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s Due t.o geolog:.cal conditio:-xs in Northeast Thailand 3 l.x.m:.ted
”'73u1table rock quarries have: caused 1nsuffioient road construotion

_ “ff:matarials for: a: long times “this, probiem can be: solved by stabilizing
“:iavallable local material later1tic soil to substltute orushed ‘rogk

"ﬂﬂbase course. 5

:fnany research prograMmes have: been done-on 1aterit1c soilucement:"

xi“1¥atab1112abion fqr sevaxal years. Tha first later;t;c 861l ~cemént. test
. [road was cohst&uoted by Slam Cement COmpany onsH;ghway Rt No. 24740

:&Ubonratchatani in Northeast regioﬂ.-fsince then, abéout: 1} 400 kllometers

':' ofssoi1~dement roads have been constructed 1n thisyregion. : Research

B evaluation showed that most(of the goil-coment  roads performed- well

. __'under ]_ow tr-afflo, conditiong‘ '_s;:—"_'i Sr‘ TS SR REa Fustebte e s g

Research proqramme betueen*Thal Government: through Department of

' -nghways. Ministry of Communicatlons and Japanese Government - through =
_Mlnlstry of Constructlon,aapantInternational Cooperation Agency (JICA)
and Intepnatiqnal Englneer;ng;Consultants-Assoc;atxgn (IECA) startéd
frOMiDecembeﬁ;ﬁj93iFtogﬂarcﬁi%i984ﬁﬂ:H‘ﬁestkroadf:with soil~cement base
doursa7¢was@dohétructed?onwﬂqticnalhﬂighwayﬁRt,aNo;ﬁ?zlbafweén‘thé'=”f
city;cfyxhon{;aensandzcnum-phaéfnistrict,”with~éh'Anw‘of about 4,000
vpd, in. Northeast Thailaﬁd ~JICA-and IECA: have provided some’ necessary'
equlpments for- this project.

The study is aiﬁed=to obtaiﬁ futther information of the performance
‘of lateritic soil-cement:road under:heavy traffic.

LRy e

It is divi@g@dinté_g*quggg;&?__

;Stage'i?myérjﬂthe soxlﬂcement base construction and ite performance

‘--- ¥

evaluation %"'

Stage IT : the;aspha;tic concrete - surface éonstruction and its

. performance evaluation

i



o sB3is

ﬁ':lkwas_completed 1n March, 1984._ﬂ.”

>‘v_,Aspha1tic concrete surface construction finzshed in Novembef, L{JJgf
Sensors had been 1netalled on top and 1nsxde the surfaceucourse,fﬂ_,*'

3]_respect1vely. »The perfcrmahce of surface course euch as oracks,
'proughness andrrut depth had been checked;' Pivemant evaluatzon had L i
TEmperature, stressee?f}:ep.{f

:ngeen done by Present Serviceabxlxty Index (PSI) s
,The concluslon'bf Stage:II Study 1

ands etralns have bee'fanalyzed.
'presenteﬁ 1n thls report 3 8 : _ :
_ research progect w111 be valuable for future research-and appllcation.,;f:}

The report 1s accomplished under the cocperatlon of Japan Inter-“;'g-
”inghways.s;Mri"”1:'

natlonal cOoperatlon Agency {JICA) and Depa;tmeht 0
Yoshlaki Murao, the expert from JICA, provided some technicalarf
”"--.‘Dr._'reerachart:. Ruenkraarergsa, .

.Department of Highways, provlded eome guidance and technlcal reVLew
_ throughout“the prOJect The draft report was’ prepared by Mr..erote

Panthawanggoon and; rev1ewed by Dr. Plchlt Jammcngplpatkul Department
.af, nghweys.ﬂ Thelr hard workxng ‘are - acknowledged.=: ;=;.ﬁ:31; :Aﬂi»wu,
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L) INTRODUCTION
R L
T

Later;tic Soil cement has been used for road construc~

._o

J;‘tlon in Thalland for almost two decades.' However, ohly in recent

: i

'E'i years that'performance of*laterltlc 3011—Lement roads has been

-’fexten51vely studled {Ranananda et al 7 1983, Ruenkra1rergsa. 1982,

B 1983) E ‘:"j -:.f']f1 § ' ”f“ R 15”1:..§
In order to have a better understandlng of the behavior

of- 3011-cement roads, a test Sectlon with base course, con51st1nq

:"ed w1th varied cement content and two types'

. of laterltlc 3011 tr

of thlckness, has‘been constructed. The test sectlon is. located
__'onlﬂlghway ROute No 12 between Clty Qf Khon Kaen and Chum Phac
”e.Dlstrlct (Flg. I~ 1) _ Constructlon of the-laterlc so;lrcement
;baee and theyeephaltlc concrete surface of the test section was

)

completed in March and November, 1983, respectlvely.

.During_;he-base course construction, sevéralrsensors
1nolud1ng straln“gages, pressure calls and thermo~coup1es, were
1nstalled beneathﬁ?he'base and subbage course, After the base
cooese.oonstructiogg_bot before the surface conetructlon, perlodié.
 measu¥éments of'stre%s~strain and deflectioh un&er'a specified
' load as well as the: teoperature varlatlon w1th1n the pavement
'strnctg;e.were madeo_ The collected data were analyzed and
o fépggigﬁ"iﬁ:qﬁgiéégge I_report.

During the éoiface constructioerin November, 1983,
addltlonal straln gages and thermo«couples were lnstalled under-

' neath the surface. The Stage II study, then, began after the

:r:lfﬁf".
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CHUIM PHaf

FIG I LOCATION 'OF TEST SECTION



.. surface constiuction,’

R Flow ‘chart of the study is shown in Pigure 1-2.

1 2 Purposes of the Study

f The obgectlves of the study is outllned in: the Stage 1

2 report and is. relterated here as follows

'(11*To study the performance of laterltlc 3011-
L;stabllyzed w1th low and hlgh ranges of cement

jcontent for belng used as a- base course of moderately

.:ftraffxc roads

:(2) To study the strength development of the §0il- cement

{‘base‘whxle servxng the actual trafflc.

‘(?f TQ s;udy.th9g;pgg¢ed spress-dlstrlbutlon underneath
éiéﬁéféggﬁgltiéiEonéréte;layer.
e Léf[Tdfééuéy Eﬁé defiection of surface.and;sqil-cement
base under 1oad1ng. ‘
i_(S)”To study about the probable substltutlon ratio of
;¥3011-cement base as compered to asphaltlc concrete._
161:To check the. de31gn method as being employed (CPA
7 ifmethod)
(7i To study about the long texm performance of the

 soil-cement road..

U 1;3°0utline of Stage II Study | '
:étagé Ii;stddy‘beééh‘éftef the suﬁface conétruction in
Novéﬁbér;_1983.' Additional’strain gages and thermo-couples

 were installed for this Study.



\lfb

rremen

Report

=T

; nnninrfl

. 5011 Lcmant uauv-
;Conqt'uction-

)J..

e

'ﬁfontrol

'ionqrrUttinn ..
L; B

i Conting|

Surface Asphalt
Concrete _
Copstruet lon

S

vl e e ey e e Raee i el 8

' [”*J::]. S
f';ll‘l'_rv_t!':l_; 1 Lo e

;i.prerlmpnt :
{,Prgpﬂfﬂtion
FE A
'Inacallation of

_;‘survvy
: ;wnuflgctlon
*wC dxking _
' emperature

_"-%tauc k. Dynamic -
1 Joad Tcat A
' "1l"ﬂffic VO,lUmc'

Gaunos & Lells etc.l SR

TwPermancnt Strain o

|- s .-.'-.‘-

Inqndllation of

\-,;.........i.........,..... .—-...—1 -

'i';; 4An#i§$ié|.“if

-hnwes“

(G ey

Fio.’ 1~2 Flow Chart of _th_lg_'f'g.tqu}-. ';




”'Q]Straln Indlcator and Dynamic Ampllfier wrth Pen Recorder. The

—f“ftemperature varlatlon Wlthln the pavement structure was measured

7'u51nq'Pocket,Thermometer. The Benkerman Beam deflectlon was

kﬁcarecorded for the: surface?deflect1on.- Descrlptlon '6f the 1nstru—

”-rfmentsvwa$ lscussed 1n detail 1n our! Stage I report.

J‘In addit1 n; Profllometer and Levelllng method have

"1been used tc measure the roughness and cross—sectron {ruttlng

Y

:depth} of the surfaee. Selected cored sorlwcement samples from

...the test sectron have been tested to determlne anonflnEd com=

: preeeive etrength and Strese—straln relatxonshlp.

