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IREFACE

Any road pavement has ite own life which depends
on load repetition and pavement strength, It is nocessary for
the dosign enginecrs to accopt this fact and provide the woy a.nd.
method to correct the failure and sirengthen the pevement to prolong

the life of the pavement .

This report is presented in the hope that it will

rondor some benefis to the design and maintenance engincers.

Obeatle Va]\raéak.é{

(Chaleo Vajrobukka)

Director-Gencral
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PAVEMENT FATLURE EVALUATION AND CORRECTIONS IN THAILAND

NIBON RANANAND
Director, Materials and Hesearch Division,

Depertment of Highwaysy Thallande

SYNOPSIS

Thailand is located in the dropicel zone with an sbundant
ra{mfa.ll ‘80 the moisture content in soil and pavement is the most
influential factor to cause failures of pavements, This rep?rt '
states differ.errrt 'typeé of failurees cotrn:nonly ccour in surface, ‘ba.stla,
m‘b—haselaha.nd gubgrade, The major problem ordinary ariges from
an.excess moigture in the pavement layers., Tims the pavement
drainage is highly retommended, Eventhough the corrections
mentioned in this report can be used ps a general rule; congidarable

varistion mey be found therefore it is importent that the more exact

analysis be made before the conolusions are drawn.

1., TINTROIUCTION

Thailand is located in Southeasgt Asia, lying entirely between

the Equator and the Tropic of Cancer, The country has a warm



and generally humid climate almost zll year round, with the average
temerature of ?..T.C.' Being :in the tropic zone, it hos an abundant
rainfa;il, ca:us;éd by the seasonal monesoon, varying from 1300~1600 mn,
The distribution of anmual rainfsll is over all parts of the netion
with a higher amount in 'the scuthern peninsular, over 2200 mm, per
year. A4s the result, most parts of the country are very. fertile.

and the nationzl economy is dominated by the agriculiural productz.

The topogrophy of Thailand d.iffars«:frém'regian to 're’gion; ~$he far .
north and western arcas are rugged and mounta.imus; the northeast
congists of the gently unduwlating topography of the Korat Flatesu,
the central area containg the flat alluvial plains of the Chao Phyeo
River; the southern regioh in é aeninsular, compriging of céas;tal‘

plains with rolling and hilly areas of hinterlands,

2, THE FRESENT HIGHILY NEOTTORK

The petterns of the road network in Theilsnd had been arranged in
accordance with the geogrephical fesiures, national resources,

goconomic and gsocisml requirements clso the sirategic planning and

political conditiona,

The roade under the responsibilities of the Départment of Highwaye

are ¢lasgified into 3 categories!

21 Primery roads, These are considerod ne moin arteries of the

nation, passing major important cities and ports and usually cerry



high mmber of traffic. They form a road network throughout the
oountry, radiating from Bangkok to the northern border at the Burmese
frontiery to the northeastern border of La.os; to the east =t Khmer
frontier and runs towards the southern peninsular at the Malayszian
border, The design classification is of high standards, capable

to carry relatively high volume of traffio with high speed. Rights
of way are a.l‘.»'a:f_s provided for future expansion te at least 4 lane
divided highwoyss The present highway network in Thailand is

Hllustrated by Figure l.

T 2e2 Secondary rasda, This fype provide access to primary roads and
also oonnect important towns ond districts, The design classification

ie of the secomdary types -

243 Fooder roadess These are reands commocting village to villqge
and chaneiling them to the country's secondary and primery roads,
Farm to market roads also fall inmto this category. The standard
specifications of these roads vary from unsurfaced farm to market
roads to tho high standards as dictated by the traffic volumes

and loads,

3, PAVEMENT DESIGN STANDARDS

In brief the minimum pavement design standard will be based on the
aceunulating mmber of equivalent axle loads prodicted during the
firat T years after the construction. Or it may be justified by

the economic feasibility study,
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In Thailond, rigid pavement and flexible pavement being the 2 types
of pavemonts used for roads, with only 1 % of concrete vavement,
the rest of surfaces are flexible and unsurfaced, The nation has
approximately 21,600 lm, of highways and feeder roa.ds; ocut of these
141.5 km, are concrete pavement, 16,000 bituminous surface and about

5,400 km, of ungurfaced.

