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Abstract
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EXECUTN&EIMMARY

The Climate Resilient Sustainable Road Pave®eriacinggCRISPS) project addresses the High Volume

CNF YALRNI ol +¢0 NBaSINOK LINBINIYYSQa ¢KSYS m o6{dN
Namely,affordablehigh-volume roads resilientat climate change and traffic demands. Principally the
LINE2SO0G I RRNBaasSa GKS NBaSHNODK ljdzSadAzyy al2g 0O2d:
a0FyRINR& FYR YIENBAYFE YFGSNAIFIfa RSEADSNItéxR 6 YIAY
resilience is defined agsistanceo the primary factors which influence road pavement performance,

namely the climate, traffic and the initial construction of the road. To this end, CRISPS assesses whether
three global best practice roa8urfacimgstechnologies can provide low maintenance, resilient roads

economically in lowncome countries (LICs). The technologies considered are modified epoxy chip seals
(MECS), modified epoxy asphalt surfaces (MEAS) and Fibre mastic asphalt (FMA). The iexhag®g

been developed through many years of research in New Zealand (MECS and MEAS) and Malaysia (FMA)

and they are now used in service.

The project aims to demonstrate the engineering and economic suitability of the three technologies for
typical trafic and environmental conditions of both higielume and mediurvolume roads typically seen

in LICs. This is achieved primarily via a life cycle analysis (LCA) modelling approach of the technologies
operating in Ethiopian climates and traffic conditions émebugh constructability trialsisingthese

materials in Ethiopia.

This report is dedicated to the constructability of the three materials in Ethiopia. Constructability, in this

case, is defined as the ease of constructingSbefacingsising the planand equipment typically available

to a LIC road agency, or its contract@sch as Ethiopia and maather African and Asian countrie§ he

reasons for the selection of Ethiopia for the constructability trials include (i) its strategic road network is
subject to a variety of environments and traffic levels which can be considered to be representative of

many LICs. (ii) an assessment of potential partner countries in Part 1 of the HVT programme found that
Ethiopia was ranked in the top three LICs in-Saftaran Africa and was well placgxsupport and benefit

FNBY tFNI H NBaSINOKI IyR O0AAA0 GKS ! yAGSNAAGE 27
research links with the Ethiopian Roaddministration(ERA) over a number of years, includingertaking

I FAGS &SIFNI NBaSIFNOK FyR OFLIOAGe odzAf RAy 3 LINEINI
FYRX 9w! FT3INBSR (2 &adzLJ2 NI GKS O2yaiNHzOGl oAt AGe 0

Noting that the purpose of this phase of the research is to demonstrate the constructability of the three
technologies (and nah-serviceperformance), a pragmatic approach was taken for the selection of the

trial sites, whereby site selectonwasonthd a8 A& 2F S| &S RohdRséxifsntte FTNRY 9w
(RRG)located in Kality, Addis Ababdor the MEAS and FMA technologies it was necessary to choose sites
adjacent to road sections where ERA had planned to undertake major periodic maintenaimgetde
LINE2S00Qa GAYS FNIYS Fa (§KS sSuBadirggatchimyPlang &hicNB lj dzA NB
both expensive and time consuming to arrange and move to giteeordingly, a site on the AwasMeiso

road (A9 Trunk Road) was chosen MIEAS and FMA surfacings. Trial section for the application of MECS

was selected along the B51 Link road connecting the towns Modj&djate Mean monthly rainfall in

both the areas is about 70 mm and maximum temperature in is 37 °C and 28 °C redpéatithe Awash

Meiso and Modje Edjere sections. In order to assess the performance of the new surfacing materials,

control sections designed and built in accordance with the ERA design standard (ERA, 2002) were built
adjacent to the trial constructiosections The intention of the project was to compare the economic

performance of the MECS section with a thin surfacing used routinely by ERA, i.e., Double Bituminous
Surfacing Treatment (DBST) (see Work Stream 2 report). Consequently, the pavenggnotidts MECS
aSOGA2y ol a o0laSR 2y (KS RSaady 2F 5.{¢ Ay GSN¥a
Manual (ERA, 2002a). Similarly, for performance comparison purposes, as a control section comprising

dense asphalt was also designed andibuilA y I OO02 NRIF yOS gAGK GKS 9w! Qa LJ
(ERA, 2002b) adjacent to the FMA trial section.
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The two epoxy modified surfacings (i.e. MEAS and MECS) require epoxy material, in the form of Part A
(epoxy resin) and Part B (hardener and aaeete) to be mixed in appropriate ratios before adding the

mixture to aggregate. This material is not currently widely available and was obtained from a recognised
adzLJLX ASNJ Ay GKS '"{!3> G(GKIG Aa [/ KSY/ 2 {ayoiofgwdad | yR
aSOGA2ya dzaAy3ad a9!{ GSOKyz2ftz23e& I NB O2yaiNHzOGSR dza
comparison of future performance easier. The FMA requires the addition of-p&s®d fibres and whilst it

may be feasible to source fisef similar characteristics locally, the fibres need to be processed using a

precise methodology. Consequently, and given the time frame of the project, it was decidedisk tee

trial and obtain the processed fibre from the Malaysian supplier, ih&tOVAPAVE SDN BHD, who

manufactures the material on behalf of the Malaysian Ministry of Transport for its use in Malaysian roads.

The constituent materials of all three technologies were obtained, and the trial sites identified and
specifications for thelesign and construction of all three technologies were formulated. However,
because of unforeseen, related issues, such as GO3/Which caused considerable delay to the project
and introduced a high degree of risk of completing the project in timeag decided with the agreement

of DT Global, to build only the FMA and MECS trial sections during the funded part of the project. Itis
hoped ERA will take onboard the giréal work undertaken for the MEAS and will incorporate construction
of a trial setion in a future road maintenance project.

Guidance notes, which include modifications required for the mobile asphalt batching plant used for
manufacturing the MEAS and FMA and construction procedures were completed.

Whilst new systems for adding Parts A and B were required for the manufacture of MEAS, a new mesh was
required for segregating aggregate into hot into an additional hot bin for the manufacture of FMA, so that
proportions of materials added to the pugmithdd be adjusted to meet the grading requirements whilst
keeping the input into the cold bins unchanged. This ensured that minimal changes were required for the
purposes of the construction trial of FMA. A 50 mm thick FMA surfacing was constructedvaeslan

over a 80 m long, 3.5 m wide section of the Awd&#iso road. The mix comprised 0.4% fibre with 5.0%

binder. Since the original road was in good condition, only tack coat was applied.

Extensive laboratory work was undertaken on the design of FMide ERARRC laboratory to ensure that
final materials met the draft design standards used in Malaigia

ERA bitumen sprayers too large for using the small quantity of binder required for the construction of the

trial sedion. Therefore, ERA modified an existing towed sprayer. Two spray bars, one for each Part A and

Part B of binder, were fitted with 9 nozzles on each bar, both angled to give impingement mixing about %

of the distance to the roadAn80m long, 7m wide section (whole width) of the Modidjere road was

surfaced with MECS. Control section of similar length and width, using the single surface chipseal, was
O2yailiNHzZOGSR dzaAy3a GKS 9w! Qa O2y@Sydak2ylf LINROSRdzN

From the research undertaken by the team, the following can be concluded:
1. MEAS Trial Constructability:

9 For MEAS, the critical part of the process is to use correct mix ratios between epoxy and bitumen
to ensure strong yet economical binder.

 TemperatureD2 Yy i NBf F2NJ SLR2E&Q& tI NI ! FyR tFNI .2 |
recommended as this affects reactions between materials.

i Transport and haulage distances must be checked against temperature losses to ensure that
MEAS is laid down at theghit temperatures.

9 Placement and compaction of MEAS is as for usual asphalt, ensuring that the latter is at the
recommended ranges.

1 Opening the road section to the traffic must not be rushed and is only acceptable when the MEAS
surfacing is 50°C or less.
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1 As the option to buy new asphalt batching plant was excluded for a trial construction, it was
important to ensure that the modifications (adding a new heated storage pumping and weighing
system for part A) to the existing mobile asphalt batching plantowiné&d 9 w! Qa 02y i NI O
such that the plant will remain as useful as before being modified. This should also be done at
minimum possible costs.

2. MECS Trial Constructability:

9 Temperature control for both epoxy and binder is critical and remains the santedmecessary
minimum temperature before allowing traffic to use the road.

9 Correct choice of the chips is essential as it has significant impact on the rates of application of
the binder and on the costs of the project.

3. FMA Trial Constructability:

9 Like br modified epoxy surfacings, FMA requires strictness on temperatures control for the
materials during manufacturing, transport to the site and both placement and compaction.

9 The FMA was found to be suitable for the existing asphalt batching plant stijecdifications.
9 Appropriate and verified proportions of materials must be used

15
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1. Introduction

1.1 About thisreport
1.1.1 Purpose of thigeport

This report describes the work undertaken under Work Streal@4) = W/ 2y a (G NHzOG | o At A G & «
discusses the preparation of the constructability trials of the MEAS, MECS arsifdtMg and the

constructability of both th&sMA andMEASsurfacings. In particular, the selection of trial construction sites,

ground investigationsassessment ahe existing drainagef the selected road sectionsaterial

specification of the threaurfacings laboratory testdo confrm the mix desigmecaonmendations for the

trial and control sections, the manufacture of the differentfacingsmaterials, the construction of the

FMA andVIECSurfacingsare described in this repart

The constituent materials of all three technologigsre importedto Ethiopia the trial sites identified
specifications for the design and construction of all thnesre drawn up However, onlfFMA andMECS

trial sections were constructedhe MEASwvas notconstructeddue tothe lengthy period requiretb get

the component parts required to modify the mobigsphaltbatch plantto Ethiopiaduring the project

period and disagreement between the plant supplier and the owner about the capability of the batch plant
Nevertheless, there are a number of impamt lessons to béearnedfrom the work undertaken in the

project concerning the construction 8MA andMEAS and MEQG@$Ethiopia. Consequently, thisport, in
additionto describing the work undertaken for tHdECS an&MA constructability trig| it also provides
information on the work necessary for the trials of the MEASacingand describeshe lessons learaed.

The purpose of the constructability trialgas todemonstrate the constructability of roaslirfacingsusing

the MEAS, FMA andECS technologiassing the plant and equipment typically available to a LIC road
agencyand/or its contractorsThe intentionwas not to monitor the performance of thaurfacing over

time, and indeed the projectid not have the necessary resourcestsao. ERA has indicated its
willingness to monitor the performance of the sectidisyond the end of the CRISPS prajbctt the
assistance of the same and reportingtieé on-going performance of the sections does not form part of the
research reportedherein.

To enable meaningful comparisons between the constructability oFtfid andMECSurfacingsandthe

standard technologies used by ERéntrol sectiors werebuilt adjacent toboth the FMAand MEC&ial

sectiors. Both sections were designedandzh f & dzaAy 3 GKS &l yYS adl yRI NRa &
for flexible pavement$2). The function and structural integrity of both constructed sectiwase assessed
usingboth visualassessment and equipment techniqu@$ese includthe 2 dzi K ! FNA OF yQa ¢ al
for visual assessmeli8), BenkelmarBeamdeflection Merlin, Pendulumfriction meter, straight edgand

othersatt @ At 60fS aAOWAQRAGKHS/ yEFR2N a 2y 9w! Qa 02y N
maintenance activities.

1.1.2 Constructability
Constructability was defined using a narrativasbd on the following:

1. Local availability ahe equipment such sphaltbatching plant and both laboratory and field
equipmentto undertakepreliminary laboratory and field tests.