1.4 s'cegé'qf 'T'his Rep'brt RRTTRTIy

In:thls'report, Chapter i1 summerlzed the Stage I Report.

,Chapter III presented the crlterla of asphaltlc concrete surface
"1nclud1ng desrgn, constructlon and the results of material pro-

. pertles. Detalls of eensors embedments beneath the surface course“

. wab mentloned in Chapter IV. Chapter V presented the results

-

_' of ana1y51s of the measurlng data 1ncludlng the results of

Deflectlon: Roughness and Cross—Sectlon Form of Pavement, Crack

';Results,TemperatureMeasurements, Statlc and Dynamrc Vertlcal

-Stresses, Permanent Straln, Statlc and Dynamic Horlzontal Stresses

kand Stress Straln Relationshlp of Cored Samples. Chapter VI was

the conclusron of thlS report._



SUMRY OF STAGE I REROR

at 3 000

B vehlcles

s

r

'behav1or (Flg.,II 2 and 3) _ _

Laterltlc 50115 were mlxed in the field with cements and_

s water by road constructlon-equlpment._ivwwfalff

Tt T R R S R RS SIS
-1I.2 Conclusichs in Construction and Test in Stage.Ij;v:

(l) Materlal Pr0pert1es. In the design stage, Good SOlli_g‘

and Poor 5011 were classif;ed aocordlng to thelr,P I To develop_f"

fl@ld strength of 17. 6 ksc.(250 p91 ), cement contents of 4, 3 3 553 o

and 12 8 % were needed for Good 5011 and Poor 5011, respectively.__

RELEE]

However, durlng the construction it wa not practical'to classafy'

fleld materials as Good 5011 and Poor Soxl as expected. As a
E E‘ . '.".

result, only one type of material was used instead of 2 types,i‘f S

The flled materlal possessed physmcal properties 1ntermediate

. iid
' B gl
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w1th percent éement up to 10 %., Beyond the 10 % cementiccntent,

the strength was unpredxctable.;ﬂ; 31 R 1';"

(4} Benkelman Beam Deflectio ,Benkelman Beam deflectxona

of the qurface cf 5011 cement base courSelunder the axle 1oad of
ARSI 1,

about 12,3 (27 000 ib) varled from 0. lO to 0 30 cm. (0 04 to 0.12 Ny

in.). The duratlon of curing time dld not have much effect on the

dcflectLOn, but the percent cement content did.y As the percent

cement ccntent increased tc 10 %, the deflectlon and standard

deviat1cn cf the deflectlon decreased T .f : ’;;‘=
. . . : 2 'i‘; ; : . ;

(5) érack Ratio,? Crack survey was carrled out agter four‘d

and a half mohthrcuring. The crack ratio increased thh cement

content.

(6) Temperature Distribuktion in quccCcﬁiéé.*“Témparature o

SR SN



EERS T

dxstributlon was measured on the same day of the crack survey.._

n g.neral,'the temperature decreased Wlth depth from the surface.'

.l,

curlng-tlme, and base thckness. Load dlsperSLOh

.

g_;The relatlonshlps wlth speed peaked with;n the range of

'0 to lO km/hr and decreased and flattened as the speed incroased.

Strain;gages were

']9) Accumulated Permanent Straln.

V:(parallel and pexpendlcular to center llne, respectlvely) The

'f'acrumulated straln developed in the gages were recorded The

:-':-‘:- i ‘:‘.:-

' relatlon to. curlng ‘time was d1v1ded 1nto 6 stages as follows.'

N TN
ERS t

;ifffa)fStraee occurrlng e‘
(b) levelllng off |
‘ﬁyiejwfeadeihg‘SIOWLy into a tensile dondition
S e requeing rapialy
. ‘?ie}fEQeeeeiﬁe’thefmeasuriﬁg range of the,gaee

*_,ﬂ(f}'bre&kinq 6ffthe ééée )

I “i(lO) Horlzontal Stresses Under Static’ Loading. The

horlzontalﬂstresses w1th1n and the bottbm of the 3011-cement base

_ showed a tendency for compressxve stresses to occur at the upper



?E”lpart and ten311e stresses to occur at the lower part of the base,

at the top of subgrade.. L  *1” S

(2) Estlmate of Elastlc Modulus of Soll-Cement Base. At

was dlfflcult to value the elastlc modulus of soil~cement baee course_.'

—;_g;f':_: P . . < B I

from the measure& vertlcal pressures because the measurements eere
veQQ eeaeteredl B S e e e

o ﬁowever; tee“elastlc ﬁoduleeroélseii cemeet baee’eeerse -
was valued as B = 2 000 to 3, 000 kgf /sq cm, by MultimLayer elastlc

\.-

analysis, using the adjusted deflect;ons.
(3} Cpmperison of Measured Valuesiwith the-ResnltS“df-
Finite Element Analysis. It was. conf1rmed qualitatlvely that the

meaeured otresses and stralns agree w1th the results of Flnlte

Element analyels under the condltlon of cracks 1n the base course.

(4} Esﬁimete_éf Du@ability_QfﬁTes;‘Reed-by:bhell'Design

Criteria. The durabjlity of the teet';eed_yee ;ntes#igeged by the

¥



.'.'lgf:'”cou_rsﬂe;_was 2_5_‘5;:‘::1.'{- thick and the surface was Gonstructed by dense

o

. 'pitumen Macadam, . v




| 1il. ASPHALTIC CONCRETE SURFACE

HI?f}iﬁi@ltTyﬁééhénﬁ.ébhp@ﬁiﬁiaﬁﬂo%ﬁmik.

> Asphaltxc concrete could be class;fied ;

”the 31ze of aggregates and amount of asphalt cement use. Each .

;3{—mlx'd031gn.w:ll be Suxtable for'one partlcular JOb and ObJQC‘lVG

2hu wdof M
iﬁ Lhe Marshall method, test specimen of 2-1/2 1n. helght

fx 4 ﬁn._dlameter, prepared accordlng to a’ spec;fled procedure, are

used There are three pr1n01pa1 features in the mix deSLQn (1)

bulk spec1f1¢ graV1ty determlnatlon, (2} den31ty, v01ds analy91s,

and (3) a stabllltywtest of. the compacted test. The stablllty |

.1s the maximum load resistance in paunds which the standaxd test-

_specimen will.devélop at 140if,§hen'teéﬁéé;-aﬁd theﬂfloﬁ'valué is the-

total movement, in uriit of 1/100 in. occurlng 1n the spé01men

.between no load and maximum load during the stabillty test.

Té detéermine optimum asphalt content, tﬁe £e§£iLWili be
varled.by /2 % 1ncrement of asphalt content, w1th at least twol
asphalt contents abovg and two below optimum, Usually three to'
five test speciméns are preparéd for each asphalt con;ent used,
Asphalt may be ekpressed aé a percentage by weiéht of'totallmix-

or aé a percentage by weight of dry aggregate,

Table XII-2 indicates the Marshall Design Criteria,

presently adopted by'DOH. The criteria were recommended: by the

-4
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“'?1?517

';:'h{Asphalt Institute 1n 1962 Fig&re'lil-l shows relationship

ﬂt;between Mlnimum V01ds in Mlneral Aggxegates v. M A } and hominal

;max1mum s;ze of the compacted Dense-Graded Paving Mlxture.

'ii:'r,‘.s‘ f_[)"cSig_h of th'e"Te’sé Section sﬁurface
S W . :;~«* SN ) o .
The surface of the test sectlon consists of S5-cam, thlck

_'asphaltlc concrete layer. The asphaltlc concrete is d051gned
Y 1

u31ng Marshall Method Laboratory tests are performed on a dense—

L gradod dsphaltlc concrete mlx to be used for the heavY trafflc

i

.-categorys‘ The-aggregates.used in the mix 1s_$hown in Flg.III 2,

?hav1pg.tﬁo‘ﬁax;mum nomlnal slze 1/2 1n. Figure III~3 shown the results

i‘_of the teots followlng DOH’S practlce, ‘the asphalt content, as
7determ1ned for the median of the limits for percent air voids,

Tig used as the 1n1tlal de51gn value whxch is- checked and adjusted

to coniorm w1th other crlterla.

From Flgure III 3, the asphalt content providing 4 % air
B v01ds (medlan of 3-5 % ranqe for Lhe surface mlx, Tapble 111~ 2} is
‘a_5ﬁ2534‘ At thls asphalt conLent, other propertles of the mix as

determlned from F;g. III 3 are as follow.“

Denslty E : o 99,7 % of optlmum_
'_'Stgbi_h_ty = f 12200 1bs.

