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TVRE CONTACT PRESSURE

pressive exerted by tyre on the ground.

n pe 7L or = to inttrnal Byre pressure (assumed equak and wniform.)
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WHEEL CONFIGURATION

Efftat of variowo wheek configuration,— taken mts ageount by Lincay superposition.

A single wheek system — standard, configuration.
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+ a9 4+
YAd =/50 * 125 z = 617
éé‘ vpfmm 55) +(/4d * 224J
for 500 trucks,
&1+ F24 734 .. LR = Zpp0
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Table 4.1 Minimum Sampile Size for Axle Load Survey
Commercial Traffic Volume (CVPD) | Min.% of Commercial Traffic to be Surveyed

<3000 | 20 per cent
3000 to 6000 15 per cent (subect 1o @ minimum of 600 cvpd)
> 8000 10 per cent (subect o a minimum of 00 cvpd)

Table 4.2 Indicative VDF values

group for the correponding volums of tratfic. o VOF. e ks P Dt e
Ai — no.of axles — Romr:g:ﬂ'lam | n:;l;y
VDF = A,(ﬂ)ﬂ, 416&)44_ . W — Median Valuss of axit Joad 1501500 T 39 I 7
Ws ws We — standard axie )aodt More than 1500 50 28
\% V- no.of vehides gurveyed
Example Lozl No- of oxle Load  No- of oxle LANE DISTRIBUTION FALTOR ( LDF)
||Q|| 0-20 5 "Q” fo —fgo o) For design purpost e tomerts CUPD (oot divn) —> trattic alomg single lane.
Total 0. of 20 -90 le I—l 6 Tiaghic along single lone = CVPD X LDE
tueks =250 40-60 100 80-120 50
Finp VOF=? 66 -8 50 120 -160 150
== & o 20 160 —200 120
100-120 (o0 200 ~240 B

qopny Averap losde  lood equivaliny factw No- of axle load equivellnty fockoy = NX LEF

] (m/&o)'* = 00001 5 00002X5 = (-00(2
et 20 (30)80)* = 00198 6 =031
O = (50)86)* = 01526 166 =15.2568
0 (70)80)* = 05862 50 =23:3p9
90 (26]8)F = 16018 20 = 32036/
no (116]8)% = 3:57¢5 loo =357.9463
Z, = 434 -2679
\t] Awerage load  lpod equi valneyfacter No- of axle load. equivaltney fpckor = NY LEF
R~ ) 0-0003 0 0-0053%0= 0
LY 0-0270 b 0-162)
l0o 0-2084 S0 10-4213
40 0:8007 LsD 126-1p32
180 2:1880 120 2625575
226 4.8825 30 (46-4755

X, = 5397202
Total 70 of trutko = 250
Total load quivaliney fpebor = 2Z) +2, = 974:088)
VOF = ( Zi+2 ) = 3.89¢64
%
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mulb-axle 250 15

1 [10067) 0-5  (50%) 0.4 (40/)
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DESIGN TRAFFIC

N, = AXZéBX[/H'r)"‘—l :IXVDF'XLDF-
design T

Ndesign=curaulative no. of standard axtes for design period of 7 yeays
A = inctiah traftie (cvpd)

n= design peried (o years)
LOF = lane distribubipn factoy (dgtimat)
VOF = vemes damagt. faetor

= trattic grovth rate (decmat)

A= pPx(147)%
P: present trattie evpay
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Demand. Blasticidy wri aPP —macro seonomic paramaters
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Example Sl undivided caryvia

VOF = 6-35
mh- totad CVPD at opusing. yoor = 1450 7n=20y7s
AL Nderygs. =27 r=56/
,ﬁn_l_/‘.’ ~LDF=06 A= 1450 VOF = 6-35 7n=20 Vy=0-056

Miosgee = 1450 x25x [ L110:058) % ~1 T x g35x 0-6 = 70641633928
o 0056

Ndesigh. & 71064163 70 72 msa (milkisn stA- axlz)
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Paemant Teomp.= [Tair — 0-00618% lat? + O-2289% ot +42.2.1%40-9545 —)7-78

lo tarm.

lavement; Temp. = [-0-147 + 1-3023% Ag + 0-1103 ¥A4 ]
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otaur due o lower temp.
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CBR muthod, [1928-29) %
Laliforwia. (Hveem) method,
Bearing Capaeity method
Umiting depth eriterio

two loading condition T light trattic — whe load. (3175¥5.)
heavy trattic — whned, load (5443 )

T (em) = [ﬂ _ A_) V2 ; cBR < I27).
CBR T
8L value
n he _ _ _ cubbase s =hy-hy
ZBR2
e BRI

Mechanistic Empirical Method. fov Bituminous Pavement Design
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7 bit-mel SF= shift facter value
Jnitind, mod. Velus gt vaviation [0~ (600 ar 100)]

: fatigue area 7 20°)- paved swrface area

Hambarg wheel traek test
Flow no. test

Flow time test

Ny= K:/e_:)h'

o bit.
mixeure

Dyl depH. % 20mm, [ eritical [faiure rukting ondiltion)
Opbimum. Favemend Thickntss of Layers
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Vavement 9esigh Curve agpreate
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2 E A oversafe from fatigue Pov
bituminous 2 2 B undersafe from rulbing pov
loyor Hutkness

(mm)

C undersafe from fatigue Pov

D oversefe from vulting pov

E oversafz from boi rulting J fakgue POV
O optimum from boH. mﬂr; £ putigue POV
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Limaly Pata— Temperature and Moisture

Resilisnt mosullio — dynamie modulus — faelitite W to Find 2amperature. faetsr
Qranulor layer — Raintall, data £ Water 4asle depth..