In this report the author stresses only on the study of Flexible
pavement as this type covers the major portion of the country's

highwayss e L

The methods of the flexible pavement desizn employed in Thailend
are the California Bearing Ratio Mothod from the Asphalt Institute
Thicknoss Deslen Mamal Series Nos 1 (I-IS-‘I) 1969; the California
Overlay Defloection Method or the oombination_of the mentioned

CBR Method and the California Overlay Methodes In the design the

AASHO Road Test and Group Index are generally applied.

For an economical purpcse, at the life of pavement between Te=10
years, base course is always used at the minimum thickmese that

the maximmm size of aggreéatea allows, The thickness of surface

ig specified by experience due to the nmumbersof tra.ffic a8 follows:

Vehicles per dsy Type of surface required

O e '200 unpaved | "
200 — 1,500 ** #ifrle or double surface treatment
1,500 = 5,000 5_cm. gsphaltic conoreta
5;000 = 10,000 Te5 cme asphaltic oconcrete

over 10,000 “+ 10 ome or over asphaltic concrete




For unmirfroed reads, the 1l vavement for 7 vears 1ife both hy
the CMR and the Deflection Fethods can comparatively be desigmned
and the most eoonomical one will he selested, Surface and base
oourse et he tefh mu o The desim thicinoess of materials will
Lo need ond covered with the minimm Shickness of sub=bese “hat |
moximm size of amsrepsics al ows. Temnorary surfacing of suite—

ble =eil areresntes shiould ve nroviidedéd in accordance with traffio

volume g,

Ay PAVERTEFD CTRUCTTTY AMD MATFRICES

e Floxitle naverent stricture cormonly noed ir Thailand is shown
in Mmre P oand the eongtructior nmoderinls widelr amnloved are as
follousai

4a1 Turfmces The momular t.me are asnhaltie concrete, sarface

treatrent 2nd nrenetration merendam,
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E16.2 CROSS SECTION Of ROAD PAVEMENT



442 Bage, Types of base : well graded unbound crushed rocks,
water-bound macadam and cement stabilized laterite,
4¢3 Sub~base, Types of sub~base t: well graded, moil aggregate

{usually lateritic soil and sand gravel),

5¢ PAVEMENT FAILURES AND CORRECTIONS

As mentioned earlier; Thailand is in the tropical zone with heavy
reinfall and the terrains va.z;y fré)m flat alluvial plains to

mou:i'rt.z'a..ill'xous areas, The :E‘ac'l_:or of the fa‘ilure ig mdinly meigture ocontent
developing in the pavement, In this repor‘t; the brief accdun'ts on
the failures are givan together with the ordinary used methods o.f
correction, -

51 Pavement failure due to wrongly designed structures; as
shown previously in Figure 2, Considering the economic purpose,
the pavemgnt structures in Thailand are always in the way that
part of the pavement forming o french in the embaniament Ia.s olearly
shown in Figure 3, At the edsme of surface base and road shoulders,
it is considered to be bthe weak point in every pavoment design
where water can secp in more casily than any other areas of the
road surface, If sub-bage and road shoulders arce impermeable
then water will be intercepited in permeable bage and seep slowly
through =ub~base and shouldcrsze The amm.mt of water will be
greater if it can penetrate through the permesble surféce or

crackss The Materials and Research Division, Department of

Highways has performed the test and found that for well graded
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soil aggregate orushed rock base at 95 ¥ Medified Prootor dsnaity, the
coefticient of permeability varies very little and can be averaged at
about 1645 X 10~% ome/second, whereas the coeffioliemt of permeability
of shoulder or sub-base lsteritis soil of well grade type oan be
,averaged at about 3,67 X 10" ca/sscont. . is evident that the perme-
. ability of well graded crushed rocks is abomt 450 times of that of the
latarite sub=bage, This courses an excess amount of moizbare content
in the unbound base oourse before it can seep through mbebase by
gravitye, Thia problem ocan ba noticed during the pavement repairs,
Thes moisiure comtent not only softens base oourge tnt also arentes
wealkness .in sub=base and rutting will progresively cootr on the road
wrface, Then the oorrsotion ic needsd %o be done down to some depths
To prevent thie problem, the best way i to extend base courss all
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*the way to shoulders or to use very dense permeable base, for %hat
asphaltic stabilization is necessary. To provide drain pives under
base coursae is alsc & good practice to releasc excess moisture content,
But ex:penées for these practices are costly. One of the léw copt
method is to put sand layer under shoulders to drain water out from

the bottom level of base courge,

This present, practice should be corrected immediately to stop the
road surface from boing oracked which will rapidly become major
pevement failure, To the author's knowlc_ad.ge many developing countries
in the tronic still employ this practice.

