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01- Cross-Section Elements
1. Surface Type:
- Asphalt concrete (flexible pavement).
- Plan, simply reinforced & continuously reinforced concrete (rigid pavement).

- Surface treatment = for shoulders.

Choice depending on (e Wiz mhaudl & & Lial):
a.  Applied stresses (aluall Clalga ),
b.  Environmental conditions (Hassall Lalial s 5 ),
C. Available materials (3_3 siall 3l gall),
d.  Common practice (=Ll 5 _pall),
€. Cost (44,

2. Cross Slop:
0.01 — 0.03 "high type surface"
0.08 "low type surface" = shoulders

3. Lane Width:
- Standard = 3.65m
- Inpractice=3.75m

- +0.25m (at shoulders) & +0.5m (at median if barrier curb is found).

Where +0.25m & 0.50m marginal strips.

Median hm e Ve

Shoulder (Service Lane)
| 1.2-12m !O.Sm! 3.75m | 3.75m [ 2.5-3m 10.5m 1-1.5m |
0.25m '

4. Shoulder: - Surface treatment
Width=2.5 -3.0m
Cross-slop =5 - 8% = 0.05 - 0.08

01-1 Cross-Section Elements
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5. Curbs:
- Barrier (for pedestrian) (<bS b o sl (S V)
- Mountable (LS jalb o Sliial Sa)

- Curb & Gutter (< pai alai (g 523 dia )Y e g1 53l)

8cm
—f Gutter
15-25cm
Curb

for Mountable for Barrier Curb & Gutter

6. Guard rail (by sheet and column):

q
0.75m
Used at hazardous points: Emem T T
>3m
- at high fill > 3.0m 0.9m i
- steep grades (2xd lail)
10.5m | 1-1.5m _|

- sharp curvature (225 sliadl) e |
- sudden change in alignment Spacing= 2.4m (C1€)
- restricted sight (foggy (slu) (338l 435,11 (3hlic)

- near rivers and lakes < 10 - 15m

7. Median:
For:
- Separating opposite flow

- Future expansion

25mto 12m
1.2-5m Unpaved I
Paved M
W(m) | O(m) ; ,
1.2 30 T > < |
12 9 1 ° !

01-2 Cross-Section Elements
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8. Side walk (3Ll (31 yk):

. 07515m |
\ |
Side Walk
Barrier 0.75m for (1) person
9. Side slop:
a. Cutslop:

b. Fill slop:

(JENL el ol el A J

For normal soil (clay, silt, sand), & h < 6.0m:

H:V =2:1, ... ..., 4:1 (favorable 4:1 4ladall)

For normal soil, & h > 6.0m:
(has to be design according to slop stability theory)

For rocky soil:

Hard (H:V)=1:10 ... 1:5
Medium (H:V)=1:4 ... 1:3
Sift (H:V) = 1:2 with steps

Medium

(1:1) Jwlbs (h) oiall

01-3 Cross-Section Elements
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JLA b LS Jealit

10.  Vertical clearance:
For roads = min. 5.20m
For railway = min. 6.50m
For walkway = min. 2.50m
For main rivers = min. 6.50m
For other rivers = min. 3.50m

For high tension lines = min. 8.8 -10m

11. Right of way (Gihll Gl yae) > 80m
Freeway = 200m
Highway =~ 100m
Used for: future expansion (a=si), safety (0le¥!), maintenance (lwall),

01-4 Cross-Section Elements
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02-Earthworks & Mass-Haul Diagram

Mass-haul diagram:

Continuous curve showing the relationship between the accumulated algebraic
sums of corrected earthwork volume and distance for the purpose of minimizing the

cost of excavating hauling & damping the materials (Soil).

Elevation (m) Ground Line

GradelLine

Yy

Profile

[l 1 Il [l 1 [l [l 1 [l 1 Il 1
1400 2400 | 3400 4+0D 5+00 6+00 7+00 8400 9+00 10400 11+00 12400
Distance (Sta.)

Cut (+)

dy/dx =0
Corrected accumulated

Volume (m3)

/

\\/:)istance (Sta.)

Fill ()

- Rising = Cut

- Falling - Fill

- Steep slop = High cut or fill

- Zero slop 2 Change from cut to fill or vice versa.

- Zero value = Balance between cut and fill

Haul (J&)) = Volume (m’) * Distance (sta.)

Haul distance:

The distance of moving the masses of soil from one place to another, in the

process of earthwork.

02-1 Earthworks & Mass-Haul Diagram
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Free haul distance (F. H. D.):

The distance within which there is a fixed price for excavating, hauling, and

damping the materials regardless of the distance moved.

Freehaulcharge = —]3
m

Over haul distance (O. H. D.):

The distance beyond (F. H. D.) for which there is an additional price for each

(m’.sta.)
1D
Overhaulcharge =—;
m-.sta.
max. O.LLD. = Borrowcharge
O.H.charge

Limit of economical haul distance (L. E. H. D.):

The distance beyond which it is more economical to waste and borrow rather
than to pay for the cost of over hauling.

L.E.H.D.=F. H. D. + max. O. H. D.

Volume (m3)

A-B=F.H.D. b
C-D=F.H. V. EEAN
E-F=L.E.H.D.

2000+
G-H=0.H. V. E H F

10001+
E-K = West (W)

0 K | | P | !
1+00 2+00 3+00 4+00 5+00 6+00 7+00 8+00

F-P = Borrow (B) Distance (Sta.)

Janll Game an ) eliiay Lies il Aacaall danadll o gaall e (Glasally) Adlusall (g A8l au 5 JUaS

Gl g a3 a1 (liie s 5 (3Sta.) (s JUll La jlaia g jald) Jail) ddls & (A-B) ¢leia s JSU J& bhda e

Ailisal eV aal) o yi a3 (F. H. V.) 58 3 ey A st 4 5V ana 8 5 (A-B) bhall el 48 (g dildll

Ll cduilin 3 ) gy Ailiiaa 3 ) gy 4 il 4 5l anss (o8 (G-H) lisal) (588 i )l) (uliie cavn s (L. F. HL D) Jail
il 5 Rl (W, B) (68 (E-F) a3 U

02-2 Earthworks & Mass-Haul Diagram
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Correction:
* Sandy, Silty clay M y
Shrinkage: 5 — 15 % ~ 10% =
VO V2
) M
* Lime stone, Sand stone M
f e . 0/ ~ 0
Bulking: 25 — 35 % ~ 30% <o 5
Ex.:
Sta. End Area Cut + (m°) ) Corrected Fill — (m®) Balance Accu.
(m?) Shrinkage | Cut+ (m®) Vol. (m®) Vol.
Cut [ Fill 10% (m’) (Cut-Fill) | (m’)
0+00 | 40 | 2.6 0
0.5*(4+2)*200 600*0.1 600-60 0.5*(2.6+0)*200 +280
=600 =60 =540 =260
2+00 2 0 +280
0.5%(2+1)*200 | 300%0.1 300-30 0.5%(0+3)*200 -30
=300 =30 =270 =300
4+00 1.0 3 +250
0.5*%(1+7)*200 | 800*0.1 800-80 0.5%(3+2)*200 +220
=800 =80 =720 =500
6+00 7 2 +470
0.5*%(7+0)*300 | 1050*0.1 | 1050-105 | 0.5*(2+8)*300 -555
=1050 =105 =945 =1500
9+00 0 8 -85
M-H. Diagram
500 -
(4]
£
35 400 -
o
>
2 300 -
©
5 ~
E i”% 200 4
[8]
g
& 100
QL
S 100 200 300 400 500 600 800 \Qo 1000
-100

Distance (Sta.)

02-3
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03-Asphaltic Materials Axel Load
M. S. = (Marshall Stability)

Flexible PaV ement L ayers: C.B.R. = (California bearing reaction)

S50
45555654
S50
45555654

M.S.>8 kN =10 kN Wearing (Surface) course (Asphaltic concrete)

M.S.>7kN Level (Binder) course (Asphaltic concrete)
Base course
M.S.>5kN - Asphaltic concrete (Concrete)
C.B.R.>80% - Crushed stone (Stabilized mater) (asphalt, concrete, lime)
C.B.R.>235% - Subbase course (Sand-gravel)

C.B.R.>25%=10% Compacted subgrade

C.B.R.<5%=4% Natural subgrade

Asphaltic Concrete:

- Asphalt cement

- Coarse aggregate (crushed gravel) [1" — No.4 (No.10)]
- Fine aggregate (sand) [No.4 (No.10) — No.200]

- Mineral filler (cement or lime) [< No.200]

- Additives

Bituminous materials:

Mixture of hydrocarbons (C, H), liquid or semisolid in consistency, soluble in
CS, & CCly
- Tar: produced by destructive distillation of coal (chemical change), cannot
found in nature, more susceptible to temp. & more toxis.
- Asphalt: produced by fractional distillation of petroleum (physical change),

natural (lakes, rocks) or manufactured, less susceptible to temp. & less toxic.

Atmosphere
Dura refinery: Tower Light .
distillation Yaeuum Gasoline
Crude oil ower . §
100% l_\/le.dlu.m Deasphaltive E: Kerosene
[315°C] distillation unit 'E Diesel Oil
Steam D E— ‘Heavy £ | Lube Oil
distillation b Asphalt +
Steam (deasphaltive E Paraffin
, oil) -
370°C > Propane C;Hg v
Red need oil
=~ 40% »
Vacuum Base
Blending (a) and (b) (z <! &Y () (a) residue (b) Asphalt >
=~ 18% ~13% Blend
»

to produce asphalt cement:
1 (a) + 1 (b) > AC (40-50)
1.8 (a) + 1 (b) > AC (60-70)

03-1 Asphaltic Materials



Lectures of Highway Engineering — Forth Stage Nov-2009

Manufactured Asphalt
I
I I I
Asphalt Cement Liquid (Cut-back) Asphalt Emulsified Asphalt
A) Asphalt Cement:
a. Penetration grade:
40-50 | Less durable (G sanl a8 (Thermal Cracking)
Ji z 50-60 Less flexible (AL 4 5al)
60-70 ]
85-100 | More temperature susceptible (Rutting)
120-150 (permanent deformation)
200-300 |
b. Viscosity grade:
dyne*sec.

