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s:u:mamuumi'ﬁi’iﬁaﬁﬁuuﬁaﬁfanﬁuéuéﬁuda:qﬂ Fwiustan 9 dudmasSoudlunsd
NONLINEARITY, STRESS w38 STRAIN fidruntisdufidnunindneninimudmniu

ERROR CHECK msasiasauanufianaaszyieiiia ettt tdannmawan
fidrenuna1pi’ 1w SUM OF SQUARED DIFFERENCE, SUM OF ABSOLUTE
DIFFERENCES ua: THE SUM OF SQUARED RELATIVE ERROR asianuuandi
fienolussdufioeadule HEMIAMWITIRNUEAIDENAN tlinzaufiun st nsidaty

RESULT Han1imessy WiRaIKaf laainn1iiauasnisaiuam, annuuandis,
WaSEudanuuandny, f MODULI 799ufastulasHazINasnuAnnaa

CONSTITUTIVE RELATION umasawduwndmuanyfgndifaznine STRESS
usz STRAIN fiufn MODULUS muldminnszrh arausassmudiminissninitudaty,
szwinwfieing FINE-GRAINED SOIL uaz COARSE-GRAINED SOIL

STRESS AND STRAIN LEVEL CORRECTION nnsrwduiniluiadorauile:
gnn"m’.muﬁamﬁ"l STRESS w38 STRAIN ud~ 151 STRESS n3a STRAIN tlunsewamamnsin
MODULI qﬂmiﬁq:'lﬂumsﬁ'lm mfFoufisudely

SEARCH FOR NEW MODULI amnn35inneiaanufianaasnilunmifiansusi
auRRNEAlL ST B A Tasfnsanfifianudawmetoofigausliansmzsins
uduﬁ"aaaﬂns‘fmﬁ'ummiim’f'zﬁtﬁn‘fuﬁamnﬁqa kil MODULI vedlanashomaudastu

ok
mm:a’una‘ﬂ



Measured
Deflections

-

Layer
Thickness,
Loads

Seed
Moduli

Controls on
the Range
of Moduli

Deflection
Calculation

Error

Search for
New Moduli

esee OCCASIONA]

— usual

Tranfer of Information or Directions :

Check

Stress and Strain

Level Corrections

Results

a2 &£ [ - Y
7Uf 25 guaewhluvesiflvinseuiiunad (LYTTON, 1989

Constitutive

Relations
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CONTROLS OF RANGE OF MODULI {lumsfimuasn MODULIL fsl¥ms
saululifoanunad ussniniseiilidoons 1w lundiemedsslddn MODULI
fidnansmunTudnfidisiu wasn MODULUS vasfs SUBGRADE hifismafidlasnils
Whidu

Tsunsumeniiliannany 19w MODCOMP, MODULUS, CHEVDEF, BISDEF,
CHEVRON uar ELSDEF \fusu

anuduwuianuae NONLINEARITY

dufinmuiudh enudiniuiinwme NONLINEAR # snfiainizwinei MODULUS
vos¥mfiuen STRESS fdedulumrtiancilasrialiasinnsiananudiiuslonlingu]
LINEAR ELASTIC METHOD uaz FINITE ELEMENT METHOD a“w‘:’u’[ﬂsun-:uﬁl-ﬁ’nquﬁ
LINEAR ELASTIC METHOD fausfiaéh MODULUS weslpssafratumoesilsulfawll
fuAN1ILved STRESS Tﬂr.m’mﬂﬁﬂuuﬂml.ﬂuuumial.ﬁaﬁ'mqan'lulﬁtfﬁﬁﬁ'nm:ﬁ'nuﬁaqn
18 9 fivinesnemiminnizri uids LINEAR ELASTIC METHOD § g4 MODULUS
fnfuaunuit MODULUS apatulassasanissiunanue usdn MODULUS Ssmanalited
fiud" DEFLECTION fiAedusinim suludnodofizaandasnvaniazuss STRESS #i
dumis e 9 Fuaislfonldamalaseituma

