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Syllabus

1) Introduction ( Pavement definition , Types, Wheel loads, Tire pressure, Types of pavement Distress,
Serviceability , Design Process and Strategies).

2) Stresses in Flexible Pavements (Layered system concept , Material behavior &type of theory,
Stresses & displacement in one layer or system, stresses &displacement in Burmister two
layer system stresses & displacement in Burmister three layer system).

3) Stresses in Rigid Pavements ( Bending thin plate (plate bending theories, the differential equation of
the deflection surfaced , bouncing conditions simply supported rectangular plates under
sinusoidal load, navier solution for simply supported rectangular plates, finite difference
solution for simply supported rectangular plates).

4) Plates on the Elastic Foundations (foundation models, rectangular plates on Winkler foundation finite
difference solution for plate in Winkler foundation)

5) Stresses in Rigid Pavements (causes of stresses, stresses due to wheel loads Westergaard solution, Pickett
& Ray charts (influence charts) Reddy & Paranesh charts , stresses due to friction ( stresses
due to uniform temperature to drop or due to uniform temperature increase, temperature
reinforcement , stresses due to warping , types of joints, stresses in dual bars, shear transfer ,
double group action).

6) Equivalent Single Wheel Load & AASHTO Load Equivalency Factors Equivalent single wheel load
principle (ESWL) , ESWL criteria & concept , ESWL analysis , flexible pavement ESWL ,
rigid pavement ESWL, AASHTO equivalency factors, Traffic growth.

7) Design of Flexible Highway Pavement (General, Failure conditions of flexible highway pavement,
Distress modes, Major methods for design of flexible highway pavement, AASHTO Guide
1993 method ,Applications).

8) Design of Highway Rigid Pavement (Pavements types, plain concrete pavement simply reinforcement
concrete pavement , continuously reinforced concrete pavement , priestesses concrete
pavements methods , design of highway rigid pavement , the Portland cement association
method , AASHTO Guide 1993 method).

References

1) Yoder, E. J. & Witiczek , M. W. " Principles of Pavement Design " 2" edition-1975.
2) AASHTO, “AASHTO Guide for Design of Pavement Structures”, 1993.

3) Huang, Y.H., “Pavement Analysis and Design”, Prentice Hall, New Jersey, 1993.

Periods

2 hr — theoretical.
1 hr —tutorial.
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1] Introduction

Pavement Design (Highway and Airport):- Involves a study of soils and paving materials their behavior

under load and the design of pavement to carry that load under all climatic conditions.
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Pavement Structure = Subbase + Base + Surfacing

The purpose of the pavement system is to provide a smooth surface over which vehicles may safely pass
under all climatic conditions for the specific performance period of the pavement
Pavement Types:-

1) Flexible Pavement (Asphalt Pavement) :
the flexible pavement is a multi-layered system having different materials in different layer (better
materials on the top and cannot be represented by a homoaeneous mass). Multi-layer system consist of:-
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2) Rigid Pavement (Concrete Pavement- Slab) (s 6 Jagdall) alual) Jagdal)
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| o Portland Cement pavement

Concrete Slab
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3- Composite Pavement

a) Flexible over rigid. b) Rigid over flexible.
.
3- Block Pavement
T BE 2

STRETCHER BOND (BLOCKS) 45 DEGREE HERRINGBONE 45 DEGREE HERRINGBONE 45 DEGREE DIAMOND

190mm x 190mm Blocks 230mm x 115mm Standard & 230mm x 152mm Pavers 230mm x 115mm Interocks 190mm x 190mm Blocks

*® %® ® ®

I

NOTES
1. PAVERS MUST ALWAYS BE LAID
ACROSS THE TRAFFIC FLOW.

2. PAVERS ARE NOT TO BE LAID IN
THE "STACL BOND" PATTERN
BECAUSE THE PAVERS DON'T
LOCK OR BOND TOGETHER.
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STRETCHER BOND (RECTANGULAR) 90 DEGREE HERRINGBONE 90 DEGREE HERRINGBONE 3. IT IS RECOMMENDED THAT

230mm x 11Smm Standarg 230mm x 115mem Standard & 230mm x 152mm Pavers 230mm x L15mm Interocks PAVERS BE LAID IN A

HERRINGBONE PATTERN,
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Comparison between

O 4

Flexible Pavement

Rigid Pavement

A pavement structure which a maintains intimate a contact with
distributes load to subgrade depends on aggregate interlock
particles fraction and cohesion for stability.
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Surface

T ——Base——
T Subbmse—

Flexible pavement consists of a series of layers with the highest
quality at or near the surface. <lidall (e Al (e (5585 ¢ sl Ikl
) 8 0S5 (5 AY) Adall

A pavement structure which distributes load to subgrade has a
one course of a Portland cement concrete slab of relatively high
bending resistance (bridge action).

menS Jamy Lol (o a5 AY1 Llall il ) iy ¥ 5, 5l 5 5250

Concrete Pavement slab

\/

Rigid pavement consists of a Portland cement concrete slabs
resting either directly on subgrade or on base course. bl sl
JERINGY UG D v SO P V- PR A JUIVI < P OV P AN

The pavement possesses an asphalt surface.
R RS PR ETRR

The pavement possesses an Portland cement concrete slabs
surface. (=) sl Ciend) ) @y <6 KU e gioan Apatanl) Akl

The load carrying capacity of a truly flexible pavement is
brought about by the load distributing characteristics of the
layered system.

The strength of a rigid pavement is the result of the bending
action of slab.

The thickness design of flexible pavement is influenced by the
strength of subgrade.

The rigid pavement distributes the load over a relatively wide
area of soils and minor variations in subgrade.( soil strength
have little significance upon the structured capacity of the
pavement.

The fundamental purpose of base course and subbase course it
to provided a stresses distributing medium so that shear and
place in the subgrade

Bases under rigid highway pavement are used mainly for
controlled pumping.

Failure mode [rutting, cracking and raveling] with outs joints.

Failure mode [cracking and pumping] using with joints.

Temperature affects properties.
Poisson's ratio

Modulus of elasticity (E)= 10° PSI ------ 10° PSI
(Summer ------ Winter)

Temperatures are unaffected in Poisson's ratio and modulus of
elasticity.

Poisson's ratio ()= 0.15
Modulus of elasticity (E)= 4*10° PSI
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Wheel loads and Axle Loads: () Jlaal g 4y 5 saal) Jlaa¥))
Front axle Single axle with single tire at each ends (dles JS & 2 i JUal pa ) saall dpalal )
"—" Single axle with dual tire at each ends (dles JS (3 7 3330 sl ga sl dalal)
Il ‘
l Tandem axle with dual tire tire at each ends S iz saie Sl e sadd) 4l )
(B
" Rear axle
" | Triple axle with dual tire at each ends (&l IS (& 7 5330 Ul g snall 45305
Wheel configration and distrubted axle load * P (Axle Load)

Y e Sl Jlaal 555 4 sk

P\2 P\2 = Wheel load

Wheel
Tire pressure (p)

According to Iraqgi Specification

Maximum Observed axle load in Iraq Maximum Available axle load in Iraq
Max. Front axle load 12 Ton > [ 6Ton

Max. Rear single axle load 25.4- 30 Ton > 12 Ton

Max. tandem axle load 49 Ton > 18 Ton

Max. Floating axle load 21Ton | e

Max. Triple axle load 49.5 Ton > | 255Ton

Code for representing axle Configuration

Each axle represented by a digit namely ( 1 — single axle with single tire at each ends , 2- single axle with

dual tire at each ends ) depending on how many wheels on each end of the axle.

(e JS (3 ol e el (salal -2 Aled JS L aaly jal wa ygnall (salad -1 ) o0 Jiay sma IS

Tandem axles are indicated by recording the digits directly after each other and decimal point is place
between the code for vehicle's front wheels and its load axles.

(oY) Jsaall g 53, Al saall il jUa) aae ) iy Lgie jumy )y sanall 3008 LS ) Al 8
The code for trailers is recorded in same way as for trucks and is separated from the trucks code by a ( plus

sign +) for semi-trailers or ( minus — sign) for articulated.
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Tire Pressure, contact Pressure and the Imprint:- YY) g palalll bl g jUaY) Jakiia
L Y Jals ) seanall ¢l sell (pa il Janaall —; aY) Jaia
Tire Pressure okl dabise e jUaY) dasris Jadi (e il Jarall -p (palall) Jadaa

P (Tire pressure) = allowable tire pressure in lIraq 95 PSI

s Contact pressure between tire and pavement surface it's usually assumed that
contact pressure is equal to the tire pressure and it's assumed uniformly
DY) e e il Galadll Jaiaa distributed upon the contact area (_tire imprint)

O el S ysm g 5 Al 02 mxmmmM&m&mmm

(0l dalise ) o5 dalise N i .
(el ) 8l aa 5 alaill Aabise 2o 35 SUaY) & dakall ol 3 WS
Contact Pressure (P) = Load on wheel \ Contact area
Calculate Contact Area A g el Aabial) JS5 e aiad g palaill Aaliss Glis
1) Elliptical Tire Contact Area

a- Major axis Tﬂ\ Contact area = area of ellipse
b- Minor axis 5 | a A= TT*a*b
asis, N

2) Circular Shape: most conmen assumptions for contact area (b=a)
Contact Area = a°
3) Rectangular Contact area with semi-circular ends

A=04L*0.6L+m(0.3L)° 06L 03L
A= 052274 L*
PSI = Pound per Square inch “<a

Kips = 100 Ib (Pound)
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Example :- Wheel load 40 Kkips and tire pressure = 150 psi. Calculate contact area.
Solution
Contact area = wheel load / tire pressure = 40 *1000 Ib / 150 Ib/ in® = 266.67 in®
1) If assumed contact area is rectangular contact with semi-circler load ( A= 0.52274 L?)

266.67 in?=0.52274 * L% ==== = 22.586 in
13.55in
+“—>
, 9.03in
2) If using circular pavement contact area =« a < , >
266.67 = na == a=9.213 in 22.5861n
Pavement Distresses (Failure) Jaulil) igue
1) Structural Distress (Structural Failure):- (L) sl

A collapse of pavement structure or a breakdown of one or more pavement components of such magnitude to
make pavement incapable sustaining the loads imposed upon it's surface. == Complete Rebuilding

sl sale ) I zliag Jidl) 138 5 dde Talusal) Jaadl Jasiy ¥ 4l da ol Taliil) LS ja (e SIS) gl 325 jlagd) 5l (i
2) Functional Distress (Functional Failure):- s gl Jdl)
Is a distress such that the pavement will not carry out it intended function without causing discomfort to
passenger or without causing high stresses in the plane or vehicle passenger it due to it's roughness.

(o) el A g 45 paall ) A5 plall Aaii addiiall ;o ye e 43S g Agle Aaliall Jlaa W) Jaad "Ll adayiey (3 yhall
Causes of Pavement Distresses
1) Over Load

a) Excessive grass loads (excessive axle load). Aalisall Jlaa¥) 2k ) (e Al Cilalga )
b) High number of reputations of axle loads. JOUN 3588 Sigas (M ga5m Jleall ) SS
c¢) High tire pressure Al Y haaa
2) Climatic and environmental conditions _ Al s 4aliall iy puall
-18 (] a) Frost heaving ( frost action)

N ey Bl pall da jd (adai Ledied 4 sl Blaall (o saie (e 8 4 5l Glars daaa 210 3 deay Ledie oLl
il ad ) e Jamy g dnas 2a 35 3 Al Jala el
b) Volume change of soil due wetting and drying breakup resulting from freezing and
thawing or improper drainage.
5 5 i Gang 4 sha Il Glaiill 5 30k 31 (e daslll Lpanall ol il
c) Dissolution of gypsum due to rain fall
Lol Lgtie gl Jlss 5 4yl ol )3y cluaill 5 68 QIS5 e Jamy oLl (8 Guaadl L5l
3) Disintegration the paving materials due to freezing and thawing and or wetting, drying. Sealing of
concrete pavement due to non durable aggregate. Base coarse material may break down.
) 5 S I e Al a5 SR 28 M (535 Lea Sl sl 5 slei¥) e Aa Tl o o i
4) Constriction practice (rutting of subgrade during instruction which permits the accumulation of water
and sequent softeners of the subgrade after contraction is completed).
5) Use dirty aggregate a inadequate inspection during constriction. S 5 calai je oIS ) aladin
6) Lack of maintenance ( sealing joint, sealing of concrete and joints at proper internals , sealing of
flexible pavements surface). s Jaliall &ia ane dati dilpall (jlas
7) Inadequate structured design S 515 e araall
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Layer Function

e The subgrade is the top surface of a roadbed upon which the pavement structure and shoulders are
constructed. The purpose of the subgrade is to provide a platform for construction of the pavement and to
support the pavement without undue deflection that would impact the pavement’s performance. For
pavements constructed on-grade or in cuts, the subgrade is the natural in-situ soil at the site. The upper
layer of this natural soil may be compacted or stabilized to increase its strength, stiffness, and/or stability.

e The subbase is a layer or layers of specified or selected materials of designed thickness placed on a
subgrade to support a base course. The subbase layer is usually of somewhat lower quality than the base
layer. In some cases, the subbase may be treated with Portland cement, asphalt, lime, flyash, or
combinations of these admixtures to increase its strength and stiffness. A subbase layer is not always
included, especially with rigid pavements. A subbase layer is typically included when the subgrade soils
are of very poor quality and/or suitable material for the base layer is not available locally, and is, therefore,
expensive. Inclusion of a subbase layer is primarily an economic issue and alternative pavement sections
with and without a subbase layer should be evaluated during the design process.
In addition to contributing to the structural capacity of flexible pavement systems, subbase layers have

additional secondary functions:

* Preventing the intrusion of fine-grained subgrade soils into the base layer.

» Minimizing the damaging effects of frost action.

* Providing drainage for free water that may enter the pavement system.

* Providing a working platform for construction operations in cases where the subgrade soil is very weak and cannot provide the
necessary support.

e The base is a layer or layers of specified or select material of designed thickness placed on a subbase or
subgrade (if a subbase is not used) to provide a uniform and stable support for binder and surface courses.
The base layer typically provides a significant portion of the structural capacity in a flexible pavement
system and improves the foundation stiffness for rigid pavements, as defined later in this section. The
base layer also serves the same secondary functions as the subbase layer, including a graduation
requirement that prevents subgrade migration into the base layer in the absence of a subbase layer. It
usually consists of high quality aggregates, such as crushed stone, crushed slag, gravel and sand, or
Combinations of these materials. The specifications for base materials are usually more stringent than
those for the lower-quality subbase materials.

e The surface course is one or more layers of a pavement structure designed to accommodate the traffic
load, the top layer of which resists skidding, traffic abrasion, and the disintegrating effects of climate. The
surface layer may consist of asphalt (also called bituminous) concrete, resulting in “flexible” pavement,
or Portland cement concrete (PCC), resulting in “rigid” pavement

Br Abdulhag Hadi Abed ALl (3]
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2 || Serviceability Llill ofay) o) Aaddl o giasa

Ability at time of observation of pavement to serve high speed, high volume automobile and track traffic.
Mh;ua;aﬂ;\);\e.ud.uu‘bn_\;“ngmmmua)dd\_\&u\c).\ﬂd}byéw\d}ﬂ\e;ﬂ\}d&ﬂ@ﬂ\udﬂm“ubu
- iy il (e de gana AL elld g
- -1 1) Present serviceability Index (PSI) — deadll (5 siue Jibo
Serviceabil Ity 2) Present Serviceability Rating (PSR)- Aeadll (5 sine adi Qo
By AASHO Road Test (1959-1961, Illinois, USA)

The AASHO Road Test was a series of experiments carried out by the American Association of State Highway and
Transportation Officials ( AASHTO)to determine how traffic contributed to the deterioration of highway pavements.
Officially, the Road Test was "...to study the performance of pavement structures of known thickness under moving
loads of known magnitude and frequency." This study, carried out in the late 1950s in Ottawa, lllinois, is frequently
guoted as a primary source of experimental data when vehicle damage to highways is considered, for the purposes of
road design, vehicle taxation and costing.

Jlaa¥) cad cland) o glaall (3 lall ALY 8 S Al jal 15U gl Y 5 8 1950 ple (andll gy s Jaill 5 (5 yall 45 ja¥) dadaiall
Aa sall J sk g a0 il 4k glaal) A4S jaiall
The Road test consisted of six two-lane loops along the future alignment of Interstate 80. Each lane was subjected to
repeated loading by a specific vehicle type and weight. The pavement structure within each loop was varied so that
the interaction of vehicle loads and pavement structure could be investigated. "Satellite studies" were planned in
other parts of the country so that climate and subgrade effects could be investigated, but were never carried out
8053 dS (A 0l Anslae s Al B AS ja e ) S0 Ay ) e Jlanl () sy sae JS el 438 Ol 53 6 0 5SS B ohall pand
Aladl) bl pall JOA (e Ll Ha 3 daddill e 6 55 sall Jal gal) A8 5 Lilisl sty Jaglusl)

|-7Test Tangenl——| Prestressed
Concrete

Flexible
@ Rigid
Steel I- s F‘iTest Tangent——%

Beam

Loop 5

|-7Test Tangenl——-| /— Reinforced
Concrete
Flexible @
@ Rigid

Steel I- J F‘iTest Tangent—ﬂ

Beam

Loop 6
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Percent Serviceability Rating (PSR)
e Aglae 2T g (a il — aalAY) - 3 RAN 5yl A5 i) il 5y yhall i o 5l s AR AlagY ) 138 aadig

aaly PlA 3 | addia el ) il |
> T : O (Seohll e £1)) Slasladl
Acceptable? | wery Good
4 1
Good
Yes 3 =
C:2air
Mo 2 ——
: Foor
Undecided 1 IS -
. ery Poor
o o —/— %ims) EVCH
Section |dentification Rating
Rater Date Time “ehicle
-2y sall Jal gall Adladl) pacats
1) Longitudinal Distortions Gahll A glall slas¥l 8 gl
4,31&: d}aaaj\ua.m\& ugj(‘_g\SJ\M:\.I}&A) u.nl«\c.hujdj:‘u“)}ﬂ‘ JMY\M@B&\BJN\Mu}SﬁLﬂu;ﬂm‘
Types of Roughness Lpiall g 5l

Long wave length

A
v

Low frequency

High amplitude

Low amplitude

Short wave Ile_ngth

High frequency
838 dauy 23 5y (o 9 Jishay ) ia) g elim gaim o 5 45 ) 38 (Apadand) A8l & QSR IS e iy ) A mdaud)
Aa gal) das 20 35 9 Waan 51 Ji 9 45 oSl da gall J gda ala 3 3 jaadl Jsda ala 3y LIS ) Gua 3 jiall Jsha e adiad Jal g2l
2) Transverse Disturbance Gaohll iyl BV 5 il

Rut:- surface distortion can be caused by consolidation of one or more of
athL Duihiadd the paving layers

Ruts or settlement cause side way

3) Cracking. G saidl
4) Faulting.
5) Surface deformation. bl 5 sl

Number of Raters required estimating:-

A sladl) 2500 e ey aladY) 2

. Probability level dale 3 ) geay d2al) 2l 48410 2o 33 Lal<a

Permissible error 0.05 01 1555 o stlall 5315 0.3 Utk 420 3 5

0.3 31 21 15 O g ol eV sa 5 11 () 8 (e

0.4 17 12 peilad 5 () oS5 — Cpdiga ) Adlide CilAisay

0.5 11 8 B8 agilad 08 S — pile 5 Adedall Jaul

0.6 8 5 (Aadall

0.7 6 5 Engineer --- under estimation

0.8 4 3 General ---- Over estimation

0.9 3 2

1.0 3 2
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Failure Point (P;):- Terminal level of serviceability
L 55 G Badae (0 5SH5 (Alpa ) zling 3kl ) oslhaall (6 sinsall 2 LA Ladall ol ¢1a¥) (5 s Lgad () 5 3 ALl

D Gkl
1) Express ways , Major highways  P;=3.0
2) Primary Roads Pi=25
3) Secondary Roads P;=2.0
Initial Level of Serviceability (Po) L) Ayl 8 Aeaa) ol eIaY) (5 s

Initial Maintenance
y 4 Construction y or

Rehabilitation Event

5
P, Gaohll e Al Alua N zUsy Jully 3 phal) Jié cd gl 13a A
4 : ) o8 iy Tl
PO L = Y2 u‘
o3 - - - -~ =& s
~
: ‘;J:@hm,f\\l\ <
2 — — _‘? - — @& - - - = - = .
Normally used - Y, Al \
1 * ranrge oﬁlmum v ! \ \
L 4kl table PS]
1 Lﬁ# JAs jaLcepla 25:'}“‘ s (_fé de‘ Pt_ e __e____ \ __________
0
A Traffic (Equivalent Axles or Time)
Po r L Age
Co= - ~ Y]_ YZ
N N 2 4,50k -:ddaadla
leﬁmub\\ ¢ (LAY 8 Dluall ) zlisg Laghlé ) (3 5k sac Lyl (<13
Pe) endl G A83al) s i 5 4 sldia A ) <l yidl g (3 yla JST 1o anii Jaas
dalal) Adais (e s yig Py () ol g aa) g Jady Jaldil) Jia g3 g Aeadd) (5 glua g
_Age (Al I AUss Al ) e Jiasid peall saa I

Vi Ji Aluall I zliay 1 68 Gkl ool *
Percent serviceability Index (PSI)
Ll 4 5l Gl il 5 il il G 48Dl day 5y - PS

PSI = A, + Ai(R)+ Ay(F)+ As(Fs3)
A0 = constant

R= roughness
F1 — F3 = physical measurements for cracking, rutting and patch.

For Flexible Pavemen
PSI =5.03-1.91 log, (1 + SV) — 1.38*RD?*- 0.01 (C+P)°s + error
Where:-
SV :- Slope variance Jaall Ll 8 o) o
SV = Sum (yi) -1/n( ¥)%/ (n-1)
where Si = slope
y = mean slope
RD :- Rut depth (inch ) measured with a 4 ft straight edge 25341 (3ac
C+P :- Cracking & Patching area ft?/ 1000 ft* of pavement area (class 2 (>1/8”) & class 3 (> ¥ ) cracking)

Ll e s 1000 daluse ISV g el & silly (35850 dalise
PSI =5.41 — 1.80 log;o (1+SV) — 0.09 (C+P) *° + error
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For rigid pavement major trouble are crack, scaling and roughness (RD=0)
New flexible pavement at the road PSI=4.2
AASHO Road Test New rigid pavement at the road PSI =45

International Roughness Index (IRI)

The international roughness index (IRI) was developed by the World Bank in the 1980s (UMTRI, 1998).
IRI is used to define a_characteristic of the longitudinal profile of a traveled wheel track and constitutes
a_standardized roughness measurement. The commonly recommended units are meters per kilometer
(m/km) or millimeters per meter (mm/m). The IRI is based on the average rectified slope (ARS), which is a
filtered ratio of a standard vehicle's accumulated suspension motion (in mm, inches, etc.) divided by the
distance traveled by the vehicle during the measurement (km, mi, etc.). IRI is then equal to ARS multiplied
by 1,000. The open-ended IRI scale is shown in following figure

Normal Use

i Ercsion Gullies and T

14 + Desp Depressions

50km/h
127 T
Frequent Shalow 110
Depressions, Some 100
Desp
8 T - T
Frequent Minor 80 80km/ih
s + Depressions 6.0 +

Surface

[ Imperfections 35 40 T 100 km/h
1 20 8 +
1

15

mm/m)

10 T

T e0km/ih

IRI{m/km

Il Il 1 Il
T T T T

Airport New Older Maintained Damaged Rough
Runways & Pavements Pavements Unpaved Pavements Unpaved
Superhighways Roads Roads

Correlations between PSR and IRI

Various correlations have been developed between PSR and IRI. Two are presented here. One was reported
—0.18(IRI
in 1986 by Paterson: PSR = 5e 8R!

Another correlation was reported in a 1992 Illinois funded study performed by Al-Omari and Darter (1992):
PSR = 5e—0.26(IRI)

This study used data from the states of Indiana, Louisiana, Michigan, New Mexico, and Ohio for both
flexible and rigid pavements. The associated regression statistics are R> = 0.73, SEE = 0.39, and n =
332 sections. Correlations are highly dependent upon the data that are used.
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The design process, Design Strategies

A

Low CBR
" S) e ) linih e 4 5l Ayl S 13
i lasd) 334 ) (A z Ui dparanail) 3 yiall ala 35 LS
B /,/;_“gh CBR A Jid L I CBR da WS
o - §“
Log (axle load) T‘;
=}
e 4555 Ikl addy o ga Al Al (e S landl (IS 13 =
A s <
>
D) Alpn 43S — 8 daxa 5y — JB) 43K ) S cland) ©
(U8 Alpm A4S — Jghal dadd 5 58 — 5 S DS ) QW1 el AV- COST | \
Total Cost Initial Cost Maintenance Cost
1) Construction cost. _/
2) Maintenance Cost. A 4

Traffic

1)

2)

3) Added road user cost due to short av. time Interval resurfacing

downed the facility.

The predication of traffic for design purpose must rely on or information from the past traffic, by
growth factors or other expected ranges.

Predications the traffic is made for some convenient period of times, referred to as the traffic analysis
period.

The traffic analysis is period often used is 20 years which is also a period used in traffic predictions
for geometric design neither the traffic analysis period nor the time a pavements reaches it's terminal
serviceability Index( Py) should be confused with pavement life pavement life may be extended by
provider renewal of the surface.

