2", “Sequence 3",
“Sequence 4", “Sequence 5”) corresponding to as many RLTT loading sequences. Each loading
sequence is made of six steps and their number is reported in column A. The time t since the
sequence started, temperature T (namely room temperature), deviatoric pulse number and fre-
quency f (fixed to 10 Hz) are listed in column B, C, D and E, respectively. In the RLTT device the


https://data.mendeley.com/datasets/xvb2dtjdch

D.M. Barbieri, B. Lou and RJ. Dyke et al./Data in Brief 46 (2023) 108781 5

specimen is subjected to a triaxial stress state achieved by means of a hydraulic piston acting
vertically and pressurized water acting in all the directions. The deviatoric stress o4 exerted by
the hydraulic piston is made of two components, a dynamic part (o 4 4y,) and a static part (o g);
the values of the former one are reported in column F and the values of the latter one (always
approximately equal to 5 kPa) are shown in column G. In a similar way for the triaxial stress
o, the dynamic part (oqyn, always approximately equal to 0 kPa) and the static part (o¢s)
are specified in columns H and I, respectively. Six Linear Variable Displacement Transformers
(LVDTs) measure the deformations of the sample. Three LVDTs assess the vertical deformations
classified as elastic components (€401, €qel,02: Eael03) and plastic components (4,101 Eqpl02s
€qpl03): their values are reported in columns J, L, N and in columns K, M, O, respectively. Simi-
larly, three LVDTs probe the radial deformations referred to as elastic components (&0, €rer02:
€rel03) and plastic components (&;p;01, £rp02: €rpio3)s they are reported in columns P, R, T and
in columns Q, S, U, respectively.

The two main mechanical properties assessed by RLTTs are the resilient modulus My (defini-
tion reported in Section 2) and the resistance against permanent deformation. For an instance,
the My and the development of axial plastic deformation for all the RLTT specimens tested be-
fore the exposure to 10 FT is displayed in Figs. 1 and 2, respectively, according to the number
of load cycles N; each colour corresponds to one of the five loading sequences (o = 20 kPa, 45
kPa, 70 kPa, 100 kPa, 150 kPa).

The raw data contained in the dataset can be further processed according to several regres-
sion expressions to analyse the experimental findings [9-14]. In example, My can be modelled
according to the formulations proposed by Hicks & Monismith [15], Uzan [16] or Uzan & Witczak
[17]. The development of the permanent deformation can be modelled according to the expres-
sions developed by Barksdale [18], Sweere [19], Hyde [20] or Shenton [21].

2.2. Data from mass loss of Marshall samples

The data describing the mass loss of Marshall samples during the exposure to 10 FT cycles are
contained in the folder “Data from Marshall samples during 10 FT cycles” which includes two
files, namely “Weight of Marshall specimens.xlsx” and the folder “Marshall sample pictures”.
The spreadsheet file “Weight of Marshall specimens.xlsx” contains the dried weight of all the
samples after each FT cycle (1 FT, 2 FT, 3 FT, 4 FT, 5 FT, 6 FT, 7 FT, 8 FT, 9 FT and 10 FT, reported
in columns B, Q, AG, AV). Three replicate specimens are tested for each binder additive and are
named “1”, “2” and “3”. The abbreviations of the used stabilization technologies are reported
in line 2. Based on these data, it is possible to assess the mass loss MLygs (parameter defined
in Section 2) as listed in Table 3. The samples stabilized with SAL-A and BEN were not tested
as they were significantly damaged during the extraction from the mould and totally collapsed
when exposed to water. The specimens containing BIT collapsed after a few FT repetitions due
to the absence of fine aggregates and filler. The samples mixed with LIG and SUG gradually
collapsed during the FT cycles.

The folder “Marshall sample pictures” contains 13 subfolders that display the images in .jpg
format of each dried specimen for every FT cycle. Each subfolder contains up to 33 images ac-
cording to the designation presented in Table 4. Thus, it is also possible to visually assess the
integrity of each sample for different amounts of FT repetitions.

