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Beryn Introduction

BrnamryBanus Tonkomaposux mokputtis (TIT) 3
JUTUX  €MYJIbCIHHO-MIHEpalIbHUX  CyMillen
(JIEMC) € BHCOKOC()EKTHBHOK Ta CKJIAJHOIO
TEXHOJIOTIEI0 PEMOHTY Ta BiJIHOBJIEHHS JOpIT,
sIKa BUCYBA€E TEBHI JKOPCTKI, ceU(ivYHI BUMOTH
no ckmagoux JIEMC. BupoOnHuua mnpakTuka
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Slurry-mix-based slurry surfacing (arrangement
of thin-layer pavements (TLP) based on cast-
emulsion-mineral-mixes) presents the high-
efficient and complex technology for repair and
renewal of motor-roads. This technology puts
forward certain strict specific requirements to



Aemomoobinvui oopozu i 0oposcue oyodienuymeo. Bun. 98. 2016

nmoKasajna, IO BHUXIAHI  MaTepiand,  sKi
BUKOPUCTOBYIOThCS B YKpaiHi /ISl BIAIITyBaHHS
TaKWX IIapiB HaBITh MNPH BIIMOBIAHOCTI iX
BAUMOTaM HOPMAaTHUBHUX JOKYMEHTIB HE €
ONTUMAIBPHUMH JJIi  3aCTOCYBaHHA B Il
texHouorii [1-3]. Mo)kxHa BUIITUTH JBI OCHOBHI
mpoOJieMHd 3aCTOCYBaHHS JIaHOI  TEXHOJIOTII.
[lepmie, 1me - BUKOPUCTAHHS MiHEpPAILHUX
MaTtepialiiB 3 BUCOKOIO a/ICOPOIIIHOI0 3aTHICTIO
(PEaKTUBHICTIO) 32 KPUTEPIEM «METHIJICH CHHIMN.
3aranpHa TOBEpPXHEBAa AKTHUBHICTh TIWHUCTHX
YaCTOK, OpPraHIYHUX JIOMIIIOK, IIKiJJIUBHX
MiHEpaliB  TaKMX  MaTepialiB  IEPEBHIIYE
JOMyCTUME 3HA4YCHHS 3a UM KputepieM. [pyra,
e - BUKOpHucTaHHs OiTymMHUX emynbciid (BE) Ha
OiTymax, 10 He 3a0e3meuyloTh  HEoOXiIHY
MIBUAKICTE  HA0OpY  KOTe3iiHOI  MIITHOCTI
yKJIaJ[eHOi JUTOI CyMillli, a BiITaK IHTEHCUBHE
(dbopMyBaHHS MIOKPUTTIB T4 CBOEYACHE BIIKPHUTTSI
pyxy mo Hux. Jlo Takux OITyMiB BiAHOCATBHCS
BHCOKOTapadiHUCTI OKHCJICHI (oxucHeH1)
HagToBl OiTymu. HasBHICTh IIMX JABOX OCHOBHHX
npo6aem ta 3anexnicts JIEMC Bix Temneparypu
Ta BOJIOTOCTI HABKOJHIIHBOIO CEpPEJIOBUINA
CIPUYMHSIOTE OOMEKEHICTh IIi€i TeXHOJOTIT s
BUKOPHUCTAHHSI.

Jns YkpaiHu 3BUYHMMH OITyMaMHu € OKHCIIEHI,
ane crarri [4-7] roBOpATH mWpO Te, IO
ONTUMANBHUMM  JUId  Ili€el  TeXHoJorii €
TUCTUIALINAHT OiTymMu. Tum Ouiblle B OCTaHHIN
Yac BUHUKJIM CYMHIBU B  IPaBWIBHOCTI
MIPIOPUTETHOTO B KOJIMIIHBOMY CPCP
TEXHOJIOTIYHOTO CHOoco0y OTpUMaHHA OIiTyMiB
IUIIXOM OKHUCIEHHS HapTOBOI CHUPOBUHHU 1
JOCTaTHbO HAIOJIETJIMBO 3BydYaTh TBEPKEHHS
PO JOUIJIBHICTh BUTOTOBJICHHS 1 BUKOPUCTAHHS
TUCTHIISALIAHUX OITyMiB, OTPUMaHUX CIOCOOOM
BaKyyMHOI JUCTWIAIIT BaXKKOi CUpOBUHH [8].
HatomicTh Takox HE 3aBXKIH BPaXOBYIOTbCS TakKi
YUHHUKH, SK TOTOAHO-KIIMAaTHYHI  YMOBH,
0COOJIMBOCTI BUXITHOI CHPOBUHHM (JIETKI Ta BAXKI1
HaTH),ccTeMa OIIHIOBAHHS SIKOCTEH OITyMmiB
[9].

