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>  Penetration of Bituminous Material:

* The Penetration Value: The distance in (mm) that a standard needle value

vertically penetrates a sample of bitumen under specified conditions of temperature,

load & time.

1- To measure consistency and viscosity.

2- Indicate about material if it hard or soft or in between.
3- Temperature susceptibility & evaluation of damage.

4~ The result can be used to describe the softness.




1- Asphalt Cement (AC) + gasoline = Rapid-Curing (RC).
2- AC + Kerosene = Medium-Curing (MC).

3- AC + Road Oil = Slow-Curing (SC).

MC 'I‘, Soft 'I‘, Penetrate 'I‘, Grade P » Consistency J/, Used in COLD

regions.

MC , Hard 'P, Penetrate slz, Grade \lz, Consistency N, Used in HOT

regions.




»  Softening Point of Bituminous Material:

1- If the rate of heating increases, the softening point decreases under the
standard.

2- Performing the test on air instead of the liquid, the softening point increase.

3- If sand present in the sample increase the boiling temp. & increase the

softening point.

expansion with time.




* When the test will be repeated?

If the difference between two samples exceed 1°C.

Softening Point N, Penetration V7, Viscosity M, Temp. J/, used in hot

regions; otherwise used in cold regions

Thermometer

m/
I [ P 53

Strartina Point

End Point

Softening
Point

Bitumen




»  Ductility of Bituminous Material:

breaking, when two ends of the tested sample are pulled apart under specific
condition of the experiment.

* Take the average read of: three successive normal tests.

1- To provide a general idea about the tension properties of the tested bitumen.
2- Used to judge the suitability of the material for different uses.

bath.

1- If the sample at the bottom of water bath “that’s mean the sample has
density higher than the water”, the density of water should be increase, so
add NACL “Salt”.

2- If the sample at the top of the surface “that’s mean the sample has density
lower than the water”, the density of water should be reduce, so add
Alcohol.




* If it non-ductile sample, the cracking will appear.

* When the test will be repeated?

If normal test was not attained after three trails, the test is unobtainable.

** Each trail has 2 samples.

=
s

Temp. slz, Ductility sl/, Penetration sl/

High ductility => Cold areas, the opposite used in hot areas.




>  Flash & Fire Points of Bitumen:

* Fire point is higher than flash point.

* Rate of heating: 5°C/min. - /
o

* The apparatus: Cleveland open cup = | e

* The test also called: Safety Test. -

* Why flash & fire points are used?
1- Flash point: To access the overall flammability “presence of volatile &
flammable substance”.

Because the air bubbles will explode early and give lower temperature than the
flash point temperature and make error in reading.

If the different between two single & independent results performed shouldn’t
exceed 17°C for flash point, and 14°C for fire point.




»  Viscosity of Asphalt:

(@)
7 g
: E
s =]
=
5
%
10
Temperature (°C)
* Mixing viscosity range is: [170 X 20] cSt
* Compaction viscosity range is: [280 X 30] cSt
* The scale used in chart: Semi-log scale.
* Unit used in taking readings: cPs.
* Unit used in chart: cSt.
* To convert the units from cPs to cSt: ¢St = PS/.\ ", Gb = specific gravity of asphalt .




Since if it done is done in winter, where the temperature is very low then the
viscosity will be high, which make the compaction of asphalt is difficult

AC: Asphalt Concrete.

2000 & 3000: Viscosity at 60°C in cPs. [The higher the number the greater the
viscosity].

_____________ :
: Brook field rational :
I

: viscometer = :




»  Specific Gravity of Asphalt Cement:

given temperature to the mass of an equal volume of water at the same

temperature.

1- Making temperature volume correction.

2- Determine the weight per unit volume “density” of asphalt cement.

* . e (c-4)
" The formula of $.G:  Gp = 12— —

A: mass of pycnometer.

B: mass of pycnometer filled with water.

C: mass of pycnometer partially filled with asphalt.
D: mass of pycnometer filled with asphalt & water.

1- p =S.6 xp, ® y=S5.G6 xvy, —[p, =997 kg/m?]

wt
2-V=g2 XY,y
3-y=p XS8.G
4-S.G = Psample
. Pwater

The density of oil is less than the density of water, so the specific gravity will

decrease.

10




The density of glycerine (= 1.26 g/ml) is higher than the density of water (= 1
g/ml), which means the S.G of glycerine, is also higher than the S.G of water, so

glycerine will be more massive than water.

mass of asphalt (constant)}
mass of the fluid used T

The S.G will decrease. {S.G 1=

To check there are no air bubbles & to ensure that the pycnometer filled with

water.