Traffic Distribution by Direction and Lanes
Direction distribution is usually made by assuming 50 % of the traffic and each direction unless special
conditions weren't same other.

) i i i i i i

7 7 7 7 7 7 7

1 1 1 1 1 1 1

i i f/"" i i i :; i i

i i ,.ll" i i i ’,.i" i i

; ; ] ; TR

i i ] i R EE R X

i i " i R R K

; ; ] ; R R

i i ] i A NN

; ; ] ; R

; ; ] ; I 2 A", B B

; ; ] ; S I

; ; ] ; S/ I

; : ] : Ty

| 7 M it
1 1 1 1 1 1 1

i ! ' ! ! Lesser values ' l\lajor

2- Lane 4- Lanes divided highway the inter Critical
Single carriageway 2-laness dual carriageway lanes Lane
Design based an Design based an
100 % on one direction 80- 100 % on one direction

3- Lanes or more, Design based an
68- 80 % on one direction
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3 || Stresses in Flexible Pavement

Typical cross section for the multi-layer elastic flexible pavement systems shown in the following figure:-

applied load(lk) P

runfarmally gistributed load upan
4] acircular tire pavement contact ares of
177 & rediousial)

1=t layer .h‘l,E"l,H
Interface 1
2 nd layvet h2 ,E2, }.21
|
Interface 2
ith layer hi ’ Ei, ﬁl
|
A
|
=
| Bi
Irterface n-1
th 4 =
no layer [
hn= ) T
t r
JEn, K T 45T
e tr — pl
1"y T
| - C ! LOAD, W

PAVEMENT
STRUCTURE

Po

S i ISWYSN= N2 NS, I
NS ).” AT DN SN2 2

SUBGRADE

Generalized multi-layer elastic system and component of stresses
under Axisymmetric Loading

Py

Where:

H;: -Thickness of i layer.

Ei: - Modulus of elasticity of the it layer.

i: - Poisson’s ratio of the ith layer.

02,01, Ot :- Normal stresses (Vertical, Radial and Tangential respectively) at element surface.

Tzry Tzty Tr; Shearing stresses produced from vertical normal stress (o;) in the Radial and Tangential direction.
Trz, Tres Shearing stresses produced from Radial normal stress (o) in the Vertical and Tangential direction.
Tiz, Tzr: Shearing stresses produced from Tangential normal stress (o) in the Vertical and Radial direction.

In this theory, the following assumptions were made:
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1) The material properties of each layer are homogenous (the property at point A; is the same at point B;).
(Al plaiil) 8 o) sall aibiad o (g1 ) dusladie Al (m  Asdally Aediiual) o) sall (ailiad
2) Each layer is Isotropic that is the property at a specific point (point A; is the same in every direction or
orientation). 4 gl () sS3Adads JS e (481 5 A geal) ) Adalisall cilalga)
3) Each layer has finite thickness except the lower layer and all are infinite in the lateral direction.
eilall etV saaas ye clidal) <55 A ) A5 dal) 45,0l lae 23a lass Aigla (K
4) Full friction is developed between the layers at each interface.
(i L By ol 55 Y ) AV AS a5 il (g NSt 352
5) Surface shearing forces are not present at the surface.
(il e U o il ) U5 201 s e (ol (558 gt
6) The stress solutions are characterized by two material properties for each layer they are :
a- Poisson’s ratio. ()

b- Modulus of elasticity, (E).
7) A circular load acts at the surface of the top layer so that the problem can be regarded as being

axisymmetric in properties as well as in load.
Aalaiia b ) gpear g ) g g P10 Ak e iy Jalual) Jaal)

(Slalga) 9) Ll Jall & o5 e Alalisal) CulalgaW 4y il o juaie L3S 1)
3- Stresses (normal stresses or perpendicular on the surface of element
l o, :- Vertical Normal stresses.
L ' o, :- Radial Normal stresses.
o :- Tangential Normal stresses.
6- Stress (shearing stresses acting parallel to the face)

-‘-’i '# T Tary r s 31;31_: 9 L“SJM‘ Lozl e CJLJ\ uasj‘ JL@A‘
| T Y e Bl 5 (53 gaall Tkl (pa il ) alga)
Trt t ossesladl &J}aﬂ\ Jazall %) CJLJ\ uadll algal

Under static equilibrium conditions  T;=Trz, Tat=Ttz, Trt=Trt
Bulk stress & = ox + 6, + &, ( principle stress).
Theories depend on the properties of the materials:-
1) Stress, strain relationship (linear or non-linear).

2) Time dependency of strain under a constant stress level ( viscous or non- viscous).
-l Balall d}lm ).\...uﬁ.\] c_\l_ula.\ 3ac Sl

a- Maxwell Model: spring and dashpot series (heavy liquid)

ALEN ) guall el padiin 5 Ml o dda gy o a5 & 50 Sl e 0588 O el Ll G oy geSle (i i -1y el 23 5

z-(ShearStress)

Stress o,

G

»

Loadi i ! i v
T=0 < oading time > T=T. Tlme n

T(ShearStress)

Strain &n

T=0

T=T. Time
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b- Kelvin (Voigt) Model (Spring and dish pot in parallel): Solid Material

Al o gall il pading 5 g )5l e A s e dial 5 4 e Sl e 0588 O pal) Jadliil) (s CAIS (i iy -1 (RIS 23 sa

A
o
o
A
4]
&
2-(ShearStress
| -
T=0 Loading time o T=T, Time
d ]
G |
7 St miaie bbb b lett = oy b Max . at time =
l I !
A :
|
x c !
$| ¢ N
& : !
i+ Tret :
T (shearst : ; >
(Shearstress) T=0 T=T, ' v Time

c- Burger’s Model (4-element model)- Viscoelastic Materials

A U N sal) el andiiey 5L s 5 (sl e ddas e da ] 5 D e Slis Go 05Sh Qoall bl b S Gl -1 S w g asa

LA e
Ire
= Ve +yatye=—F+—|1—e B |+1t
¥r=¥Ye T¥aTVe = ER g Hz . gﬂ
a
T (Shearstress v
=]
»n
Gl T=0| Loading time o T=TL Time
- 'l
! -
G, A 3
= ¥ g ,
w c |
© '
=] |
n ' e
—_— 1
__________________ SR, . R
772 () :
w ] Sp o
=0 P T=T, Time
z'(ShearStress) !

by Abdulhag Hadl Abed AlL




Al-Mustansiriya University
College of Engineering - Highway & Transportation Dept.

Pavement Structural Design (PSD) 3" stage

Boussinesq’s half space (One-layer system).

Boussinesq , assumed the pavement consists only one layer and it’s a part of the soil (the same properties
of soil (Poisson’s ratio and Modulus of elasticity)) so that can be neglecting the effect of type materials using.
According to Boussinesq’s formula, the vertical stress at any depth below the earth’s surface due to a point

load at the Surface is as follows.
applied loadtly g P
KM
ﬂ* unformally gistributed load upon
5 4] acircular tire pavementcontact ares of
= IN(25.4 mm) I & redious(a)) psilmpa)

ol ‘

® h1
) E1 Z

: *4 r
S '

|
7

=

E ‘

]

PI=co

= \ne25 4 mm)

Gz:k* P/Z F= o F= oo

K = 3/2 m*1/[1+(t/z) ?] ¥

a) horizontal distlrihutiun Df@?l at E
Where r = Redial distance from point load. 't

Z= Depth below point load.
It can be noticed that the vertical stress distribution is dependent on the depth and radial distance and is
independent of properties of the transmitting medium.

Foster and Ahlvin , presented charts for determining Vertical, Radial, Tangential and Shear Stress and
Vertical Deflection as shown in the following figure;

0 0
q_’ x100 (%) 7;“00 %)
o 02 0304 060810 2 156 “10 2 wt[o/soso 80100 n“ 2 oo w2 ) A ssnio i sou;i«%:um
— 115 1.25— | | ; *‘-b.,&;i«‘.j: ..:‘i';'—r- M 15 P
] —F % E\E\’ff = SN
1:]\1’\.-\| ?;_52 \T\Q\\ PLPZ4 1\\\\\; \:54\4\L ~ ‘ _ 040
1 s
SN A
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2 N N 74 2 ['\J BJ /ﬁ/
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3 ! _% \\] ) / g I/
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Y
L x100 (%)
q

n 02 03 04 06 081D 2 3 4 56 8
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‘T\J‘ h 71 |
1 + e
f =
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. 2 | 25 A /’1% -
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Foster and Alvin Chart (1954)
(Vertical, Radial, Tangential, Shear Stresses and Vertical Deflection due to Circular Loading)

=AP + AS
AAF = ‘FotaT surface deflection
AP = deflection within the pavement layer. (AP = 0) (sl Jogid asé 3as) g d8uda (e ()5S Jalll ()Y)
AS= deflection within the subgrade soil.

Foster and Ahlvin, assumed the Poisson’s ratio of (u=0.5) because Poisson’s ratio has a relatively small
effect on stresses and deflections.

Ahlvin and Ulery , who presented a series of equations and tables so that the stresses, strains, and
deflections for any given Poisson’s ratio can be, computed these equations as shown in following table
Kenlayer computer program.
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Summary of one-layer elastic Equations

Parameter

General Case

Special Case (u

L =
WVertical stress

o, = plA + B] (same)
Radial horizontal stress ar = pl2ud 4+ C 4 (1 — 2u)F] o, = pld 4+ C]
Tangential horizontal stress o, = p[2ud — D + (1 — 2u)E] o = pld — D]
. Vertical radial shear stress " den = T = PG {same)
i (1 + u) 1.5p
- Wertical strain €, = P [(1 — 2u)4 + B] €, —X B
El EI
= = 1.5
Radial horizontal strain € = p(1 + ») (1l —2u)F + C] £, = L c
E, £y
1 + 1.5
Tangential horizontal strain € = P_(____E_F‘) [(1 — 2u}YE — D)) € = — ?‘u D
1 1
: (! 4+ wa| z 1.5pa (2
~WVertical deflection A, = EN X e — A+ (1 —wH| A,=——|-4+
- E: a E. a
Bulk stress 0 = o+ or + o
Bulk strain € = £x -+ € + &
Vertical tangential shear 5
stress Ter = Tie = 0 - [oe,) is principal stress (strain)]
G : (o + o) = V(0. — 0.)* + (27,2)"
Principal stresses Ti3,8 = 2
i oy — O3
Maximum shear stress Tmax = 2
Function 4
Tpth #
&l Offsct (r) in Radii a
Gl o
adii 0 02 0.4 06 08 | 1.2 1.5 2 3 4 5 3 8 10 1 14
i 10 .0 10 1.0 5 0 0 0 0 0 0 0 0 0 0
7 BO748  BB6TI  BGIZ6  FATYT 43015 09645 02787 00856 00211 00084+ 00042
0 OBZ4 77884 73483 63014 38269 15433 05251 .016B0 00419 00167 .000B3 00048 20
V1 GOS8 68316 62600 5208] 34373 1794 07199 02440 00622 00250
P4 LA 3T67 44379 31048 18709 08393 03118
4.5 34403 A6HE 8390 28156 .18356 00489 03701 01013 00407 00209 0018 00053 0005 00014 0000t
96 ATB9] AM2T 36T 25588 3210010
07 ALRT4 15408 29831 07 10228 (4558
8 729 11243 eS8 20297 10236
09 Wned 27707 03832 19488 10094
t 27000 24697 21468 17868 WWB49 03183 00742 00761 (4393 00226 00087 00000 0002% 00017
(B denl  LBBI) 1TeTs 15101 0a1%r 03260 019315 O0RT| 0439 0078 DO i
I3 : 1877 14RO 1346 11892 08048 03116 02147 01013 0038 00325 00141 00073 00043 0O0LT
2 0453 (0140 09647 09011 OBUKS 06275 4496 02221 OLIGO 00659 00399 001B0  000G4  000% 0G0
23 07098 05947 06608 06373 05974 04880 03787 02M3 01221 00737 00463 00204 0GOILT 00052 0004
3 03101 03012 4886 4707 04487 03839 03150 01980 01220 00770 00303 00242 00137 000TH 0095
+ 07670 00e07 02807 00332 00748 02490 02197 01592 01109 007e8 00536 L00Z8Y 00150 0004 Do
3 KRS 01833 DI3T3 01249 00940 0070R 00527 002098 0079 ‘
) ! 01307 olled 0008 00793 00h28 NMO2  DO29%  ()]83
7 00 DOUTR 0085 DOTE4  006HL 00048 00443 (0291 0D1GS
f 00772 X755 0705 00637 00334 D4TY 00398 00276 DOlEY
“ | 00500 00566 00370 00456 00400 00353 00236 00184
y D477 RS D048 00387 B0352 003%n 0024]
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Function B II
(2) ] _ o Offset (rJ:}n Radii - _.__ﬁ'
E{I::{ii 0 0.2 0.4 0.6 08 1 1.2 1.5 2 3 4 5 ] 8 10 12 B _1:&__
ﬂ_ 0 N _0 "_‘-'.i_. _ 0 : 0 D_._ 0 0 Q 0 7] U u

o1 09852 10140 (11138 13424 18796 05388 -.07899 -.02672 -.00843 -.00210 -.00084 -.00042

LR 1857 19306 20772 23524 25983 .DB5I3 07759 -.04448 -01393 -00412 - 00166 -00083 -.00024 -.00010
0.3 28302 26787 .ZBOLE 29483 27257 10757 -43le ~HY9Y9 -0liob —AROYY - AILHD

0.4 2016 32259 32748 32273 26923 12404 - 00766 -.04535 -.02522

0.5 A5777 35752 35323 33106 26236 .1359] 02165 -.03455 - 02650 —.0099] - 00JEE 00199 -00116 -.00049 - 00025 -0001+ -(00
(X1 A7831 0 37331 3e308 32822 25411 14440 04457 -.02101

0.7 SB4BT 37067 36072 31929 24638 (14986 06209 -.00702 -.02329 |
08 S8091 37408 35133 30699 23779 (15292 07530 .00614 I

0.9 36967 26275 3420290 22891 (13404 08307 01795
| 33355 34533 32075 27819 21978 15335 09210 .02814 01005 01115 -00608 —00344 -00210 -.00052 ~Cuoidd -onr oo i
1.2 U485 30730 28481 24836 20113 14915 10002 04378 00023 -.00995 -.00032 -.00378 -.00236 -.00107
1.5 25602 25025 25338 20044 1TI6B LI3T3Z 10083 05745 01385 - DORRG —DOAOD - 00401 - 00265 -00126 -.00068
7 JTRAS B4 16644 15198 13375 11331 09234 06371 02836 0008 -00410 -.00371 00278 -.00148 -.DOUE: =
i Topan oA 10T ingea natan ATRAG OA092 03429 0066 -.00130 -.00271 —00250 -.00156 00084 - 00050
3 0987 09394 00059 08635 08033 07323 06551 05334 03311 0111 WUIDs —amLat g S %
4 03707 03666 053362 05383 05145 04773 04532 03995 03066 01515 00395 00155 -00020 -.00109 -.00004
3 0377203760 03384 02474 01522 .00BlD  .00371 00132 -.00043 -.00070
L 2666 02468 01968 01380 00867 00490 00254 00028 -.00037
i 1980 01868 01577 01204 00842 00547 00332 00093 00002 - J
i 1326 01439 01279 01054 00770 00554 00372 00141 00035
9 01212 01170 01054 0088 00705 00333 00386 .0OITR 00066 00T - "-‘I.
o 4k 000924 GO 0070 0063 00A01 0D3B? V1199 .
PR Lot S - S - 5 - — |
Func ‘on ¢
[ 5 . — S
Jepth .
" N hal 4
N - —_—
Radii 0 0.2 04 0.6 08 | 1.2 15 2 3 4 5 6 8 10 12 14
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1L =0T = 05142 - 03003 - 07708 - 12008 02247 12007 (4475 01536 00403 00164 00082

N -00429 - 09755 - 10R72 - 12977 - 14337 07419 1489 07892 02931 0079 00325 00164 00034 00059

5 = 1480 = 13484 = 14415 - 13023 12850 01988 (13394 04816 04148 01169 00483

0.4 008 - 16188 - 16519 -.13985 - 11168 01292 .11014 10422 03067

05 - 17889 — 17840 - 17497 - 13625 -093833 (0483 08730 10125 .050%0 01824 00778 00499 00231 00098 00050  1A029  KOIB
06 - 18915 - 18663 -.17336 -.14034 08967 - 00304 0731 09313

0.7 - 19244 IBB31 - 17393 - 14147 -.08409 -01061 .03028 08253 .06129

UE = a0 = eser - 00704~ 12393 =Uouuo - Uizt Uados Tl

05 - 18481 -.17841 - 16024 - 12664 -.07828 -.02337 02359 .05893

| - 17678 -17030 - 15188 - 11995 -07634 -02843 01331 04929 05429 02726 01333 00726 .00433 00188 00098 00057 0003

.= -- - ™4 Ny EXR0 famey o= PR e AR

B e ARV NRETE A

12801 12277 —11101 -08145 -06711 - 04124 -01702 01088 03154 02652 .01570 00933 00583 .00266 00141 00083 00039
D - 08944 -.08491 -07976 -.06925 -.05560 -.0+144 —02687 -.00782 01267 02070 .01527 01013 00321 00327 00179 00107 00069
L3 -06403 -.06068 -.03839 -.05259 -.04322 -.03605 -02800 -.01336 .00103 .01384 .01314 00987 00707 .00569 00209 00128 00083
I - (4744 -04560 -.04339 - 04089 -03642 -.03130 —02587 -.01748 -.00528 00792 01030 .00888 .0089 .00392 .00232 00145 0009
4 - 02854 -.02737 -02562 -02585 -02420 -02112 -01964 -01586 -.00956 .00038 .00492 .00602 .00361 00389 00254 00168 00115
i -.01886 - 01810 - 01568 -00939 -00293 -.00128 00329 00391 00341 00250 00177 00127
6 -01333 01118 - 00819 -00403 00079 00129 00234 00272 00227 00173 00130
7 (065) - 00409 —0D0R78 -.00417 -00180 -00004 00113 00200 .00193 00161 00128
& 00763 - X699 -00532 -00393 00223 - 00077 00029 .00134 00157 00143 00120
9 - (K607 -.00423 - 00452 -00333 - 00235 — 00118 - (0027 00082 00124 00122 00110
it — (038 00373 - 00314 00233 00137 —DOORS (N040
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Jeprh
(2, Offset {r) in Radii
in -
tadii 0 0.2 0.4 0.6 08 i 1.2 1.5 2 3 4 5 6 B 10 12 14
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.1 04926 04998 05235 05716 .06687 07635 04108 01803 00691 .00193 00080 0004
0.2 .0%29 09552 .09900 .105¢6 .11431 .10932 07139 03444 01359 00384 00159 00081 00047 .00020
03 12181 13305 .14051 14062 14267 12745 09078 04817 01982 00927 00238
04  .16008 .16070 .16229 16288 .15756 1369 .10248 05887 02545
05 17889 17917 .17826 .1748] 16403 .15074 .108%4 06670 03039 00921 00390 00200 00116 00049 00025 00015 .00OO¢
0.6  .18915 .18867 .18573 .17887 .16489 .14137 .11186 07212
0.7 19244 18132 18679 .17782 .16229 13926 .11237 07551 03801
08 19046 18927 18348 17306 .15714 .13548 11115 .07728
09 18481 18349 17709 16635 15063 .13067 .10866 07788
! 7678 17503 16886 .15824 14344 12513 10540 07753 04456 01611 00725 00382 .00224 .00096 00050 00029 0001
12 15742 15618 .15014 .14073 .12823 11340 09757 07484 04575 .0179% 00835 00446 00264 00114
L5 LI2B01 12754 12237 11549 10657 0908 .0B491 06833 04539 01983 00970 00532 00320 .00140 00073 00043 0002
2 08944 09080 .08668 08273 .07814 07187 06566 05389 04103 02098 01117 00643 00398 00179 00095 00056 .0003¢
15 06403 06565 06204 06068 05777 03525 05069 04486 03532 02045 01183 00717 00457 00213 00115 00068 0004
3 04744 04834 04760 04548 04391 .04195 03953 03606 02983 01904 01187 00755 .00497 00242 00133 00080 0005
4 02854 02928 02996 02798 02724 02661 02568 02408 02110 01552 01087 00757 00533 00280 00160 00100 .0006!
5 01886 01950 01816 01535 01230 00939 00700 00573 .00299 00180 .00114 0007
6 01333 01351 01149 00976 00788 00625 00488 00301 00190 00124 .DO08E
7 {00990 00966 00899 00787 00662 00342 .00445 00292 00192 00130 0009
8 5.00763 ; 00759 00727 00641 0055+ 00477 00402 00275 00192 00131 0009
9 00607 00746 00601 00533 00470 00415 00358 00260 00187 00133 .000%
10 00542 00506 00450 00398 00364 00319 00239
Function E
Tepth X
(2) a4 Offset (r) in Radii
in
tadii 0 0.2 04 06 0.8 1 1.2 L5 2 3 4 5 6 8 10 12 14
B 5 5 5 5 5 5 .347"22 22222 12500 05556 03125 02000 01389 00781 00500 .00347 00155
0.0 45025 44949 44608 44173 43008 39198 30445 20399 .11806 .05362 .03045 .01959 - :
02 40194 40043 39591 38660 36798 32802 26598 18633 11121 05170 02965 .01919 01342 00762
03 1.35633 35428 33809 3367+ 31578 28003 23311 16967 10450 .04979 02886
B4 31431 31214 30341 29298 27243 24200 20526 15428 .0980]
0.5 27639 27407 26732 25511 23639 21119 18168 14028 09180 04608 02727 01800 01272 00734 00475 00332 00246
0.6 24275 74247 23411 .22289 20634 .1B520 .I6155 12730
07 21327 21112 20535 19525 .18093 16356 .14421 .11620 .08027
A8  .18765 .18550 18049 .171%0 .15877 14323 12928 10602
B9 16552 16337 15871 15178 14168 12954 11634 09686 ,
| J4B45 14483 14610 12472 (12618 11611 .10510 08865 .06532 03736 02352 01502 01157 00683 00430 00318 00237
L2 .10389 11435 11201 10741 10140 09431 08657 07476 05728 .03425 02208 .0i527 .OL113 0066+
{5 .08398 08336 .DBI39 07885 07517 07088 06611 03871 .04703 03003 02008 .01419 .0I049 00636 00425 0030+ 00228
2 05279 05105 05146 05034 04830 04675 04442 04078 03454 02410 01706 01248 00943 00590 00401 00290 00219
25 03576 03426 03489 03435 03360 03211 03150 02953 02599 01945 01447 01096 .00850 .00546 00378 00276 00210
] 02566 02519 02470 02401 02444 02389 02330 02216 02007 01585 01230 .00962 00763 00303 00355 00263 0020
-4 01403 01452 01405 01525 01446 01418 01395 01356 01281 .0I10B4 00900 00742 00612 00431 00313 00237 00185
5 0097100927 00929 00B73 00774 00673 00579 00495 0036+ 00273 00213 00168
6 00680 00632 00629 00574 00517 00437 0040+ 00309 00241 00197 .00I34
7 00503 00493 00466 00438 00404 00370 00130 BOZ&L 00213 00171 004D
8 ¥ .00385 00377 00334 00344 00325 00297 00273 00228 00183 00153 0017
] 00306 00227 00275 00273 00264 00246 00220 00194 00163 00138 .00LLS
LY 0210 00220 G075 0221 00803 00200 0017
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Function F
ath
2) Offset (r) in Radii
S : 2
dii 0 02 0.4 0.6 0.8 | 12 15 2 3 4 5 6 8 10 18 14
) 5 5 5 5 5 n AT nnmer an nSEzcs L 02105 ~02300 =6i505 —O0Tel —aiwd =i
(45025 44764 43981 41954 35789 03817 -20800 -.17612 -.10930 -.05151 -.02961 -.01917
240194 39781 38204 34823 26215 05466 ~.11165 -.13381 -0944] -04730 -.02798 01835 -.01295 -.00742
13 35633 353004 34508 29016 20503  0R372 -~ 0334 - NQTRR - N2NIN - MU23R68 — ADE2E
4 31431 30801 28681 24469 17086 06848 -.01818 -.06835 -.06684
1527630 26097 24800 20037 .14752 07037 00388 -.04520 -05479 03395 -02320 -.01500 -01154 -.00681 -.00450 -.00318 -.00237
th 24275 23444 21667 18138 13042 07068 01797 -.02749
7 L20327 20762 L8936 15903 11740 06463 02704 -.01392 -03469
& 1B765 18287 (16679 14053 10604 06774 03277 -.00365
9 16352 16158 14747 12328 00664 06533 03619 00408 B
V14845 14280 12305 11225 08850 06236 03819 L0098+ -.0i357 -01984 -.01591 —.01209 -.00931 -.00387 00400 - 0088 021D
2 11589 11360 10460 09449 07486 .05670 02013 01716 -.00432 -01491 -.01337 -.01068 -.00844 -.00350
508398 08195 07719 05918 05019 04804 03686 02177 00413 -00879 -.00995 -.00870 -.00723 00495 -00355 00261 000l
03277 D3048 0iE0F  Oduis 04led  Gabs 00028 02197 01043 00189 00346 ~.00589 —.00344 -00410 -00507 -.00233 - (uiS3
503576 03673 03439 03263 03014 02762 02406 01027 .OLI88 00198 -.00U26 -.00364 -.00386 -.00332 - 00u63 -00208 -Clos
O7366 0238 (55 Anas AR AMBR A e s RN - SERE | Somen e W g ShEAI
. 01493 0i535 0412 01250 01386 01331 01256 01134 00912 00508 00209 00026 -.00076 -.00148 - 00153 - 00137 (0120
¢ 00971 0lol 00403 00700 00475 00277 .00129 00031 -.00066 -.00096 -.00089 0008
i 00880 00673 00538 00409 00278 00170 00088 -.00010 -00053 -.00066 -.0007)
;00503 00483 00428 00346 00258 00178 00114 00027 -.00020 -.00041 -(€0
;00386 00380 00330 00201 00229 .0017% 00125 00045 00003 -.00020 -k S3
) 00106 00374 00201 00247 00203 00163 00124 00062 00020 -.00005 -.00019
00267 00246 00213 00176 00148 00126 0070
Function G
Jepth
(z) Offset (r) in Radii
n
Radil 0 0.2 0.4 0.6 0.8 1 1.2 1.5 2 3 4 3 6 8 10 12 14
0 0 0 0 0 0 31831 0 ] 0 0 0 0 0 0 ] 0 0
01 0 00315 00802 01951 .0GGB2 31405 03555 0086 00159 00023 00007 .00003
0z 0 01163 02877 06441 16214 30474 13392 03060 00614 00091 .00026 00010 00005 00002
03 0 02301 05475 .11072 21465 29228 18216 05747 01302 00201 .00039
0+ 0 03460 07883 14477 23442 27779 20195 08233 02138
05 0 04429 09618 16426 23652 26215 20731 10185 03033 00528 00158 00063 00030 .00009 00004 00002 000!
06 0 L4066 10729 17192 22949 24374 20496 L1154
07 0 05484 11236 17126 21772 22924 19840 12373 (4718
08 0 03390 11225 16534 20381 21295 18933 12855
09 0 03496 10856 15628 18904 19712 17945 .2888!
l 0 035266 10274 14566 17419 18198 16884 ..Z745 06434 01646 00335 .0.233 00113 0003 00015 00007 00004
200 04385 08831 12373 14615 13408 14735 12038 08967 02077 00743 00320 00139 00031
15 0 09487 06888 09293 11071 11904 11830 10477 07075 02599 01021 0460 00233 00078 00033 00015 00009
2 0 02107 04060 05721 06048 07738 08067 07804 06273 03062 01409 00692 00369 00129 00035 00027 00015
25 0 01293 02534 03611 04484 05119 03509 03668 05117 .03099 01650 00885 00499 00IBS 00082 .00041 00023
3 0 00840 01638 02376 .0209¢ 0385 03843 04124 04030 02886 01745 01022 00610 00241 00110 .00057 00032
4 0 00382 00772 01149 01480 01764 02004 0271 02473 02215 01639 .0IIIB 00743 00340 00167 00090 00032
3 0 00214 00992 01343 01331 01601 01364 01105 00782 00404 00216 00122 00073
5 0 00602 00R45  0I014 01148 01082 00917 00733 O0432 00243 00130 00092
l 0 039 00687 00830 00842 00770 D063 00432 002712 .00ITI 00116
8 0 00270 048] 00612 00BSA 00631 003RB  DO413 00278 00183 124
3 0 00177 00347 00459 00313 00315 00483 00381 00274 .001BI 00133
w0 00179 G058 00351 00407 00420 G411 DOM4E
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Function H