OCHOBHA YaCcTHHA

JlocmimkeHHsT TPOBOAWIM Ha JIBOX OiTyMax:
muctwsiniiaomy Nybit E85 kommanii Nynas

(IIBemist) Ta  okmcienomy BHJ  60/90
BUPOOHUIITBA ITAT «TpaHcHaIliOHAIbHA
(dbiHaHCOBO-TIpOMHCIIOBa  HadTOBa  KOMMaHis
VYxpratHadTa» (mami BH 60/90
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slurry-mix components. The production practice
has shown that the initial materials, which are
used in Ukraine for paving such thin layers
(even if they correspond to the requirements of
normative documents), are not optimum for
application in this technology [1]. One can
point out two main problems in application of
this technology. The first one is usage of
mineral materials with high absorption ability
(reactivity) by “methylene blue” criterion. The
general surface activity of clayey particles,
organic impurities, deleterious minerals in such
materials exceeds the admissible value (by this
criterion). The second one is usage of bitumen
emulsions (BE) based on bitumens which do
not provide for the required cohesion strength
build-up rate for the slurry mix laid, and thus —
for the intensive formation of pavements and
timely start of traffic on them. Classified as
such bitumens there are high-paraffin oxidized
oil bitumens. Presence of these two main
problems and slurry mix dependence upon the
ambient temperature and humidity lead to
limitations inapplication of this technology.

For Ukraine the most habitual are oxidized
bitumens, but articles [4-7] show that the
optimum ones for this technology are the
distilled bitumens. Moreover, recently there
appeared doubts regarding the rightness of the
priority (in the former USSR) technological
method for obtaining bitumens by means of
crude oil oxidation. Rather persistently now
sound the statements on expediency of
production and usage of distilled bitumens,
received by method of vacuum distillation of
heavy raw material [8]. However, it is not
always that such factors as weather-climate
conditions are taken into consideration, as well
as specific features of the initial raw material
(light and heavy oils) and assessment system for
bitumens’ qualities [9].

Main part

The testing was done based on two bitumens:
the distilled one Nybit EB85, produced by
company Nynas (Sweden), and oxidized BND
60/90 (Oil-Road-Bitumen), produced by JSC
“Transnational financial-industrial oil company
“Ukrtatnafta” (herein after BND 60/90
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«YxkprarHadTa»). Ha ocHOBI 1ux OiTymiB Oynu
BHUTOTOBJICHI BIiAMOBIAHO OiTyMHI emyinbcii Nel
ta Ne2, mo BiamoBigatoTs Mapii EKII-60 3rigHo
3 [10]. Jua BuU3HAUYEHHS BIUIMBY KOXXHOTO 3
Tphox TuniB JIEMC Ta peakTHBHOCTI Kam’SHOTO
Marepiady Ha IMOKa3HHUKH KOTe31iHOi MIIHOCTI
BUKOpPHUCTAIIM po3paxyHkoBi ckiaaau 0-5, 0-10, 0-
15 Ie0eHEeBOTO BIICIBY Ta e0eHro
KneciBcbkoro kap’epy HEpPYAHHMX  KOIAJIWH
«TexHoOyn» (MOKa3HUK METHIIEHY CHHBOTO = 9
mi) ta Kap'epy IHAT Ymmubkoro xomOiHaty
OyIiBeIbHUX MaTepialliB (MOKa3HUK METHJICHY
cuvboro = 20 wu). llpupatamit  jgns
BUKOPUCTaHHS KaM SHUM Marepiall MOBHUHEH
MaTd TOKa3HUK MeTuieHy cunboro (MC) B
nianmazoni 5-10 mur [11]. LlemeHT BHKOpHCTaIU
mapku 400, sk npucanky Oyno B3sto 10-%
po3unH emysbraropa RedicoteE-11 (AkzoNobel,
[IBerrist)