Absolute viscosity (Dynamic): By Poise ( )

cm

d’Y (Shear Strain ):| ) rate of shear strain [LJ

dyne . :
T —— | =n(Abs.Vis.(Poise)). < =
(shearstress)( sz j T]( ( ))|: dt(tlme (SCC.))

Viscosity grade Penetration grade
Y Ju8 AC-40 Abs. Vis. @60°C = >20
40*100=4000 poise
pgn AC-20 2000 poise > 40
AC-10 1000 poise > 70
AC-5 500 poise > 120
AC-2.5 250 poise > 200

Asphalt cement requirements (AC-20 [40-70]):

1. Basis of grading (Consistency) (p!s2))
- Abs. Viscosity @60°C = (1600 — 2400) poise
(Gs=1.01-1.05)

2. Temperature susceptibility (3.l Lsbua):
- Penetration ()& g=s8): (ST. condition — min. 40 (40-70) 1/10mm
Penetration after thin film oven test, retained pen. > 55% & (mass loss < 0.75%)
- Kinematics viscosity @135°C = Min. (210) Centistokes
(Stokes = 100 Centistokes) (Stoke = Poise/Density)

03-2 Asphaltic Materials
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3. Oxidative hardening (3:x8¥) G leaill):

- Abs. viscosity @60°C after thin film oven test 2 Min. (10000) Poise
4. Homogeneity (o=l

- Ductility after thin film oven test 2 Min. (20cm)

Ductility before thin film oven test = (= 100cm)

@25°C (5cm/min.)

- Solubility in Trichloro-Ethelin = Min. (99%)
5. Safety:

- Flash point & Min. (232°C)

- Softening point = (52 — 60°C)

Chemical components (AC):

- Aliphatic hydro carbons (Chain) Ho-

T — O — =
|

T — O— =
|

T — O— =T
|

T — a— =
|
T

Light molecular weight

jus)

- Aromatic hydro carbons (Rings)

~
—
-

Heavy molecular weight

Chemical Components:
5h i) e die S 5 0f s
[Cso Hioa S3 N2 O]
AV 2 panll e gl 55 ealiall oda a8 i) o) gl Calias
C=70-85%, H=7-12%, S=1-7%
0=0-5"%, N=0-1%

03-3 Asphaltic Materials
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Fractional Role (Durability)
Components of Reactivity
AC to O,
Asphaltene | 1| Asphaltene Bonding agent (o)) Low
2| Nitrogen bases Peptizing agent ( ¢! 2L ilan¥) zlaril e e loy High
s AV
Maltenes | 3 | First acidaffines Solvent (oAY! A sall ¢l sial e aclud dp3 3 5a) High
4| Second acidaffines | Solvent (s AY) 3 sall o) gia) e aelud dna 3 5a) Low
5| Paraffin Gelling agent (ise Jale) Very low

B) Liquid (cut-back) Asphalt:

Asphalt cement + solvent (for temporary liquefaction)
a. Rapid Curing (R.C):
AC (85-100) + Gasoline

RC-70 (tespd YY) 3_lall 3kl | Kinamatic Vis. @600C = 70-2*70 centestok
RC-250 32l (3laliall

RC-800

RC-3000

Used as Tack Coat: Thin film of asphalt applied (immediately before paving)
between 2-paved layers (0.2-0.5 litter/m?)

b. Medium Curing (M.C):
AC (120-150) + Kerosene

MC-30

MC-70 (e sed JiSY))
MC-270 (te s SiSYY)
MC-800

MC-3000

Tight Surface (s_sa Clalus)
Open Surface (3_xS Slaluw)

Used as Prime Coat: Film of asphalt applied (before 24hr of paving) between
unpaved & paved layers (1.0-0.5 litter/m?)

c. Slow Curing (S.C):
AC (200-300) + Oils

SC-70
SC-250
SC-800
SC-3000

For stabilizing earth works (4! il Je ¥ caiil)

03-4 Asphaltic Materials
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C) Emulsified Asphalt:
Dispersing of asphalt particles in water in presence of emulsifying agent
AC (non-polar) + Water (polar H'OH") + surface active agent (emulsifier)
o Al () oSl Al cilan ) ol i Bae L) salall cAilia sale slall cAilie ye ale chliuy) *
Ll
san e Jseanl) 8 e Al A00EN e ST AL 5l A ge liand G Bac Lusall ) gall s *
Aalaial) 3alall yal A1)
For:
1. Possibility of mixing with aggregate at normal temperature.
2. Water is safer and cheaper.
A58 Y Al e gz el die bl Jentass
S by i) ) il ]
AS I ) gad 8 3 s el Ll A1) 2
G a5 Ay (e ae b se bl Jalal ¢ 53 jlial) el Aims Ak Slials e oSl o (g giay *
obial Jaladall 8 LS ¢ Juadl 5 ) gacy oSl il 5 CalinsY)

Emulsifying— Type Anionic Emu. Asp. —— With lime stone (+)

agent (Quality)
Cationic Emu. Asp. —— With Quartz & Silica (-)

Anionic Emu. Asp. | Cationic Emu. Asp.
Quantity - Rapid setting RS-1 & RS-2 "CRS-1 & CRS-2
As (tack coat)
Medium setting MS-1, MS-2 & | CMS-2 & CMS-2h
As (prime coat with coarse agg.) | MS-h
Slow setting SS-1 & SS-1h CSS-1 & SCC-1h
As (prime coat with fine agg.)

(=) Adls Lanil) () slima 3 M Ay ACT
Setting: coalesance (separation) of asphalt from water
Note:
(2) more viscose than (1) (333 siS))
(2h) harder asphalt (residue) (slell A 2y 85l than (2)
(1h) harder asphalt (residue) than (1)

03-5 Asphaltic Materials
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Important properties of Asphalt:
1. Hardening with time (Oxidation, Volatilization of light components)

24580 Apdall o) gall Ay ST Connay (g 3y 50 Sl 30
2. Thermoplastic materials (Consistency varies with temperature)

(n) 4.;))”\ (;'“ Ljaﬂ\ UJ:\:@.AJ (BJ‘)&A\ )4&.1.1.."’_ ).\a..\.iw'” L}Jm) B)\)AJL_} 4..1).4 3ala

Logmn
(Abs. Viscosity) \

Log T (Temp.)
(Abs. Temp.)

>

3. Rheological materials (Stress-Strain behavior is time depending)

3 sall G dani g A (A AEELYT o) gl B paal il g Al jal g e 3 e Jladi¥ g Alea ¥l o A8l cllia
by LSy A U 5 Al ) sl ild g A )3 g A U1 gl g A5l

Elastic materials:
- Stress-strain in time independent.
- No permanent deformation (all recoverable after unloading).
- Instantaneous deformation while loading.
- Follow Hook's low.
T (shear stress) = G (shear modulus) * y (shear strain)
- "Spring" may represent such behavior.

T = constant

v I Jaall elay o il ¢lay
A
4 )
Fy >
(Spring) e Jesl) Lol vie
L?." b}.mj il}h

t, t

Unload time

03-6 Asphaltic Materials
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Viscous materials:
- Stress-Strain is time dependent.
- No immediate deformation.
- No recovery of deformation (all deformation are permanents).

- Follows Newton's law.

T (shear stress) = n(abs. vis.) % (rate of shear strain)

- Dash-pot may represent such behavior.

T = constant

Asphalt

Unload time

But Asphalt may be viscoelastic material.
Al Il OO sall e de gana Sllin Al oda e Huaill

By Maxwell model:

_dye T,

it 3

T*tu
n Y2
Y2

)

Ytotal = Y1 + Y2

Y1

T 1T )
Yo = — +— ¥t < Anytime
G n

03-7 Asphaltic Materials
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By Kelvin or Voight model:

T .
=—|1l-e"

No instantaneous deformation
No permanent deformation

But related elasticity

By Burger (4-element) model [of asphaltic material]:

Y1 Gy elastic v

. - G, inelastic 73
2

Y2

Y303 viscous V1

For loading curve:

y=i+i l—e ™ |+ *t
G, G, UE

-Adaa s
e GE sl (a3l 5 a0 anp AT il g e o a5 0 58l (e ansd Lo (56K A3 el Tl lilal

duanl) a—..")})*‘h dLA;‘}]\ SEREN é—,:")bﬂ Lﬁ)&‘ _).«J\ cuila L5'3 Glle haay callll ?....sj\) _‘._5_‘3\; e () 68y G ganll Jul8 ji
((Parking) <58 5l (3halia & Caamy SIS 5 claliil 50U aae 5 AL

03-8 Asphaltic Materials
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04-Aggregate:
Natural ——— Igneous (Granite)

— Sedimentary (sand, gravel, sandstone, and limestone)

— Metamorphic (Marble)
Industrial product ——— Slag (sl o) 8 Cliliy)
L Clinker (aad)) ol _# cililis)

Main desirable properties of aggregate:
1) Inter particle friction (Mechanism of load transfer):
(A e dgle 5 pkanall (e (oAl SMia ) JleaY) Jlin) 4851800
a. Surface texture (rough or smooth): Resistance to displacement
b. Particle shape (angularity) ¢’s ¥ (round, fractured, & cubical)
Angularity No. (0-10%) = % voids in round (=33%) - % voids in any shape
Juadl alS S IS LS (10%) (e daill g 581 LS
c. Gradation sl 2553 (dense, gap, & open graded)
. P [d]?
By Fuller (dense gradation) = — = {—}
100 | D

