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AASHTO MS82-2004  Cut Back Asphalt( Medium-Curing Type)
AASHTO M81-2004  Cut Back Asphalt( Rapid-Curing Type)
AASHTO M208-2005 Cationic Emulsified Asphalt

¢




(AASHTO M 82-2004) 48 1Y) ddua) gall cun gas Ay ) g8 agl pal) Bala Cilina) cilyllaia 3 (1) J 9>

TABLE 1
Mc-30 Mc-70 MC-250 MC-800 MC-3000
Kinematic Min. __Max. Min.  Max. Min. Max. Min. Max. Min. Max

Viscosity at 60c (140F)
( See Note 1) centistokes 30 60 70 140 250 500 800 1600 3000 6000

Flash Point (Tag , open-cup), 38 38 66 66 66
Degrees C (F) (100) (100) (150) (150) (150)
Water , Percent 0.2 0.2 0.2 0.2 0.2
Distillation test :
Distillate Percentage by volume
of total distillate to 360 C(680 F)
to 225 C (437 F) 25 0 20 0 10
to 260 C (500 F) 40 70 20 60 15 55 0 35 0 15
to 315 C (600F) 75 93 65 90 60 87 45 80 15 75
Residue from distillation to 360 C
(680 F) volume percentage of
Sample by difference 50 55 67 75 80
Test on residue from distillation :
Absolute viscosity at 60 C (140 F)
(See Note 4 ) poises 300 1200 300 1200 300 1200 300 1200 300 1200
Ductility , 5 cm\cm. ,cm
(See Note 2 ) 100 100 100 100 100
Solubility in Trichlorethylene ,
Percent 99.0 99.0 99.0 99.0 .. 99.0
Spot test (See Note 3 ) with :
Standard naphtha Negative for all grades
Naphtha — xylene solvent
- Percent xylene Negative for all grades
Heptane — xylene solvent ,
- percent xylene Negative for all grades

NOTE 1. As an alternate , Saybolt — Furol viscosities may be specified as follows :
Grade MC-70 — Furol viscosity at 50 C (122 F) — 60 t0 120 sec .
Grade MC-30 — Furol viscosity at 25 C (77 F) — 75 t0 150 sec .
Grade MC-250 — Furol viscosity at 60 C (140 F) — 125 t0 250 sec .
Grade MC-800 — Furol viscosity at 82.2 C (180 F) — 100 t0 200 sec .
Grade MC-3000 — Furol viscosity at 82.2 C (180 F) — 300 t0 600 sec .
NOTE 2. If the ductility at 25 C (77F) is less than 100 , the material will be acceptable if its ductility at
15.5 C (60F) is more than 100 .

NOTE 3. The use of the spot test is optional . When specified , the Engineer shall indicate whether the
standard naphtha solvent , the naphtha xylene solvent or the heptane xylene solvent will be used in
determining compliance with the requirement , and also , in the case of the xylene solvents , the percentage of
xylene to be used .

NOTE 4. In lieu of viscosity of the residue , the specifying agency , at its option , can specify penetration
100 g ; S5g at 25 C(77F) of 120 to 250 for Grades MC-30 ,MC - 70 , MC-250 , MC-800 , and MC-3000 ,
However , in no case will both be required .
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TABLE 2

Rc-70 RC-250 RC-800 RC-3000
Min. Max. Min. Max. Min. Max. Min. Max.

Kinematic Viscosity at 60 (140F)

( See Note 1) centistokes 70 140 250 500 800 1600 3000 6000
Flash Point (Tag , open-cup), 27 27 27

Degrees C (F) (80) (80) (80)
Water , Percent 0.2 0.2 0.2 0.2
Distillation test :

Distillate , Percentage by volume
of total distillate to 360 C

(680 F)
to 190 C (374 F) 10

to 225 C (437 F) 50 335 .. 15 ..
to 260 C (500 F) 70 60 ... 45 .. 25
to 315 C (600F) 85 80 L s N 70

Residue from distillation to 360 C
(680 F) volume percentage of
Sample by difference 55 65 75 80
Test on residue from distillation :
Absolute viscosity at 60 C (140 F)

(See Note 3 ) poises 600 2400 600 2400 600 2400 600 2400
Ductility , 5 cm\min. at
25C (77 F) cm 100 100 100 100
Solubility in Trichlorethylene ,
Percent 99.0 99.0 99.0 99.0
Spot test (See Note 2 ) with :
Standard naphtha Negative for all grades
Naphtha — xylene solvent
- Percent xylene Negative for all grades
Heptane — xylene solvent ,
- percent xylene Negative for all grades

NOTE 1, As an alternate , Saybolt — Furol viscosities may be specified as follows :
Grade RC-70 — Furol viscosity at 50 C (122 F) — 60 t0 120 sec .
Grade RC-250 — Furol viscosity at 60 C (140 F) — 125 t0 250 sec .
Grade RC-800 — Furol viscosity at 82.2 C (180 F) — 100 t0 200 sec .
Grade RC-3000 — Furol viscosity at 82.2 C (180 F) — 300 t0 600 sec .

