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Abstract

Mozambique is rehabilitating and upgrading its mag infrastructure. It found some consulting engise
and contractors were not familiar with Mozambigoeditions and materials. The World Bank sponsored a
research project to support these preservationreidtenance efforts. The object is to develop dinde for a
mechanistic-empirical pavement design method foresd stabilized sand bases in Mozambique based on
Accelerated Pavement Testing (APT) technology. The APT encompasses both scaled fimB and full-scale
APT using mobile load simulator technology (MMLS®aVILS10)

MMLS3 testing was used to scope research and prauiitielines for the selection and construction of
full-scale test sections on natural subgrade. ML&d#anded the investigation through testing offtilescale
pavements, including wet trafficking cycles to eatelenvironmental effects.

Initial findings show good comparative compatitdsts results of scaled and full-scale pavemertrims
of trends in stiffness change as measured witlPtB®A, distress mechanisms and surface deformatiative
to respective wheel loads and number of load apidics. Manifested distress mechanisms under A&E w
also similar to those found in pavement structimee region.

MLS10 is operational since April 2006. Four setslofl wheels each loaded to 60kN run in a closed lo
with a maximum speed of up to 26kph. Operationnslar to the MMLS3. The latter was has four sinpiees
each carrying 2.7 kN. Ten MMLS3 tests including ffield tests have been completed as well as thileg10
tests.

Keywords

Accelerated Pavement Testing, cement-treated bseed,bases, mechanistic design, compatibilitynalirigs, stiffness, distress
mechanisms
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INTRODUCTION

Mozambique is investing heavily in rehabilitatingdaupgrading its roadway infrastructure. Extensise

has been made of consulting engineers and contsaaxime of whom were not necessarily familiar with
Mozambique conditions and materials. The World Bspénsored a research project to support these
preservation and maintenance efforts. The object @evelop guidelines for a mechanistic-empirfzalement
design method for cement stabilized sand baserambique based gkccelerated Pavement Testing (APT)
technology. The APT program encompasses both s@atedthird) and full-scale APT using mobile load
simulator technology (MMLS3 and MLS10). Table 1wk@a comparison between MMLS3 and MLS10 APT
machine test parameters (Strauss et al, 2005)

TABLE 1 Comparison of MMLS3 and MLS10 APT Machine Parameters

Iltem 1/3 Scale MMLS3 Standard MLS10

1 Testing length m 1 4

2 Tread path width mm 80 610

3 Size of test section m 1 x 0.4 (min) 5 x1.6

4 Wheel configuration Single Dual

5 No of wheels 4 4

6 Trolley description FOL_lr bogies Wlt_h Four bogles with pneumatic hydraulic
spring suspension suspension

7 Wheel load kKN | 2.7 60

8 Wheel velocity m/s| 2.5 7.2

9 Repetition /h 7200 7200

10 | Tyres Vredeste_m 6 ply Continental R22.5 295/65
pneumatic

11 | Tyre pressure kPa 700 800

12 | Trafficking conditions Dry, heated, wet Dry, Wet
heated

The research reported in this paper forms partmbgram that was developed through a workshop that
involved all affected parties. The scope of theepap limited to a presentation of the comparafindings with
the MMLS3 and the MLS10 APT trafficking in termsdistress and performance. The validity of scaled
pavement testing was investigated in detail by Ktral (1998) .

The APT section of the project is focused on thmemary aspects:

¢ Exploratory scaled laboratory MMLS3 testing

e Construction of field test sections

¢ Full-scale and scaled field APT by means of MLS40 MIMLS3

The purpose of using the MMLS3 was to evaluatgp#réormance of the stabilized coastal sands under
different trafficking conditions in the laboratorjhis was to be the basis for identifying potenfélure
mechanisms for comparison with failure mechanisbseoved in the field. Table 2 depicts the full MMA_t&st
matrix that is being undertaken. In similar vehistinformation was used to provide the basis domiulation
of the specifications for constructing full scadsttsections to be tested by the MMLS3 and the NL&1s
also being used as input for the mechanistic modgethat is being developed. Ten MMLS3 tests, idiig
two field tests have been completed as well agthteS10 tests.