Where:
D = diameter of max. size particle = (passing 100%); inch
d = size of opening for any sieve, inch
P = percent passing of that sieve.
ek LS (A 5 sl bl aas eyl & Jaliall Jasiosi
2" 1.5", 1", 3/4", 1/2", 3/8", No.4, ....
a1 g pal) ) i da )l a5 lalins No 4
oy LS 5 oMl () sl (g Consil) 3y o= jaiuntd 1" 4 el ST IS e (5 5a Al e slladl) (IS 13) 1l

04-1 Aggregate
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" > 100%

1/2" > —y”—o.s
P= % *100 = 70%
38" > - y 03
P= —1§ *100=61%
JAdl e &l -

2) Durability (4« s«all): The resistance to:
a. Crashing (Gl sl (adall):

wt.of mat.passin g No.7

Crashing Value = —
Original wt. (12" - 3/8")
sitas 1/2" Jaie e Jle plS
< 12% (= 8%) 3/8" Jadl e

b. Degradation (Sl 580 Cuy usill):

% of wear by L. A. Operation, (ol (s ol 43 k)

2.5kg (3/4"-1/2") + 2.5kg (1/2"-3/8") & Spheres (500 revolution)
wt.of mat.passingNo.12 _ 300,

Degradation = —
Original wt.

c. Disintegration (el il ey juill):

670 gm (3/4" —1/2")
330 gm (172" —3/8")
300 gm (3/8" —No.4)
1300 gm

By MgSO; (psmsindll iy ,8) <18 %

* Soundness
for 16-18 hours
& drying Cycle

3) Wet ability (—b il 4.L6): adhesion with asphalt, or resistance to stripping of
asphalt film from aggregate in the presence of water.
a. Mechanical interlock: (SelSaall i)

- Rough surface texture. (& zhaw)

- Porous aggregate.

(el Alladi) e 5 caliuy) JAIS Glacal 5l Sl 5 e e €15 dulle duadas Fadlin)

- No surface coating. (alS b idaall 4y 531 A1) 3))

04-2 Aggregate
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b. Chemical reactivity: (SaSl lill)

Basic minerals  + Acidic portion - Compound not soluble in water
(of aggregate) (of asphalt)
(LS ) Al 5Y1 ) all (Clawy) 3) dpasls 3l 5a slall & uild e (S 5

c. Interfacial tension: (Clsill uy bl 221
- Hydrophobic aggregate (water-hating) (slell <isila )
- Hydrophilic aggregate (water-loving) (slall <l
Alasle )y cany Gl (elall cayll) S g gl e B jadl AlS ) el clall Cagllall e Lgie Juadall

Aggregate combination (blending) & separation to meet Job Mix requirement:
LS a5l b 5 e Alee ) liad ST e il Aalal) il sall Gaa (955 Y Llle o aglall oS )
rhlal) Asbadd G lie 7,35 e J panl]
1. Discarding the over size.
(AU () ) a SV o gl e
2. Separating into two or more portions on selected proper sieve.
(Jlal) dilaia & ST 1 i ) SN Jaad)
3. Recombining using proper percentage for recombination with specification
requirement (mid-specification limits).
(Ria) sall Caaiia) (g il bl go 5 a0 dpulin 4y sia iy o) aY) zed B2le))
4. Addition of fine materials (& Filler) if necessary.
(ialall die (41l 3 50) a2l oIS dilia))

04-3 Aggregate
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EXx.:
Sieve size | (% passing) Natural grading | Specifications
1" 100 100
3/4" 90 100
1/2" 80 95-65
3/8" 60 60 —40
No.4 40 40 — 24
No.10 30 30-20
No.40 20 20-10
No.80 10 10-5
No.200 5 5-3
Sol.:
:dall dgy ,ha

Al (3/4") Cliaal sall o oS HU a8 anall of JasSl i(Discard Oversize) a8y asall (558 aaall 41 ) ]
dalial 8L & 53 a5 (100%) (3/4") Jaiall e Jlall dra sF (1"-3/4") O p sl 41 5] cang
(3/8") Jaial vie & Clinal gall ae JIa) dihie o Jaal 5 cJaliall (e s (8 LA 0y aaas 35V Als jall 0y 2
) Jallad 5305 (3/8") daiall aie jaliall Jad iy @A) ((40-60) dial 5all 3 slaia (8 5 (67) D) 4S5

€)) 2 (©)] “4 ) (O] @) (8)
Sieve (% passing) | Specifications Step (1) (A) Percent (B) ©)
size Natural Portion passing Step (2) retained Portion 50% A
grading 3/4" Portion Passing (5)-(4) passing +
3/8" 3/8" 50% B
1" 100 100 100 - 0-0 100 100
3/4" 90 100 100 - 0-0 100 100
/2" 80 95-65 (100/90)*80=89 - 11-33 67 83
3/8" 60 60 —40 (100/90)*60=67 100 33-100 0 50
No.4 40 40 —24 (100/90)*40=45 | (100/67)*45=67 0 33
No.10 30 30-20 (100/90)*30=34 | (100/67)*34=51 0 26
No.40 20 20-10 (100/90)*20=22 | (100/67)*22=33 0 16
No.80 10 10-5 (100/90)*10=11 | (100/67)*11=16 0 8
No0.200 5 5-3 (100/90)*5=6 (100/67)*6=9 0 4.5

O oyl Balels anm a5 S Vg Al (e dac s ol g gy Y ALSON ) (51 S (1)= (4.5) (ol s S 13

[(filler) 4dLaly
)] 2 (€)] @ ®)
Sieve size | Specifications © (D) 97% C+3%D
Filler
" 100 100 100 100
3/4" 100 100 100 100
/2" 95-65 83 100 83.5
3/8" 60 — 40 50 100 51.5
No.4 40 —24 33 100 35
No.10 30-20 26 100 22.25
No.40 20-10 16 100 18.5
No.80 10-5 8 100 10.75
No.200 5-3 1 100 4
04-4

Aggregate




Lectures of Highway Engineering — Forth Stage

Nov-2009
EXx.:
Sieve Stock (A) Stock (B) Stock (C) Specification
Passing Passing Passing
1" 100 100
1/2" 63 70 — 85
No.4 19 100 40 - 55
No.10 8 92 30-42
No.40 5 55 100 20-30
No.80 3 36 97 12-22
No0.200 2 3 88 5-10
Sol.:
:Jall syl

(N0.200) Jaall fay Qe 5 dival gall Ciuaiia ae Leii jlia 5z e Gt Gk Uadl) 5 4 glaall 48y Hhay Jall 48y 5k ) 5
(No.200) M\uﬁju\M(C) 4o U UH-"ULS\ ‘(Passing)o_a‘«;\.:d\ 6 sinall 134 S 8 yuram daut 4l (1a 580

(A, B) osie S 5S0 (i gl 5 AL G Welac) cand (5-10) ddcal sall 5 (88) s sl

Sieve

Stock (A) | Stock (B) | Stock (C) | Specification Mid Passing %
Passing Passing Passing Specification
1" 100 100 100 100
12" 63 70 — 85 77.5 76
No.4 19 100 40 —55 47.5 47
No.10 8 92 30-42 36 38
No.40 5 55 100 20-30 25 25
No.80 3 36 97 12 -22 17 18
No0.200 2 3 88 5-10 7.5 7
g 65% 30% 5%
04-5
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05-Asphalt Paving Mixture:
rclanl) 3l dans ) Gal sl (e aae 355 o Gany
Function:
- Smooth riding quality surface. (dutis s due 5 Jlaval Latan 4 52i)
- Safety. (oY)
- Load carrying median. (4ad sia) ddabuall 4 5 sall Jla¥) Jeni (Say)

Note:
e Batch plant: percentage depend on weight.
Continuous plant: percentage depend on volume.
e Hot mix: after heating aggregate & asphalt.
Cold mix: mixing at normal temperature (emulsified asphalt).
e Dense mix: % air voids < 10%.

Open mix: % air voids > 10%.

Desirable properties:

1) Stability (<L) resistance to permanent deformation.
(ol o 5l L) e i)

Affected by:

e Frictional resistance (LSia¥) e daiUll 4. 44dll): rough surface texture (of

aggregate), optimum asphalt content, & dense gradation with compaction.
(u.a‘)l\@u:ﬂSCJﬂ ¢ el clant) A 6615)3\3.]_9.&5)

e Cohesion (¢lulail)): reology of asphalt, adhesion with aggregate, & surface area

of aggregate (filler 3-8%).
(i) By 3 8 Aagn (Il A A o) (g s (3D 31 3y S 1) Aaliss 21 35 LalS)
o Inertia of pavement: speed of vehicles, concentration of load, & axle load.
(é)};ad\ dAAj‘} cd\.a;iy\ S ckL\LJSJA\ t‘)“)

2) Durability (<ese2/): resistance to weathering (air, water, & oil) & abrasive action

of traffic.
Aalia g (Strlpplng A gall b Carasd Adaail) o gl 5 ¢ Lall «Oxidation LSl ERT ;\j.gj\) 4.1):."\3\3\ YWPEi| A_A}\A.q)
(anl) 830Y) Ll

05-1 Asphalt Paving Mixture
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Affected by:
e % of asphalt (<lew) du)
e Gradation (dense or open) (z i)

o Degree of compaction (Jall 4a )

3) Flexibility (<s_/): (fatigue resistance) ability to bend repeatedly without fracture.
(S5 & gaa () 9 Badme ) yal 2aadl) AL (JISH) A 5lan)

4) Skid resistance (_iil 4q sléq): ability to provide safe coefficient of friction.
(o) i) Jalas i 53 @Ls,,i)
Affected by:
o % of asphalt. (<law) )
o Gradation. (z_))

5) Imperviousness (4-Liil/ aae): (Slebise 3 ga g ate 5 48D3Y)

6) Workability (il L:L0): ability to provide smooth shaping of the finished
pavement.
Affected by:

e Balanced portion of materials (=) sall (e dauliia ¢ 3al)

e Efficient equipments.