52 Pavement failure due to lack of side ditch, As being stressed
several time earlier that Thailand has o heavy rainfall especially in
the rainy soason, then crowm or cross slopes should be provided in
conjuﬁct ion with side ditch where embankment is low, These pavements
should be designed with itg gib-base being at least 30 cme over high
water level, Side ditch chould be provided; for most pla.ces; $o drain
the free water out of the read os rapidly as possible. It willl.also
help reducing the ground water table %o a cer‘taj.n extent and moreover
it will lessen the copillary moisture influence, Several highways
without side ditch show sign of deep foundation settlement or corrugated
surface after some period of service and that will cause major failure
lazter on, So it is necessary for highway comstruction in the tropical

countrios o provide side ditch.
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5«3 Pavement failure due to soft foundation. The central
plaing of 'I.‘h-a:i.la.nd. compose of a.pproximately 25 m, in depth of
alluvisl clay, This type of material causce great problem in
the n_ﬂ.esig;n amd construct i:on of embankment and raises construction
cost. However owing to high settlement it con be expected that
after a period of road service, the setilement oreates irrggular

level on the surface and that requires regular maintenance,

For consiructing the road of this type, the Thai Departu:ant of
Highuaysa has to tolecratc the ‘failure to a certain amount dume to
linited fund, Ligh‘l: weight materisls and sprecd slab footings are

cmployed in sections where high cmbankment is reoquired,

2o bed Povement failure due to termingtion of its life, Before

the set up of any programme on road congtruction, it ig initial to
gtudy the feaszibility of that rocnd and its life neecds to be clearly
specified fo-mect the demand of itraffic, This should reasonsbly :

be a sound plan for an investment for countrics under development,
The programme o strengthen the rocd should be implemented vofore its
life terminates otherwise failures will unavoidably ccour,. This also-
happens in Thailand as the need of roads is tremendous but the financial
situation ia not in the state fo meet the demand, Bventhough the
road have conptantly been studied by the rating programme topgether
with the deflection study to check their lives; still; due to the
shortagze of tudget and the demand for now highways; the gstrongthening

progranties have been postponed year by year, The programme should



be recognized of its significance and should be included as o part
of road consiruction programme. Also it should be brought into

effect or the cost of rchabilitation will be very high,

5¢5 Surface failure, As stated 'bei‘ora; there are 3 pepular
typee of surface in Thailand, namsly, =sphaltic concre'be; surface
treatment and ponetration mecadam, Thisz report dees not cover the
failures in detzils but it includes major items cauesing the failures

and the corrections as follows:

5451 Surface failure due to »rime coat, Generally the standard
specification in every highway department gives some ingstruoctions on
variations of an amount of bituminowe prime coat to be applied, The
incorrect application sometimes causcs an excess amount of bitumen
for prime coat, The construction engineers zre only aware when the
amount is not eufficiont but they need experience to judge not to use
the amount of bitumen over the neccssory requirewents, It appeers in
many of the congtruction projects that the sweeping and brooming of
the surface of base iz net adequately done and the amount of bituminous
materials is over requirements, This cauécs the pumping up of
bituminous materials of the prime coat to the surface courﬂe-"and.
produces the bleeding and.-slippcriness of the surface when wot,

The other problem happening in the rainy season; during which the
evaporation is slow owing to the high mmid stmosphere, the volatile

matters in the cutback are not allowed to evaporate compleiocly, Then
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the asphal‘hic_ carpet is rapidly laid on and causing insufficient
bond between base and surface carpets The corrugation, slippage or