2.3. Data from modified version of the rolling bottle test

The data derived from the modified version of the Rolling Bottle Test (RBT) are reported in
the folder “Data from modified version of RBT” which contains two files, namely “Weight of
RBT specimens.xIsx” and the folder “RBT sample pictures”. The spreadsheet file “Weight of RBT
specimens.xlsx” contains the weight of all the 588 RBT samples at three main stages: dried
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Resilient modulus My (MPa) as a function of number N of load cycles
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Fig. 1. Experimental values of resilient modulus My for all RLTT samples tested before the exposure to FT actions.
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Permanent axial deformation (%o) as a function of number N of load cycles I
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Fig. 2. Experimental values of axial plastic deformation for all RLTT samples tested before the exposure to FT actions.
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Table 3
Experimental data of MLygs for each different binder technology.

MLyrs (%) for different FT cycles

FT1 FT2 FT3 FT4 FT5 FT6 FT7 FT8 FT9 FT10
CEM 0.07 0.10 0.10 0.16 0.19 0.31 0.33 0.35 0.38 0.39
BIT 14.75 23.38 36.96 41.76 samples collapse
SAL-A samples collapse
SAL-B 0.24 0.28 0.30 0.34 0.35 0.42 043 0.45 0.51 0.54
BEN samples collapse
LIG 7.78 30.18 63.45 69.78 76.25 samples collapse
SUG 19.74 36.66 65.54 68.64 74.19 samples collapse
RES 4.29 5.65 714 10.62 14.19 15.69 16.84 17.98 19.12 21.61
POL 0.08 0.09 0.10 0.11 0.11 0.13 0.13 0.14 0.14 0.14
ACR 0.07 0.17 0.22 0.28 0.31 0.33 0.37 0.41 043 0.44
STB 0.03 0.08 0.09 0.11 0.11 0.14 0.14 0.15 0.16 0.16
ACE-A 0.04 0.05 0.06 0.06 0.06 0.08 0.08 0.09 0.09 0.09
ACE-B 0.03 0.07 0.08 0.08 0.08 0.10 0.11 0.11 0.12 0.12

Table 4
Designation of Marshall samples and corresponding images for each FT cycle.

FT cycle Specimen name Name of corresponding image

initial 1 2 3 “FT cycle 00, “FT cycle 00, “FT cycle 00,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

1 1 2 3 “FT cycle 01, “FT cycle 01, “FT cycle 01,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

2 1 2 3 “FT cycle 02, “FT cycle 02, “FT cycle 02,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

3 1 2 3 “FT cycle 03, “FT cycle 03, “FT cycle 03,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

4 1 2 3 “FT cycle 04, “FT cycle 04, “FT cycle 04,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

5 1 2 3 “FT cycle 05, “FT cycle 05, “FT cycle 05,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

6 1 2 3 “FT cycle 06, “FT cycle 06, “FT cycle 06,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

7 1 2 3 “FT cycle 07, “FT cycle 07, “FT cycle 07,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

8 1 2 3 “FT cycle 08, “FT cycle 08, “FT cycle 08,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

9 1 2 3 “FT cycle 09, “FT cycle 09, “FT cycle 09,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

10 1 2 3 “FT cycle 10, “FT cycle 10, “FT cycle 10,
sample 1.jpg” sample 2.jpg” sample 3.jpg”

before the application of the additive, dried after the application of the additive and dried after
testing considering 14 rotation time intervals (1 h, 2 h,3 h,4 h,5h, 6 h, 7 h, 8 h, 10 h, 12
h, 14h, 16 h, 20 h and 24 h, reported in columns B, T, AG, AY). Three replicate specimens are
tested for each rotation time interval and they are sequentially named from “1” to “42”. The
abbreviations of the tested stabilization technologies are reported in line 2. Based on these data,
it is possible to assess the mass loss deriving from the modified version of the rolling bottle
tests MLgpr (parameter defined in Section 2) as listed in Table 5.