MEPDG — "AASHTO Ware" Software

collect 6 difternt climate datn (one i hour for years — frequenty of deta callection)
— ir tunp, - s

agqregate layer tickness (mm)

Relative
= Precipitationn - st
T wind spud — water jbls dgpto

Enhanted Ihtegrated Alimate Moged — develop(find panerent temperature
CPREL frost frppze and #haw setement moded

Infiltration. ard drvinage model (appliceble o aggregats L subgmde tayyer)

—
Bitaminowy | sttt e
Bax \ binder leqer ——; prore. tofatigue
Subbast

ROz

subgrodt.

%ﬁﬁlf 1" aaeh upto 4 Ryers
T?u,i): (AADTTy) X ( MDF;) X (HDF; ) X (DDF ) X (LDF)

THULK trathic —— cumslotive fatigue aonege analyss L =
AMDTT : Average. trmuad Daily Truek. Traffie L= year (12,3...)
- Biluminous Concrete m&v‘:%

1= mont
» Total (oncrete rubtis
' BUL (bollor wp ctraiting)
S TeC Ltob down. cracking)
* Thermak CrAck fov jow temp. r2gions
* $moothness
v
v unvoundad. base. [ bituminows Byer [aobhatk it LoAer
k& - ~ K we- Tbme
arhere noads Unptud 1oods b}m%owwm EGG
J
bis- laYor
" base (wnbourded)

on He top of CTB pare l@qor provided
" o protect e lbyar from refleetion of crak from the
CTB ayer. It loehow of crack .
TR lay, Adays v of crack
M—’m (tments tranted. bare) —>shrinkage craces = ciacks due o
= A caruam:imu vehicles
Aggregate inierface —> 100mm, thiceness

& e eacts may “go up
Stress ahsarbm; membrone. nttface

to avove leyens.

Regression. method, based o pavement performance



Pavement Distress Moddks
Fustry :
Fatigue T Ashhatt [Ettu minow Loyer

RF= rwwuag,aw«,:{ 1 tor > lomsa
CTE Lafer

2 for <tomsa
N = no.of st axle vep. #hat CTB case suslain
£ = elastic moduluo of CTB (Miz)
€= tensilp stmaip ab botlorm of the CTB ( mitrostran,)

1z
Ng =RF:x| 113000
F , L5200 19 ,

€L

nt

) &,/ | \#5337 . .
Ng = 4:1656 X/0 X(Z) 801 reatisitity.

Ne = 1.41 %1078 X(E/.)” B 301 resscwitey .
v, 1%: U‘.[ﬁ) = 0-912— - 4 [Meup)

NR i Subgrade yubking Ufe (eum. 4. no. of sid. axle loads Bt fom be served by the 0-0625

pavement, before he eribical rub deph. of > 20num ocews

Neg © Fatigue life of £TB wateriel i€ max. vep. of axte loads dass i)' the €18
Ev: allowable compressive stratw ab; the top of subgrade (£v)

malerial . sustzin

6t tensile stess at bolom of CTB layer (rv give axle load, cdass
ESample Ny = 250m50 —3 Eind &y fr 867 and 90} wabibility? Mesb : fecutal strongte of comentitions base (28 days)
ol '_24% 1108 =(5_:)4 5337 lor 85 ™ Ev= Z8spe 6t/ Mpup = Stress Ratis

8 .
125 x 168 X10 =(_’)453” frr 50). ~» Ey= 303uc
"

LZzrmre caused by differenk vep. of axle loads of Aiff.
r9 1 vealitilety, Exves

A2keg0ries anal ditf magmm{a 2xXpeeted, o be applitd on pavement d’”’"’i its

design. period. s
N = oxpeetcd vep. of axle toad of class't' (dunng e design ltepd.)

Ng = /-50,54.xc)<)o'4’<(_/)3'59x ( L )"‘95‘* for Bo). rebisibity cFp=>= (n_) N = fatigue lite | man.no- of load 7eb. £TB layer would. sustasi

‘4 My Ne it only axle load of ciacs't’ were to e abplid.
Ng= g-5) x<x /o“XZ_’,) "g’x(_i-)"”" tr 907 valtithy If expected CFD <1, aceeplable desigh

- My If expecked CED 71, ok acelpiable desigh—ed 1o revise payement seatin.
C=10" where M= 4.8+ Vee ﬂﬁ]

Y2+ Voe lumulative Fatigue 9amage Avalysis ( ¢cFD Analysis )
Ng: fabigu Ufe of bit. Jayer [eunt €. mo. of sid-axle loads trat ca be served by #e If at & strasn levl S, the sample is subjected, to Na numbes of repeticions

pavement befoe eritical cracRed. avea. of Z- 26| powed. surface grea Octuvy nowoon "ogy, o " " "oy, v oo