11




»  California Bearing Ratio (CBR):

* Why the CBR test is used?
To evaluate the strength of compacted soil & design pavement.
* The formula of CBR value:
P A P D P
CBRz 5mm = 6_; [MPa] & CBRg1in = ﬁ [PSi] & CBR;5mm = F:M_ [Kg]
P ~ P > P
CBRsm = == [MPa]l & CBRg3i, = —— [PSi] ® CBRspm = —— [Kg]

10.3

# Note: All formulas multiply with 100%.

CBR, ... > CBR:.... | The testis acceptable].

1- Modulus of resilient: MR = 10.34 CBR [MPa] or MR = 1500 CBR [Psi] , just
if CBR < 10.

. wt it~ Wtmold
2- Bulk density: ppy i = mass;s‘” ==,
"""""""""""""" mold

Pbulk

3- Dry density: pgry = (1+%w)’
=% [MPa.

4- Stress: 0 =

,,,,,,,,,,,,,,, Are

Sand bedding

[/ Jomedioes]

DAY 7T TG R ¥ T AT F £ 5 IR 4~ S SRR T AT Wl B R s |

- Bk The CBR value will

decrease.

12




Load (MPa or Psi)

The stress which causes penetration 2.5 equals 85% from the standard crushed

stone.

If the CBR5 > CBR2.5, the test will repeat and then take the greatest value

whether it’s for CBR2.5 or CBR5.

Correct chart.
5— llllllllllllllllllllllllllllllllllllllllllllllll
4_
3_
2_
1_
]
] ! 1 ! 2 ! 3 ! 4 ! 4] ! 5
Penetration (mm or in)
: New zero, :
New chart starts from here.
The Relations:

Load P, CBR /, Penetration 1", Compaction Effort M, Density M.

13




> A Review of The Midterm Exam :

Penetration ']‘, Softening Point sl/, Ductility 1‘, Viscosity sl/, Fire Point sl/,
used in COLD regions, the opposite used in HOT regions.

vertically penetrates a sample of bitumen under specified conditions of

temperature (25°C), load (100g) & time (5sec).

softening point is in (80 — 160) °C range, because the softening point will be
higher than the boiling point of water and it will evaporate before reaching
the softening point.

14




AC: Asphalt Concrete.

2000 & 3000: Viscosity at 60°C in cPs.
6- What is the difference between MC 80/100 & MC 40/60 and what do the

MC: Medium-Curing cutback asphalt.
40/60: The penetration value (4-6) mm, so its hard bitumen used in hot areas.
80/100: The penetration value (8-10) mm, so its soft bitumen used in cold areas.

Q: - Where would use the following types of asphalt?

At the flash point the vapours of the asphalt will ignite, the material becomes
invalid for mixing or application, therefore, the asphalt used should be suitable

for the general weather to keep the mixing & application temperatures below the
flash point.

15




independent results performed shouldn’t exceed 17°C for flash point, and
14°C for fire point.

5- In the Asphalt specific gravity experiment there was air bubbles entrapped

the weight as it is, so the pycnometer will be filled with lower weight, and
from specific gravity equation the value of the numerator will be reduced, so
the S.G will decrease.

16




Reason: The asphalt is hard, due to the lack of ductility and increasing in

viscosity, or compaction & spreading at low temperature.

17




_ (Cc-4)
Gp = [(B-4)-(D-C)]

A: mass of pycnometer.

B: mass of pycnometer filled with water.

C: mass of pycnometer partially filled with asphalt.
D: mass of pycnometer filled with asphalt & water.

Q: - The following weights are recorded during the determination of the specific

59.2-34.5

Answer: Gp = ——— = 0.969

Penetration (in) Load on Piston (Lbs)

0.1 60
0.2 200

18




Hint: The standard unit loads for crushed stone are 1000 & 1500 Psi at 0.1” &

X 100% = 2%, Mr = 1500 x 2 = 3000

CBRyz+ = g5 X 100% = 4.44% , Mr = 1500 X 4.44 = 6666.67

You must repeat the test because CBR@ 0.1” < CBR@0.2”.

@ 135°C = 858 cPs

@165°C = 130cPs

Specific gravity of asphalt 1.04

19




858

@135°C — Toz = 825 cSt.— log (825) = 2.92

@165°C — —_ = 125¢St.— log (125) = 2.10

Mixing viscosity range = [log (150) - log (190)] = [2.18 — 2.28].
Compaction viscosity range = [ log (250) — log (310)] = [2.40 — 2.49]

Mixing temp. range = [160 — 163]
oC.

Compaction temp. range = [ 150 —

Viscosity (cSt)

154] °C.