Heonrumaneamii 3a kpurepieM MC Ymmnskuid
BIZICIB Ta I[e0lHbp BHUMAarae BKJIFOYEHHS B CKJIAJ
CyMilllell Ha JUCTHUJISAIIHHOMY 1 HA OKHCICHOMY
OiTymax OUIBIIOI KUIBKOCTI TMPUCAIKU, HIK
onTUMaJIbHUM 3a UM KputepieM KieciBebkuit

Kam’ssHUH ~ Marepian  (Tabn.1-2).  Benuka
KUIBKICTh JIpIOHMX TJIMHMCTUX 1 THIYBAaTHUX
YaCTUHOK, [0 HPUCYTHI B  YIIUIBKOMY

KaMm’sTHOMY Marepiajgl BUKJIHMKAE TepeayacHui
po3maj cymimi 4epe3 BHUCOKY IOBEPXHEBY
aKTUBHICTh WX dYacTok. Came TOMy MNOTpiOHO
Bkimouatu B ckinaa JIEMC 3HayHy KiTBbKICTh
NPUCAAKN sl 3a0e3MEeUeHHST HOPMAaTHBHOTO
MoKa3HHKa po3mnany cymimn. BogHowac, sk Ha
TUCTUIISALIHHOMY, TaK 1 Ha OKHCJIEHOMY OiTymi
CIIOCTEpIraeMo, IO i3 30UIbIIEHHSAM KPYMHHUX
¢bpakuiii Kam’SHOro Martepiajny 1 3MEHUICHHSIM
ApiOHMX, CyMilml MOTpeOye MEHIIOi KiJbKOCTI
TIPUCA/IKH.

I[le moscHIOETBCS  TUM, IO  OUIBIIICTH
PEaKTUBHUX TVIMHUCTUX 1 MHJIYBAaTUX YAaCTHHOK,
10 CIIPUYMHAIOTH MepeaYacHUil po3naj cyMilli,
3pO3yMiNI0,  30CEPEKYIOThCS B JIPIOHHX
¢bpakuisx kam’siHOro martepiainy. Tomy moTtpeba
B NpHCA/L, sIKa BIATEPMIHOBYE pO3MaJ CyMmilli,
3MEHIIYEThCA 13 3MEHIIEHHAM B CyMilllax
apioHux Qpaxuiit. Llg ocobmuBicTs pasoM i3
MCHIIIOI0 ~ TOBIIMHOIO  BKJIAJIAHHS  CYMIIII
MOSICHIOIOTh BUIIMKM HOPMAaTUBHUM 4ac po3mnamy
cymimmi misg tamy 1 (> 180 ¢), HIX y cymimax
tuny 2 ta tuny 3 (= 120 c).
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«Ukrtatnafta»). On the basis of these bitumens
there were produced respectively bitumen
emulsions No 1 and No 2, which correspond to
the grade EKP-60 (Emulsion-Cationic-Slow-
Setting) according to [10]. For determination of
influence of each of three types of slurry mixes
(as well as that of the aggregate reactivity) upon
the cohesion strength indices there were used
the assessment mix-design grades 0-5, 0-10, O-
15 of chips screenings from Klesiv quarry of
non-ore minerals “Technobud” (methylene blue
index=9 ml), as well as from the quarry of JSC
Ushytskiy Integrated Plant of Construction
Materials (methylene blue index=20 ml). The
suitable for usage aggregate shall have the
methylene blue index (MB) in the range of 5-10
ml [11]. The mark of used cement is 400, as
dope was taken 10-% solution of emulsifier
Redicote E-11(Akzo Nobel, Sweden).

