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Summary: The paper presents the
application of cement stabilization in the
world and in our country. In addition to
the literature review, basic physical -
mechanical tests of the pavement base
without the use of hydraulic binder and
with the use of hydraulic binder with
different percentages of participation (2,
4, and 6%) were given. The hydraulic
binder of the manufacturer LaFarge
HRB 12.5 was used as a binder, and
the material on which this binder was
tested is a clay material taken in the
vicinity of Belgrade. Using this binder, it
was concluded that any percentage of
binder leads to significant improvement
of the placenta and thus improves the
load-bearing capacity of the pavement
structure.
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Pe3nme: Y pagy je patr npukas
npuMeHe LUeMeHTHe cTabunusauuje y
cBeTy u koa Hac. [lopean npernega
nuTepaType garta cy OCHOBHa (PU3UYKO
— MexaHu4yKka UCnuTUBaka Nnocrerbuue
6e3 ynotpebe xugpaynu4Hor Beavsa u
ca ynotpeboMm xuapaynuyHor Be3vBa
ca pasnuMuuMTM npoueHtTuma ydewha
(2, 4, n 6%). Kao Be3nBo kopuwheHo je
XVApaynuyHo Be3nBO  npownsBohava
LaFarge HRB 12.5, a matepujan Ha
KOjeM je WCnMTMBaHO OBO BeE3MBO je
rMUHOBUTW MaTepujan y3eT Y OKONMUHU
beorpaga. Kopuwherwem oBor Beausa
JoLWro ce A0 3akrbyyka Aa 6uno koju
npoueHaT Be3vnBa 4OBOAM A0 3Ha4ajHor

noborbliaka MocTerbMue U TUMe
nocretuyje HOCMBOCT KONOBO3HE
KOHCTpyKUWje.
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1. INTRODUCTION

During the infrastructure building, it is
sometimes impossible to avoid sections
where the foundation soil or pavement
base soil does not meet the minimum
requirements, either in terms of load-
bearing capacity or in terms of required
material quality, and which the project
or some general applicable regulation
imposes on the material itself and its
installation condition. There are several
procedures, groups of soil stabilization
procedures: mechanical, stabilization
with lime, cement or similar hydraulic
binders, bituminous binders, special
chemical agents and geotextiles.

The basic mechanism for mechanical
soil stabilization is thickening, then its
granulometric composition must be
improved. When soil stabilization is
carried out with binders, hardening is
achieved by connecting soil particles by
mixing with binders. Necessary groups
are soil stabilization procedures using
geotextiles, when geotextiles (non-
woven textiles, mesh) and a layer of
stone material are laid over weak and
unstable soil, which is used to establish
the required load-bearing capacity.

The first application of soil stabilization
was achieved approximately 5000
years ago, when the so-called Shaanxi-
pyramids (towards the province of
Shaanxi) were made of clay mixed with
lime. The Chinese wall between the
brick walls has a core of clay stabilized
with lime, and the Chinese used the
same procedure to build roads and
improve the soil during the bridges
building. The Indians used a mixture of
clay and lime as masonry mortar, and
the Romans built roads with lime and
volcanic ash 2000 years ago.

The Roman road Via Appia has three of
the four layers of pavement structure
(1.2 m thick) stabilized with lime. The
practice of stabilizing the soil with

1. yBO[

Mpunukom nsrpagre
MHPaCTPYKTYpHUX objekaTa noHekag
je Hemoryhe wu3behu peoHuue Ha
Kojuma TemMerbHO TNo unuM  TIo
nocrersuue He 3a40BOIbaBajy
MUHMManHe 3axTtese, 6uno y nornepy
HOCMBOCTM WnK Yy nornegy noTpeGHor
KBanuTeTa matepujana, a koje npojekar
WM  Hekn onwTtn Baxehn nponuc
nocTaerbajy Ha cam MmaTtepujan u Ha
cTakbe Herose yrpaheHocTtu. [loctoju
BULIE MOCTynaka, OOHOCHO rpyna

noctynaka crtabunusaumje Thna:
MexaHu4ka, crabunusauuvja Kpedom,
LleMEeHTOM unm CIMUYHUM
XnapaynuyHnum Be3nBMMa,

OUTYMeHCKMM  Be3vBUMaA, nNocebHuM
XeMujckum  cpeacteBuma 1 nomohy
reotekctuna. OCHOBHM MexaHu3am 3a
MexaHuuky cTtabunusauujy Tna je
3rylwasare, Taga ce BehuHoM Mopa
nonpaBnTU N HETOB rPaHyNoOMETPUJCKA
cactaB. Kaga ce crabunusaumja Tna
crnposoau Be3uBuMa, yuBplihaBawe ce
nocTuKe nOBe3nBakeM 4YecTuua Tna
Mellawem ca BesuBuma. [loTpebHe
rpyne 4uHe noctynuu crabunusauuje
Tna nomohy reoTekcTtuna, kaga ce
npeko cnabor W HectabunHor Tna
nonaxy reoTekCTunm (HeTkaHn TEeKCTWM,
Mpexa) U Crnoj kKameHor martepujana
nomohy kojer ce ycrnocTtaerea notpebHa
HOCWMBOCT.