Job Mix formula:
1. Selection of aggregate quality & gradation with in specification limits.
(Al Cliial sall Gasa 7 Hxill 5 due il Aalill (e pS I LA)
2. Selection of asphalt cement grade.
(A58 (eailall o sl wiad alia g A Ul 5 Jrlill 4L (lanal Gl (5S35 i) dge o5 lal)
3. Selection of optimum asphalt cement.
() Y15 il o 355 Y e saall s e panal) (el A1S BuaS () 55 ¢ Biall i) Fansi Lsdl)

05-2 Asphalt Paving Mixture
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Mix Design Methods:
1. Marshall method
2. Hveem method
3. Immersion — compression
4. Indirect tensile strength

5. Creep method

Marshall Method:

(Max. size of aggregate 1")

Stability: maximum load resistance of standard specimen (4" dia. & 2.5" height)

when tested in the direction of diameter, at 60°C at the rate of 2"/min.

(Stability > 800 kg)

(60°C) 51 s il oy aladlas e (4"%2.5") (o 3505 (ol abusa Jasn ST e e (a5 1M e A8l
(2"/min.) Jsa3 Jazay s

z ol ol A o pAld) g Sl Ul o Le A jaill Jeall 44yl padle
48 Hhaay @lld g ()l Alae 435 &5 (100-105°C) Al 2,4 WS 55 &5 (160°C)

Dial gage (1) . .
D Jomay duld

Stabilit
By Dial gage (2)

Flexibility

75 blow/end (tire pressure = 200psi)

or 50 blow/end (tire pressure =100psi)

s o5 ) oy 18 ) a5 501 )3 el (24hr) 5l 55 o3
ol 3 ) a A ja JLE ke Jles

Flexibility (Flow): the deformation (strain) corresponding to the max. load resistance

of the standard specimen. (2 — 4 mm)

Durability: density — voids analysis.
% of air voids (3 — 5)% or (3 - 7)% in total mix.

05-3 Asphalt Paving Mixture
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C e w s TR, o Density 241 ______
A SIS Ja gal) e g 3l (8 i) Ay BNl a5 (em/m) /\
(;\SA»:YLI 3;«)1&4“ Q\).aﬂ\ :\..}.n.alj ull\).aﬂ\ A &:\.JJ)A\ ‘dm‘)\.a
21
el ol 03] ad (Bint iy i) (po Bl sl sl oy N
Stability 1000

(Max. Density) 4GSl dad ,Si ]
) Flow 54
(Max. Stability) <Lill ied i 2 (mm)

(Basill Jaxa) (5%) < sad daasd die 3 ] _______/

el 0/4) iU 5o slaa il gl A
(Baiill Jans) (75%) 230 slas Slsadll A 4 Voids in mix 81

1

T

1

il e Jasall Ty codlef cda u dendd Jaee s (%) :
1

Adal gall aa B g cdal sall e Jale JS Aad Ay N |

= 1

Jalas g caleal § 1A Gligd clial gall aaf Gadati 2113
A e ks Voids filled with asphalt 85

L]
)
1
1 Al el 3 (%) //
I
]
65—+ |

1

1

]

]

|

)

1

A s @l g A slhaall Tag il Asgal A @l Cilial sall (e ke)  |rmmm=s '
]

Al L AL ey /-\

’ il !
1

i

1

]

]

|

|

1

4 5 6
Asphalt content by wt. of total
mix (%)

For surface course (wearing):

e 9% of asphalt (usually effective asphalt) = 4.5 — 6.5 % by wt. of total mix
e Stability at 60°C & 75 blows/end > 800 kg

e Flow=2-4mm

e 9% air voids in total mix =3 -5 %

e % voids filled with asphalt =70 — 85 %

e 9% voids in mineral aggregate V. M. A.% (min. =15%)

e Filler / Asphalt (max. = 1.4)

comp.st.(Immersion)

e Index of retained strength = *100% = 70%

comp.st.(Dry)

Relative compaction = M*IOO% > 96%
Lab.density

Compaction of Pavement:

a) Rolling edges & joints: immediately after spreading (Tandem steel roller).
b) Break down rolling: as soon as the mix can bear roller (3-wheel roller).
¢) Intermediate roller: while the mix is still plastic (kinematics roller).

d) Finish rolling: mix still warm to eliminate tire marks (steel roller).

Note: Smoothness: (Irregularities) < 3mm/3m , ° ,

05-4 Asphalt Paving Mixture
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Analysis of Mixture (Mass-Volume Relationship):

e el Zero Air voids (air space) | Tva |
ti’)’_;i: \“—‘E“"}‘” A A A Binder _}[_
(S Janal) - (Asphalt) - v,
W Effective asphalt
Aggregate particle coated s Gy
with asphalt, showing e . - —— v v
absorbed asphalt, permeable LSt bl J2s e i) Ws2 ! Absorbed Asphalt Ve I
and impermeable porous . - oy ot W A Y
el | __Permeable Porous | |
ry
AU gye sl ¢ ) Solid Aggregate v,
+ + AV,
51t o Wagg. 2
slanall lalal) &l sadl Impermeable Porous v,
Aggregate coated with
asphalt, showing air voids v v v v v

Va = volume of air voids in total mix
Vs, = volume of effective asphalt
Vs, = volume of absorbed asphalt

V, = apparent volume of aggregate
V, = effective volume of aggregate
V3 = bulk volume of aggregate

V = total volume of mixture

Vv = voids of aggregate (Voids in mineral aggregate)

- Bulk G, = bulk specific gravity of combined aggregate = %

3

100
%course %fine %filler

Gs(course) Gs(file) Gs(filler)

Ex.:
50% (1"-No.4) Gs=2.6, 45%,
45% (No.4-No.200) Gs=2.65,
5% (No.200) Gs=3.15

B 100
Bulk Gage = 5525 3
26 2.65 3.15

05-5 Asphalt Paving Mixture
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- Pg = total % of asphalt (by wt. of total mix)

- Po =% of aggregate (by wt. of total mix)
Ps+ Py =100% = P, =100 - Pg

- In void less mix = max. theoretical sp. gr. of mix

(max. Gm by testing in the lab (ASTM-2041)

w
V-Va

max.Gm =

- Effective G, = Wa
V2
_ 100-P
100 P
Gm Gs

(as sp. gr. of asphalt), where V, = V-(Va+Vs;+Vs,),

Effective G4 constant property (independent of asphalt content)
Slag¥ 5 eclin g alS ) de gl i) (e Al (Theoretical) (max. Gm) bl oSy 4o yide 40 523 e
(max. Gm) a8zl AiuY AV Gl 58 Gaki s (effective Ga) S S Cliul) (e (5 4T ol (max. Gm)
A s el ) (s (Calculated)
W \W)

-ActualGm= — = ——ar
AV W, - W

Found by: Core from pavement, or compacted sp. gr. in lab

- Calculated max. Gm = —» = 100
Veva B 100P

Gs effectiveG A

- % air voids (in total mix) = E”‘100% = max.Gm—actual Gm *100%
\% max.Gm
*
- % voids in mineral aggregate (V.M.A.%) = YW oi00% = 100 — calGm TP,
% bulk G,

Vv=V —Vj3, Wg; + Wg, = Wg, Wg+ Wpr =W

- Absorbed asphalt (% by wt. of agg.) =P's; = \\;//52 *100%

A

= L 1 *Gs*100%
bulkG, effectiveG,

V3 -V, =Vg, Vs Gs , Wa , Wa
WA V3 V2

05-6 Asphalt Paving Mixture
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P',*P,
100

- Effective asphalt (% by wt. of total mix) = Pg; = P, - = Pg - Pg,

Where: Pg, = absorbed asphalt (% by wt. of total mix)

- % voids filled with asphalt = ~S.%100%
A%

_ actual Gm* P,  %100%
actual Gm * Py, + Gs * %air voids

Vv =Va+ Vg

EX.: To prepare asphalt mixture as surface course, it is found the following:

a) For aggregate:

Sieve size: 1" No. 4 No. 200
% passing: 100 45 5

For course agg. Gs=12.64

For fine agg. Gs=2.67

For filler Gs=3.10

b) For asphalt (40-50) = Gs = 1.04
¢) For asphalt concrete contains 5% asphalt = max. Gm = 2.49
If the same above materials used to construct asphalt concrete layer with 5.7%

asphalt. The core from layer has W,;; = 1200gm, & W.er = 692gm. Check this layer?
Sol.:
Check: % air voids (3-5), V.M.A. = min. 15,

asphalt voids (70-85), effective asphalt (4.5-6.5)%, <) _« S il

100

Bulk G4 = 540 5 2.672
LT
2.64 267 3.1
. _100-5 .t PO
Effective G, = Too 5 - 2.687 (law¥l dpud yuady Gl ) jasa)
249 1.04

For the layer with asphalt = 5.7%

1200 _ 5362

Actual Gm = ———— =
1200 -692

05-7 Asphalt Paving Mixture
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100

Calculated max Gm = 55 ) 0057 2.464
1.04 2.687
Check:
1)% V. M. A. = 100- 2362943 _ 16 6% > 15% -.OK
2.464-2.362

2) % air voids = *100% =4.1% (3 —-5)% ..OK

2.464
3) absorbed asphalt (by wt. of agg.)

=L T g 04%100% = 0.23%
2672 2.687

0.23*94.3

.. effective asphalt concrete = Pg; = 5.7 =5.48% (4.5-6.5)% ..OK

4) % voids filled with asphalt

2.362%5.48

- #100% = 75.2% (70 — 85)% ..OK
2.362*%5.48+1.04*4.1

05-8 Asphalt Paving Mixture
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06-Drainage:
Proper drainage is important to ensure high quality pavement. Moisture in the
subgrade and subbase layer can weaken these materials by:
1) Increasing pore water pressure.
2) Reducing the materials resistance to shear.
- Some soils expand when moist causing differential heaving.