lepth

(z) Offset (r) in Radit

a e N L e RS — — — =
Ladii ) 0.2 0.4 0.6 0.8 1 L2 15 2 3 4 5 6 8 10 12 1+

0 20 1.97987 1.80575 1.62333 93676 .7118 51671 .33815 25200 20045 16626 .12376 09918 08346 07023
02 163961 1.62068 ) 1.46001 1.30614 513 33726 .25162 .20072 .16683 12512

0.3 18806 147044 140979 1.32442 1.19210 33638 25124

N4 } 33009 1 78987 1 20999 1 Nasss O ¥ =0

(] 1.22176 1.17894 1.10830 1.01312 .9 79308 65429 44728 33293 24996 .199R2 .I66GR  .12493 00995 08295 .071I3
06 1,11998 1.08350 1.02154 94120 849 75653 63469
07 1.03037 91049 87742 ]
08 95175 874928
0.u .88251 82616

1 85005 76809 19673 .16516  .12394 09932 0B M
1.2 67937 19320 16369  .1235

1.5 57633 19053 .16199 .12281 J

7 5656 18618 12124 f

1 B4 1 17898 1528 0

! 9 7154 11694 068497
19805 {978 17080 15575 (14130

¢ 16554 14868 13842 (12792 ;

7 14217 3699 .13097 12404 11620 10842 09387 08197
8 12448 2112 (11680 11176 10600 09976 08848 07800
9. T.1079 B 10548 10161 09702 .09234 08298 .07407

0 05500 09820 09510 09290 08980 08300 07710

Example:-_ for the flexible pavement shown in following figure calculate the following values

. P=80 psi
a) A at point (m).

b) o©;and g at point o.

a=6in

C) o123 and tyaxat point p . Hi=2in  p=04 ' M E.=70000 psi
Solution:- _ : .
- AT =AP+AS AP =0 Hx=10in p,=0.35 : E»= 25000 psi

Am=An n‘
For p=80 psi , Esubgrade =16000 psi , u = 0.40, a=6 in, z=12 in 1s=0.35 ! Es= 25 000 psi
! O z=18in
_ 12 _ r 0 _ @ o
2=% =2 g—g—o P zzgin

! r=0in

From above table Am = An = R&4212 Ay (1 1)H]

A= 0.10557 H=0.47214
Am=0.021in/in
and r=12 in rla=2

o, = p.[A+B] g, zml??[(l—Zy)F +C]
A=0.0315 C=-0.00523 B=0.03511 F=0.01144
o, =5.3psi —20.9*10°%in/in

From functions table

Forz=18in z/a=3
From equations table

From table

&y

Because of symmetry about the plate centerline ( o, = o, ——7,, =0

oy =0, = pPI[2LA—D + A—2u)E]
z PLA + B]

(o

Trz - pG
- _ (orro)ES(o, o )2+ (27,7
1,2,3 — 2
61+62
Thax — 2
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From table: - A=0.05132, D=0.04744, G=0, B=0.09487, E= 0.02566 <t — <+ — —O-1Psi
o, =11.7 psi
., =0
S,.5 =11.7 psi
Tax = 5.9 psi

Burmister Theory (Two-Layer System)

Burmister, gives effect of material properties used in pavement much attention on the stress, strain and
deflection distribution.
The materials in the layers are assumed (homogeneous, isotropic, linearity elastic and the surface layer is
assumed to be infinite in extent in lateral direction but of finite depth.
Qe e Al Gk Al mla g A sludia 5 ) geay & )55 Lgale Aalusall CilaleaV) 5 45 ja g uilaie Al (i i Adada JS 3 3] sl

Baadl 2aaa g i) BladY) alaial e
Full frication is developed at the interface (el (Al JAIE & gas 480
Burmister, represented that stresses and deflection values are dependent upon the strength ratio ( E; / E)
of layers or Modular ratio where the E;, E; are the module of resurfacing and subgrade layers.

P

=+ a p
[TTTTI

h1
i 138 5 Raadiueal) 3l pall 3 58] Aned) any Y iy gy Alilaa

Aaxdioaal 3 pall 5 580 5y Anaa) ac) 388 jiea Ll (ol
Qs L Aadiionall 3l pall 558 anla ) LS landl J G h2=00
A e e ddalaall CilleaY)

1. Vertical stress:
The vertical stress on the top of subgrade is an important factor in pavement design. The function of a

pavement is to reduce the vertical stress on the subgrade so that detrimental pavement deformations will not

occur. This stress depends on the strength or modulus of the subgrade.
Jalae e aaing slga V) 12a 53 i) Qs L 5 slga¥) 138 Julis s ol dada g of Cum Lol apanal 8 age Jale (ulas) Conile Aida (358 (5 sanl) 2lgaY)
oo s I e Jalsall Joall e i ) el A 5 35 jall Jabes Ransi e 2y il alai b cilea¥) Rad | (o)) Conile R 4 5 e
The stresses in two-layer system depend on the modulus ratio (Ei/E;) and thickness-ratio (hi/a) and

Poisson's ratio ( py = pe. = 0.5) as shown it in figure. “:,.rq

) J
"f”‘d Al S 0.4 06 0.8 10
bis e ppuia |0 1] [ - RE-
RS Layer 1 _________J____.;_'F.—f-'_:r'/,-ﬂ/ hlg =
— 3§
E Inderince 1-2

2 o ¥

- :‘;“ Leymr 3 i_-‘

2 E

=

&

3
Vertical stress distribution in two-layer system (after Burmister)
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Huang , show the effect of pavement thickness and modulus on the vertical stress (c;) at the pavement
subgrade interface under the center of a circular loaded area for a given applied pressure. The vertical stress

increases with the increase in contact radius and decreases with the increase in thickness as shown in figure.

0.9 i |
| J'h Gy ) | d /rl <!
0.8 K4 1
¥y P A |
0.7 QPQ_'b \‘0'\ 4 ]
e g pall Jalea g Jaaliill o 5ils oy ol sa ™ “SMNATS r'/'tl
. vy
Cilalgal! o) Jaad G ) Al Ll Clalgay) VAvARYy —
Sk Caai g Culaill dalise 324 3 2l 35 40 8L 0.5 7 % ¥ -
o
ol 330 3 Jay g Jalial) Jaal) ~, 0.4 7 pd % |
o W 1
0.3 //1 P 50! | 1
/4 7 o0
0.2 A - 1
" A |
! X At ! I
0 I 1 [HENS
0 0.4 0.8 , 1.2 L6 2.0 2.4

Vertical interface stresses for two-layer system (after Huang)

2. Vertical Surface Deflection : bl b gl
e sle 05 hsed 138 5 ko g sy 5l A gl Jadlally 505 Gy (o s Jea Tl i
a) Flexible loading ( the load applied from tire to pavement is similar to a flexible plate with a radius
(a) and a uniform pressure (p) p phi bia; g a5 e da M AL <G daalill e jUaY) e Jalial) Jeal)
ki same load on all point but different deflection
Deflection at center of circular tire pavement contactarea A, =1.5*F, *pE_*a
where :- p = unit load on circular plate. 2
a = radius of circular plate.
E. = Modules of elasticity of lower layer.
F, = Dimensionless surface deflection factor at center of applied load dependences on E;/E; and h/a
Burmister, presented graphical solution for determination of vertical surface deflection (as shown in figure)

for two-layer system. The deflection isl_gxpressed in terms of the deflection factor (F»), by

. ) s U TR I E /B !
bl s 38K 0y Jlsa ‘ S:R N 2 5!
R Lo s a8 Sk Por 1 {
e uaﬂeﬂ‘ eLLf-’ @ ‘:\':‘;L‘“J‘ 4"?‘%‘” os \k%\— E:‘i‘--..,_“_ s |I 1.5qga F 1
Lo ssel) Jalaas iy (530l < . _.\ \ \\;: i "".‘\4 " - ”_L'iz X
[SPPES T m_\ "H r\Q: M:--_ 1o |\ |
oo AN NN T2 ]
\&\ N ‘\\\ Ll S0 \‘\ __'_’—“—'—————___I
h‘\\\'\ & \"._ L) | |
\l\ NN NN T 100 _—\\'\_\——I
e l\\ ‘\"% B —~ |
NN 209 =]
. . a.08 AN <] 5T, —— \-._‘sh\\_._
Vertical Surface Deflection o NIRRT e
for two-layer systems. S N PR %0 ~— B I
(After Burmister 1958) 004+ b \r::x \[\P"‘“éw;‘{}\‘\\ \Lw
! [ L""‘-faﬂ'o L._ \\_\*}
Qa3 !T\*.._“‘- JN\\\\\‘\\-
00z gl [T~ p, —
0 05 10 1S 20 3 4 3 5
h,/a
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The deflection factor is a function of (E1/E; and (h;/a), can be calculated

F2_—IJO[mr) {ma) 1+4Nme_2m*N e_‘”“] *d%

1—2N@+2m?)e 2" + N2e "

El_EZ _ El/EZ -1

Where m= a parameter N = =
E,+E, E/E,+1

Where E;=average Modulus of elasticity of first pavement layer.
E; / E;= Modular ratio.

Jo = Bessel function of the 1% kind, order zero.

(e (5] o

J;= Bessel function of the 1% kind order one

let%ji(—l)%?j(zw /(K!(K+1)!) 5 In(x xN*Z e (1" > x>

K=0 J*mi(n+m)

For a homogeneous half-space with h_ 0 the value of F,=1, this equation used when u=0.5.
a

Example :- calculate the surface deflection under the center of a tire (a=6 in, p=80 psi) for a 12 in pavement

having a 50000 psi modulus and subgrade modulus of 10000 psi from two-layer theory. E= 80 psi
a=6in

Solution:- from above figure F,=0.42 H=12in E.= 50 000 Dsi

+ =1.5%0.42* == 806 — ().03in E E,= 10 000 psi

10000

b) Rigid loading (all the above analyses are based on the assumption that the load is applied on a flexible
plate such as a rubber tire. if the load is applied on a rigid plate such as that used in plate loading test, the
deflection is the same at all points on the plate, but the pressure distribution under the plate is not uniform.
The differences between a flexible and a rigid plate are shown in the following figure;

Non-uniform Pressure
Uniform Pressure

: H—
Pressure Distribution 4_
I
I
I
1
1
1

]

|

|

1

Deflection Distribution — v _____ ===z —

]

| |

)

Rigid Plate

Flexible Plate
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3. Vertical Interface Deflection:

Huang, presented a graphical solution for the determination of the vertical interface deflection as shown
in following figure, the deflection is expressed in terms of the interface deflection factor (F) by

A =F * Pra ) .
s E, (F)--factor is function of (h/a, Ei/ E, r/a)

F -

° [ I R S SUNCT N ST T I P TS BT TR R | ,
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=F it ot 2o Wil el oty o ¥ g
2op 3 P st o B :_-;.\:_- _.le ‘_,-:__,o.nj"ij.‘“ '_J ‘ \\
e FHEERE s | M | LA
& - By R ..;,2-!:..:?.4 3 i B /,F
= =LE ko B P48 7t Pt o o LA F
= . by oo V- piber ¢’ onmd foiemt i (Rl :',V d
X 3 I=]= L - ! 7 — (P I I ity TR RVLIRE) B O L T "-'1! eI
e = L JAR=csiy
“tHE = 13, T meas Ov CUNVES DIDICATE §/s : 017/ £ . e |
e - 'y ) U I g -—| =1
- b 8 | ’?( N || e i
o ! — = nr - E M r 3 SR IEE, c
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Vertical Interface deflection for two layer Systems (after Huang 1969)
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Example: - Calculate the interface deflection, and the deflection that takes place within the pavement layer
for the information noted previous example.
Solution:- E1/E,=5 , E»=10000 psi , r=0,z=12 in, p=80 psi, a= 6 in)
z/la=12/6 =2 the F=0.48
A, =0.48* 87 —(,023in

10000 —
A; =Ap +A, = A — A =Ap = Ap =0.007in
4. Critical Tensile Strain: z o)) a3l 3 g

Huang, developed charts for determining the critical tensile strain at the bottom of layer one for a two —
layer system as shown in following figure.

e=F * 2 20

e =

Where e = Critical tensile strain
F. = Tensile strain factor.

0.2

0.1
0.05

Strain Factor

0.02

0.01

Multi-Layer System (Burmister's 3-layers system).
Following Figure. Shows a three-layer system and stresses at the interfaces on the axis of symmetry.

Assumptions applied lnacil) 4 P

1) each layer has infinite in depth expect

lower layer & finite in lateral direction.
A3ld 3 ,AY) Akl lae clawd) 3030 dauha JS

8 Cunformally eistributed losd wpon

B acircular tire pevementcortact area of
rT 7 @ rediousial)

Glawdl 3aaae e SO I .
2) full frication is development between Hlfl,'f“’eé,l u Tz1 oL
layer at each interface. ’ 1 = 7 Interface 1
) Glidall G JWlS JAJNE & a4 8 2 nd layet @_\
Lo Sinl 225 h2,E2, 4 “Z
_~..'8Pr2
- - Irterface o
Jrd layer l ~ @_‘I'S
h3,E3,H3 |
- ¢

Three —layer system.
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Where:
o = Vertical stress at center of load at interface (1).
o2 = Vertical stress at center of load at interface (2).
o = Horizontal stress at center of load at the bottom of 1* Layer.

o, = Horizontal stress at center of load at the bottom of 2™ layer.

o3 = Horizontal stress at center of load at the top of 3" layer.
Fox and Acum , produced the first excusive tabular summary of normal and radial stresses in three-layer
systems at the intersection of the plate axis with the layer interfaces.
Jones and Peattie, subsequently expanded these solutions to a much wider range of solution parameters. The
details are presented in the following figure and tables.
Parameters
1) M1=H2 = U3 = 0.5.
2) Geometry condition and Modular ratio :-
a) Modular ratio k1:K1: El/Ez k2:K2:Ez/E3
b) Geometry ratio a;=A=a/h; H=hy/h,
3) Values of the parameters :- k;=K;=0.2, 2, 20, 200
k2:K2:0.2, 2, 20, 200
a1=A=0.1,0.2,0.4,0.8,1.6,3.2
H=0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0

4) Stresses
a) Vertical stress ox= p (ZZ1)
o =p (ZZ2)
ZZ1 :- vertical stress factor o,1
ZZ2 :- vertical stress factor o,
b) Horizontal stress o;1- 611= p (ZZ1-RR1)
O22- 6= P (ZZ2- RR2)
023 - 03=Pp (ZZ1-RR3) (op=0s ,222=273)

5) Strains . = Lo, (o, +0,)] atcenterline (o, =a,)

Criate E%[O_rl —HOu— H O_zl)] for U= 0.5

Ertate = E%[Grl -05 Oy — 0.5 O-zl)] = z_tl[o-rl - O-zl)]

by Abdulhag Hadl Abed AlL



Al-Mustansiriya University
College of Engineering - Highway & Transportation Dept.

Pavement Structural Design (PSD) 3" stage
00 e 100 (= ==
— 19 ——
10 T
e

?
N
i
4
X
DX
>

-

b s

toon g0
u-al-l Q. _:__—:_':.__71_3"'5,: :: N i o
N y 7~
\‘!L ,f \\ !f ] e N ]
g ||-.4H > Ba—
0.001 X as0,y/A"0-2 ) 0 001[ DY
. H_s . 1I=8
{chhy = 20, ky = 2 (d) ky = 20, k; = 20
i00 100
s : —
e PN
- - ~
10 /’“\“//\\/\_ y ; i :i Ii N
- - e A 1] v r v — - %
’ “ ;’ “ !' ‘T ?j \‘- ’l \‘ —~ 'I_.vl' W ‘l
i " 4 % Y 7 A £y =
S R o BT ) e it T ; 2 TR A TR AR, 25 . VR SRBE, T,
Lo N Nk SR NEE N T e N A4 i
JewA_A_A A A PRMEA . N TN I X
‘_-‘ = — — s L — - S - '1';' ‘r-F w
'iH .25 % ;’ !n. X Lol 2 rfe J'W =Y v X 4 21?:
= 3 i £ = E 7 X Ve . Ve
= R B G 25, & 5 98 O 7 AR ML W
- 0.5 X y 0.5 2
Ay g, L s 3 AR A
& e e e e e B 0. S 7 /
=~ 7 WA hva 7 = u.Fj:t‘i‘w‘r ‘v" ‘\y; -
H=l § X X JA=0.8—7 FAY JAY A=
A SN\ LN ] VR . O Al
l
- L NE NS i BOE
2k ryn 7 0.4 =% 75 204
“ ‘J_I‘ f’ I.‘ Jr l‘I ’f
Ty —7 7
‘\V! X 9 LW S
| o ~ o i
0.001 T 0.001 \ /
-1 H=8 A=0.1 |l<8
(e)ky = 200, ky = 2 (ky =200k, =2

Three-Layer Stress Factors. (After Peattie 1962)
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Stress Factor for Three layer system (After Jones 1962)
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Example:- for the 3-layer system shown in figure below; calculate (6,1, 622, 6r123 , €1, €3.)

solution:-
1) Calculate parameters

Geometry condition and Modular ratio:-
a) Modular ratio

ki;=K;= 600000/30000= 20
b) Geometry ratio

1=A=6/12=0.5
2) stresses

ko,=K,=30000/15000= 2

H=3/12=0.25

a) Vertical stress o,= p(ZZ1) ,ZZ1=0.47

62 =p(2Z2) ,ZZ2=0.10

b) Horizontal stress o,:- 6= p (ZZ1-RR1)
62~ o= p (ZZ2- RR2)

then o,
then o,

P= 80 psi | a=6in

H,=3in =05 Gzl‘., E;= 600 000 psi
H;=12in =05 ! E= 30 000 psi
|
GZZ‘ Gr2
ps=0. 5 Gr3  Es=15000 psi

8.0 psi

0z - 63 = P (ZZ1-RR3) (0= Gss , ZZ2=773)

a;=A ZZ1-RR1 Gn - On o1 psi
0.1 0.63215 50.57 -13.0 psi Al 31=0.5 « Al sl g are Jaad
82 . — L 3 sl nerpolton Jo
: . . -271.8 psi . 5 . ..
0.8 5.50796 440,64 ~403.0 psi L) 5 A genl) Slea ) SOlelas
1.6 4.24281 339.42 -301.8 psi
3.2 1.97494 157.00 -120.4 psi
Relationship between vertical and horizontal stresses;
6
at al=0.5 the ZZ1-RR1= 4.5 /\
Oz1- Gr]_: 80 * 45 = 360 pSi 5 / N
Gn= 360 -37.6 = - 322.4 psi \
G-
& [ \
Y ? G
N / |
2 i L 4
/ I
. / 1
« l
. I
1 2 3l 4 5 6
|—0— Seriesl 0.63215 1.83766 3.86#9\ 5.50796 4.24281 1.97494
I a
LT

3) Strains

g
]

£ = 5[0, — 0,41 = srstssod ~322.4 - 37.6] = ~3*10™in /in

&

3= E%[Uzz - Ur3] = %000[8 - (_1)] = 6*10_4in /in
Erp = ﬁ[o-rz - O-zz]

&3 = ﬁ[ara - O-zz]
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Odemark’s Method (Method of Equivalent Thickness (MET))
To determine pavement responses in multi-layered system by using the elastic theory is quite complicated.
Alternatively, Odemark (1949) suggested the approximate solution to determine the stresses, strains and
deflections of multi-layered system. Odemark’s procedure is based on the assumption that the stresses and
strains below a layer depend on the stiffness of that layer only. If the thickness, modulus and Poisson’s ratio
of a layer are changed, but the stiffness remains unchanged, the stresses and strains below the layer should
also remain unchanged. This stiffness of a layer is proportional to:

h3E

1-u

Where h is the thickness of the layer.
The transformation shown in following Figure; should not affect the stresses or strains in layer 2 if:

hlE, h’E,

= - or h, =
I-vi 1-v3
where h. is the equivalent thickness
The system after transformation in Figure is
then a half-space material which h E,v,
Boussinesq’s equations can be used, but b E v, o
only for stresses, strains and displacement | > ——————————
below the interface. E v, E, v,

Odemark’s method is not mathematically correct. In order to obtain results that close to the theory of
elasticity, a correction factor, f, should be introduced. Moreover, if the Poisson’s ratio is assumed to be the
same for all layers,
3|Ey

he=fxhy |
Reasonably good results agreement with the theory of elasticity is obtained with a correction factor of 0.8,
except for the first interface where a factor of 0.9 is used for two-layer system and 1.0 for a multi-layer
system. If the thickness of layer one, hi, is less than the radius of the loaded area, a, then a factor of
1.1(a/h1)o3 will bring the horizontal tensile strain at the bottom of layer one closer to that obtained from the
theory of elasticity.
For a multi-layered system the equivalent thickness of the upper n — 1 layers with respect to the modulus of

layer n, may be calculated from:
n-1
E.
1 =f hy3/—, or
len X; 1 En >

, : VIR l -
hen:fXJ--- 1113—1+11, x3[—= +hy |x...+h, |
. l E, o E, E,

Layers below layer n are assumed to have the modulus Enin the transformed system.

Deflections are calculated as the sum of the compression of the layers plus the deflection of the subgrade.
The compression of an individual layer is found as the difference between the deflection at the top and the
bottom of the layer in the transformed system. For the top layer the transformed system is a half-space with
modulus Ez. In addition to the correction factor given previously, the Odemark’s method will give results
close to the theory of elasticity provided that:

- Module are decreasing with depth (Ei/Ei+1> 2)

- The equivalent thickness of each layer is larger than the radius of the loaded area.
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Computer Program.

Several computer programs are available for obtaining the solution of surface deflections for layered elastic
media have given elastic material parameters and layer thickness .These programs have been adopted to
develop computer programs for calculation of stresses, strains and deflection.

Computer Programs Employing Closed Form

Various organizations have developed computer programs such as

1.

4.

BISAR (Bitumen- structures- Analysis — In Road) developed at koniklijke/shell Ilaboralorium,
Amsterdam, Netherlands have the capability to analyze layered systems without interface friction
mobilized and the presence of surface shearing forces.