E¢’ lnoable densile stroso at the bottom of bitumdnouso @yer (Et) and 50 on ... upto feulure of the sample , Bun
Vg ="l Vol. of airvoid
Voo = "[-vob. of effackive bitumtn bindor Ay e B, L=t |ZNat
My = Resilient modulieo (i MP2) Ny © N2 @ N3 = Ni

125510

Bxample Ny= [26msa Yp= 36/ Vee= 115/ My=3000Ml  Find €6=7

sol p=4-84 (‘” ;/*5 - 0-59) =
<775

Hr 80/} Ep = 188 ue}
for 907/ Er= 140 ue
For Va=4S(-  Pr=3000MPa  Vie= (05 NE=l25msa , ££=0
SN €y = I56 e b G0
Et= 6 u€ for 90/

Where, Ny,No,N3 . . . are. nimbtr of vepetitions for faildre v vespeck of- the
, C=/0"= 234 individudk failure load tests with straie levels ), Sq,33 . . . vespectively.

Un an tn-service yoaol,axle loads of various magnitudes (ditberent axle toads)
appa? vepeiitive loading on the pavemert: Thus, $w above equation can b
usd o suth cases where different axle loads G he consideved to find
cumlative  fakgue damage.

bit-waor o TPave Exerise  Fingd of futive CBR 2
Trattic — million std. avle load repekitions (msa) base  he : | 817w=gokP=80000N
ers' propevties > Modulus value Subbast  hs3
“ e C poissons rako Subgrads _— sogmm w@w& —20/ cBR
embankment — 8/ car
My= 10X CBR . for CBR <57 Ms = ves. mod. of subgradle (Mba) otative cBR yalut =7 My= 2 (i~2) pa~rd:
= 176X (cBR) for cerR >5. CBR Liin */s) Hre pressure = 056MPa S “preswre
80°) 28R considered (or desigh traffic < 20msa max. sebgrads Mr = |0OMPa
90 *hCBR considered for  gesig traftic > 2pmsa My= 176 (CBR)®* o 28R > S/
Prissons rakio, p=0-35 Lol ~
Effeetive modutus|cBR for design for equivalent Combinasion of subgrods ard. Lpep-l  Find deftection (§) (rom [ITPAVE by 91'\/1'}’? paramettix .
UnbanRmenk with, different CBR VAL .
Effeetive Mg apbroac, il u £ From IIT pare,
{ I Use UTPave 1o find ‘& (may . surtae deplectin) layer] 11872 = B00mm defieetim= V41 mm = &
2. using &, find Mgs= 2 C1-k2)PR “ontatt pressuve = 0-S6MM, Giter 2 666 035
& A= Yadins of cirwlay otACk Area whedd. load, = 40000 N wheel, set =1 (sivgte) Finde 4= mtret rodivo
May. Effeckive. Mr = 100MPa for desigh. U= poisson’s yatio Usitng 4okN I pressue = 056 Mbr f.éazat = area.
foad 2056 p. Analysls point: depHo= 0 vedisd dist = o pressure

20,000N  V0SE6X[pé fa /
— for fast drainage of subsurface water percola,ﬁn? Into paemant.

— Wmove excess watt

— provide capillary cutoff

— prevent further vise of capillary water

Found a = 105 pun
S LN

} subbase
& &
granuoy sub bose.
Lriteria for GEB  thitkness based g NMAS (Nominak Maximum Aggregate Size)
M =025 (0" Mysupgrade. b= thickness of granudar @yer (mm) = hype, Dsughons

w=035 My £ Mr.susgrade ( in MP2)
-4 N
mr= oaxin)’% My, bsie ~_ oy i subgrode Now, ned 1 tind effeebve CBR valut .
agqregace layer on top of soil layer Stp-2 ‘ﬁj';é,vfﬁi';’f:m
Aggregate layer {Bare + Subbase) kept over op of subgradt Using formnts., My= 2LI2HZ) P2 =105
4 Lsmmger than susbone wes. ga; gradud mixtzne 4 ’ &~ 1.4/
o Siome muatrix qsphll
L ) ® bituminoue concrete Mr=105 but we e Max. poseible My = 100 .
% ) g CRMB (Crurm Ruber Now, usirg fomuda, My=7¢ (cBR)VS* v find /-CBR.
peme bitaminons matad.om, Meditied. Bjtunon.) 100 =17.£ LcpR)V8* = (BR= 15 ).
Jrowid. tare yuber This Is thjeetive CBR value Eff. LBR = 157/
GGRB Mixtwre. groud

Gradid yubberized, bitunmpn .




liPave EXOTI  pppek satet ladequacy for desiph ?
Check the adequacy of G5B thicRvess .
G ftetive CBR=5 ). , thickness=177

] T N
|7 7___'_
2 /C/I heont

tandeny 200 mbititiona fbr
Subgrade cnstetion
Aol top I~ Find £y indued 2 Evguomssle ¢

Lich 2= cnek € jndvad < Eyalorstr , k1
take some iried thickness, hegial = 150mm
101000 Stardard. axte vepitition .

lompare whether hio io
more thars 101800 or met |

Ne= 141 x10°8/ 1\ 2T o a0 mumisis: ;
o = (L) for 30). Tealitibity (Ruting)
Find, =7 Y
~ s, _ ) 4s337_
Put Ng=10,000 find &= (m) 0-00243258 or

2432 ¢
From UThwe — £ind. jinduced & ard conpare to cheet. whethor
Ev.induced < on >y Eycaleaiated.