2.49
2.40

2.28
2.18

\**

B Sl g, 385 o o)

20




»  Specific Gravity of Coarse & Fine
Aggregate:

temperature to the mass of an equal volume of water at the same temperature.
* Types of specific gravity:
1- Bulk specific gravity: Total volume of the aggregate (Volume of aggregate +
voids fill with water). {Gsb}
2- Apparent specific gravity: Net volume of the aggregate (No voids, volume of
aggregate particles only). {Gsa}
3- Effective specific gravity: Overall volume exclusive of those that absorb asphalt
(Total volume + pores that becomes filled with water after 24hrs soaking —
volume of the large pores that filled with asphalt). {Gse}

Gsa > Gse > Gsb

and then dry with a towel lightly until the surface becomes pale, taking care to

keep the pores filled with water.

A G — A Ab tion — B—A
1 G = g -Absorption =
A: Weight of oven dry aggregate.

Gsq =

X 100%

B: Weight of SSD aggregate.
C: Weight of submerged aggregate in water.

** Fine Aggregate:

blows at 0.5cm distance to compact it); the sample should partially collapse.

21




Gsa = B+j_c Gsp = ;:;_DC .Absorption = DA%A X 100%
A: Weight of oven dry aggregate.

B: Weight of pycnometer filled with water.
C: Weight of pycnometer + water + specimen.
D: Weight of SSD aggregate (500g “constant value”).

Ggp: (use A: If it in dry basis, D: If it in SSD basis)

n
G _ Zl:lPth
s,comb " Pth.
i=1g¢g

S,i

A _ Z?:lpwtiXAi
comb — 100

, Pwe, = % by wt of material.

: € Tools to determine :

I S.G for coarse aggregate. |

22




»  Aggregate Blending to Meet Specification:

typically blended to meet specifications limits for the following reasons:
1- Aggregates are separated into size to improve handling characteristics.
2- Mixing coarse aggregates & fine aggregates in one stockpile results in
segregation.

3- It’s unlikely that a single natural or quarried material will meet the
specification.

4- It’s often more economical to combine naturally occurring & processed
materials to meet specifications than to use all processed material.

aggregate].
* Critical Sieve:
0555 Jsie ol (1 3 Jsul)) oo 96100 Zuasll gl 468 43 oS5 Jiia ol g
J Jebly ¢l 5151 3 i S Jl 3" (2 oA Jsll) Jod %100 el 28 43
. Jy’)ﬂ f o

. specification median (retain)

% of retatin
* b = specification median (retain) — (a * % retain in A).
*c=1-a-b

23




comd Qs oL Y g daolll o2 ) e e ity
** Example
Sieve No Cumulative Passing % Specification | Specification
A B C Range Median
17 100 100 100 100 100
1/2” 63 100 100 70-85 78
Critical #4 19 100 100 40-55 48
#8 8 93 100 30-42 36
Critical #30 5 55 100 20-30 25
#100 3 36 97 12-22 17
#200 2 3 88 5-11 8
** INITIAL GUESS

The critical sieve for A: #4 and the critical sieve for B: #30
* a: - (from sieve #4)

Specification median (retain): 100 — 48 = 52

% of retain in A gradation: 100 — 19 = 81

52
a=gs =064

*b: - (from sieve #30)

Specification median (retain): 100 — 25 = 75
% of retain in A gradation: 100 — 5 = 95

b =75 —(0.64 * 95) = 0.14
*c=1-064-.14=0.22

24




Cumulative Passing %
Sieve No. Blend Remark
aA bB cC
1” 64 14 22 100 Ok
1/2” 40.32 14 22 76.32 Ok
#4 12.16 14 22 48.16 Ok
#8 5.12 13.02 22 40.14 Improve
#30 3.20 7.70 22 32.90 Rejected
#100 1.92 5.04 21.34 28.30 Rejected
#200 1.28 0.42 19.36 21.06 Rejected
Decrease the percentage of C.
**FINAL GUESS:
Trail & Error.
a=0.66,b =028, c=0.06
Cumulative Passing %
Sieve No. Blend Remark
aA bB cC
1” 66 28 6 100 Ok
1/2” 41.58 28 6 75.58 Ok
#4 12.54 28 6 46.54 Ok
#8 5.28 26.04 6 37.32 Ok
#30 3.30 15.40 6 24.70 Ok
#100 1.98 10.08 5.82 17.88 Ok
#200 1.32 0.84 5.28 7.44 Ok

25




»  Marshall Mix Design:

1- Asphalt as a binder.
2- Aggregate as filler. [Coarse Aggregate, Fine Aggregate, Mineral Filler].
3- Air voids that fill the spaces in the asphalt mixture.