MpBa npuMeHa crabunusauvje Tna
ocTBapeHa je npe npubnukHo 5000
rooMHa kaga cy Ha  TmbeTcko-
MOHIOJICKOj] BMCOpPaBHU carpaheHe T3B.
WeHecu-npammuae  (Mpema  MOKpajuHu
CxeHcu) op mMuHe nomelaHe ca
Kpevom. KuHecku 3ng nsmehy cteHa of
oreke uMa  je3srpo o4  [NUHe
ctabunmsoBaHe kpeyom, a KuHesum cy
UCTW NOCTYNakK UCKOPUCTUNN 3a rpagky
nyteea u noborblwiake Tna npu
Temerbewy MocToBa. MWHauvjum cy
MeLLaBUHY rnuHe " Kpeya
ynoTpebreaBann kao mantep  3a
3npamwe, a Pummbanm cy jow npe 2000
roavHa rpagvnu nyteee nomohy kpeda
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hydraulic binders (lime, pozzolan) in
many countries has survived to our
time. Modern soil stabilization
procedures, which are based not only
on experience but also on professional
and scientific claims, began to develop
first in the United States. Due to the
very bad condition of the roads at the
beginning of our century and the need
to connect very remote areas, various
possibilities of soil consolidation were
begun to be studied.

The national reports of the World
Congress on Roads (AIPCR) show that
four basic stabilization procedures are
applied today (mechanical, lime,
hydraulic binders, bitumen) and that
they have become standard techniques
in more than 50 countries. The
mentioned  stabilization  procedures
have also been applied in our country
since the 1960s. They are mostly
standardized by SRPS standards.
Stabilization, improvement of bearing
capacity with the help of geotextiles,
began to be applied much later (around
1960), which was conditioned by the
ability of the industry to produce
sufficient quantities of these materials,
at low enough prices, to be rationally
used in construction.

The papers encountered in the last
decade are the stabilization of fine-
grained soil with fly ash [1]. The authors
examined low to medium plasticity clay
as well as medium to high plasticity
clay. The ash was used as a binder in
the amount of 15 to 20%. After the
tests, it is concluded that the ash can
be used to improve the pavement base.
Some of the authors have examined
the use of ash as a material for the
construction of road embankments
using a hydraulic binder (lime and
cement) with different percentages [2].
The authors came to the conclusion
that the application of ash with or
without binders can be used for road
construction and give quite good test
results. Some authors have examined

1 BynkaHckor nenena. Pumckn nyt Bua
Annua wvma Tpu oA 4YeTupu cnoja
KOMOBO3HE KOHCTpyKuuje (oeberbuHe
1,2 m) koju cy cTabunmaoBaHn KpeyoMm.
Mpakca crtabunusaumje na
XVApaynuykuM  Be3uBuMa  (Kpe4om,
nyLonaHoM) y MHOMMM ce 3emrbama
3agpxana OO  Hawer  BpeMeHa.
MopepHn noctynum  ctabunusauuje
TNa, KOju ce 3acHMBajy He caMO Ha
WCKYCTBO HEro W Ha CTPYYHUM MU
Hay4yHUM TBpAH-ama, Movenu cy ce
pasBujatu Hajnpe y CALl-y. Tamo cy ce
36or Bpno nower cTawa nyTeBa
noyeTKOM Haller Beka u notpebe ga ce
NnoBeXy BprO YyAarbeHW npenenw,

noyene npoy4yaBatu pasnuuute
mMoryhHocTu yyspwhuBana Tna.
Z5] HaunoHarnHux n3BeLuTaja

opraHuMsauuje CBETCKMX KOHrpeca 3a
nytese (AWMLP) ce Buan ga ce paHac
npyMekyjy YeTUpu OCHOBHa MOCTYMKa
ctabunusaumvje (MexaHuyka, mnomohy
Kpe4ya, NomMony XxuapaynuyHnx BesuBa,
OuTymMeHcka) M ga cy OHM nocTtanmu
CTaHgapgHa TexHuka y Buwe of 50
3emarba. Y Hawoj 3emrbM ce oA
LesgeceTnx roguHa Takohe npumersyjy
CMOMEHYT! MocTynuu cTabunusauuje.
OHM cy yrnaBHOM cTaHAapAu3upaHu
ctaHgapguma CPIC. Crabunusauuja,
OoOoHOCHO  noborbluakbe  HOCUMBOCTYU
nomohy reotekcTurma mno4yeno ce
NpUMEHUBATU  MHOTO  KacHuje  (OKo
1960. rogmHe), wTO je  6Guno
YCINOBILEHO CMOCOOHOWRY mMHAYCTpUje
[4a npou3eBene A0BOSbHE KONMUYUHE TUX
maTepujana, no [OOBOJbHO  HUCKAM
ueHama, ga 6u ce pauMoHanHoO MOrmnu
ynotpebreaBatu y rpaheBuHapcTBy.

PapoBu koje cy cypehy y nocneamwoj
aeueHunjn cy crabunusauuja
CUTHO3pHOr Tna netehum nenenom [1].
AyTOpU CYy UCMUTMBAnNW rMWUHY HUCKE A0
cpeate NNacTUYHOCTU Kao W TNUHY
cpeate [0 BUCOKE MMACTUYHOCTW.
Meneo je kopuwheH Kao BE3MBO U TO Y
konnumHn og 15 po 20%. HakoH
ypaheHnx ucnutuBawa Jonasv ce Ao
3aKibyyka [fa nerneo Moxe pfa ce
npumemyje 3a nobosbliarwe
nocrerbuue y nyrtapctey. Heku of
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river sludge as bedding material in
pavement bases. As a binder, they
used cement with the addition of ash up
to 20%, on the basis of which they
concluded that ash and sludge can be
used as embankments of material [3].
Many papers are related to the use of
waste and recycled materials [4-9] for
the production of pavement layers and
with the addition of binders in order to
improve the load-bearing capacity in
the layer.