The non-optimum by MB-criterion Ushytskiy
screenings and broken stone require inclusion
into the mix, based on both distilled and
oxidized bitumens, of larger quantity of dope —
comparative to the optimum (by this criterion)
Klesiv aggregate (table 1-2). The large quantity
of small clayey and dusty particles, present in
setting of the mix due to high surface activity of
these particles. That is why it is necessary to
include into the slurry mix the substantial
quantity of dope — to provide for the normative
breaking index for the mix. At the same time,
both on the distilled and oxidized bitumen one
can see that — along with the increase of coarse
aggregate grades and decrease of the fines —
there appear the decrease of the dope quantity
requirement for the mix.

It can be explained by the fact that majority of
the reactive clayey and dusty particles, which
cause the premature breaking of the mix,
naturally, are concentrated in the fine grades of
the aggregate. Therefore, the need for the dope,
which prolongs (retards) breaking of the mix,
decreases with decrease of the fine grades in the
mixes. This specific feature, along with the
lower thickness of the mix layer laid, explains
the higher normative mix-breaking time for the
type 1 (= 180 s), comparative to that one for the
type 2 and type 3 mixes (> 120 s).
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Taoaunsa 1 — Onrrumansri ckiagu JEMC 3a
kputepieM po3nany (P) va BE Nel

Table 1 — Optimum slurry mix design by
breaking criterion (Br) on BE No 1

Taoaunsa 2 — Onrumaneii ckiagu JIEMC 3a
kputepiem posnany (P) va BE No2

Bwmict kommonentis JIEMC, r, nonaz
1001 P>180c
Ne s .
KaM SIHOT0 MaTepiany (tum 1)
crtany B - b | P =120
Lement ona pucanka (tam 2,3)
KneciBerpkuii Bincie 'panckmaz 0-5, Tun 1
2.1 125 | 10 [ 175 14 [ 182
Kneciserkuit me6inp ['pancknan 0-10, Tum 2
2.2 125 | 10 | 10 J14] 123
Kneciserkuit me6inp ['panckinanx 0-15, Tum 3
2.3 125 | 10 [ 075 J14 [ 122
Yumnpkuit Biacis ['pancknan 0-5, Tum 1
2.4 15 | 10 ] 35 J14] 185
Yumipkuii mebins ['panckman 0-10, Tum 2
2.5 125 | 10 | 25 J14] 122
Yumnpkuit mebins [panckman 0-15, Tum 3
2.6 125 [ 10 [ 125 [14] 147

[Tapamerpu, 1mo BUAUIEHI XUPHUM LIpUdTOM B
Tabn. 3-4  XapakTepusylTh Taki eTamnu
dbopmyBanns JIEMC, sk camoymiiibHEHHS
(BIZIKpUTTS PyXy 3 OOMEXKEHHSIM ILIBHAKOCTI J10
40 xm/ronn) Ta 3aTBepAiHHS (BILAKPUTTS pyXy Oe3
oOMexeHb MBHUAKOCTI). Takox B Tab. 3-4 BKUTI
HACTYMHI TO3HAa4eHHs t — yac BUNPOOYBaHHS,
Des — xapakrep pyiiHyBaHHs, M, — NpUKIaAeHU
KPYTHHI MOMEHT, T — IPAHUIISI MILHOCT] Ha 3CYB.