2. Local availability afkillsnecessary to undertake constructipimcluding capabilities to undertakeix
designs.
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2. Literaturereview

In order to develom better understanding bthe surfacingstechnologiesnvestigated during th€RISPS
project andused as part athe constructability of trials, a literatuneeviewwas undertaken relating tthe
materiak and practices for theurfacingsas listed below:

Epoxy modifiedsurfacingsModified Epoxy AsphaBurfacinggMEAS) and Modified Epoxy Chip Seal
(MECS)

Fibre Modified Asphalt (FMA)

This section provides brief background to the technologied

2.1 Modified Epoxy Asphalt (MEA@)Nd Modified Epoxy Chipseal (MECS)

TheNew Zealand Transport AgendyZTAhas laid ove1,000,000m? of MEAS4)on roads with up to
100,000 vehicles per dafb) The Agency's research suggested that using epoxy modified binders had the
potential to reduce the life cycle cost néing low noise surfaces to 1/6 of their current va{@e7) MECS
canbe used tdreat existing low texture chipseal surfaces that tack bitumen down the road in very hot
weather. The treatment ould be applied in harsinsteadof weeks to monthsequiredfor a rebuild.

Added benefits are that the technology is relatively insensitive to operator singeit can be applied with
simplemodifications to existing bitumesprayersand it requires little additional matenance when
compared toconventionalchipseals.NZTA research also suggests MET® be optimised to produce
longlife chipseals with approximately 60% of the life cycle costs of conventional chif@edtsllscale

road trials of MEAS started in late 20l9New ZealandThe resilience to temperature fluctuations of
modified epoxy bitumen binderss highlighted by previous research stud@swill mean that their
applicationin appropriate regions in LICs is likely to significantly reduce ongoing maintenance and
emergency repair costs and will as a result provide more certainty in road network availability and
performance. These benefits will become more apparent in regioresevaverage temperatures and the
number of days experiencing extreme heat are expected tobésmuse otlimate change. For example,
research suggests that for the middle of the range greenhouse gas concentration scesitar (
Representative Concentian Pathway RCP 4.5) and the median percentile range of model predictions
there is a predicted B 4° C increase in both winter and summer temperatures over the period between
2005 and 2100 for botkiVest andEast Africa when compared to the referenceripel of 1985 to 20549).
There is also expected to be a significant increase in the number of days of extreme heat. The possibility of
using MECS over locaimarginal materials will also provide sustainability (and cost benend it will

allow the use ofow-quality materials in the construction of roads and thus save scare resources and
reduce haulage costs. Further, the easy application of MECS means that better qualityeqaig less
maintenance, compared to ceentionalchipseal Thus,reducing further road agency costs.

2.2 Fibre Mastic Asphalt (FMA)

The Universiti Putra Malaysia (UPM), in association with the local authorities in Malaysia, has implemented
FMA in Kuantan (East Coast of Malaysia) in 2000 withehresturfacingof 3,500 n{ (10). The FMA

surfacings still functioning despite a spike in the traffic volume after almost 20 years. Two more road
projects were undertaken in Malacca under the Ministry of Scigmoeision with a total reurfacingof

14,000 nd four years ago. And another 7,006 mas resurfaced on UPM public road in 2016. FMA was
implemented on the Persiaran Road, Klang Valley Project in 2015 covering approximately 35,000 m

Full implementation of FMA is envisioned since the Malaysian Public Works Department (Jabatan Kerja
Raya Malaysia) approved the technology and included it in the Malaysian Road construction specification.
The recent application of FMA is on tBenaiDesaru Expressway in Johor Baru more than a year ago to

test the robustness of FMA that was in fact laid on a heavily tracked truck lane. Previously thisleicetch
continuously failed badlgue torutting. FMA technology seesto haveproven its worth with no failures

seen to this dateThe technology is based on the use of cellulose fibre extracted from the waste generated
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from the oil palm treeand formed into pellets for ease of handling and applicatibhe application of this

fibre in asphalhasreduced theamount ofmaintenance interventiotessening the need for roazdosures

and disruptionof traffic. Initial findings suggest a life cycle cost savings €f5P@ compared to traditional
methods. FMA also performs wellétevatedtemperatures. Pavemensurfacetemperatures in Malaysia

often exceed 60°C with ambient temperatures as high as 39°C during hot spells. The use of fibres is able to

retain the asphalt binders in the flexible layer for an extended period ensuring lasting performahce an
proved its endurance at high temperatures.
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3. Ethiopiag Climate and Road Network

3.1 Climate

TheEthiopian road network isoversthree main climate types namely the tropical humid, gubmid and

semiarid climates. The data related to these three climate zones was obtainedfi@Ethiopian National
Meteorological Agency (NMA) BRA in terms of moisture index, duration of the geason, mean

Y2YGKE& LINBOALMAGEFGA2Y X YSIy {SYLISNIG) dgdd be sBetzidd G A 2 y
Table 1

Parameter Tropical Humid Subhumid Semtarid
Moisture index 60 0 -40
Duration of dry season (month) 3 6 9

Mean monthly precipitation (mm) | 175 100 50

Mean temperature {C) 27 22 26.1
Average temperature rangéQq) 5.5 4.5 3.2

Days offemperature 32.5(°Q 90 60 90

3.2 Road Network

Accordingo (11; 12)the classified Ethiopian road network is estimatedtabout 126,773 km comprising
about 17,579 km of paved roads and 109,194 km of unpaved road3.ab&®2. These roads are

categorised based on the authority in charge of their management, as detaileabla3 below. The ERA is
responsible for national roads constructed and maintained by the Federal Government, the regional roads
are constructed and managed by the Regional Governments whilst rural roads are essentially constructed
and maintained by local communities. In additi@nthis classification, Ethiopian road network is classified
according to the function of the roaas Trunk Roads (A), Link Roads (B), Main Access Roads (C), Collector
Roads (D) and Feeder Roads (E). ERA category roads comprise road classes,And @aduad (D)
classifications roads are in Rural and Woreda classificatioIT age3.

Road category

Paved roads (km) Unpaved roads (km) Total (km)

ERA 15,886 12,813 28,699
Rural - 35,985 35,985
Woreda (regional district in Ethiopia] - 56,732 56,732
Municipality 1,693 3,664 5,357
Total 17,579 109,194 126,773
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Technical Classification

Functional

\ Political Classification

Surf
Classification DS  Traffic (ADT) ty;;ace Ownership
2 X
1 10,000- 15,000
' ’ 7.3 ERA
2 5,000-10,000 | 7.3 Asphalt (Federal Road
3 1,000- 5000 7.0 . .
a X Administration))
@ S|4 200¢ 1000 6.7
SEILEE 100¢ 200 7.0
g % 3 6 50¢ 100 6.0 Gravel | RRAs
L2 | = 7 30¢ 75 4.0 .
o (Regional Roads)
) 8 25-50 4.0
5 9 0-25 4.0 Woreda Rural Roads
§ 0 loas 2 s Earth | Office
i i ' (Community Roads)

DS = Design Standard

3.3 Selection ofTrial Sections

Two segmentalong theAwashMeiso and Modja; Edjereroads were respectivelygelected for the MEAS
and FMA, and ME@8nstruction trials The AwaskMeiso road designated as A1@s a Trunk road and was

rehabilitatedin 2003. Th&/odjo-Edjereroad, designatedas B51, is hink road and wasehabilitatedin

2012. The location of theoadsselected sites fothe trials are shownin Figurel.
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Figurel Location of the trial sections

3.3.1 MEASand FMATrials

Theconstructabilitytrial sectiors werelocated between Km 31+40@2+400 measured from project start
at the outskirts of Awash Sebat at 228 Km. The trial segtespart of a 71 Km long AwaslMeisoasphalt
road surfacingsprojectthat started in Novembe022 It hastwo, 3.5m wide lane @aved carriageway with
1.5m wide unpaved (subbase) shoulders on both sidé® project road traversed mainly flat and rolling
terrain starting at 871 mlaovemeansealevel(AMSI) at Awash ending at 1328 VISLat Meisotowns.
The road section lies the Kola (warm semiarid climatic zongith ESA of 24.0Table4 details the
location of the Awaslq Meiso trialsection.

Table4 Locations ofAwash-Meiso - trial section

Location of the trial section Location coordinates
Road

segment  from Awash from Addis Ababa

Eastings (E), Northings (N) an Remark
Elevation (Elv)

31+100- E: 657541 EMA trial
31+100- 31+200| 256+100- 256+200 N:1005931 .
section
Elv: 1156
Awash- 31+400- E: 657562 Control
. 31+400- 31+500| 256+400- 256+500 N: 1006084 .
Meiso ; section
Elv: 1158
31+650- E: 657439 MEAS
31+650- 31+750| 256+650- 256+750 N: 1005190 trial
Elv: 1164 section
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3.3.2MECS Trials

This trial section lies along the 37 Km long road connedfiogjo, inthe Oromia region, along-B1 road
and Arerti, inthe Amhara region. The road starts at an elevation of 1848MSL traverses mainly on flat
and rolling terrains with some mountainoasd escarpmenareasand passes at an elevation of 1804 m
AMSLat Arerti. The proposed trial sections lie from Km 12+050 to 12+150 andkfrofr2+200 tckm
12+300 measured from the out skirtsbdjo at 79km from AddisAbabaalong the Al road network
which connects ddis Ababdo Semera via Adamé.lies in the Kola climatic zone atite estimated AADT
and commercial vehictgoer day (CVD/lane) for the year 2022 4648 and 177Tespectively. Details of
the trial locations along the Modjg Edjere road areshown inTableb.

Location of the trial section Location coordinates
Road Eastings (E), Northings (N)
segment FromModjo From Addis Ababa and Elevation
(Elv)coordinates
31+400- E:0519104
. 12+050 87+050- 87+150 N: 0959193 Conirol
Modjo ¢ 12+150 , section
Edjere- Elv:2019
: 31+400- E:0519174 )
Arerti 12+200 87+200- 87+300 N: 0959266 M
12+300 ) section
Elv:2022

3.4 Road Condition Survey

Before conducting a ground investigation, a road condition survey in terms of gudition assessment
and rut depth survey for both the AwadWieiso and the ModjeEdjereroad sections were undertaken.

Some surface defects, such as aggregate loss and bleeding, were observed on th&Medjmad. The
Awash Meiso road section was in very good condition in geneBattionson both the road showed no
structural defects. Surface roughness measured in terms of the International Roughness Index (IRI) along
the road sections confirmed that they were in goodhdiion, with IRI of 4 or less in general. The results of
the rut depth measurements conducted on the control and trial sections along the AWaisto road

showed that rut depth was up to 3mm in only one of the wheel paihthe two lanes. In bulk of trereas
there was no rutting. For the Modjgdjereroad section, there were some areas where the rut depts
greater than 5mm (maximum 8.5 mm at one location). In general, there was little rutting. Details of the
road condition in terms of rut depth sueys are given idppendix A.

3.5 Ground Investigation

The Awaslt Meiso and ModjeEdjereroads were last upgraded in 2003 and 2012 respectively.
Construction details of the Awashleiso road were not fully known sogaound investigationvas
undertakenalongthe proposed trial surfacing sections of the both the roads to confirm pavement layer
thicknesses and ascertain propertiestioé materials used. Following the rut depth survey, a ground
investigation, which included construction of trial pits and egrof each section of the road and materials
recovered were tested in RRC laboratories to ascertain particle size distribution, Atterberg limits,
compaction characteristics, CBR specific gravity, absorption tests and before and after tests on asphalt
cores Details of the tests and tests are described in given in Appendix B. Summary of the findings are
described in the following sections.

3.5.1Ground investigation result®f the MEAS and FMAections selected foconstructability
trials

The pavement layer thicknesses, determined from the trial pit and coring are shovables and the in
situ moisture content and densities are showrnTable?.

22



ClimateResilient SustainableRoad PavementSurfacings

Technology : Thickness
Road Segment application Pavement layer Layer material (mm)
Surfacing (AC) | Asphalt concrete 120
Awashq Meiso | MEAS and | Base course Crushed aggregate 150
(Trunkroad) FMA Subbase Natural gravel 100-150
Capping Natural gravel >250
Road Test Pit Layer In-situ Optimum In-situ dry In-situ
stretch  ID moisture moisture density dry
(%) content (%) (kg/m?3) density
(Mg/m?)
1 A-M-1 Subbase | 14.18 7.1 1.67 2.09
2 Awash- Capping | 13.10 17.39 1.50 1.76
Meiso layer
3 A-M-2 Subbase | 9.67 13.6 1.77 1.96
4 Capping | 7.04 13.2 2.06 1.97
layer

Results of laboratory investigation are summariJedble8.