The field APT trials are being executed to coveraptimum number of test sections. The selectiontoa
be based on a progressive review of the findingsoAdingly decisions on the number of load applicet and
degree of distress of the respective test sectimusgd not be fixed beforehand. Diagnostic evaluatiould
form an integral part of the selection.
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FIGURE 1 View of the MLS10 on the test site at Manhi¢ca in Mpambique during trafficking

TABLE 2 Overview of the test matrix for the MMLS3 test program

Sand Base Binder No of
thickness, CEM32.5 ll:Lime Surfacing Conditions
type % Tests
mm
Palmeira . . 420/50 °C
Red 50 5 100:0 50:50 AC Wet/Dry 2
Palmeira . . 420/50 °C
Red 50 7 100:0 50:50 Seal AC Wet/Dry 3
Palmeira . 420/50 °C
Red 50 3 100:0 Seal AC Wet/Dry 2
PaF'e”e‘g”a 150 (F) 5 100:0 Séal *420/50°C| 1
Wet/Dry
Palmeira ETB + *¢50 °C
Red 150 (F) 5 CEM ETB Seal Dry 4
Palmeira . 420/50 °C
vellow 50 7 100:0 Seal | AC Wet/Dry 2
Cores . 420/50 °C
Red 100 5 100:0 Seal Wet/Dry 1
* 50°C dry only
4 20/50°C equals wet temperature vs. heated traffictemperature
(F) equals MMLS3 Field tests
ETB — Emulsion Treated Base , SS60 Emulsion wad ud®eyond the scope of this papef




OO -1 On h e LD

Eben De Vos; Fred Hugo ; Pieter Strauss 5
Jorge Prozzi; Kenneth Fults; Hilario Tayob

EXPLORATORY SCALED LABORATORY TESTING PROGRAM

The MMLS3 testing matrix was established througlingeractive workshop of all affected parties.
Iterative reviews of the findings in terms of moaégailure, material response and performance utreéfic
loading were executed. The process included cadefagrmination of failure mechanisms and companigitim
observed performance of Mozambiquen highways.

Third scale pavements comprising a 50 mm stabilask on top of a free draining sand subgrade,
surfaced with a 20 mm HMA or double seal were aoesed in the Stellenbosch laboratory. Pavemeste w
constructed in metal boxes (1.2m x 3m) to elimireatge effects on the trafficked width. Two baseemial
types are being tested, these are respectivelgneégellow colourish sand material available fréwm borrow-
pits in the vicinity of the full-scale APT testesit These materials were used for rehabilitatiotdaghway EN1
and are representative of the coastal sands corgrfmmid in Mozambique. The red sand has been féaind
perform better than the yellow sand. Laboratoristeave been used to determine the respectiveatbestics.
Ordinary Portland Cement, CEM32.5 Il, is being uasdtabilizing agents at 3, 5 and 7 percent ctaitdrime
is blended with cement, 50:50, for selected tests.

It should be noted that the HMA was similattiat used for the construction of the test seciuth
the adjacent pavement of highway EN1 except tratrtaximum particle size was reduced to 13 mm idstéa
19 mm. The oversize particles were scalped oféslsence the mix thus comprised 40/50 penetratiomén
with a continuously graded 13 mm aggregate. Optirhinder content was selected on the basis of 7 itsvo
using gyratory compaction. The 13 mm chip sea @anstructed as a double seal (9/6) using aggr égah
the site and 60 percent stable grade emulsion ieapipy Colas South Africa. Construction was perfed
using a chip spreader and spray bar specially dped|for MMLS3 test bed. The binder application was
enriched to enhance water tightness. In all cdsembdified MC70 prime coat was the same as usesit@n
Both surfacing comprise local Mozambican matef@sed on proven design recipes.

Trafficking was conducted with the MMLS3 load cheteristics as in Table 1. Environmental
conditioning of the laboratory tests comprises icydty heated and wet ambient pavement conditidrss is
done to simulate critical field conditions. TraKing was alternated between the heated mode o0@00oad
applications and the wet mode of 50 000 load aapitins. For the wet mode water at 20 °C is sprayed the
pavement to simulate the flow of a 1 mm thick slidetater across the surface during traffickingr: the
heated dry mode hot air is blown across the pavemeface to maintain a surface temperature of%5 °