This paper presents the basic physical
and mechanical tests of the pavement
base with and without the addition of
binders, in order to be able to compare
the values and show how much the
hydraulic binder has improved in terms
of natural soil characteristics. As a
binder, a hydraulic binder was used,
which was formed by a combination of
lime and cement. The percentages of
soil stabilizer binder additives are 2, 4
and 6%.

2. MATERIALS

Natural material (clay material) and
hydraulic binder (HRB 12.5 "LaFarge"
from Beocin) were used to make the
stabilized pavement base. The location
of the taken sample is shown in Figure
1.

aytopa cy ce 06aBunM UCMUTUBaAHEM
ynotpebe nenena kao MaTepujana 3a
u3pagy nyTHUX Hacuna ca ynotpebom
XVApaynuyHor Be3mBa (Kpey U LIeMEHT)
ca pasnuuuTtum npoueHToMm [2]. AyTopu
Ccy JoWwnu [0 3aKkibyyka Aa npuMeHa
nenena ca wnu 6e3 BeauBa Moxe Ja ce
KOpWUCTW 3a nyTorpagwy W da Aaajy
aocta gobpe pesynTtate uUcnuTuBawa.
Hekn aytopu cy ce  GaBunu
ncnnutmBawkeMm Myrba U3 peka Kao
maTtepujan 3a nocrersuuy y
KOSIOBO3HMM  KOHCTpyKumjama. Kao
BE3NBO CYy KOPUCTMUIU LEMEHT ca
popaTtkom nenena o 20%, Ha ocHOBY
yera cy 3akibyuunu ga neneo u myrb
MOry Aa ce KopucTe Yy nyTapcTBy Kao
Hacunu maTepuvjana [3]. Joca pagosa
je BesaHo 3a ynoTpeby oTmagHuX wu
peunknupaHux Mmatepujana [4-9] 3a
uspagy cnojesa KONOBO3HE
KOHCTpyKUMje M ca [oJaTKOM Be3vBa
Kako Ou ce nocnewuna HOCUBOCT Y

cnojy.
Y pagy Ccy npukasaHa OCHOBHa
(bVI3VI‘-IKO-MeX8HVI‘-IKa ncnnTnBakwa

noctersuue ca n 6e3 gogatka BesuBa,
kako Ou wMorme pa ce ynopege
BPEAHOCTU M Aa Ce npuKaxe KOMNWKO je
XMOpaynnuyHo Be3VWBO MNOCMELUMNO Y
norrieay Kapaktepuctuka og npupogHor
Tna. Kao Be3uBo kopuwheHo je
XVApaynuyHO BE3MBO KOja je HacTtano
KOMOMHaAUMjOM Kpeya W UeMeHTa.
KonuuvHe  npoueHTyanHor yyewha
pofaTka BesvBa 3a ctabunmsauujy Tna
cy 2,4 1 6%.

2. MATEPWUJANU

3a u3pagy ctabunmnsoBaHe nocrerbuie
kopuwheH je npupogHu Mmartepujan
(rmMMHOBMTM MaTepwujan) 1 XuapaynmnyHo
BesamBo (XPB 12.5 ,LaFarge” wus3
BeounHa). Jlokaumja yseTor y3sopka
npukasaHa je Ha cnuum 1.
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Cnuka 1 — Npukas nokaumje y3etog y3opka matepujana

Figure 1 — View of the location of the taken material sample

2.1 Clay material of high plasticity

To test this type of soil, tests were
performed according to the following
standards:

- determination of granulometric
composition of aggregates (SRPS
U.B1.018: 2005 [10], SRPS EN 933-1:
2013 [11)),

- determination of soil sample moisture
(SRPS U.B1.012: 1995 [12]),

- determination of soil consistency,
Aterberg limits (SRPS U.B1.020: 1980
[13]),

- determination of the ratio of moisture
and dry bulk density of soil (SRPS EN
13286-2: 2012 [14]),

- determination of the California load
index (SRPS EN 13286-47: 2012 [15]).

2.1.1. Granulometric composition

In order to classify the material, the
granulometric composition and
distribution of particles as a function of
grain size were examined. The method
of wet sowing with the use of distilled
water was applied. To determine the
granulometric composition of the clay,
300 g of material with a series of sieves
were used: 4, 2, 1 mm and 500, 250,
125, 90, 63 pm. Most of the material

2.1. muHOBWUTU MaTepujan BUCOKe
NnacTM4HOCTH

3a wucnutMBawe oBe BpCTe Tna

ypafleHa cy wucnuTuBaka npema
cnegehum ctangapamma:

- oppehuBarwe  rpaHyrnomeTpujckor
cacTtaBa arperata (CPMC

Y.561.018:2005 [10], CPrC EH 933-
1:2013 [11]),

- oapehvBake BNaXHOCTU y30pKa Tna
(CPMNC ¥Y.B1.012:1995 [12)),

- ogpefuBawe KOH3WUCTEHUMje Tna,
AtepbGeprose rpaHvle (CPMIC
Y.51.020:1980 [13]),

- oppehvBawe OOHOCA BRAXHOCTU WU
cyBe 3anpemuHcke mace Tna (CPIIC
EH 13286-2:2012 [14]),

- oapehuBane KanudopHujckor
nHaekca Hocusocth (CPIMC EH 13286-
47:2012 [15]).