Linear
shrinkage
(%)
BS1377
2:1990
4.8-7.8

Material Particle size distribution

type

Atterberg limits
LL (%) PI

Location
of trial

section
AASHTE 27 AASHTC
-T89

25-33

256+100 | Base | CA Material, generally fulfils 17-18
to gradation requirements for
256+750 base layefaccording to Table
5204/1 of ERA specifications
2014)

Material at one trial pit out of
specification and one complig
with the gradation
requirements for subbase
layer (according to Table
5204/1 of ERApecifications
2014)

Material fulfills minimum
requirements of ERA
Specifications, 2014)

Mat.: Material, CA: Crushed Aggregate, WCG: Weathered Clayey Gravel, NA:Aggteghte, ID:
Identification, AA: Addis Ababa

Subba
se

CA 37-51 | 2123 7.9¢14.9

Cappin| WCG 40-51 | 21-28 9.0-11.6

g layer

Strength and durability of the materials from the Awabkeiso road are summarised irable9.
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Compaction CBR, AASHT©193-93 Ag. FlI Specific gravity and absorption
(%)
AASHTO 96 hours  Unsoaked @ & o <
T180D soaked ~ NMC/OMC o 80 g P
L o= =
< g Sh 2386
= O << L <<
7 N
g 9 S 3 =2 >
= [4) ) (o)) i > >
5 - & & 5 © &8 <. 8
c | &= o) w0 o =] =) o) =) o2 i)
s £ E L= E 2 2 & & £ [ =
5 2 2 |3 = 5= ® % 3 & 8 3
S & = = S 88 ® o & = & <
35| 57
2.24 87- 99 259 |1.76 | 259 |3.27
o - - _
Y BL| CA 2.32 4971 93 0.0 139 89 119 281 |21 276 |5
& 41| 83
& |sB|ca |196 |281 |82 |00 |22 )sz | | |255 |585 |228 |9.18
2 L |NA 235 | 3.6 85 | 0.2 176 270 |9.18 | 251 | 1531
= 48 | 93
— 26 | 52
+ ) -
& | cL|wee 176 | 13.2 |19 | 0.6 | 190 | i 248 | - 1.98
& 198 | 174 |37 |13 30 | 68 93 247 | 15.31
CA: Crushed Aggregate, WCG: Weathered Clayey Gravel, NA: Natural Aggregate, ID: Identification, AA: Ad
Ag. Cr.: Aggregate Crushing,Ffékiness Index, BL: Base layer, SBL: Subbase layer, CL: Capping layer

A summary of théefore and after bitumen extraction of asphalt cores from Awaghiso road segment is
given inTablelO.

» Quantitative extraction 0
O = D
@ = o) AASHTA-209 £
_ . - = = ©
T 98 ¢ 5 3 o
Z <3 = > ) —
o = 3 @ D = Particle size distribution
_§ g =4 _?C: 3 g AASHTO27 T (‘:l'
it 2§ 2 = 3 sEo B
3 az F @ = 5 0
50- 2.65 |264 |22 Except the first two 3.26 20-35
66.3 2.48 2.74 9.1- sieves, materidulfils 5.31 (29.2)
(56.6) | (2.55) | (2.69) | (5.2) gradation criteria (4.18)

stipulated in Table 6403
for NMC of ERA Technic
Standards Specifications
(TSS)

60.4 | 258 |2.69 |1.67 | Materialfulfils gradation | 3.69 20-32
O 70.6 2.69 2.77 (3.02) | criteriain Table4034 4.52 (24)
@ (66) (2.66) | (2.74) for NMC 25mm (4.15)

wC

AcM RS, 256+100 to
256+750

Mean values are shown in brackets.
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3.5.2 Ground investigation results of the Modjddjereroad section selected for the
constructability of theMECS surfacing

The results of the rut depth measurememtsnducted on the control and trial sections along the Modjo
Edjereroad showed that rut depth was negligible except for one short section, where it was 5 and 8.5mm.

The pavement layer thicknesses, determined from the trial pit and coring are shown in Table 9 and the in
situ moisture content and densities are showrTigble 11.

Technology Thickness
(mm)

Road Segment application Pavement layer  Layer material

Surfacing (AC) Triple surface treatment | 25- 30
Modjo ¢ Edjere MECS Base course Crushed aggregate 100- 225
(Link road) Subbase Natural gravel (Cinder) | 240-80

Capping Natural gravel XHpPpN

Pavement layer thicknesses and material types, determined from the trial pits and cores are summarised in
Tablel2.

Pavement layer Thickness = Type of Pavement material
(i) used

Surfacing 25-30 Triple surface treatment

Base course 225240 Crushed aggregate

Subbase 240-280 Natural gravel (Cinder)

Cappindayer XHpPpAN Natural gravel

The insitu moisture contentaind densitiegletermined for each pavement layers and the subgrade along
Modjo ¢ Edjereroad section selected for the construction of MECS trial section are sihablel3.

In-situ Optimum In-situ dry Maximum dry
moisture (%) | moisture density density (Mg/m3)
content (%) (kg/m3)
Base course 3.724.29 6.0-6.6 2.292.34 2.332.34
Subbase 8.89.7 12.512.6 1.651.74 1.721.74
Capping layer | 32.337.2 20.7-24.3 1.151.42 1.41.78

Laboratory test results of samples of unbound pavement layers (base course, subbase, and capping layers)
HMA and collected for the trial pits located on Modjgdjereroad section selected for the construction of
MECS trial sections are sumnzad Table14 and Tablel5respectively.
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. Pavement Material Particle size distribution Atterberg limits Linear
Ll layer type LL (9 shrinkage (%)
n of (%) ‘ PI
trial AASHTE27 AASHTO BS13772:1990
section T89
12+05 | Base CA Partiallyfulfils gradation Non Non 1.61.7
0to requirements for base layer plastic | plastic
12+30 (according to Table 5104/1 of
0 ERA specifications 2014)

Subbase| WCG Material fulfills gradation Non Non 0.18
requirements according to plastic | plastic

Table 5104/1 of ERA
specifications 2014
Capping| HWCG | Outside theERA specifications | 51-59 31-34 7-10
layer 2014 (i.e., LL<60 and PI<30)
Mat.: Material, CA: Crushebggregate, WCG: Weathered Cinder Gravel, HWCG: Highly Weathe
Clayey Gravel, ID: Identification.

Compaction CBR, AASHT¢193-93 A Fl | Specific gravity and absorption
9. (%)
Cr

AASHTO 96 hours Unsoaked @
T180D soaked NMC/OMC

Aggregat
Aggregat

(0]
C Q
= S 2
é . % O LL
2 g 2 3 2 z
& g % S8 @ 8 . S c
g E &2 O v o % o9 S i 2 o 2
SlE |2 [= £ 5 3 &&§ £ &8 £ 8
82 & 8 sls a8 82 2 (2
S a = = S 8 £ n m () < n <
4 2 2.80- | 2.35 2.57- 2.35
BL |CA | 233 |6-6.6 |135]|0.0 3 125 | 136 0 20 586 | 319 > 68 5
3 9.81-
@ | gL WC | 147 | 125 | 70- |0~ |4 |92 | 156 | | 1.65 | 12.28 | 2.66- 16 0
N G 1.72 {126 |85 [0.1|8 |93 |176 1.69 | 13.56 | 2.73 6 '
>
3 HW | 1.34 | 207 | 7- |12 254
& ICL ' ' - 4 |26 |5 - - - - ' -
N CG | 1.46 |24.3 |19 3.2 2.57
CA: Crushed Aggregate, WCG: Weathered Clayey Gravel, NA: Natural Aggrelgiatetifibation, AA: Addis
Ababa, Ag. Cr.: Aggregate Crushing, FI: Flakiness Index, BL: Base layer, SBL: Subbase layer, CL: Ca

3.6 Traffic

ow! Qa FftSEAOGT S LI2pRVdes/alcata§ud af Bayem¥ht désigipgcifying materials
of different thicknesses and properties, as a function of the strength of the underlying subgrade and the
GNI FFAO OAY 9{![a0 (G2 68 OFNNASR o0& (KS NRIR &80
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specified in(9). TheFMA trial sectiordesignwasundertakent OO2 NRAY 3 (2 9w! Q& Odz2NNB
standardsusingthe traffic data for the sectiomasspecified by(2). The traffic data was provided by ERA

(13)in terms of the annual average daily traffic (AADT) and traffic compositiorTé®del6). Using annual

changes obtained from historical traffic count data and in consultation with ERA, a traffic growth rate of 5%
was assumed. The road section subject to this level of AADTheitliven traffic composition would be

expected to carry approximately 8.5 MESAs ovd-gearperiod. ! OO2 NRAYy 3 (2 9w! Qa 7Tt &
design manua(2), a new road section carrying this amount of traffic and built amgbbgradevith

assumed’% CBRshould be designed using design chart C1 with subgrade class S3, and traffic chass T6.
crosssection of the existing roads and the location of the new asphalt concrete and FMA overlays are

shown inFigure2. FromTablel6, the ESALSs for a design period of 20 yesuywredicted to beabout

5,168,400 as a result about10,950,000 expected total number of vehiclesx twoway traffic scenario
Calculations of the FALs based on the data provided by EEA

Vehicle type Vehicle equivalence Traffic
factor

Four Wheel Drive (4WD) 0.01 44 0.44
Articulated Truck 6.5 19 121
Heavy Truck 5.5 40 22

Light Goods 0.22 312 69
Medium Bus 0.77 267 206
Medium Car 0 582 0
Medium Truck 0.96 58 56

Mini Bus 0.2 178 36
TOTAL (per day) 1, 500 708
TOTAL (annual) 547,500 258, 420
TOTAL (20 years) 10, 950,000 5, 168, 400
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3.7 Drainage Condition Survey

The drainage surveywereundertaken in June 2022 the end of the dry season and in September 22 at
the end of the rainy season. Thegver the area of theoads including and adjacent to thest sections
along the Modjo Edjereand Awash Meiso roadsThe surveyicludevisual observatiossupported by
photographs.The summary of the findingsgiven described below and all the observations made during
the two surveys are described Appendix C.

3.7.1 MODJCQ; EDJERBSection

This section was selected for the trial of MECS. The locationglofsedésection (trial and control) are
listed inTablel7. Theright-handside (RHS) and theft-handside (LHS) of the road refer to the direction of
drivingfrom Modjo towards Hljere.

The road runs through the rolling countryside and the sections selected for the trials are built on
embankment with maximum height of about 3m. Typical cross section is shdviguire3.

Drainage water is generally carried away from the road via open roadside ditched. Typical example of
variation in the June 2022 and September 2022 survey is shokigune4 and Figureb.
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Both the surveys showed that the overall condition of the drainafgtae Modjo ¢ Edjere roadwas good
during the dry and the wet seasons.

3.7.2 AWASH MEISO Rad Section

This sectionwas selected foMEASand AMAsurfacings The report contains the visual survey and
photographs. The location of each section and cross drainage structures are listed it/ 7T dibleright-
handside (RHS) and theft-handside (LK) of the road refer to the direction of drivifigm Awash
towards Meiso.

The road runs through rolling countryside and is generally built on shallow embankments, with the
exception of a short section which runs through a cutting on one siggical crgs section is shown in
Figure6.

Drainage water is generally carried away from the road via open roadside ditched. Typicaleesmpl
variation in the June 2022 ar®@eptember 2028urve)sis shown irFigure7 and Figure8.
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Figure8 Shoulder, side ditch and adjacent plain at km 31+20BHS; September 2022

Both the surveys showed that the overall condition of the drainage oRthash¢ Meisoroad was good
during the dry and the wet season$he cross drains did not show any significant issues.
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4. Control Sections

4.1 Control sections foMEAS FMA, andMECSrials

The roads along which trial sections wéseatedwere scheduled for planned maintenance which required
chipseal and asphalt overlayrfacings Both these were designed to the ERA specifications as part of the
renovation contract.

The locations of theontrol sectionsand the relevant trial technologgeareshown inTablel7.