1- Stability.

2- Durability.

3- Being the most economical mix.
4~ Safety {Skid resistance}.

e G Ny SR /
.AJI Vair ¢ Vair IVMA

-
Asphalt b= Vas Vpe
Aggregate Voids fill w/Asphalt Vo |
me
Aggregate
Vagg—se Vagg—sb
. A A Yo\

26




Gse Effective specific gravity of aggregated coated with asphalt.

Gmm,exp | Theoretical maximum specific gravity.

Gb Specific gravity of the asphalt binder.

Gsb Bulk specific gravity of aggregate.

Gmb Bulk specific gravity of the compacted specimen.

Gmm,cal Theoretical maximum specific gravity of asphalt concrete.

AV% or VIM | Percent of air voids in the compacted bitumen paving mixture.

VMA% Voids in mineral aggregate (AV + volume of effective asphalt).

VFA% Voids filled with asphalt.

Ps Percent weight of aggregate.

Pb Precent weight of the asphalt cement.

Gmb A/(B-C)
Gmm,exp A/(D+A —E)
Pmm-Pb
Gse Pmm___Pb
Gmm,exp Gb
G al 100
mm, Ps Pb
) (ﬁ"'(;_b)
AV% 1-5"%1,100
Gmm
Gmb (1-Pb
VMA [1 — M] +* 100
Gsb
VMA-AV
VFA *
[~z = 100
Ps 100% - Pb%
Gse—Gsb
Pba 0
[Gse*Gsb 1+Gb~100%




Pba
Pbe [Pb - 150 1*Ps

* Marshall’s Procedure:

- Prepare 15 compacted samples, 3 samples for each percentage (5 percentages),
two percentages above the optimum & two below the optimum and between each
percentage and other (0.5), and also prepare 3 loose samples at optimum.

- Apply an increasing load (kN) until the failure occurs then this is the value of
stability.

- After finding the stability, observe the reduction in height (flow).

- Calculate bulk S.G for compacted sample.

- Calculate Gmm,exp from loose sample at optimum asphalt content.

- Calculate Gse at optimum asphalt content.

- Calculate Gmb for each AC%.

- Calculate Gmm,cal for each AC%.

- Calculate AV% for each AC9%, it should be in [3-5] % range, if the percentage
greater than the range will cause the permeability of the mixture, and if it less
than the range it will cause the bleeding of the mixture.

- Calculate VMA% for each AC%.

- Calculate VFA% for each AC%.

- Plot AC Content Vs. Density, AV, VMA, VFA, Stability and Flow.

- Finding optimum AC content (Institute or NAPA).

- Checking with specification if it accepted or not.

* Charts &its relations:

28




Desity Vs. AC%

AV% Vs. AC%

2300 10
= 2280 St o
< 2260
o 6
X 2240 / S
3 / 2 . NG
£ 2220 / \
& 2200 / 2 ~———
2180 | | 0 |
5 6 7 5 6
AC% AC%
Inverse Parabola Inverse Non-Linear
VMA Vs. AC% VFA Vs. AC%
22.5
5 95
XS \ 85 e
s 21 = /
20.5 /
20 N S 65
19.5 | | 55 |
5 6 7 6
AC% AC%
Positive Parabola Directly Non-Linear
Stability Vs. AC% Flow Vs. AC%
11.5 295
11

Stability (kN)

el
/N

10.5 / \

o
U O
N

o

Inverse Parabola

N
:J>
(2}

Flow (0.25mm)
= =
&~ ©
W

v
n

Directly Non-Linear
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1- National Asphalt Pavement Association (NAPA) Procedure:

- Target optimum asphalt content = the asphalt content at 4% air voids.

10

AV%
O N A O ©

AV% Vs. AC%

2- Asphalt Institute Procedure.

- Target optimum asphalt content = average.

10

AV%
o N A O

Stability Vs. AC%

5 6 7

AV% Vs. AC%

11.5
-~ 11

Z

=
_4? 10.5
S 10

\ 2
N L & 95
\ T T 9

5 6 7
4% air voids AC%

Max. Stability

Desity Vs. AC%

/

/

5

Max. Density
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LY e o Tl B e Loy, 3

AC content (only if the asphalt is more than what is normally used, and if the

excess is not required as replacement for amount absorb) but you should care

since this might reduce durability & increase permeability.

filler) if stability is not improved; and consider improvement of the aggregate
quality.

31




>

Skid Resistance:

1- The texture of the pavement surface.
2- It’s ability to resist the polishing effect of traffic.