3 Tabn. 3 BumgHO, mo ckiaaau 1.4, 1.5, 1.6 Ha
TUCTUIIALIAHOMY — OiTyMI 3 pEakTUBHUM
VIIUIBKAM  KaM’SHUM ~ MarepiajJoM  Habopy
koresiiinoi minHocti JIEMC Hix cknagm 1.1, 1.2,
1.3 3 KiteciBCbKUM 3aloBHIOBAYEM. AJIE 3aBISKU
MPUPOJTHUM SKOCTSIM JUCTHIISIIIIHHOTO  OITyMy
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Bwmict komnonenris JIEMC, r, Content of slurry mix components, Br>
No nonaz 100 r p> 180)0 Mix | g, in excess of 100 g of aggregate 180s
- KaM’sIHOTO Matepiany (Tum 1 i
CKJIaIy P>120¢ desig Wate | Dop (type 1)
Hement | Boma | Ilpucamka | BE nNo | Cement BE Br>
(Tum 2,3) r e 120s
1 I I;HGCIBCT;H Bmcmzropammiio's’ Tﬂf815 Klesiv screenings Grading 0-5, Type 1
' = 1 0 [ 2 [ 14 | 11 15 | 10 [ 20 | 14 | 18
eciBcbkuil mebiny ['panckian 0-10, Tum 2 - .
17 125 [ 10 | 125 [14] 24 Klesiv broken stone Grading 0-10, Type 2
KrneciBepkuii mebinp ['panckmarn 0-15, Tum 3 12 1’|25_ b| klO | 1,25 (|j 14 | 124
13 125 [ 10 | 10 (14| 122 Klesiv broken stone Grading 0-15, Type 3
Ymmnpkuii Biacis 'pancknan 0-5, Tum 1 13 125 | 10 | 1,0 | i 14 | 122
142 175 [ 10 | 325 | 14| 181 Ushytskiy screenings Grading 0-5, Type 1
Yumnpkuii mebins ['panckman 0-10, Tum 2 14 1,75 | 10 | 3,25 I 14 I 181
15 15 | 10 | 275 | 14 | 122 Ushytskiy broken stone Grading 0-10, Type 2
Vumuskuii me6ins I'pasckmaz 0-15, Tum 3 15 15 | 10 [275] 14 | 122
16 15 | 10 | 15 [14 ] 147 Ushytskiy broken stone Grading 0-15, Type 3
1.6 15 | 10 [ 15 | 14 | 147

Table 2 — Optimum slurry mix design by
breaking criterion (Br) on BE No 2

Mix Cor_1tent of slurry mix components, Br>
desi |9 in excess of 100 g of aggregate (t18051)
ype
Iglg Cement :Nate Dope E Br>
120s
Klesiv screenings Grading 0-5, Type 1
2.1 125 | 10 | 175 [14] 182
Klesiv broken stone Grading 0-10, Type 2
2.2 125 | 10 | 10 [14] 123
Klesiv broken stone Grading 0-15, Type 3
2.3 125 | 10 | 075 |14 122
Ushytskiy screenings Grading 0-5, Type 1
2.4 15 | 10 | 35 [14] 185
Ushytskiy broken stone Grading 0-10, Type 2
2.5 125 | 10 | 25 |14 122
Ushytskiy broken stone Grading 0-15, Type 3
2.6 125 | 10 | 125 |14 ] 147

Parameters, printed by bold font in tables 3-4,
characterize such stages of slurry mix formation
as self-compaction (starting traffic with speed
limitation up to 40 km/h) and curing (starting
traffic without speed limitation). Also in the
tables 3-4 taken following notations: t — testing
time, Des — character of destruction, M, —
torque, T — shear strength limit.

As one can see in table 3, the mix designs 1.4,
1.5, 1.6 on distilled bitumen with reactive
Ushytskiy aggregate are characterized by lower
cohesion strength build-up rate for slurry mix —
comparative to the mix designs 1.1, 1.2, 1.3 on
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HaBiTh ckinagu JIEMC 1.4-1.6 € epexTuBHUME 3
TOYKH 30py KiHeTUKH Habopy mirtHocTi TTI.

Ta6auus 3 — [Toka3HUKY MBUIKICT HAOOPY
KOTre31iHOI MIIIHOCTI ONTUMAJIbHUX CKJIAIB

JIEMC 3a xputepiem posmnany Ha ocHOBI BE Nol
XapaKTepPUCTUKH MIITHOCTI
Ne t, rox Des M, kr*cm | 1, MIla
CKIIay
Kiecichkuii kam’sTHUH MaTepiai
0,5 NS 21 0,441
1.1 0,75 SS 26 0,546
0,25 NS 20 0,42
1.2 0,5 S 24 0,504
0,75 SS 26 0,546
0,25 S 23 0,504
1.3 0,5 SS 27 0,567
YiumipKkuii kam’ssHU# MaTepian
0,5 N 12 0,252
1.4 0,75 NS 20 0,42
1,0 SS 26 0,546
0,5 NS 20 0,42
15 0,75 SS 26 0,546
0,5 NS 22 0,441
1.6 0,75 SS 27 0,546

3 Taba. 4 sugno, mo ckiaagu JIEMC Ne 2.1-2.6

Ha  OKHUCIEHOMY OiTyMi 3  pEaKTHMBHUM
YUumpkuM ~ Kam’stHUM ~ MaTepiajJioM  TaKOoX
XapaKTepU3YIOThCS MEHIIIUM MPUPOCTOM
MinHOCTI HDK ckimagn Ne 2.1-23  wHa

KneciBcbkoMy KaM’THOMY MaTepiati.