F10w | | 11

?oécent-Voido i; - _15:

Mineral Aggregates

It wili be noted that the stability value exceeds the
minimﬁm'of 750 lbs, that the flow value is within the range of

8-16 and the percent voids in mineral aggregates exceed the
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o

fiTnminimum of 143* The percent v01ds in the total wix 18 within the

"“riallowable 11mlts.-_
There are some tolerance in thé plant-mix design as
o fOllOWB ' b
sl Y AggFegate ‘passing = N6 4T Tand’ greater =5 %
kﬁf'ﬁlﬂf‘f{L‘:H?}' S R VO - SHE BRI 4%
No.30  ® -
S ffn¥~j'-f.3“'ﬁb{500 wiooow = 1%
As a result the range of asphalt content allowed for
jthe plant mix 1s between 4 9 and S 5 %.
-= The properties of the mlx for the design range are still

: thhln the allowable lelts as lndlcated in Fig., III-3,

v

111.4 Surface Construetion

Clrn, 4 1 ESE Egent -
R Followxngs are the llSt of equlpments used for
the snrface constructlon.

-1 contlnuous type asphaltic concrete plant

4 dump trucks
- 1 paver

D - 2 steel rollerS-

1 self-propelled pneunatic tire roller

-'111 4.2 Plant Mix

In the plant mlx, the amount of aggregates and

Wt

asphalt cement content are controlled w1thin the desxgn range to



CERe g

s 290;52039; jﬁ*V'l'“”: :

. III 4 3 Copstxuctlon Procedu;e o e
_ The hot mix is hauled from the plant by dump:?n
_trucks as; spreaded at thc test s;te by paVer.. lmmediately after
the sPreadlng, compactlon ig- performed Followings are steps of
compact}op. ' -
(11'1n;;;§;:or efeakdowh,neiiingif steel
roliers used to CQ;W;&.,-; the mix. The -
 compaction is requ1red untll the smoothness
'.and neatness of the surface arerob?aleed

The smoothness and neatness of the surface

:are hocked by u31ng stra;ghtedge. Tempe—_'

‘3
]

J rature durlng compactlon must not be lower
than 250°F.
(2} Second Rolling. hubber tife reller is
L
: applled wh1Je the mlx is Stlll hot {tempée~
.rature is in the range of 170 T 15 F. )
Thle steps mill 1nduce maximum density to
'the asphaltlc concrete surface.
(3) Flnlshed Rolllng The surface muse be ﬁade
smooth u51ng the steel foilers while the'mix'

is stlll warm {temperature should be 140 %

157, )

After the compaotlon, the surface is cured

for 16 hours before Open to traffic.

N F



-razige are pres"

o

III 4 4 Progertles ot‘ the Mix After Constructlon

The properties of Lab—compacted and fiéld-

'Eted in Figr nz 4. It is mdicated that field

: _r_‘.::dens:r.tles of _bot:h laneSaaré 1ower than the design range, However,

: 'they are greai:er than 98 %‘Maxmum Density. The $ Air Voids and
_V M,A. of the field-compacied samples are greater and lower than

'the des:.gn range, respectwely.
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ensorgifwhiéh*? :é,iﬁgﬁailéd'ﬁiﬁhlh‘ﬁhé pavemeht

:lstructure fféhé?ﬁéﬁt;éé tion, are pressure cells, strain gages

Eand thermo—couples.,:Spécifiéétioﬁfof these sensors are included

3.2 1n Appendlxra- ti,ih?ﬁqﬁ

5 ":'wéatio&ﬁ_S. of Sensors are shown in Fig. II-3.

";V.zlétéps bf-séﬁSOrilhstailaﬁion

Iv.z 1 Stage.l Study In the Stage I study, the sensors

Detaxls of the 1nstallat10n was' dlSCUSSEd in out Stage I report._

fiv 2 2 Stage 1T Stqu Only straln gaqes and thermo-~

couples were 1nqtalled beneath the asphaltlc concrete surface in

the subsection nos. 1, 3,'4, 5 and 7.

The steps of installation are as fﬁllow.
(1) Before overlaylné asphaltlc concrete surface,
-tacking‘§0§t Wasquhe byﬁusing-asphaltic cement,
.?Tﬁen, woodeh‘form_waé placéd=a£'the embedment
loéétion;'as éhOﬁn in fig.3:V~l (a). Tﬁen wooden‘hh
- form Qas firﬁly fixed on the bésé?dourse._
(2) After overlaying asphaltic concrete surface, the
wooden forﬁ ;as-removed to provide ‘the straln gage
o space. Flg, Iv»l (b) shows the sectlon of asphaltic

. ,concrete overlay1ng stages, Thls step was done

o Whi1¢=;he'agphaltic_was‘still hot. -
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(3) Wlthln the providing space, thin 1ayer of fine

.;q:asphaltic concrete was used to levél the surface

' ;}fjiglgof base course.: Installed location was markcd

-Kon the levelllnq surface._ Fig. Ivfl_(c3 shows

 ”1an of embedment location. Lo

1(41 Tw0_strain gages were installed at the sp801fled

>';.locat10n. Asphaltlc concrete was spreaded and com—

,.pqéted_ln the‘sgace,_Flg._IV—l_(d)_shows_th;s step.

- Steps (2), (3).cand; (4) were, done as quickly as p0331ble

. to obtaln the homogeneity of the asphaltic concrete surface course.

Cord embedment Was; done. by dlgglng a dltch along the side
\nslope embankment and collectlng the. cord in the hole as shown. in
Flg‘ IV—l (al,

Torsao B yenooa oo il

V.3 Meésuriﬁg instrﬁment‘and'uéthod

The measurlnq 1nstrument and method were descrxped in
detall in our Stage I report and is reproduced in Appendlx B of

this report.

B SUTTIN TS SR SR B



Ufas shown 1n Table V l l.

o veREsUIES

' y.a;j,;ﬁmc«m

‘used varled irom the ' andard loads of 18'000 lbs. (8 036 tons}

.H,_.

'As a resu t;'The recorded deflectlon was

'1n error to some degrees. The recorded data lS then multlplled

by-a- correotion factor whlch ig" 51mply the ratlb of the standard

“1oad and ‘the adtual: 1oad.x*ﬁw-~'»u? ?v'ef?ﬂ“feheﬂs-**i'”ikﬁ”“ %

ERELE I £ Téble Vil-2 shows the average surface deflectlon and
etandard dev1ation of:each subsection measured ‘at: dlfferent period
as compared with the soil-cement base deflectlon. Also; In the*

same table, presents the deflectlon of surface constructed on
crushed rock base, o
V. l 2 DLflECLIOH SerV1ce Tlme .
e i poidy .;, l_; IR TS 1 ceen . ,;t.i:.._.g:.n e ; :
The surface course deflectxon is plotted agalnst serv1ce

time in Fig.V.1-1, It is 1ndlcated ‘that the deflectlon tends to

" increase with the serv;ce time. However, fram the'period of 7

to 10 months, The deflection decreases. It is difficult to see
the relationship_at relatively short sexvice time, since variation
of climate particularly raining will exert large influence on the

recorded deflection.

In the same figure, surface course deflection of crushed.

rock base is also plotted against service time. Tt can be seen

~28-~
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. surface course deflectlone'egelnst serviclng time; for each sub--
i)

.SGGtLOH. Most of theee resu]ts show that left lane deflectlon

o were smaller than the rlght 1ane deflectlons, except(in eubeectlon
JE | i -
No 8. These effects would be due to the heav;er Erafflc on the

right lane,

'% v.1. 3 Comparlson Between gurface Course Deflectlon and

.