NOTE 2. The use of the spot test is optional . When specified , the Engineer shall indicate whether the
standard naphtha solvent , the naphtha xylene solvent or the heptane xylene solvent will be used in
determining compliance with the requirement, and also , in the case of the xylene solvents , the percentage of
xylene to be used .

NOTE 3. In lieu of viscosity of the residue , the specifying agency , at its option , can specify penetration at
100 g ; 5s at 25 C(77F) of 80-120 for Grades RC-70 , RC-250 , RC-800 , and RC-3000 , However , in no case
will both be required .
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TABLE 3
Type Rapid-Setting Medium-Setting Slow-Setting Quick-Setting
Crade CRS-1 CRS-2 CMS-2 CMS-2h CSS-1 CSS-1h  _COS-1h

Min Max Min Mix Min Max Min Mix Min Max Min Mix Min Max

Test on emulsion

Viscosity , Saybolt Fural at 25°C (77°F) ,S 20 100 20 100 20 100
Viscosity , Saybolt Fural at 50°C (122°F) ,S 20 100 100 400 50 450 50 450

Storage stability test, 24 h , percent” 1 1 1 1 1 1
Demulsibility , 35 ml, 0,8 percent

Sodium diocty 1 sulfosucianate , percent 40 40

Coating , ability and water resistance

Coating , dry aggregate good good

Coating , after spraying fair fair

Coating , wet aggregate fair fair

Coating , after spraying fair fair

Particle charge test positive positive positive positive positive positive positive
Sieve test, percent L 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Cement mixing test, percent 2.0 2.0
Distillation:

0il distillate, by volume of emulsion,

Percent 3 3 12 12

Residue, Percent 60 65 65 65 57 57 57
Tests on residue from distillation test:

Penetration , 25°C (77°F) , 100 g , 5, 100 250 100 250 100 250 40 90 100 250 40 90 40 90
Ductility , 25°C (77°F) ,5cm\min , cm 40 40 40 40 40 40 40
Solubility in trichloroethylene , percent 97.5 97.5 97.5 97.5 97.5 97.5 97.5

a Refer to R 5 for typical applications .

b This test requirement on representive samples may be waived if successful application of the material has been achieved

in the field
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Some Geotechnical Properties of Soils

1- Soil Particle Size Limits

Grain size (mm)
Name of organization Gravel Sand Silt Clay
Massachusetts Institute >2 2 to 0.06 0.06 to 0.002 <0.002
of Technology (MIT)
U.S. Department of >2 2 to 0.05 0.05 to 0.002 <0.002
Agriculture (USDA)
American Association 76.2 to 2 2 to 0.075 0.075 to 0.002 <0.002
Of State Highway and
Transportation
Officials (AASHTO)
Unified Soil 76.2 to 4.75 4.75 to 0.075 Fines
Classification System (i.e., silts and clays) (U.S.Army
Corps of <0.075
Engineers , U.S. Bureau
0f Reclamation

2- Specific Gravity of Some Soils

Soil Type Gs

Quartz sand 2.64 —2.66
Silt 2.64-2.73
Clay 270 -2.9
Chalk 2.60 - 2.75
Loess 2.65-2.73
Peat 1.30-1.9

3- Typical Void Ratio , Moisture Content and Dry Unit Weight for
Some Soils

Natural moisture
Content in Dry unit weight .ty
Void ratio Sturated condition
Type of soil e (%) (Ib\ft) (kN\m*)
Loose uniform sand 0.8 30 92 14.5
Dense uniform sand 0.45 16 115 18
Loose angular — grained silty sand  0.65 25 102 16
Dense angular — grained silty sand 0.4 15 120 19
Stiff clay 0.6 21 108 17
Soft clay 0.9-104 30-50 73-92 11.5-14.5
Loess 0.9 25 86 13.5
Soft organic clay 2.5-3.2 90-120 38-51 6-8
Glacial till 0.3 10 134 21
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Some Geotechnical Properties of Soils
4- Denseness of a Granular Soil