Trial Surfacings Control section Road Chainage
MEASand FMA | Asphalt concrete overlay | Awash Meiso road | 256+200 to 256+300
(A10) measured from Addis
Ababa.
MECS Double Bituminous surface | Modjo ¢ Edjereroad | km 12+200 to Km 12+300
treatment (Al and A7 road measured fromModjo
segment)

4.2 Design ofSurface Treatment

The design of this chipseal surfacimgs conducted in accordance with the ER&vementDesignManual
for HexiblePavements(2)and9 w! Q& . S& ( tfoNThi® Bituindrdus Surfgcaa)

Accordingly, surfacing selection required determinatiol fffic.Based on the previous six years traffic
count data using average traffic growth rate the estimated AADT and commegzhialevper day

(CVDl/lang for the year 2022 is estimated to be 4648 and 1777. Taking account of the traffic and hardness
of the existing road surface, 10 mm size single surface chipseal was deemed suitable. A summary of the
surfacing design is presentedTiablel8. Design details are given in Appendix D.

Chipping application Rate of Binder
application
10 9 Kg/n¥t 80/100 pen 0.81 Kg/m

Nominal chipping size |5¢e Bitumen grade

4.3 Control sections foMEASand FMAtrial constructability

Since both the MEAS and FMA are equivalent to asphalt overlay, the control sectidasigrged using the
ERA standard procedure for pavement rehabilitation and overlay design m@sal

Commonly three design methods are used to estimate the required overlay thickness: the effective
thickness approactthe deflection approach, and the mechanistic empirical approach. ERA Pavement
Rehabilitation and Asphalt Overlay design marfig)follows the effective thickness procedure adapted

from AASHTO and deflection procedure adapted from Asphalt Institute. As per this manual, both methods
are to be used so that comparison and choice can be made employing engineering judgments. The
‘Effective Thickness' procedure as recommended in @R} adapted from AASHTQ6)) cannot be used.

This design procedure is based on fa@structive test in which the design resilient modulus}@nd

effective structural number (SNeff) are back calculated from Falling Weight Deflectometer (FWD)
measurements. Since FWD was not available, the structural strength of the pavement was estimated from
the Benkelman Beam deflection.
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A summary of the asplitaoverlay is given in the following section. Detailed design is presented in
AppendixE

Various surveys showed that the pavement was in gamttition, and does not require any

reconstruction, either to partial or full depth over the selected trialtemt therefore merely strengthening
overlays was considered to be sufficient to cater for the future design traffic loadinglt®y@ardesign

life. It was concluded that 50mm thick overlay should be used. Overlay design output is summarised in
Table19 and the recommended grading envelope for the aggregate in giv&ahie20.

Parameter Value

Overlay thickness 50mm
Marshal Mix Design Requirements for Asphalt Concrete Wearing Co
Marshall stability, minimum, at 6C 9 kN
Flow 2¢3.5mm
Compactiorievel, Number of blows on each of the two faces of the 75
specimen
Air Voids (AV) 3¢5%
Void in Mineral Aggregate, minimum (VMA) 14 %
Voids filled with bitumen (VFB) 65¢73 %
Loss of stability on immersion in water at 600C, maximum 80 %
Bitumen grade 60/70 Penetration
Sieve Size [nm] Wearing Course ‘ Tolerance

19 100 18

12.5 90-100 7

4.75 44-74 7

2.36 2840 16

0.300 5-21 15

0.075 2-10 13
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5. Monitoring

5.1 Monitoring purpose

The aim of VB4 was only to demonstrate the constructability of the new technology mathcing. Since

the technologies may be adopted by ERA, a monitoring plan was prepdmuaever, monitoring data is
not included in this report as it does not from part of the project brief.

5.2 Proposed Monitoring

Monitoring of various parameters and relevant standards together witmitoringfrequencies are shown

in Table21. Since the constructability trials weo®nducted at the end of the project period it was not
possible to include thenitial monitoringdata, whichwill be collected within a few weeks of openirtige
road to traffic The aim is to assess the immediate impact of traffic and gather baselineation.
Temperature and rainfall related daveill be obtainedfrom the Ethiopian NationdleteorologicalAgency
(NMA). The monitoring plan is for the follow up work undertaken by ERA.

Measurements Condition Methods and Standard Frequency Remark
parameter  Equipment
Visual condition | Cracks, South Africa TMH9 Quarterly | Equipment
survey raveling, (TMH9) available
potholes
Transverse profilg Rutting 1.2 meters straight | ASTME1703 | Quarterly | Equipment
edge available
Longitudinal Roughness | Merlin ERA Quarterly | Equipment
profile available
Deflection Elastic Deflection beam ASTMD4695| Biannually
Deformation
Density Compaction | Core sampling ASTMD2726| Brannually | Equipment
(Surfacings) effort available
Dynamic cone In-situ Dynamic Cone ASTM D6951 Biannually | Equipment
penetration pavement Penetrometer available
strength
Density and Changes in | Ovendrying and ASTM Quarterly
Moisture content | density and | sand cone method | D155607
moisture and ASTM
D221698
Pavement Pavement | Converted Air NMA Daily Temperature
temperature stiffness temperature by TRL data (from
equation NMA)
Traffic count AADT Manualclassified ERA Quarterly | Resource
traffic count available
Axle load survey | ESAL Portable ERA Quarterly | Equipment
weighbridge available
Climatic data Climatic Awash NMSA NMA Monthly Rainfall data
effects on weather station (from NMA)
performance
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Measurements

Condition
parameter

Methods and
Equipment

Standard

Frequency

REINET

Asphalt road Equipment
. . Traffic effect P - ASTM E303 available
Skid resistance pendulum friction Quarterly
performance 93 from the
meter
contractor(s)
Texture Functional | Volumetric patch A STM E965| Quarterly Equ_lpment
parameter | method available
Permeability Asphalt pavement Quarterly Equ_lpment
seepage meter available
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6. Guidelines andspecificationdor MEAS, FMA and MECS

Draft specifications for MEAS, FMA and MECS are given in this section. Specifications for MEAS and MECS
are based on published literature and meetings with experts. Specification for FMA draw DrathEiber

Mastic Asphalt developed in Malaysia spieeilly for using thdibers extracted from the oil palm plant
waste(17)and reflects the findings of the trial undertaken in Ethiopia.

6.1 MEASConstruction TrialGuidelinesand Specifications

TrialConstruction using MEASHthiopiacouldbe achieved througlappropriate mix desigr hisis

discussed y (1 KS / wlL { tFfaud rdNa(28S Thé dth@rimpoytantstages of the constructability,

as detailed in the next sections, will includeK S NB I RQ& & dzNFF OS LINBLI NI G§A2y >
plant modifications and the construction steps including transport of the MEAS and the placement and
compactionrequirements.

6.1.1 Road surface preparation

The following actions must hendertakento prepare the road surface for MEAS overlay

It is only used where the road structurally sound.

The road surface should be levellleg milling if necessary.

Any surface defectshouldbe repaired in accordance with ERA standard procedure.
Remove dust from the road surface and apply tack coat prior to application of MEAS.

ApplyR@70 cut back bitumemack coatat application rate of 0.12 to 0.2 kghimaximum of
0.3kg/n?) in accordance with ERA standard practice

6.1.2 Manufacturing MEAS

MEASs a twapart binder supplied bylmCo Part A is the epoxy resin and partd@signated By,
comprises bitumenhardener,and accelerato(18).

= =2 =4 -4

1. EMAS is a twpart binder supplied by ChemCo. Part A is the epoxy resin and part B comprises
bitumen, hardener and accelerator.

2. Part Ais a viscous liquid at room temperature. It becomes liquid and easily transferred or pamped

about 45C. t should be stored at no more than 80°C as it can homopolymerize if the container has any

hotspots where temperatures exceed about 1

Pat B is solicat room temperatureand needs to be heated to 110°C for use.

Aggregate should be heated to between 1126°C before adding to the pugmill.

The two parts should be kept separate prior to mixing indephaltbatching plant.

Crosscontaminaton should be avoided as it may lead to the hardening of the binder.

The two parts are mixed in the following proportioriBart A: 14.6% and Part B: 85.4 % (by weight).

In New Zealand, it isommon practice tdlend Parts A and B inline in a continuousingxlant. There

is little experience in usingmobile batching plant such as that used by HBRAlew Zealand it is also

common to dilute Parts A and B with normal bitumen (Parts A + B: bitumen in the ratio 1:3) to extend

the use of epoxy binder. Thi#snot possible in Ethiopia due to lack of facility to blend bitumen.

9. Batch mixing in a laboratory may be investigated through laboratory tests. Suggested procedure:

a. manually mixing part B with aggregate and then adding Part A; or
b. manually mixing parts And B just prior to adding to aggregate.

10. High temperatures may lead to accelerated curing. The target temperature may not be much higher
than 135°C. Need to do lakatory tests with mixes prepared at different temperatures, say 120, 125,
130 and 135°Motcheck timeto harden.

11. Need to maintain a high enough temperaturetbbé& mixture for transport to site, placing and
compaction. The mixed batch, as it leaves the pugmill (asphalt plant mixing chamber), should be

©ONO AW
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between 100°C and 120°C. laeviNZealandthe manufacturing temperature is between 120°C and
125°C. Ensure thatitableviscosity to reducgrevent drain downduring transport

12. Need to balance MEAS production temperature and transport distance. If the temperature is too high
or the haulage distance is too long, then the mixture may not be useable at the delivaty poi

13. The best overall solvenaiid safest from the point of view of high flash point) is typically available
around the world and known as Solvent 200. Esso/Exxon/Mebpely this asolvesso 200. Other
productsare Heavy Aromatic Solvent 200 and Solv@bp.If somehow, the parts A and B cure hard,
they will soften (but probably not melt unless diluted) so they can be removed more easily by
preheating the part with a weed burner torch which will soften the hardened polymer.

6.1.3MEAS- Plant Modifications

ERA proposed to use their existing mobile asphalt batching plant;700Bupplied by Sinoroad@vased in
XuChang, HeNan, Chirta)produce the MEA Figure9 showsthe keypartsof the asphalt plant and
summaryof its capability are given ifiable22.

The epoxy binder used in MEAS comprises agam mix: Part A resirs-and Part B modified bitumen-

in the proportions 14.6% and 85.4% respectivehitially it was planned to usehe existing bitumen supply
and monitoring system in th¥LB700asphalt plant for Part B, the largbinder componentwithout any
modificationsand it would be necessatg add another storage tank, heating and decanter, heated
storage, high viscosity pump, weighing systerd aninjector pump for Part AHowever, further
discussion with the ERXontractor, who owned the plantrevealedhat using the existing bitumen supply
tank wasot be possible ai had a large sump. It would also not be possible to use the exiting pumping and
weighing system as had been envisaged initialowever,Sinoraderbelievedthe exiting weighing

system could be usedlhus,since none of the existingtorage, pumping anthe weighingfacility could be
used for Part Bthey would have to be purchased. The fithalv chart showing the setup of Parts A and B
systens forthe YLB70@sphalt plant is shown iRigurelO.

Vibrating screens

Hot bins and \

aggregate weighing

Bag house—duct

collectors Oil storage

Cold aggregate

Pug mill_ bins
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New systems required for Parts A and B

PART A PARTB
STORAGE STORAGE
- raw material - - raw material -
Heating and Heating and
decanter <80°C decanter <115:C
Heated Heated
STORAGE TANK STORAGE TANK
PARTA PART B
| High viscosity pump | | High viscosity pump |
Weighing system Weighing system
Injector  pygMILL  !njector

pump pump

Hot
Aggregate o a Eig é

Parameter Property

Output capacity 60t/h

Mixer capacity 700kg/batch

Fuel consumption Xc dp 1 Ik

Weighing accuracy | +0.5% hot aggregate, £0.3% bitumen, +0.2% filler

Asphalt temperature| 130 -165 (adjustable)

Installation power 157kw

Area 35x 26 x 15m

None of themodification were undertaken as the supplier could gaarantee that the requiregarts

could be delivered to Ethiopia time for the field trial to be completed before the end of the project and
there were contrary views between the plant supplier, Sidd RS NJ I YR 9 wwh®awned the/ (i NI O 2
plant, aboutusing the existing weighing system for Part B. This resulted in the MEAS trial not taking place.
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6.1.4MEAS Construction

According taHerrington(7) construction and compactionan be donédoy a tandem steelvheel vibratory
roller. The total time from the commencement of the manufacture of the first epoxy mixture to the
commencement of constructiocanrangefrom 45to 60 minutesso careful attention must be paid to the
temperature-hardeningtime relationshipand noted inin Section 6.1.21f there is a possibility that the
time for placing the epoxy asphalt is not enough, themiit be necessary to extend the period over which
epoxy asphalimix can beheld atelevated temperatur¢o a minimum. However, this can alsesultin the
binderQvscositybeinglower than desirableat the time of application.