CHEVRON (Chevron-Research-Company). Analysis of stresses and displacements in an N-layered
elastic system under a load uniformly distributed on a circular area.

ELSYMS Is a linear elastic layer system composed of a maximum up to five layers. The pavement may
be loaded with one or more identical uniform circular loads normal to the surface. The program
superimpose the various loads and computes the stresses, strains and displacements in three
dimensions, along with the three principle stresses and strains at locations specified by the user.
Kenlayer Computer program

Kenlayer computer program was developed at the Kentucky University by Huang H. Yang and was
written in Fortran 77 and requires storage of 509 KB. In it’s present dimensions, It can be applied to a
maximum of 19 layers with output at 10 different radial coordinates and 19 different vertical
coordinates, or a total of 190 points. For multiple wheels in addition to the 19 vertical coordinates,
solutions can be obtained at a total of 25 points by specifying the X and Y coordinates of each point
creep compliance’s can be specified at a maximum of 15 time duration’s. Damage analysis can be
made by dividing each year into a maximum of 24 periods each with a maximum of 24-load group’s.
In this theses based on the Kenlayer program. This program can be applied to layered systems under
single, dual, dual-tandem or dual-tridem wheels with each layer behaving different set of material
properties. Each period can have a maximum of 24 load groups, either single or multiple. The damage
caused by Fatigue cracking and Permanent deformation in each period over all load groups is
summed up to evaluate the design life.

Problems:-

1)

2)

3)

4)

5)

6)

determine the complete state of stress (o, , oy , ot) using one layer theory under the center line of tire
having a 50000 Ib load, 100 psi pressure for the following depth tire radius ratios: 0, 0.2,0.5,1.0, 2.0,
4.0, 8.0. Assume the pavement is characterized by u=0.5 and E=3000 psi.

If u=0.2, repeat problem 1; determined effect of u upon the computed stresses.

A plate bearing test using a 30 in diameter rigid plate was made on a subgrade as well as on 10 in

of gravel base course. The unit load required to cause settlement of 0.2 in was 10 psi and 40 psi,
respectively. Determine the required thickness of base course to sustain a 50 000 Ib tire , 100 psi
pressure and maintain a deflection of 0.2 in.

A pavement structure is comprised of the following layers; 5.75 in asphalt concrete surface, E=
400000 psi; 23 in of granular base E= 20000 psi; and a sugrade having an E=10000 psi . All layers are
assumed to have u=0.5 . Calculate the horizontal tensile strain at the bottom of the asphalt concrete
layer and the vertical compressive strain at the top of the subgrade layer under the center line of a
40000 Ib wheel load, 150 psi pressure.

Calculate the surface deflection under the center of a tire (a = 152 mm, p =552 kPa) for a 305 mm
pavement having a 345 MPa modulus and subgrade modulus of 69 MPa from two-layer theory. Also
calculate the interface deflection and the deflection that takes place within the pavement layer.

A circular load with a radius of 152 mm and a uniform pressure of 552 kPa is applied on a two-layer
system. The subgrade has an elastic modulus of 35 kPa and can support a maximum vertical stress of
55 kPa. What is the required thickness of full depth AC pavement, if AC has an elastic modulus of
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3.45 GPa. Instead of a full depth AC pavement, if a thin surface treatment is applied on a granular
base (with elastic modulus of 173 MPa), what is the thickness of base course required?

7) A plate bearing test using 750 mm diameter rigid plate was made on a subgrade as well as on 254 mm
of gravel base course. The unit load required to cause settlement of 5 mm was 69 kPa and 276 kPa,
respectively. Determine the required thickness of base course to sustain a 222.5 kN tyre, 690 kPa
pressure and maintain a deflection of 5 mm.

) « Given the three layer system shown in figure, determine all the stresses and
strains at the two interfaces on the axis of symmetry.

a =122 mm

5 P=828 kPa
R

Interface 1

Interface 2

9) A three layer system (subgrade is counted as a “layer”) with the thicknesses and moduli shown in Fig Al
is loaded by a uniformly distributed load with radius 150 mm and contact stress 0.7 MPa. Poisson’s ratio
is assumed to be 0.35 for all materials.

1) Horizontal strain at the boftom of the asphalt

Equivalent thickness of asphalt corresponding to modulus of second layer, « 300 mni—-

he.z=1.0xlssx§|'3f;; =323 mm : | 0.7 MPa
When,

h1 =150 mm, E1 = 3000 MPa

z/a=323/150=215and

ra=0
From Fig 5.2, 22100 =26 h, =300 mm. E, = 300 MPa
Thus, g, = 0.26q>< 0.7=018 MPa
Similarly, from Fig 5.3 and Fig 5.4, %xll)ﬂ=%’x100= 16 E; =50 MPa
Thus, or=0y=1.6/100 % 0.7=0.01 IviPa Figure z&ll

Horizontal strain, g = %[U: -v(g, +0,)]

1
=_—[0.01-035(001+0.18
g, 300[ (0.01+0.18]

=-0.0002 =- 200 pe (minus sign indicates tension)

2) Vertical stress on subgrade

300
hez=0.8x(323 +300)x}— =006 mm
150 When

z/a=2906/150 = 6.04 and
tla=10

From Fig 5.2, 22 <100 =4
q

Therefore. 6, =4/100 = 0.7 =0.028 MPa
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4 || Stresses in Rigid Pavement (Bending of Thin Plate)

Theories of plate bending according to Timoshenko (( sS4 s

1) Bending of thin plate with small deflection (Plan stress)
@LJ&AQJ:‘SEL}*&\)L,@\gﬁj&,(u@ﬂ\jd}u\):@?\@;@LJ&AQM\M&E\ sl als Al A plaill
Lt & gang ey ¥ Cua Gkl Akl oo 4 kil oda ) 12 0 A8kl dlaw (e 0,100 8 A 7 gensall T sagll haia ((land)
(e

2) Bending of thin plate with large deflection(Plan Strain)
(slia ye) i Akl Caato plill Hlada () Ko Lead 2y jraal ae A jlia o) ALY Culgdal) 8L Al 3 laill
3) Bending of Thick plates (Roof or Foundation) . jaall & (L) ASsand) clialall (8l A 4 plaill a

(b) T
a)

ey

C - \
X X
Plates theories
moderately thick thin very thin
h/lx, hily 1/5 to 1/10 1/5 to /50 <1/50

with transverse shear |without transverse shear| geometrically nonlinear,
deformation deformation, mostly with membrane
used for practical deformation
applications

theory Reissnen Kirchhoff von Karman
Mindlin
related beam Timoshenko Euler, Bernoulli theory of second order
theory

Bending of Thin Plate with Small Deflection (Plan stress)
Assumptions (il Lgtia o p2il) laia 5 Jalf lens 3 Ak e 5 Jaliill Of A ylaill o34 (i i
1) The load acting on the plate is normal to it surface.

AL iS5 53 53 5o 5 5l o3 Al 3 (S5 xlandl e A1 (5 il Jagd 5 il e (53 gae alusall Jaal) (s & ylaill o34 (im i
Normal contact pressure A@INA

Cancel

77T Rt

2) Deflections are small in comparison with thickness of plate (the thickness of plate assumed uniform).
kit Ay (2 iy Al Al el ae 43 e (48 L sl
3) There is no deflection in the middle plane of the slab .this plane remains neutron during bending.
L AShl) Caatic 8o g a0 Y

Middle plane
(No deflection)

4) Those planes of the slab initially laying normal to the middle plane of the slab remain normal after

bending.
t’ o plill 2ay 53 5ae An middle plane e g2 50l (s sindll

5) The normal stresses in the direction transverse to the plane of slab can be disagreed.
90-95 psi Gkl Alaluss (Say (53 5ae gal 81 ) allaa) (S Aadal) JA13 (53 ganll gaY) )sia

o,= Cancel
|

pncrete pavement plate
6) Friction with subgrade assumed = zero. .(Liwa = SV ) Gl i b dik ae NSIAY) Jags
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The Differential Equation of the Surface Deflection of the Plate
JSEN 3 LS all 5 o al) 488 adle pean gi g ARlall (o jumrie 2308 A8 dall adaidl o sl Jay i 3 laldl) Alslaall (LGRS jon ja)
_:c\_’mi

o, *dx
|, middle surface of plate
My My x*dx
| My X My * dx h
Xy oM N AL - Thickness
MX -1 2 // of plate
M * d ,,' ' P (x,y)*dx*dy
__)Sy____}/_, ¢ ) ':___,_"l______________ RN A I
I S 0/
z oM
A K 4 (Mxy + X *dx) *dy
,,, ,I ,‘,4 ///
oM . oM
(Myx + 2 *dy)*dx - (Mx+Zx*dx) *dy

(o, + -2 *dy)*dx

Ox, Oy :- Shear forces KN/m

Mx , My :- Bending moment producing moment stresses in x-direction and y-direction (KN.m/m).
Mxy , Myx :- Twisting moment (KN.m/m)

(Y lga¥) ) Jegr ) sall Jaal) (d IS 5 6 535 (5) 48 iy ¥ a5l (s siasall (1
e ol 433 sall (il Silea) (2
YFy=0 @
P*dx*dy + (o, + <2 *dx) *dy + (0, + = *dy) *dx— o, *dy — o, *dx =0
P*dx*dy+ax*dy+aaixx*dx*dy+ay*dx+%y*dy*dx—ax*dy—ay*dx:O

P*dx*dy + 52 *dx*dy + =X *dy*dx=0  /dx*dy

P(X,y)+ 22+ =0 (1)

oy
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dYM =0 J&
My*dx +(M, +2 y*dy)*dx+(M + 2 fx) * dy — o, *dx*< (o, + 2 % dy)*dx*$ =0

ag”;y aaMyy -0, - aa“yy * dzy 0 dyis very little,so that can be cancel

a;”yy s 5,=0 and M =0

o, =+ @)
0, =T+ ()

inorder to calculate change in shear stresses taken derivative the above equation;

doy _*My "My, doy M, | 0°Myy

oy T ay? dx*y ! X o x2 dy*ox

Substituteinto equation (1)

M, My, M, *Myy o’ M, %My My
P+ 2 +6Wy ~ 3y x =0= P+ .~ + 2 oy T 5 =0
62M
D — * 0 y
P=CMpoxlte - (4)
Strains (e sy kel Ens JeaY) il 4a ) aecording to Hook's low
& =gloy—ulo,+0)] = & =¢lo,—uol=5 (5
YA
gy = %[Gy _/u(o-z +O—x)] = gy :%[Gy —ﬂUX] 0_; (6)

—0u ov_"x

5 shearing strain

yxy

u:- displacement in X-direction.
v:- displacement in Y-direction.
g_u + % :- shear strain

L :- Passion's ratio.

G:- shear modulus = E/(1-p)

E :- Modulus of elasticity

So, the relationship between Shear stresses and strain are shown below;
au

gx:é[ax_luo-y]:ﬂ ,Ll = & E[ILKT /,lG] 'uau (7)

Vx

g, :%[—,udX +o,]=4 (8
Oy = (1-I/Et2) W""u@_x ©)
o, = ﬁ ou 4 ,Ui—;] Tangent (10)
y =Gl +5]  Horizontal (11)

A
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displacement and deflection Aal ) haad (o g o gl 138 J pand 4
oW __ _ 0 ou __ ol A
Boor SusaR SEoGE aoaze moagw
— _70wW v _ _59%w
V=-23 =& =-19
Substitute into equation (8,9,10) - E ol 2w _ 7 P’w]l— __Ez_ 62_w 2w
g ( ) Oy = (1;1)[Z ﬂax] (1-4%) +/uax2
_ _ azw __Ez
x = (1—;12) TZHSAIE T 6X ,u
__ZZGaaf(ay = ZE;*giay
Connect relation with deflection and stresses
%%
— o’ w _E
ja 20X = [~ EL [0y 2] 70k = E [y e [ I =
% %
3 2 2 Bending stiffness
M, :—12(Elf‘ﬂ2)[zxvg +,u‘;y‘§"] . D (flexture rigidity of theplate) = 12(1 5 — bh?/12 = h*/12
2 2

Mx D[~2+;uaz My:_D[ZT\QI"'/ugT\QI M :_ZD(l :u)[axay]

am oM,
Oy =27+t )

oM, oM, 2 2 2
0, = T+ = DSt + p I ¥]-2D(- W [E]=-D KIS+ s 2] =-DE[AW]

, ==-D+- - [Aw]
AW— +a ¥ subtituteon the above eg. (4)
~D[2% 4 4 a;z,;vz] 2D(- 1) [z52:] - DL + p-24 ] = -P

[(;AX\QI—‘_ aj4aW2]+2(l ) ox2 ay] [gAy\‘l‘v+ﬂai4av; __
Lwyp odw ,otw a S+ =5 thedifferential equation of surface deflection

ox* ox%0y?
*
o, *dy

AAW:B

B (x.y)*dx*dy Force

Diagram
Moment
DIETEIN PR e I

(0, +22-*dx) *dy

(o, + 2 *dy)* dx

k. ]

Differential equ'étion of the surface deflection in plate

ZM— = [-D(E2+uZ ) - D[62+/,zaz]:>M DAw

1+/z 1+,u

AM = DAAW
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2 y —
1) %X\g + z?ﬂZy\;v =— (if P known) y? T B T Free-edge
0 N L A
82 2w _ _M i ! i : 3
2) —u +a_y\gv =M (if M known) : E W(0)-0 : §
| = oW __ w-
i N0 b
: Ap o I 4A
; e R - -
Boundary Condition: (simply, free and fixed) . W(x,0)= 0] My, Mx= 0, A w=0
1) w =0 «%.-Lo ' i L AQ
. 9x(0,y) ! Simply iupported edge *
2) Simply —supported edge i simply < — >
a) W(X,0)=0 ) My(x,0)=0 ' Supported ZA B a
b) W(X,0)=0 ’ (AW)X,O =0
C) W(X,0)=0 , MX(Xlo) =0 q
— X
\\-M_-__,__.__;_i.‘:,.,;:\._._ _———— >
N My + Mgy
Simply Support Edge . Vs SN

_ d ‘ Zd I
EFBLMO —aMi(jx—F—O l : R - : My + 55 e
v~ My T Tox = S TS
- 5

oM, Y
F=-—"2dx vy M,
. Xy
) o, orignal shear force
Resul tant shear force oy | ,m

——*shear result from twice M,.dx
ax Y (Mxy + 229 % dx) * dx

oy=0,+ agn)zy
Ol = Ty + (T )eo = ~D(EH +:522) ~[A- 1)D? 2]

y(x,0) 7~ y(x,0) ox /x0 7 oy® ' ox*oy H ox%oy

- A3 3 3, 3 3,

(o) = reaction force = —D [8 + L) + (1— u)° 5] =—D[£ % + (2 - 1) L]
Free edge

- forthe free edge y=b = 1) Myxp=0 = M
- Forthe free edge x=a
caall gluad o) Jualies Ayl yie jall s anill leazy (o A eadall #) V) o Jadd (3udas Lo 5 ) 52a
Simply Supported Rectangular Plate under Sinusoidal Load.
(Jikise = slll 5 e A g0 JSG e £ 555 daad gl g d o ) Allaiie da gl e Jlaa) ) 5548 S

The load distribution over the surface of the plate given by R

—_ A *Qin zX *Qjn ZY ve Y
Aixyy = o = SINZX*SIN _
go= represents the intensity of the load at the center of plate él
: : : < b
ot y=2 =0, *SinZX*Sin£2 = ¢, * Sin £ i = G
X=2 =q,*SinZ *Sin =¥ = Sin 22 %o '”E
X | \ 4 o X
thedifferential equation of surface deflection 2~ 4224w o'w _ £ < :T
ox X0y oy d
ZA .
ot w 4w _ 4 *w _ o * Gjpy ZX * Qjn 2. g, *Sin %%
ox* ox%oy? = oyt D a b o

X
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Boundary conditions 4-edges simply supported are;

w(0,y)=0 and Mx(0,y)=0
w(x,0)=0 and My(x,0)=0
w(a,y)=0 and Mx(ay)=0
w(x,0)=0 and My(x,b)=0
—rlea iy ph clllin g Jabatsall & sl e Jlaa¥) a5 55 48 a3 5 odle ) 3 ) 5Saall da g il (3ias Alalea (i 8 camy (33)
1) Assumed solution by Timoshenko

_w(a by_ Jo
a) Max. deflection occur at x=a/2 and y=b/2 Wiex W(z d 2) Dt (L+L)?
a“ b
1 K y*Gj M
b) Max. Myoccursath’2  Max. M. = % Gz +z)"sin
; 2 (l 2)
qo( £ s )*Sm
¢) Max. My occurs at a/2 Max. M 2
2 (az bz)

For a square plate a=b Max. deflection W wax=0o/Dr*(2/a%)? so that,

__ gp*a’
Whiax = 35,2
2) Navier solution for simply supported rectangular plate.

g=f(x,y) general load iy Lgmy 55 5 Leatd Sy Ay g4 Jaall ol (2
Can be expanded in both directions in terms of double Fourier Sine Series. (Double trigonometric series

(A5 3e Sl 401 i)
q= ZZamn*Sm mzx % Sjn LY
m=1 n=1
ab
_ 4 F i N7y
amn_E“.f(x,y)*Sln%*SlnT*dx*dy
0o

(e o) (e o)
= 1 _8mn
Wiy = ,,4DZZ wZ_ 2,
m=1 n=1 a2 p2

Example:- find surface deflection and Max. deflection for a rectangular plate subjected to a uniformly
distributed load through out the whole plate.

A
y

yA -
Q :
Yo

VYY YYVVYY
(on

A

<§ Y
L*

ZA

111

A

\ Ao

by Abdulhag Hadl Abed AlL




Al-Mustansiriya University

College of Engineering - Highway & Transportation Dept.

Pavement Structural Design (PSD)

3" stage

: i
- 1
I
1 1
S | i R bem o ;
1
! }
1

I
i b St
' ! ! o4 otw __ 9
—e 2 e S a— +2 Zay oyt = D
1 1 1 1
i2 .1 j it j+2
! ! ! 2 2 2,
(a4qu) (aZW)] [ 8 W)Ilj 2(aw)|j (6 2)|+lj]
i LT oy (a7
— 0 IZJ_ZW—lJ+W 2(W|112 2W +W|+1 )+W| j 2WI+1J+WI+2 j ]
oy? (&7
_ Wi j—4Wiy | +6W; =AW, j+ Wi j
(Aay)*
(84 W [ W)] . 2 (Gx )l,J+l 2(0X2)l,j+(axg)|,]—1]
ox? L] T ox? (Ax)?
— [ IJ+2_2W1 J+1+WI] 2(W|J+1 2W +W —1)+W 2W| J—1+WIJ 2]
6x2 (Ax)2
_ Wi 2 -4w; J+l+6W —4w; it Wi 2
(Ax)°
02W
24w :[ (52W)] [( 2)|]+1 ( )Ij ( )I]—l]
ox%0y? i] 6x2 (Ay)2
_ Wllj+l 2Wl j+1+WI+1 j+1_2(W|112 2W +W|+l j )+W -1,j-17 2W| J—1+Wl+l j-1
(Ax)* (Ay)2
substite in differential eq.
h — Wi, -2.j 4W—l]+6w 4W|+1 J+WI+2 j 2*[ i-1,j+1 2Wl J+l+WI+1 j+1 2(W|112 2W +Wl+lj)+W—1 j-1 2W| J—1+WI+1 j—l]
D (ay)* (Ax)° (AyY?
Wi’j+2—4W +l+6W —4w; W2
(Ax)*
Uij % 4
D (AX)" = Wiz _4Wi—1,j + 6Wi,' _4Wi+1,j Wit
2(Wi-1,j+1 2W, ; + W, Z(Wi-l,j-Z 2W, ; +W, j) Wy, — 20, + Wi+1,j—1)

— 4w,

+ W, i,j+1

i j+2 +6W, ; —4AW, +W, i,

B *(AX)* = 20w, ; — 8w, . 1+W.

i jt2

8Wii1+Wi|2+

DivAbduliamtad AU — 8w, ., 2w, 2w, W,

i+1,j+1 1, j+1 i+1, j

+ W
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Example:- calculate moments and deflections for the case o
square plate using 4 equal mesh intervals in each direction.

f a uniformly loaded and simply supported

Solution it's evident from symmetry that the calculations need be extended over an area of one-eighth of the

plate only as shown in following figure by the shaded triang
equation. y

le. (Solution by using the 4™ order differential
A

o* w 04w o*w _ 9o

ox* axloy?  oy* D 7,

A 4

A
20 25
I I I
y I I I
I I I
[ I ]

at Node Point (0) (z sl Jals LS ddi)

\ AR 4

ZOWO-8W1*4+2W2*4+4*1*W3:qo/D*(AX)4 w3=0

20Wo-32W;+8W,=qo/D(a/4)*

\ A 4

N= goa’*/ 256 D

5 \ QY

20wWo-32wW1+8wp=N (1) X
at Node Point (1) <
-8Wo+248wW1-16W,= g’ / 256 D

-8W,+248w;-16w,=N (2)

at Node Point (2)
-20W,-16W:+2Wo= goa”* / 256 D
-20w,-16w1+2wy=N 3)
In matrix form

VYV
A [
Q)
S~
D
Y,
N

ZA
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=] 8 a| \'I\'Iof I'le' 9 ( } 9

0
-8 24 -16||w [=|N|=>AW=Q=>w=2=w=A"Q
2 -16 20 |w, N

-1 adj (A)
AT="
24 16 -8 -16 48 20]]
= 1—16 20‘ 0™ 2 20‘ 0™ 2 —16‘
32 8 20 8 20 -32 224 512320
adj(A)=AT =| (-1)** (-1)**? (-1)>*® =|128 384 256
~16 20 2 20 2 -16 80 256 24
( 1)3+1—32 8 1) 20 8 1) 20 -32
I 24  -16 -8 -16 -8 24|
20 -32 8|20 -32 T
Al=|-8 24 -16/-8 24 =11648 —10624 =1024
2 -16 202 -16 .
W, 224 512 3201 224 +512 + 320 =1056 w, = 0.004028 %~
w, |=::|128 384 256 [ 1|= 22 | 128 +384 +256 =768 |=| w, =0.00293 %"
W, 80 256 2241 80 + 256 + 224 = 560 w, = 0.00213 9

[ 2 P 2wy -2w, 2w, -2,
BM at node point (0) M, :_D(STVZHL#%)O =M, :_DIL v(vAX)Zw n v(vAy);N J

/uconcrete( Ax=Ay)=0.2

__ P|2w-2w, 2w172w0J _D 3 ~
— D[ o025 = 2 [2w; — 2w, +0.4w, —0.4w, |

24w —2.4w,]= =03 [2.4*0.00293% - 2.4*0.004028%]

MXO

M _ =D
X0 )2

M, =+0.04224*q*a?
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3 Plates on the Elastic Foundations

(B Ui pand ks "l 5 &) 55 (S Ja ) il im0 il 53 5 al) lslen¥) Jiias A

Foundation Modulus
1) Winkler Foundation ( Dense Liquid Model 1876).
Represented the subgrade soil by menus of indicial closely spaced discrete springs for this
winkler model pressure at any point is proportional to deflection at that point.

) 5 5l ke sa oo sl ol ol ] (5 58 Sl poe Aian (olasd) o Le R ) Ty 51 e iy K6 1) (s oim s SHL
ol 15 ) 853 g sall 5 gl laia g Ay 5lia g Lyl g3 8 Lgaliia g (ymamy e Lgummy Alia S jouny Ay 53 iy A3 () (Lo g
it sall Cinm A5 8 53 5 (Uil (5 8 g -0 (5 58 20 53 ) (mmy e Lgimey 5Y S ) 538 Al Aa) 591 e Ll

P cdead) Gat el yudl 8 da s Chasy (o g Jaald) Jagld die 43

SEEEEs

TTTTETTETTTeneesss v

Subgrade reaction is proportional to deflection

P=Kw , K=P/W === psi/in or N/ cm?’ cm

K=Modules of subgrade reaction or spring constant or
Dense liquid constant

A
K should be determined from plate bearing test. mj \T/\rl-

Subgrade reaction
Ps (pressure under needed subgrade (psi)

2) Filonenko-Borodish Model (1940) il g — 9S8 ) gal
This foundation model includes a stretched elastic membrane that connects to the top of the springs and
is subjected to a constant tension field T. The tension membrane allows for interaction between adjacent
spring elements. The relation between the subgrade surface stress field q(x,y) and the corresponding
deflection is defined by
qx, y) =kw-TV?w
where V2 is the Laplace operator in the x and y directions.