- Moisture can cause stripping of aggregate.

Moisture Sources:
Rain water, runoff, and high ground water, which prevented by:

A) Surface Drainage:

By removing all water that is present on surface and shoulder, by these primary
means, to prevent water infiltration and accumulation:
1) Impermeable Mix:

Air voids in total mix <7%, by proper compaction and minor cracks in the mix
should be sealed.
2) Slop:

Cross slop =2% and using curb with gutter (in urban and suburban highways)
or road side ditches (in rural highway cut).
3) Grade:

Use grade > 0.5% for curb with gutter or side ditches to allow flow to central

collection point.

B) Subsurface Drainage:

Is concerned with removing water, typically the result of high water table or
wet weather which can accumulate under the pavement structure by two chief means:
- Gravity flow: (in mix with air voids above 7%) and through cracks.

- Capillary rise: (in the fine grained soil).

06-1 Drainage
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1) Minimize water infiltration into the pavement structure: by providing proper road
side drainage and minimizing air voids in the mix.

2) Provide surface drainage: consist of three base elements:

- A permeable subbase to provide for rapid removal of water which enters the
pavement structure.

- A method of conveying the removed water, by using a base sloped towards a
drainage ditch.

- A filter layer (such as geotextile, graded aggregate) to prevent the migration of fines

into the permeable base from subgrade.

Asphalt or PCC

Shoulder Base and/or subbase

\_ Permeable base (subbsae) Outlet

grotextile or Collector pipe

graded agg.

06-2 Drainage
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07-Evaluation of Strength for Subgrade:

* C. B. R.: California Bearing Ratio, for subgrade in "Flexible Pavement".

CBR,, = Jor(Ps)
© 1000(psi)
. Whichever is grater
CBR,, = o (Ps).
‘ 1500(psi)

* K: Modulus of subgrade reaction, for subgrade in "Rigid Pavement"
By Westagard: R=K * 6

Where: R = reaction (applied stress), 6 = deflection

P
Pressure (P) l

10psi R 18" ¢
- IET
| 200
o |
1 30" ¢
810psi :
0.05" Deflection (8) Subgrade

Pg g5

a5 050 1585 (oDl dipall) ddbise Ul 1 iliia Jraad DA (e Tiad g 4y il (5
(O yha a5 ¢(K) dall AT 4la g Sinia
As:

K (pci) = —(I))OS);'

10(psi)

10psi

Or sometime: K =

Dkl aladial (Say s cdalisad) B G 4 i) b mildiall sy aladiin) 4lSa) ane dlls b
i) e g (5 A
For the sheets & deflection:
Depend on K with 30" ¢ base plate
For K491 = 0.8 K301
Koore = 1.5 Ksgrg

07-1 Evaluation of Strength for Subgrade
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By AASHTO class.:
Clayey sand A-7 > K=50-150psi
Gravel A-1 >  K=400-500 psi

For soft subgrade:
(R 3 59) T 4188 (K) ad 1y
Partial or full replacement with better soil, as granular material, with cohesive

soil (more frictional resistance), or by soil stabilization.

ol s L aladial b o(3 58 Aok Al 4 il Jald) Juadl 4 51 S 5l s Jlagi)

07-2 Evaluation of Strength for Subgrade
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08-Thickness Design of Flexible Pavement:
By different methods [due to: methods pf traffic analysis, failure definition
(structural & users), evaluation of properties, & environmental effects].
1) AASHO (AASHTO) Guide method.
2) T. A. 1. method (The asphalt institute method).
3) N. C. S. A. (National Crushed Stone Association).

AASHTO method:
D1 Surface j
Dorh= f(thg, Pt S, & R) D2 Leveling
D3 Base
SN=f(S,R) D4 Subbase (C.B.R.)

Note: h (for each layer) > max. size of agg. * 2 Subgrade (C.BR.)

Where:
a) Wi = Equivalent (18kips) (=8.2ton) single axle applications.
Wis = f (axle type, axle load magnitude, p, design life, & SN)
Wi =2 T*A*F
Where:
T = Future trucks / Day / Direction = (Future ADT * %Truck * D.D)
A = Axle / Truck

F = Damage factor

b) p. = Terminal Serviceability:

Lowest serviceability allowed at the end of design period before resurfacing or
reconstruction.
By:
Arbitrary scale (named present serviceability index: 5 for best riding quality, and 0
for worst)

p; = 2.5 for main highway

p¢ = 2.0 for secondary highway

08-1 Thickness Design of Flexible Pavement
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¢) S = Road bed support value
d) R = Regional factor
e) SN = Structural number:
Index number derived from analysis of traffic (Wyg), road bed support number
(S), regional factor (R) [from monograph], which may be converted to thickness of

various layers by using suitable layer coefficient.

'y SN4 = D1+al' D2+a2 D3+a3 D4

4 SN3 = D1+al' D2+a2 D3 'y SN3 = D1+a2 D2+a3 D3

4 SN2 = D1+a1' D2 4 SN2 = D1+a2 D2

4 SN1 = D1 'y SN1 = D1
Surface | D; = a; Surface | D; =2 a;
Leveling D, > a Base D, 2 a
Base D; 2 a, Subbase D; 2 a3

Subbase Dy a3 Subgrade
Subgrade
Case (1) General

Case (2) Ideal Arrangement

(D) 223 (P.514) bhaall (s (a1) 5 (P.509) Sibabidl ge (SNy) g o33us (Dy) wsthall (SN = a; Dy) :idaadke
(0.5") G A s VL
For case (1) General:

a; = Layer coefficient for Surface D, = Thickness of Surface (inch)
a, = Layer coefficient for Base D, = Thickness of Base (inch)
a; = Layer coefficient for Subbase D; = Thickness of Subbase (inch)

Design monographs and tables: Yoder (Table 4.9 P.164, 165), (Fig. 15.1 P.509), (Table 15.1
P.510), (Fig. 15.3 P.514, 515), (Fig. 15.5 P.516)

08-2 Thickness Design of Flexible Pavement
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Ex.:

A main rural highway has been built or designed for (200) daily 18-kips single
axle load repetition. Regional factor (R) = 1.2 & the characteristics of pavement
materials as following:

Subgrade > C.B.R.=5% (Plastic clay)

Subbase <> C.B.R.=20% (Sand-gravel)

Base 2> C.B.R.=80% (Crushed stone)

Surface > E=43*%10psi  (Asphalt concrete)
Sol.:

From graph (P.514, 515)

Surface a;=042 (Modulus E =4.3)

Base a,=0.13 (C.B.R.=80%)
Subbase a3 =0.095 (C.B.R.=20%)
SN, =a; D
Wis =200

From graph (P.516)
el Al aakll (C. B. R.) o8

S; (@ 80% C.B.R.)=8.5 <> SN;=1.95

S, (@ 20% C.B.R.)=6.2 2> SN, =2.82

S; (@ 5% C.B.R.)=4 2>  SN3;=3.78

SN, =a; D,

1.95=0.42*D, 2> D;=4.64" useD,=5"
SN, =a,;D;+a,D,

2.82=0.42*5+0.13*D, 2> D,=554" useD,=6"

SN3 =al DI +a2 D2 +a3 D3
3.78 =0.42*5+ 0.13*6 + 0.045*D; >  D3;=9.47" use D;=9.5"

08-3 Thickness Design of Flexible Pavement
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H.W.:
Secondary highway, ADT (1994) = 400vph, truck = 40%, D. D. = 50%, annual
rate of traffic growth = 6%, design life = 20 years, wet (saturated road bed).

Truck type:

=

40Kips 13Kips
Materials Properties
Asphalt concrete wearing course M. S. > 800 kg
Asphalt concrete leveling course M. S. > 700 kg
Crushed stone base C.B.R. 80 %
Subbase C.B.R. 30 %
Subgrade C.B.R. 2%

Determine thickness of layers in (cm)

Note: let D; = 8 cm

Ans.: D1 =8cm (3"), D2 =11cm (4.5"), D3 = 12cm (5"), D4 = 57cm (22.5")
lkg =2.20462 1b

08-4 Thickness Design of Flexible Pavement
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0.6

0.5

0.4

0.3

0.2

Structural layer coefficient (al)

2000
1800

1600
1400
1200

1000
800

600
400

400
300

)

200
175

b

Marshall Stability (T

()

Cohesionmeter at 140°

@

10.0

9.0
8.0

7.0
6.0
5.0

-
n

4.0

3.0
2.5

2.0
1.5

1.0

Variation in (al) with surface
course strength parameters

(Yoder, Fig. 15.3, P.515)

Modulus 10 -psi

5

0.20

0.14
0.12
0.10
0.08
0.06

Structural coefficient (a3)

CBR

90

70
60
50

40
25

T
R Value

(b)

Variation in (a3) for granular
subbase and subbase strength parameters

Texas triaxial

20

14
12
10

Modulus - 1000 psi

Thickness Design of Flexible Pavement
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0.40

0.30

0.20

0.10

Structural coefficient (a2)

1900 -
1700
1500
1300
1100
900
700
500
300
200

0.4+

(e)

Marshall Stability (Tb)

4.0+

3.0
2.5

2.0

1.5+

1.0

5

Modulus 10 -psi

Variation in (a2) for bituminous-treated bases

with strength parameters

0.20
0.18 H
0.16 H
0.14 H
0.12 4
0.10
0.08 —
0.06
0.04 H
0.02 H

Structural coefficient (a2)