Stiffness and rutting was monitored using the Piet&eismic Pavement Analyser (PSPA) and a
profilometer respectively. The Portable SeismiedPaent Analyzer (PSPA) is used to determine theaaee
modulus of a pavement layer (Nazarian et al, 2008akarian et al 1997). The operating principl¢hef PSPA
is based on generating and detecting stress wavemedium. The Ultrasonic Surface Wave (USW) nastho
which is an offshoot of the SASW method, can belusaletermine the modulus of the material. The
theoretical and experimental background behindrtt@ghod can be found in Baker et al. (1995). Arsé
source and at least two receivers are needed.ollieesimpacts the surface of the medium to bedeste the
transmitted waves are monitored with the receiv@ysconducting a spectral analysis, a so-callegedison
curve (a plot of velocity of propagation of surfagaves with wavelength) is obtained. The averageéutus of
the top layer, Bsw, can be obtained from the average phase veldagity;

Eusw = 20(1+ V)[(1.13- 0.16/)Vph ]? [1]

Wherep is the mass density in kilograms per square metetw & the Poisson’s Ratio.

Ratios of trafficked stiffness to original stiffreesere used as the basis of evaluation of theedsthat had set
in under trafficking. Seismic stiffness ratios wémtermittedly measured in two directions, londihal and
transverse, relative to the wheel path. This waredo evaluate the development of pavement faifuteo
perpendicular directions and relate the decreadiffgess ratio’s with different failure mechanisorsce
diagnostic investigation are done after traffic pbetion.

Performance Evaluation of Scaled APT by means of MIMS3

Under MMLS3 laboratory trafficking the red coastahd performed well after stabilizing with cement
or a lime cement blend. The sections with higleenentations binders performed better. The severeper
sections withstood trafficking in excess of threifiom axle load applications. The five and thresrgent
sections carried in excess of one million and 1B@xle load applications respectively.
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Figures 2 and 3 depict images taken after the d&tgnanalyses of the test pavements. Such
diagnostic views are of great help in determinimgnature of the distress in a pavement systenailDe
pertaining to the respective tests can be fouricatrle 3.

FIGURE 2 Top view of lower half of red sand 3 % CTBIayer exhibiting shear failure, failure planes
parallel to direction of travel on edges of wheelrick.

FIGURE 3a Side view of beams taken form 3 percenement section. Note different phases of failure.



OO -1 On h e LD

Eben De Vos; Fred Hugo ; Pieter Strauss 7
Jorge Prozzi; Kenneth Fults; Hilario Tayob

FIGURE 3b Close up of 3 percent cement beam with ak extracted from the scaled laboratory
pavement, shear plane on neutral axis clearly visié (50 mm high, length of shear plane 20 mm)

Distress development in the high-strength cemelndseés appears to differ from normal distress
development in full depth AC pavements (Hugo e2@04) (Lee Sugjoon and Kim Richard, 2004). Micro
fracturing that was detected relatively early did seriously affect the stiffness of the pavemegstem.

The higher cement content bases did not manifefsticaudistress although the base had transverse and
longitudinal cracks. To initiate a more typical neanf field and laboratory distress due to shrinkageks,
transverse cracks were artificially created bylidglsmall holes through the pavement structurElatnm
centres. Initially the holes were drilled 5mm d&éfh the intent of weakening the structure suffirtig to
cause rupturing to follow throughout the structdreis did not occur and hence the holes were drttbea
depth of 25 mm and then through the full deptthefCTB.

It was not surprising to find that the performaegéended well into several million load applicagdrefore
distress manifested in the form of pumping at thietpof artificial water ingress.

The CTB performed very well for a long time withalistress setting in. The HMA did exhibit initial
distress through rutting. This was traced to irisigffit initial compaction (voids were nominally ¥3- the
rutting was adjusted for initial traffic compact)oiThe result of this was an increase in the stgfnof the
HMA as trafficking progressed. Only thereafter thid stiffness start reducing gradually until faélwrccurred
in proximity of the artificial transverse crackhd performance of the 7 percent pavements waspesiex,
very good. Low rates of stiffness loss for thehieigbinder contents are evident.
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TABLE 3 MMLS3 Test Results with Scaled Laboratory and FieldTrafficking