Tension Membrane

Akl o dlgal V25 Lae A0kl et 8 08 sumay ddasi je S o) (L i 23 saill ) Jpasall 13 o
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3) Pasternak foundation model , 1954

Pasternak (1954) allowed the transmission of shear stresses in the dense liquid foundation by inserting a
thin shear layer between the spring elements and the bottom of the slab. On a microscopic level, the shear
layer consisted of incompressible vertical elements that deform only in response to transverse shear stresses.
In addition to the modulus of subgrade reaction (k-value), this model includes a shear characteristic
parameter (G). Pasternak defined the relationship between subgrade reaction and deflection as

I B h'—':‘v SIS L ‘.V. ‘:.‘" .
Shear Layer (G)
4) Vlasov and Leont'ev

Vlasov and Leont ev (1966) introduced a different approach to the problem of simulating the foundation
of a pavement structure. The system was modeled as a plate supported by an elastic solid layer of thickness
H, and subject to a vertical pressure p(x,y), as illustrated in figure 2.11. Horizontal displacements (u, v) are
assumed to be negligible in comparison with the vertical (w) displacement because there is no horizontal
Loading. An unknown displacement of a point in the layer is determined through a summation of the form:

W(x, Y, z) = Sum Wk (x, y)(p k(Z)

In this summation, wk(X,y) are unknown generalized displacement functions. These functions are calculated
for a given section (i.e., z = constant) to determine the magnitude of the vertical displacement w(x,y) in this
section. They have dimensions of length. On the other hand, ¢ « are known functions that satisfy the
boundary conditions, i.e., for z = 0 and z = H. These functions represent the distribution of displacements
with depth and are dimensionless. After simplifying the problem to its two-dimensional case and applying the
principle of virtual displacements, Vlasov and Leont ev formulated the relationship between the subgrade
reaction and deflection as

GVw—kw +q=0
where k and G characterize the compressive and shear strain in the foundation, respectively. The form of this
equation is essentially identical to those applying to other two-parameter foundation models.

5) Reissner Model (this model is more general than winker and retains the mathematical of winkler model).
Is based on continuum in approach with assumptions;

1) In plane stresses through out the continuum are negligibly small [e,=¢,=7,y=0]

2) Horizontal displacement at upper and lower surfaces of the foundation layers are zero.

!
R I AP T I O R
B R L Y L I A S Ry h
SO A R R A L S

JLH: DEPTH OF FOUNDATION LAYER “

W 777

6) Elastic Continuums (Boussinesq's half space)
7) Layered Continuum <:liual) daaia
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Plates on Elastic Foundation W"'mm
[o]
o w 24w w9 LI |
o +26x26y2 oy D ////// 1

_ 99 __ qo_KW
AAW = —o== =

D
Kw __ Y

W(x,y)=deflection

D
Finite difference solution for plates on winkler foundation \\_/
AAW =% —Kw=> S[SHw}={P}-k{w} e -
A=AMX= Ay Ps =kw N W ¥
“ [SH{w} ={P}-ki{w} T
Siu S — o Sy W R 1000 0w Subgrade reaction
S,y S,, — = S, |w, 1 0 0w, Ps (pressure under needed subgrade (psi)
% _ - = -k 1 00
- - 10 A= length of square mesh grid.
:Sm Sz =~ s"”::W": —E)”— - - _1— :W”— [s]= Finite difference coefficient matrix
S S - = Suw 1000 0fw] [R]
S,, S, — — S, |w, 100 Ofw, Equivalent stiffness matrix
vdle B +K 100 - I= unit matrix (identity Matrix)
— — 10
[Su Swe = = SwlW] [ 1|w,| |p,| D=ENY/12(1-1)
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5 || Stresses in Rigid Pavement

Causes of stresses
1) Wheel load (Externally applied)
2) Cyclic change in temperature (warping , shrinkages , expansion)
e Bl yad) A oA 1 (JM}\@)K}Q\ éiﬂgﬂ\;kﬁhﬂ\ Jasl g et syl allda jady ) gall <l yzall
(0aliy o)) Jsbag sedll 5 aaay () Jslag sedand) 5 ) ya G o gL ) died (Ul ) Jaraia 5l (22a3) 25 ) kg
3) Changes in moisture
4) Volumetric changes in the subgrade or base due to ( frost action , loss of support, plastic deformation)
Stresses due to Wheel Loads (Axle loads)
Stresses in rigid pavement due to a single wheel load (Westergaard Theory)
@50 a5 ey I Max. Bending Moment) ) 1«31 Al 340 o) sy s Bending moment < Jédy Ladall (e g 5ill 18
—rAdia) bl gall 8 Jaad) Jaglisd (pe Al Culalga ) Gy ) (8L 3 IS jid 5) o) ) o al)
1) Corner Load (wheel load distributed uniformly upon a circular tire pavement contact area)
d

Aaliiia 5 ) sac & 5 Jalusal) Jaall Gl (i st 3 IS Sl
Al (A Gulaly Lo gaim ge JSAI 4 iy ulai daliss e a

aal) 5850 b a1 38 5al) g3 Caumia o Casmy Lot a
Sl 5 Sy elad o Galag adall (b iy SIS
cantilever «_yal

N
N
AN

Bisector-.

a:- radious of circular tire pavement contact area.
2 2
a’=22" > a =av2

Tensile stress at corner o, = izp [1— (%)0.6]

o. = Max. tensile stress at the top of the slab in direction parallel to bisector of corner angle.
S Al gl 5 Cimial (5l po laly  Aiidall s 3 arny 1) dlga) L)
P = effective wheel load = static wheel load*Impact factor
Dkie ) ety 32 63 80 11 838 5 Jaad) dadd 2o 38 (63 garllBlaiVL <l 3l Fia) Gaad Gy phall e A jall 38 jaldam

¢ = Radius of relative stiffness = A En3 E:- Modulus of elasticity of a slab
t= 12K (1-42) h:- uniform thickness of the slab.

K:- Modulus of subgrade reaction (PClI, N/cm?)
n:- Poisson ratio of the slab.

Older formula
X Adlisay g da 50 45 4yl 3 (B35 48 sl g cantilever ¢sSs il (L (s Al

M=-Px =0, =4
max ] P
_ —Pxh/2 _ —6Pxh _ _ 3P inn — \ 4
Umax— 3 = 3 ———Z(tenSIon—Comp) T T T T T T T T T T T
2x*h* /12 2xh h IIIIIIIIIIIIIIIIIIIIIIIIIII
TABLE 3.1. of M UL e e e e e i |
(pe = O.15 E = 4,000,000 psi) i
£ Gnl) k¥ = 50 £ — 100 k = 200 £ = 300 k¥ — 400 £ — 500
9.0 47.22 39.71 33.39 30.17 28.08 26.55
o.5 49.17 41.35 34.77 31.42 29.24 27.65
10.0 51.10 42.97 36.14 32.65 30.39 28 .74
10.5 53.01 44.57 37.4a8 33.87 31.52 29.81
11.0 54.89 46.16 38.81 35.07 32.64 30.87 4
11.5 56.75 47.72 40.13 36 .26 33.74 31 .91
12.0 58.59 49.27 41.43 37.44 34 .84 32 .95
12.5 60.41 50.80 42 72 38.60 35.92 33.97
13.0 62 .22 52.32 43_99 39.75 36.99 34 .99
14.0 65.77 55.31 46.51 a2 .02 39.11 36.99 X
15.0 69.27 58.25 48 _98 44 .26 41.19 38.95
16.0 72.70 61.13 51.41 46 .45 43.23 40.88
17.0 76 .08 63 .98 53.80 48.61 45.24 42_78 X
18.0 79.41 66.78 56.16 50.74 47.22 44 _66
19.0 82.70 69.54 58_48 52 .84 49.17 46.51
20.0 85.95 72.27 60.77 54 .92 51.10 48.33
21.0 89.15 74.97 63.04 56 .96 53 .01 50.13
22.0 92.31 77.63 65.28 s8._98 54._89 51.91
23_.0 95_.44 80.26 67.49 60 .98 56.75 53.67
24.0 98 _54 82 .86 69.68 62.96 58_59 55.41
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2) Interior Load (<wsiY) JS 3 Aledall () xiey & o e JSAN 4 iy Ll Aalise Jaluy Jeall 0l (a8 1S il

0.316P 316P
o, = 23 [4log, ,(£) +1.069
1) if a<1.724h special theory
b =+1.69°+h*-0.675h
2) if a>1.724h ordinary 1‘neory

b=a

Where:-
b:- radius of equivalent distribution of pressure at the bottom of the slab.

P:- wheel load ( increased by the Impact factor = effective wheel load)
oi:- Max. load produced tensile stress in the interior of the slab ( Occurs in the bottom of the slab directly

under the load)

2a 2a
/’ ‘\
h Thickness|  ,/ \
iniielnteeiieieieleieef ofslab | / N\
/ \
. . . ™ . - IJ __________________________ x\___
a=b 3L ;S a5 ¢ Sy M Akl e e S0 (a) OIS 1 8 Al N g5 1) el e ASpan Tl
Ordinary theory Special theory
3) Edge Load — I
)
0. 572P

o, = [4l0g,,(;) +0.359]

C. : Max. Load produced tensile stress %
In the bottom of the slab directly under load P at the

Edge and the direction parallel to the edge.

oS 23l g S8 Hal sl g dass sl Clalga) cavas
Multiple Wheel Loads ( Influence Charts) (513 sbis dleal 5uS) Sany (ol )adl gaa ala 38 &l yilall g LS jall ) glatil Ao

Pickett and Ray's Influence charts ( the main assumptions are;
1) for interior load a) winkler springs ( dense liquid) b) elastic continuums

2) for edge loading.

1) Interior Case

Lail) dalse -7
Block Block e @'
+ - // P
. » n-direction e - N\ ollaall o jalf Blas
Origin Gllaall ajall Blas) @ _
Gl gllaal) ddadsh)
Lz ol
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Jadl @) ghd
Origin point .Ja¥) ki (§ 68 L o jall Clua o llaall ddadill i 23y (1
n-direction Lead o al) Clia o sllaal) Adadill o jall ol Cundii 24 (2

( bending Moment sbsi¥) aje (e dimadad Al jaic J€) ol (e dime dalus Sl element r=ie S (3
(s seall s Y alayl s dlllia (4
k_ijsu\ ww\‘;\w\&dﬁﬁg&w?m)wgwaﬂyfb)@\ Q‘}M\BAA (5

Hvof concrete=0.15 L)-“LH!‘ ij“- 4-4_9-&‘)-&\ QLLM\ (6
1) Find the radius of relative stiffness| ¢ — 4/—Eh® _

2) assumed /=5 cm 12 K@A-22)

e ) oy (ubitan Jaall JS5 ausy aami (g) o 5 sl O o e sthaall Guliall () sl J g
220l (sl pJadl A 2 oy Gl
(Sl LN e 2t g Lpdary Al Gl yall dae Cauaig 0 (38 4y sllaal) Adail) i) EY) oVl (1
n-direction g ddmae 45l 5 deay 33V QK (2
oMle) i g1 etaa (e Adlitia Uy 5 JSEN 505 Allall 838 b a e ,S) cla costladl) S 131 (a
o 5 L5l G ABBall s 55 450 5 JSD a jedl a aas (b
M = PN aiad) Gl
1) Uniform load 10000

- i m m
2) Non-uniform load M — RPN, g2 P *N
n 2 ‘, 10000 ~ 10000 i i
Where:- i=1 i=1
m :- number of tires.
P; :- Tire pressure for i tire.
N; :- number of blocks with in the tire.

Scale (radius of relative stiffness)

Figure 3.19. Influence chart for deflection of concrete slab due to a load in the ir‘ucrior.
(Subgrade assumed to be a dense liquid. Poisson’s ratio for the concrete = O.IF).) (From Figure 1
of Pickett and Ray, “Influence Charts for Concrete Pavements,” Transactions, ASCE, 1951.)
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-
Y
[ S,
77 13.6%
S

Negative Blocks

Figure 3.21. Influence chart for the moment M, in a concrete pavement due to a load in the
interior of the slab. (Subgrade assumed to be a dense liquid. Poisson’s ratio for pavement assumed
to be 0.15)) (From Figurc 3 of Pickett and Rav, “Influence Charts for Concrete Pavements,”

Transactions, ASCE, 1951.)
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itive |Blocks | Negative [Blocks.
i
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)

Figure 3.22. Influence chart for the moment M at edge (point 0) of a concrete slab due to a
load in the vicinity of the edge. (Subgrade assumed to be a dense liquid. Poisson’s ratio for

pavement = 0.15.) (From Figure 4 of Pickett and Ray, “Influence Charts for Concrete Pavements,”
Transactions, ASCE, 1951.)
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T
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— b
1 i
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4 } R — T
{ — ;
i } ]
i 4! | 1
] | 1 L |
Fmyn 1] ' T
— 1
D e B S H
i b
{
,,j? 1 —— =
T 1| 0 ) b i
1 1 ] ; —
i — 7 1 '
b
L
Al B .
I B0 t |
S - i
1% T
- 1Y) 1 1
i =
: [ -
—t T rl I —t
1 1 ) 580 O b )

Figure 3.20. Influence chart for deflection at edge (point 0) of concrete slab due to a load
in vicinity of the edge. (Subgrade assumed to be a dense liquid. Poisson’s ratio for the concrete
= 0.15.) (From Figure 2 of Pickett and Ray, “Influence Charts for Concrete Pavements,” Trans-
actions, ASCE, 1951))
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Example: - Determine the stress ( Max. Stress) under the central of tire No.1 of the multiple wheel assemble
shown in the following Figure. For indirect of position on the interior of 14 in thick concrete
pavement knowing that the total load on the assembly is 160 kips, tire pressure 150 psi, K=100
pci , E=4*10° psi, u=0.15. Assume the tire pavement contact area having the shape of
rectangular with semi-circular at ends.

dual spacing 30 in=n
——p!

Solution
) daliiie 5 ) geas & ) Al G fi Jeall 155488 Syl Al (1
(A Jeall (e A€ (o) Aalatia yie 3 ) pay Jaall g 50
Load on each tire= 160/4=40 kips

m

Contact area = axle load/ tire pressure N 22.61in
A= 40 000/ 150 = 267 in’
A=0.52274 L* = L= 22.61in

axle spacing 60 in

13.56in 6.783 i

v

—>
9.044 in

Gl (3

52‘{/ En? :4{/ #1108 _pE 31 in
12K(1-1°) 12*100(%-(0.15))
bl g o3he ) Jlaa¥) ans yi s ans ) Guliie s (4
55.31=5.5cm
226 =L = 1=2.247 cm
13.56=0.6 L = 0.6L=1.348 cm
60in =m = m=5.966cm
30in = n = n=2.983 cm
el il (358 Jabaddl 13 bii (5
—ALEN Cpe ALY S g JUai IS Lealany Lﬁm block 2= sl (6

Tire No. Ni (no. of enclosed block Sum
1 4*49 196
2 2*17 34
3 1*24 24
4 20.5*2 41
total | 295 blocks
ol s (7
M, == 10%002 B*N; = 5156%18(2) *150*295=13537 5"
i=1
Cax =10 = =223 =414 psi
S il 2 )
h/2 _ 12h _ 6
1*h3/12  2h®  h?
—eeanda
o AklS el alsludl g

b Ll o 3adl b Ll (any 5 S b
Aol 355 5+ (o Joaldll okl e el Sl GG B
S Faliadl) (e Jllal) A Jias (530
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Dual Tires Simulation

Since all Westergaard’s loading stress equations for a single tire print are circular loading area based. It
is necessary to convert dual tires into a single circular loadinag area, followina equation allows for the

conversion from dual tires to a single tire (Huang, 1993). | 2d N
| |
1
_ f08521 P, +L£ P, JF
TV gx T x los27g 0.4L L
Where Pd = load on one tire
q = contact pressure (one tire)
Sa=  dual spacing (center to center) 03L '
06L 7 &4-06L 06L
Stresses due to Warping ( Curing stresses ) zase Y o ol sV e dailil) Cilalea )
at day-time (summer)
aaatll ) dddall Jaad SUA uS) 5y oS8 ) A5y yallda
Temp. at top of slab o Aaeall Jas NS 0585 AoV (5 adl As 0

e da o AoV A OISOV ad 8 Janaa b Caasd Lot LSl

hI/////// i lgle Laliy Ly Galiil) ) Joai SN ALE Jaul) 85 ) )
Temp. at bottom of slab

At= temp. differential between top and bottom.

1) at night-time ( winter)

Tim e Ly (15 alil] Il lad AL e 355 sl i

Temp. at top of slab | AL
I///////‘ Aadall Jausl (b (Sally 5, Jons sl) B i i 0 Lgd s

Temp. at bottom of slab

s
Temp. gradient from top to the bottom of slab observation of temp. different between top and bottom
of slabs , temp. differentional in day time partially in summer after the sun has heated the upper surface
ranged up to 4 F° per one inch of depth.

at day time _lelu 4 F°
lin 1in

0
4F at night time  Jillu

At night after cooling the temp. of the surface was below that at the bottom by as by as much as 1.5 F° per
inch of depth.

Differentional in temp. between day and night. ( Westergaard — Bradbury, Edge stresses)

C*E*& *A
o — . t  — atedge
E* e *A, | C,+7C
o= 2t t[ 17 2} — at interior edge
1— 42

C, :- Coefficient in the desired direction ( C,).

C, :- Coefficient in the direction perpendicular to this direction (C,)
& - coefficient of linear thermal expansion ( 10 per °C).

u :- Poisson's ratio.

E :- Modulus of elasticity.
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Temperature’F
Ty = Ty 30 40 50 60 70 80
i 5 :
. - 1

Depth, in.

10

Ty, = Bottom Temperature

Warping Joint (Oilada G Adlis (adl)
Lx :- free length of the slab x oladly (pliada (g Adlue il
Ly :- free width of the slab y olails (liade (n diluse sl
12 | T
Oy - | , ;//-\j\ ey
‘ X 10— | ! ]
{ s i
ERENEE" |
. os | /
Construction joint : /

Ly

Lx J5 Josliall (3 Filosall J5 LIS
\4 GataS Jalad 22all) Jualéa S
i g el (55 s

Values of Cy and Cy
o o
H o
T

_,*f%,,ﬂ
\

S .. R R NS (S
\\

02 |+ . b
| ‘ ERE ‘
Lo fo
/ i

4 —
Lx Lx 0
prd 0 2 4 6 8 10 12 14
~ Values of Ly/l and L, /1
Figure 3.4. Warping stress coeflicients. (From Bradbury.)

Max. Cx, Cy = 1.025 at Lx and Ly=9 at prestressing large length ( airport)
lalea ) el ol alagl 33 40 ) jad) Cilalea¥) (e paladll )
Example:- for a concrete slab thickness=10 in , width=10 ft , length= 30 ft with the properties given below .
Find Max. Combined flexural stresses in the interior slab;

- Static wheel load= 8000 Ib.

- impact factor = 1.475

- Radius of circular tire pavement contact area (a)= 7.8 in.

- E of concrete = 5*10° psi

- pof concrete = 0.15.

- Coefficient of linear thermal expansion of concrete = 5*10~ in/in/F°.

- Temp. differentional between top and bottom of the slab at day time= -3 F° per inches thickness.

- K=100 pci.
T 4 5*10° (10)° _ -
=4 12K(1-4%) \/12*100*(1—(0.15)2) =45.431n

Solution:-
1) Stresses due to wheel load.

1.724h = 1.724 *10=17.24in>2a=7.8in so that used special theory
Than b=+1.6a*+h*>—-0.675h=7.297 in
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o, = 2316918004 0g, (4342) +1.069] = 15.83 psi
o, = 057211800 4 |og, (£5423) — 0.350] = 238.65 psi

107

2) Stresses due to warping temperature.
a) Stress at day time tangential stress.

Barll pa Lol iy 5 ) jadl A oy il ke

at day time Ll
1ft

lin =4F° 3F°
10in=x so that x= 30 F° differnational temp. Between
Lo_ i%’;lg 7.924in Using above figure to determined C,= 1.05 &
! ' %
C*E* g, *A 6 —6 £
_ t 7t _1.05*5*10~ *30*5*10 _ ; @
e = > = > =393.75psi §
b) Interior stresses
Ly _ 10M2 _ i _
~ =5 =2641lin =C_=0.07

* o~ * x _ Width 10 ft
o= BT G Co | 52108 %30%5%1076 1.05+.0.17%0.07 | _ 406 841 psi
Xi~ 2 -2 | 2 - U0.045p
—p 1-(0.15)
3) Combined stresses
Edge stress Interior stress
Load | Comp. at top and tension at bottom=393.75 | Comp. at top and tension at bottom=406.841
b_/é ¥/
— ~— T
Temp. | tension at top and Comp. at botton=238.65 | tension at top and Comp. at bottom=15B.308
_ + \/_&\\
S~ S D P C_____--
total 393.75 +238.65=632.4 psi 406.841+158.308= 565.149 psi

Stress due to Friction( stresses due to uniform temperature)
w&;ﬂl_d\ 45);1\ MJM:\AL&_}\JLP\ ﬂyas‘)aj\‘éﬁja;}ﬂé\s_);umn_)\)ﬂ\ L_}BJM#.\AS\ ‘):u_'m Cre Al clalgal!
 Adall Jid) pe SSEAY)

1) Uniform temp. drop = Construction
1

! 2) Uniform temp. increase = Expansion
—p— :

——>

51y s 4 el g .
6}33\3)4a)\);.‘\4|\;)3u413;4\4;.\4 '

0o o (LSS S ja Caaad (3usadll) 658 J 5,0 all e o saly 3 das
ANiAY (5 8
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L

L
< Il ‘/—R QSJAJ\EAAM}wﬂlcjﬂ\u\ﬁpc‘;ﬂ;ﬁﬁ&dﬁdw\)‘@\%ﬁd
4 i Free edge il olady aulas MSial (5 8 aand g Ml g (i )V e ulla 43y
: or 4l e dhaludl 3S all 5 8 e Ay g (pressure earth resistance )
: Free Jot O Lani LS5 jhum = NSiaY) (ld Ul 5 48 ja a3 Y S al) 8)
B | SIRICIEIE T E, 5 (S5 212 9 AS pall ala 5 S yall
| _» ! 0.06 in (st (S AlSial b Ciaay Al ddlisal) Gl 2 5 sl SIS e
: Min. amount of displacement required to be fully
v i friction at 0.06 in from center of plate
Free edge ! Xo(ft)= 1000/At
or !
Free Joint ! .
reeom ; At= uniform temp. drop (F°)
. Fully
- mobilized
\ friction of
+ i resistance
T /2 Xe1 Xooo Ly/2 SSiaY) Ao slia
LK) sl

Case (1) if X, <L/2 (L in both direction L; and L,)

a) Normal distribution

1) X=0, y(0)=0

X=X, , 6(X,)=fm(Max. value for the coefficient
of subgrade resistance)

= a=0

Two cases for X,
—rlea Cpllaialy o 6So 08 ddlual) 33 lase
e e ()5S0 GSIY) Elilgal a5 G ol Baadls

X y:O

fm
Parabolic distribution

( Max. mobizied friction resistance) — within Xo
fm=a+bX0+CX02 -1 W‘-I—X;’ Y=a+bx+cx2
° (a, band c are constant
2) (P, =0 =y =b+20x =Y/(x)=0= b+2cx,=0 --2 Y
fm=-2cx,"+cx,” = fm=x," =>c=fm/x,
y=0-2*Fx+ X
parabolic distribution equation y =2Mx — ;—T x> for 0<x<x,
b) Equivalent uniform distribution of subgrade resistancg,. -0
A pbl) gyl 328 (1 y
Area under the parabolic = jy.dx A (LT ——4
x=0
XX ~— Parabolic
2fm xy M zb _2 * — e | > distribution
I[Xo X x2 X' pxo = area =3 fm =X, L/2-X, ° within Xo
x=0 Y=a+bx+cx’
Total area of friction resistancefor0 < x <= ! v (abandc are
) % /L L ! constant)
§fm Xo+fm (E_Xo):fa 2 :
I A average
fa=fm(1-2*2) forx <Lt | ¥ mobilized
( 3 L ) ° 2 friction of
resistance

L/2
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Case (2) if X, > L/2 [short slab] osbe¥) z )& S5 ¢

a) Normal distribution

. fi
X=Xo , y=fm=(;/)(O ”C:\/%: y:fm /%
X

c) Equivalent uniform distribution of subgrade resistance.

N = frictional resistance =fa*w*1*X
w = weight of slab per unit area
Nox = Max. N atx=L/2

_ fa*wrly
Nmax - 2

o. ; unit tensile strength in concrete.

fa; average coefficient of subgrade resistance.

h; thickness of the slab

L/2 S 0 SIS S ;U ddlsal

) L/2 ,

M

fa*w*L. fa*w*L, fa*w*L.
* — 2 i — 2 1
A: O, = 2 = 0. = Nmax A, T 2*h1

fa*w*L,

0, = —5m-(psi) h=in,w=psf, L=ft

av. fa=1.5 (passive earth pressure)

A,

fa

/

Influence area

Spacing of Tie bq_

b

A
A 4

Contraction due to drop in temp.

e Uniform temp. drop = contraction =tension = cracks
e Uniform temp. increase = expansion = compression

_— — — >
Friction resistance

i

1
; Normal friction diagram

! Nmax
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Temperature Reinforcement
Wire fabric or bar mat reinforcement may be used in rigid pavement slabs for control of temp. cracks .The
amount steel needed to hold attack intact is calculate by balancing forces long the horizontal plane.
Jon) ZE) Al g S50 ) A1l G350 e 5 agud) (i il aloall Ll il 3 el a5l BRC ASud pladiial
Al pall clalga ) pabiaial axdied aall Ll Jlea¥) Jaglss (e A3l clalga )

1) Steel distribution paall a5

2 inch below top surface of slab help in preventing shrinkage A

Cracks.