ecracks can be cbzerved,

54542 Foilure in asgphaltic concrete, The authur doos not include,
in this paper; the locelized failurc ocour from other failures such
as the weaknees of the pavement as it is not the failure which happens
due te the surface itself, The asphaltic concrete originally designed
to meet the specifications; pertaining to voids, flows; bituminous
content and sggregaie grading following the Morshall stability
requirements, the compaction during consbruction is 98 % HMarshall
density. After mome poriod of service the surfece always bleeds to
certain limit, The Thai Department of Highways has mode invectigations
on the problem and found that after the hot mix has been paved;
the kneeding compaction from traffic load coupes zradual inerease of
bituminous content on the surface to cortzin extent, The filler olso
increases as well as the filler binder rotio., The void retio decreascs
approaching to zero in mome cases but the Marshall stability ie still
in the satisfactory B'ta_te. This causes o problem of slipperiness,
the Deparment of Highways is working on detailed study including
studies on various types of mixea; the change of bitumen nsphalt
from AC 85~100 penetration to 60-70 penctration, The conclusion of
this 'behmriour; in the meantime; can only be judged by the pumping
of bitumen from the botiom part of the mix through the surface and

the excess filler moy come from the aggregate breakings The author
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would like to invite any comments on this matier,

5453 Poilure in surface ’tfea‘tmen‘t. By the standard specifications
of the Department of Righways su:_-face treatment is employed when the
traffic is betueon 200-1,500 v/d. The major problem of the failure
for thias type of surface is the slin out of_'l:he base when the base
composing of high P.I. over 9 has been used, The base must prossess
P.I., between nonplostic to 9. The slj.pping ig due to an accumulation
of moigture content under the surface,

Another problem can easily hé.ppen owing to .the conatruction, the
longitudinal streaking and the un-v;tnif‘ormed application of bifumen
can ocour because of on incorrect setting up of sprey bar, truck apeed
and nozzle pressures This problgm may be remed:_i.ad by checking the
distributor truck before cllowing the use of it,

The other problem which easily'happens to this type of surface 1le the
throwing off of aggregates by the traffic becanse of an insufficiecnt
umount. of bitumen to hold aggregates togethers To correct the problem,
the Department of Highways now applies the method of design by_the
Mustralian Counmtry Road Board together with single size stones, It

is important that the stripping test should be parfarmed.'to check

whether wet aggregotes will be stripped out from bLitumen,

5¢5ed Failure of penetration macadam, Penetration macadam had
its popularity in Theiland until 1970, The Department of Highways
gtill uses this type of surface for itg direct labour works c;r BOME
particular types of base; i.e.; maintenance work on existing penetralion

macadam surface,
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Thers are various problems causing failu.res to this type of surface.
Penetration macadam compeoses of crushed rocks of uniform size
where penetration agphalt is sprayed through the voids and the
keystones are spread to koy the former interlocked stones, 'I'l_le major
problem t0 cause failure comes from its peximee.'bility; water can seep
through surface to base, It is difficult $o find the appmpriqte
amount of bitumen to be applied to perietration macadam surface.

With the design based on full impermeability of the surfsce from the
firet stage; then the percenta:ge of biMen for application mast be
high and that couses blecding within a short period as orushed
stones can move under the traffic espceially when the pavament
doflection is rather high, The practice of the Depariment of
Highweys is to employ Icertain amount of penctration as;pha.lt_ in order
to obizin complete e;eal of the surface within 6 months after deing
opc;.n to traffic and that can protect vitumen from flushing, Nevertheless
in the first period, it 1s expected to allow water to seep through
the surface., The corr‘ect tguant ity of bitumen can be acquired by

‘t]:!.a trials on test section of each project. -

amthér nroblem of this type of surface is an intrusion of the fix;:es
.up through penetration macadem stone voids thai will cause cracks and
finelly lead to major failure, Therefore the surface slmuid be put
on the firm strata of base with non plastic to P.Y.6 with emall pertion
of fines pasaing no.200 U.S. gstandard sieve., The practice used in
Thailand is peneiration macadem will be put on bituminous prime, well

graded crushed rocks or water~bound mocadam base or ocement gtabilization
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bage, The finding from previocus studies done in Thailtand was that
penetration macadom can minimize teflected cracks from soil cement -
bases Then the surface of this kind should alweys be applied together

with cement stabiligation base.