S0 MOpIBHIOBATH IIBUJIKICTh HAPOCTaHHS
kore3ii JIEMC Ha okuciaeHomy OiTymi Ta
Yummekomy 1 KieciBcbkoMy — maTepianax
BIIMOBIAHO 110 mimiOpanux rpanckinagiB (0-5, 0-
10,0-15), To6To ckmamm: 2.1 3 2.4, 2.2 3 2.5 ta
23 3 2.6 TO cHmocTepiraeMo IO, €Tanu
dbopmyBanns JIEMC  camoymrinpbHeHHS Ta
3aTBEpJiHHA  Ha  YIIMIBKOMY  Marepiaii
HacTaroTh Ha 1,5-2 roauHM Mi3HilIe TOPIBHSAHO 13
3Ha4YHO MeHI peakTUBHUM KieciBcbkuM. Takox
xonmeH 3 ckmamiB Ne2.1-2.6 He € edeKTHBHUM
BIJIMOBIAHO 3 BUMOTaMU J0 MIBUIKOCTI HabOpy
kore3itHoi wmirHOCTI JIEMC. Ile mosicHIoeThCs
BUKOPUCTaHHAM HEONTUMAIBHOTO OKHCIIEHOT'O
oitymy mist JJEMC.
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Klesiv filler. Still, due to natural qualities of
distilled bitumen — even slurry mix designs 1.4-
1.6 are efficient in terms of kinetics of strength
build-up for TLP.

Table 3 — Cohesion strength build-up rate
indices for optimum slurry mix designs —by
Breaking criterion on BE No 1

Strength characteristics
Mix | tron [ Des | M,kg*cm | 1, MIla
design
No
Klesiv aggregate

0,5 NS 21 0,441
1.1 0,75 SS 26 0,546

0,25 NS 20 0,42
1.2 0,5 S 24 0,504

0,75 SS 26 0,546

0,25 S 23 0,504
1.3 0,5 SS 27 0,567

Ushytskiy aggregate

0,5 N 12 0,252
1.4 0,75 NS 20 0,42

1,0 SS 26 0,546

0,5 NS 20 0,42
15 0,75 SS 26 0,546

0,5 NS 22 0,441
1.6 0,75 SS 27 0,546

As one can see in the table 4, the slurry mix
designs No 2.1-2.6 on oxidized bitumen with
reactive  Ushytskiy aggregate are also
characterized by lower strength growth
comparative to those ones No 2.1-2.3 on Klesiv
aggregate.

If to compare the cohesion strength build-up
rate for slurry mix on oxidized bitumen and
Ushytskiy and Klesiv aggregate in accordance
with the grading selected (0-5, 0-10, 0-15), that
is, mix designs: 2.1 with 2.4, 2.2 with 2.5 and
2.3 with 2.6, then one can see that the slurry
mix stages of formation, self-compaction and
curing on Ushytskiy aggregate begin by 1.5-2
hours later comparatively with substantially less
reactive Klesiv aggregate. Besides, none of the
mix designs No 2.1-2.6 is efficient according to
the slurry mix cohesion strength build-up rate
requirements. It is explained by the usage of
non-optimum oxidized bitumen for slurry mix.
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Tabauus 4 — [TokazHUKH MBUAKICTH HAOOPY
KOr'e31MHOI MIITHOCTI ONTUMAJIbHAX CKJIAJIB