Base Course Deflectlon

z‘-, r‘., ] h . ik :

In every case, surface course deflectlon 1s much lower
? . .d ’

e e e s

4

Lhan the base COuree deflectlon. The ratlos cf base! course
: deflcctlon to surface ccuree deflection’ Vary between 3 3. and 7 7
These ratios. are, plotted aqalnet % cement content in qu. y 1- 3

In case of 15 cm. base, as shown in Flg V 1- 3 (a), the varlatlon
o R ;: i i E
Lis hlgh._ However the ratlo tends to decreese as the %lcementw

:

increases. On the other hand, 1n case of 20 CM. base,:ae shown

Iin Flg V 1-3 (b), the ratlo tends Lo 1ncrease as the ‘3 cemenL

- increases. R : %"
', .a:

v.1.4 beflécﬁidh VS, Cenent=Content-

r

The ratios of surface course def]ectmns at Varlous %

cement content Lo the deflection at 4.3 % cement content are

plobted agalnst-the % cement content in qu v, 1—4 For comparl—_
son, the ratios of- base course deflection at varlous % cement to

the deflectlon at 4 3 % cement content are- also plotted agalnst

< - by s s TR R s
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" % cement: content. in the same figure.

f“ cm. base, the

o b&Se'CoUrseﬂdeflectlon._ The ratlos are smaller._ ﬁﬁ7sf:ffﬂlﬁ'"

‘1 5 standard Dew.atlon Vs, Cement Content :

Flg. V 1-5 Shows the raltionshlp between average deflec—:

tlon and standard dev1at10n.' In general, the standard dev1a 10n,

There_is_a bqqtd re;aglqnsh;pgbatwegnFthgse.tWO'parameters, as -
shown below

(5 = .2/3' % - 0.093

e
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3~m. profllometer, of "Intergratxng Irregularlty Recoxder, AT

‘:Type KKY 3T“ manufactured by Tokyo Tanifujl Co.,Ltd.-wlth the
w'autq-read;quey;ceagwas_psed to;measure roughness.(Fig.V.Zﬁl}y_.A'

Phe rphéhneés'meésureﬁéh;ewes dené:in”Mey aﬁd August;:1984;;

An example of proflle recorded by the 3-m. profilometer
is- shown tn Fig v, ?—2. . f-‘ -'_ : ﬂ;-'. | _ 'f"”gf;é..'

V.2 1 MeaqurlngMethod and Reeorded Roughness

Determlnatlon of roughness varlatlon (Ch is shown beiow._
(1) Record-roughness of the surface u31ng 3—ma-;-“
' ; X ;..;;,s_ 5

profllometer for the whole appointed sectlona

(2) Read elevatlons of reqorded proflle waves from :

'.‘;-:‘_' B
. R

the base line at 1.5 m. intervals inrthe reCQrded%

chart., | |

‘(35 Divideeeil reading-values'info greupe.f£0m Qﬁieﬁli}.
each grehg’haS‘ﬁ reediné values, -

(4} Find the dlfferences (R) between max imum and
| -mlnlumu values of 1nd1v;dual groups; :7: LS
(S).calculatQ their‘eyeyege values (R) by_&iviaing the

total sum of R byﬂfhe numbex of groupe'in tﬁ§ﬁQﬁJ

appeinted section.

R = Er/m eedallll o oH1)
where R -~ = . 'average différence in some section

- 2R = . .measured: indjvidual difference of
each group-
n = number of group .

{6) Compute the roughness deviation ((5) using the.
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e ()

5

“Coefficient fixed in accordance wlth

5imeasurements 1nv01ved 1n the group in

HE TR Do _.: i

¢ case that the number of measurement

1nvolved 1n a qro&p ia 6 C 13 2 53
: . d ;

"ﬁsubsectlon."“

e -"-,_;',';i
L : H

v 2 2 Roughnes

TDeviatioﬁ-“‘i
The roughness dev;abions from OWP 1n both lanes are averagcd

=.,for each subsectlon and plotted 1n Flg V 2 3 1n general, the.‘ ‘

;

_roughness deVJatlon for each subsectlon is relatlvely low partlcu—_
-'larly 1n subsectlons No 2 5 6 and 7.. The devlatlons at 9~month

old ‘are also compéred 1n the same fxgure. In all:eases but sub-

'sect;on No.3i'~the roughnessjdeyletlpns etfé-moﬁthéold hreigreater‘
thaﬁhth5$e at Camehth:eld.f?

The roughness dev1at10n can be used to 1nd1cate the service-
iablllty. Table V 2 -2 shows the relatlonehlp between the roughness B

,Jndex and eervice 1ndex as proposed by Koono (5)

V 2 3 Roughness Index

Reughness’lndex (RI) is calculated using the equatlon below.

- R N — e (3)

where Zai Accumulated deviation of the measuring

it | I

o "Qheel ihwone.difection of eitﬁerfep or
dowe by reeording couneer'(em,)

_ L . = Measured distance (km )

_T&Sié“ﬁ}é~§"p£éééhfs the calculated Roughness Index for the

whole soil-cemént section, The Roughness Index can be used to
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1'{'y;§'éR6éé sEc%xdﬁKL Foﬁa'

V 3 l Measurlng Method

-e crOSS sections of all test subsectlonq were surveyed '
1984 by 1eVe111ﬁg method ‘ The llne of measurement was

:'flo m.hapart,_ ?he_measuryng interval was_zo.cm.

,.-. -

Flg.\V 3 1 shows ‘the averagb cross sections for each

Subsectlon. In the same’ flgure, ‘the designed crossfall of 2.

ls_also shpwn;

V:3‘2'Deviation from the Design.

The dev1ation from ‘the- des;gn on each surveyed 11ne is

calculated u51ng the ¢quat10n below._iid

?ﬁ . ?'g ="‘:EYi/n'
N ' = the deviation on each surveyed line
”“””5; o Svyi = vertical deviation in absolute, mm.

number of measured point.

-
it

3 The deviatlon for the tesé Sebtioh are calculated and

plotted in Fig. V. 3 2. The_avefagé deviation in the left lane

. .
‘of subsection 1 is the lowest, about 3.6, and in the right lane

1of subsectlon 2 is the higheét, about 18,9 mm,  , g
'g-nv.'3.‘3"-Rut Depth
Rut depth for-each subsection is determined from the
crossrséétioh'plot présehtéd in Fig. V.3-1, The results are

summarlzed in Table V.3-1. The measured rut depth of the test

o ,:3:

JRCEELERY sectlon ranged from 0 to 3 mm, whlch is relatively low.

‘-,;“,7 P T I I
ST AR S .‘“m'"."i‘_‘:.r!

as ' e
FAN AT 4
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4 l Recorded Cracks-

Crack survey was carrled out on May 8, 1984, 6 months
aftef'surface CDﬁStIUCthD. 1t was observed that most of the
'cracks were long;tudinal ~Lane Joint crack was remarkable in

shbsecticq842 and 4, Edge crack close to shoulder was remarkable
. din subSecﬁionsJB 7 and 8. &

The lnvestlgated area was dlvided into 1.0 x 1.0 m.square
'meshes.. The meshes in whlch cracks developed were recorded
accordlng to the classlflcatlon in Table v.4-1. The classlfied

.cracks of all subsectlons are presented ih Fig. V.4-1, The crack

< ; !

area and crack ratlo were_then deLermlned. The crack ratio was

calculated usxng the equatlon below.

. éraCk‘eriox(%;rf” Crack Area. (m )x oo (1)
CETT O T 1nvestigated area (mi)

Regult cf'theccelculation are presented in Table IV,4-2.

¢

9;4.2*Cfack'ﬁetio VS, Cement Content

The relatlonshlp between crack ratio and cement content
is plotted Ln Fig. V 4 2. The crack ratlo in every subsection is
lese than: 7%. and tends to 1ncrease as the cement content. However,

as the_cement content over 10 %, the crack ratio decreases.

In the Table V 4 2.19 shown the plot betwaeen the crack
.ratio of ail- subsectlcns 1ncluding the results of before and after
surface COnstruction. In all cases, the crack ratio of base
course is_higher_than that of the surface ccurse; ranging from

3% to 73 %.
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v 4 3 Crack Ratio and Roughness Deviatlon

e.eurface condltion. Mlnistry

The data obtalned fro he teet sectlon are plotted Ln the:_e-
eame'flgure.; It Jndlcates that’the‘surface is- in good cond1t1on

althOugh Subeectlon No 2 mlqht need surface treatment work

V 4 4 Prescht Serv;ceabll;Azrlndex

: {:..7 1'The concept of Serv1ceab111ty Ratlng Qas.lntroduced to.
evaluate ‘the smoothness and rldxng abxllty of pavenent in the
AASHO Test Road (7) Based on this- concept, Japan Road A53001a~
tion (6) has proposed the Present Serviceablllty Iridex (PSI)

equation belowﬁ

P51

i

4.53-0,51810g & - o.37__1-jc 0. 174D e (2)

1

where PSI Present SerVLCeabllity Index

4

3

Roughness dev1at10n in’ Lognltudlnal Directlon
(mm )
¢ = Crack ratio ( %)

Average rut depth (cm.)