Relative density , D,(%) Description of
soil deposit

0-15 Very loose
15-50 Loose
50-70 Medium
70-85 Dense
85-100 Very dense

ﬂl r-]mln )(n Dr:

emax - emin max 11 n

Where : D,= relative density , usually given as apercentage
e = in situ void ratio of the soil
emax = void ratio of the soil in the loosest state
emin.= void ratio of the soil in the densest state
Nmax and np,;, = Porosity of the soil in the loosest and densest conditions

5- Typical Liquid & Plastic limits for some Clay Minerals

Description Liquid limit ,LLL Plastic limits ,PL
Kaolinite 35-100 20-40

Illite 60-120 35-60
Montmorillonite 100-900 50-100

6- Unified Soil Classification System (USCS)
U.S Standard Sieve Size

Sieve no. Opening (mm)
4 4.750
6 3.350
8 2.360
10 2.000
16 1.180
20 0.850
30 0.600
40 0.425
50 0.300
60 0.250
80 0.180
100 0.150
140 0.106
170 0.088
200 0.075
270 0.053
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Some Geotechnical Properties of Soils

Svymbols for Identification

Symbol G S M C O Pt H L \%% P
Des)éri . Gravel Sand Silt Clay Organicsilts Peat and highly High Low Well Poorly
ption 3 . o . .
and clay organic soils plasticity plasticity graded graded
Plasticity Chart
70
60 or
/| ou
S '
x A /|
2 VS 74
= CL Q/’ 2 &
BN\ 40 or 14 M
S oLl |/ DA
< A
» N
= 30 | A&
N \ L / 44?
/ // MH
N LS o
}4 /| ML OH
10T TV d
>/ gL

0 101620 30 40 50 60 70 80 90 100

Liquid Limit
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Some Geotechnical Properties of Soils

Group Symbols
Group
Major division Symbol Criiteria
F200<50 Gravels GW F200<5;C, 24;1<C<3
GP F200<5;Not meeting the GW criteria of C, and C,
>0.5 GM F200>12;P1 <4 or plots below A-Line —_—
00
GC F200>12;P1 >7 and plots on or above A-Line

GM-GC F200>12;P1 plots in the hatched area

GW-GM 5<F, <12;Satisfies C, and C, criteria of GW and meets the PI Criteria for GM
GW-GC 5<F3¢ <12;Satisfies C, and C, criteria of GW and meets the PI Criteria for GC
GP-GM 5<F,00 <12;does not satisfy C, and C, criteria of GW and meets the PI Criteria for GM
GP-GC 5<F;00 <12;does not satisfy C, and C, criteria of GW and meets the PI Criteria for GC

Sand SW F300<5;C, 26;1< C<3
SP F200<5;Not meeting the SW criteria of C, and C,
<0.5 SM F200>12; Pl <4 or plots below A-Line R4

Rog

SC F200>12; Pl >7 and plots on or above A-Line

SM-SC F200>12; P1 > plots in the hatched area

SW-SM 5<F; <12;Satisfies C, and C, criteria of SW and meets the PI Criteria for SM
SW-SC 5<F39 <12;Satisfies C, and C, criteria of SW and meets the PI Criteria for SC

SP-SM 5<F390 <12;does not satisfy C, and C, criteria of SW and meets the PI Criteria for SM
SP-SC 5<F»0 <12;does not satisfy C, and C, criteria of SW and meets the PI Criteria for SC

Fa00 >50 Silts and ML P1 <4 or plots below A-Line
Clays CL P1>7 or plots on or above A-Line
LL <50 CL-ML Pl plots in the hatched area
L I'(ovendriecj
OL L— <0.75 ;PI Plots in the OL area
L(notdriecb
Siltsand MH P1 plots below A-Line
Clays CH P1 plots on or above A-Line
LL :
LL>50 OH  — 2" 975 .PIPlots in the OH area
L L(notdried )
Highly Pt Peat
Organic
Matter
2
D30 . . D60 . .
—=——;C,=Coefficient of gradation = —> Note :C, = uniformity
Dgo * Dy Dio
coefficient =

LL =liquid limit on minus 40 sieve fraction
PL = Plasticity index on minus 40 sieve fraction
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Some Geotechnical Properties of Soils

7- Hydraulic Conductivity for Various Soils

Hydraulic
Type of soil conductivity ,k
(cm\sec)
Medium to coarse gravel Greater than 10
Coarse to fine sand 10to 107
Fine sand , silty sand 107to0 10°°
Silt, clayey , silty clay 10*to 107
Clays 107or less
8- Consistency of clay
qu
Consistency (kNIm?) ton\ft*
Very soft 0-25 0-2.25
Soft 25-50 0.25-0.5
Medium stiff 50-100 0.5-1
Stiff 100-200 1-2
Very stiff 200-400 2-4
Hard >400 >4

