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Abbreviations and Equations

LIST OF ABBREVIATIONS
G, Eftective specific gravity of aggregate coated with asphalt
Gum exp Theoretical maximum specific gravity
Gy Specitic gravity of the asphalt binder
Gsb Bulk specific gravity of aggregate
Gmb Bulk specific gravity of the compacted specimen
Guam.cal Theoretical maximum specific gravity of asphalt concrete
AV% or (VTM) 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
P, Percent weight of aggregate
P, Percent weight of the asphalt cement
. LIST OF EQUATIONS
L O wit.
Smb L B -
Gm €y A/(B-C) Ay
S [T
Gmm,ey < S+ =b )
Gsn Gb
Gmb
[1-——]*100
AV% Gnim
Gmb(1-Pb)
2y : [1- ————]*100
VMA o )
VMA- AV
VFA (240 | 100

VMA

le’ngc

Scanned by CamScanner



( .
_e: All calculations should be to two decimal places

2. Theoretical Maximum Specific Gravity Gmm. . v S q

Calculated from loose sample HW
.
} A: Wt of sample D: Wt. of Pycnometer filled E: Wt. of Pycnometer filled Gmm: exp.
I‘ with water with sample and water Maximum Theoretical Specific
| @) (8) ® Gravity
i\ 1158 7652 8331 2 . "/jf

omm = ,4
AsD -F

3. Effective Specific Gravity for Aggregate 4 _ [/ R TR

Calculated at optimum asphalt content.

—
|
|

| Gsom Pmm— Pb
| L—> {’/11/11 Pb

Gmmexp Gb
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\ Marshall Table

L Gsb

1000 ~ o
2.65 p“ kg/m'} \\;SC T L. '9(’)7
AC | Wtinair | WtSSD ‘V“i“ Mix P
Wi ity tability :
o . Ater Gmb Dc"“‘; Gmm,, | AV% | VMA% | VFA% abiliey Flow
o () () () (Kg/m*) (KN) (0.25mm)
l R P O A - '
3.0 \ 1235.5 & 1262.3 702.5 - /C'}J L 407 Z. [/,;;_/ [0.0 _7 }C,’?Q 147 6) 93 s
‘ b Yy O P N > il ~ ~7 -, . .
35 | 12432 1271.6 7203 | Q.9R5 | 225! 2.Y424 | 742 |]17.85 | 58.45 10.2 10
i
\ 40 | 12482 \ 1261.2 769 | 1.292 12293 | 2248 | 5.] 1693 | 69.9¢L 1.4 13
| i~
\ 45 | 12556 \ 1267.6 7209 Y 2297 | 2.Yeo | H4.29 [ ]7.22 | 75.09 10.7 17
\ 50 | 12597 \ 1271.3 721 2.289 122€9 | 2-393| 394 /7.9 |7§5.0Y 9.7 2
. //“/’
{ //
5. Sample of Calculation T
‘ ~ Gmb Gmm,gy AV % VMA % VFA %

]
|
|
|

|
|
!

|

1
{
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, Plots and Comments

Plot AC Content Vs. Density, AV, VMA, VFA, Stability and Flow and comment on the relations

[ — Relation AV YV Relation VMA Vs. AC Relation
| vV s. AC
! Density Vs. AC o Y
i [_r j | E heh—lira, A ' [\
- =1 d “clen
Nan incre Decrase)| Decrease
A ] Crease | |e - < - i
' {_— l ] :-::‘?—':: . en ‘L‘“."-'\( . Ar : O‘ }‘3
- nQs oyte . } C = Yl
1 | Cre () j A N _,,/ %‘roy§~ E'c
I { =Yy.c 19 i j
I \ ¢ : -] r ‘f\c’r.ﬂ,‘;i
i — i ¥ ol | | —_—
— . / | —
i l A ‘
| —] \, CCieos 0 5 T ‘ A
{ | P T ,i}‘
] {100 O N N OO O O N N S S U0 8 L uE s .k p
1 %3 o Th Lk - ‘ . - Relation
[ T ' Relation Stability Vs, AC 7 s Relation Flow Vs. AC
| VFA Vs, AC = T * j : ‘{!Gr\-l.'sre-y
" g T L Y iNCreage 0. | |
[ Jivect W s o‘?recf
! Ae-u L
Yaen /
/
[ /]
Qe(rea)e
M ().r.-‘u."rfkl l' P /'/
| ,
74 C., og
] p L \
T T UALd Laleld Lis
S|Pagc

Scanned by CamScanner




._:a_.sn Optimum AC Content . e 3 R R A Lak AM

Show your values clearly on the graphs
7.1 Determine the optimum asphalt content from curves, which yield the maximum density, maximum stability and 4% AV.
Hint:

Nominal Maximum Particle Size=3/8 in
Compare to Medium Traffic.