>
"

Japan ROad Aesoelatlon has also recommended the mazntenance'
for the pSI calculated £rom the above equatxon as shown 1n Table

V.4=-3,

PSI of all test eubsectlons are calculated and presented

in Table v, 4 3 and Fig. V 4-4, The PSI-ean be used ‘to evalgete_t

The relationship between the eraok ratio'an&‘roughness TR
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' .the surface.condition as shown in Table V.d=4, .
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' ‘_v 5 ‘I‘EMPERA‘I‘URE msunemw

'i]f V 5 l Temgerature Dietrlbution

Temperature dlstrxbutlon Jn the pavemen _structure, ferm"'

. the surface course towfhe bottom of base_course, was measured ln

May, 1984 The measu ementc were perfo ;ed 'rom 7 a 1 to 5 p.m.&

Results of the measurements are shown in Fi‘ V,S 1. The suxface

temperature varies from 29 c to'55 C., although the alr tempera—

ture ehowed mueh smaller varlatlon from'27 C‘ to 39 C.. At.bottom:

of the surface, the temperature was the hlg st, Below_thls, the

€ i

i

i

range of temperature Varlatloh was narrow. Thezdxstributlon Le

best seen from subsectlons 4 and 5 from whlch several thermo—

couples were embedded in many levels. L

For compaxlson of tﬁe tempereture.dlstrlbutlon at various
period of the year, heurly Lemperature.meesureuents wes performed
_on subsection 4 in November, 1983, May, June and August 1984,

The results are shownin qu. v 5~ 2.5 All the measurements showed'

31m;1ar1t1ee in the d;etrlputlou. The temperature vqpietion in

November was the lowesi. This uas dueltofcodl ueathef atthai;period.

L

v.5.2 Temperature VS Tlme of the dqy

In general, the temperature 1ncreased wieh tlme since
starting the measurement 7.00 a.m. untll the.peak was obtalned at
about 3.00 p.m., At the bottom of the surface, the temperature
was the highest. Seleqted}temperatu;e varletlou in the day was

shown in Fig., v,5-3,
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f v_.s_JsEAt;te'»VérticaL_ sms .
Preesure cells have been used to measure vertical stress.
.;‘Cell no. X, 2 4 and 5 and 3 have baen embedded at the bottom of

.usgge%and,Subbgse Cqu;ses. respectively. .

' _ v 6.1 Vertical Stress V. nge

‘Fig. V. 6-1 has shown' thls relationship in subsection nos-
3,4,5 and 6. Stress range had varied fram: 0.5 to 8 KSC. Tendency
of stress had been decreasedruponLthe increas;nq age, ESpecially,
after surface course construction, Vertical stresses have reduced
“about (2= 3 times of the ‘early age. Load cOndxtion A had been tested

by Benkelman Beam Truck.-

The relationship of vertidal.stress at the Bottom of Bage
Course VS.;Aqe:hasrshoﬂn in Fig. V.6-2. Vertical Stress in l5-cm.
basg.thickness;'fqr'4.3 % cement content had bigger stress than
7% ﬁemeht content. But in 20-am. base thickness, before surface
construction, Stress of 4,3 % cement content had awaller than the
~other type. _Stresséé in 15-cm. base thickness had bigger than those
Cin the other” thickness. |

V.6.2 Load Dispersion Ratic VE. Age

_ ;HBefore suﬁface course construction, there was big
'édiffefenge betweeﬁiﬁertical sﬁxess.atfthe pottom of base and subbase.
‘Fig. V,6~3 has shown the relationsgip.of'Load pDispersion Ratio
.fahd*Agé. This;éfféét tended to reduce as the increasing ége.

'The ratios were ranged from fi#e'to-ten.-
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Fig. v.6—3 “Load -Dispersion Ratié VS, Age.
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-Four and one'earth pressure cells were embedded at

iithe bottom of s011—cement base course and subbase course, res- .

l'i;fipectiv ly._'wtff““- “3'was at the bottom of subbase course.

exghts of Benkelman Beam Trucks had been used in the

Esftésts. Dynamlc vertical strains were recorded by means of

'“ﬁDY¢ésiq;Stra;n;aeter,and‘Amplsfler-‘;

v ? 1 Dynamlc Vert1ca1 Stress VS Speed '

ith_sarlous ages, these rslationshlps had plotted in
s:case of- Load.Condit1on B and B as shown ln Fig., v.7-1 {a) to
:i(p)_and.qu. Vf711 (Q)-tb‘(f);‘respectlvely. Their trends were
sbesksdéwiﬁsin ﬁhesrsnge of”O—lO‘K.P.ﬁ;, after surface construction.
'3@#@{t?pés §f;ﬁosd;sphditions;_s#resSés of Cell No.3 were the

_sméilegt.vslﬁé;" -

VT 2 Effect of Different Ages."
The strssses of each pressuxe cell, of both Load Condltlon,
R
had showﬂ”some donbtful results. Thelr stresses ranged from 0.5

to 3, 7 KSC. Cell No 3 had shown-amail" range of stress, but

' another dld big range, as shown in Flg. v.,7-2 {a) to (3}

" V 7.3 Vertlcal StreSS VS. Age

The relatlonshlp of verticle stress.and age of Cell

'_fuo 1 2 4 and 5 at Speeds of 10, 20, 30’ and 40 K.P.H. were used
Flg V 7 l as references. Only Load Condltlon A- has showed in
'Flg. V. 7«3. Age has been counted after -surface course construction.
'Vertlcal stresses’ of Cell No 4 and '5 had decreased at 6 months -
Vsage and they increased agaln, except Cell no. 2, For Cell no.l,

,'Vertical Stresses lncreased as ths lncreased age.
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V 7 4 Vextical Stress VS. Cement; Content:

'E:ﬂTheirfrelationships at various ages have presented i“

But ln Fig0 :

]vertical stresses had shown the same performance.

:,'V 7-4 (b), (c} and (e), stresses had shown the opposite per~

. formanoe. o

V ? 5 Vertlcal Stress vs Thxckness

Flg._V 7~5 has shown these relationshxps. Both types
of cement content had performed that the deeper the thlckness Ny
was, the less the vertical stress was, exoept in Flg. V.7-5 (c).

Most of all ages, stress ‘trends had shown the ‘same performance.

V.7.6 Load Dispersion Effect

The relationship of the ratio of sexess at the bottom
of base to that at subbese and speed of Load Condition e”and B
had shown in Fig. V.7-6. These raeios'tended?to_decrease as
Ehe iﬁCreasing speed and age; Load.Coneieioh{e;itheufgtios'had
bigger rahge than the other one, | '

v.7.7 Effect of Stress Ratmo of Loading Condition A/B

Fig. V. 7-7 has. shown the: relationship of stress Fatio of '
Load Conditlon A/B and speed, at warjous ages.: all ratxos were ;
positive Values. Their boundaries tended to dec:ease as the speee
increased. At age 9 months, the boundary ratio was the smallest

one, and each ratio value closed to be 1. 00.. _'




S ME S e

" BENKELMAN | BEAY, Tk

o TR A

HASE THIKMESS - 15 O

- AGE 4 momm

=50

[

e

AGE 8 ageeer,

i

VEETICAL STRISS,

TV ST s
—

L%
o

+

L

canmnt €onthnt, %,

— e

s Vl_l.i'\' LW

Soha M, L e

o

i

<

1D

cerivnt A

Lef,\sn&

T

VERTICAL  STHLSS

T ckmwet oante %,

BASE THCKIESS 20 Cu

(e)

vy o AOE & monies

b

f3%)

e

i

VERTICAL STRER., n3C

<
e

D A

V)

(f)

£5E 8 morers

)

& waad X0 K.PH

ol N

-Fqg._V[?-—-&i Vertical Stress VS. Cement Content

L

1.%



CVERTLAL STRESS ML

PN

L BOIMECUAAN BEAM TRUCK T

o bt

ot e o

29 .

VERTICAL STRESS.KSC: " b o

_ D

N Toickars ckes 3-om. Surtocn, couss

A e m e A

| Qmlllo Shd O KBK Spews 30 K.

sl
b

W -'-u-_--—--;-x' ?:m 20KH oY o ‘a Spﬁd ‘!} K

o ‘ e ' a
CEVENT CONTENT 1 %

{e)

AGE 4 monirs

(d)
AGE LS moning

-
-
C g

1

a4
h

i
[

VERTWIAL LTRSS |

ey gy

§
VERTICAL ~ STRESS. KSC

VERTICAL STRESS . RSL

=5

“Ihanesi om

" E

|1 FTATTAZLEN ;m

N.8. Thickness locludes S-cm. Surface courss,

e

M= = o = ww Spaed 20 KEFH

Fg V.75 Verfical Stress VS

GO Sgnt O KRR R A

iy Tt

)

8..

. .Thickness.



paads 'SA 10943 uosIadsiy PDOT 9-2ABY

R * Q334 o _ HEM " Q3348
¥ & @ o o % & = o o

—
N

ey
-
#sveans oL 35v4 so;ﬁaou.oa IHL LY SSFULS J0 Oy

-+

:";35;
40 WOLIOS 3HL IV SSIHLS 40 Olwy

R

i

.i

3

]

i

f
A

LY
o T

T i 30
- ) SO w wma- - - ]
LIRS 3oy 0 o

7

(eyéy) 33vEens oL 3sve
@

(Ey/éw

Isveers nw "Wavt

..””.. o o ; mmd.m EU_WL e Lo
il DR S N g%ung - W : S .