2 2.6 uamenrduRRiTeIMTiinilasld LINEAR ELASTIC PROGRAM
fldsnianmeaseushs DYNAFLECT, ROAD RATER uar DYNATEST FWD §wiu
DYNATEST FWD lvhnvimeasudasszdisinmiomasay 3 f1 msdamsimen INTTIAL
TANGENT MODULUS ananudaving STRESS-STRAIN wasinfiunms Tasliuaulfon
el MEAN PRINCIPAL STRESS ﬁ's:u:ﬁanmem’mﬂmﬂadfuﬁqﬂmﬂlﬁ'ﬁmﬁnm:ﬁ'\
TnHANIINANELTY q walpAtiwud INITIAL TANGENT MODULUS fush MEAN
PRINCIPAL STRESS asagluzilunsrin STRESS unritadean 0.203 s miuruiayas STRESS
Faiuandnain Seitlatzisufivsntadunesiidannmassumsludanljiang 8
Dunsanainmildduaiinuss MODULUS lumisinmed uwssiiwfinmuiudi sclilduanns
naseulwionfiamslummmaunsamuduiusifalirosndestiufnsncnusud fliedusde

AEAezmunsaliusnmesevluienfidmafemanuduiuiaandld Ao
mMMdaTziee33 FINITE ELEMENT METHOD (FEM.) #iszusulddn MODULUS

uﬂﬂﬂ&luu'lﬂﬂ‘mqﬂd'u 94



€1~.202210% uPa (Gupa)9.203
&99x10% kpa 1€,-29,183 pxi 19ps119-203,
108,000 pait (Coelliclamt of Conelallon=0,351)
- FWD
< rwol L=
" L] ot
; 150*‘0 RATER ..-—-""
2 T _____.____.....-—‘-"4"—‘-' S
: =
| =1
z — DYNAFLECT
o =
F 4
X
-
x
=
F
sn.ox10% NP
110,000 psil
5.89 kPa 60.0 xPs 889 kPa
Lo pslb 110.0 psit t100 psil

BULK STRESS 1f-w (¢t opio gl

il 2.6 AwduusTIndry INITIAL TANGENT MODULUS fiy BULK STRESS weying CRUSHED LIMESTONE
[LYTTON, 1989}
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E&Jﬁ 2.7 uansi® FEM. Afnsulnuavwvassn MODULUS TWaumadn 9
nnnezinldiegy MODULUS S linsfienuanulinaasssaemamanw ol ﬁ'm?ugﬂﬁ
2.7 JunsdivastuRumoefifiaaudausimonidu  SUBGRADE 31]11 2.8 WAl
aTwsuRuTIasigUssian ELASTOPLASTIC STRESS-STRAIN Suifludnwazuasizg
1IN UNBOUND MATERIAL %oﬁgﬂuuu aun139ad

g5 -

Taoft

E = INITIAL TANGENT MODULUS fiwiusn1iz1es STRESS

a = 8a3d§uvde PLASTIC MODULUS #a INITIAL TANGENT
MODULUS (Epri)

b = 8958 MY89 MAXIMUM PLASTIC YIELD STRESS #a INITIAL
TANGENT MODULUS (Gy!Ei)

£ = STRAIN

E = SECANT MODULUS

m = fapsnniag

G!"I‘i"ld'l"‘ll 2.1 UFe9AT a, b War m i‘jm'mﬂmiﬁ'\aau TORSIONAL REASONANT
COLUMN TEST lugqiifl 2.0 usasnrlanufuiufwinsdandinasssn SECANT MODULUS
dash INITIAL TANGENT MODULUS fueeSTRAIN (€) dscldtunmamen a tussms
daly

Iﬁuauqﬁpuﬁﬁﬁwad INITIAL TANGENT MODULUS szudsnufpuluan
anvizzed STRESS uscviiavasive m1uﬁ'uﬁ'u1?ﬁ'l'&'ﬁ'uaz‘i".uﬂaqﬁ'uﬁ'm%'un"nnﬂﬁau‘luﬁ'm

- e bl o A J
Ufgaimsulanusuiuasic

[es]
n

K (8) (2.7)

m
n

K (0) (2.8)
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3138 10

80 - FwDd 11,304 LS.