Max Density Max Stability 4% AV Average Avg = 4.5 MQ,I\.QM - h\ w Y
0 ' B Ty \ . 7 . F

AC% Y.5 4, Yo~ | Hsu > Y.38 x 20T

- e P N o
f\\ i ﬁ\...\\\ m\t h\ \
R— . S pe— UL <k
Value Within the specification

I | (Using the curves, at avg, of AC %) or not

AV L. \ o O ‘/\ —

.1\ q 7 oK L—

V —..\’ l ﬁ\ \-. O T —\
Stability 1| len ok L~

Flow *mﬁ | : c\ OW \\
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+ Specifications

TABLE §.13  Asphalt Institute Criteria for Marshall Mix Design (The Asphal Institute,

1995)
Traffic Level
Light Medium Heavy
Compaction 35 / 50 75
(blows) f \
' T
Minimum| Maximum I\1ininmm( Maximum ‘A\/Iinimumj Maximum
T
Stability, KN | 3.34 - 5.34 l - gor | -
owozmm| & | 1 | 8 | % | 8 | W

‘

TABLE 9.14 Minimum Percent Voids in Min-
eral Aggregate (VMA) (The Asphalt Institute, 1995)

" Minimum VMA, Percent

Nominal Maximum Design Air Voids?
Particle Size' 3.0 4.0 5.0
2.36 mm (No. 8) 19.0 20.0 21.0
4.75 mm (No. 4) 16.0 17.0 18.0
(95mm (3/8in) 140 (150) 160 )

Air Voids, % / 3 ! 5 ( 3 / 5 1(" yo 125 mm (1/2in.) 130 14.0 15.0

s | Use he reri in Tl 9.4 190mm (3/4in) 120 130 140

s [a ] w [ 6 IR 250mm (L0in) 1.0 120 130
7|Page
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California Bearing Ratio Test (CBR)

J':’Jy' BT )L:j)d_(_

Student name:
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1. Fill the Tables
Note: The answers must be to the nearest two decimal places

Table 01: Soaked and Un=soaked CBR Densmes Data and Results

No .of Blows per Layer oA A 20 it 26*-_.' i ‘ i BB
Empty Mold Weight (Rg) | 1494 | 1484 | 14 75. L
Weight of Mold + soaked soil (Kg) | 18 197 ‘» 217 % s
‘Water Content after soaking% 19 S 28 il 28 i
Mold Volume (cm3) | 2%05 i e e
Bulk Densities (g/cm3) |, % 5 2 : { /

Dry Densities (g/cm3) . ) . 4 V.

=

Table 02: Mold Stress Data and CBR Results >

Penetr.s_itipn: "~ Load (KN) Stress (Mpa) CBR %

| Mold | Mold | Mold

(mm) | VO]Vl MO 1 Mola 2 | Mola3 | Mold 1 | Mold 2 | Mold 3
00 | 0.00 | 000 | 0.00 0D |«

05 [020 [ o050 1t00 |- [C2Z 0.5

10" [T040 [os0 {i1ta0 [C.0) [o-4] |07

1.5 |.050 | 110 | 1.81 [ O-57 0.9y

20 0.60 | 120 | 2.03 [~
2.5 0 Cis0y w2207 [ T
3.0 0.80 | 1.40 | 234
35 0.91:| 150: | 2553 | ©.
4.0 099 | 159|266 |O.7
4.5 106 | 165 | 280 |©.55 |o.
30 1MA3-1170 1290 |0. 5% [
55 1119 | 1.80 | 3.03 |o.;
6.0 12611.1.90 | 313 |o. 2/
6.5 131412100 {4321 [0. .72
7.0 1371 2101329 |0.7/

7.5 | 14212207 336 |0.72
Hint: Piston
area=1935mm’