2
(]
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MATERIAL STABILISING SURFACING | AXLES TO | DISTRESS MECHANISMS
SOURCE AGENT FAILURE
PALMEIRA - RED 3% CEM I 32.5 HMA 150 000 -Pumping of crushed material
‘Horizontal and vertical shear
-Flexural cracking
-Interface distress
PALMEIRA - RED 3% CEM I 32.5 SEAL 145 00p-Shear followed by bottom-up cracking up to neldras
PALMEIRA - RED 7%CEMII 325+ [ HMA 3 100 000 -Local distress induced by artificial transversecking
1.5 % LIME (ILC)
-Longitudinal flexural cracks (longitudinal growth)
PALMEIRA - RED 3.5% CEMII 32,5 | HMA 3 100 000| -Transverse cracks
+3.5% LIME +1.5
% LIME (ILC)
-Longitudinal flexural cracks
PALMEIRA - RED 7% CEM Il 32.5+ | SEAL 3500 000 -Longitudinal flexural crack
1.5 %LIME (ILC) -Transverse cracks top down
PALMEIRA - RED 5% CEM 11 32.5 HMA 1 300 000| -Long and transverse cracking
-Ageing had an important effect
PALMEIRA - RED 25% CEMII 32.5 HMA 1 400 000| -Longitudinal flexural crack
+ 2.5% LIME -Secondary transverse cracking
PALMEIRA - RED 1.5% CEMII 32.5 | SEAL 200 000*| -Rutting -Secondary cracking
+ 4.0% SS60
PALMEIRA - RED 5.5% SS60 SEAL 19 000*-Rutting
-Seal failed due to debonding and interface distres
DRILLED CORES 7 % CEMII 32.5 SEAL 125 000 -Longitudinal flexural cracking

RECONSTITUTED
* Field test

-Interface distress

— e = = e = e e =
YOG =1 O b s D = OO 00 1 O L s R D e
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A steeper gradient of stiffness loss is indicati¥e more rapid rate of deterioration of the
composite pavement. On the other hand a positorease in the gradient is indicative of a gaintiargth.
During initial trafficking the 7 percent cement dirde mix exhibited this characteristic. Once itlh@ached a
peak value the loss in stiffness of the 7 percement and lime mix was more rapid than the 7 péement
mix.

Both the lime/cement and pure cement mixes cafigdnillion axles when testing of both sections
was terminated. However at that stage the stiffregss of the lime cement at 3.1 million axles iaser than
that of the pure cement mix. The expectation waseflore that more severe distress would be fourtlisn
section under the same number of load applicatibinis. was indeed found to be the case from diagnost
coring.

The surface seal on the higher strength CTB aldonmeed beyond expectation. Initially the material
was kneaded densely until the matrix became totediter tight. There was no evidence of surfacersineder
the bituminous layer as was found with the lowrggth treated base courses. It was apparent thatréregth at
the interface was of paramount importance for iaseel performance.

The nature of the distress was investigated wiimgle intrusive exploration through coring. It wiaend that
longitudinal hairline cracking at the bottom of fager had occurred after 1.3 million load appliizas. No
other distress was evident. The core hole wasftirerelosed and sealed before trafficking was resiim
Contrarily the nature of distress was very difféefeom that found with the 3 percent CTB mix. Figu8 show
typical distress manifestation in the 3 percent GHiiB.

The good performance of the cemented materialscaasidered to be due to the high tensile strength
of the cemented layers both at the bottom and tdipedayers. The extraordinary tenacity of the seat
section was surprising. It was ascribed to the @evater tightness of the seal once trafficking kaeladed it.
The tough surface of the CTB further contributethi® good performance. It was also of importanaeatize
that the seal coat was left untrafficked for abmg month and this maturing period appeared toaugthe
performance.

SEISMIC STIFFNESS RATIO

0 200 400 600 800 1000 1200
AXLE LOAD REPITIONS IN 1 000's

FIGURE 4 Stiffness ratios vs. MMLS3 load applicatims for 5% cement stabilized red sand base with
asphalt surfacing — measured at a point 300 mm forrthe start of the test section, in longitudinal and
transverse relative to traffick direction
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FIGURE 5 Cumulative rut depth with load application for 5 % cement stabilized red sand base with 20
mm asphalt surfacing

Evaluation of Findings From the MMLS3 Tests
The results from the laboratory MMLS3 tests prowvaaeinvaluable source of information for:
1. Comparison of the relative performance of the &itihg agents.
2. Understanding the manifested distress mechanisms
3. Adjudicating the expected pavement performancederato predict/estimate the full-scale
performance characteristics of the test sections
Details are contained in Table 3.