& =

PO

/auo Course (al 3° Depth)

” -y
Base Course iat §7
” -

BASTIC UOMALS
{Theusands)

20 - Subgrade (at 837}

> B
L

}
P ]
& 1

*—Syborade (at 26°)
T L) L} . T
0 20 9 ® 80
RADWL, DISTAMCE (INS)

3 ' T
3 2.7 uammTugaﬂm:.r‘ﬂuuudmfﬂmummﬁnuﬂzswznn {LYTTON, 1989]

Stross

Strain

it 2.8 dnwaizwos ELASTOPLASTIC HYPERBOLIC STRESS-STRAIN CURVE
99349 UNBOUND MATERIAL [LYTTON, 1989]



i1

avufl 21 dnsflupannuduWuf ELASTOPLASTIC HYPERBOLIC STRESS-STRAIN
CURVE [LYTTON, 1989] '

Dimensionless Constants

Type of Seil a b m
Fine~grained 0.0529 0.0435 1.002
Granular 0.0749 0.0261 0.915
0 Ei 1.0
1.0+ g,

o

i 1 [ L H
0.0 0.01 03 10 10.0 100.0

log (Strain, %)

;ﬂ'fi 2.9 nTuRavdaTIFMvasrluganal LOG STRAIN [LYTTON, 1989]
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E = Ks((id)"6 (2.9)

Taufl

Kﬁd K = # COEFFICIENT 837X UarFniNaIYeITae

0 = MEAN PRINCIPAL STRESS

o, = swlaoganas MEAN PRINCIPAL STRESS

o, = ﬁ'lmwumnei'mzwhafhgqqﬂuazﬁﬂqwm PRINCIPAL STRESS

TR 2.2 urasen K f9K ‘uaﬁaﬂ‘fu BASE uariu SUBGRADE azinlein
Iunsfivesing FINE-GRAINED SOIL s:lianuuisussdannit (franridafidn@asy) s
g COARSE-GRAINED SOIL s:flamuudeusaunnni (sronmndodisnuan) Senmusuiug
Iuanwm: NONLINEAR t'&uﬁ%ﬂﬂumﬁmﬂ:ﬁbga (BACKCALCULATION) tRamish
MODULI ﬂadtﬂﬁﬂf'}dﬁ?uﬂ']d iar SENSITIVITY 183y STRESS ug: STRAIN lunsdifls
Tusunsy FINITE ELEMENT PROGRAM lunwseinnmidimusuds sansanmadniy
GRANULAR BASE duaatuaisfl 2.2 wuiddannninsznm 2 vivissifildanms
Hinszilanlisunsy LAYER ELASTIC PROGRAM daumastuzilil 2.6

inmsfnmidaludatiuuaasldiinia wa3tn7luuny EMPIRICAL uas
THEORETICAL #in MODULUS wasiagnnufias:duagiiumissn MEAN PRINCIPAL
STRESS fiu DEVIATOR STRESS mauvas:éivaasn STRESS

2.2.3 3% IMPULSE AND RESPONS ANALYSIS METHOD IN THE NEAR
FIELD |

Waiminannazunnuufinssri ifiednencadoafudeions  GEOPHONE
SENSOR azamasuanudininedeus lnuuidisnesfioms "ﬁoiagaﬁ'lé’tﬂunﬂmﬁauﬁ'a
Tuuwadsrasfiamanuszasaa