JIEMC 3a xputepiem posmnany Ha ocHOBI BE No2
XapakTepuCTHKH MIIHOCTI
Ne t,rom | Des | M,, kr*cm | 1, MIIa
cKIIany
KreciBcpkmii kKam’stHAH MaTepia
0,5 N 10 0,189
1,0 N 10 0,21
2.1 2,0 N 11 0,231
4,0 NS 20 0,42
55 S 23 0,483
6,0 SS 26 0,546
0,5 N 12 0,252
2.2 1,0 N 13 0,273
3,5 NS 20 0,42
4,0 S 23 0,483
55 SS 26 0,546
0,5 N 12 0,252
1,0 N 12 0,252
2.3 3,0 NS 20 0,42
4,0 S 23 0,483
5,0 SS 26 0,546
Ymunpkuit kaMm’ sTHAE MaTepian
0,5 N 10 0,21
1,0 N 10 0,21
2.4 55 NS 20 0,42
7,0 S 23 0,483
8,0 SS 26 0,546
0,5 N 10 0,21
2.5 1,0 N 11 0,231
5,0 NS 20 0,42
6,5 S 23 0,483
75 SS 26 0,546
2.6 0,5 N 11 0,231
1,0 N 12 0,252
4,5 NS 20 0,42
6,5 S 23 0,483
7,0 SS 26 0,546

3 puc. 1 Ta 2 BUAHO, 110 3 OMIIALY Ha IMIBUAKICTH
Ha0oOpy KOre3iifHOI MIIIHOCTI, 3aCTOCYBaHHS
HEONTUMAIILHOT'O VYIIUIpKoro KaM’sIHOTO
Marepialy MOXJIMBE TUIBKH 32 BUKOPHCTaHHS
JUCTUIISLIHHOTO OiTyMmy. [TopiBHIOIOUN
HaumoBUTbHIMMN ckiag Nel.4 3a mpupocTom
KOre3iiHO1 MIIIHOCTI Ha YIIMIIBKOMY BiJICiBI Ta
TUCTUIIALIHHOMY — OITyM 3  HaWIIBHJAIIUM
ckaazoM Ne 2.6 Ha 1bOMYy K YIIHIBKOMY
KaM’ SHOMY MaTepiajii Ta OKHUCIEHOMY OITymi
BUJHO, 110 pyXx TpaHcnopty no TII moxkemo
BIIKpUBAaTH 3 OOMEXEHHSIMU Ha 3,75 ToauHH
panime 1 6e3 oOMexeHb Ha 6 TOIUH paHille B
MEepIIOMY BUTIAAKY.
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Table 4 — Cohesion strength build-up rate
indices for optimum slurry mix designs — by
breaking criterion on BE No 2

Strength characteristics
Mix | tron | Des [ M,kg*c | t, MIla
design m
No
Klesiv aggregate
0,5 N 10 0,189
1,0 N 10 0,21
2.1 2,0 N 11 0,231
4,0 NS 20 0,42
5,5 S 23 0,483
6,0 SS 26 0,546
0,5 N 12 0,252
2.2 1,0 N 13 0,273
3,5 NS 20 0,42
4,0 S 23 0,483
5,5 SS 26 0,546
0,5 N 12 0,252
1,0 N 12 0,252
2.3 3,0 NS 20 0,42
4,0 S 23 0,483
5,0 SS 26 0,546
Ushytskiy aggregate
0,5 N 10 0,21
1,0 N 10 0,21
2.4 55 NS 20 0,42
7,0 S 23 0,483
8,0 SS 26 0,546
0,5 N 10 0,21
2.5 1,0 N 11 0,231
5,0 NS 20 0,42
6,5 S 23 0,483
7,5 SS 26 0,546
2.6 0,5 N 11 0,231
1,0 N 12 0,252
4,5 NS 20 0,42
6,5 S 23 0,483
7,0 SS 26 0,546

On Fig. 1 and 2 one can see that due to the
cohesion strength build-up rate the application
of non-optimum Ushytskiy aggregate is
possible only upon the condition of using
distilled bitumen. When comparing the slowest
mix design No 1.4 by cohesion strength build-
up rate on Ushytskiy screenings and distilled
bitumen correspondingly with the fastest mix
design No 2.6 on that very Ushytskiy aggregate
and oxidized bitumen — one can see that start of
traffic by TLP is possible with limitations by
3.75 and without limitations by 6 hours sooner
in the first case.
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Figure 1 — Cohesion strength build-up rate indices
for optimum slurry mix designs — by breaking
criterion on BE No 1
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Pucynok 2 — llIBunkicts HaOOpy KoTe3iiHOL
MilHOCTI ontuManbaux ckiagiB JIEMC 3a kputepiem
po3nany Ha ocHOBi BE No2