Understanding the Manifested Distress Mechamisms

The distress mechanisms were explored by disseittngxtracted pavement structure and cores. Crack
patterns and rupture planes were mapped. By chratearching for micro-cracks, it was possiblerazk and
discern the crack formation and the manner andesemguin which distress occurred.

e Surface distress under the asphalt surfacing @eevi The distress is aggravated when water ingress

occurs during trafficking. . Pumping of the CTB mewdél occurs when the CTB surface becomes
pulverized at the surface. The pumping appears taibated by water infiltrating through cracks in
the asphaltThe extent of damage is related to the extentiiclwwater can infiltrate. Relative seismic
stiffness ratios (relating the stiffness afterftciing to that before) as low as 0.50 were fourftbre
the top of the CTB surface had been pulverizedsamd was being pumped out during trafficking.

* Horizontal shear at the interface between the dispivdacing and the underlying CTB occurs during
trafficking of thin asphaltic surfacing (seal antMA) when the CTB has a low strength (3 % CTB).
This leads to delamination at spots resulting éefosion of the underlying CTB. The 5% sections
appear to be maintaining the bond better

¢ Longitudinal cracking in the CTB was found in tleaked pavements (and subsequently in the full-

scale test pavements ) as well as the cores thattested in the test bed. This phenomenon was also
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observed during the field inspection on old sediohhighway EN1, where such cracks had migrated
to the pavement surface.

¢ The PSPA was successful in monitoring degradatidheopavement structure. It yielded stiffness
results in terms of the ratio between trafficked antrafficked response that reflected the statbef
in-situ pavement. As distress and failure increabedatio progressively reduced. Cores were taken
using dry ice for cooling instead of water to higlphe determination of the in-situ moisture comiten
The worst damage appeared in the locations withigfigest in-situ moisture content, evidence of the
major impact of water ingress.

e Surface rutting appeared to be related to densiicaf the asphalt and pulverizing of the top aoef
of the CTB. No densification of the sand subbads/gde was evident.

In summary manifestation of distress consistedheffbllow:

1. Bottom up longitudinal cracking

2. Transverse cracking

3. Horizontal shear plane forming on the neutral akithe cement treated base

4. CTB-HMA interface distress

The order and direction of development was deperatestructural composition, material
properties and construction history. Some typiadiife mechanisms are depicted in the photos inrEg2 and
3.

CONSTUCTION OF FULL-SCALE FIELD TEST SECTIONS

The specifications for the test sections that wettee built for APT testing were

established from the results of the scaled labor&tML3 performance and issued for constructionlafl
sampling and testing requirements were also prapddee construction of test sections was executedrding
to prescribed guidelines. This was to follow cutreonstruction methodology and varying compactibthe
cement treated base material with respect to rglfgr and number of passes. Figure 6 depictodation of
the respective test sections in the test arené newly constructed sections are adjacent to xfstieg
rehabilitated road, highway EN1, and are to bézatl as bus stops after testing is complete. Baskness of
all test sections are 150 mm and were construatadesame subgrade material. Surface type ackhthss
vary and details are set out in Table 4 and indit#at Figure 6.

The results of the respective laboratory testsrfaterial characterization of the respective testices
are shown in Table 4, The sections were curedespbed. Construction was completed in June 2005.
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FIGURE 6 Plan view of Test Sections constructed idune 2005
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TABLE 4 Control test results for Constructed Full-Scale MLSTest Sections