3:]# 210 LAAYWIRTBINIMRNANNIZUNN, 1387 USTAMIUBURITINGN g B9
iagaﬁ'ryq.pmw.shfr'l'&'lummwi‘mﬂmzﬁ'lgeqa WAEHINTTRENAIGIAR uoiiaqaﬁ'lﬁ'mné‘tytmm
mé'n‘ﬁajl'ﬁl.o.m=ﬁ‘11111’nm:ﬁ'ma:mma‘uﬁ‘:gaqauoir.'l'amuwnlﬁ"'zimﬁmﬂ:ﬂﬂumﬁ‘mﬁ'nms

- - [y > ol .
vasnfuaradiamaaflumiiemsinmand@du 9 e luakezlindnts
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mnafl 22 dnafl K, 8K, vasingfitiu BASE COURSE ust SUBGRADE (lugdadl
wiaedlu PSI) [LYTTON, 1989]

Material K1 KI l(2 I(3 K‘ Ks I{6
Crushed stone max " 15000 0.45
min - 5000 0.63
Crushed gravel max 25000 0.38
min 7800 0.60 -
Crushed limestone max 11000 0.40 - -
min 2600 0.65
Granitic gneiss max 34000 0.19
min 1500 0.73 -
Basalt max 8900 0.47
min 4700 0.65
Sand max - 13000 0.35
min 6700 0.55
Silty sand max 3100 0.37
min 1900 0.61 -
Clayey sand max - 25000 -0.80
min - - -
Silty clay max " 66000 -0.38
min 24000 -a.11
Lean clay max 27000 -0.50
min "
Highly plastic clay max 25000 -0.77
min

Note 1 psi = 6.895 kPa,

DEFLECTION

LOAD

TIME

4 - ;e - A Foow o a
!1"" 2.10 BNNUEMITUSNAIVEIN I INADUIVIUNNTENTINLIIAY {Li TTON, 1989}
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2.2.4 %% SYSTEM IDENTIFICATION METHOD
PR & ™ FRET o [ . ar
dhidtiandulagdmnsliin  Gldwsnmrresniulaomilisganoiudanas
A ma v & .- Y d edMa oA I3 o v
gafifalasarfigums  uHanviadggiaeduilduiriensiquauifvaslasaiurune

TaolFnaud DYNAMIC ANALYSIS Saluflitaslinsafla

2.3 qmﬂuﬁﬁbﬂﬂwﬂmaaiﬁﬁguma

Iumsoanuuulesaisdumamssnuumasifilsis ANALYTICAL METHOD 3:das
Werdasfumahansivmen STRESS, STRAIN us: DEFLECTION ffiedululasiafatime
Faerfamsudn ELASTIC MODULUS uaz POISSON'S RATIO maoi‘aqluuﬁa:a‘?’wm
Tanas$aduma fmivdnluadaveinsaiadaaunialafinsdnmiTouasWanismames
lgdn lagerwSumiu STIFFNESS MODULUS w3a DYNAMIC MODULUS, RESILIENT
MODULUS w3s COMPLEX MODULUS %dn’ﬁ‘l’i‘lﬂ"l STIFFNESS MODULUS I lean
NOMOGRAPH Zuilwiidafieldnnmsnsisvsn 9

BARKSDALE uat HICKS [1973] ldvhmmamapdaadriwoaiadnaunie looit
REPEATED TRIAXIAL LOADING TEST wealWiAutoBrinanasangiiuas LOADING
TIME (FREQUENCY) #ildiesn DYNAMIC MODULUS wsnuimiusudsiin 9 1iu wiie,
Whinmosusavad, VOID us:1iiavas AGGREGATE w:ildntwavauainndesn DYNAMIC
MODULUS