VDF = (axﬁ. Im‘i) ( axi lead 17 _ g2

From UT pake , find induced Ev ard croge whetter

Cuimaueed < o > Ev wdnlnted: |3m—mt
VOF = [axle load + { axle dosd ) = 9.2

148
ZJsmg Ut e

M";aebm_— 02k xMr; sgrade ; Mr=50Mfa

95-33 MPa,
analysis poxds:  1s0mMMm 0
150 e /55L L pdicte

whee! load = 20,000N top of subgrode

SFund induced Ev e maxipum. ot te two analysis  poirds.
Criinduied, = 4324yt = 4324-X10™¢

/ Bituminons 21 Aug
whbound ed bose
! wrbounded. subbase
sudgradt

iTPave Exerise vesign, cheek?
4 lane djvided larrigencly
Inibial tratbe un e yeaw of comPletion of constructio=5000 CVPD)(both loays)
dzsfg» Aile = 20years
VOF=52% (same (or both div")
Etfptine BR=T-
Eftective bitumen, content; n bituminouo material = [)-57- = Ve
Air void = 37 =
2ratbc Grow#- yate =6.

BL > My =sg00 M
/{Mh DB-M
fn % lpne. divideds carviagay _6
LDE= 075 or 75/. 35%
we have to first Find million standard axle vepintin.
Atop
L) Naesge.= 4 Xseex[(l“’) -1 ]YVPFX LoF

51002200 (9 Gpasa

= 13939/07.227

Ndesigi. 2< (31750 a0 [3X10 ca
usmj UThwe — Bast 250mm. = 200%250= 450mm.
Sublbase zoam»»u%—* My= 0-2% b2 %5 My = |9)MPa
8it. layer (75 mm. felgrede
bomm 112 4//\/7 t
{15 mm- DM, My= 176 (BR) "% = s1mpa
subgrade

Alloweble straw vl ot s eritiol dowbinmg.

382
N{=a‘516/xcxlo'4x(_i) x (_’_)
V. A Et My
13116 /DM— .

T My g 4_941/_& 0'63)_— Q B000MPa

0-854

Find €t = IBOUE v 1B0X1676

Ne = [-41x /o“’*[ #-5337
Y 15 %06
N il €= 300Ul o 0-0005005

Now , éinding #e ndlitad Strms \alis Erom UT pove brr comparsn.

iod
() 1Ty : Mr “ %
layer) 3000 0zs 175
yer 2 181 035 450 — Bamw +Subbasc = 200 +250
g 61 035 8tm
wheeh Losd = 20000N  —— standardd vale Oy dusl wheel, ) 07‘1{1_0
tqre. pressue = 0-56MP > T4 foome
* 20,000N

Mﬂl)g{ﬂj thickness ol kz{m,a
B 250 mm

Subbmse My=g-2x (475)° x6) = 195mp
Bit. ey

”1;. 7
wt : 29769 ntor Lag
The cubi
U okiater ot
Subbart A
Ves = 15—~ mba  fratbic dwel 710msa 2 600Mp

4 0-75 —1-5Mba <l10omsa but >zmsz ° 7 400mpa

7% day cured strenget.
E=lpoox Ucs
b strengtt. sholld be ot least 15 tings of e Ud strengite

E=600 or 400Mmpe
K= 0-25 (pyissons yatio)

Minimiam, Ues = 5 45 7 M § = TR day v 28%day curad streggih
E=lpoox Ves E value—> 6000 MPa
o consbruction, just wst 5000 M

(2 ogpeatads wet ard dry cyte

& Soss of welght F 14 s
E=5000MPa . =025

Trickness = 100mmm, [Standard, wlus)
E'= modiulus value = 450MAs
W= poisson’s gakio = 0-35

= g /13000 /2
Ne= BF /’ L /91
<

Npi ) = 0972 — (B¢ /Mrw)
'é%" ¢ %) 0.0825




200,000 Load. tyele 4t cain SUStHL. yundoy his <her ot

But 4 140l care, 2t 4o Havivig only 50000 Lood cycks.

rati = 501000 = 025 or 25/ of ‘tolab tabippe Lite (cappeity)
200,000 bww M’M '&zg.

¥
== c(zg) <
Ni

<«
€&

iTPave EXeNsse  pysigy. cpuck? 106 msa
Hre pressure = I-8 Mk
— 00
1. ' Be
_
. 405 Interface
(' cre
I [\ cte

5000
Nf = K»F[ (’L‘;ﬂf & 121 1E=/00m152
[P' 3

=/

<t TP gp=7 — dlloweble <heo = 6T4E

5157;:47’ | sigmaR

Allowebl (ralzpelated) xd7i- Ingurea, £
o Ayi) = 0972 — (o8 /Myw) = 0972 ~ 5 R
o (1) 00825 0.0825
140 M Lwhz&.ha: 47-5 KN = 27500 N

007D & 70,000 Losd. ety .