£38 aludll paa 13 °
(LS (o 2T (3 AN e 5 shasdl o 53l (1
SV L) Jagess (e = ) gty 5 el A1 Caaat (S Y Blalie b (2 ’\
358 sl auaid (Gl dariin g (358 A0 ) 48 Caad il s

2) distribution equation. Longitudinal steel I 2"

a) Longitudinal reinforcement skl 3LVl sl

N, (steel in longitudinal direction) = "% Transverse jfj%/

A *o, =200 o A =20 in? ) ft width

2*o,

where:-
AL : required steel area per unit width (strip unit) [ steel in longitudinal direction]
L; ; length of slab (ft).
os ; Allowable stress in steel ( psi).
w; weight of slab=y*h=psf ( Ib/ft?).
v; unit weight of concreter , h=thickness of slab.
b) Transverse reinforcement

A *o, = — A=W 02 ) fi length

2 2%,
Ar=required steel area in transverse direction per unit length.
-5yl (8 gi — Jualdall 22 34 Jo paad) dneS U6 (Kay ) sl 4 2l 35 ol (a je g J gk dla p WIS (1
] . laall (8 LS, sl ala 5y (o g ) clon 33l ) v catul) ¢ ala WIS (2
@AM\LSQAL“M'“ 5 Uad) o Jadtal Jaady (3

Example:- a 2 lane highway rigid pavemer{fis 24 ft wide with a longitudinal warping joint in the center,
transverse construction joints were placed at 50 ft intervals , calculate the amount of longitudinal and
transverse reinforcement in the pavement if the slab thickness is 12 in , assume average coefficient of
subgrade resistance (fa) =1.5, unit weight of concrete (y) =150 pcf, working stress of steel =43 000 psi.

Solution

w=y*h = 150 Ib/ft** (12 in/12 in) 1 ft = 150 psf < 50 ft R
A =B0h - 13150% _ (0131 in?/ ft width Ti 8o Ilz ft= lane
2 e I | |
Longitudinal joint SEFE i1t
_ 15%150724 _ -2 _
AT —W—OOGZS in“/ ft Iength Ilth lane
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Wire Reinforcement Institute Guidelines:

e Minimum wires W4 or D4 (because wires are
subjected to bending and tension)

e Minimum spacing 4in (allow for PCC placement
and vibration) — Maximum 12x24

e Wire fabric should have end and side laps:
= Longitudinal: 30*Diam. but no less than 12”
— Transverse: 20*Diam. but no less than 6”

® Fabric should extend to about 2in but no more
than 6in from the slab edges

TABLE 4.3 WEIGHTS AND DIMENSIONS OF WELDED WIRE FABRIC
Cross-sectional area (in.2/ft)
Wire size no. center-to-center spacing (in.)
Diameter Weight
Smooth Deformed (in.)’ Tb/fe 2 3 £l L B 10 12
W3l D31 0.628 1.054 1.86 1.24 93 62 465 372 31
W30 D30 0.618 1.020 1.80 1.20 90 60 .45 .36 .30
W2IR D28 0.597 952 1.68 1.12 B4 .56 .42 336 .28
W26 D26 0.57s 934 1.56 1.04 .78 S52 39 312 .26
w2a D24 0.553 B16 1.44 96 Sy 4 .48 36 28R .24
w22 D22 0.529 748 1.32 88 66 .44 33 264 22
W20 D20 0.504 680 1.20 80 &0 -40 -30 .24 .20
WIis D18 0.478 612 1.08 o ] .54 36 27 216 -18
wWi6 D16 0.451 544 96 .64 48 32 .24 -192 .16
wWi4g D14 0.422 476 .84 .56 42 28 21 168 .14
Wiz D12 0.39%0 408 Sy 7 A .48 36 .24 IR 144 A2
Wil D11 0.374 .374 66 .44 .33 22 165 132 .11
WIi10.5 0.366 357 .63 .42 315 o ] | 157 126 105
wio D10 0.356 .340 60 40 30 -20 .15 -12 10
Wo. S 0.348 .323 57 .38 .285 -19 142 114 095
Wo D9 0.338 306 .54 .36 27 18 k35 108 09
WS8.5 0.329 . 289 -51 .34 255 A7 127 102 085
W8 D8 0.319 272 .48 32 .24 16 = - 096 .08
WT.S5 0.309 255 .45 30 225 .15 -112 09 0TS
wWT D7 0.298 238 42 i 21 14 105 084 .07
W6 S 0.288 221 .39 26 195 .13 097 078 064
wWea D6 0.276 204 .36 .24 18 12 09 JO72 .06
WS5.5 0.264 187 = X B 4 165 11 .0OB2 JDG6 055
WS Ds 0.252 170 30 .20 13 -10 075 06 .05
wW4.5 0.240 -153 27 .18 -135 09 067 054 045
W4 D4 0.225 136 .24 16 12 08 06 a8 04

AASHTO Guide 1993 Method(Maximum Recommended Tie bar Spacings)

'/’ ~\,\‘ O
P4 “~%};\ e Note : 48" maximum spacing recommended.
ATy
RSN # 4 BAR #5 BAR
%{:"‘ 9¢,.| GRADE40 | GRADE60 | GRADE 40 | GRADE 60

8e . 711012162224 | 1012162224 1012162224 1012162224
| Warp ””:”,‘-"5,,,7 1€ | 4}347}‘}&23 38 48 56 2E 24 4E 48 48 40 36
9“ Butt 26 22 15 12 1 40 31 25 18 16 42 25 26 18 17 42 48 29 29 26

Warp| ¥4 2822 16 14 | a8 42 32 23 20 48 44 33 24 22 <48 48 48 36 32
U
10 | But | 24 20 15 51110 36 30

v

316 14 ¢ 38 2124 17 € 43 47 35 26 23

guiee) Sl P S Dy T S AV 2RISR V0

Butt 2218141109 4372115 M 34 29 21 13 14 23 43 51 23 21
‘;12. Wap| 2825 81312 a23527 19 18 | 44362820 18 | <A 454130 78
‘ But | 20 16 13 9 o | 2025 19 14 13 | 3' 2620 14 12 | 47 33 29 21 20

Warp joint: a sawed or construction joint with a keyway

Butt joint: a construction joint with no keyway
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Design of Tie Bars ( Load Transfer Device); lying 2 slabs together without transfer load

Load transfer" is a term used to describe the transfer (or distribution) load across discontinuities
such as joints or cracks (AASHTO, 1993). When a wheel load is applied at a joint or crack, both the
loaded slab and adjacent unloaded slab deflect. The amount the unloaded slab deflects is directly
related to joint performance. If a joint is performing perfectly, both the loaded and unloaded slabs
deflect equally. This efficiency depends on several factors, including temperature (which affects joint
opening), joint spacing, number and magnitude of load applications, foundation support, aggregate
particle angularity, and the presence of mechanical load transfer devices.
Lol (pe gl Lo sagll e gl b cam sl DS iy Alaal) s Jaylis dind (3880 o) Jusaliall JSA Jaall w555 ) Ji Alee Clua gl iy mllacae Jaall JibS

( Coitaal) Jay 5l i 310V (5 ). Jacaiall 31 Cansa slanll

llllllllllll e T i e 5 . sl

[}

I — *

! Nmax= O™ A
1

At = cross sectional area of the bar ( circle or square)
oy = allowable working stresses in tie bar. 2
f = frictional coefficient ( coefficient of subgrade resistance ~1.5)

b = distance between tie joint and the nearest free joint or edge. /
w = weight of slab per unit area = y*h Influence area
a, = o*A  required spacing for tie bar

f*w*b Spacing of Tie bar |

AASHTO ; recommended that spacing of tie bar should not exceed 48 in
(120cm = a; <120 cm).

Length of Tie bar

Gl dlgal ) Bal giall lalga¥) ke o adins s bS58 sl A 53 Jsll ke [ b

a0 Adlisall ) Clalga) o 53y S5 58I 5 sl (483 53 sall a3 (5 58 Bond stress

A 4

Contraction due to drop in temp.
<+

(g._\;uﬂ\djﬂ:\éjm&\i@é\&gjﬂ —>
Calalga) Al gy K &I s aaally (LELSI ) Gl Caand 250 Culalga dam :
- - - - - - - - - 4_ <_|_>_>
. Gl Slalga) (oo oLVl LSl 5 laially Led 2y slaso gt il anSlas pricion racio S
For rounded bar L !
— ——
Y 8 7 Nmax=0:*A;
Total length (L)=2*L + 3 in : ] —sp ;}’7
. = K " I
3in; allowance for centering ; Normal friction diagram
SO0 Nmax=0:*A: = T *(L*)*n*d=0:*A; \
The L* __ Oy *At
— 7*d 7y Diameter of tie bar

Note; the bond stress assumed = 350 psf

Tie bar transfer tension stress

Juabal) ABhia & bl A ddhia Ciadl
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Joints in Concrete Pavement
Joints are vital to control cracking and horizontal movements of the pavement. Plain concrete pavements
without joints would be riddled with cracks within one or two years after placement.
Leva (e 0l 5l Al 2ay (380800 Caat Jealdal) (508 Jaglall daydal 4881 A< jall 5 (358800 e 3 ] Lgaladiul (S Al 5 Jualial)
* prevents random cracking and other potential problems,
* allows concrete to crack at predetermined locations,
* prevents faulting, and
* extends pavement life.

e (Classification of joint according to location;
1. Longitudinal Joint Gaobll (J ghall slai¥l Juadall

sadg mhaud) s ) gall Sl Ha il e a3l warping Slalea) Wl Jaxig 4.5 m oo (iaall 313 13 Al ghall Jaaliall Jaas
Jiu hinge daaiaS Jasi e lilaal (308 ) saal (S (Laa ) ) Tie bars aladiuly sl lasy ae oy 55 lalall 45,
acall (e il o e
are necessary to control cracking in the longitudinal direction due to warping, expansion and shrinkage
stresses caused by temperature variations when concrete is placed in great widths. They are constructed at
lane lines, typically in multiples of 12 feet. Where there are no lanes, longitudinal joints should be spaced 12
feet apart, but no more than 14 feet apart. When widened slabs are used, longitudinal joints are omitted at the

edge of traveled way. Transverse Joints with Dowels

Longitudinal Joint

/ with Tie Bars \

L1 1 1 1 | 1 1
T 1 1 ¥ ¥ 17 | B |

Wire ‘I 3
Fabric ;V

i §

30 to 100 ft 1

2. Transverse Joint Gl a2l SlaYL Jaadall

Is a joint formed when?
(1 concrete is placed at different times, or
(i)  when paving is interrupted at the end of each day’s paving operation, or
(iii)  The paving is interrupted for more than 30 minutes.
An additional 42-inch long longitudinal reinforcement is placed in the transverse contact joint on the same
plane and twice the distance as the longitudinal reinforcementss.

Transverse Joints with or
without Dowels

P
1 1 1 1 1 1 1 1 1
Ll 1] 1] i | 1] || 1] 1 | '_
q-
3. Skewed Joint 15 to 30 £t | 15 to 30 fr !
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ol 0815 (oampadl oL Jaaia ) 213 3 Jualadl da agll laia ()l Ul g Jhade o dia | ady 38 saal) (8 LS all 48 jal da

:\.SJ;“ obﬁ\ ‘;c LJJ}A;
Note:- a 4 to 5 ft skew on a 24 ft width pavement will result in only;
1) one wheel crossing the joint at any one time.

2) This skew result in better load transfer and improved riding quality across the joint.

| 24 ft Transverse joint

4-5 ft ()

Longitudinal ioint
e Classification of joint according to function ; Al sl s (i)
a. Expansion joint (Transverse joints for the relief of compressive stress)

st 5 5l dn s sl o Il a0l s iy e Camg L e 5 LS JalSs Al 2 il (o5 Jlasl e 5 e
AS Al 4 (1 0SS ) e el Dliial 5

el s e et ¥ 83ley Joadall Sy o)) i (2

Sealant Al elall ~ladl a2al sealing o33 Ll Jaxi (3

materials _,_US_'}S}\ P aaal) ‘_A‘; ;',Jjj\ LGJ (4

3/4 in. minimum

1/4in ® 60 © = T
h/2 Lonn PRED % Seal with plastic material
0 DO@ Expansion cap 9 E 5
h/2 / - / fixed g /)g ~&~ Expansion cap
\ é Smooth, lubricated dowel bar
<>
P x_ Filler boaId \ e Non-extruding filler

This half of dowel in fully bond with concrete L
(<) cuSiosll pa (3uadlia (198 £ 30 120

This half of dowel to pointed and greased to provide slippage in slab
TS A Jagud e o) Esmnaa 0553 500 120
X=Joint width or opening ( 3/16" to 1 " depending on the local and distance between joints)
Expansion Cap BY I dagul 508 5l o0
Caal

Expansion cap

joint filler
According to AASHTO

e The paving function an expansion joint to prevent the development of damaging compressive stress due
to volume changes in the pavement slab and to prevent excessive pressure being transmitted load
adjacent structures.

gl Caadl Adatiall culaleay) Julss g dianal \a\)@\w@m\m all dlga) s oo Jiadall Aoyl Aads ol

e Ingeneral it is considered that expansion joints are not necessary for rigid extensional adjacent to

structure.

e Unused conditions, such as cold weather construction or the use of materials with a higher coefficient
of thermal expansion may require special construction

pr Abdulhag Hadi Abed AlL
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Jeamiall I 2 Uinsy Allall 53 i 5 lad) 5edY) 8 Jeadall oL ()5S0 o oy 23l Juaie 3l ) (San —ziailay ) ciliua) gall
B 058 Sy a4 Caand UL o da all 338 s 2345 5350 Ao o (e | (A Gia e 38 (58 jS3 58l 5 el s a8
) sLaiY) die 2043 e
b. Contraction Joint (Transverse joints used to relieve tensile stresses from temperature drops and
moisture variations in concrete)
Aughll g aall da el (e il a0l 2 Cilalga) (e paliill Jeaia) 138 adiiey
The purpose of contraction joints is to provide for any ornately arrangement of cracking that
occurs, if the joints are property designed and spaced a min. of cracking outside the joint would
be expected. This joint may be sawed in hardened concrete or formed by plastic inserts

Seal with Seal with
plastic material plastic material [enoor
i h/4 Lubricated 7y
h 4¢— to smooth “h/2
h/3 N < S —
dowel _~»
v bar
(a) Dummy Groove
Felt, asphalt ribbon Felt, asphalt ribbon
or asphalt board strip or asphalt board strip
¥
) $§ ha Lubricated % A
to smooth ‘Lh/2
h h./3 Q > N
dowel o
v bar

(b) Premolded Strip
2055 il Alooe JE5 i guid il i 358 (m 5 e ¥ it undad qaind (ol (yo el 5 il Alinn Q5 e Jans (1
Lagin 5y saanall A8huiall & (3 sd Caaady 05 Cilaleal Caany Gl dah i)
Dowel bar s aaaius Glalgal) 3l Laliaial (a yal (2
c. Construction joint
The transverse construction joint should be placed at the location of the contraction joint

First slab [ First slab

d

S
a Smooth, lubricated

dowel bar
(a) Butt Joint at (b) Key Joint for
Contraction Joint. Emergency.

can be used to relieve curling and warping stresses , as shown in fig

steel plate
.
! Def%rmed bar % Deformed bar \ Deformed bar
4 : > & % £ 1Y 4 [l ,
(a) Dummy Groove. (b) Ribbon or Premolded (c) Deformed Plate.

Strip.
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Joint Sealing Materials ; which provided

e Capable of withstanding repeated extension and compression as the temperature and moisture change
e (Classified as field molded and preformed.

e The compression of seal ranges from 20 to 50%

W W
1/4" below Surface Sealant Material 1/4" below Surface Sealant Material
D} Dy

Tape to Prevent Rope or Rod

Sawed Joint Face ]S?'ogd betw&a%l Back-up Material

e- 'ant . e Sawed Joint Face Initial Saw Cut
— Initial Saw Cut or Inserted Strip

or Inserted Strip

There are 2 types of sealing presently for sealing joint
1) Liquid Sealants (these materials are placed in the joint in liquid form allowed to set.
a) asphalt ( Mastic asphalt).
b) Hot —poured rubber ( palull ) )
c) Polymers.
2) Performed elastomeric seals (these are extruded neoprene seals having internal webs that
exert an out word force against the joint face.

Reservoir Dimensions for Field Molded

Sealants
Joint spacing Reservoir width Reservoir depth
(ft) (in.) (in.)
15 or less 1/4 Y2 minimum
20 3/8 Y2 minimum
30 1/2 Y2 minimum
40 5/8 5/8

Joint and Sealant Width for Preformed

Seals
Joint spacing Reservoir width Reservoir depth
(ft) (in.) (in.)
20 or less 1/4 7/16
30 3/8 5/8
40 7/16 3/4
50 1/2 7/8
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Load transfer device
Dowel bars:-

Dowel bar stresses (shear) result from bending and bearing .these stresses can be analyzed analytically to
determine factors which affect load transfer characters.

A e o 055 gl dowel DA e sl 7 5l () Ak ¢ JiE g - ll) () S () ilalga) Al gy (o g Jaad) sl Aas
Yo 50 252y Jiy daall Gl e JS5 a5y e S 138 lias oy 5S5 6SI o Ciaad oy 5S5 S e ety Galang A8 dgad) (ga
i gud & jaia ¢ Jad) 138 ***M***

lp wheel load
S S5 g8l s Saday

”””””” e @ Lo
Lo
Vi

The stress analysis of dowels is based upon work presented by Timeshenko

AAAAAAAAS

(infinite beam on elastic foundation- rail way trucks). 0
4_
P wheel load o0
T Wave form
b $(] Dowdl bar/ NiziEr) S o e
g W
Bradbury and Friberg have presented mathematical analysis Tension Tension
/_\ /\ Deflection curve

of dowel design which are all based upon the principle 1% \/
presented by Timeshenko +
1) relative stiffness of a bar embedded _ skl in concrete ;

ﬂ_4 Kb  where; Compression
~ V4EI

/ Dowel

Yo
& /—'/ X
V

K; Modulus of dowel support (pci, N/cm 3) Py

b; diameter of the dowel bar.

E; Modulus of elasticity of the dowel bar.

I; moment of inertia of the dowel bar. =
According to Timeshenko theory; the deflection of the bar resulting from the load Py is;

Y =555 [R *Cos(/3x) — f*Mo[Cos(fx) — Sin(5X)]] |
e; natural logarithm base. e i i /IJT*/"_

x; distance a long the dowel from face of concrete < S5 Il Zdla (40 Adlisall t
W/2 w2
P;; transfer load

%

y; deflection . 100% load transfer
M,; Bending Moment on dowel at face of concrete.

(a8 (58 gy QI Ao sliall salall LS )aia ) ypanll adae Aalise o 5sSI (5S35 Gy S5 S e Aaline
If the joint width opening is designated (Z) and since the concrete is very stiff compared with steel bar, the
bending moment at the dowel concrete interface can be calculated as follows;
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- 4_Z’(oofnine) N
Shear Force Diagram (SFD) :\..4 ; 1\
Aalaiia 3 ) gy & ) 98 alll Cilalgal ) a8 Q ’ Q
i N
Bending Moment Diagram N : -
ol e gl o 5al —~
|
> M, =0 + T lpt /2 ‘)'V'ok i
z z Jd EE—— \ |
M,+R*3=0=>M,=-P*Z P, . P
Winkler c=ky bearing pressure N o :
%\M&%M\@CMH\M‘@D#M\&Mw\ \\\ /’,’ \\\i\
at x=0 = y,=Max. deflection \\\.' iMo  aMD
y= ;;*; [P *Cos(0) — B* Mo [Cos(0) — Sin(0)]]= sin(0) &cos(0) =0\,

y=ialR-BrMol= iR+ AR *4]

Max. deflection at dowel =y, = A= [2+5*Z]

K*P,

Oy, = KY, = W[ZJrﬁ* Z] K; Modulus of subgrade reaction.

~

~S—_——--"

Owmax,; Max. Bearing pressure on concrete at face.

Values of K range between 300 000 and 1 500 000 psi, since P varies as 4/k , large change in the modulus

don't effect the stress calculated greatly thus the use of 1.5%10° pci appears to be warranted.
Nl i 5Ky Ul 5SS e ke

Dowel Group Action

G 13Led A8a) 3 Jaall )5S Ladie o 5 Al o g 20l (ha de gana alain

Friberg = If a series of dowel bars are design ,the dowel bar immediately under the applied load caries fall

capacity decreasing to zero at a distance of (1.8*L) from this dowel.

|

Where —
L ; radius of relative stiffness of the slab 4 %
12%Kk(1- 12?)

h; uniform thickness of slab.
The deflection profile within 1.8*L can be assumed to be a straight
line. The load transferred to each dowel of a group is a function of the
deflection at location of the dowel.

—>
1.8*L 1.8*L

st s Al ) Jas Lgale Jaliia () o0 5SI5 035 Lead Caany (3] Aslaiall ) Ak iUl 5 i) an ) 68l Aldia (3 585 Jaadl o ) 8
(1.8%L Alue A Lhi s ear g j5i

Q =181 ‘ Load Diagrams
‘ Q Q
i 3 ° ° ° o ° o °
e P=—P
[ ) 1.8 | .
P
P " P+.+P=Q/2 : I 1.81 | 1.81 |
P r 1 L 1 I

3 0.25 | E = elastic modulus of slab
Eh v = Poisson’s ratio of slab (typically 0.15)

H = thickness of slab
k = modulus of subgrade reaction
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e Load transfer across joints ( theoretically , if the dowel is 100 % efficient , the dowel will transfer one-
half at the applied load from one slab to another)
(Jaall 5e % 50 Jiy aal 5 JS8 95 100 3eUSy 552 3 ) o A o Jaalidall cailS 13
e The reduction in load transfer resulting , can be assume to be about 5-10 % , thus the design load
transfer should be 45 % of the design load must cases.
Load Transfer Efficiency
When a traffic load is applied near a joint in a PCC pavement, both loaded and unloaded slabs deflect
because a portion of the load applied to the loaded slab is transferred to the unloaded slab. As a result,
deflections and stresses in the loaded slab may be significantly less than if, instead of a joint with another
slab, there was a free edge. The magnitude of reduction in stresses and deflections by a joint compared to a
free edge depends on the joint's LTE.
Sl 5 Janall e sl SIS Jmiall (e o jilly dabusall Jaall () 555 Ladie Side view
iy 13 5 (SE = 5l ) Jiy daadl (e 6 5 Y Jshad Legd sy Jane
Uabaal (e ¢ ad) 138 308 Ll oSy s Jaall Jii (63 ¢ jal) 30S e |
i { approach slab

» direction of traffic

leave slab T

3Ll

Rapid
iatial growth Levels off
| > Without dowels, the slab on either side of a joint
[ ol g tends to move up and down; that is, there is little
: “load transfer” at the joint.
\ d
g | Without dowels
I
I
o |
=~ : Side view
: Wlth dOWClS » direction of traffic
;
I
| approach slab leave slab
| X
: » dowel bar
Traffic

Dowels help provide load transfer at the joint.

This efficiency depends on several factors, including temperature (which affects joint opening), joint
spacing, number and magnitude of load applications, foundation support, aggregate particle angularity,
and the presence of mechanical load transfer devices.
i) 48yl IS g Jalooall Jaall ke g aae 5 Jualiall (g i) s Joatall dn e 355 g2 50 jall da o e aciad Ji ¢ jall S
Y al Jaadl J8U ypas aladiial g aadiivall oSl 45 84 5 3y skl
LTE at the joint is determined based on the ratio of the maximum deflection at the joint of the loaded slab
and the deflection of the unloaded slab measured right across the joint from the maximum deflection. Two

equations for the deflection LTE are used most often: e
q Load Transfer Efficiency (LTE)

LTE = 4*100 O
du: deflection at the joint or crack of the unloaded side

di: deflection at the joint or crack of the loaded side

LTE = deflection at B
deflection at A

when load is at A

:C?_
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Length of Embedment (Lems) S SIL ) sadaall J shall
Tests have indicated that for 3/4 inch round dowel bar, the length of embedment ( Lemp) should be about
(8d) where d is diameter of the dowel bar . il &l je 8 (5 sl ) gaiall Jshall lada

L length of dowel bar = 16*d+Z where Z ; joint spacing , joint width or joint opening)
The ACI committee on standard design bar recommended , dowels length 18 inch long for highway
7 18 Jsh aladiul = i85 <y S5 SI A jaY) dalaial)
For airport dowels ; 18 " length for 1" diameter, 20 " length for 1.25 " diameter and 24 " length for 1.5
diameter
Allowable bearing stresses recommendation from ACI committee is 325 psi <u S5 <1 Lelaaty (o3l gadl 3 8 lada
f— (4__[))* i \ where; b : dowel bar diameter (inch)
b~ \3 c f.'; ultimate compression strength of concrete(psi).
fp; allowable bearing stresses (psi)

— _ Pex Dowel bar
O Max bearing(dowelbar) — 4* B3*E| [2 +ﬂ Z] T
TBearing
Example :

A concrete pavement show in the following figure, having a radius of stiffness ( /) =60 in is subjected to
an axle load of 30 kips carried on a single axle with single tire in each side, distance between is 5 ft .
Determine the size of dowels for a contraction joint width of 0.25 in the load transfer is 45 % of the
applied load, dowel spacing =12 in, dowel support Modulus (K) 1.5*10° pci, Egeel( Modulus of elasticity
of steel )= 29*10° psi, ultimate compression of concrete (f. )= 3000 psi.