2.1.1.'paHynomeTpujcKmn cactaB

Pagun «knacudmkoBarwa MmaTtepujana
UCMUTaHW Cy rpaHyriomMeTpujckn cactas
n guctpmbyumja dectmua y dyHKumjm
Benn4umHe 3pHa. lNpumer-eHa je metoaa
MOKpOr cejara y3 ynoTpeby
aectunucaHe Boge. 3a yTBphuMBame
rpaHynomeTpujckor  cactaBa  [fUHe
ynoTtpebrbeHo je 300 g matepujana ca
cepuvjom cuta: 4, 2, 1 mm u 500, 250,
125, 90, 63 pupm. Hajsehu pgeo
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passed through a 1 mm sieve (99%),
with rare exceptions. A total of 1
sample was made, in accordance with
the appropriate  standards, and
depending on the size of the tested
particles:

- SRPS EN 933 - 1: 2013 - Tests for
particle size distribution of aggregates -
Part 1: Determination of particle size
distribution - Screening method,

- SRPS U.B1.018: 2005 -
Geomechanical testing: Determination
of particle size distribution.

The tested sample can be classified
into a group of very fine clay materials.
The granulometric composition of the
aggregate is given in Figure 2.

130

MaTepujana npoLuao je kpo3 cuto oA 1
MM (99%), ca peTkuM W3Y3eTKOM.
YkynHo je ypaheH 1 y3opak, y cknagy
ca ogroeapajyhum craHgapauma, a vy
3aBWCHOCTUN O} BENNYMHE UCMIUTUBAHUX

yectuua:
- CPNC EH 933 - 1: 2013 -
WcnutuBame rpaHyrnoMeTpujcKux
cBojctaBa arperata — [feo 1:
OppehuBane rpaHyrnomeTpujckor

cactaBa — MeToaa npocejaBamba,

- CPMC VY.b1.018: 2005 -
leomexaHnyka ncnnTUBamAa:
OppehuBane rpaHyrnomeTpujckor
cacTasa.

NcnuTrnBaHm y3opak ce Moxe cBpcTath
y rpyny BpRno CUTHUX [fIMHOBUTUX
maTepwujana. Mpukas
rpaHynoMeTpujcKor cactaBa arperarta
4ar je Ha crmum 2.

-30

120 | £% MPALIMHA / MASH MECAK / SAND LUbYHAK / GRAVEL 5| 20
20 [CUTHA/ | CPERILA! | KPYIIRA! | CHTAHT CPEOMW]  KPYMAH/ | CUTAH/ | CPEAMW | KPYMAHI | 2
110 —~ | SMALL MEDIUM BIG SMALL MEDIUM BIG SMALL MED\UM BIG = | 10

& 0,002 0,006 0.02 0,06 0,6 20 60,0 =
—— 100 7 0 =
£ i/ £a
D% 90 y 10 Ejg
'g; 80 20 85
><H =
5’%1 70 7 30 582
== / =3
£5 60 40 £p
oY yd el
L& 50 50 zZo
Sk 7 g’—
BE 40 A 60 =%
) Gu
=2 30 70 372
< . =
TQ 7 LD
oz 20 80 L2
[oXii} L=
2o 10 9% £2

w w

a 0 100 ™

0.001 0.01 0.1 1 10 100

MpeyHik cuta/ Sieve Diameter

D" (mm})

Cnuka 2 — 'paHynomeTpujckn cactaB arperata
Figure 2 — Granulometric composition of aggregates

According to the USCS [16]
classification, the material belongs to
the CH group or high plasticity clay,
while according to the AASHTO [17]
classification it belongs to the A-7-6
group, ie it belongs to the group with
high plasticity index in relation to their
yield strengths, and such materials can
be highly elastic and subject to
significant changes in volume.

Mpema USCS [16] «knacudmkaumjm
maTepwujan npunaga rpynn CH ogHocHO
FMWHX  BUCOKE MracTUYHOCTW, [OK
npema AASHTO [17] knacudwukaumju
npuvnaga rpynn  A-7-6, OJJHOCHO
npunaga rpynu ca BenukUM WHAEKCOM
NNacTUYHOCTN Yy OAHOCY Ha HUXOBE
rpaHuue Tedewa, Tj TakBU maTepwujan
MOry BUTK jako enacTUYHN U NOATIOXKHU
3HaTHOj NPOMEHU 3anpemMuHe.
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2.1.2. Material
characteristics
experiment)

compaction
(Proctor's

This procedure defines the optimal
water content. With it the largest dry
bulk density is achieved, with the
applied compaction energy, and under
the conditions defined by the standard:

- SRPS EN 13286-2: 2012 - Unbound
and hydraulically bound mixtures - Part
2: Test methods for laboratory
reference volume and water content -
Proctor compaction.

In accordance with the granulometric
composition, a compaction energy of
600 kN/m® was applied, and under the
assumption that the same will be
applied in the field. The test results of
the Proctor test are shown in Figure 3.
It is observed that the maximum bulk
density is 1.53 t/m® at an optimum
humidity of 22.9%.