2. Sample of calculation.
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'Bu&k Deﬂs"-]ﬂ = LUI:.SOiJ_ P ()Jl'(mo‘ci 'f'SOfL) —wt(mo‘d).
Volume Volume
- (I8 _QgW-CWL* looo _ .23 3/Cm3 (Eov 19 blow5>
@Ag C](Eﬂf)\ BU”{ dnsﬂ [.33 I i3 ,
"j )5 wce/ " 1+0.9 s S/Cm (kr 2 blot)

e [l mold @ @ Q.5 mm Penebrabion s

Sregs = Load _ 23 xlooe V4(7
) Az of Piskon ) ’735 T Md
C8R = unit Load @2.5mm _ 067 _ o7 -
6-9 Npa *l

# o mold ) @ 5 vam penel rakjon e

B - 47 - GE T
CBR . o%8 st 7]

- lo.3

b CBR @ 2.5 men _—.Ol7/ > CB[\)@ Amm = @35"’ /.

So, (=2

£)oo /.

3. Plot (no excel is allowed)
3.1 stress in piston vs. Penetration for three molds on the same graph.

3.2 CBR vs. Dry densities.
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4.1 Comment on the graph no.1 (relation between stress and penetration for the three
molds)

B the velalion beteseen S\ynamhon s dieck-and ”°”’L"'”€‘W»

=} ; aveck:
f:))ere iS ho (,oYrec{:.en {br anNYy CuyVes @ \06@%6 H“"“ﬁ are

E;”Cq\fe doum 4 fhe Lk gorbion ealgo o curves
’e Concave U  and o} me be. \'\C«RQeY\ (,l"fe Yo SHR'C\(G
WY%»\\CW‘\‘V‘:B .

4.2 comment on the graph no.2 (CBR vs. Dry densities)

8 Voh-Lineay and ‘Yecl:r )’6"“}30” (C%P\ ‘f———bér\j Jey’g'\tjé.)

-] Hf»e YZqufon \Desf'ween Cow\?qct{on GMCI \/q‘VQS Oyr C%Q
IS é'\'\f@at P MW\ZC\Y\ is Deenuse. Mcreqs‘mﬂ H«e
X Locws wil in reasm  \he Coyn?crc‘r elol oR
the Sv‘w&\{ <er¢ Coh@ﬁc\(ecf %’«Q\QB cmei ‘QQB QEWS'\B

Wil alse naemge <, R incleqse

& we dont Need o YeReat the best due Jcblq{7
the Volues o CoR @og. ~ GBR @

ﬁw O;

Y
R
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1. Sieve Analysis Data and Results

Note: all calculations should be to two decimal places

Table 01: Sieve Analysis for Aggregate A, Cumulative Percent Passing For Aggregates B and C.

Sieve Sieve Retained Retained Cumulative Retained Cumulative Passing
S;Je(\’"e opening | opening Kg % % %

mm ~0.45 A B C A B C A B C A B C
1 25 4.26 0.00 0.00 0.00 C D 0.00 ) O 0.00 loo ’v(- & 100.00
3/4" 19 3.76 0.43 0.00 0.00 :7 (: 0.00 {j O 0.00 ?:% 0o 100.00
12" 125 312 0.87 0.13 0.00 :3, - 'J ,5:\ 0.00 6‘1 g? U 55 0.00 ’Jféz /,; // 100.00
3/8" 95 275 0.22 0.16 0.00 5/77 f/ /| 0.00 5{0 C(: /'C {g 0.00 %a,qg f 9 ? 100.00
44 475 202 0.47 0.19 0.00 2.?2 4 )//r 0.00 ‘784/7 “,’;‘Sq 0.00 o} ';’,/ \Z‘% }/: 100.00
i 268 | 48 0.07 1.27 001 [0 97 | Y5 001 ferug | 219 | 2 |igsg |22.4 98.58
- 110 |0 0.07 0.26 039 277 9.2 039 | u 9 | 7,53 127 |2 s |29 77 29.73
450 03 0.58 0.10 0.42 0.12 ‘_ o)y ] "j 0.12 S (Z'U 852:) 91.33 "(i‘: o) :- | 8.67
4100 | 015 0.43 (40 0.12 001 9.9 1.9 001 190 A [gquy | %22 | 7q oAz
#2200 | 0.075 0.31 040 0:48 001 1295 | 4.3 001 10/ oK 9579 | 38 | 345 | .2 5.66
pan 049 0.12 0.03 ﬁff U C‘ y loo lee 100.00 O C 0.00

Sum
0.57
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