Furthermore, the folder “RBT sample pictures” contains 28 subfolders that display the images
in .jpg format of each specimen before and after RBT. Consistently with the number of tested
samples, each subfolder contains 42 images according to the designation reported in Table 6. In
this way, it is also possible to visually assess the integrity with stripping loss for each stabiliza-
tion technology and for each tested interval.
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Table 5
Experimental data of MLggr for each different binder technology.

MLggr (%) for different rotation time intervals
1h 2h 3h 4h 5h 6h 7h 8h 10h 12h 14h 16h  20h  24h

UGM 041 078 088 104 133 149 170 194 198 206 231 240 285 3.03
CEM 282 3.09 330 352 360 369 370 374 394 421 432 442 481 511
BIT 001 008 010 024 029 031 046 059 074 085 097 119 1.51 175
SAL-A 239 267 294 332 384 404 437 477 486 489 503 512 565 632
SAL-B 274 312 327 348 357 371 388 4.09 434 443 466 472 487 490
BEN 116 154 157 162 208 216 224 231 270 289 295 323 346 411
LIG 238 266 287 304 318 347 353 392 408 429 454 460 490 515
SUG 230 252 282 31 314 342 363 371 391 401 443 475 507 562
RES 229 232 257 280 291 330 343 376 406 416 420 446 484 508
POL 021 024 027 029 025 029 030 031 032 035 039 041 055 0.62
ACR 053 058 071 086 094 099 123 134 175 190 198 237 266 292
STB 142 143 176 194 239 248 261 275 311 346 384 412 441 5.04
ACE-A 018 022 040 052 052 069 071 074 088 122 146 150 157 179
ACE-B 015 035 054 078 091 104 120 142 169 209 213 277 295 311

Table 6

Designation of RBT samples and corresponding images for each tested time interval.
Tested time Specimen name Name of corresponding image
1h 1 2 3 “m1jpg” “m2.jpg” “m3.jpg”
2h 4 5 6 “m4.jpg” “m5.jpg” “m6.jpg”
3h 7 8 9 “m7jpg” “m8.jpg” “m9.jpg”
4 h 10 1 12 “m10.jpg” “m11.jpg” “m12.jpg”
5h 13 14 15 “m13.jpg” “m14.jpg” “m15.jpg”
6h 16 17 18 “m16.jpg” “m17jpg” “m18.jpg”
7h 19 20 21 “m19.jpg” “m20.jpg” “m21jpg”
8h 22 23 24 “m22.jpg” “m23.jpg” “m24.jpg”
10 h 25 26 27 “m25.jpg” “m26.jpg” “m27.,jpg”
12 h 28 29 30 “m28.jpg” “m29.jpg” “m30.jpg”
14 h 31 32 33 “m31.,jpg” “m32.jpg” “m33.jpg”
16 h 34 35 36 “m34.jpg” “m35.jpg” “m36.jpg”
20 h 37 38 39 “m37jpg” “m38.jpg” “m39.jpg”
24 h 40 41 42 “m40.jpg” “m4l.jpg” “m42.jpg”

3. Experimental Design, Materials, and Methods

The tested rock aggregate material derives from Vassfjell, Heimdal, Norway. The thirteen
binder technologies are obtained from industrial producers and the categories these additives
belong to are representative of all the existing commercial products suitable to stabilize coarse
aggregates [2-7]. The testing campaign was performed in the laboratories of the Department of
Civil and Environmental Engineering (Norwegian University of Science and Technology, Trond-
heim, Norway) to characterize the mechanical properties of unstabilized and stabilized rock ag-
gregates.