0Tue l 05t
Masirmun aliscbls Repl. = 526,000 } ratin= 013 5 13,
bub e Trality = 701000 Gimidan Jov Lriddem. [tavale

fandibe < _raettal fozd ypitiorn = 160,000 x 2.
F00—420 KN — 160,000 72b/t trone 320,000

]

HOKN 1) 0600 bro2 oo axte.
0= 5).25kN 6% 00 on—
(Buonests)
620-660 — 20000
00—00 Gato KN —» aatttol axly foot = €10 = 53.35
00—00 12 12 LYl
06—00 etual Tebition = 20,000 X3 = €0,000
Zaxcte

CFp
— >1  unapk- ompocition
Sum.=_3:064 21 — unsafe — nwd b change tompositine

Lerntion cmtinus wnbL you get He cubbed valte Lo s 1 for safe dedigh.

& LIS\ P W\
Ly e iy Y o

CEMENT CONCRETE PAVEMENT (28447 ]

In Indi#, 95 fs — bituminous paveent , 5 1 — comeli concribe paements Wire tere .
Whiy we have mare bib. Vis-a-vis coment cme. paueoner 2

* Quiity ombul  * abtoraabilty  * botler spid vesisiance - riding quality
Bituminspe pavemet Low strornger than cempl corde pavement -

Bub 1w, we're stowoly shdéh"f?, 10 compnd SnLretL PAVEMBE ; Why ?T 10w maintevanc
heavy traftie Loado

Low locul béAn‘? capacity

Low comstruckion cost

Higl— maintename requirtymunts
Less  Lferpor—

High- Jood bearivy copact
High comtruction cost

low ynalntenanes  yvequiremerts
More. ULfespos

Flexible — i 1> grou- load temfer Rigrol — bending ) <ok aation. (0ad. tmnsfer

Debonding

P4 fyer  fawment Quality tricrte '1/:12‘5 Y2
_pe tyewr  pry tew. Conente 1€ Wis shesk ip not shere. Y Bitre will be. lot of
e Shresses sp e Lers At to charge & dmptretture.
_,,M'a_ Summar — combresgire stress
subgrade winter — tensile shzss
Advantzgs : redliced cracking £ moisture barrir.
125 microno Bk plastic speet
AIL black colov plastic shak (traps move heat)
Racommended, to use wohiit Plashe shdt.
D ondirg lpyer
rac J
T it o e
CT8 laner
Subbart
-~ Sugrade
Bituminpua  pavement: — /5ip20Yytais 1 with temperture

Coments Concrete. pavement — 2 30 years more o compt coc. pav.

R491d41';r — VSISIAML 0 g0 MAkiON — IOV Ui cOmENL COVK- PaY.
F‘a}l’/‘,ﬂg — more un bit. pav.

8- TP tger —

T e T oc wer

S e
gl T

—.uwn—

R i

: When there 4o variation uh slab temperature, Mrevseo are daveloped. .

Temperature Considerations

T (top)

T+ 7w ¢ ?
i T —» berding., same degret of contraction

highor temperatare at top iayer lower typeratune b top tayer
s ,

P T
: 7
b wm Ti<T2
n 5

Tobfate = tompression
Boltom faee.= tesion




Jolnted plene concretz pavement LTPP)
Jointed, veinfreed.  comcrete pavement  (IRCP)
Gmh‘nuamui nUnforud cacrabe puesment (cRCP)

cracty

N Y O T S O R = = == =

tmtrachon jolnt
Transverse  joints mstruction joint
Lan;;‘ il joi Xpansion joink

[
N e |

nteg "JWIilv.;‘.. pernture  ditferential .
L0vreakion factor To cowerl <t Trom nfinite to fote slab.