6.1.5Transport to site

Asnotedin section6.1.2 elevated temperaturesnay lead to accelerated curirgndthe target

temperature should not bgreaterthan 135°C.There ishowever aneed to maintain high enough

temperature ofthe mixture for transport to site, placing and compaction. The mixed batch, as it leaves the
pugmill, should be between 100°C and 120 NZ manufacturing temperature is between 120°C and

125°C. Extract from Waters et 619)ad ¢ KS LINRP RdzOG A2y NXzy ¢Sy d258Ch6t oA
used for he 20% EMOGPA voids mix for the CAPTIF trial with no issues, the mix was held in the hot bin for
30 minutes before it was loaded onto the trucks. The mix was transported to site and in the basket of the
paver less than 60 minutes after manufacture. The paixed well and compacted easily with no issues

NB O 2 NIERR\ Rstirdate that there will be, approximatedy10°C drop in temperature during transport.
Therefore, haulage distances must be selected carefully to help control temperatures during trasfsport
MEAS. In other words, there must be strict balance between MEAS production temperature and transport
distance. If the temperature is too high or the haulage distance is too longttieemixmay not be usable

at the delivery point.

6.1.6 Placingand Compacton

The following requirements should ldservedduring placing and compaction BfEASJuring the
constructability trial in Ethiopia.

1. Thefinal canpactedsurfacingwill be 50 mnthick, which ishe same as thasphalt overlay used in the
control section.

2. Standardcompactionequipmentsuch as steel wheel tandem roller ®f 10-ton capacityis
recommended Number of passes requiregd compact may be determined in an «fite trial.

3. The compacted MEABal andcontrol sections should be open to traffichen thetemperature is
lower than 50°CIf required, he surface may need toe cooled down using water bowser or wet
blankets

6.1.7 Monitoring During Batching and Construction

The following apects of the batchingndconstruction processsof the MEAShould k& monitoredto
achieve good mixture of materiads well as the final constructed trial section

Aggregate temperature when input into pugmill

Time for dry mix

Time for wet mix

Temperatue of modified epoxy asphaltiischarged into truck
Distance and time to site

Road surface temperature

Laydown temperature

Mat thickness

Thickness afhe compacted MEAS

Density otthe compactedMEAS

=2 = =4899 _-9_-°9_-°
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i Take samples and compare themith reference strengthgbased on laboratory testing at the design
stage).
1 Use of FTIB confirm that the right proportions of epoxgitumen wereused

6.2 MECSConstruction TrialGuidelines andSpecifications

Thissurfacingscourseessentialljcomprises singleizeaggregate and a twpart epoxybinder. This section
aimsat providing information about the procedures and methodology required for chip sealing epoxy
modified chipseal inEthiopia.

Details of the plant usefbr MECS and the control sect®are described ifgections 7.1¢ Chipseal
construction trials.

6.3 Road surface preparation

This will includehe followingactivities notingthat MECS is only to be used where the road structure is
sound and does not have any structural defects

1. Repair any surface defects
2. Remove dust fronthe road surface.

6.3.1 Manufacture and construction oMECS

Manufacturingof MECS involves th@syingepoxyParts A and BThe followingguidance and information
recommendedn the manufacture and construction of the MECS

1. Part Ais the epoxy resin and part B (designated B1f) comprises bitumen, hardener and accelerator.

2. Part B can be stored the existing tanks in the bitumen spray truck. Part A should be stored in an
additional smaller tank attached to the trucBince bitumen spray trucks have only one spray system it
will be necessary téit a smaller heated tank with temperature contropay bar, pump and flow
control for lower flow rate for Part A.

3. In New Zealand spray jetare at 100 mm spacing thwo-spraybar for both Parts A andre arranged

to give atriple overlapspray.

Both the spray bars have the same fan width and are stiteasame height above the road surface.

5. Part A will flow at 40°C. It is recommended that the Part A drum may be heated uniformly to about

45°C to transfer it to the heating tank for chip sealing.

Part B1f with lower polymer content is pumpableadtout 125°C.

7. Part A temperature should be 75 to 80 +5°C and Part B te 160°C to achieve sprayable
consistencies before pumping through the spray bars. If the temperature control is poor say £10°C,
then the target upper limit should be reduced to T5°

8. Ensure that Part A is heated uniformly, i.e., there are no hot spots of about 100°C, which may lead to a
homopolymerization reaction that is both exothermic and expansivecamtlamage equipment.

9. Part B temperature should be between 150 to 160°C &espup the reaction and get heat into the mix
as during impingement blending, the parts are mixed in fine film/spray (in air) and thus cool off quickly.
Do not heat Part A more than the target temperature discussed above.

10. The two parts are mixed in thelfowing proportions Part A 5.25% and Part B475%.

11. Ensure that correct proportions are use@prayers may use volumetric control; the ratios of 1 to 3 are
weight ratios taking account of temperature.

12{ LIN} & t I NI . (KN dz3 KndBafi Sis piayedtirdughdhe setdNd spoayoNI NI ! 6. ¢
shown inFigurell. The vertical axis of the Part A and Part B jets are each 15° off vertical so that the A
andB spray fans meet about 3/4 of the way to the ground to provide the impingement blending. See
Figurell.

13. The spray bar nozzles shall produce a uniform triple overlap application with the nozzles angled at 15
degrees to the spray bar axis. Segurel?2.

B

o
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14

15.

16.
17.
18.

19.
20.
21.

. In New Zealanddt A jet nozzles are Spraying Systems 80/10 VeelJets that they (Fulton Hpeaate
at 3.41 litres per minute and the Part B jet nozzles are Spraying Systems 80/50 VeelJets that they
operate at 11.60/inin.

System should be capable délivering at a specified rate +0.08l2n Mixing tolerance is £10% (by
weight).

Only single layer chip seal is required. This can be constructée existing chip sealed surface.

Do not use epoxy chip seal direct on the base course.

As the epoxybased binder hardens it does not let any bitumen flush up or dosagan use smaller
chips. Suggest using 10 mm and the application edteéndercan range between 1.2 and 1.5 [2nFor
19 mm chipsmay have to use 1.82 I/&of binder. Thus, using 10muhips will be cheaper to
construct. Smaller chips will also give a safer running surface (due to dislodged chip impact).
Chip surface immediately. Do not owhip as it may prevent aggregate from beddingroperly.
Adopt standardERAprocedures for copacting chips.

For cold temperatures and higgpeed traffic there can be chip loss due to slower cuoiiidpe binder
Not likely to be an issue in Ethiopia but, need to ensure the road is opened to traffic when chip seal is
cured.

SPRAY BAR AXIS —/
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7. FMAConstruction TrialGuidance andpecifications

7.1 Manufacturing andPlacingFMA

Cellulose fibre in the form of pellets was used in this study. It was supplidd@pave Sdn BHD
(Malaysia). It was used in conjunction with bitumen and uniformly graded aggregate. The FMA was
manufactured in a mobile asphalt batching plant.

7.1.1 Road surface preparation

Road sections selected road selecsmbuld befree of any structural faults and any near surface faults such
aspotholesmust bepatched,ruts filled inandcracks are sealedn addition, the oadsurface should be
free of gritanddust.

7.1.2 ManufacturingFMA

It is proposed to usthe YLB700 mobile asphalt plant. The capability of the pla¢ssribed in Section
6.1.3 General guidancaformationon the manufacture of the FMi& given below.

1. The asphalt batching plant h&scold aggregatbins, each storing a specific size range of aggregate.
Proportions of aggregate used from each bin are showralnle23. The projectaimednot to change
the size of aggregate in the cold but to change the proportions of aggregate used from thegtot bin
manufacture aggregatgradingthat complies with the FMA20 specification material as described in the
Malaysian draft standard for FMA.
2. The aggregatshould be heated to 180°C and moisture content no greater than 0.5% at the point of
entry to the pugmill. The temperature of the aggregate must not exceed 20Gh& azay damage the
fibre.
Bitumen should b heated to between 160 and 163°C when added to the pugamilithequantity of
bitumen should be measured to the accuracy of +0.3%.
The quantity ofibre should beweighedto an accuracy of £0.2% for edgoéatch.
Manuallyadd the preweighed quantity othe fibre pellets to the pugmill and mix for 5 to 15 seconds.
Add bitumen and mix for about 30 to 40 seconds to achieve a homogeneous mixture.
Discharge into truck at suitable temperature (between 130°C and 160°C) such that FMA is delivered at
suitable temperature to enable placement and compaction.

w

No ok

Bin number 1 2 3
Size (mm) 12.519 4.7512.5 0.07-4.75
Proportions(%) | 25 43 23

7.1.3FMA- Plant Modifications

ERAusedtheir existing mobile asphalt batching plaiiLB700 supplied bysinaoaderto produce the FMA.
Figure9 shows the key components tife asphaltplant,anda summary of its capabilitis given in Table
22. FMA was produced by adding the required quantityilmfe pellets direct into the pugmill for each
batch. The location of the hatchritugh whichthe fibre can beadded is shown ifrigurel3, and aflow
chart showing the setup of the asphalt plant for the manufacture of FMA is shoRigtinel4.
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Access
hatch

Heated Bitumen
STORAGE TANK

‘ High viscosity pump ‘

Fiber
l ‘ Weighing system ‘
PUGMILL  Injector
pump
Hot -
Aggregate —-.-‘-.ndﬁi—.iaumﬁi:f--_ P

7

The YLBOObatching plant is set up witthree hot binsfor 19-12.5mm, 12.5 4.75mm and 4.750.075mm
aggregate. It was not possible tchievethe required particle size distribution with the existing three
screengo comgdy with the FMA20 grading envelop®o,it was necessary to adawl9.5mm screeto
produce the required materialThe additional sieve also required separation of materiafsunhot bins:
19-12.5mm, 12.50 9.5mm, 9.50 4.75mm and 4.75 t0.075mm Thistogether with fitting a hatch to
enable introduction of fibre and Portland cemgaictivefiller) werethe only modificatios requiredto the
YLB700 asphalt plafdr the production of FMA

7.1.4Haulage of Asphalt

It was recommended to us@ w ! sargdard procedures for dense asphaitfacingsfor transporing FMA
to the constructionsite, which wadocatedabout5 kmfrom the batching plant Key pointsabout haulage
are noted belowaccording to thestandard ERA practice of transportiagphalt(20).

1. Prevent heat loss duringansport.
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2. RMAshould be delivered to site &a&mperature greater thari55°C to fit in with ERA placement and
compaction requirements.

7.1.5 Constructionof FMA overlay

During the constructiont is recommeneéd that the followingguidanceshould beobserved:

1. The finathickness of theompacted=MA overlayvas50mm. Thisvas the same as the thickness of
the controlsection.
2. Adoptstandard ERA procedures for constructing the asphalt overlay.
3. Theonly compaction plant available at the construction site was a 12 ton steel wheel tandem roller. In
order ascertain the number of passes, an offsital tieedsto be conductedto determire the number
of passes were required to achieve the target densitgrefater than 95oor in the absence ain
offsite trial, roll until there were no more impression marks from the rolle
FMAcan berolled at 155°C.
All rollingshould becompleted at FMA temperature of 80?
Thetrial sectioncan be openedto traffic whenthe temperatureis equal to or less than 80.

o s

7.2 FMADesign
7.2.1 Materials

Whilst much work has been undertaken on FMA in Malaysia leading to its inclusion in their spetjdati
was deemed necessary to undertake a laboratory investigatigthiopiato confirm the design. Extensive
laboratorystudywas undertaken to firm up the design. Aggregate normally used byrEs#ement
constructionwas used, however much work nided to be done on improving its particle size distribution,
without changing the size of the aggregate input to the cold bins oafiphaltbatch plant. An extensive
laboratory investigation was undertaken to confirm the fipabportions A summary of findings is
presented below.