As for road pavement engineering, the investigation and comparison of several stabilization
technologies for construction aggregates is a very relevant topic to create more sustainable trans-
portation infrastructures [22-24]. The major part of the roads worldwide comprises low-volume
unpaved roads directly exposed to trafficking actions [25-27] suffering from poor maintenance
and displaying several types of premature damage [28-30]|. Considering the very scant amount
of independent published literature regarding the comparison of different road stabilizers and
the high relevance of the topic, the target audience is broad in nature. It encompasses transport
agencies, contractors, industry and university researchers as well as companies manufacturing
and supplying stabilization technologies [31]. In this regard, it may be worth mentioning that
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Table 7
Stress path for the Multi-Stage Low Stress Level (MSL SL) RLTT (data in kPa).
Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5
Ot O4d Ot 04 ot O4q Ot O4d Ot Od
Step 1 20 20 45 60 70 80 100 100 150 100
Step 2 20 40 45 90 70 120 100 150 150 200
Step 3 20 60 45 120 70 160 100 200 150 300
Step 4 20 80 45 150 70 200 100 250 150 400
Step 5 20 100 45 180 70 240 100 300 150 500
Step 6 20 120 45 210 70 280 100 350 150 600

there is a myriad of proprietary road stabilizers available on the market globally, whose dis-
closed information is often subjective and rests on the laurels of the vendor’s claims [32].

RLTTs were performed according to the Multi-Stage Low Stress Level (MS LSL) procedure;
a RLTT is composed of thirty loading sequences as defined in the standard [33]. The analysed
data can lead to the evaluation and comparison between all the binder treatments in terms of
resilient modulus and resistance against permanent deformation. The particle size distribution
used for the tests varied from 0 mm to 32 mm and thus corresponded to a typical road base
layer; different quantities of binder ranging from 1% to 4% were mixed with 12 000 g aggregates
for each RLTT sample [2,3]. The stress path applied is a combination of triaxial stress o; and
deviatoric stress o4 as reported in Table 7; each loading step applies 10 000 loading repetitions.
A sequence is interrupted after the completion of the six loading steps or if the axial perma-
nent deformation measured by the axial LVDT reaches 0.5%. Given a constant value of o and a
variation in the dynamic deviatoric stress Ao g gy, the resilient modulus My, is determined as

Mg = 208, M
Eael
where g4, is the mean axial resilient strain measured by the three axial LVDTs.

Marshall specimens containing the different binder technologies were created using the
mould and laboratory procedure traditionally adopted for asphalt mixtures, with 50 compaction
blows per side [34]. Each sample comprised 850 g aggregates with uniform coarse gradation
ranging from 4 mm to 8 mm. The Marshall specimens were exposed to 10 FT cycles and the
weight loss was measured after every cycle. Defining the dried mass of the sample recorded ini-
tially (M;) and after (M) the selected amount of FT repetitions, the mass loss MLygs is assessed
as

M; — M
MLygs = ]le (2)

and can be expressed as a percentage.

The procedures adopted to perform each FT repetition were: specimen submersion in water
(23°C, 5 minutes), retrieval and release of water excess (23°C, 5 minutes), freezing (-15°C, 24 h)
and thawing (23°C, 24 h for RLTT samples and 40°C, 48 h for Marshall samples) [2,3].

The RBT is originally a standardized procedure to evaluate the degree of adhesion between
aggregate and bituminous binder covering the aggregate after the application of rotating and
stirring actions [35]. The assessment is performed visually and therefore this gives room to pos-
sible unprecise results. As an improvement towards unequivocal interpretation, the testing cam-
paign performed a modified version of RBT in the sense that the dried weight of a specimen
covered by the additive was recorded before (M3) and after (M) the testing while preserving
the same rotating and stirring actions defined by the standard. In addition, the adjective “modi-
fied” also applies since several additive types were considered (and not only bituminous binder)
and that 14 time intervals, namely 1 h, 2 h, 3 h,4 h,5h, 6 h, 7 h, 8 h, 10 h, 12 h, 14h, 16
h, 20 h and 24 h, were evaluated (the code specifies to run the test only referring to 6 h and
24 h). The aggregates had size comprised between 8 mm and 11 mm; each RBT specimen was
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fabricated by blending 150 g of aggregates with 3% by mass of binder [2,3]. The mass loss MLgpr
is assessed as

M; — My
M;

and can be expressed as a percentage.

MLgpr = (3)
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