viuaadieniy SHELL [1990] lausaslwiinin qmanﬁﬁua«maﬂﬂﬁnaun‘im:ﬁfu
agﬁ'ufh STIFFNESS paitnsuaadiad, U3umuessninosiag USRI IRQIIRTIN 3INMT
#nwwuin mn’«'uzﬂhoazﬁqmdﬂlmuaaﬁaﬂ'ﬂaun"’:’m:ﬁaaﬁmsmﬂwﬁuﬁm STIFFNESS
fignen 9 ﬁa'lmi'zoﬁqmnqﬁgm‘%mi’nﬁﬁ’mﬁfnm:ﬁﬁL?Junmmu usziitedn  STIFFNESS
vasusaradnduniadidniaunin sx10® Pa uaaWadnoundaeziinnfnsrfidudauinnniilu
frumBmsie eimannssiuiuidedindndudud fduivrmevesiaguamy, U
hauazmiﬁﬂmﬁms:whatﬁai’aq ﬂuﬁaqmmmmm-mmé'ﬂ ﬁauamlu;ﬂﬁ 2.11

ASSHTO [1986] unsrtin (lavimmageuuue NONDESTRUCTIVE TESTING
(NDT) HaTamnisusudluauimianidn MODULULI wsslanaahamaudardudaons
Sinsdndnymizesinsusuds (DEFLECTION BASIN ANALYSIS) smiutuig
uaaﬁaﬁﬁqmnqﬂﬁﬁﬂmmaasmﬁ MODULULI fléluaws snfludasuivumialildidine

] P
UWIIUNGURAN 70 F



- High skltness Low stiltness
Furchon of Funciion of;
1) Baumen shffnass 1) Bilumen stifiness
2} Vokis i mexad aggregale, 2} Voids n mived aggregale
. 3} Aggregae
(type. shape, Qracng.
Kexture, inferiock, elc}
4) Compaclion
(widcunlenl.melhod’ o

Mix stifiness

Temperature or loading time

4 o a ' A A - ¥ - 3
i 211 ﬂﬂuaﬂwuﬁ"izmwusﬂﬁﬂﬁ'ﬂaun‘fnTugrﬂﬁrnuqnmgxm?ai:u:nm:.'mn'.':rgnu'munnﬁzm {SHELL, 1990}

z2
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amaulfivesizquasdadlagianizdl MODULUS OF ELASTICITY azflana
v . v P | P o a4 Vo -
fuiufathannivgungifiufouuas SeiududestivudiRelildidumumassuianmgd

u

- -
70 F lagm3lddananifi

ﬂdﬁ A -
1. gunpAnHIMMIIMInagay NDT

v
1] o] A N J &
2. mqmﬂqwadmmﬁmau 5 M I I@WNNIMINADL

8 o
3. m'mum-uawmaquaaﬁaﬁ'

uﬁ'ﬂﬁ'm"nﬂé’o;dﬁ 2.12 'lumsﬂs:mmma‘muqﬁﬁao'fui'aquam‘las‘i PINNFINAINET
qmﬁgﬁﬁlﬁumsmtﬂudwmqmﬁqﬁﬁﬁ?momnﬁuﬁﬁqmﬁqﬁﬂaammﬁmﬁu 5 W 4 99
firmmnesey mnnﬂvluu:u’.’a'lﬁ'ﬁ']msmqmngi‘maafufaquaaﬁaiaﬂ1eﬁau 3 30 fn
(1) fsalndiin Gleunh 1 #a) vao'fui'ae;uaaﬁaé. (2) ﬁﬁonma'ﬁzui'aquaaﬁaﬁ uar (3)
Fisi'-msi‘ld'uao%ui'aquaaﬂaﬁ' uﬁ'ﬂi’ﬁﬁmﬁmﬂudwa&%ui’aquaaﬁnvﬂwmzﬁﬁﬂmmaﬁau

] J - o A !
NDT fnanasgwiigannil 70 F mansonildannaumisasi

E ..~ Fex Etp (2.10)
o
Taon
N & o - FR (YY)
E .. = #1 MODULUS 11aamnaquaaﬂaﬁﬂuamna'luamunﬂmunum
- L - L} L) J
F - unnmafimitliuuddwesadad MODULUS duaadluguf 12
' L o . ' . LA BT
EtIJ = 1 MODULUS uanmaquaaﬁaﬁﬁmmmmmngﬂﬂwaammaumma"la