In order to ensure that the aggregate gradation was suitable for making FMA, it was necessary to add a
9.5mm mesh screen to the hot bins and selecting suitable proportions from each. The final grading of
material used for making the aggregate is showfigurel5and theselectedmix design propertiebased

on using 5% bitumers given inrable24. Portland cement (activéller) and bitumen complying ERA
standards were used.

100

| — G- Blended aggregate
80

70 |

FMA20 grading !
envelope

60
50 |

40 |

Percentage passing

30

20

10

0.01 0.10 1.00 10.00 100.00
Size (mm)
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Stability Flow VIM VMA
Mix Parameter ) (mm) Ginb (%) (%)
Specification 8.0 2-4 - 35 17 (minimum) |65-80
Measured value (9.0 3.6 2.455 5 16.4 66.6 2.622
Where:

Gnb-  Bulk specific gravity of the mix
VIM  Voids in the mix

VMA- Void in mineral aggregate
VFA Void filled with asphalt

Gnm- Maximum Specific Gravity
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8. ConstructionTrials

8.1 ChipsealConstructionTrials

Materials, plant and general methodology used in the construction of bottMEE3nd the chipseal
control sections are described in this section. BothMEeC3ind the relatedcontrol sections werelOOm in
length and wereconstructedon 6 April2023.

MECS and the related control sectewere built on a section of the ModjgdjereLink roads. In order to
facilitate flow of traffic, permit safe constructioandallow adequate curing period prioo openingthe
road to traffic, the relevant section of theink road was closed and traffic was diverted alamg
approximately2 kmlongtemporary diversion which was bufbr this project The diversion was
unsurfaced and its constructionsgown inFigurel6.

~

8.1.1 Materials

The binders used in the ME@® described earlier in this report. Penetration grade, 60/70 Pen bitumen
cut back with 12.5% kerosene was used for the control section. Physical properties and gradation of
chippings used in the MECS dhd control sectionsre givenin Table25 and Figurel7 respectively.

Property ‘Specification ‘Test Result Test Methods

Los Angeles Abrasion Value (%) <30 7.7 AASHTOT96
Flakiness index <30 5.7 BS912 Part 105990
Soundness (sodium sulphate) <12 0.7 AASHTOT104

TFV (Dry) >210 342 BS912 Part 111
TFV (wet) >130 339 BS912 Part 111
Average Least Dimension >5.9 6.5
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100

80 L[ -X-/ KALB&SEE X

Percentage Passing
a1
o

0.01 0.1 1 10 100
Size (mm)

8.1.2 Epoxy Binder Sprayer

Two spray bars were fitted to a trailer mounted, towed bitumen sprayer. n&iatank, (capacity about
400l)was used for Part.Bt was connected to a heating pumping and flow control systems and was
connected to a spray bai separate bitumen storagenk (capacity about) 215Iheating, temperature

control, pumping and flow control system was connected to the second spray bar. The sprayers were made
at the Ethiopian Roads Administration, Alemgena Road Maintenance District Workshop.

Each spray bar wdited with eight nozzles, which were set at®idf vertical so that parts A and Bud

mix through impingement about % of the distance to the road surface. The nozzles on each spray bars were
spaced at 21cm. The two, 1.75 m long spray bars were satapart. The MECS spray system is shown in
Figurel8.

8.1.3 Application of Epoxy

The twopart epoxy binder was applied by means of modified sprayersHgpege B) ata rate of 1.2l /m
(Part A 0.3l/mMand Part B 1.0l/rf). Part A was heated to a temperature &T and Part B was heated to
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160°C.Road surface tengrature just before application of the epoxy binder was@and the ambient air
temperature was 26C.

To prevent surging and spluttering, ten per cent of the nominal capacity of the tanks for both Modified
Epoxy (Part A and Part B) and asphalt binder wetigned in the tanks at the completion of the spraying
task. Application of both epoxy and bitumen binder is showirigurel9.

Since the length of the spray Izawere relatively short the epoxy bindeasapplied in four strips each

1.75m wide. Adjacent sprays were overlapped by 150mm. Chippings were not placed on the 150 mm
overlap before the adjacent strip has been sprayed. The adjacent strip was not spedgesithe

preceding strip, excluding the 150 mm overlap, was covered satisfactorily with chippings. The second and
third strip joint was positione@longthe centreline of the road.

For the control section, the 60/70 penetration grade bitumeascut backedwith kerosene vasapplied at
an application rate of @8l/m? at a temperature ofL75°C (range 165%190°C).Just before application of
the bitumen the pavement surface temperature wagted tobe 40°C and the ambient air temperature
was 28°CBinder application for the control section is showrFigure20.

Bitumen binder applied at the same application rate as that used focéineageway was used fathe
shoulders on both trial and control sections.

¢KS 6SIGKSNI RdzNR Y F IiaK SO f CBREANDaHSN R A BPNBS NS G0A2SY NI A Y A Y :
0KS GNRLFE @
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Figure20 Bitumen binder application for the control section

8.1.4 Application of chippings and compaction

Chippings were applied by means of chip spreader at an application raGkgim?. The chip spreader

was run nearly3 minutes béind the epoxy sprayer and took 30 minutes to cover the entire length of the

trial section. Excess chippings were broomed off the surface. For the control section the chip spreader were
approximately 4 minutes behind the bitumen distributor and took 40utes tocover the whole length.

Application of chippings shown inFigure21.

igure21 Chigping épplication

Chippings were compacted with 4 passea gkel wheel roller followed by at least 8 passesof
pneumatic yred roller (Sed-igure22) until the roller marks are etinated.
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& BOMAG

Figure22 Compaction of the chipseal surfac

8.1.5Opening toTraffic

The section of the road comprising the trial and control sections was closédifaysto allow curing of the
binder. During this periodraffic was routed to the diversion rogdeeSection 7.J).
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9. FMAand asphalt surfacing control sectiononstruction

Materials, plant and general methodology used in the construction of bothi-¥é and asphalt surfacing
overlayused in thecontrol sections are described in this sectidhe FMA section was 75m long due to
limited availability of the fibre and the control section was 100m in length. Both were constructed
between 8 and 10 Apr023.

The trial site was abowt5.6km (2-minute) journey from the asphalt batching plant.

9.1 Materials
Fibre is described earlier 8ection6.31 of this report

Aggregate used in the manufacture of FiMAlescibed in section 6.2.4.andthat used in the control
section iswell graded aggregate with nominal size of 12.5 mm, shown in Tal{ieppendix

Properties of iumen used in both the FMA and the control sectare shown inrable26

Description Wearing course

Marshall stability, minimum, at 8C(kN) 9
Flow(mm) 2¢3.5
Com!oaction level, Number of blows on each of tilve faces of the 75
specimen

Air Voids, A\b) 3¢5
Void in Mineral Aggregate, minimum, VN%) 14
Voids filled with bitumen, VF@9 65¢ 73
Loss of stability on immersion in water at 6630 maximum(%o 80
Bitumen grade, penetration 60/70

FMA and the related control section were manufactured using the same batchingyllBnf0@nd placed
and compacted in the same way.

FMA was placed as an overlay on the existing surface for the purposes of the constructidhisriabrmal
practice n Ethiopia not to mill theoadssurface prior to constructing the overlajNormal practice i®

apply a tack coabn the existing surface and then apply the overl&@husonly tack coat was used. Rapid
curing cutback bitumertack coaf RG70, was applied on the cleaned road surface at an application rate of
0.12 to 0.2 kg/mi(maximum 0.3 kg/rf) in accordance with ERA standard practice.

9.2 FMA and Asphalt overlay construcin

The FMA and asphalt for the control sections were located in adjacent seofitims road locatechbout
12-minute journey from theasphaltbatching plant.It took about three days to complete the construction;
much longetthan anticipated due to plarttreakdown. Both the materials were placed and compacted
using standard equipment with no modifications.
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ERA followed their standard procedures for the construction of the control seé&MA was placed in
accordance to the guidance notaad summary bthe monitoring undertaken during construction is shown

Table27.

Gonstruction of the FMA surfacing and thenspletedsections are respectively shovimFigure23 and

Figure24.

Description Values andRemarks

Aggregate temperature when input into pug nffilQ

210

Time for dry mix with fibréseQ

35

Time for wet mixseq

40

Temperature of FMA when discharged ifitock (°Q

160

Distance and time to sitékm)

5.6 (12-minute journey)

Road surface temperatu®) 45
Laydown temperatur€Q 150
Mat thicknesgmm) 65
Thickness of compacted FM@m) 50
Density of compacted FM@Mg/m?3) 2.39

Road surfacéemperature when opened to traffic

Opened to traffic after 5 dayPavement
temperature at the time was about3°C.
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Figure24 Completed FMA triakection.
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10. Lessond.earned

The Constructability Trial work stream of the CRISPS project was a complex undertaking requiring the
application of new technology in a developing country. It was new to the engineers and operatives at all
levels in ERA and required modifications to both plant and their existing practices. A number of the
activities undertaken proved mormhallenginghan envisaged. In additipg @S N&E S & SELISNI &4 Q
only be provided remotelyAlsqg the constructabity trial for the FMA was undertaken ortiaink road,

which made it imperative to ensure thabth the mix design and the construction methods adopted would
negate the possibility of premature failure of the surfaééy lessons learned from Work Stream 4 of the
CRISPS project are describedatle28.

COVIBL9 Within a month of the start of the project, many countries impo$adVIBL9
lockdowns, which had many impacts the project, including difficultiein
transporting materials (epoxy binder and #pinto Ethiopia. In both cases, delays
were caused by the lack of facility to ship the materials.

Input into the project from Malaysia was also delayed dubéalthrelatedissues
which resulted in theénability to collect data (in Malaysiayhen required

COVIBL9 also made itdifficult for overseas expert® travel to Ethiopia

The level of impact dOVIBL9 on the project could not be foreseen at the time of
preparing thetechnicalproposal.

Key lesson: the need for commitment ofdountry collaboration was essentjals
gl a KAIKEAIKGSR o0& 9w! ehnicd and ddddgemed K
challenges of the project. The understanding of the situation from HVT was also
KSt LIFdzZ = LI NGAOdzZ NI & GKS FtSEAOAL A
schedules

Bureaucracy | Epoxy materials had to be shipped from €A to Ethiopia via Djibouti. Bureaucr3
and administrativeequirementsat Djibouti caused a significant delay in moving
epoxy to EthiopiaThisextentof delay was not foreseeand itwas difficult to plan
for the level of bureaucracgncountered

Key lesson was that one should not underestimate the effect of bureaucracy on t
project; allow for a buffer in the programme, if at all possililensultations with

professionals in the Ethiopian construction industry ahead of the project could ha
informed possiblechallenges likely to be faced during the process of importing

materials.
Plant Information about the asphalt plant and the chipseal equipment was not readily
information | available for various reasons, including changes iiddd O G 2 NBE Q LJS NX
and expert input fromthe plant supplier as was the case with the asphalt batch plant.

modification | resulted in a delay in getting the required information to assessttient of
modifications required. The plant supplier and theintractor wereslow torespond
G2 9w! Qa NBljdzSada FT2NI Ay TF2NXI (A 2igplant.d

This was addressed by UoB by contacting the plant supplier direct. Once the dirg
link was establishedjoodprogress was made.
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Some modifications required importing machinery pant® Ethiopia. The cost and
lengthy delivery period weranajor concernsParticularly the latter as delivery withir
a certain perioccouldnot be guaranteed. In addition to this, there wasanflict in
views between the batch plant supplier atite owner about some aspects of plant
operation.Thisresulted in thecancellation of the MEAS trial.

Key lessomerewas that sound timely cooperation was required among all the
project participants.