Section No. 1 2 3 4 5 6 7 8 9 10 11
Double 40mm 60mm 40mm 40mm 40mm 40mm 40mm Double Double
Surfacing Seal AC AC AC AC AC AC AC Seal Seal Double Seal
2.5% 3.5%
5% CEMII CEMII 7% 7% 7% 1.5% CEMII
Stabilized with 5% CEMII 32.5 CEMII 325+ 325+ CEMII CEMII CEMII 5.5% SS60| 32.5+ 4.0%
325 2.5% 3.5% 325 325 325 SS60
LIME LIME
Palmeira| Palmeira| Palmeira| Palmeira| Palmeira| Palmeira| Palmeira-
MATERIAL SOURCE Palmeira - Red -Red -Red -Yellow | -Yellow -Red -Red Red Paleira-Red
SIEVE ANALYSIS
19.0mm 100 100 10(
13.2mm 98 100 100 96 10 98 140
4.75mm 100 94 99 98 100 96 99 D8 06
2.0mm 94 85 96 94 96 op 98 97 D2
0.425mm 81 79 84 83 44 79 92 31 B3
0.075mm 7 15 11 16 ] 6 19 15 |6
CONSTANTS
GM 1.81 1.21 1.09 1.06 1.5¢4 1.23 0.91 1/07 1.09
PI NP NP NP NP NH NP NP NP NP
LINEAR SHRINKAGE 0.0 0.0 0.0 0.0 0.0 0.0 0/0 0.0 04Q.
MOD AASHTO
MDD 1956 2025 2012 1887 2022 2023 1948 2069 1p51
OMC 10.4 9.0 9.8 10.4 8.4 91 97 7.8 9.8
MOULDING
MOISTURE(%) 10.4 8.7 9.8 11.3 8.2 9.1l 9(8 8 11.8
RELATIVE
COMPACTION (% of
MDD) 97.6 94.1 94.6 102.1 96.7 948 96.8 95.4 141.0
ITS
ITS (KPa) 280.00 600.00 550.90 620.00 30000 61(.00490.00 280.00 80.0p
Avg. Compaction 100.3 99.6 100|2 99.1 98.7 98.6 799. 97.8 99.1
UCS
P COMPACTION % 88.8 89.Q 89.2 893 897 8§.7 86.8 191. 89.8
g UCS(MPa) 0.55 1.56 1.22 1.27 1.05 1.05 0.66 0.43 74 0.
C
g COMPACTION % 98.8 99.7 100.8 982 988 98.4 9b.5 .198 99.0
D UCS(MPa) 2.42 2.33 3.94 2.38 1.90 3.81 3(53 1.45 84 0.
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The APT program was planned to use a researchmggsix that contains sections that set the scengnhéofull
spectrum of performance results whether or not greyused in the initial project to which this papsates.
The intent was to explore extreme limits both imme of poor performance and well-defined good penémce.
Once this had been achieved, the design guidatimalsl be established through a process of modediimth
interpolation between the MLS 10 and MMLS3 resalttained from the test sections.

Unfortunately the road users took the sectionstodnvenient stopping areas for pick-ups and more
importantly for repairing break-downs such as gesels and axles. This left scars on some of theséetions.
The selection of the appropriate areas for the thstrefore had to take this into account. Nevértisethe
sections were in general found to be in an accéptaindition when the MLS10 arrived on site for &eT to
start in April 2006.

FULL-SCALE AND SCALED FIELD APT BY MEANS OF MLS10 A ND MMLS3

In order to plan the full-scale trafficking of thest sections of the MLS10, the performance ofdspective
MMLS3 test sections was taken as a point of deparithe maximum tensile stress at the scaled paveshe
the underside of the CTB was calculated. In simitn the maximum tensile stress of the CTB underfall-
scale pavement and wheel loading was calculatezl eXpected full-scale trafficking yielding simildistress
was then calculated on the basis of the “fourthgrdaw” of 4.2. In this analysis it was assumedt thaterial
characteristics and test conditions were similar.¢xample, in the case of the 5% CTB the MMLS€itling
was terminated at 1.3 million load applicationse Bxpected full-scale performance was found tod8e0DO
using 60kN load applications. For the 7 percefBhe expected full-scale performance yielded @30 60
kN load applications
Accordingly it was concluded that an upper level ahillion 60 kN load applications would be suféot to
obtain adequate distress for realistic diagnostadyses.

Full-scale test load characteristics are set oliaisle 1. Environmental conditioning of the fudbde tests were
cyclic ambient dry and wet pavement surface comastisimilar to the scaled APT. Trafficking wasattated
between 200 000 ambient dry and 50 000 load cydléswater sprayed onto the pavement surface.

The sequence of testing with the MLS10 was detexchimith due regard to the findings of the labomator
MMLS3 tests. Accordingly, the 5 percent CTB struetuwere selected for the first MLS10 tests namely
sections 4 and 5. This was to be followed by sastiband 7 where the binder content had been sedda 7
percent. Thus far three tests have been completed.