2.1.2. Kapaktepuctuke 36mjeHOCTH
maTtepumjana (MpokTopoB onuT)

OBMM  noctynkoM  gedwuHucaH je
onTMmanaH cagpxaj BoAe ca KojoM ce
ocTBapyje Hajseha cyBa 3anpemMuHcka
Maca, y3 TNpUMEHEeHy  eHeprujy
3bujakba, a nog ycrosBMMa  Koje
aedurHue ctaHaapa:

- CPINC EH 13286-2:2012 - HeBesaHe

M Xugpaynuukum Be3MBOM Be3aHe
MewaBnHe — [Jeo 2: MeTtoge
McnuTMBaka 3a nabopaTopujcky
pedepeHTHy 3arnpeMmHCKy Macy W

cagpxaj Boge — 36ujarne no MNpokTopy.
Y cknagy ca rpaHyrnoMeTpujckum
cacTaBOM, MpuUMeEHEeHa je eHepruja
3bujaba og 600 kN/m3, a nog
npetnoctaBkom pna he wucra 6utn
npumereHa n Ha TepeHy. Pesynrtatu
ucnmtmBawa  [lpokTopoBor  onuTa
npuvkasaHu cy Ha cnvum 3. YoyaBa ce
Aa je makcumanHa sanpemmHcka maca
1.53 t/m® npu onTUManHoj BRa)KHOCTM
Koja naHocu 22.9 %.

155

socesecclifocso
000
0

0
o0

&0

Suva zapreminska masa / Dry density py (g/cm?)
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145

20
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Cnuka 3 — dujarpam NpokTopoBor onuta
Figure 3 — Chart of Proctor's test
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2.1.3. Load-bearing capacity of the
California load-bearing index

The California Load Index (CBR) is a
number that physically represents the
resistance of a standard piston to
standard values. When designing
pavement structures in road
construction, one of the basic
parameters of material quality, and in
the technical conditions of construction,
is prescribed as a mandatory parameter
in the production of bedding. The
experiment was performed according to
the procedure and in the apparatus,
with  accessories and measuring
devices that are clearly defined by the
standard:

- Unbound and hydraulically bound
mixtures - Part 47: Test methods for the
determination of California bearing
capacity index, immediate bearing
capacity index and linear swelling.

After the test, the CBR value for
penetration of 2.54 mm is 4.2%, while
for penetration of 5.08 mm is 3.6%.

2.2. HRB 12.5"LaFarge" Beoéin

The following tests were performed for
testing the hydraulic road binder:

- start and end of binding time - SRPS
EN 196-3 [18],

- standard consistency SRPS EN 196-3
(18],

- volume constancy (Le Chatelier rings)
SRPS EN 196-3 [18],

- determination of compressive strength
of cement after 7 and 28 days SRPS
EN 196-1 [19],

- determination of flexural strength of
cement after 7 and 28 days SRPS EN
196-1 [19].

The test results of this binder as well as
the manufacturer's specifications or
specifications of quality conditions
prescribed by the standard SRPS EN
13282-2 are shown in Table 1.

2.1.3. HocuBocT martepujana
KanudopHujckum WHAEKCOM
HOCUBOCTHU

KanudopHujckm  nHOekc  HOCUBOCTM

(UBP — ©6poj) je 6poj ko U3NYKM
npencraerba oTnop YyTUCKMBaHa
cTaHgapgHor knuna 'y OAHOCY Ha
cTaHpapaHe BpeAHOCTW. Mpu
npojekToBaky KONMOBO3HMX
KOHCTpyKUMja y nyTorpagwun jejaH oA
OCHOBHMX nNapameTapa kBanuteTa
mMaTepujana, a y TEXHWYKUM YCroBMMa
rpagwe, nponucyje ce kao obaBe3aH
napameTtap npu u3pagu MNoCTerbUYHOT
cnoja. OnuT je u3BedeH no npouenypu
W y anapatuma, ca npubopom u
MepHuM ypefajuma Koju cy jacHo
aedrHucaHn ctaHgapaoMm:

- CPINC EH 13286-47:2012 - HeBe3aHe
W XugpaynuykuM  Be3VBOM  Be3aHe
MewasnHe — [Jeo 47: MeTtoge
ncnuTUBaka 3a onpehuBare
KanuopHWjCKOr MHAEKCa HOCUBOCTMH,
HenocpegHor MHAEeKca HOCUBOCTU U
nunHeapHor 6ybpetra.

HakoH ypaheHor ncnuTMBama
BpegHocT LIBP-a 3a neHeTpauuwjy opf
254 mm wusHocn 4,2%, pok 3a
neHetpauujy og 5,08 mm nsHocu 3,6%.

2.2. XPB 12.5 ,LaFarge“ Beo4uH

3a vcnutuBarke xmapayrnuyHor myTHOr
Be3nBa ypaheHa cy cnepeha
UcnuTUBaa:

- MoyeTak W Kpaj BpeMeHa Be3uBaha —
CPTIC EH 196-3 [18],

- cTaHgapaHa koHaucteHumja CPINC EH
196-3 [18],

- cTanHocT 3anpemuHe (Le Sateljeovim
npcteHosnma) CPINC EH 196-3 [18],

- oppefuBawe nputucHe uyBpcTohe
LleMeHTa HakoH 7 n 28 gaHa CPIC EH
196-1 [19],

- oppehuBawe caBojHe uBpcTohe
LleMeHTa HakoH 7 n 28 paHa CPIC EH
196-1 [19].