Laboratory
testing and
construction
practice

Laboratory tests were necessary for the materials to be used, as both the epoxy
binder andFMA were new to Ethiopia. Laboratory tests wdras essentiato
determine and confirm the mix desigmd help technicians and engineers familiariz
with the materials In the case of FMA dekgccurred at times due tompact of
COVIBEL9in Malaysiaand the breakdowrof plantin Ethiopia Once these issues we
overcome, testing progressed at pace.

Some changes in the construction practgeusing unfamiliar materials were also
necessaryor the manufactureof asphalt and chipseahd the construdbn oftrial
surfaces.

Key lesson wathe need forflexibility in programme andnh changing conventional
working practices

Overall

There were a number of issues that, perhaps uniquely and some not so unigree,
difficult to plan for,andaffected this project resulting in delays. The key lesson,
which is perhaps not so novel, is that full cooperation of the partners, good
communicaion and flexibilityare neededo delivera successfyproject.
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APPENDIX ARoad condition survey: rut depth

Road condition in terms of rut depths were measured before undertaking an irérgsound
investigation. The results of the rut depth measuremaitsgthree sections of roadl), (2) and

(3) along the AwasMeiso roadselected for MEAS, FMA and contaoé respectively shown in the
Table29, to Table31. Rutting was found to be minimal in all the sections. One of the three sections
of the road was used for the construction of the control surfacing.

Project CRISPS Sheet: Survey number:
Province Afar, Ethiopia Surveyor:
Road Name Awash- Meiso Date: 01 December 2021
Section Trial section 1 Direction of Awash to Meiso
measurement:
Location
Panel Left lane Right lane
Outer Inner Distance Outer wheel| Inner Distance
wheel path | wheel path | (m) path wheel path | (m)
Reading (mm)
1 0 0 0 0 0 0
2 0 3 15 0 0 15
3 0 3 30 3 0 30
4 0 3 45 0 0 45
5 0 3 60 0 0 60
6 0 3 75 3 0 75
7 0 4 90 3 0 90
8 0 3 100 3 0 100
Average 0 3 - 1.5 0 -
(mm)
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Project CRISPS Sheet: Survey number:

Province Afar, Ethiopia Surveyor:

Road Name Awash- Meiso Date: 01 December 2021

Section Trial section 2 Direction of Awash to Meiso

measurement:

Location

Panel Left lane Right lane
Outer Inner Distance Outer wheel| Inner Distance
wheel path | wheel path | (m) path wheel path | (m)
Reading (mm)

1 0 0 0 2 0 0

2 0 2 15 0 0 15

3 0 0 30 0 0 30

4 0 2 45 0 0 45

5 0 2 60 0 0 60

6 0 0 75 0 0 75

7 0 0 90 0 0 90

8 0 0 100 0 0 100

Average| O 1 - 0 0 -
(mm)
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Project CRISPS Sheet: Survey number:
Province Afar, Ethiopia Surveyor:
Road Name Awash- Meiso Date: 01 December 2021
Section Trial section 3 Direction of measurement: Awash to Meiso
Location
Panel Left lane Right lane
Outer wheel| Inner wheel | Distance (m)| Outer wheel | Inner wheel | Distance (m)
path path path path
Reading (mm)
1 0 0 0 1 0 0
2 0 3 15 0 0 15
3 0 2 30 2 0 30
4 0 3 45 0 0 45
5 0 3 60 0 0 60
6 0 2 75 2 0 75
7 2 90 90
0 100 0 100
(Ar:]’rer:;‘ge 0 2 . 1 0 .
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Table33respectively
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Project CRISPS Sheet: ‘ Survey number:
Province Oromia, Ethiopia Surveyor: ‘
Road Name Modjo - Arerti Date: ‘ December 2021
Section Trial section 1 Direction of Modjo to Arerti
measurement:
Location
Panel Left lane Right lane
Outer Inner Distance Outer wheel| Inner Distance
wheel path | wheel path | (m) path wheelpath | (m)
Reading (mm)
1 0 0 0 0 0 0
2 0 0 15 0 0 15
3 0 0 30 3 0 30
4 3 0 45 5 0 45
5 0 0 60 55 0 60
6 0 0 75 0 0 75
7 3 3 90 0 0 90
8 0 0 100 0 0 100
Average 1 0 - 2 0 -
(mm)
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Project CRISPS Sheet: Survey number:
Province Oromia, Ethiopia Surveyor:
Road Name Modjo - Arerti Date: December 2021
Section Trial section 2 Direction of Modjo to Arerti
measurement:

Location
Panel Left lane Right lane

Outer Inner Distance Outer wheel| Inner Distance

wheel path | wheel path | (m) path wheel path | (m)

Reading (mm)

1 0 0 0 3 0 0
2 4 0 15 0 3 15
3 0 0 30 3 0 30
4 0 0 45 3 0 45
5 0 0 60 35 0 60
6 0 0 75 0 8.5 75
7 0 0 90 5 2 90
8 0 3 100 0 0 100
Average 1 0 - 2 2 -
(mm)
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APPENDIRB: Ground investigation

BlIntroduction

A survey of conditions of the materials used in the construction of the roads selected for
constructability trial and contradections are described in this appendix. The list of work undertaken
include:

Review of available design, construction, and as built documents.
Preparation of data collection protocol

Selection and marking of test pit location.

Core cutting followed byesst pit excavation.

Pavement thickness measurement

Sample collection andsitu density (all layers) determination.
Transporting sample to Addis Ababa

Performing laboratory tests

= =4 =4 -8 -9 -8 -9 -9

The flow chart for the works is as showrFigure25:

DESK STUDY (RECORD REVIEW)

¥
Y v
LABORATORY FIELD
L] L] ) ¥
BASE COURSE SUBBASE | SUBGRADE | HMA Samoli
7 7 T ampling
| Acv | | PSD | Linear Flackiness
. i shrinkage index Field
| Linear shrinkage | | Compaction | density
Arterbera limit N Compaction Bitumen
L LTS Atterberg extraction -
limits Condition
PSD survey
Specific gravity MTD
hll_niar CBR
Flackiness index shrinkage Rut depth
Atterberg
Compaction CBR limits
Specific
CBR gravity
Absorption Absorption
PSD
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B2 Groundinvestigationresults of the MEAS and FMA sections selected for
constructability trials

B2.1Pavementmaterial sampling

Two test pits were dug on each road segment near to the trial sections to sample the pavement
materials for laboratory testing and measure pavemdritkness.Table34 shows the location of
each trial sections together with the identification code of each test pit and the layout of the trial
pits is shown irFigure26.

Road segment Location of trial section Test pit location| Test pitcode

(Measuredfrom Addis Abad)

Modjo-EdjereAreti 87+050- 87+150 87+040 M-E1

Road
87+200- 87+300 87+312 M-E2
256+100256+200 256+090 A-M-1
AwashMeiso Road | 556, 6500564750 256+760 AM-2
TP-1
/
/ Shoulder
[~
£7 Carriage way ~
«——— 10m e 100m —— 472
Shoulder

(Not to scale, TPTest Pi}

B2.2 Pavement thicknesses and composition

Table35.
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Road segment  Test pit

Code

Pavement layer

Thickness

Type of Pavement
material used

(mm)

Surfacing (AC) | 120 Asphalt concrete
Base course 150 Crushed aggregate
A-M-1
. Subbase 150 Natural gravel
AwashMeiso -
Road Capping layer +250 Natural gravel
Surfacing (AC) | 120 Asphalt concrete
AM-2 Base course 150 Crushed aggregate
Subbase 100 Natural gravel
Capping layer +260 Natural gravel

B2.3 In-situ pavement moisture and density

Table36showsthe in-situ moisture contents determined for each pavement layer and the subgrade

at each test pit along AwastMeiso trial sections.

Road TestPitID Layer In-situ Optimum In-situ dry In-situ dry
stretch moisture  moisture density density
(%) content (%)  (Mg/m?3) (Mg/m3)
A-M-1 Subbase 14.2 7.1 1.67 2.09
Awash- :
Meiso Capping 13.1 17.4 1.50 1.76
layer
A-M-2 Subbase 9.7 13.6 1.77 1.96
Capping 7.0 13.2 2.06 1.97
layer

Laboratory test result

The summary of laboratory test results for the samples collected from the bound (HMA mixture) and
unbound pavement layers (base course, subbase cap@ing layers) from the test pits located on

Modjo-Edjereand Awash Meiso selected for the construction of trial sections.

Table39.
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Locatio Test | Testpit Paveme . Particle size distribution Atterberg limits Linear
n of pit ID chaina ntlayer shrinkag
trial LL (%) PI e (%)
section

AASHTO 27 AASHT BS1377

2:1990

256+10 | A-M-1 | 256+90| Base CA | Material, except the first and | 33 18 7.8
Oto , from last sieves, fulfils gradation
256+75 AA requirements for base layer
0 Table 5204/1 of ERA

specifications 2014

Subbase | CA | Material, except the top three| 37 21 7.9
sieves, does not fulfil
gradation requirements for
subbase layer Table 5204/1
of ERA specifications 2014

Capping | WC | Material is classified as&7, | 51 28 11.6
layer G fulfills minimum requirements
for subgrade Table 5204/1 of
ERA specifications 2014

A-M-2 | 256+76| Base CA | Gradation requirements for | 25 17 4.2
0, from base layer Table 5204/1 of
AA ERA specifications 2014
Subbase | NA | Gradation requirements for | 51 23 14.9

base layer Table 5204/1 of
ERAspecifications 2014

Capping | WC | Fulfills subgrade criteria as pg 40 21 9.0
G ERA specifications 2014
section 4103 (i.e., LL<60 and
PI<30)

Mat.: Material, CA: Crushed Aggregate, WCG: Weathered Clayey Gravel, NA: Natural Aggregate, ID:
Identification, AA: Addis Ababa

69



ClimateResilient SustainableRoad PavementSurfacings

Compacti CBR, AASHT€193-93 Ag. FI Specific gravity and

on Cr (%) absorption
AASHTO© 96 hours Unsoaked @
T180D soaked NMC/OMC

Aggregate,
ASTMEL2

Aggregate
ASTM 184

()
&
g 2
S - g © =
g 9 g I =z z
= S 3 o — < B S S
o T = o & o~ o) i c © c
Ela 5|2 8§ & ©c v g T S % 8 2 ¢
S} (D] — — X H H (&) =] (&) =)
c 2 =2 £ © S S s = = & & = o 2 o
SN el o SEE e A O 2 2 2 4 4 G & © o
| o o o
§ 32 8z 8 o = c ow & & & % & 2
S F a = b O 4 ® © O m u < 0O <
4 |8 2.8 2.5
g BL | CA 232)7.1 |87 |00 1 13 139 | 8 19 1 21 9 5
= 4 19 27 191 |25
. S SBL| CA 235128 |82 | 0.0 s |3 176 | - - 0 8 1 9.18
1 +
S| © 17. 2 |5 24
| 8 CL | WCG| 1.76 4 19 |13 6 |2 93 |- - - - - -
<
3 < 3 |5 25 | 1.7 |27
g c BL | CA 224149 |93 | 0.0 5 |7 99 |9 19 9 6 6 3.24
)
& = 13. 2 |6 25 |58 |22
g 8 SBL| NA 1.96 6 85 |0.2 9 o 87 |- - 5 5 3 15.31
o I 13 3 |6 24 |52 |19
+ 2‘ © . _ _ . . .
ﬁ Z| 9 CL | WCG|1.98 5 37 0.6 o ls 90 3 5 3 15.31
CA: Crushed Aggregate, WCG: Weathered Clayey Gravel, NA: Natural Aggregate, ID: Identification, AA: Addis Ababae§gt<r,
Crushing, FI: Flakiness Index, BL: Base layer, SBL: Subbase layer, CL: Capping layer
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Quantitative extraction
AASHTO-R09

SETESS
index (%)

Particle size distribution
AASHTO 27

Maximum specific gravity

(o]
=
A
]
(<)
s
O
s
€
3]
=
S
©
(ol

Location of trial section
Test pit ID

Test pit chainage
Specimen ID
Thickness, mm

Bulk density cm/cn?#
Air voids, %

Bitumen

content (%)