(DEFLECTION BASIN ANALYSIS) %ﬁuaqﬁuqmﬁqi}ﬁﬁﬁmmﬂaw
NDT, t
P

ARI sz KHOSLA [1957] lérhmsfinmiiouifisumsinmsiioysninnisdnig
fnTsududvasnuudan FALLING WEIGHT DEFLECTOMETER (FWD) lagldviims
nﬂ‘s’nmﬁuum‘:uﬂsﬂ’nunmzmmﬂ'agaﬁ"ld’mnwmnwmﬁmﬂ:v‘f a lilsunsy fe VESYS,
ELMOD, OAF us: MODCOMP2 wnnisansiouifiouszninegmsuinnesizglu
wealfiamsuazannmsiiensiaislibunsudingny wudt VESYS uat ELMOD fidnanw
agnannlumsltinnedlsniindg)s RESILIENT MODULUS ﬂaei’aqluuﬁa:i‘:wamuu
t‘;'u{;ﬂaqmnﬂaﬂﬂﬁaaﬁquﬁnﬂumunquﬂlﬁ'ﬁnﬁ fawiiein MR . (RESILIENT MODULUS
OF ASPHALT CONCRETE) luudazlusunsuesiidvinuaafoniu eusuy@ymuazdiuls
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s
»

E

Asphait Concrete Modulus Adjustment Factor, F_=( T

o4
7l 2.2

100.0..:. L LA ’I'E:
10.0.
1.0
0.1' ot '-

10 100 200

Pavement Temperature at Time of NDT Test, 1.{ °F)

T o o a s » . oS .
stfivuruesiadnouninlugaminaaoygoimpien g Wiy fwnesgmfi 70'F
[ASSHTO, 1986]
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'uaauoia:Tﬂmnmﬁlﬂﬂmtﬂnﬂﬁuu‘lﬂmuqmﬂqﬁ dmivf MR = (RESILIENT MODULUS
OF SOIL) Tusunsy VESYS, ELMOD us: MODCOMP2 wl#afissaasesannniudeisy

fulusunse OAF Tagasudnfuwlanyenutiu

PnMsane TEST SECTION wWuin MRA o ﬁfi‘\a;.ismi'm 119,750 PSL 114 600,200

t J b -3 e [} b 1 1 1 A b
PSL lawdn MR fldonmsiemsddslisunsy ELMOD ssildidandmazninmnls
minvanlfidnsdumanmisiened (Mr_ /Mr ) sgf3zwin 0.54 fa 156 lawen
1 ‘A
FuNnaLagh 0.80 I3 1.26

MTAIRIMEIAT MODULUS winmiifldsunsy ELMOD #1 SURFACE
MODULUS 3:f M IsnIInauns

E =C(6/6) (2.11)
Taod
E = SURFACE MODULUS

Q

MAJOR PRINCIPAL STRESS
o REFERENCE STRESS
Co, N= CONSTANTS

’ o ' ol o

a1 SURFACE MODULUS (1unwnmmnﬁam MODULUS n3ztizfnsmanmiunil
18855 EQUIVALENT LAYER METHOD %ﬂ:ﬁ"ﬂﬁtﬁﬂmmﬁuﬁ"maa_ﬁ'm'nwi'lﬁ'un'l‘suéu
A rF-y Lo ) z A o vd o L3 Jv“ b
mideiwlulanshmmmetu) Admnldinoe o dmduanmeniSnsacmnssiye

? A 1 R R A‘
UWIAUN URENTTUBUAINI L

E = [(1 - ') G a'}r d(r)] (2.12)
Tauf

T = RADIAL DISTANCE

(!b‘0 = CONSTANT STRESS

a = RADIUS OF LOADED AREA

» gl J
INFANTTH (2.11) *:'ldd1 RESILIENT MODULUS 1239w SUBGRADE #3#t
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MR =C(G/0)" (2.13)
C = [CO/(1-2N)] (2.14)