In view of the findings discussed below it wasided to limit load applications on each of the exdjve
sections to a level perceived to provide the mufstrimation towards the understanding of differerioes
performance and response. Monitoring entailed dhevfing:

¢ PSPA measurements

¢ Dynamic Surface Deflections
¢ Surface deformation

¢ Crack manifestitation

The results have been very informative. Detailsdigeussed below. The details pertaining to thd loa

applications of the full-scale sections are shawmable 5. The discrepancy between the expectademal
performance could be ascribed to the extent ofgalg@fore initiation of trafficking. Full-scale damns aged
ten months before trafficking commenced whereakeddasts aged between two weeks and one month.
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TABLE 5 Summary of MLS10 Tests to Date

SECTION 8* 4 5a 5b
Stabilizing 7% 5% 25% C 25%C
Binder CEM CEM 2.5% L 2.5% L
Sand

(150mm) RED RED RED RED
Surfacing

(40mm) HMA HMA HMA HMA

Axle load

applications

(60kN) 84500| 330000 100000 1080000

Pavement behaviour at different stages of disttassg trafficking were observed to be similar foe tested
sections, but they occurred at different load ajapions. The pavement surfaces started to rothuhycally in
wave form under loading tyres, with deflectionshlis with the naked eye.

Siffnessresponse during trafficking in terms of PSPA measurements

The stiffness of upper 200 mm of the pavement &traavas measured at regular intervals during
trafficking by means of the PSPA. Typical seismicdulus plots for a specific position in the testtin
relative to the wheel path are shown in Figure Tde change in stiffness is clearly evident agréicking
increased. PSPA measurements were taken at fiaédas relative to the wheel configuration, aethr
different points along the test section.

The findings were as expected namely a reductientalthe distress under the trafficking. More
important was the nature of the change in thengt#$. In general the change in longitudinal stéffneas more
than that in the transverse direction. This wadaibly to a large extent due to the faster growttnéncracks in
the transverse direction than the cracks in thgitodinal direction. Figure 7 b, d illustrate tredative decrease
in stiffness for specific points under the loadwmgeel, where Figure 7c illustrates the trendsiiinsiss
performance with load application.
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FIGURE 7a Typical Seismic Stiffness Profiles with Ale Load Application at a specific point relative b
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track, Longitudinal Direction
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FIGURE 7cTrends in stiffness reduction for Sectiorbb Position 2 in the Left Wheel track, Longitudinal
to the direction of traffic

1.2 4

o
©
.

—e—TOP
—=— MIDDLE
BOTTOM

RELATIVE SEISMIC STIFFNESS RATIO
o o
IS o

0.2 1

0 20 40 60 80 100 120
AXLE LOAD REPITITIONS IN 1 000 's

FIGURE 7d Relative Seismic Stiffness Ratio vs. Axleoad Pepititions for Section 5A Left Wheel Track
Measured in Transverse Direction



OO -1 On h e LD

Eben De Vos; Fred Hugo ; Pieter Strauss
Jorge Prozzi; Kenneth Fults; Hilario Tayob

RELATIVE SEISMIC STIFFNESS RATIO

0.2 4

|
|
|
044 ——————~ T
|
|
|
|
|
|
|
|
|
|
|

|

|

|

|

|

|

|

|

~ |
. I |

|

4\\\\1 |
R?=0.7894 :

|

|

|

*R?=0.4834

AXLE REPITIONS AS RATIO OF AXLES TRAFFICKED

& SECTION 4
m SECTION 5A
SECTION 5B
= Expon. (SECTION 5A)
= Expon. (SECTION 4)
Expon. (SECTION 5B )

18

FIGURE 7e Relative Seismic Stiffness Ratio vs. Tritked Axle Ratio for Test Sections 4, 5A and 5B,

depicting relative trends in performance.

Dynamic Deflection Profiles

Dynamic Deflection profiles were monitored interittly during trafficking by means

of a Modified Benkelman Beam instrumented with a1V Measurements were taken at different speeds on
the same spot namely 120mm in front of the cerftthentest section. It is apparent that the defiest
increased as the speed was increased. The reagbisfimcrease was not readily apparent but tepaese was

similar for all tests.