106-1- 1989

AM1- | 66.3 | 2.57 2.67 3.7 Except the first two sieves, material fulfils | 4.09 27
WCa gradation criteria stipulated in Table 6433
®] for NMC of ERA Technical Standards
= Specifications (TSS)
AM1- | 65.8 | 2.69 2.75 2.4 | Material fulfils gradatiorcriteria in Table 3.69 20
8 BGa 64034 for NMC 25mm
AM1- | 62.1 | 2.65 2.70 2.2 | Material fulfils gradation criteria in Table | 4.58 35
o | WGb 64030 T2NJ ba/ HpYY 27
< =
3 g AM1- | 60.4 | 2.64 2.69 1.7 Except the bottom sieve, material fulfils 452 32
T : E | 0| BGb gradation criteria as in Table 64@3for
elZ| g™ ba/ HpYY 2F 9w! Qa ¢
‘;‘ & AM1- | 57.2 | 2.58 2.64 2.5 | Except the top sieve, material fulfils 5.31 20
pay 9 g WGc gradation criteria stipulated in Table 6433
S FT2Nl ba/ dPpYY 2F 9w
& AM1- | 68.8 | 2.69 2.75 2.4 | Material fulfils gradation criteria in Table | 3.73 22
Q Q| BGe 64034 for NMC 25mm
o
x AM1- | 52.4 | 2.52 2.67 5.4 | Except the last bottom sieve, material fulfilj 4.11 35
§{ O | WGd gradation requirements in Table 64@3for
= ba/ ¢®pYY 2F 9w! Qa
AM1- | 70.6 | 2.69 2.74 1.6 | Material fulfils gradation criteria in Table | 4.52 24
8 BGd 64034 for NMC 25mm
} AM2- | 50 2.48 2.73 2.58 | Material fulfils gradation criteria in Table | 3.73 29
= g WGc 64030 FT2NJ ba/ ¢odpYY 32
o
) = AM2- | 64.3 | 2.58 2.77 2.58 | Material fulfils gradation criteria in Table | 4.27 22
Z18]| o|Bce 64034 for NMC 25mm
E sl
9 AM2- | 51.6 | 2.51 2.74 2.56 | Material fulfils gradation criteria in Table | 3.26 29
= WGb 64030 T2NJ ba/ ddPpYY 3

B3 Ground investigation results oModjo-Edjereroad section selected for the
constructability ofthe MECSurfacing

B3.1 Rwvementthicknesses and composition

This subsection shows records of the pavement composition encountered and thicknesses measured
while conducting materials sampling from each test piable 4Qillustrates the thickness of each
pavement layers and the corresponding materials properties in each test pit for the respective road
segments.
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Road segment

Test pit
Code

Pavement layer

I GESS
(mm)

Type of Pavement material
used

1 Surfacing 25 Triple surface treatment
2 Base course 225 Crushed aggregate

3 Subbase 280 Natural gravel (Cider)

4 Modjo ¢ Edjere | M-E1 Capping layer | »250 Natural gravel

5 G Arerti Road Surfacing 30 Triple surface treatment
6 Base course 100 Crushed aggregate

7 Subbase 240 Natural gravel (@der)

8 M-E2 Capping layer | +300 Natural gravel

B3.2In situ pavement moisture and density measurement

Table41shows the irsitu moisture contents determined for each pavement layers and the subgrade
at each test pit alonylodjo-Edjereroad section selected for the construction of MECS trial section.

Maximum
dry density
(Mg/m3)

In-situ
moisture

Road Test

Pit ID

In-situ dry
density
(Mg/m3)

Optimum
moisture
content (%)

stretch

1 M-E1 | Base course 3.72 6.0 2.29 2.33

2 Modjo ¢ Subbase 8.8 12.6 1.74 1.75

3 Edjere Capping layer | 37.2 24.3 1.15 14

4 M-E2 | Base course 43 6.6 2.3 2.34

5 Subbase 9.7 12.5 1.65 1.72

6 Capping layer | 32.3 207 1.42 1.78
B3.3 Laboratory test resuls

Tabled42and Table43show the laboratory test results of the materials sampled from test pHEM

and M-E2. Eachlable contains the locationfdhe test pit with its corresponding ID, the pavement
layers where the samples were collected, the standard test procedure used for testing and the test
results.
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Location = Testpit Test pit Pavemen Particle size distribution Atterberg limits Linear
of trial ID chainage | tlayer shrinkage
section LL (%) =] (%)
AASHTEI27 AASHTO BS1377
-T89 2:1990

12+050 | M-E1 | 12+040, | Base CA Material, except the last Non Non 1.7
to from M- sieve, fulfils gradation plastic | plastic
12+300 E requirements for base layer

junction (according to Table 5104/1 ¢

ERA specifications 2014)
Subbas | WCG | Material fulfills gradation Non Non 0.1
e requirements for subbase | plastic | plastic
layer according to Table

5104/1 of ERA specificationg

2014
Cappin | HWC | Outside the fasticity 59 34 10
glayer | G requirements for suitable

subgrade aper Table

4103/1 of ERA specificationg
2014 (i.e., LL<60 and PI<30
M-E2 | 12+312, | Base CA Material except the last siev{ Non Non 1.6

from M- fulfills gradation plastic | plastic
E requirements for base layer
junction according to Table 5104/1 o

ERAspecifications 2014
Subbas | WCG | Gradation requirements for | Non Non 1.8
e base layer fulfilled according plastic | plastic
to Table 5104/1 of ERA
specifications 2014
Cappin | HWC | Outside theplasticity 51 31 7
g G requirements for subgrade &
per ERA specifications 2014
section 4103 (i.e., LL<60 an
P1<30)

Mat.: Material, CA: Crushed Aggregate, WCG: Weathered Cinder Gravel, HWCG: Highly Weathered G
Gravel, ID: Identification.
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Compactio, CBRAASHT@ 19393 Ag FlI  Specific gravity and

_5 n : (%) absorption
S Cr
=
b AASHTO | 96 hours Unsoaked @ T
s £ T180D soaked ~ NMC/OMC g2 Z ,82
= o o 8 .0 £ g
= = o O<o< i<
n Q [ee]
[ g o S 3 2 2
= = 3 o — % 3 S
S o5 g 2 % v o o S & 5 > &
6 = = & T =) = = S0 L B 2 B
2 &3 &3 € = — 3 3 N N E = = =
T = = O [} a) = = =l == o o o
8 8 8 % I a o o) 0 o 8_ 8 8_ 8
S Ao = = ® & m m o < O <
BL | CA 2.33 |6 135| 0.0 g 125|136 | 20 | 20 (2)'8 3.19 2'6 2.35
o| SBL| WCG | 1.47 12. 85 [0.0 4 93 |176|- |- 1.6 ) 122126 10.06
o S 6 8 9 8 6
W& 24. 2.5
s| 8/ CL | HWCG| 1.34 3 7 324 |6 5 - - - - - -
o
% BL | CA 233166 [135|0.0 |- |- - 20 | 20 2'8 2.35 2'7 5
AN
S o| SBL| WCG | 1.72 12. 70 |01 4 92 | 156 |- |- 1.6 1135120 9.81
D | ol & 5 8 5 6 4
e 20. 2.5
N | s| Y CL | HWCG| 1.46 . 19 |12 (4 |2 3 - - - - 4 -
CA: Crushed Aggregate, W@@Gathered Clayey Gravel, NA: Natural Aggregate, ID: Identification, AA: A
Ababa, Ag. Cr.: Aggregate Crushing, Fl: Flakiness Index, BL: Base layer, SBL: Subbase layer, CL: Caj
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APPENDIX ©rainageSurvey

C1 Introduction

The drainage surveys were undertaken in June 2022 at the end of the dry season and September
2022 at the end of the rainy season. They cover the area of the trial areas and the adjacent sections
along the Modjo- Edjereand Awash Meiso roads. The surys include visual observations

supported by photographs.

C2 MODJCc EDJEREection

This section was selected for the constructability trial of MECS. The locations of esgtsab
(trial and control) of the trial section are listedTiable44. The righthand side (RHS) and the left
hand side (LHS) of the road refer to the direction of driving from Modjo towadjksre

Name of the sub

Description . Chainage
section
1 Trial sectionAl M-E1 12 +100g 12 + 200
2 Trial sectior2 M-E2 12+250- 12 + 350

C2.1 M-E-1: Km 12+00612+100

I The pavement lies on a fill sectionstwown inFigure27.

9 The section traverses on a flat to rolling terrain, slopes from the left to the right of the road way,
no side ditch exists on both sides of the road. Eepire28to Figure31.

The catchment drains away from the road side.

The shoulders are paved withisgle

T
T
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C2.2 M-E2: km 12+200 12+300

The paement lies on a fill section ahown inFigure32.

This section traverses flat to rolling terrain, with side ditches as shoWigime33to Figure40.
The catchment drains away from the roadside.

The shoulders on either side of the roadk paved with single surface treatment.
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C3 AWASH MEISO Road Section

This sectiowas selected for epoxy and fibre modified asphalt surfacings. The report contains the
visual survey and photographs. The location of each section and cross drainage structures are listed
in Table45. The righthand side (RHS) and the lafind side (LHS) of the road refer to the direction

of driving from Awaslowards Meiso.

Description Location Remarks
1 The first part of the trial section (M-1) 31+200- 31+300
2 Cross drainage 31+747 Single pipe 60 cm

3 The second part of the trial section-{A2) | 31+853- 31+953

4 The third part of the trial section (M-3) 32+100- 32+200

5 Cross drainage 32+500 Small bridge 6 m span

C3.1 AwashMeiso- 1: km 31+200 TO km 32+300

9 The sectiortraverses on a flat to rolling terrain starting from km 31+200 to km 31+300 (from
Awash Sebat to Meiso), slopes from the left to the right of the road way and no side ditch exists
on either side of the road way.

The pavement lies on a fill section as shawFigure41 andFigure42.

Although no defined side ditch exists on tlet side, the runoff coming from the vicinity at the

left side of this section is expected to join the embankment toe and flow forward towards the
cross drainage at km 31+747. Segure43to Figure48.

9 The shoulders on either side of the roadway are not paved.

E
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C3.2 Cross Drainage: Pile Culveat km 31+747

The cross drainage, located between the sectiod-A and AM-2 at km 31+747, consists of a
single pipe of diameter 60 cm, as showrigure49.

There was sign of silting up, but there was a small amount of vegetation at the inlet and outlet of the
cross drainage in June 22, but there was much vegetation in September 22 as can be=gem in
50.
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C3.3 AwashMeiso-2: km 31+853 to km 31+ 953

The sectiorextendsfrom km 31+853 to km 31+958ith slopes from the left to the right of the road
and no side ditch existen the right side of the road.

The pavement lies on a fill section as shawRigure5land Figure52. Although no defined side
ditch exists on the left side, the runoff coming from the vicinity at the left side of this section is

expected to join the embankment toe and flow back towards the cross drainage at km 31+747
mentioned above.

The shoulders on both side$ the roadway were not paved. S&#gure53to Figure56.

STA =31+953
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C3.4 AwashMeiso-3: km32+100 to 32+200

The section traverses rolling to mountainous terrain from km 32+100 to km 32+200, slopes from the
left to the right of the road way and the drainage of this section is expected to flow towards the
crossdrainage back at km 31+747 (described in section 3.6.2.2).

About 75 % of the pavement lies on fill section and the remaining is in cut. Typical sections are
shown inFigure57 and Figure58.

Except at the part of the road closer to 32+200 where an earthen ditch exists, no side ditch exists on
the right side of the road way as therrain drains way further to the right. Seléigure59to Figure
62.

The ldt side has a side ditch which suffers from silting up and requires clearing.

The pavement has unpaved shoulder on both side
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Figure59 C33 Shoulder, side ditch and adjacent plain at km 32+2@RHS; June 2022

Figure60 C34 Shoulder, side ditch and adjacent plain at km 32+2@RHS; September 22

Figure61 C35 Shoulder, side ditch and adjacent plain at km 32+2Q08S June 2022
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