FiUMIE I DEFLECTION BASIN 9 nn1imaseudis FWD suwnsoussdle

'luzﬂﬂumsﬁ'dff
AREA = [(1/2)(Do+ D )/D *(7.87) + (D + D }/2*(3.93) + (D + D )/2* (11.8)
+ (D3+ D )s2*(15.7) + (D4+ Ds)zz*(w.s) + (D5+ Ds)fz*(w.?)] (2.15)
Tauft
D = ﬁ'uua'ue'ﬁgoqﬂﬁ'oi"]unﬁeﬁmma-naauﬂuﬁﬂmi‘mﬁ'n (PLATE)
D -D_ = fududszuztmua 7.87, 11.8, 23.6, 30.3, 55.1 Uaz 70.7 2 1N

o s LA = P 1
TRINEHUBIUNBITEUIUN auﬂ'l‘saﬂ b- 2V L] U'u)

AREA = NORMALIZED DEFLECTION BASIN (IN.%)

MAHONEY uszams [1989] ldvimsansudisumfisumstisunmds ELASTIC
MODULUS laglf FWD snnmavinmsiinmzdnsulesu§oufisuinlu s Tisunsy fia ELMOD,
ELSDEF, EVERCALC, ISSEM4 uaz MODCOMP2 iuiumsmasauluwialfjianmsdns
INDIRECT TENSION TEST FOR RESILIENT MODULUS OF BITUMINOUS MIXTURES
(D 4123-82) FWUAIMN @M BASE uar SUBGRADE (T 274-82) 1937 STANDARD
METHOD OF TEST FOR RESILIENT MODULUS OF SUBGRADE SOILS Iﬂﬂiﬁ’ﬁ‘lﬁﬁh '
nszvialigan 100 ms. 'ﬁqmnqﬁ 5, 25 URY 40 aydnsaLduw mq‘ﬁl'ﬁ' FWD lumsia
smawsudaiiassm FWD smwnsnbusinssridefmuldvainowe waxddnsucadoiy
n'mn:ﬁwannuﬁqnﬁn'::ﬁ'n’nda'[nna‘hmwu '

swiulysunsy ELMOD ldngef] BOUSSINESQ-ODEMARK lumsiaszd
Tmuuoia:'ﬁ?'wao'[mawﬁa#umoa:gmﬂﬁuu‘lﬂtﬂu EQUIVALENT BOUSSINESQ SYSTEM
vostufloginiiof SUBGRADE #mqujuguilfiunaan CONVENTIONAL ELASTIC
LAYERED ANALYSIS s ELMOD Witmsmmnanlummdoulanatams aiidad

N b4 .tz . b
Tumldfiuiagusziam NONLINEAR MATERIAL vhliauasunrsawronixludasanameds
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A1 MODULI 21898 uaamadnonniauassuimmassmamnnsn v sias A1198oy
a'mfhmma‘ue‘ﬁf‘lqﬂﬁenmoua:ﬁnummmmmfim’h &1 MODULUS 183 SUBGRADE
ﬁﬁonm:111ao|.|.N'un"lufwﬁna:gnﬂ%’umwmmaq STRESS uasa3I9@auAIMINEna?
ﬁagé‘muan