Pesyntatm ucntuBuwa oBOr Be3uBa
Kao u npomusBohayke cneuundukaumje
O[HOCHO  cneuudukaumje  ycrosa
KBanuteTta Koje cy nponuncaHe

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 41 (2022) |



craHgapgHom CPMNC EH 13282-2

npukasaHmu cy y Tabenm 1.

Tabena 1 — Pesyntat nabopaTopujcknx ucnutuBarwba XuapaynuyHor nyTHoOr Be3uea
XPB 12.5 ,LaFarge“ beo4nH
Table 1 — Results of laboratory tests of hydraulic road binder HRB 12.5 ,LaFarge®

Beodin

Binder characteristics / KapaktepucTtuke
Be3uBa

Test results / Quiality conditions
Pesyntatn / Ycnosu

mcnuTuBara kBanuteTa [20]

Start of binding time / MNoyeTak BpemeHa
Be3nBawa (min) [18]

210 =120

End of binding time / Kpaj BpemeHa Be3unBama
(min) [18]

265

Standard consistency / CtangapaHa
KoH3ucTeHuuja (%) [18]

32.5

Constancy of volume (Le Chatelier rings) /
CranHocT 3anpemuHe (Le Sateljeovim
npcteHosmnmMa) (mm) [18]

0.33 <10

Determination of compressive strength of
cement after 7 days / OgpehuBare nputucHe
yBpcTohe LieMeHTa HakoH 7 gaHa (MPa) [19]

8.4

Determination of compressive strength of
cement after 28 days / OpgpehvBatse
NPUTUCHE YBpPCTOhEe LeMeHTa HakoH 28 gaHa
(MPa) [19]

16.1 12.5-32.5

Determination of flexural strength of cement
after 7 days / OgpehuBatse caBojHe UBpcTOhe
LemeHTa HakoH 7 gaHa (MPa) [19]

25

Determination of flexural strength of cement
after 28 days / OppehvBane caBojHe
yBpcTohe LemeHTa HakoH 28 gaHa (MPa) [19]

2.6

After the tests, it is concluded that the
hydraulic road binder HRB 12.5
"LaFarge" Beocin fulfills the prescribed
requirements defined by the standard
SRPS EN 13282-2 [14].

3. ANALYSIS OF RESULTS AND
DISCUSSION

The mixtures made in this paper are as
follows:

- reference sample without added
binder,

- sample with 2% binder,

- sample with 4% binder and

- sample with 6% binder.

The tests were performed according to
the requirements of the standard SRPS
EN 14227-11, which include the

HakoH ypaheHnx ucnuTneBamwa
KOHCTaTyje ce pfa je XxugpaynuyHo
nytHo BeanmBo XPB 12.5  LaFarge“
BeouvH ncnywasa nponvcaHe 3axTese
Koju cy peduHucanHn crtaHgapoom
CPTIC EH 13282-2 [14].

3. AHAJIIN3A PE3YNITATA U
OUCKYCUJA

MewaBuHe koje cy paheHe y oOBOM
papy cy cnegehe:

- eTanoHckn Yy3opak 6e3 pgopatka
Be3nBa,

- y3opak ca 2% Be3uBa,

- y3opak ca 4% Be3uBa u

- y3opak ca 6% Be3uBa.

WcnuTnBaka cy ypaheHa no 3axTeBnma
craHgapga CPIC EH 14227-11, koja
noppasymesajy cnegeha ncnutveara:
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following tests:

- determination of optimal humidity and
maximum bulk density - Proctor's test
with 2, 4 and 6% binder,

- determination of the California load
index after 30 minutes, 4 and 28 days
of immersion in water,

- determination of compressive strength
after 7 and 28 days.

In addition to the above tests
prescribed by the standard [20], the

following tests were additionally
performed:
- determination of Aterberg’s

consistency limits after 5, 15 and 30
minutes, with the addition of 2, 4 and
6% binder.

From the analyzed location, it was
concluded that this is a material
belonging to the group of highly plastic
clay (CH) according to the USCS
classification of materials, which has
certain yield limits Wi.=52% and with a
plasticity limit Wp=28%. The average
humidity of the homogenized material is
28%. According to the AASHTO
classification, the material belongs to
group A-7-6.

Figures 4 and 5 show the changes in
the yield strength Wy, the plasticity limit
We as well as the calculated plasticity
index depending on the percentage of
added binder over a period of 5, 15 and
30 minutes.

- ogpehuBatke onTUMarnHe BraXXHOCTU
W MakcumarnHe 3anpevMHcke mace —
MpokTopoBum onutom ca 2, 4 n 6%
Be3uBa,

- oapehuBame KanudopHujckor
MHAeKca HocmBOCTM HakoH 30 MUHyTa,
4 v 28 paHa notanawa y Boau,

- ogpehuBamwe 4yBpcTohe Ha mpuTucak
HakoH 7 n 28 gaHa.

Mopen HaBegeHuxX wucnuTMBawa Koja
nponucyje ctaHgapa [20], pogaTtHo cy
ypaheHa crnegeha ncnmtusama:

- ogpehuBawe ATepbeproBux rpaHuua
KOH3UCTeHuuje HakoH 5, 15 wn 30
MUHyTa, ca pogaBaweM 2, 4 un 6%
Be3uBa.