S m zow.:ozou o ?3 o | _ : _ _ Y NOLLIONGD GV (D)

V.SE. éqmm NvATDMEE i S . . MOMML WYSS NUNIZNNIS



S B&m - UoHIPUOD Bupoo J0 ouoy SSaNS  g-zA Big

S swmowig oy (o)

 HE M paads .

syuow 9 3ov (q)

MOMEL WV3ES  NYATINAES

~toN 1) e

Cet

syjpow gl 3o¢ (D)



]In thls report, the upper straln Limit is

.ESPQCLfied;at —8 000 micron. The durablllty oﬁ a strain gaqe was

theﬂ determlned for three specifled strain lelts 2; 000, over.
ﬂ4 000 and over —8 000 mlcron.- The aqe ‘at which a strain readlng

A ﬁlmits was recorded and presented 1n Table V. 8—1 from whi.ch

'the surV1val ratio at varloué time was determlned Surv;val ratio

of gages was calqulated from thé equation below.

)

ﬂSurv1val Ratlo of gages,

' 7:{‘? =Nuﬁbér‘bf géges ﬁithih Strain'keadinq‘Limit
E .x 100

B Total Number of Embedded Strain gages

Table V 8 l shows the surV1va1 ratlos ‘for the specified
strain llmlts.. Fxg V 8-1 presents the surv1val ratlo agalnst

agé.. The survival ratio at 50 3 for strain 1lmltS of -8, 000,

~4 000 and t Q 000 micron is obtalned at 10; 7.5 and 4 months,

respect;vely. Thus, all the strain measurement should be com-—

pleted between 5-7 months after construction to have the surv1val

ratio ovex 75 %

712_Accumulated Permanent Straln in’ 5011 Cement

E' Less than half of the embedded straln ‘gages are survived,

the éeasurement of the surVLved stxaxn gages shows the general
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_tendency ae d;scussed in our Stage I Report.; FLg.V 8»2 Bhows;u»~

a6 'lotted‘ag ipst o

"ﬁJfor example, the permanent stxain of gage Ho,.

age.* _-"

y. 8 3 Accumulated Permanent Strain in Aspheitic concretef‘

_ The stratn reading strated on November 9 1983, Th':
“measurement was performed several tlmes during the flrst few days.f
The results 1nd1cated that the strain developed during fzrst fe_f

- few days wae fluctuated, This lS probahly due to the temperature o

varzation;

Straxns of Gage Nos., 51 and 52 are plotted agaxnst the

i ‘.‘..-,.

temperature in Fig.V, 8 3. There appears to be some llnear relat;on—
ship between these two parametets. Using linear reg:essxon analysis,
the relationship between developed strain and temperature'ef Gage

Nos. 41,42,51 and 52 are shown in Table V,8-2.

Since Gage No.el stows poocE correlation. The result
has been digcarded. It appeared that the temperature correction
factor would be about 70/°'C. This correctlon factor will be
applied to determine the accumulated permanent strain develoeed

in the asphaltic concrete.

Eig;-rv.8¥4 3howe the relationship between the ageﬁﬁﬁleted
permanent strain and age of Gage Nos. 41, 42, Sl and 52, The:aﬁjusted
temperature is 40 C. The straih was compre531ve at early ages.
However, there is tendeney that as thetage is older, the strain
will change to tensile. This is shewn clearl? by Gage Nos. 51

and $2.
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Sf_';'ga‘-"étaéicf’uo,riz“on_tai, é'tfain“: '

.“conditions.. Those are Load Condltlon A B and C.‘ And also,

"fisections.. Benkelman Beam trucks have been used in the tests.:'v3"“

Ty

Only the sample f Load Condltion A and embedded straln

: gages on the top of 501licement base couﬁse had shown 1n Flg. V 9-1.
The tnnelle straln of Longltudlnal Gaqee lncreased as the age.' |
lncreased And Transverse Gage s stralns reduced as the 1ncrea51ng '
aéé_ . o . ; SO o

\ 9 2 Dletr1but10n of Statchﬁtraln

i

Because of small number of survxval dtraln geges en all
sections, only LonglLudlnal Gages 15 subsectlon No, 5 and 7 could
shew straln dxstrlbutlon in the pavement.e Flg.\V 9-2 has presented
the dlstrlbutlon of statlc ‘straiii’ w1th verlous eges and load
condltlons.r Generally, the =tra1ns.at the top of base course have
tended to be greater than those at the bottom ef base couree;_
Most cases, ten81le straxns had lncreased at the upper gages and
compres51ve straln had xncreased at the lower gages as the increasing
age, except in case of ‘Load Conditlon A&B of straln gages in sub-

section No.l. (picking up Transverse Gage No.12 end_l4).

v.9.3 Strain Ratioc or Stress Ratio at the Bottom

To at the Top of Base Course

‘It could say the strain ratio or stress ratio because

the Young's Modulus of Eleaticity (E) of all strain gages have



BENKELMAN BEAM TRUCK

LOAD CONDlﬂON A
Lonoitudhcl Baqo

: 2 '_',390‘ Age (Days)

:;“ Leqend
6--——--0 Gage No. 31

o

" Gage No.:4ll_
A----«t Gage No. 5

 Static” Strain u‘) S

-e00{

(b} Transverse Gage

00 200 300  Age { Days)

) Leqend

=200 oo Gage No.32

| ae——a  Gage No. 52

1 -4004 .

=600

Static ;St'r'ain (&)

~800;

1000{

Flg. V 9-;-_!, Static Strain VS. Age.
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'f:”the same valuﬂ‘

w67

(E=28 000 KSC ).- These stress ratios and cement

#

i'content relationship has presented in F;g. V.9-3, Only three

'types of cement contents (4 3 10 and 12 8 %) ‘eould be figured

| out the stress ratlos 1n subsectlon No.5,7 and 1, respectively.
eLVSubsectxon No. 5 and 7 had calculated from Longitudlnal Gage No.
1.e51 & 55 and 71 & 75, respectlvely. Oonly Transverse Gage N0312.&
‘14 could be- represeneed the results of subsectlon No.l. Fig.'
.V G-3" has shown the comparlson of Unload and three kinds of Load
Condlt;ons, wlth-ages 1:5 and 9.5 months after,surface course ;
evbnetfuCLiOhs “The ratlos in cases of 4.3 and lO % cement content
were less or equal tn one at ege 1.5 months. And older age, the
rat;os 0f_4.3‘and 7$ ce;ent_content had been constant and bigger
fesults, respective;y, EBut 12.8 % ceheﬁt content, stress ratios
had eeen_big and smeli r§n§e in tﬁe early and elder ages, respec-

tively.
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10 Dynam;c Hor1ZOnta1 Stress -

f'er surface _ou_se conetructlon, subsection No 3,4 and

=£15 were selected 0nly the results of strain gagee at the bottom

:5fof asphaltlc concrete surface couree.' Those Longitudinal and

'ﬂTraHSVerSe strain gages aré Gage No.31,41 & 5, and 32, 42 &52,
 respectLveLys' Both Load Condltlone were shown the results with
varlous ages. The'siéh cenvention : tensile and compressive

:Stresses are negative and p031t1ve, respectlvely.

_ v 10 1 Horizontal Strees VS. Speed

Flg V. lU-L (a) to (c) and (d) to (f) were represented
these requlte in Gasé® of Load Condxtlon A and B, Respect1ve1y.
’;Most of thelr relatlonship were tensile etresses, except Gage No.
‘ 41 and'age 1. 5 months. Most of” the stresses had ‘small ranges |
of sereesee;i Only static stresses (atO X. P.H.) had wide ranges
ef stresses. Thelr peak‘s trends were within SQeed's range of

10 to 20 K.P. H., except age 6 months of both load conditions.

v, 10.2 Effect of leferent Ages

Comparlson of ‘the relatlonehlp of the Horizontal Strees
and Speed at various ages of each strain gage had ehown fluctua—
tion results; 'The:more speed 1ncreased, the less the tensile’
strésses wefe; Ifhere Qere.no big stress differenee at Various
ege. Gege No,42 had been broken'eince July 11, 1984;, as shown

in Fig. 9.10-2.
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1;'Flg v 11-1 had represented

LN 2,4 ahd 6 as ‘in. Table v, 11—‘ 5

'"f the streSSwstraln relatlonshlp of all sample;._

The b1ggest den51ty_0f the sampleswas from sub-_*

o sectxon No 6 at, 3 50 m, Lt. 0 :Center Llne of Sta._32+268

%(denszty = 2 363 gm /cc,) and this sample had the bigqest E of

_goxl cement  :: 4663Kuc ).fﬁln?" '“”.-.