o — /1 &y
ex= 8% —( 8y
G

fy= 69 — L Ox
4 E “E

&y=0 = 0= %—MGE_% = | 6= U6

=5 — &y
E Me‘

En=6r — W (ME) = Ep= 23 (I—Mz)
E € =

= |6x= £ExE
—p=

— duwe to tension. €x=0=> 0= S2~Hbs =  6Ex=wby
€ &
Toatéic Joading. 51 A ey= S — wlG) 5 = B (1u)
Temperature  — Warping tresses or curting. € g €
Moisture—variadi = 6y= ©6
I-p=
Tolal stiess in x—direation
Gn= Eox , uby = _E_[€x+uzl
i [ -y
C 1 momn 0 nen
T T x8/2 T A~ corlly of thermal expansion
(tineorr - y-atir*)
N __ P S N— N S /. AL — xemp. At
‘ A= LALE
Teshrainly  contnibutirg 0 Wiy shrem due 10 temp- variabion. T-Ab é* T-At £ = otht
Westergaard ( 1926) /o Sea
At NA-, qrerayt temp. of both gxtreme fiores = T+ (T-08) = v-pt
P 2
Lt (NA-S extreme ibre) = T- (T-—A-L') = At
by = Kbt
Ex=éy= S5E
reim
Gn=ESx , uby) = _E_[Ex+u#y) Bxamble  ickess, 4= 203 e ey 7
b Lo L=7-62m K= 54-20N [ni*
ax=10"%/%c W= 366 a= 4x 15[ E= 25 % 16" MPa
= E C«ot) (1+w) Lo M= 20°F Finds yax. turling, stress Uninterior and. edge of siab?
- Sep-l Fdl L= EXE = 077m = T18mm it £x=2
12 (1-p)K
fr =_E XAt Cx = o1 }_7 Using. bradourys chart
I-p 2 Cy = 0:63 Vg
wax. wrling stress (uterior [widspa,)
6x.= EA8t (cx + pycy) = 1463
YRS
6x = (Cx) Eoxat Gy HEXAE | | Cimilarty, |6y=Ebt (oq+ uoe) wax. uulmg shress (edgw)
2.(1-pr) 2(1-u2) 20-u? 6y, = Eot (CKJ,\Z/[‘(J Edbtcx=_1'46
e 7_11)/ 2
. AN
(correetion pactmo 1 coert fram oo to finite) —given by lamdb«"r} (1938)
Bradboury Awvelpped 4 simple chart to detevnire Cz and 4.
— Lompresgion. — Bp
Bradbury's Warping Stress Coefficients Cx, Cy = correetion tactoro = “J i — botton
Lx, Ly — Jangfb dimersion Of slap N |
4 h rion — top
y I x Lomwpressioe —bottor
— Lomvbression — top
rion — bottor

L —radivs of Relative Stipfness

,2 |: En> :| 2]/4

12.¢1~42) K.

= poissais 7ako (0:15)
W= slab ickness (m)

~ diftuetion.

L(m) h(m)
E(MPa) K (Mt ))

where E=mod. ot wuhui& ot concrete Lsxm‘n;)

K= Wod. of subgrade veaction (K3)em?)
— pressure sustUind

Phe dnibermidy of X strew indueids A t apblication. of traffic load. do
depondmt, . the location of e load o pausment  surfaes.
Edge stress is eritieal.

6= oizsP (1+0-54 1) [4/43 ( ),,_%b_ 04048]

= 3 [ ~(atz)*
e -(E)7]
6= O'EL_“‘ [“"3:» (%)4. r~oee:|
where, h=slob thickutss (v em) a=1d. of wheel distr. (i)
P= whed goad (i Hg) —MNot axte loode  L=12d. of 7el. stipfness (doom)
b = 4. of vesisting seebon (dvem) = Loay2dn
/ {\Ilea'um - 0-675h ,) a\</l~7z4-t\.




@—a load. @ — pressure

031
SA—06L
0-4L L
0-3L
B
\—w/c diéstanee blto Zyres

%‘i Load por unit pressure
= % (0-3L)? + (0-4L%0-6L)= 0-52271%

LL> L= fa
0-52279,

Area of & <irce
Aat= 2x 0522112 + (sd-0-6L) XL

Example 48m { 180Ky Hickness b= 300 mne
3sm K= 80 Mfa)m
5/;‘"” M40, E= 30,000 Mbs

U=015, p=o8oMta
Find Edﬂlf slress , interler stress § corner mzss)

DESIGN oF sSLAB THICKNESS

Criticaly Stress Condition ot %ﬁfﬁ{\@
(.convex)

e fecuval stress at Layer of corcrete siob Js maximum dum%
e when the axe doads on the pwement siob
white sere Jo .

This condition .aﬁe% produce, Botiom~itph trzuRM; (8v).

Placement of axlhs” for maximum edge fexural “strgss ab pottom of
e slab [wiout showlders) s showon v dig ram .

Singlt axle cause. wighest stross followed by S ard. tridom vep.

8t peeb on NSINg ap dBY progroves 4o night - (AL P temb. gradiont)
o BUC calulations.

comgider onty Sinple. + tardem, cxe , ignove trider. for BUC calcudations.
provideo wotraunt-

ransverse joind ] dransverse joink ) nnsverse joind )

ol Duf],...m H0 | 00

00 | oo D1
00 |0

[EXIT

—1

0| 00

_I\/—~ _I\/_
Single axie Tandem axie Tridem axiz
é 4
Lot o ©
Sensile siress
\ (Longave)
The Hexural stress at Layer of corcrete siob Ao maximum during
e when the axle foads act white
pure do

s tondition, Leads o Top-Doln Cracking (ThC).
compleke. analysis indudivg Single., tandorn and tridem. g TOC saludations.
for TOL. cakesintions.
provideo )estraing .

A,

srerse it sransore ety arnsers ot}

o 0 o 0 [V

00 0o 00 0o 0o oo

00 00 00 0o

00 oo
4 A 4 |\ |

._4,___1\/,__
Single axle Tandem axie Tridem axle

Dlewlation of Fltxual Stess
Lumulahve Fabigue Domage Analysis (CFD Analysis)

P (BUC) = = L& (10Am 10 4#M)

,  cPpLToe) = = n (1241 10 6AM)
; z

where i — alloweble no.of dosd. vep. for 4% dood. group dun';;g speeifiod 6hva
Ni — predicted 1o of Jopd. vep. ¥ " 1M ” " ”
J = 2l no. of Soad groubs

Dﬂz'fz» Cririn for Bigid Payements

CPDLBVE)+ CEDLTIE)S L | = ppygment s sofe from. large soale. crackivg.
if P sum of cumnlabive fatigue damags (i) due to whed dood. axd
«mr!;'?? stresses at the bottom. apd l4) wheel Lood ard. curling stresses
at DY do Loxp o L, e povernert Lo safe.