As the pavement suffered distress the deflectioogrpssively increased. See Figure 8a. When the
trafficking was terminated the deflections had émgral doubled relative to the initial deflectiombis

response was just the opposite of the stiffnegssrittat were discussed earlier. The two parameters

inversely proportionate to each other.
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FIGURE 8b Maximum Deflection at Slow Speed for Se@n 5B vs. Axle Load Application

Rutting Due to Trafficking

Rutting was monitored intermittently during trakiog by an electronic profilometer accurate to Gxim
Typical results are shown in Figu®a and the cumulative effect is depicted in Fidibye In contrast to HMA
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pavements, the initial increase in rutting of tbenposite CTB HMA pavement was more gradual. From a
comparison of Figure 5 and 9b it is apparent thatrtitting performance of the scaled and full-spaleements
was similar.
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FIGURE 9b Cumulative maximum rut depth at the middle of MLS10 test section 5 - left and right wheel

path
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Diagnostic evaluation

A trench was excavated across the wheel path tbsetto explore the nature of distress. Fidi@a and 10b
show the extracted block structure reconstitutegfiect the geomorphology. The underside of #ghalt
surfacing with marked cracks is shown in Figure. 0w similarity of the distress between the fglle and
the laboratory scaled pavements is apparent frelfiLS3 diagnostic specimens shown in Figures 3 an
3b.

FIGURE 10a Plan View of the CTB slab extracted frm full scale test section 4 for diagnostic
investigation (550x1200)

FIGURE 10b Elevation View of the CTB slab extractd from full-scale test section 4 for diagnostic
investigation (160x1200)



OO -1 On h e LD

Eben De Vos; Fred Hugo ; Pieter Strauss 22
Jorge Prozzi; Kenneth Fults; Hilario Tayob

FIGURE 10c View of underside of HMA extracted fromfull scale test section 4 for diagnostic
investigation showing marked positions of cracks.

Interim Test Findings
Although the study is not yet complete, some imgatrfindings have already emerged albeit from the
current small base of research.

1.

Use of the MMLS3 for testing scaled sand CTB pawartayers was found feasible and the results
compatible with those developed under full-scale\IQ testing. This new application of the system
ratifies research by Kim et al, (1998) on scalegliaptions of APT. This rendered parallel applioati
of MMLS3 and MLS10 APT an effective way of broademihe scope of the study.
A significant feature has been the similarity beswéaboratory and field performance of the
pavements in terms of distress and number of agle &pplications. This lends support for the
decision to use MMLS3 testing to scope the studgresfficient and effective way of developing the
research program. Detailed analysis of the trafiigiperformance is beyond the scope of the paper.
Use of seismic wave propagation for monitoringfiséi§s changes due to trafficking under APT was
successful. The system detected increased distréss pavement layers before manifestation on the
surface. With careful application, it was possiioleliscern the nature of the distress. This lendfiér
support for the use of a device such as the P SRAr®n-destructive accessory tool with APT.
The distress mechanisms identified in the pavemsgstem during the study were excellent replicas of
those found in similar pavement structures in ggan. The data will provide the basis for modejlin
the performance of the CTB pavement structuresogpiate for use in the region. This should serve to
support the preservation and maintenance effoatsatte underway in Mozambique.
The different distress modes causing disintegraifdhe structure were found to occur in different
sequences depending on the structure of the patemdrhe strength of the materials.
The application of wet trafficking intermittentlyith dry trafficking was found to be feasible. It
provided a means of ensuring that micro damaglee@avement is subjected to the effect of pore
pressure under the impact of tyres. Further rekeailtbe needed to quantify such impact.
With the pavements investigated in this study, heteworthy response relationships were found.

a. On average, dynamic deflection progressively irmedaelative to initial value, trending

towards two at failure - Figure 9b.
b. Concurrently PSPA stiffness’s decrease progressiveth the stiffness ratio reaching 50
percent of initial value when significant distrémss manifested — Figure 8d.

These relationships will be explored further in temainder of the study to establish general
applicability.



OO -1 On h e LD

Eben De Vos; Fred Hugo ; Pieter Strauss 23
Jorge Prozzi; Kenneth Fults; Hilario Tayob

CONCLUSION

Application of APT as a research tool in the qdestieveloping guidelines for a
mechanistic-empirical pavement design method forerd stabilized coastal sand bases in Mozambique is
proving to be both effective and efficient.
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