_could not flnd the average value

]

iof, Efbecause each sample had . -

dlfferent cement content..
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" thcﬁmlx:were-

LT

10 'onths after the surface construction.;

; 1‘ ' Asphaltic co: cn;ete surface of the test secticn was

' tructed 7 months after the completion of soilucement base.

Thc asPhaltlc concrete was de31gned follow1ng the Marshall method.

.

' 2 Results of material testlng after construction indicated

'j, that_the surfacé COﬁStruCthH was satlsfactory._ Bxcpertles of

1n-general.conformed w1th the'de51gn.‘

3. Benkelman beam deflectlon of surface course Wlth 3011—

R Y LI

cement base was lower than' that w1th orushed rock base, veryzng

o from 0.01 to 0. 04 cm._ The varlatlon of the deflectlon of the

L surface course with lS—cm. base was hlgh. On:the other:hapd, the

ﬁef l??‘?wn .,0_f; ‘the surface 90ur§9. with :..29:%’?@59. showed tendency

that it décréasedﬂwith % cement content.

i

_'4,_Rogghnoc§;of the surface cdourse was measured using 3-m,

oprofilcmeter."Roﬁghness_deviction cbd_rogghness index were then

_determined. The results indicated that the surface course was

‘_;;n;?ery good ccndition.

N

5“Cross sectlons along the test sectlon were surveyed by

levelllng method Thengrossfélgwés,deviated,from the designed

orossfall of 2.5 5. The deviation of the cxossfall fron the design

along the surveyed line varied from 3.6 to 18.9 mm. .

The_fut depth was:also measured varying from 0 to -3 man .

U6, 'The ¢¥dck ratio in &very subsection was less than 7 3

-111l-



S and was peaked at about 3 p m. ht the_botto !of the surface,-':

9 The vertlcal stress at the bottom of the base was much
reduced than the stress developed at the early age.' Thls was due .

" to the addltlon ‘of surface 1ayer and “the' increasing ln age of

o T .,.;‘u,,. ot
EERR I .:;;';;‘-.-.. R RTINSV SN 1 FON A R R :.._,1‘

soil-cement.

e

o The stress at’ the bottom of base with 4 3% was smaller than -

R NTRR R TAEA SN ST

';that of 7 0 %, in both thickness,
"as wWithout the surfaee course, except thag the:megnitude of*the

' ‘stiress waé”feduéea;*ffhé‘étfées‘Qéé“péakéd3&1tﬁiﬁf£hé}range of
0-10 kn./h. ind decredsed and flattencd as thé spedd incibased,
ks “11;’LessAth$t7haif"oéjfhe"éﬁﬁéaﬁént”éé&ﬁin"éaﬁ%é"iﬁ¥£hé
soiléeement'base hete'eﬁrvive& The strain developed in sxmilar
fashion .as w;thout the surface‘course.‘,;w.

‘Eﬁve.3t¥aip.gaggquwexeﬁinspallﬁﬁzbénﬁath the surface. The



pohges

5 ,.?,_»

"'<‘ i

For static“Horizontal Strains only the sample of Load

' ‘and reduced on Longltudinal and Transverse Gages, respectively.

Generally, dlstribution‘of stralns showed that ten511e stralns

whad lncreased at the upper gages and compre551ve strains had
1ncreased at’ the lower gages._'

“5§t£aln Ratio At the Bottom to &t thé Top of ‘Base Course
' coula f1gure out from the Qages in subsection ‘nos. 5, 7 and l wlth
4,3, lO-and 12.8 % cgmént COntent, respectiVely._ At early age |
the ratios of 4,3 and 7.3 coment content had been constant and
b;éger reshlts; résbeétiﬁely.:w;”;
| A3 Dynamic Horlental Straln showed only the strains -at
the bottom of asphalt;c concrete surface course of straln qages
in subsection nos. 3,4 ahd 5. The relationship of stress and
sﬁéiﬁdf%ﬁéi’f pedkis fti:’_é:{d"s were’ withih"‘ép‘e‘e’d's range of 1.0-20
”kﬁ%ﬁn”, for 'Load Conditlon a and B Tﬁése'relatIOhships at
various’ ages of each ‘strdin gage ‘had shown fluctuatiOn results,
"Thé more speed 1ncreased, the less the tensilé stresses decreased.

14._Less cored samples of séll-cement base could be done
oﬁiy in subsection‘nqﬁﬁ_2,4 apd“§ befora gurface!course construc-
tiqnf._StrQSSrStrain_Relationship of Cored Samples had been done
tofmdthe i;:iu}iq"'s fMoah'lué "té:‘, of edch sample.  The aens'ities' of
Fflwerz?oom kg, /n(38,400-66,300psi) . The average Of
E value.could not find because each sample-hgé diffgrent-ceﬁent

- content.
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S Item

‘Model

Capagity -
Didmeter o_f'_' Pressure

Sensitive Surface = -

‘Disc - Thickness T

Disc ‘Diametar
Lenql'h,'of Cable

Monufactisrer

e i i pome e

5 kg/eal (Topsi)
B e8mm.

20 min (O8in)
5100 am (4in)
10m (33 6)
.Kyowa' Elecironie ) -
Instr.umen!_ co',,_' Ltd .
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~ Table A“ZSPBCI fication.,. of...Strain ~ Goge. -

sl oo Deseription

[ Y =120 -HZ- Il LI0O~3
2 Resistonce -5 | 1204 1%

3, 'oir_hén’sion«;' B :'20x"|5fx4‘5' (mm)

| & Modotos of gstiony | 26,000 g /efeniOps
| 5 LeﬂgfhofCord o !O m (32.8 ft)

6 Monufacturer | kyowo Electronic

}hétfumem Co, Ltd.

Jagan




. APPE ~ﬂ“;y§__:_:l?;-;“

B "ﬁéagufihg mstewent ond vothes

B l l Pexmanent Strain‘“'

B l l l Instrument

1 Bridge Box

' 2 Statxc Strain Indicator (Type'SM%ﬁéﬁ}““;:;_ef

Bl 1 3, Method

embedded Wlth Brldge Box.elﬁ“ff“":‘

2 Second, connect the brldge box cable

with Statlc Stra;n Indloetor. ‘fé;,fd.

. T <
T RN .
<..-_ (RIS PRLT T

Permanent iStrain is measured under no
SRRV SV ERTIIOE B EV S I SR :
loadlng condition above the straln gage.

s e
R ETRAN B i,

- B.1. 2 Statlc Straln and Vertical Static Stress

gttt iiinnda
Instrument

=‘The same as B.1.1.1.° In case of vertiéél _

.‘statlc stress, only Static Straln Indxcator.

B l 2 l
: B R RS TR
"B,l.2.2

B.1.2.3

Connectlon

The dame as B.1,1.2, 1In case of vertical

static stress, connect earth?preSSUre cell

cable with Static Strain Indidator_directiy.

Method

Stati¢ strain and vertieal efatic stress

are measﬁred with various weigﬁts of Benkehﬁan .
Beam Truck as shown in Table v.,1-1 and under

3 different loading condition as shown in Fig B~2

“1118-
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%

* Table. B~ Meaning of Indication + .~ for Strain Reading. -

o conh;cﬂén_

Sensor | Meter

<" sion

© Meaning

Static: Strain -

Lo

| compression

| strain Gage . '.‘:

Indicator |

| ‘JTé_ns‘!_dn' o

Pressure Static Strain

'} Tension

Cell Y Indicator

: (_:Ompr‘ession

Dynomic Stroin

Tension

Strain Goge .
Indicator

Compression

Pressure Dynomic Stroin .

'- quﬁprqsgéOn;.__ -

Csli -} indicator

Tension
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B l 3 Dynam;c Straln and Vertical Dynamic Stress f:’ S

’iB 1.3.1 Instrument :

3,

(Model DPM-311 R,‘Kyowa)

Pen Recorder

a (Model Multicorder; MC~6620 ‘Watanabe)

B.1.3.2 Connection (See Flg. B-S)

' l

B.1,3.3

First, connect termanal of strain gage
enbedded wlth Brydge-£§¥.5__. |
2. Second, connect-ﬁhe Br;dgérﬂox cable
with Dynamlc Stréln”Amplifiers.i”
3. In case of. earth pﬁessure cell,.connect
the cable with Dynam;ctSt;aln_Ampllflers
1.d1rectly. ) | |

J. Connect e;§hhﬁhén;éi 0% Dynaﬁiévstraln
amplifiers with penjkecorder.

Method TR

l Mark the survey po;nt (the place where
gage and ¢ell aregembgdded)'on'the pavement
sufface. | .