Atlation blw faligue life and- stress ratio

N = nfinitt  frr SR0-45 N=fatigue Life
N = 4.2577) for  0-45¢sRL 055 SK=sfrtss yakio
SR-0-4315
N =[09U8—2R) for sz >0455
0-0618

IRC 58 recommends to taRe 257 0f the total commerdial trafte as
design. trafpie for desigm‘n/. Actually (b o just 2 to B) wi real jied.

Dowel bar — 607/ |~ izkenao 50) | v IRE code for
Tie bar — 50/ ) ~2 iappn g0 40). conser vative eotimate
B-factr — & account tor stren onalysis.

s —s  benefunl for Boe but 9ot TOC.
4t = ~ve = temp. dift. more

perTrmanent strew _,, g stress

Il sept

FRICTIONAL RELATED STRESS
w
. [ s
Al — .,
Fhictional, foree por wnit widt of stab

= YxaxixLxf = Yalf 7
= 2 fully mobilised ; :
Where =dimity of coment comcrete CKNIM3) frtoent st 7|\t
h= slab rickness (), L= slab dengtt.. (m)
Tensile foree un slab at He widdle

FricHoriel Nge/a,tzdf Shress

Vaviaton of frittional stress

=G xA = @XXI=Gh 0 it highut at
Equating ihe two, wntre edpe
Gh=Yatt 5 | g =FIL
2z = independent, of slab thicrness i
J= 236 KN/m>
F= 15 v fidd survey [0-9%1-8) — dowbtput (why ot <)
Example ~7em

fa=1s Find 6, =2
B I N 725 PP
| I

fp = FYL = I5X236KNIMIXTEM = (34.57 knjm* or I54-52K/
z 2

TOINT OPENING WIDTH

Toint Opeming Width (§) |

e spaciny of foinks depends o |1 ] |1 ]

¢ Mmperature |-Z>| |T)'

* shrinHage

s

S= CL(xXAT+Es) 7»/_/:5/1
L= adjwstment factor due to sl subsurfoce shickness i i
Ey= strav due 10 temperature = AT g 4?
€c = Strave du o shain
o= Coolf. of thermal expansion 8[2 —kept free
AT = femperature variation ~r seasonal 812 = for st

A= Joint spacing.




Example

Find. alowsble joint spacing of dowelied and. wndowellad coniractio Joinks 7
dowable joint openirg § = UZmm o undowelled. foints

= b 4mm for dowelled  Joints

oT=33% E=lovue =107*

o= 1073/ C=065

Lot~ L=_¢& = 465l 2mm = 46 m ithout dowel bor

CUALTE) = 72838 mun = 229m with. dowel bar
TIE BARS

Tie pare
Diamerer of tie pars _— s Tuth
S bl e s | et =i -
Humber of t s i

£l movepunt un Lateral divecttn
Ul He bows t Rub thom nteel
ao tor proper load travesfer voug.
droansveyse. jolnts-

@*M’\:Q:'

wni ngh N\

/\fﬁrno«l_m
s o 7% = 0. 0f #e bars

b - diameter of iz b
Equating the force en sted 1o frictional force
Ast fg = YfalBhx1)
=15 B=lane widt

Ast, —amount of steel Tquirdd. per unit dengthe of slal
fs —allowable Fensile stress 4n sted

= Ast = YEh,-/n,

Lengh of 4o bor L= ge2L = £

—~ 4L & [ :
fsgd>‘= C’M’(L‘)
£
L= B = A 5 | y=hd ¢
4cxd 4T 4T N””f/“ﬂﬂh%ﬂf 4 bar,
Fll lompth. L= S+2L

T= qlipwable bond. stress
fo= allownble tinsile stress o sted
& = dianeter of stol b

What, kind of veintoriement we nud fo tie bars 2 Plan or Deformed ?
Detormed —> more [bo)mt stress —PM;{mmt of vinford ment deertase
<. )

Guk's why we me AdLornede Tather #an plas .

Bvample  pop.aspm £=15

¢=12mm
B=25m V= 24 kN> Find, Asy=2
f5= abovable temsile stress = 25Mpa L=2
C= qllowable bond stress = | 75MPa Spaa‘»g =7
Lot
amowtt #f stel ry. por mf,(wg/& of strb
Ast = Vf;‘/ﬂ = 23264 mm*
ofs arth of #o bor A= %xcﬁ 2= )3 mom?
perimeter of 4z bor P=X P = BT mm
Length of e bar reguireds
2= A@ = 857 2mm —~ asume =0~ L=24 =
4z
7. of bams requred
n:z'gg 3 s BHof bavs B bt usd.
DOWEL BARS
o o) e
Diameter ¢ [6 o o o] L T
Spading bl doodl bas Tt 2
gt of duuet CoHe

Mild steth vound dowel kars  provide foad buansfer tp veliew port of te

load stresaes i edge & corner vegions Of paiements st AT Gansverse. fointt.
Mechanism of lead trarufer by dowd bars.