5«6 Base,

Ss641 Well graded crushed rocks, This type of base has been
greatly uged in Thailand since 1970 as the cost of production is
iower than other t'ypes of crughed rock base and the construction
nethod is much easier than that of the otherse The failure of this
type is _vi'l_:a._ll in itself, The problem commonly occurs by the cansge
of other factors such as the incorrect design of the pavement structure
of trench typé stated p_reviously and the excess moigture content in

the base can easily reduce the strength of the base,

Se 6.'2.;.:'Ha.‘ber-5m1nd macadame The wa"l:e'zl'-bound macadam base ‘
comprises of uniform size of crushed rocks laid on compacted sub-base
=M rolled to intérlock a.mong themselves and the void.s ustxaliy
filled with dust stones. The wat'cr; theﬁ; holps bringing the fines
down to fill the voids. The major problem hoere is this type of base
should be put 6n the firm strata of subwbase with lese fines and
lewer PoI. in order to stop failure due to intrusion of claq.,r through

the base which can easily 6ccur_ ty o coileciion of water during tho

. [l

process of construction or an accumlation of water later ons
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As thls type of base is practically permeable then the hra.ina.ge ’
should be provided to drain weter from the hase course, Due to high
cost of preoduction of stones, this iype of surface has ceased %o *

be popular in Thailand,

Se6e3 Cement stabilization base, The practice in Thailand is*
thé degign being based on 10,5 kg./sq.cm. unconfined oompression
strength at the zge -ﬁif T days. The sta.hiliza.t:l.on can be either ro;.d
or plant stabilization. After comple-l:lon of oompa.ctmn, the traf‘f‘:l.c ‘
Ims‘t be allowed on the base course to redice the sige of shrinkage
crackse This kind of base dourse be:i.ﬁg applied in the area; vhere
ground water tables are low to prevent the prdbler;t of high defiection
foundation, The penetration mé.ca.;am’_can be ulesed as surfacé course to
preven't' reflected cracks or otherwyice application of:séal coat for-
2-3 times -hould be noeded at 1 or 2 years interval, The failurc of
this type of bame can easily ocoir if the mixing takes longer than the
final setting time of cement, The breaking of soil cement slab can-. .
be expetted if the soil underneath containg high percentage of moistures
The fact that thel'ba.se_ of this type cracks is accepteds Therefore
the measure to prevent that problem is taken by sealing all reflected

oracks to atop the penetration of moisture through them otherwise

Se6ed Other stabil isa‘b:ton. 'I'he 'Ihe.:. Department of H:Lghways has
developed soil stab:.liza.‘t:l.on by a oorn'bination of b:v.tum:u.mus amulsion

and cement, In order to prevent the shrinkage cracks in the
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Yase, the stabilization by emulision and cement was used as test’
sections and considered effectives From this iype of siabilisation,
it may be assumed that cement will canse an agilomeration of soil
and this will be fully or partly covered with bitumen then the
meterials will act as ordinary ageregetes in the basce However =~
the strength of soil will be d.eveloped by cement and cracks cannot
b2 observed on tho bases The stabilization of this type is hopod

3

%o be used extonsively, providing that it is considercd economicale

-

5«7 Sub~bzses Sub=bose motorials are usmally available woll
greded materials with PuT, loss than 12, Blended of 2 types of
=aterials such as laieritic soil and sand is always nceded. The CBR
is also controlled during construction, Experience agcertained from
some projects indicated that the use of inferior sub-base maberials
was the cause of fzilure to the whele pavement aftor o corisin
increment of meigture content in that particular soil, Therefore the

comtrol of gradation, liguid limit, CBR and P.l. is sirictly regardeds

5.5 Subgrade. Subgrade matorials ordinary arc acccssible
naterials alongside of the road compacted to required standards
Proctor density. There has been no probiom for new embenkments bu'l:.
for the roads constructed before modern tcchniquos were devcloped in
Thailzond, various problems arcse due to uncempaction of pavement
loyers, soft B_pots are cxpcc}‘.éd to ccocur in the_ cmbanionent Heavy
squipment on the cmbankment as woll aé the Benkolman Boam deflection

test moy be employed to observe the eclastic behaviour of thcé soft |
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spotes It is neodod that the soft -Bpots be token out for some certain
depth aml replaced with now materia:ls of which quality meet the
requirements of design,

6¢ CONCLUSION

This report covors a wide scope pf the cause of pavemoent failures

and corroctionss Howewer they cannot possibly be explained in deta.ils
as the paper has to be confined within the length limit, Close
investigation on the problems is nccessary to judge the cause of
failure and to find suitable remedial procodurese The major factor

of failure found in 'l‘hai_lam Ais the moisturc content in the pavements
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