Tsunsu ELMOD sasodnmeilasiaiatumald 4 44 MAHONEY uacznois
tevimsfinmiunydllaseaiiame 3 94 s miu SUBGRADE MODULUS swnsowlsfan
fmusudhelufidmuon 4 innqﬂﬁanmqﬁlur-iuﬁ'wﬁ'mﬁnm:ﬁﬁ fFniudamouaaiad
ua:a?u'f{umn:’:tﬂﬂ:ﬁﬂﬂé’ﬂ‘lnfi'm'l':uiiuﬁ'jﬁgﬂﬁona’mu;imhmfmﬁ'nua:é’nmuwm
MIuBHEIAAT® (DEFLECTION BASIN) mamiséinwmudn (JauBeuifisunsmmasey
1.u.amuﬁ'a.lmmaaaﬂmﬁ’amﬁaﬁn11ﬁ1ﬁ'ﬁ1m‘:ﬂ%’uqnmQﬁ'l.ﬁ'l.ﬁ'lﬁ'wm:ﬁﬁ'ln'lmﬂaanﬁ‘au
FWD uslwiestfiamyezliiminnasvidauszosaan 100 ms. Soannit FWD dssano
3-4 o Fniumsiensinsn MODULI snulsmasausiau 5 wis lasmsisitiamed
s s Tilsunsy uszmsmesauludasfiainns munsmaiensimasduionms wefildandu
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PARAMETER VALUES

Version : THAIT 1 Date : 03-17~-1997
Last changes to the parameters by : Thai 1/7-94

1. UNITS, METHODS AND PAVEMENT TYPE
SI units are used
Evaluation is based on the Analytical/Emperical Method
Input is for flexible (continuous) pavements

2. CALCULATION OF E-VALUES
For 4-layer structures the ratio E2/E3 is calculated
If the modulus of the asphalt is estimated (thin layers), then the estimated value will
be reduced by a Factor of :
1.5 with moderate cracking and
3.0 with severe cracking
In the asphalt modulus vs temperature relationship :

Et/Ec = A - B*LGT (t/c)

the constants are : A = 1.0 B =55 C=40C
The minimum and maximum temperatures are : '
Min = 25 C Max =50 C
The current seasonal parameters are : _
, Number of  Characteristic Week number
Season weeks week in season in the year
1 52 26 26 (6/28)

Seasonal variation applies to all unbound materials

The yearly minimum and maximum asphalt temperatures are :
Minimum : 25 C

Maximum : 50 C
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The week of maximum temperature is 35 (8/30)
The week of minimum modulus is 13 (3/29)

Subgrade modulus is determined as measured

Seasonal values :
Season Temperature (C) Reduc. factor
1 40.0 1.000

The reference stress (8') in the subgrade modulus formula °
Em = CO * (S1/8') *N
Where Em = the composite subgrade modulus
81 = the major principal stress and
CO and N are constants (N <= 0)

is equal to  0.100 MPa

3, STRUCTURAL DESIGN
1 standard load is used ;

Standard
load no. 1
8.2 tons axle 1d
The standard
gear load is © 41000.00 N

Ratio between dynamic

and static load is : 1.20
The tyre pressure is ! 0.58 MPa
The design load is : an equivalent

single wheel
Distance between center-
lines of wheels is : Not Applicable

Distance between axles ! Not Applicable.
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Please notice that all criteria are based on the present condition of the pavement
materials and structure Strural failure is a criteria

Critical strain is transverse

For asphalt strain the relationship A * N*B * (E/E'} C is used

with A = 0.00357
B = -0.200
E' = 3000.00 MPa
C = 0.000

For stabilized materials the critical value is stress
For (cement) stabilized materials the permissible stress is :

Zp = A * N*B * (E/Eo) AC, where C = ¢1 for E > Eo else C = ¢2

Present parameters are :
A = 195.00 MPa

B = -0.333
Eo = 35000 MPa
¢1 = 1.000 and c2 = 1.000

For unbound materials the critical valvbe is vertical strain
For unbound materials the permissible sirain is

A * NMB * (E/E0) "C, where C = c1 for E > Eo else C = c2

Present parameters are :
1;\ = 001

B = -0.140

Eo = 160.00 MPa

¢l = 0.000 and c2 = 0.000
The number of years in the design period is 7
A standard overlay material is used

Modulus of season 1 is : 2006.00 MPa (= Overlay modulus)
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