&j [

ddﬂ‘mﬁﬁl/ displaceinent

dxy dxs
deflction Lh Sletn
In absence of dowd bar. tere'll
be differintial sdllement due 13
Load a«ﬁh:; o 4L
axs > dxe, dx;
high. strass i loaded anea..

n preseher o dowel oo, Load transfer
from leaded, stk 0 adfacent st
ko plaee ard. agjactnt siab also deflach,
Huorttically dx,=dxs
Lunly dishibwte stress due to lood . slats.

loncrete

a
A | it
Sn -

Nduced blaring Atren P allpwable bearin
Coneete = we should put plane bars

To combat crashing, plane dowel ocogs  £houd be provided.
Dowd bars allow o,

at same level.
onty H#e
barS 4t H#e oxpansion joints.

Btaring stress dtpends on. material property [ %m”?f?fﬁ;t o

High- concrete bearing stress ——{racture concrete surroundsy

larger diameter bars => provide beter performavice

soaks |y
0= 8o (2+82) l
4BPEATL B
Buaring stress= Ko = Fymon 3 °

Fomax = Kb (2+B2)
£= 4[ Kd
EL T
to={1016—d) fo
9525

Dpwel bars — privided at expansion joinds. For wrattic>950¢cepd. provided at contraction joints.

i | allows free Lxpansipn of e concrete giaks

'lfr

\_._

; stress of dowed bar &
and more diametey bars .

pem‘n; ard- closing of jolnt , thay mm‘m'n; e slab edge

un concrete bo responsidle for pevformance of dowel

dowel bais.
le«dinj to looseness of dowel bar + detoviation of load fmn:?@r system.

B= relative stiffness of- bar umvudded by concrgte ()
K= moduluo of dowst support | MPa)m)

U= load transferred by dowel bow
Ei=ymg's modul of ettty of aowel bar (M)
T4= moment of inertia oF dowdd ko (™)

A= dowe bars Jiameier

46, TL

b = allowable. hmn'ng stress (Mba)

A = dowel diameter (mm)

fer = characterishe comjoressive shess (MPa)
fik = 40MPba for M20 concrede

max load ¢

P e+ axle loads , bub the. load. transfesved. o dowel, bor
(6 0 o] i

> Lo warnper efpvioncy (0-1) o %

similar & propor

300 300 Y = =P o fi=0580, Y22 0178
CReason: Aggregate interlocking cans be. vlieds o 2o effuch load rasnfer atross e D??q,_ 727 @21 77
e foink to prevents fudting due do vebtated loading of heavy axies g Totat load by dowtd support =0+ +e = 1760

— - /2
Load, variation. (Uinear v nature)
here, L= radius of yelakive stitfress
O 2= /4
modulus of subgrede
Load Vayiation. yeaction
. 2 ;
Exampla IGO'MM £=5000fuc

m,oooMux/\”
B

\., Smwm = &
eff. modulus of subgrade Teaction = 500MPa/m. @ 00
Mad- of dowel bor suppat . K= 4/5000 MPa| m 180 = 964N = axte. Joact
Max. single axte load =/50EN  p=0-15 2 b4
Ed.= 200,000 M~
locd tonster o shouwtder =307
Jond. tramfer effitionty =100 - =D &t mano 50/ —ome siab ard
50/ — otper slob,
St [Aggm A= 28mm = S00mp ] Y21 7
L= 500mm. [oad at S50 mm. from edge Anduces beariny < QUL - btarivg
38mm stress Stresy
steb-1 albowatls bearing stress = /M'é-d fe = 2673MPa
9s5.25
av,ao/amﬂaum
step-2 rmmw;r;/w 1=[E‘v/’— e = 127mm
12 u—;Q)_/“ -
o Jo of subgreds (3000 MPa| )
stop-3  soblload = 95X 01X05 = 35250 feokn
T v v
steb-4  Load variation 190 = 95k0
2




steb-5  oquate |76t = 3525KkN (Lol toat)
&.: é-ﬁﬂ(ﬁ/

8-87
steb-f baning strass=PEK21E2) = zampe

B3 daza —
&
f= [ #5000 Yl x 2q X107 )1/‘( = (-0208mmi

4-% 200000 MPa X 163766).985 mm*

Ta=| K g% | = 1637661985 swunt
23

indued,  bearing stress < ghowadle btaning stress =3 o_bjj
{ 22MP1) (26:731) DPESUM (S SHEE!

elashie deformatin.
- £ f
— el
craLks propagote. Laeke probagale
boltor o up top 1o dowi
% S
bottor -up b ~doyse
Lt~ subgrade issus- due 1o st - surfae distress
Satigue
O Aresses due 1o oy
|temperature | load,
corner
edge
interior

arrow pornts o Psing direction

Ahowlder aren dont take traffie load.
veigle can be parked favpemfx'? vepair; ete.

Aman Kumar Singh \ [ITK