9- Corrosion for Standard Penetration Number ,N

NC=CNNF
[95.6kN\m?*(1ton\ft?)] 0, Where N.= corrected N value to a standard value of

Cn = correction factor
N; = Nvalue obtained from the field

Empirical Relationships for Cy

Source Cxn

1 Liao and Whitman (1986)
Vo,

Skempton (1986)

1+0,
1-1.25 log(%j Seed et al (1975)
Where al =1U.S. ton\f’

0.77 log(?j Peck et al.(1974)

for 0, > 0.25 U.S. ton\f’

U.S. ton\f’ 0, Note :
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Some Geotechnical Properties of Soils

10- Relations between the Corrected N- values and the Relative Density in

Sands and silty sand and Gravel

Relative density N-value
Very -Loose >4
Loose 4-10
Medium 10-30
Dense 30-60
Very- Dense >50

11- Correlation between N, o, and f for Granular Soils

m’) o Vertical effective overburden pressure, \ (KN

50

100

150

200

250

Nr
10 20 30 40 50 60

25°
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Some Geotechnical Properties of Soils

, fand D, for N.C Sands o, 12- Correlation of Cone Resistance with

2

Z
Z
=S
Q

0

(KN\mz) Q Vertical effective overburden pressure,

(MN\m®) o,

9

(KN\mz) Q Vertical effective overburden pressure

- <

Cone point resistance
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100— —
200— -
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1 2 3 I 4 ] 5 [ Ws 0 [ 8 ] 9 [ 10 11
siole sizd Inspection by attributes if required Inspection by average value if required
P Initial Sample Initial +Second samples Initial Sample Initial +Second samples Test
Properties Acceptance Rejection Rejection Second sample Rejection
Initial Second number number r/l%c;iptraxce number Acceg)ftable to be drawn Acce;i) ;able justified method
Ac, Re, iy i Re, if if
Dimensions * 10 10 0 2 1 2 - - - - EN 98
30 30 1 3 3 4 - - - -
40 40 1 4 4 3 - - - -
50 50 2 5 5 6 - - - -
60 60 2 5 6 7 - - - -
Surface quality ® 70 70 2 6 8 - - - - EN 98
30 80 3 7 8 9 = 8 E =
90 90 4 8 9 10 = 4 L =
100 100 4 9 10 11 e 3 £ =
1m’ 1m’ 47 9J. >51. >5. 4 - - 5
) 5 5 0 ) 1 2 X, >L¢ X; <L X,>L X, <L
c 1 1 2 2
icraosCmon 10 10 0 2 1 > H X, <Uf X,>U X,<U X,>U B
P 7% 0 2 1 2 X, >L® X, <L X>>L X<L
Modulus of rupture® 0 0 0 3 ; 2 } L 0 2 Z EN100
Scratch hardness
(Mohs) 3 3 0 2 1 7 = . 3 g ENI01
Resistance to abrasion h h h
UGL 53 5 0 2 1 D - - - - EN102
Coefficient ofl!ncar 1 1 0 2 1 o i ; 4 R EN103
thermal expansion
Resistance to thermal 5 5 0 2 1 2 i p R : EN101
shock
Crazing resistance 5 5 0 2 1 2 - - - - EN101
Chemical resistance
UGL 5 5 0 2 1 2 - - - - EN101
Chemical resistance 5 5 0 5 1 2 i 4 R : EN122
GL
Resistnce to abrasion 1 R
GL PEL* When classified according to the PEL or MCC method , the abrasion class shall be equal to or better than the abrasion class EN154
Resistance to abrasion 7 specified by the manufacturer
GL Mcc* )
Frost resistance® 10 - 0 | 1 | - = 1 - [ - | - [ - EN202
Moisture expansion 7 7 0 | 2 [ 1 |- - [ - [ - [ - EN155

% Only for tiles with individual facial areas > 4 cm®
® At least 1 m* with a minimum of 30 tiles. Whatever the number of tiles 1 m? , the test sample should be the nearest 10 tiles
Conformity to AQL 2.5 7 in accordance with ISO 2859 or 3951 is acceptable alternative to the

above.

procedures in Table 1.
“The sample size depends on the size of the tiles .
4 Only for tiles with individual facial areas > 0.04 m” . In the case of tiles weighing <50 g a sufficient number shall be taken so

as to form

€ Only for tiles with lengths > 48 mm
" Number of measurements .
"'Number of test specimens .

3 Per test solution .

5 test specimens each weighing between 50 and 100 g .
¢ L = Lower specification limit .
U = upper specification limit .

X There is no double sampling test procedure for these properties .
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