7k} aHanusnpaHe nokauuje
KOHCTAaTOBaHO je pJda ce pagn o
maTepujany  Koju npunaga  rpynu
BucokonnactuyHe rnuHe (CH) npema
USCS «knacudukaumjy matepujana,
Koja nocepyje opapeheHe rpaHuue
Teyewa W.=52% u ca rpaHuUOM
nnactuyHoctm  Wp=28%. [lpoceyHa
BNaXHOCT XOMOTreHU30BaHor
maTtepujana je 28%. o AASHTO
knacudpmkaumjy martepujan cnaga y
rpyny A-7-6.

Ha cnvkama 4 u 5 npukasaHe cy
npomMeHe rpaHuue Teverwa Wi, rpaHuue
nnactnyHoct We kao n npopadyHaTor
MHAEeKca MNNacTUYHOCTU Y 3aBMCHOCTMU
of npoueHaTa gogartor BesuBa Y
BpemeHy oA 5, 15 n 30 muHyTa.

Wy, Wy, 1, [%]

OWLEWP AP

Beauso / Binder [%]

WL BWP AIP

0 1 2 3 a4 5 6 7
Beaweo [ Binder [%]

Cnuka 4 — NpomeHa aTepbeproBux rpaH1La KOH3UCTeEHUMje y byHKUMju goaator
Be3MBa HaKoH 5 MUHyTa (crvka neBo), HakoH 15 MUHyTa (Cnmka AecHO)
Figure 4 — Change in Aterberg’s limits of consistency for the function of added lime
after 5 minutes (left figure), after 15 minute (right figure)
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4 5 [ 7

Bezueo / Binder [%]

Cnuka 5 — lNpomeHa atepbeproBmx rpaHnLa KOH3NCTEHUMje Y dyHKUMjM gogaTtor
Be3nBa HakoH 30 MUHyTa
Figure 5 — Change in Aterberg’s limits of consistency for the function of added lime
after 30 minutes (left figure)

The change in the yield strength is
negligible and ranges from 56 to 60%,
and the plasticity limit increases from
28 to 40%, with a maximum value of
44% being achieved with 4% binder
addition. The plasticity index decreases
with increasing amount of binder. The
minimum value of the plasticity index
was achieved with 15.6% with a share
of 4% binder. The plastic limit could not
be determined 30 minutes after the
addition of the binder at different
participation values.

Figures 6 and 7 shows the flows of
change in yield strength, plasticity as
well as changes in the -calculated
plasticity index as a function of time.

MpomeHa rpaHuue Teyewa je
3aHemaprbuBa u kpehe ce y rpaHvuama
op 56 pmo 60%, a rpaHuua
nnacTuyHocTn ce nosehasa ofg 28 go

40%, npu 4yemMy ce MakcuMmarHa
BpeaHocT of 44% noctuxke ca 4%
aopartka BE3MBa. NHpekc
NIacTU4HOCTH ce cmambyje ca
noseharem KOMUYMHE Be3uBa.
MuHumanHa BpegHocT nHaekca

nnacTM4yHoCTU nocTurHyTta je ca 15,6%
ca yvewhem 4% Be3uBa. [paHuua
nNNacTM4HOCTM  HWje Morna  6utu
ogpeheHa 30 MMHyTa HaKOH JoaaBawa
Be3unBa Npu pasnMyuTuM BpeaHoCTUMa
yyewha.

Ha cnvkama 6 n 7 npukasaHu cy TOKOBU
npomeHe rpaHuue Teuewa,
NNacTM4YHOCTM  Kao U MNpOMeHe
npopayyHaTor uHAeKca NnacTu4yHoCTH y
dYHKUMjU BpemMeHa.

w, [%]

0 5 10 15 20 25 30

35

Bpeme / Time [min]

+2% WA% A 6%

0 5 10 15 20

2% WA% 4 6% Bpeme / Time [min]

Cnwka 6 — NpomMeHa rpaHnua Teyena y hyHKUMjU BpeMeHa 3a pasnuuute npoueHTe
JoaaTor Be3nBa (Crvka neBo); NpoOMeHa rpaHmue NnacTMYHOCTM Y pyHKUMjM BpeMeHa
3a pasnuuuTe NpoLeHTe AoAaTor Be3nBa (CNnka OEeCHO)

Figure 6 — Change in the flow rate limits for the function of time for different
percentages of added binder (left figure); change in the plasticity limits for the function
of time for different percentages od added binder
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W, [%]

2% WA% 4 6%

10 15 20
Bpeme / Time [min]

Cnvka 7 — NpoMeHa nHaekca NNnacTM4YHOCTU Y PyHKUMjU BpEMEHA 3a pasnuunte
npoLeHTe foaaTor Be3usa
Figure 7 — Change in the index of plasticity for the function of time for different
percentages of added binder

The materials have reduced yield and
plasticity limits, and there is not much
difference in the achieved minimum
value of the plasticity index with 2 and
4% of the binder addition.

The California load index was tested on
the samples after 30 minutes, after 4
and 28 days of immersion in water.
Table 2 shows the CBR values for a
given time period.

Martepujanu umajy pedykoBaHe
rpaHuue Teyewa M NIacTUYHOCTU Mpu
YyeMy HuWje BenuKa pasnuka Yy
NOCTUTHYTOj MWHUMAanNHOj BPEeAHOCTU
mHOoekca nnactuyHocTm ca 2 u 4%
Joaartka Be3uBsa.