3rigHo 3 puc.1-2, He3aJIE)KHO BiJ
BUKOPHUCTAHOTO OITyMy Ta KaM’SHOTO Marepiaiy
HIBUJIKICTh Habopy koresiitHoi minHocti JIEMC
Oyze Buioro y cymimax tumny 2 (0-10) ta tuny 3
(0-15), amxke Tum 1 (0-5) BuMmarae OimbIIOl
KuIbKocTi mpucanku. [lpu yomy, tunm cymimi 3
JI03BOJISIE  JIOCSTTH  HaMKpamoro MpUpOCTY
KOTe31iHOi MILHOCTI: €Taly CaMOYUIUIbHEHHS Ta
3aTBepiHHA cyMilni HacTaoTh Ha 0,5 rog ta 1,0
roJ MBHUALIE HDK JUIS cyMimni Tumy 2 Ta tumny 1
BiJITIOBITHO.

BucHoBKH
1. He3anexxHo Bil BHUKOPUCTAHOTO  OITyMy
(MMCTHIIALIIMHUN YW OKUCJCHUWH), YMM BHIIE
3Ha4eHHs noka3Hnka MC kaM’siHOTO Marepiany,
TUM IIBUAKICTE HAOOPY KOre3iHOi MIITHOCTI
JIEMC € HIKYO010.

2. I'panynoMeTpuyHuil  CKIax Kam sTHOTO
marepiaiy, 1o Bianosigae tTuny cymimi 3 (0-15)
€ HaleQEeKTUBHIIIMN 3a KPUTEPIEM HIBUIKOCTI
Habopy KOre3iiHO1 MIIIHOCTI.
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Figure — 2 Cohesion strength build-up rate indices
for optimum slurry mix designs — by breaking
criterion on BE No 2

According to the Fig.1-2, regardless of the
bitumen and aggregate used, the slurry mix
cohesion strength build-up rate will be higher in
the mixes of type 2 (0-10) and type 3 (0-15), as
far as type 1 (0-5) requires larger dope quantity.
Moreover, mix Type 3 allows reaching the best
cohesion strength build-up rate: the stages of
self-compaction and curing of the mix begin by
0.5 and 1.0 hour faster then for the mixes of
type 2 and type 1 correspondingly.

Conclusions
1. Regardless of the bitumen used (distilled or
oxidized one), the higher the MB index of
aggregate is, the lower the slurry seal mix
cohesion strength build-up rate will be.

2. The aggregate grading, which corresponds to
the mix type 3 (0-15), is the most efficient by
criterion of cohesion strength build-up rate.
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3. HalinoBuIbHIMUN pICT KOTe31iHOI MIIIHOCTI
CIIOCTEpIraeEMO 3a BHKOPHCTAaHHS  TPAHCKIATY
KaM’SIHOTO Marepially, M0 BIANOBia€ THITY
cymimri 1 (0-5).

4, Cymimm  Ha  JAMCTWIALMIAHMX  OiTymax
XapaKTePU3YEThCSI HaJl HIBHJIKUM
CaMOYUIUIBHEHHSIM Ta 3aTBEPAIHHAM. BiakpurTs
PYXy TpaHCHOPTY 3 OOMEXKEHHSM IIBHIKOCTI 10
40 xm/ron mo TII 3 JIEMC BinOyBaeThcst Ha
3,25-3,75 roguHu MBUIIIE HDK HA OKHUCIIEHUX, a
BIIKPUTTSA pyXy 0e3 O0OMeXeHb IIBUIKOCTI
BiOyBaeThes 4,75—5,25 ronuHA MIBUIIIIE.
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3. The slowest cohesion strength build-up rate
is observed when the aggregate grading,
corresponding to the mix type 1 (0-5), is used.
4. The mix based on distilled bitumens is
characterized by over-high self-compaction and
curing. Start of traffic with speed limitation up
to 40 km/h by TLP formed by slurry mix occurs
by 3.25-3.75 hour faster then for the mixes
based on oxidized bitumens, while start of
traffic without limitations occurs by 4.75-5.25
hour faster.
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