030
028
0.26 -
024
022
0.20-
404 0184
2 016
100 85 — 2.0 304 2 9144
70 8] 5 S 014
50 x 10124
4092 7048 309 E 3
304 © = % 207 5 010
— [
0775 354 & e
20 =15
307 40+
(d)

Variation in granular coefficient (a2)
with base strength parameters

(Yoder, Fig. 15.3, P.515)

Structural coefticient (a2)

m 10.0 1
10004 = 00
2 ~
3]
800 M 2.0
00 & 1.0
=
&
400 2 6.0
o
200 Z
o 5.0
o
g
Q
[&]
]
[iF]
=}
=)
=
5
(e)

Variation in (a2) for cement-treated
bases with base strength parameters

5

Modulus 10 -ps1

Thickness Design of Flexible Pavement
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Regional Factor
(Yoder, Table 15.1, P.510)
Condition R value
Roadbed materials frozen to depth of Sin or more | 0.2-1.0
Roadbed materials dry, summer and fall 03-1.5
Roadbed materials wet, spring thaw 4.0-5.0
—9 — —79.35
235 7
— 20
— 80 — 140
— 70 — 120
L L - — 13 - L
8 60 78 14.5 74 76
— 50
— 50
~40 - 10
—7 — 36 —9.75 — 63 — 69
— 30 30
—25 L 55
—20 L 20
— 6 — 19 —6.75 — 28 — 30
— 15
— 15
. — 10 . .
=05 —11 .—4.5 w12 Lo
3 = e » % &
= o7 /Q o 3 =
o i) @) IS 8
=N = o o — e
o g = jan] Q Q
7 g k= 2 = =
— = ) 2 & o
B4 ats —6 2.5 > -8 =11
w2 a1 [a
—3 —3 —2.8 —1.25 — 6 —82
—2 —1.5 —1.8 —0.50 — 4 — 6.0
—1 —0.5 —0.5 —0.25 —2 —3.0
0 0

Soil suport value correlations

(Yoder, Fig. 15.5, P.516)
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90 90
=100
- =90 o
- 10 %0 02 40,000
n L 20 - 80 =70
- 60 L 30,000
9 L 50
- 70 -
N 70 :40 30
g - 30 L 20.000
)
- 60 L
L B =20
~7 50
) ’_\_50 ’a —
'_g B g *090_ »n 4.0 ’%
- — % | 3
gl & El40  mlio S 40 ZH10000
g St40 8 EF9 E =1 9000
% e B = g =8 § o
Z - 8 Y ) = 218000
% w[ = \7/_7 w 40 ..g
& = sl30 = S : 2 - 7000
oY i e > o) =0 K =
-0 e L - 6000
R i
— s
B S
- B B SL - 5000
20 4 50 o 4.0
_4 - [ 3
20 N o
-3 © - 4000
B B - 10 L - 4.0
3 - =2 3000
B B -0 i L 40
n -0
g 6.0 - 2000
-1
-1

(Yoder, Fig. 15.5, P.517)
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Table 4.9 AASHO Equivalence Factors — Flexible Pavement
(Yoder, P.164)

Single Axle, p;= 2.0

Axle Load Structural Number, SN
(kips) 1 2 3 4 5 6

2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.002 0.003 0.002 0.002 0.002 0.002
6 0.01 0.01 0.01 0.01 0.01 0.01
8 0.03 0.04 0.04 0.03 0.03 0.03
10 0.08 0.08 0.09 0.08 0.08 0.08
12 0.16 0.18 0.19 0.18 0.17 0.17
14 0.32 0.34 0.35 0.35 0.34 0.33
16 0.59 0.60 0.61 0.61 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.61 1.59 1.56 1.55 1.57 1.60
22 2.49 2.44 2.35 2.31 2.35 2.41
24 3.71 3.62 3.43 3.33 3.40 3.51
26 5.36 5.21 4.88 4.68 4.77 4.96
28 7.54 7.31 6.78 6.42 6.52 6.83
30 10.38 10.03 9.24 8.65 8.73 9.17
32 14.00 13.51 12.37 11.46 11.48 12.17
34 18.55 17.87 16.30 14.97 14.87 15.63
36 24.20 23.30 21.16 19.28 19.02 19.93
38 31.14 29.95 27.12 24.55 24.03 25.10
40 39.57 38.02 34.34 30.92 30.04 31.25

Tandem Axle, p; = 2.0

Axle Load Structural Number, SN
(kips) 1 2 3 4 5 6
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.01 0.02 0.02 0.01 0.01 0.01
14 0.02 0.03 0.03 0.03 0.02 0.02
16 0.04 0.05 0.05 0.05 0.04 0.04
18 0.07 0.08 0.08 0.08 0.07 0.07
20 0.10 0.12 0.12 0.12 0.11 0.10
22 0.16 0.17 0.18 0.17 0.16 0.16
24 0.23 0.24 0.26 0.25 0.24 0.23
26 0.32 0.34 0.36 0.35 0.34 0.33
28 0.45 0.46 0.49 0.48 0.47 0.46
30 0.61 0.62 0.65 0.64 0.63 0.62
32 0.81 0.82 0.84 0.84 0.83 0.82
34 1.06 1.07 1.08 1.08 1.08 1.07
36 1.38 1.38 1.38 1.38 1.38 1.38
38 1.76 1.75 1.73 1.72 1.73 1.74
40 2.22 2.19 2.15 2.13 2.16 2.18
42 2.77 2.73 2.64 2.62 2.66 2.70
44 3.42 3.36 3.23 3.18 3.24 3.31
46 4.20 4.11 3.92 3.83 391 4.02
48 5.10 4.98 4.72 4.58 4.68 4.83
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Table 4.9 (Continued)
(Yoder, P.165)

Single Axle, p;= 2.5

Axle Load Structural Number, SN
(kips) 1 2 3 4 5 6

2 0.0004 0.0004 0.0003 0.0002 0.0002 0.0002
4 0.003 0.004 0.004 0.004 0.003 0.002
6 0.01 0.02 0.02 0.01 0.01 0.01
8 0.03 0.05 0.05 0.04 0.03 0.03
10 0.08 0.10 0.12 0.10 0.09 0.08
12 0.17 0.20 0.23 0.21 0.19 0.18
14 0.33 0.36 0.40 0.39 0.36 0.34
16 0.59 0.61 0.65 0.65 0.62 0.61
18 1.00 1.00 1.00 1.00 1.00 1.00
20 2.61 1.57 1.49 1.47 1.51 1.55
22 2.48 2.38 2.17 2.09 2.18 2.30
24 3.69 3.49 3.09 2.89 3.03 3.27
26 5.33 4.99 431 3.91 4.09 4.48
28 7.49 6.98 5.90 5.21 5.39 5.98
30 10.31 9.55 7.94 6.83 6.97 7.79
32 13.90 12.82 10.52 8.85 8.88 9.95
34 18.41 16.94 13.74 11.34 11.18 12.51
36 24.02 22.04 17.73 14.38 13.93 15.50
38 30.90 28.30 22.61 18.06 17.20 18.98
40 39.26 35.89 28.51 22.50 21.08 23.04

Tandem Axle, p;=2.5

Axle Load Structural Number, SN
(kips) 1 2 3 4 5 6
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.02 0.02 0.02 0.02 0.01 0.01
14 0.03 0.04 0.04 0.03 0.03 0.02
16 0.04 0.07 0.07 0.06 0.05 0.04
18 0.07 0.10 0.11 0.09 0.08 0.07
20 0.11 0.14 0.16 0.14 0.12 0.11
22 0.16 0.20 0.23 0.21 0.18 0.17
24 0.23 0.27 0.31 0.29 0.26 0.24
26 0.33 0.37 0.42 0.40 0.36 0.34
28 0.45 0.49 0.55 0.53 0.50 0.47
30 0.61 0.65 0.70 0.70 0.66 0.63
32 0.81 0.84 0.89 0.89 0.86 0.83
34 1.06 1.08 1.11 1.11 1.09 1.08
36 1.38 1.38 1.38 1.38 1.38 1.38
38 1.75 1.73 1.69 1.68 1.70 1.73
40 2.21 2.16 2.06 2.03 2.08 2.14
42 2.76 2.67 2.49 2.43 2.51 2.61
44 341 3.27 2.99 2.88 3.00 3.16
46 4.18 3.98 3.58 3.40 3.55 3.79
48 5.08 4.80 4.25 3.98 4.17 4.49

08-11 Thickness Design of Flexible Pavement



Lectures of Highway Engineering — Forth Stage Nov-2009

09-Rigid Pavement:

Joints

Concrete slab || Concrete slab

Function of Base (or Subbase): Base (or Subbase)

1) Drainage purpose Subgrade
2) Reduce the effect of subgrade volume change on concrete layer
3) Prevent pumping of fines through joints & edges

4) Increase "K" modulus of subgrade reaction

Rigid Pavement Characteristics:

- Can resist unlimited loading

- Minor defects are not reflected.

- More skid resistance, safe.

- More economical for same projects at certain location.

- Concrete layer is less thickness than other layers.

Rigid Pavement Types:
a) Plain concrete pavement:

1. No reinforcement except of using tie bars

Longitudinal — __| T
. . .. Joints T
(for longitudinal joints) \_:
Transverse __| -
. . .o Joi -
2. Closer spacing between contractions joint oins N
Inclined __|
(as transverse joints) fomts )22232(

3. Inclined joints may be used
(for better load transfer)

4. Very limited use

b) Simply reinforced concrete pavement:
1. Temperature (wire-mesh, B. R. C.) reinforcement between joints to control
cracking (close to the upper surface)

2. Dowel bars across transverse joints

09-1 Rigid Pavement
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3. Tie bars across longitudinal joints to control warping Fongitudinal
4. Wider spacing between joints (from 3-6m to 12-14m) Transverse |
Joints -\} ﬁ--zl.:

5. Widely used

Section

¢) Continuously reinforced concrete pavement:

1. No joints except some expansion joints & may be some contraction joints
2. Heavy reinforcement (= > 0.6% of cross sectional area)

3. High cost

4. Used in very-weak subgrade & high traffic load

d) Pre-stressed concrete pavement:
1. Fewer joints

2. More expensive

Type of Joints in Rigid Pavement:

1) Contraction joints: to relieve excessive tensile stress due to drop in temperature.