KanudopHujckn MHOEKC HOCUBOCTU je
ucnutMBaH Ha ysopumma HakoH 30
MUHYTa, HakoH 4 n 28 gaHa notanawa
y Bogu. Y Tabenu 2 cy nate BpegHOCTH
LIBP-a 3a gat BpeMeHcku nepunog.

Tabena 2 — LIBP BpegHoCTM 3a AaTty BpeMeEHCKU nepuog
Table 2 — CBR values for a given time period

Besuso/ | HakoH 30 muHyTa/ after 30 | HakoH 4 nana/ after 4 days HaKkoH 28 paHa / after 28
Binder minute days
(%) HenocpegHu | Kateropwja/ | Henocpegnu | Kateropuja/ | HenocpegHu | Karteropuja/
NHOEKC Category VHOEKC Category MHOEeKC Category
HocuBoCTM / HocuBoCTH / HocuBoCTM /
Direct Direct Direct
loading loading loading
capacity capacity capacity
index index index
2 25 IPLyo 53.8 CBRs 78 CBRsg
4 19 IPLyo 61.4 CBRso 99 CBRsg
6 22 IPLyo 47.7 CBR4o 74.8 CBR4o

The immediate load index, which was
determined 30 minutes after the
construction of the test body, belongs to
the IPL2o category with 2 and 4%
binder, and the IPL2s category with 6%
binder. CBR values determined after 4
days of immersion in water from the
test body and results, belong to the
CBRso category with 2 and 4% binder,
and the CBRu4o category with 6% added

HenocpeaHn MHOEKC HOCMBOCTY KOjU je
oppeheH HakoH 30 MUHyTa of m3page
npobHor Tena npunaga KaTeropuju
IPLo ca 2 u 4% Be3nBa, OAOHOCHO
kateropujy 1PLs ca 6% BesuBa.
BpegHoctn LIBP-a ogpeheHe HakoH 4
JaHa noTanawa Yy Bogy o4 wu3page
npobHor Tena u pesyntaTa, npunagajy
kateropuju LiBPso ca 2 u 4% Besuea,
opgHocHo kaTeropuju LIBP4o ca 6%
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binder. No swelling of the material was
registered on the test samples that
were tested after 4 and 28 days of
immersion in water for all three cases of
the percentage of binder participation.
Compressive strengths after 7 and 28
days are shown in Table 3.

gogartor BesuBa. Ha npobHum Tenuma
Koja Cy ucnuTmBaHa HakoH 4 n 28 naHa
notanawa y BOAM 3a CBa Tpu cny4aja
npoueHta yyewha Be3anBa  Huje
permctpoBaHo 0ybpere maTtepujana.
UspcTohe npu NpUTUCKY HakoH 7 u 28
AaHa cy npukasaHe y Tabenu 3.

Tabena 3 — BpegHocTn uBpcTohe Ha nputmcak
Table 3 — Hardness values for pressure

Besuso/Binder (%) Rc, 7 (MPa) R., 28 (MPa) Kareropwuja / Category
2 0.843 0.87 Rc 0.5
4 0.945 12 Rc 1.0
6 0.895 1.4 Rc 1.0

Compressive strength values with 4
and 6% binder reach the last value of
the maximum category according to the
requirements of the  prescribed
standard SRPS EN 14227-11, which is
Rc 1.0 and which guarantees the
achievement of permanent strength
parameters.

BpenHoctn uBpcTohe Ha nputucak ca 4
1 6% Be3vBa OOCTUXY 3aHy BpeaHOCT
MaKcMMarHe kateropuje no 3axrteBvMMa

nponucaHor crtaHgapga CPMC EH
14227-11, a 1o je Rc 1.0 Koja rapaHTyje
nocTunsake TpajHUX napameTapa
yBpcTohe.
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Cnuka 8 — NpomeHa makcumanHe 3anpeMmuHcke Mmace y pyHKUmMju onTuMmanHe
BMaXHOCTU MaTepujana 3a pasnuuute NpoueHTe JoAaTor Be3vsa
Figure 8 — Change of the maximum volume of mass for the function of optimal
humidity of the material for different percentage of added connective tissue

Figure 8 shows the change in optimal
humidity and maximum bulk density of
the material depending on the
percentage of added binder. As the
percentage of binder increases, the
optimum moisture content of the

Ha cnuun 8 npukasaHa je npomeHa
onTUManHe BNaXHOCTU M MakcumarnHe
3anpeMyHcKe Mace MaTtepujana y
3aBMCHOCTM 04 npoueHTa pgopaTor
BeanBa. Ca noeehaBaweM npoueHTa
BeanBa nosBehaBa ce onTMManHa
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material increases and the maximum
bulk density decreases.
The optimum moisture content of the
material with 4% binder increased by
1%, and the bulk density decreased
from 1.55 to 1.53 g/cms.

4. CONCLUSION

According to the conducted tests, the
following can be stated:

- for more efficient installation of
materials in the layers of the pavement
construction, in terms of achieving the
necessary parameters for material
compaction, a percentage of 3% binder
is recommended,

- with a percentage of 3% binder it is
considered that the compressive
strength would decrease by 20%, which
leads to a decrease in the value of the
maximum category prescribed by the
standard [20],

- to achieve maximum effects in terms
of load-bearing capacity, compaction
and all analyzed segments from this
paper, it is necessary to use a
percentage of 4% binder,

- using a percentage of 3% or 4%
binder during preparation will not cause
swelling of the material, which
accelerates enough that the binder
quite quickly regulates the water in the
layer.
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