Solution
_:H:* <Uaadla
E:é{/T=GO” Adlal) 3 dalie Jaall Lgd 05 ) Al a5 5l 336 Ll (1
12K (1- %) (‘radius of relative stiffness ) Al e g 55h daall(2

Distribution distance=1.8*¢ =108"=9 ft

 —

12"
B ,A.ﬂrk... P o ® PY P ®--- @ - - ®--- ® - - @ ::l -
Ao _

:f of = P Pi
of & il d 1.8*¢ X
o) (o] o - o

a Q gy ©
o0 N~
g o Pj — e *
108

Load transfer at (A)

> P =R(P%T)

Z P =P*[0.889+0.778+0.667 + 0.556 + 0.445 + 0.334 + 0.223+0.112 +1] = 5.004 P
15.5*0.45= Z P =6.975=5.004P = P=1.394kip =P =13%Ib

W ;T ;A fg“ n.‘ e_u Y 7 Y D-x C\-T o &A ;A/El/zj/
oo ot o o o | & S[R3 A= -
Sactes SRR B
—~d
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ZPI =P*[2*0.556 +2*0.445+2*0.667+2*778+2*0.889+1+0.334+0.223+0.112] =8.339*P

3 F,=0=155%0.45=P*8.339 = P =0.83643kip =836.431b

O S) ALl () 5S5 Ladie YA any b
sle B ki b Jeall yils Jagid 1.8%L
A

A A A A I~
™
LN o~
Dowel diameter il T 1 I S
8 ¢} o~ o —
S8 g @ - load in the dowel b
| = z*d* - Rl 8| =& Makx. load in the dowel bar
o - at the edge of dowel
// P=1766.2 Ib.
/

Cu S8 Sl ‘;A bearing (3~ Cilalga) Jerg 283 Cuwad g Jas gual 381 ﬁmﬂ\ éf
o, =k*y, =y, =4;—;E|(2+,Bz) = B=4¥b — p=? solveby tryand error
Try No.1: assume b (diameter of dowel bar)=1in
=43 = 5=t =016
Max. deflection =y, = ——(2+ fiz) = TORETS 20082 (2+0.716*0.25) = 0.001838 in

4B°El 3%29%100%0.049(1)*

| =24 =1 =1,=0.0491*d*

64

Max. Bearing stresses Max. o, =1.5*10°*0.001838 = 2757 psi

check with allowable bearing stress f, = (42)* fl= (%1)*3000 = 3000 psi

~Max. o, <f, ok —~
using dowel bar with1in

igure . Dowel and tie bar baskets placed in preparation for slipform paving
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Modulus of subgrade Reaction (K)
P, (subgrade reaction)=K*w
K= modulus of subgrade reaction, spring element, density liquid constant (K=P, / w, psi/ in (pci))
Should be determined by means, plate bearing tests (plate load test); in-situ test)
sla) airs, Janll Tald dahi iy (31 o gl lon iy s kil 5) &y 5l e dlabsall cililga V) o 5 333m0 dalise e (e Jas Jalasi o
Lot (s lay (pmnill 3

1) AASHTO designation T221-66 (1974).
Standard Methods for repetitive static plate load tests of soil and flexible pavement components for used in
evolution and design of air port and highway pavement.
138 5 4k ) 35l Gy g S s daluy s Jaall @d gy a5 (e g 4k gl 3 0l a5 Aol (8 (e s Lalay
2) AASHTO designation T222-78.
Standard of Method for non- repetitive static plate load tests of soil and flexible pavement components for
used in evolution and design of air port and highway pavement.
Al Ayie ) ) 8 JOIA 4 ) 3 gl Cony g Al (e A1S Jasll daby
5 Cay D daall 5 okl (b S5 sS  lhu ) Jaglgll ol g i) Jasd i a2 gl 30 U 5k JSEN g s sl (e Aa sl 0 B ke b
(el 55 5l G A8l s i ) Jabuwal) Jaad) (g oeilill 3l il g s I (e Jas Tl oy

Reaction (Dead load)

|
Pressure gage

Hydraulic jack mild @

P
Load on the plate
(pressure)

Dial gage Dial gage
< 20"
26"
/ Plate deflection (settlement) - ff/)":ffj"' 30 >

Al o At A8Me 1) AEDa 53a Jysad (i jad s "ldad d 4 i 85 sl ) odle ) Jaladall (he Sl
Assumed linear relationship between unit load and deflection
1) USA K=10psi/ Ay
Ao ; deflection corresponding to 10 psi pressure.
2) England K=Pggs+/ 0.05"
DESIGN EXAMPLE

Consider a 40 KN (9000 Ibf) wheel load applied to a 250 mm (10 in.) thick concrete pavement slab
with a compressive strength of 48 MPa (7000 psi). The pavement slab rests on a subbase having a modulus
of subgrade reaction equal to 27 MPa/m (100 pci). Assuming a joint width of 6 mm (0.25 in.), determine the
required spacing and diameter for GFRP dowels with the following properties:

modulus of elasticity = 41 GPa (6 x 106 psi , shear modulus = 3.3 GPa (476,000 psi ,dowel bar length = 460
mm (18 in.).
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6 Equivalent Single-Wheel Load (ESWL)

The study of ESWL for dual wheels was first initialed during World War Il when the B-29 bombers were
introduced into combat missions because the design criteria for flexible airport pavements then available
were based on single-wheel load. G jUaal) apenal die AU dpallall Caaldl & chlay A8 Aaall Jas 4
The ESWL is defined as the load on a single tire that will cause an equal magnitude of a reselected
parameter (stress, strain, deflection or distress) at a given location within a specific pavement system so
that resulting from a multiple-wheel load at the same location within the pavement structure. Depending
upon the procedure selected either the tire pressure or contact area of the ESWL may be equal to that of
one tire of the multiple-gear assembly.
£ 153 A8S — Aipne Adati 8 lalga¥) Apas ) ol sl e plaiall i sy (5315 2l s JLa ) e Laludl) Jeall (e 5 e
5SS Ul Qo g (el ani L 51 Gl 5) ol ) agliill daal) o sall 3 (Gail) 5 58Y) 5 430 genll ClalgaY]

(ela¥) I el dalise = 451K dlsall
eila e Sl (e SIS0 203505 5 S LS pall b — (2a)5 ) ) Anasse foshaies o UV (e e sliia o (mgd Aglee 8 s
OSs lLRY) aatall ) gaall (o il aaalld Jaad) e ¢ S0 Jarall Jule] 3y pdall g U G bl dabise 330 0 @lldg ) gaall
anl g Ul e (o8l Jaall LG e B
The ESWL can be determined from the theoretically calculated or experimentally measured stress, strain or
deflection. It can be also be determined from pavement distress and performance such as the large, scale
WASHO and AASHO road tests . Llee ) Lyl alin (S0 284 Alaall Jea
Methods for measuring (ESWL) in Flexible Pavement
1) Equal Vertical Stress Criterion.

Boyd and foster, presented a semirational method for determining ESWL based on a theoretical

consideration of the vertical stress in elastic half — space.

This method assumes that the ESWL varies with the pavement thickness as shown in figure .

1-For thickness < d/2 e
The ESWL = Pd/2 (indicating that the subgrade a— |
vertical stresses caused by two wheels do not overlap). wl| ¢ |(n
2-For thickness > 25d | J 12
The ESWL=Pd Total load (indicating that the [ ‘ Approsimate point

/of overlap
subgrade stresses due to the two wheels /

overlap completely).
3-The ESWL for any intermediate thickness
can be easily determined by assuming a
straight-line relationship between pavement
thickness and wheel load on logarithmic scales. (@)
For mere convenient to compute the ESWL by

3
g Py
O.301*Iog(2dzj ¥ :
Log(ESWL) = LogP, + = 2 !
Iog[dj £, |
d i : |
< |
g ]
Where F L . ; |
P4=The total load on the dual tire. 3 mi ! 1
. . w Design single : ! Design single wheel
d=The clearance distance between dual tires (d=S4-2a). st %] \ eer
Sq= The center to center spacing between dual tires. z=df2 N =25,
. . . pth z (log scale)
a.= Redious of circular tire pavement contact area. o
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2. Equal Vertical Interface Deflection Criterion:

Foster and Ahlvin (35), was developed a new method, in this method the pavement systems considered as
a homogenous half—space and the vertical deflection at a depth equal to the thickness of pavement can be
obtained from Boussinesq’s solution. A single- wheel load that has the same contact radios (a=a¢) as one of
the dual wheels and results in a maximum deflection equal to that caused by the dual wheels is the ESWL.
Max interface deflection can be measured by using Huang theory.
— P * a * F

El
P*a (<o
Fi
{Em )
Where:

(Wo), .., =Max. Interface deflection due to multiple wheel loads at the computation point (o).
Fi= Interface deflection factor corresponding to the i" tire.

W

(W) =

E; = Modulus of elastically of subgrade soil.
n = No. of tires in the multiple wheel assembly
_ Pe*ae
(We)y =~ *Fe,
Where:
(We),., =Max deflection due to ESWL at center of load.
P. =Tire pressure corresponding to (ESWL)
ae = Radios of circular tire pavement contact area for the (ESWL)
Fe. =Interface deflection factor corresponding to (ESWL)
To obtain the same deflection (WO0),,, = (We), ..
P*a*(z”: Fij _ Pexae, Fe,
El El

i=1

1) For equal contact area concept (a=ae)

SF )
ESWL=P*~—"_~
Fe

[ea

2) For equal contact pressure concept (P=P.)

n 2
[Z I:i]max
ESWL=P*/ =~
Feq
Where:
P= Wheel load

The ESWL for layered systems is greater than that for a homogenous half-space, Huang, suggested the use
of layered theory and presented a simple chart for determining ESWL based on the interface deflection of
two layered systems, the chart gives a load factor (L) defined as:
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L Total load _ 2F,

ESWL P

S

2P

ESWL =—4%
L

Example:

Calculate the ESWL versus depth relationship for the CsA aircraft gear assembly shown in figure

below by one layer interface deflection theory and equal contact area concept, assume for the analysis that
the Max. deflection accurse at the center of wheel No.2 (point o) knowing that this load is uniformly

distribution upon all tires and the load on each tire is uniformly distribution upon its corresponding circular
contact area.

Note:-that the load on each tire=30 kips ; contact radius for each tire = 9.54 in ( Max. deflection at center of

_ tire No.2)
15/ Cdo T T T T T T T T | T T
Offset radii
09O
08}
07}
0615
05—
20
04}
25
03
30
5
2 35
§ o220
$ 018
© 016} 50
014160 7 A
012}
010 gpo \__‘
g
0.08— 100
007 |-
12.0
006 [—
140 — Figure 4.7. C5A gear layout.
0-%:_130__,//
175 |
004 [~
| | L | L
0-030 { é £ ‘l, é el, 7 8 9 10 11 1
Depth (radii) =
Debth Tire No. Sum
ep 1 [ 2 [ 3] a]5s [ 6 [ 7 ] 8] o [10]11] 12 |sum|F| g
ratio — — a
2/a Radial distance to point "o" r; (inch) F; ]
34 | o | 53 | 87 | 65 | 823 [ 155 | 163 [ 2226 | 220 [ 2263 | 2366
’ 7 |
by Abdulhagq Hadl Abeo AL 74
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r/ a ratio
3.6 0 5.6 9.1 6.8 8.6 16.3 17.1 224 | 231 23.2 24.7
0.5 | 0.215 | 1.35 | 0.141 | 0.083 | 0.112 | 0.088 | 0.046 | 0.043 | 0.027 | 0.028 | 0.027 | 0.025 | 2.185 | 1.35 | 48.84
1 0.22 | 1.06 | 0.145 | 0.084 | 0.114 | 0.089 | 0.046 | 0.043 | 0.027 | 0.028 | 0.027 | 0.025 | 1.916 | 1.062 | 54.2
al 2 0.23 | 0.67 | 0.15 | 0.085 | 0.116 | 0.09 | 0.047 | 0.044 | 0.027 | 0.028 | 0.027 | 0.025 | 1.539 | 0.67 | 68.8
g
3 4 0.22 | 0.36 | 0.152 | 0.088 | 0.122 | 0.094 | 0.048 | 0.045 | 0.027 | 0.028 | 0.027 | 0.025 | 1.236 | 0.364 | 101.9
=| 6 |0184| 025 | 0.145 | 0.089 | 0.12 | 0.093 | 0.049 | 0.046 | 0.027 | 0.028 | 0.027 | 0.025 | 1.083 | 0.247 | 131.5
8 | 0.158 | 0.186 | 0.13 | 0.086 | 0.114 | 0.093 | 0.05 | 0.047 | 0.027 | 0.028 | 0.027 | 0.025 | 1.000 | 0.186 | 161.3
10 | 0.131 | 0.152 | 0.116 | 0.086 | 0.108 | 0.089 | 0.051 | 0.049 | 0.027 | 0.028 | 0.027 | 0.025 | 0.86 | 0.149 | 177.2
The relationship between z/a and ESWL are shown in the following figure;
LA.H.}J:\L\A.\.\ U.I\.JL@A\]\ u\ﬁ\ew’é.l.\u);\})\.k\ug::\.ﬁm‘ Sk QR ESWL
_)';Y\ulc\.&h\ ﬁtwtﬂ]ﬂ 1 2 3 4 5 6 7
0 1 1 1
-2 1
4 4
g 6
.8.
.10.
12
zlawith ESWL

Equivalency factors (AASHTO Factor) Equivalent Wheel Load Factor (EWLF).

The damage per pass caused to a specific pavement system by the vehicle in question relative to the
damage per pass of an arbitrarily selected standard vehicle moving on the same pavement system.
Al S e 40 (g3 G ) Gy shal) e A e Al (531 Al laa ( Al
Nfj ; No. of repetitions caused to failure for the jth vehicle.
dj ; damage per pass for the jth vehicle.

Nfs; No. of repetitions caused to failure for the standard vehicle.
Al A8 5all 5 e (e gl il

ds; damage per pass for the standard vehicle.
A8 A je 4nd (A i) Hlade I Aale A4S ja )5 e den oA Gl lata (g Al Jiay EWLF

p — 1
dJ—N—fJ_

1
ds—N—fS
EWLF =Fj =3

EWLF =Fj=3=

Standard Axle

Standard single axle wheel often AASHTO

Fj; equivalency factor forjth vehicle.

E| 3

Nf
TN

S

i

18 kips single axle load (single axle with dual tires at each end.

EWLF = Fj = e

o

EWLF

A8 el )5 e e gl alil

9 kips 9 kips

1) pavement type ( Rigid or flexible pavement)
2) type of axle (single axle, tandem axle, triple axle, floating tandem axle, 16 wheel tandem axle).
3) Magnitude of axle load (kips)- [ 2-40 for single and 10-48 for tandem )
4) Terminal level of serviceability (P; ) or failure point [ 2 for secondary, 2.5 for primary and 3 for
Majer way or hlghway TABLE 62.7 AASHTO Load for Flexible Pavements
AxleTead Pavement Structural Number (SN)
(kips) 1 2 3 4 5 6
Dr AbduLhaq Huaodl Abed A (a) Single Axles and p, of 2.5
2 0004 .0004 .0003 .0002 .0002 .0002
4 .003 004 004 003 002 .002
6 011 017 017 013 010 .009

nen

nNA7

Nn=<1

nA1

n21

n21
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Axle Load Pavement Structural Number (SN)
ikips) 1 2 3 -1 5 =
a6 75.7 2.1 54.5 42.3 i858 41.7
&8 S54.3 769 60.6 4.8 426 45.6
S0 93.7 S5.4 67.1 51.7 46.58 497
(c) Triple Axdes and p.of 2.5 —
2 L0000 L0000 JO000 L0000 OO0 L0000
-t L0002 L0002 L0002 0001 SOO01 L0001
=) 0006 L0007 L0005 0004 JOO03 L0003
b~ o Nl M Rsin ! e 21! i
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TABLE628  AASHTO Load Equivalency Factors for Rigid Pavements

Axe Slab Thickness, D (inches)
Load (kips) 6 & 9 10 11 12 13 14

~1

fa) Single Axles and p, of 2.5

Kl

2 0002 L0002 0002 0002 L0002 0002 L0002 L0002 L0002
4 003 002 .002 002 002 .002 002 002 002
& 012 011 010 010 010 010 010 010 010
8 039 035 033 032 032 032 032 032 032
10 097 089 084 082 081 080 080 080 080
12 203 .189 d81 178 175 174 174 173 A73
14 ATE 380D 247 341 338 337 338 336 238
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TABLE 628 (continued) AASHTO Load Equivalency Factors for Rigid Pavements

Slab Thickness, D (inches)

Axe
Load (kips) & 7 & 9 10 11 12 13 14
56 15.0 13.8 13.6 14.2 15.2 16.2 16.8 17.3 17.5
58 17.5 16.0 15.7 16.3 17.5 18.6 19.5 20.1 204
&0 203 185 18.1 18.7 20,0 21.4 225 232 236
&2 235 214 208 214 22.8 244 25.7 26.7 273
&4 27.0 246 238 244 25.8 27.7 29.3 0.5 31.3
o6 31.0 28.1 27.1 27.6 29.2 313 33.2 34.7 5.7
a8 354 321 309 31.3 32, 35.2 37.5 9.3 40.5
70 40.3 36.5 35.0 35.3 37.0 395 42.1 44.3 459

L=
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Example ; Convert the following axle load repetitions into equivalent standard single axle load repetitions

for the cars of rigid pavement with D=10 in and P;=2.5.

Single axle

Tandem axle

Axle load (kips)

repetitions

Axle load (kips)

repetitions

18

1000

40

1000

by Abdulhag Hadl Abed AlL
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28 10000 46 10000
40 30000 48 30000
Solution using above table to determining Fj
Total No. of apply axle =82 000
Single axle Tandem axle
Axle load EqL;L;/(iIs:cy Equw.a!ent Axle load eq;glglspcy Equw.a!ent
(kips) > repetitions (kips) i repetitions
*1— * —
18 1 1000*1=1000 40 3.87 1000*3.87=3870
* _ * —
)8 6.61 10000*6.61=66100 46 6.90 10000*6.9=69000
* — * —_
40 2791 30000*27.91=837300 48 8.21 30000*8.21=246300

Total No. of equivalent single axle load repetitions = 904400+319170= 1223570
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7 || Design of Rigid Highway Pavement

Concrete pavement is called rigid pavement are made of Portland cement concrete and may or may not
have a base course between the pavement and subgrade as a general rule the concrete exclusive of the
base is referred to as a pavement.

O] Cantle y Jalall (s Gl A (5 simg Yol (5 sy 38 (55305 ) Candl (pa inmy alal) Tlilly oy (s S5 <1 Lagll

£LiaiV) e gliad A llall AN a) oy S5 &I Y maaill 5 jaUs piad L 58 Leie (ompall o)) Cam ) Gulasd ik i Y Aale 3 ) gacay
Y (S AR EN

Longitudinal

Portland cement concrete slab=pavement joint Tiod riid
T T T T T T - "Ql

\ shoulder

Concrete pavement

Base course or usually called subbase
""""" Granular soil

Subgrade

Subbase Course (if needed)

Subgrade (Existing Soil)
Figure 2-3. Typical section for a rigid pavement.

Purpose of Base Course for Rigid Pavement
1) Control of pumping. il 3 jalla e 3 sl
2) Control of frost action. 4l 3sasall elall Jasi 5l dlaai) 5l (e Juliill s Al sal) 55 e 25 i) sla
3) Drainage Lulill e sl alayl cany -18 0
1) rigid — S Jrars A 13 3 ga Lggd aaiivssy Jadilll o A ) QalaY) dihs 2
ay paill oy sl
2) Flexible — gz Jall () slall iy juail (5 68 o slaebyy Al I Q) il A 2
4) Control of shrink and swell of the temperature. <l il 42 Goad Al dpeaall il padll )
Ll A4S n o3 )l
5) Control to expedition of construction.
6) The base lends some structured capacity to the pavement; however its contribution to the load
carrying capacity is relatively miner.

A ke

L5l Jons A AL A s el il
Concrete Pavement Types;

1) Plain Concrete Pavement (PCC) Top View o sl A S5 K1) dall)
Contains no steel for crack control except at T T
the longitudinal joint's (Tie bar) -

o) maludil) apa 408 aadiun Y A 5 S8 Sl dalidl) a

. skl olaiWL alidll hae (3 841 e 3 jlasl) e 2:’::;:::
must relatively close contraction joint spacing Longitudinal Joint ¢ -

—short small contraction

358 e b plasll Jaliall (o S e e (g sia o 5l e

Transverse Joint

Side View Dowst

Dy Abdulhag Haoll Abed AlL
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2) Simply Reinforced Concrete Pavements ( SRCP)
Generally have relatively wide spacing of
contraction joints and as a rule provision for
load transfer across the joints using dowel bars,

wire mesh steel is used between joints for crack
control ( Tie + Dowel + Mesh)
Joaliall (il 5 i S5 S0 = ) gk 5 (om 2l
e Ve IR TCENPRE

Top View

bl Jagusy 5 S5 o0 sl

¥
Typical Spacing:
up to 15 m (50 fit.)
L

Typlcal Spacing:
~46m(15 M)

/

£.

13

Reinforcing Steel =

Base [ Subbase

3) Continuously Reinforcement Concrete Pavement (CRCP)

Contain relatively high percent of steel (0.6 % and
higher) so that no joint for the contraction and
same expansion joints.

Jualial) Jaliil paall (e dlle daus padius
CRCP provides joint-free design. The formation

of transverse cracks at relatively close intervals is
a distinctive characteristic of CRCP. These cracks
are held tightly by the reinforcement and should

be of no concern as long as the cracks are uniformly

spaced, do not spell excessively, and a

uniform non-erosive base is provided.

ey ¢ 58 A yal (3581 ) Jualial) (0 Al Tagll
Aalos (5S35 s 538 5 Aidlaie

S Longitudinal Jolnl-” ‘\Tle Bar
Reinforcing Steel =
1 -4
A\ \
,/ \ \\
Transverse Joint ’\ = powel =~ Midpanel
Side View \ / i/ i

il bl 55 o< dall

Top View
L ) =F—=KX
Typical Crack Spacing:
E ~11-24m(3.5-8M.))
| EEpyL
Longltudinal Jomt—/‘ \
17 i
// §\
\
Reinforcing Steel < g /:l-Panel Crack
Side View /

4) Pre-stress Concrete Pavement (PCP) or Post-tensioned Concrete Pavements

Direction
of Travel

—

Direction
of Travel

=

Figure 2-4. Continuously Reinforced Concrete Pavement.

sl Gl i 5 K1) Tl

is one in which a permanent and essentially horizontal compressive stresses has been introduced prior to

the application of any wheel loads.

Compression Compression Compression Compression
+
Tension Stress due to Tension
. Glalgal e ald crre ..
Bending stresses pre-stressing L&;;:m (e ALl dpaS 85
due to applied iy Glaleay)
load Lelaas oy S S

Glalgal Gabiaia aaall s dglae (4 S5
Jaa g 230 Cilalgal Labaicl Jaay s 23
e Al Jnaall Clalgal o sk ey i 1)

o3k IS adaiall ()5S A B30 88 Can

e Jealial) (o Jiy UL 5 haaall Cialeal
JIE 5 Ladall jee e 2y 38 ALY Jualidll

Uloall 3 8 (4a
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Design Methods

1) PCA method ( Portland cement Association)- Design based on the Fatigue

Al Sy Cogud S bl Jaad) LS Jaaldl ) S5 230 804 ) s J8 o Jaatll e Leilld 8 Jas Lale baliy 30l )

8 MgV Jl8 Jaboaal) Jaal IS 131 (815 (ibo_yuiall (pa 8 ey iy i gas) AL o 3N L puall 23 Ji5 i gas Uil 5 S

Gy S Sl al 92 ) Leie Jal se B2 e adiad 338 5 ( Fatigue Strength) IS 4 glaa Jiad 338 5 Juldll jS) ly joa M) 2 lind
(S A

Number of load repetitions (life of concrete under repeated loads) = f( Properties of concrete , stress level —

stress ratio). For the usually case, average fatigue data that cover a verity of concrete are used. The major

factor that determines the life of concrete under repeated loading is magnitude of load.