A (s ASEAY) e Aailill g 631 ad) Ay Gaalid (pe Aailil) a8 Cilalga) e alaill adl) Joalie
T Aslall B8 s Al «(Subgrade) iss 4, il

diial 54 — —— > —> —>

2538315 Ay il Ada A5 elul) s 0SB el ¢ g sall (o olpall el linldly Sy 2 5aa Jany mllats

3/8"
B.R.C.
e =
i . Ni# /|
Re Ficed 1 Trec Dowel bars 1/2"-3/4" ¢, 12-24" length,
3 \r—————l-/i/_ & 12-18" spacing
G S —— - (For load transfer)
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B. R. C. Design:

2l hiben) daglial Ll Ak (e (oY) 6 5l (8 (BR.C.) galail) e Al a5

ila o) dualiall gy daylll A8l ) 4S5 5 63 ) jall Dla )35 58 e 331 51 (Tensile stresses)
il LS bl daaS lia sl 5 ¢(a528Y)

Edge

Jomnt Edge _?{ft

C

L = Allowable spacing for contraction joint (for longitudinal reinforcement), (ft)
b = Slab width, (ft)
C = Coefficient of friction (1 — 2 use 1.5)
v = Unit wt. of concrete (pcf)
d = Slab thickness (ft)
Friction resistance = Allowable tensile strength
Friction resistance = Concrete tensile strength + Steel tensile strength
L2*b*d)*y*C=b*d*f.+ As*f
For one unit of width use b =1ft
For safety assume concrete tensile strength (b * d * f,.) =0
fi. = Allowable tensile strength of concrete ~ 400 psi
f; = Allowable tensile strength of steel = 25000 psi
As = Area of steel (in*/ft)
W=d*y
where: W = Weight of 1ft* of slab
L2*1*W*C=As*f

_L*W*C
2F,

O Al 555 (L) (myal olaiWL bl Lal ¢ppliata G Adlaal) (55 (L) (o shall olaiWl pealussl
.(b) ! (edge to edge) Gl Jidla

As
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2) Expansion Joints: provide a clear spacing along the depth to relieve excessive

compressive stresses due to rise in temperature.
pd baplall Ak Gee o §158 6l 3908 Jary dallaalld conaill Caansi 3 ) jal) da j0 i) aaail) Jualia

Sty Glalea)
3/4"
f+—
i SR
d @2 Fixed | | lf{e_e__l Dowel
M —— S bar

- Difficult in construction & maintenance
- Needed when casting in cold season, near structure, & for materials with high
coefficient of thermal expansion

- Contraction joints used as expansion joints

3) Warping joints: to relieve tensile stresses due to warping because of difference in

temperature between top and bottom of the slab (in night & day).

3/8" Keyed T
S TN
1 a4t /
e EEE—— : \ Night
q dr2 Fixed Fixei/— Tie bar 1/2"¢,
3 I K 30-36" length, &
= 24-30" spacing I C >
A4 T

4) Construction joints: in some conditions.
(oA Lam s Bl s dae Jom s Bl i) VLA (s (6 oot s 1 ALY o
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Thickness Design of Rigid Pavement:
Design methods:

1) PCA method (Portland Cement Association)
2) AASHO (AASHTO) guide method

1) PCA method: depends on fatigue analysis under repeated loading.
h = f (axle type, axle load magnitude, No. of repetitions, M. R. (f;), & K)
where:
h = thickness of concrete layer
Design steps:
a) Analysis of traffic:
N.c.: Actual No. of repetitions in 40-years period for each axle load.
Axles > 16 kips — Single (Jagi 335405 16 (e Jil ) slaall)
Axles > 30 kips — Tandem (Jegs 4a 52 305 30 (e il ) slaall)

Naee =T * A *40 * 365
Where:
T = Future truck per day per direction

A = No. of axles per truck for certain axle load

b) Correction for impact:

Static axle load * 1.2 = corrected (dynamic) axle load

c) M. R. (f)): Modulus of rupture (for third-point loading) (psi)

=TT P
Where ! b
3 |:| d
M_PL c_d | _bd
6 2 12 = =
L | L3 1 L/3 | L3 |
™~ 1 1T 1
. MR.=—
b.d?
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MR.=8-10,f,

= 600 — 750 psi

Where: f, = Compression strength of concrete (psi)
d) K: Modulus of subgrade reaction

e) S: Actual load stress in pavement
Determine form design charts from either single or tandem axle, depend on:
- Corrected axle load
- K —value

- Suggested thickness of concrete layer "d"

f) SR: Stress ratio

SR = i, for each axle load
MR.

g) N.u: Allowable No. of repetitions of each axle load to account for fatigue in
concrete pavement (depend on stress ratio SR)

Note: Unlimited repetitions for SR = 0.5 or less = oo vehicles

h) F: Fatigue percentage

F= &*100%, for each axle load

all
1) £ F <100%, for correct assumption of ""d" value
el Bale) s "'d" eSS caad (ZF 2> 100%) <ils 1)
"d" A5 (IF < 85%) <l 13}
el sale) 5 (1-0.5") e "d" I (5f salaB) s manaills (85%) (e JBI il 13) Lel
Design monographs and tables: Yoder (Fig. 17.2, 17.3, P.604, 605), (Table 17.1, P.603)
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EXx.

T = 60 trucks/day/dir, K = 150 psi, & M. R. = 650 psi

Axle type | Axle load A

(kips) (No. of axles/100 trucks)

Tandem 45 0.1

43 0.1
41 0.1
39 1.0
37 0.9
35 1.4
33 1.8
31 9.4
Single 21 3.2
19 5.4
17 6.1

Find concrete layer thickness "d" using P.C.A. method?

Sol.:

N, = 60*(A'/100)*40*365 (1) __S ..(3)

650

Corrected axle load = 1.2*axle load ..(2) F = Nat #1009 ..(4)

all.

Assume d = 7"

) 2 €)) 4) ®) (6) (7 (®) )
Axle Axle A' Nact. Corrected S SR N F (%)
type load | (No. of axles/ axle load

100 trucks) (3)teq.(1) | 2)teq.(2) | Graph+(5)+K+d | (6)teq.(3) | (7)+table | (4)+(8)+eq.(4)
Tandem | 45 0.1 876 54 435 0.67 4500 19
43 0.1 876 51.6 415 0.64 11000 8
41 0.1 876 492 410 0.63 14000 6
39 1.0 8760 46.8 390 0.60 32000 27
37 0.9 7884 44.4 375 0.58 57000 14
35 1.4 12250 428 350 0.54 180000 7
33 1.8 15800 39.6 325 0.50 o 0
31 9.4 82400 37.6 310 0.48 o 0
Single | 21 3.2 28100 25.2 350 0.54 180000 15
19 5.4 47400 22.8 325 0.50 o 0
17 6.1 53500 20.1 290 0.45 o 0
SF 96%
>F(%) =96% < 100%
S.d=7" 0K
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2) AASHTO method:

d (slab thickness) = f (p,, No. of W5, K, & working stresses in concrete)
a) pi: Terminal level of serviceability

2.5 for main highway

2.0 for secondary highway

b) No. of Wy5: No. repetitions of 18-kips single axle load

as:

Wi = f (axle type, effective axle load, p,, design life, assumed "d")
¢) K: Modulus of subgrade reaction (pci)
d) Working stress in concrete = M. R. * 0.75

paanaill Llae 2l (s hall e (0.5") o ST sl JBT ey da jaiall d S 1Y)
Design monographs and tables: Yoder (Fig. 17.4, 17.5, P.608), (Table 4.10, P.166, 167)

Ex.:
T = 60 trucks/day/dir, K = 150 psi, & M. R. = 650 psi
Axle type | Axle load A
(kips) (No. of axles/100 trucks)

Tandem 45 0.1

43 0.1

41 0.1

39 1.0

37 0.9

35 1.4

33 1.8

31 9.4
Single 21 3.2

19 54

17 6.1

Find concrete layer thickness "d" using AASHTO method? (assume p, = 2.5)
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Sol.:
Nuet = 60%(A/100)*40%365 (1)
Corrected axle load = 1.2*axle load ..(2)
Assume d=7"
() (2) 3) 4) (%) ©) ()
Axle Axle Al Nact. Corrected axle load | Equivalent factor | No. of Wyg
type load | (No.ofaxles/ | (3)+eq.(1) (2)+eq.(2) (5)+Table (4)*(6)
100 trucks)
Tandem | 45 0.1 876 54 10.61 9294 .4
43 0.1 876 51.6 9.23 8085.5
41 0.1 876 49.2 7.85 6876.6
39 1.0 8760 46.8 6.47 56677.2
37 0.9 7884 44 .4 5.21 41075.6
35 14 12250 42.8 4.16 50960
33 1.8 15800 39.6 3.296 52076.8
31 9.4 82400 37.6 2.588 213251.2
Single 21 3.2 28100 25.2 3.796 10666.6
19 5.4 47400 22.8 2.56 12134.0
17 6.1 53500 20.1 1.65 88596
SWig 559694 psi

>Wt18 =~ 560 ksi
Working stress = 0.75 * 650 = 487.5 psi
& K =150 psi

From monograph:

d =6.25" < dassumeq (With more than 0.5") Not OK

check (redesign) with d = 6.5"

09-9
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Table 17.1. Stress Ratios Allowable
Load Repetitions