1- BPN hot weather is less than BPN at cold weather.
2- Skid resistance at rainy weather is less than skid resistance at non-rainy
weather.

3- Skidding on wet areas is greater than skidding on dry areas.

4 ‘PBPN, P Friction.

32




»  Asphalt Extraction:

* Asphalt extraction test is used to: Check the asphalt percentage in the

mixture.

* The quantity of asphalt is directly effects in mixture properties, like: (film

1- National Center for Asphalt Technology (NCAT) Method.
2- Centrifuge Extraction Method.

%AC = (*2) x 100%
1
,Wq: Weight of test sample (g). w,: Weight of ignited sample(g)

w1—Wwp

33




* Comparison between the two methods:

NCAT

More Accurate ‘\l

More Hazardous

< 2

Used to find aggregate gradation ‘\l

34




> A Review of The Final Exam:

**Note: the review only includes experiments taken after the mid-term

1- Bulk specific gravity: Total volume of the aggregate (Volume of aggregate
+ voids fill with water). {Gsb}

2- Apparent specific gravity: Net volume of the aggregate (No voids, volume
of aggregate particles only). {Gsa}

3- Effective specific gravity: Overall volume exclusive of those that absorb
asphalt (Total volume + pores that becomes filled with water after 24hrs
soaking — volume of the large pores that filled with asphalt). {Gse}

Gsa > Gse > Gsb

1- Mixing temperature.
2- Jmf which include:

® Optimum asphalt.

® Gradation of agg that meet specification limits.
3- Weight of agg + asphalt.

35




The required limits of particles size distribution fot the mix are shown in

the table below.
P —
A B

w w w

7R 95 100 95-100
_ 72 75 60-75
s = s
. - » o
“ 27 17 1222
ECEE : s

Minimum of A =0%, Maximum of B= 100%.

The procedure used to find maximum A is same the procedure in the
example page 24.

If we try any percentage above 50% for A it will be out of the
specification.

36




_____
[ & ]
____
L=
_____
[ &
_____

e o w0 w00 Ok
0 100 100 Ok

e o s s Ok
0 52 52 Ok
| 10 - -E - -
“ 0 17 17 Ok
[ %200 [ S S

B. Regardless to your answer if the proportion of aggregate A is 60% and
its specific gravity is 2.55 and the proportion of aggregate B is 40%
with specific gravity 2.75. Find the combined specific gravity of the

_ Xi1Pwey  0.60+0.40
= Seo 040 — 2.626

-=1E 2551275
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. 1226.8—-1206.1 .
Answer: Absorption = —————-x 100% = 1.716%

wt,  1206.1

A V. Xy, aa0x1
G Wt 2.741 1206.1 w 766
= = . = —_ =
A= W, —w,, 1206.1 — W, sub g
Wi, 1206.1
Gsb = =2.617

Wt,,—W,, 1226.8—766

following data was obtained during the test:

Weight of pycnometer fill of water = 750g

Weight of pycnometer and sample and water= 1050g

Gsa = 475 = 2.71
4= 750+475-1050 -

Gsb = 500 = 2.50
0= 750+500-1050 -

500 — 475

%A =
oA ( 475

) x 100% = 5.26%
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2.182 x1=1200g.
Wty = Wtsampie X % agg inthe sample = 1200 x
0.94 = 1128g.

wt 1128
V= = = 451.2cm3.
S.G XY, 2.5x1

wt 72
S.GxY, 1.01x1

V= =71.29 cm?3.

7) Volume of air voids: 549.78 — (451.2 + 71.29) = 27.29 cm3.

. .. 2658 2e 0
8) % of air voids: ———=x 100% = 4.83%

9) VMA: [1 — 21820-009] 4 100 = 17.96%

VMA-VTM _ 17.96-4.83
SR vyMA T 17.96

X 100% = 73.11%

39




No absorption

Air N N
VMA
N
Asphalt ¥ Vb
Vse =Vsp
\ 4 VY A 4
2) Volume of air voids (Le. the %): G,,,, = 417150:1 =2.316
1 _ M _ . 2.316 .
Va=1-2"=[1-222]x100 = 3.74%
. __ 1100x0.04 3
3) Volume of asphalt: V, = ————— = 41.90cm”’.
4) Volume of aggregate: Gy = 2.406 = 55—
Gse 1.05

G,, = 2.543 = G, = G,

Vagg = — e = 415.26cm’
5) VMA: [100 - 222222 = 12.57%
6) VEA: |22 x 100% = 70.25%

content is 5%: G, = % = 2.374

2.543 +1.05

40




Done..

Gaad luck with your exam. Stay calm and
il be a breeze.
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