2. Use the same veﬁiclélas stéﬁic strain
measurement as.shé*n'ingéble Q.{~I.
Heasure the wolght of Frént aﬁd““réai« axle.
.Prepare the measurlng 1nsttuments and
connect them. | . )

5, Make the ﬁehicle run.as if the center of

rear tires passes right on the survey
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point. The 1oading condltion is the f}ﬁ':i

same as condxtion B in Flg.‘B-z;ff-:
6 Change vehicle speed from 5 kmfhr to _t

50 km/hr at lntervals of 5 km/hr.

g

? Make the‘vehzcl_jrun 2 times under the

same speed.
T

B 1,3.1 Instrument

il

Pocket Thermometer (Model 2542 Tokogawa

.g,
Electrlc WOrks,:Japan)
. HE 4 “'fi_i s
o _ R P R
‘B.l.3.2 Connectlon _ f:j o

Connect termlnal of thermo~couple

installed with Pocket Thermomgter;

H

‘. B.1.3.3 Measur;ng Date
Temperéture in pase has been measured
at thegsame day ag permanent ana-static.
strain-ﬁeaéyreﬁent.f ParticﬁlarlY- on
Aug, 13 1983, the temperature in base
were measuxed from 7,00 am to 5.00° pm.

every hour in order to understand the

variatlon in’ the day time,

I

B.2 Egterpretation of Readihg

1

B.2.1 Reading ofggprmanent Straln

B. 2 1. 1 Deflnltion of Curlng Time

The soil-cement base constructlon in every sub-
section was flnlshed in the evening. In

the end of the construction, strain gage,.



Vuéaféﬁipréséuré ell, thermo-couple were
: lﬁétalled; Initial reading lInitial
Measured Value) was measured at about 9
; in the day after the construction day.
Therefore, curlng vime is defined to
. ‘start from the day after the construction

-'day as the: lnltial day (0 day curing time)

B.2.l;2 Permanent Straln

Permanent strain is calculated as follows

Ep'= Em-rEJ. ...;,......(l)
!:Qhé%e;;E P permanent strain
?{ ‘ .Erﬁ = measured value concerned
| .

k ihitial,value on O day curing
time
~ permanent strain value expresses the com-

1. .
_paqison (difference) with initial value,

B 2.2 Readlng of Statlc Straln

Static straln is calculated as follow.
_Es = E:m_""i'E:-O P 93
whe?e'- Es = slqtiéjstrain_
..E m = méaéuxéd strain under the
| loadinﬁ coﬁditioﬁ
e 6: = measured strain under no
loading condltion
Stalic.strain value expresses the gtrain amount

caused by some load.

B.2.3 Reading of Dynamic Strain (See Fig.B-4)

Dynamic strain is calculated as follows.
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B'xm '-"..'.'.:".‘(3)

i

= dynamic strain

1> = measured length of the

réquired dynamic strain on
the chért_paéer (vm)
“ﬁiﬂi'*fhr? fa'ﬁﬁlﬁ'::r;fb:. = length of calibration on the

+ chart paper (mm)

A

oG '7 calibration strain value
© If oné wanks. to know more detail, refer :to "Operation
Jirsl e Manwal ;v DPM- 300 SerfeS}-Dyhamic Strain Amplifiers’.

""'B,2.4 Resding of Perssure Cell’

B.,Z:4,1 Static Stress .

_ Static stréss is calculated as follows.

5}

s h ,CCX(aﬂ-—EO} -0-1-_...(4)
,whérgiidp_ = spatic stress (kg/cm.z)
¢ = calibration constant (kg/an.z)

"g“‘ = measured strain under the

loading condition.

EO = measured strain under no

loading condition.

 B.2.4.2 Dynamic Stress
T o S R AR CrIRLEN

Dynamic stress is calculated as follows

P - CCXBXCC .oo'ool.lol(s)

“where ﬁ“?d = dynamic s;fgsé'(kg/cm.z)

ﬁQQ 11=E‘g.a'%ib;a.t..ign,cgnsi;ant (kg/cm‘z)



T 128 T

fff‘measured léngth of the i

"~g¥3requ1red‘dynamic stress

u":r?hg;f“&a*r-fon the chart paper (mm)

b = length of calibration on

e i ru'the chart paper (mm)

“ train value of callbr&tLOn
“zee ﬁig:uaaS)

B.2.§ Readlng of: Vehlcle Speed

When we make the vehicle run above the earth
.V.pressure cell installed in the dynamxc load test,

we réceive the recordlng as shown 1n Fig B—G (a) B

vehicle spéed‘is'calqglétgd_égrfollowsuu.

R V F. =OXd,,? .....-.._o....'-.(e)'

;:wﬁgfef' VI = ;;hiéle'spééd.(ém/sec)

'"é. = ,Shaiﬁ"ﬁéﬁer épeéd:(dn/secl

.4 = Qistance between ;he;ffont
.,wheel and. the rear wheel of
Lthe vehicle‘(cﬁi (See Fig.
B~6 (b}) |

. = 'dlatance between the front
-wheel phenomenon and the xear

I

wheel phenomenon on- the chart
. Lt _

' paper (cm)

B.Z. b Meaninguﬁ Indlcation + and - in Instrument

Owlng to the 1nstrument characterlstlcs, that is,

klnd ‘and connéction of‘instruments, the meaninq of
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&

‘indication + and ~.changes:

‘Table B-1 'shows the meaning of indication + and -.

[ N

sat R

‘B.3 piscussion

Oftstre3$é%nd}$t?&in_ﬁéesurement

Stress Measurement

o Pressure cell is used to detect straln through a

3

-mxnute change in the pressure sens;tive surface

sy i befqieg

and converts lt o an out put voltage proportlonal

to the soil pressure.

,In the structure, as shown in rig.B-7(a}, each 2

' straln gages are. set at 4 places in the outer ring

i |
et o
and strajf’ ;ge-qas'a*straln-upderwthp external

‘Calculation curve is made using 01l pressure as

shown in Fig. B-7(b}

Nonglinearityeisa2*%fef}§ullfScale, 5Hkg/gm.2

4 Y

(pst) !
s z
i

- Therefore, we consrder that we measureuapproxlmately

B.3.2

correct pressure w1th thlS cell.

Strain Measurement _  1 S

Strain gage is used for measurement of internal

stress of mortar or concrete and embedded into

these test materia;s for its applieetioné

A special surface treatment is provided to seoure

good bonding with mortar, and due epneiderations

areegiven~for~the‘water proofingrpfopertﬁ and

N S AR § gy
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fIn general, the elastic modulus of concrete is
' about 140 000 to soo ooo kg/cm® (2x20° - 71x106
'5.psi I whlle E of thls kind of gage is 28,000
‘kq/emz (40x10._p51.)._ 50, the case of embeddlng
it in éenefete iS‘ﬁ? probiem.
ﬁowever, 1n this test, we%have an attempt to embed it
' in the 5011 cement base. Accordiee to the results of Report

" No. MR.BS the elastic modulus of soxlvcement is about 5,000 to

1:15 000 1b/in’ (352 to 1, 054 kg/cm’).

The Elastic modulus thtﬁexghqe_is bigger than that of

soil cémént. In this case; tﬁépqﬁisjbaséibility that gage does

not work or the sllpplnq oceut But there is

&
I ;

not better kind of qage except thls.type of gage for embedding

+

in 5011 cement in today s technology.
Let us empheeize tha£ éage‘ihstallation in soil-cement
is trial,

e

‘In Analysis, 4f the deformation of soil cement is the
_ ; retormation

o : N .
same as that of gage material, Stress’ can be calculated as follows.

‘}512 Ee el
7 . = -
where () = stress (kg/cmz)
€ = strain (deformation)
B, = _Elaetic modulus of soil cement

(kg/cm?)

In this test, the'elaeﬁic modulus of the gage is bigger
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"than that soil cement, so, there is high possibllity that the

' :‘deformation where the gage's mstallatwn is smaller than that

:3'where no,. installatlon of the gage.-

i

In calculating stress, the following ldea is introduced.
The stress in- the gage is the same as the stress in 3011—cement,

. g0 the;stressxln calculated as follows.

4 - E.Eg. ..}...n...f(m

where d = stress ‘(kg/cm.2
£ = strain
'EG. = Elastic modulus of the gage

(kg/pm.z)
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