Yoder, P.603

Stress Allowable

Ratio Repetition

SR Nall (Veh)
0.51 400,000
0.52 300,000
0.53 240,000
0.54 180,000
0.55 130,000
0.56 100,000
0.57 75,000
0.58 57,000
0.59 42,000
0.60 32,000
0.61 24,000
0.62 18,000
0.63 14,000
0.64 11,000
0.65 8,000
0.66 6,000
0.67 4,500
0.68 3,500
0.69 2,500
0.70 2,000
0.71 1,500
0.72 1,100
0.73 850
0.74 650
0.75 490
0.76 360
0.77 270
0.78 210
0.79 160
0.80 120
0.81 90
0.82 70
0.83 50
0.84 40
0.85 30

NOTE:
Unlimited Repetition for Sg
= 0.5 or less

d=(7-9)in

Charts and Tables for
Rigid Pavement Thickness
Design by PCA Method

(S value)
Stress (psi)

(S value)
Stress (psi)

600 7 7

550 f v, /
st/ Y //
/ / / / / // 7
500 / /
/
/
450
// / , Ve 7 P
/ / / s e
/ /
400 / 7
Ve
350 / f
300

250

600

550

500

450

400

350

300

250

4.5" 55" 6.5" 7.5"

ey

10 20 30 40 A 50
600

400 i\

300 \ \ \k

200 NN N

k 150 \ \X\

100
~
8 \ N\
50 A) A) A) A)
V12 14016 18 3 22 2426 28 Y032 34 36 38 042 44 46 43 s

(corrected) Single-axle load (kips)

Design chart for single-axle truck loads (From Portland Cement Association)

Figure 17.2, Yoder, P.604

—<—

NS L e
71 7/—-—/ /N s s

N/ /A s 7
7 / ;
e P /1 , // /
/ / NS/ |/ s S s
/ ) /
e 40 60 Iso 100
NN
(r =
300 N SR
200
AR AN
MURRNRNNY

X
24 28 32 36 0 44 48 52 56 6064 68 72 76 8084 88 92 96 19

25N\
ARRRNNE

0
(corrected) Tandem-axle load (kips)

Design chart for tandem-axle truck loads (From Portland Cement Association)

Figure 17.3, Yoder, P.605
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Table 4.10 AASHO Equivalence Factors — Rigid Pavement
(Yoder, P.166)

Single Axle, p,=2.0

Axle Load D — Slab Thickness (in)

(kips) 6 7 8 9 10 11
2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.002 0.002 0.002 0.002 0.002 0.002
6 0.01 0.01 0.01 0.01 0.01 0.01
8 0.03 0.03 0.03 0.03 0.03 0.03
10 0.09 0.08 0.08 0.08 0.08 0.08
12 0.19 0.18 0.18 0.18 0.17 0.17
14 0.35 0.35 0.34 0.34 0.34 0.34
16 0.61 0.61 0.60 0.60 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.55 1.56 1.57 1.58 1.58 1.59
22 2.32 2.32 2.35 2.38 2.40 241
24 3.37 3.34 3.40 3.47 3.51 3.53
26 4.76 4.69 4.77 4.88 4.97 5.02
28 6.59 6.44 6.52 6.70 6.85 6.94
30 8.92 8.68 8.74 8.98 9.23 9.39
32 11.87 11.49 11.51 11.82 12.17 12.44
34 15.55 15.00 14.95 15.30 15.78 16.18
36 20.07 19.30 19.16 19.53 20.14 20.71
38 25.56 24.54 24.26 24.63 25.36 26.14
40 32.18 30.85 30.41 30.75 31.58 32.57

Tandem Axle, p,=2.0

Axle Load D — Slab Thickness (in)

(kips) 6 7 8 9 10 11
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.03 0.03 0.03 0.03 0.03 0.03
14 0.05 0.05 0.05 0.05 0.05 0.05
16 0.09 0.08 0.08 0.08 0.08 0.08
18 0.14 0.14 0.13 0.13 0.13 0.13
20 0.22 0.21 0.21 0.20 0.20 0.20
22 0.32 0.31 0.31 0.30 0.30 0.30
24 0.45 0.45 0.44 0.44 0.44 0.44
26 0.63 0.64 0.62 0.62 0.62 0.62
28 0.85 0.85 0.85 0.85 0.85 0.85
30 1.13 1.13 1.14 1.14 1.14 1.14
32 1.48 1.45 1.49 1.50 1.51 1.51
34 1.91 1.90 1.93 1.95 1.96 1.97
36 2.42 241 245 2.49 2.51 2.52
38 3.04 3.02 3.07 3.13 3.17 3.19
40 3.79 3.74 3.80 3.89 3.95 3.98
42 4.67 4.59 4.66 4.78 4.87 4.93
44 5.72 5.59 5.67 5.82 5.95 6.03
46 6.94 6.76 6.83 7.02 7.20 7.31
48 8.36 8.12 8.17 8.40 8.63 8.79
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Table 4.10 (Continued)
(Yoder, P.167)

Single Axle, p,=2.5

Axle Load D — Slab Thickness (in)

(kips) 6 7 8 9 10 11
2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.003 0.002 0.002 0.002 0.002 0.002
6 0.01 0.01 0.01 0.01 0.01 0.01
8 0.04 0.04 0.03 0.03 0.03 0.03
10 0.10 0.09 0.08 0.08 0.08 0.08
12 0.20 0.19 0.18 0.18 0.18 0.17
14 0.38 0.36 0.35 0.34 0.34 0.34
16 0.63 0.62 0.61 0.60 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.51 1.52 1.55 1.57 1.58 1.58
22 2.21 2.20 2.28 2.34 2.38 2.40
24 3.16 3.10 3.23 3.36 3.45 3.50
26 4.41 4.26 4.42 4.67 4.85 4.95
28 6.05 5.76 5.92 6.29 6.61 6.81
30 8.16 7.67 7.79 8.28 8.79 9.14
32 10.81 10.06 10.10 10.70 11.43 11.99
34 14.12 13.04 12.94 13.62 14.59 15.43
36 18.20 16.69 16.41 17.12 18.33 19.52
38 23.15 21.14 20.61 21.31 22.74 24.31
40 29.11 26.49 25.65 26.29 27.91 29.90

Tandem Axle, p;=2.5

Axle Load D — Slab Thickness (in)

(kips) 6 7 8 9 10 11
10 0.01 0.01 0.01 0.01 0.01 0.01
12 0.03 0.03 0.03 0.03 0.03 0.03
14 0.06 0.05 0.05 0.05 0.05 0.05
16 0.10 0.09 0.08 0.08 0.08 0.08
18 0.16 0.14 0.14 0.13 0.13 0.13
20 0.23 0.22 0.21 0.21 0.20 0.20
22 0.34 0.32 0.31 0.31 0.30 0.30
24 0.48 0.46 0.45 0.44 0.44 0.44
26 0.64 0.64 0.63 0.62 0.62 0.62
28 0.85 0.85 0.85 0.85 0.85 0.85
30 1.11 1.12 1.13 1.14 1.14 1.14
32 1.43 1.44 1.47 1.49 1.50 1.51
34 1.82 1.82 1.87 1.92 1.95 1.96
36 2.29 2.27 2.35 243 2.48 2.51
38 2.85 2.80 291 3.04 3.12 3.16
40 3.52 3.42 3.55 3.74 3.87 3.94
42 4.32 4.16 4.30 4.55 4.74 4.86
44 5.26 5.01 5.16 5.48 5.75 5.92
46 6.36 6.01 6.14 6.53 6.90 7.14
48 7.64 7.16 7.27 7.73 8.21 8.55
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10-The Effect of type and amount of Filler on Asphalt Paving Mix
First:
The role of the filler in the mix is very complex:
1. Serves as an inertic materials in the mix.
2. Serves as an active materials in the mix.
(due to its fineness and surface characteristics).
a. Specific Surface (S.S.) (m?/kg).
b. Surface Activity (S.A.) (Shape Factor).
c. Absorption.
* F/A (filler/Asphalt) ratio should be decreased as S.S. increases.
* S.A.: Capacity of filler particles to absorb AC.
And it increases as the irregularity increases (roughness and angularity)

* More absorption € decrease in free AC.

Second:

1. Behavior of filler/AC (mastic) and asphalt paving mixture can be explained by
physical-chemical properties of filler at the filler-AC interface.

2. H.L. (Hydrated Lime) have the highest geometric irregularity and high surface
activity e higher consistency (low penetration, high softening point, low
ductility) for mastics and higher strength in mix.

3. Rapid deterioration of mix occurred with non-active filler (after 4 days of

immersion at 60°C water) and H.L.
Exhibits a superior durability potential with mix sensitivity to the immersion
periods (as an active filler). [by E. Marshall St. Loss%, H.L. 5%, LSD (Limestone

Dust) (15%)]

4. The use of Portland cement as filler increase the fatigue life of the mix.

10-1 The Effect of type and amount of Filler on Asphalt Paving Mix
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Third:
1. The type and amount of filler used in asphalt paving mix is are of the most
important factor that influence distress. (permanent deformation, low temp.

cracking, fatigue cracking, and moisture damage).
2. Limestone dust (L.D.) (3, 5, 7)%, Hydrated Lime (H.L.) (5%), Cement (C.1.) (5%).

- Marshall Stiffness = Stability / Flow (kg/mm) (Sp. 4"'x2.5")
- Compressive Strength = Max load / Cross-Section Area (kg/cm?) (Sp. 4"x4")

2.Pu

2
1D (kg/lcm”?)

- Indirect tensile strength =

3. There is an optimum filler content for every type, satisfying most of asphalt paving

mixture requirements for (strength, durability, workability).

Shape Factor =2.30 & H.L. (sp=2.30) & S.S. = 750m?/kg
Shape Factor =1.30 & L.D. (sp=2.88) & S.S. = 260m?/kg
C.1. (sp=3.10)
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