Sl Jaall in iy S50 e S gh () Jalal g contl) e 250 g S5 S0 (al & 083 im a)

N — Actualstressduetoload
Stress Ratlo = Strengthof Concrete( Max. TensileStrengthat the Extemal Fiber- Modulusof Rapture- MR)
Modulus of Rapture ) . P/2 P/2
___Corgpression a----- f L/3 L L/3 >
/ Comp \
L
______ - 1d- - P/2 { P/2
c=d/2 Tension Il
SRR A AN
Tension < b >

External
Fiber stress

Modulus of Rapture should be determined from third point ""LLUJJ,LLUJ U_I_I_I_LUJM

Loading test. Max. Tensile stress in bending P*L/6 P*L/6
MR = Yne % ¢ where | = 2 N
for fraction within middle third el QB 8 8l Gas 13 (1
% *d P*L
MR = o 2 prd?
a) if the fracture occurs outside the middle third by not more than 5 % of the span length.
MR = Zxd _ P P/2 P/2
b 2 b*d?
12 . L3 L/3 L/3 g
a ; distance between the line of fraction to the nearest . - - '5
support measured a long the center line of the bottom !
surface of the beam.
P/20 a<0.05 7L P/2

b) if the fracture occurs outside the middle third by more / .
than 5 % of the span length.
(Neglect test and repeated test)

. P/2

PL/6 PL/6

P*a /2
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Actual stress using Westergoard at edge 7 \\ ‘ 1
e Stress Ratio using the following figure :: ™ e
1) Fatigue curves for plain concrete in flexure g NP
Criandl e cililga ¥ fps aad a pmill (e de sanay Caeld iy )< S A ) Aakiidl B4 N
2) Using the following tables to determined stress ratio. %* N ?{
Stress ratio % Allowable repetition N : R 1]
0.51 400 000 %w N
0.6 32 000 e ' '
0.7 2 000 . N
0.8 120 . N
0.85 30 i B e e e 1 O

3) Percent of Fatigue used by axle load or vehicle or aircraft = N;/N,
N;= actual repetition of i load.
N,= allowable repetition of i" load using tables and figures = No. of repetitions to failure

corresponding to the i load. N.
ZN—' *100 <100-110theo or100-125% par

a

O Leie ALl Aals g daraaill 3 yiall A 3 Hlal) LS pall dae dasd Cangy SUA Jaall 4 DU Gl il ae e adtad 45y Hlall 338
sl &l ) el Gy (G phall aUati) aaal Aam K1 @liilin ¢ 5 Jaluall Jeadl Gl a8 e g LS jall gai Jalas aladinl JA

‘;SS\ 2aall ) 22eS
. 600 7 7 /:
2t / / / A

550/ — d=4" | / / ‘/ ,l/
17l //"'///
/ / / = /

/ 6" / // 7 A 4

s

/ /
//// y
A el
/]

/
/
7
/
4

/
/ P
// / v
/ 7/ A
//8 y /// //
,/
v
/
/ //
//
/
pd

Stress (pst)
5 &
8 3
[~ -
\\
-
-~
~
~
™
RS
~
~

~

7
/ iV
350 ———Yf 4 F XL AL AL A
<L W4 { /
i ) /74/7 1/
. A :l/: / // / /Yy Az
« Wk /// g //
iy, // /] 1///
250 L /2,/ Y L2 7Y

. .20
ALY N
N R

N300y N 2 N \\*
AR AR N RN
ALALARA AN AN NN
oo ORI
FAY RV RAERANN NN RN
FALTTI T TAR A

e 3

Wi T T T b BB ~ -
D 12 14 16 18 22 24 26 28 32 34 36 38 42 44 46 48
5 10 20 30 40 50
Single-axle load (kips)
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600

550¢- -

500 |-+ -

'S
[
o
T
|

Stress (psi)

8
!
|

350 /
300

/
I/
250 L—L—L=

20
600 —N
300
k 174}1\
% W% N\ 3 Jpidh v
N % NN AN \ \ \\
50X N ) \ R \ -
N"24 28 3236 N 4448 52 56 > 64 68 72 76 84 88 92 96 . >~
20 40 60 80 : 100

Tandem -axle load (kips)

Note:-
1) In this method is necessary to make are estimation of the traffic growth on the facility.
LS el gad Jalas aladinly dpasaail) 3 53 JOA LS jall 2ae 83k )
2) Tiis recommended that the actual wheel or axle loads that will be applied to the pavement by
increasing a factor of 20% (static*1.2) this increase account for increase of load due to impact.
caliai oo g ddaliall Gl pall 2xe (30 %20 Jalad <l ) AV dae ol (e i
3) Experience has shown that Sum of fatigue used can approved (125%) without serious problems.
4) The 28 day MR are used for thickness design of streets and roads.
32 90 JS &l jUadll 585028 JS @k gl 2 (sm MR and
Example
It is desired to investigate the design of concrete pavement for the condition given below using the
Portland cement association method. epdrbunsinnns

ADT in both direction = 400 veh/day. — Nochsper i s e Roud

Traffic distribution =50% in each direction. e i i e

% of truck= 20% from ADT. ets ”s

Annual growth= 2% (truck distribution | following table). g o

Design life (period)=40 year. 45 * ¥

Modulus of subgrade reaction (K)=150 pci. oo o

Modulus of Rupture (MR)=650 psi. ggg I%IE

Thickness of pavement=7 inch. s },:3

Impact factor= 1.2 4 ;;?
42-44 0.1
4446 0.1
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Solution
LAY (S8 (% 125-100 ) lbaal sall e (S 13 lasad) 138 4ty 3 dlga¥) dpsd aady Slans (a5 panadll Loy b
If thickness > 100-125 % ---- increased thickness.
If thickness < 100-125 % ---- decreased thickness.
dpasaatl) 3 yall 428 glall il ) Il 2ae Ay growth factor seill Jalas PRERE P ) gl a gl JOA Gl ol dae daas Ayl =

TABLE 17.3. Yearly Rates of Traffic h and Corresponding Projection Factors* 4w 40
Yearly Rate of Traffic Growth Projection Factor for Weighted Average Projection
(percent) 20 Years® Factor for 40 Years®
1 1.2 1.2 Total trucks to consider for a design life
I -y o of 40 years
2 L 4 ADT/direction =400*0.5=200 vpdpdir
z% gg g: No. of trucks/dir/day= ADT/dir*T%
.;g g; gzg =400*0.2=40 vpd.
54 2.9 3.6 - No. of trucks during design period
6 32 - = growth factor* No. of trucks/day
« From Portland Cement Association. = 1.5*40=60 vpd/dir
g i Total No. of trucks during
200 O period=60*365*40=876000 T/40 year
where i = growth rate (% per year). sl e g 53 IS 3l g (gl AL yuall 22 2 Y
Effective Stress Allowable
Axle Approximation | axle load psi Stre'ss repetition o .
Axle type load(kip) repetition =1.2*static | Design Str:eastsl/OMR using % of fatigue = Ni/Naiiowable
axle (kip) chart (Table17-1)
single 21 28032 25.2 350 0.54 180000 (28032/18000)*100=15.6 %
19 47304 22.8 325 0.5 o0 0%
tandem | 45 876 54 435 0.67 4500 19.5%
43 876 51.6 415 0.64 11000 8%
41 876 49.2 410 0.63 14000 6.3%
39 8760 46.8 390 0.6 32000 27.4%
37 7864 44 4 375 0.58 57000 13.8%
35 12264 42.0 350 0.54 18000 7%
33 15768 39.6 325 0.5 0 0%
31 82344 37.2 310 0.47 0 0%
Sum of % fatigue | 97.6 %
Less than 100-120 % ok

Gl Calalgad Al 55 Gl juall (e dae Jaliy (3015 o3ef 5 jlall LS all #1150 4aii g cland) 13 aladiul die ) dagaa g il G
eleaty A il el aaey Lie ey o3 8alall Canl o Calalga ) 038 5 038 il o

) Sy Ayl 3 aladind (S

L) baaie Ly g ) Gl 22 (1

Approximation repetition (bl e A3l Glalea V) Jeadl o U clasdl ) apeaill (2
8709%0 « 3.2 = 28032
100
876000 5.4 = 47304
——=x 54 =
100
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2) AASHTO Guide for Design of Pavement Structures, 1986/ 1993

The current AASHTO design method for pavement structures includes a number of improvements, based
on mechanistic principles, to those procedures which existed prior to the publication of the 1986/1993
AASHTO Guides. There are two design equations, one each for asphaltic concrete and PCC pavements. The
previous design procedures were, for the most part, empirical and were based directly on the results
obtained from the AASHO Road Test. In some instances, such as in the case of rigid pavement design, these
results were supplemented with then-existing theory and pavement design methods.

In the procedures presented in the new guide, an attempt is made to incorporate some mechanistic-
based principles. In the characterization of material properties for design, for example, mechanistic-based
parameters are used in place of empirical parameters, such as the CBR. Characterization of pavement
materials for use in this procedure is based on the resilient modulus. The method of determining the
damaging effect of seasonal variations on the pavement design also incorporates some mechanistic
principles, as do the procedures for establishing the coefficients for drainage and load transfer.

1. Introduction
Empirical design based on the AASHO road test:

e Over 200 test sections JPCP (15’ spacing) and JRPC (40’ spacing)
e Subbase type: untreated gravel/sand with plastic fines
¢ Subbase thickness; 0 to 9 inches
e Subgrade soil: silty-clay (A-6)
* Monitored PSI w/ load applications — developed regression eqn’s
e Number of load applications: 1,114,000

The basic design equation is

 APSI ) .
10~\4,5-1._<) | Beelly= (D* i i52)
log Wig) = (Zg - Sp) + 7.35 - log(D + 1) — 0.06 + — = +(4.22 — 0.32 - py) - log e
1.624 - 10/ 215.63.7.| DO 18.42 |
S S— SRR i 098 |
(D+1)** (Ec\ |

! (k) |

Where:
W g; predicted No. of 18 kips equivalent single axle load.
Zgr; standard normal deviate.
So; combined standard error of the traffic predication and performances predication.
D; thickness (inch) of pavement slab.
APSI; difference between the initial design serviceability (P,=4.5) and design terminal level of serviceability
(P=1.5) , APSI=P,- P;=4.5-1.5= 3
Sc\ ;Modulus of rapture(psi) for Portland cement concrete used are specific project.
J; load transfer coefficient used to adjust for load transfer characterizes of a specific design.
Cq4; drainage coefficient.
E.; Modulus of elasticity (psi) for Portland cement concrete
K; modulus of subgrade reaction (pci).
Zr based on reliability ( probability that any particular type of distress as combination of distress
manifestations will remain below or within the permissible level during the design life.
Zg V25 apanailly 4G 32 3 LS (apenaills A8 As 52 ) Apasenadl) 3 58l JUA 43 - sensall e JB (5505 Cuay J8) ) gela Allaial
Al el dae (e JI L]y Ll
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Pavement Structural Design (PSD) 3" stage
Reliability % Standard normal deviate (ZR)
50 0
90 -1.282
99 -2.327
99.99 -3.750

Suggested levels of reliability for various functional classification

LalSé (5 k) dpanl e aaied 48 da 0 ) _ o Recommended level of reliability
A8 a0 2035 ol Lueal 3l 33 Functional classification

Freeway and expressway 85-99.9 80-99.9
Principle arterials 80-99 75-95
Collectors 80-95 75-95
local 50-80 50-80

So; overall standard deviation
1) The estimated overall standard deviation for the case where the variance of the projected future
traffic is considered S,= 0.34 for rigid pavement and S,=0.44 for flexible pavement.
2) The estimated overall standard deviation for the case where the variance of the projected future
traffic is not considered S,= 0.39 for rigid pavement and S,=0.49 for flexible pavement.
3) for rigid pavement the range of (So= 0.3-0.4) and (0.4-0.5) for flexible pavement.
Cqy; Drainage coefficient based on the;
1) quality of drainage (bl ca paill die o
2) percent of time during the year ,the pavement structure is exposed to the moisture levels
approaching saturation. (e adinys elall gadic ) elally ) gaie 5 Jadlall 4 28 35 (A1 28 1) A
average yearly rainfall 4wl J3a jUaeY) b sis Jaxe (1
ground water table il A 4 ) sbaall @ gusia glés ) (2
TABLE 62.16 Recommended Value of Drainage Coefficient, C,,
for Rigid Pavement Design

Excellent ; water removed within 2 hr.

Percent of Time Pavement Structure Is Exposed Good ; water removed within 1 day.
to Moisture Levels Approaching Saturation

Fair ; water removed within 1 week.

Quality of Less than Greater than
Drainage 1% 1-5% 5-25% 25%
Poor ; water removed within 1 month.

Excellent 1.25—-1.20 1.20-1.15 1.15-1.10 1.10
Good 1.20-1.15 1.15—-1.10 1.10—-1.00 1.00 Very Poor; water without drain.
Fair 1.15—1.10 1.10—1.00 1.00—0.90 0.90
Poor 1.10—1.00 1.00—-0.90 0.90-0.80 0.80
Very Poor 1.00—-0.90 0.90-0.80 0.80—-0.70 0.70

Source: AASHTO. 1993. AASHTO Guides for Design of Pavement
Structures. Copyright 1993 by the American Association of State High-
way and Transportation Officials, Washington, D.C. Used by permission.

Load transfer coefficient factor (J) GUSY ae day )l A8 e 1) i) 138 axiiuy

pr Abdulhag Haoll Abed AlL



Al-Mustansiriya University

College of Engineering - Highway & Transportation Dept.

Pavement Structural Design (PSD)

3" stage

* Ability to transfer loads across joints and cracks

 Lower J - better performance/less conservative
Gstdll 5 Jalaall DA Jasdl Ja3 40008
Jai g ala i e lakll la ALl ] oS5 LIS

Loss of Support Factor (LS);

TABLE 62.15 Recommended Load Transfer Coefficient
for Various Pavement Types and Design Conditions

Shoulder Asphalt Tied P.C.C.

Load Transfer Device Yes No Yes No

Pavement Type

Plain Jointed and 3.2 3.8-4.4 2.5-3.1 3.6-4.2
Jointed reinforced

CRCP 2,9-3.2 N/A 2.3-2.9 N/A

Take into account for the potential loss of support arising from subbase erosion and or differentional

movement

A1 A< Al ol o) caat Lo Ak g pad ol JSUT 4ai A g 2y lah Jalae

It is treated in the actual design procedure by domination the effective or composite k-values (Modulus of
subgrade reaction) based on the size of the void that way develop beneath the slab.
O G gaa 3lalie ) ool Cand Aalil) el ana e ey g3 5 K Ay ppenaill il slad DA die g AL ol

(B sl ST o syl

TABLE62.14  Typical Ranges of Loss of Support
(LS) Factors for Various Types of Materials

Loss of Support

1000
4
= 500
Q
2
X5
58 o j
o0
$5 100 /
58 i
(e}
T3 50 Z -
5.8 P
g€ L A
)] -9 // P LA
50 @”’Q P 7 A
® = N/ N pe ]
38 \/t'o Q vd //
'g 8 10 A S I% /I
O + \A 0
% e 5 P \,‘5’/3'
25 /| ,/ o
gg /// A //
& A~
/4 // fl (540)
1 A A L1
5 10 50 100 500 1000 2000

Effective Modulus of Subgrade Reaction, K (pci)

SN
-

Example:

Type of Material (LS)

Cement treatment granular base 0.0-1.0
(E = 1,000,000 to 2,000,000 psi)

Cement aggregate mixtures 0.0-1.0
(E = 500,000 to 1,000,000 psi)

Asphalt treated base 0.0-1.0
(E = 350,000 to 1,000,000 psi)

Bituminous stabilized mixtures 0.0-1.0
(E = 40,000 to 300,000 psi)

Lime stabilized 1.0-3.0
(E = 20,000 to 70,000 psi)

Unbound granular materials 1.0-3.0
(E = 15,000 to 45,000 psi)

Fine-grained or natural subgrade materials 2.0-3.0

(E = 3000 to 40,000 psi)

zsl OISl o YL o) & gas (3halie

Determine the thickness of the rigid pavement (Jointed Concrete Pavement ) under the following conditions

using AASHTO guide.

K=72 pci So=9

E.=5*10° psi R=90% (ZR=-1.645)
S.'=650 psi Po=4.2

J=3.2 P=2.5
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Cq4=1.0 W15=5.1*10° (18 kip ESAL)
Solution by equation
" APSI ) . "
log 75-15) Se-Cq- (D7~ 1.132)
log(W;g) = (Zg - Sg) + 7.35 - log(D + 1) — 0.06 + ——————= +(4.22 — 0.32 - py) - log
1.624 - 10 sises., T, | p0as_ 482 ]
S S — R 025
(5™ ( Ec)
L k) |

Function lift (F )= Function Right (Fg)
F, = log;0(Wig) = log,¢(5.1 x 10%) = 6.70757
APSI(loss in the serviceability)=P-P,=4.2-2.5=1.7
Zg= standard normal division based on the Reliability from table=-1.645
So=0verall standard division (combined standard error of the traffic and performance).
D= thickness of the pavement slab(in).
Sc'= Modulus of Rapture for PCC.
Cq= Drainage coefficient factor.
J=load transfer coefficient factor.
Trial No.1 assumed D=9 inch

1.7
log1o [?]
1.624 x 107
9+ 1)8_-4‘6

Fr = —1.645 % 0.29 + 7.35 * log,,(9 + 1) — 0.06 +

+
1+

650 * 1 % ((9)°75 — 1.132

|

(412 —0.32 x 2.5) * log,, = 6.49167 < F, Not Good

2156332 [@ws e ‘
| (=77)
Trial No.2 Assumed D=10inch
Using above equation Fr=6.78872 > F|( 6.70757) ok
Trail No.3 Assumed D=9.5inch

Using above equation Fr=6.6429 = F ( 6.70757)  very Good
oY) 5 e Gl (g gl iy A clandl A aai s a5 el Caphall ad g clandl ad AR a3
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A Cishall 6 g ) dlaudl dag L Jaad odlef JSEl (4

9.75 inch

Solution by using AASHTO Design chart.

4.2 Nomograph

Concrete Elastic Modulus, E. (105 pai)

.

554
77

\

Vi vd
/)

V%
Vi ///
7
Vi

il S’ =650 |
'l"»']"“"‘ | Gl b v
800 500 100 50 10
k=70

Effective Modulus of Subgrade
Reaction, k (pci)

- 6.85

" 6.8

- 6.75

- 6.7

© 665

N\

© 66

—

~ 655

t

- 65

© 6.45

10.20 10.00 9.80 9.60 9.40 9.20 9.00 8.80

(psi)

S¢

Load Transig
Coefficient, J

#Gulus o Rupture,

Mean Concrete
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4.Z Nomograpn e 500 e 0w |||V A

Design Ngrviceability Loss, &PSI

Estimated Totcl 8- kipfEquivalent Single Axie
90— Looc (ESAL) Agglications, W (miilions)
T T

B 1000 300 0C 0 )y Lo s o3

- 3[)W, ;=5 millon

l 'Se D — 10’, NOTE* Applcatie 1 raiicbility
— in this r! requiras

the u: of mean volues
for the input variadles.
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“iccureo. |

Design of Flexible Highway Pavement

1) AASHTO Guide 1993 Design method.
General equation for design is;

APST .
log,,
N ~ . PS5 —A5
log,o Fig = —ZS, +9.361log,,(SNV +1) —0.20 + 1ooa
O. 4 +

Where:

+2.321log,,

A, —8.07

Ws; predicted No. of 18 kips equivalent single axle load.
Zg; standard normal deviate.
So; combined standard error of the traffic predication and performances predication.
D; thickness (inch) of pavement slab.
APSI; difference between the initial design serviceability (P,) and design terminal level of serviceability

(Py).

M, ;Resilient Modulus (psi).

SN; Structural Number indicated in total pavement thickness required.
The structural number , an abstract number related to the strength required of the total pavement
structure, is the summation of the layer thicknesses multiplied by their corresponding strength

coefficients. Use the following equation to determine the structural number:

SN = a;D; m;+ a;D,m; + asD3 ms

Where:

SN ; flexible pavement structural number
ai, a,, and as ; coefficients of relative strength of the surface, base, and subbase materials, respectively
D4, Dy, and D3 ; actual thickness, in inches, of the surface, base, and subbase layers, respectively.
m1,m,, M3 ; drainage coefficients for surface , base and subbase layers, respectively (assumed m;=1)

5 Jaall gy Addall clans ) olaall g ot 23S 5 liidall s Gl 5 (stiffness) Lkl Aexdiudl ol sall 5 8 e 45, Hlall o34 il

Drainage Coefficient for flexible pavement

can be obtained from the following table;

SN;

(SN + 1) 1°

(A

D

for Rigid Pavement Design

TABLE 62.16 Recommended Value of Drainage Coefficient, C,,

Percent of Time Pavement Structure Is Exposed
to Moisture Levels Approaching Saturation

Subgrade layer

Quality of Less than Greater than cant Lo diada Joat 348
Drainage 1% 1-5% 5-25% 25% als QLY dade Jant 3 68 G an kit 4 !

Excellent 1.25-1.20  1.20-1.15  1.15-1.10 1.10 SN 858 bl Jaa aplaiuss SN, 55 Jalis

Good 1.20-1.15 1.15-1.10 1.10-1.00 1.00

Fair 1.15-1.10 1.10-1.00  1.00-0.90 0.90 a5 ol gl ALyl 5 @l

Poor 1.10-1.00 1.00-0.90 0.90-0.80 0.80 SN PARENETRRE

Very Poor 1.00-0.90  0.90-0.80  0.80-0.70 0.70 R AR a8 A \

Source: AASHTO. 1993. AASHTO Guides for Design of Pavement
Structures. Copyright 1993 by the American Association of State High-
way and Transportation Officials, Washington, D.C. Used by permission.
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Layer Coefficient Akl aadind Al o gall Jas3 38 ey Jalas (e B ke
1) Surface layer coefficient (can be obtained from the following figure)
0.5 e
| Layer Coefficient of Dense-Graded
58 | =" ] Asphalt Concrete
& 2% Elastic modulus, E¢ (psi) Structural [ENEReSIEE a,, for
< O of asphalt concrete (at 68°F) asphalt concrete surface course
o @ B
= O
€ 2os 110,000 0.20
3 @ 150,000 0.25
5 % I i 200,000 0.30
T So2 250,000 0.34
= 8 300,000 0.37
= = ' i 350,000 0.39
3 =04 400,000 0.42
3 2 | | 450,000 0.45
0.0

100,000 200,000 300,000 400,000 500,000
Elastic Modulus, Exc (psi), of
Asphalt Concrete (at 68°F)

2) Base layer Coefficient (can be obtained from the following figure).

Structural Layer Coefiicient, ap CBR Elastic Modulus

0.40
0.204
i 40,000 1900 & 4.0 <
i . 0.30 T700g
1500
= 1004 - — = 3.0
I R e @ 1300 55
J . ] E 1004
] S 9001 2 20 3
i € 7l = S
- i e 700 2 154 ©
il E 500 8 2
20 15,000 B 300 = =
iy 2 T 8
»n 200+ @ 104 =
©
. 0.10 100 =
o
(Notto scale)

(b) Base Course

Layer Coefficient of Granular Base

Granular base CBR (%) Structural layer coefficient, a,
20 0.07
30 0.09
35 0.10
45 0.11
55 012
70 0.13
100 0.14
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3) Subbase layer Coefficient (can be obtained from the following figure).
a) Equation; a, = 0.249(log,, M,) — 0.977

as; = 0.227(log,q M,) — 0.839

b) Ch rt . Structural Layer Coefficient, a3 CBR Elastic Modulus
Lhart,;

0.20

Layer Coefficient of Granular Subbase

Granular subbase CBR (%) Structural layer coefficient, a; 4
10 0.08 7 1003 20,000
25 0.10 - - - — - — -t —E————q—_____j
30 0.1 i ]
40 0.12 7 i ]
70 0.13 1 - —-—
100 0.14 '

(Not fo scale)

M,; Resilience Modulus (psi) or Dynamic Elastic Modulus
Is a dynamic test response defined the ratio of the repeated axial deviate stress o4to the recoverable
axial strain €4.( M= 04/ €q)
M,=1500*CBR%
Min thickness required according to Iraqi specification (SORB) for construction or maintenance
considerations are
1) Surfacelayer = 2in(5cm).
2) Base layer 4in(10 cm).
3) Subabse layer =4 in (10 cm).
Example:
Design a flexible pavement for the following conditions;
W15=1.46*10° ESAL within 20 year design period, subgrade CBR=5 %, M(granular subase)=E,=8800 psi
, Mi(granular base) =E,=40000 psi, M,( asphaltic concrete layer)=Eac=4.57*10’ psi, Po=4.2 , P:=2.5,
m,=1, m3=0.8 , R%=90 % and S,=0.45.

Solution;
s &]
e & - S a— = Psr, —1.5
log,o s = —ZS, +9.3610g,,(SV +1) 0.2 L oA o
+2.32log,o M, —8.07
- Surface asphalt layer. Mr=: 57410° [

SNtotal = @101 ma+ a;Dom; + a3D3 m3 Sle : Dl

from above figures; SN,
SN,

a1=0.42 )
a,=0.13 y ; L
a3=0.095 Aﬁ

APS|=Py-P=4.2-2.5 =1.7
Using AASHTO design chart;

Subgrade layer CBR=5%
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a) Determine structural Number

1) Determine SN3=3.7

2) Determine SN,=3.4

3) Determine SN;=1.2

b) Determine thickness for each layer;
Calculate D; from SN;=a;*D;; 1.2=0.42*D; so D;=4.286in=10.886cm =11cm>5cm (2 in)
Check with min thickness required (SORB, surface layer =2" or 5 cm) ok.

Reliability, R(%)

L
60

1)

2)

3)

Calculate D, from

SN, = a;D; my+ a,Do,m; ; 3.4=0.42%(11/2.54)+0.13*D,*1 ; D, =12.16 in = 30.892 cm =31 cm
Check with min thickness required (SORB, base layer=4" or 10 cm) ok.

Calculate D3 from

SN, = a;D; my+ a,Domy+asDsms ; 3.7=0.42%(11/2.54)+0.13*%1*(31/2.54)+0.095*0.8*D5

s0; D3=3.875in=9.842 cm =10 cm.

Check with min thickness required (SORB, Subbase layer=4" or 10 cm) ok.

=
ons)
o~

{milli

pplicaﬁons.\qn

A

Estimaied Tota| 18-kip Equivalent

Single Axle Load

Example:
W, = 5x10*
R295%
S, * 0.35
M, = 5000 psi
aPSI = 1.9
Solution: SN = 50

Design Serviceability Loss, AOPSI

//
/ //

71 Z

I/ l//
7
L. /// ~\
L / 6

s/,

20

T T LEa | M 1

98 7 & 5 4 i(: 2
Design Structural Nu . SN
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