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Abbreviations and Equations.

LIST OF ABBREVIATIONS

G

Effective specific gravity of aggregate coated with asphalt

G min exp

Theoretical maximum specific gravity

G b

Specitic gravity of the asphalt binder

Gsb

Bulk specific gravity of aggregate

Gmb

Bulk specific gravity of the compacted specimen

Gmul.cal

Theoretical maximum specific gravity of asphalt concrete

AV% or(VTM)

Percent of air voids in the compacted bitumen paving mixture

VMAY%

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

\Y FA %o

Voids filled with asphalt

|

Percent weight of aggregate

P b

Percent weight of the asphalt cement

A

. LIST OF EQUATIONS

L O wit.

e gnk s
Gmb Comin CAB-C) g
& _ 100
Gmm,y e ( L __’_)fi)
Gsn Gb
Gmb
o 1-——]*100
AV% l Gmml
Gmb(1-Pb)
/ : 1- ———=1*100
YMA l Gsb !
VMA- AV
VFA ——1%100
l VMA !
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_e: All calculations should be to two decimal places

2. Theoretical Maximum Specific Gravity Gmm.,

Calculated from loose sample at optimum asphalt content

A: Wt of sample

(€4)

D: Wt. of Pycnometer filled
with water

(®)

E: Wt. of Pycnometer filled

with sample and water

(2)

Gmm: 5.
Maximum Theoretical Specific

Gravity

|
l|
|
i
1

1158

7652

8331

3.

Effective Specific Gravity for Aggregate

Calculated at optimum asphalt content.

-
|
|

Dinnt— P,
Gsom Pmm— Pb

P/)//)l Pb

Gmmex p Gb
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\; Marshall Table

Gb 1.01 Gsb 1000 ~ oNs
2.65 pw e (AR - 2067
AC | Wtinair | WtSSD ‘V“i“ Mix -
» b Gmb | Density | Gmme | AV% | VMA% | VFA% tability | Flow
(®) (Kg/m”) (KN) | (0.25mm)
30 | 12355 \ 1262.3 \ 1025 || 4207 | 2207 | 2.45u |1a-077(19.22 || Y7w6) 9.3 8
‘ e T ) "/ -
35 | 12432 1271.6 7203 | 2085 12255 | 2L426 |- U |1 7.85 | 6845 10.2 10
‘ 1 Atres | - N 1/ ¢
\ 40 | 12482 \ 1261.2 7169 | 179312793 [ 2418 | 5117 1683 | 69YL 1.4 13
| = Y =1 aYs
\ 45 | 12556 l 1267.6 7209 £ AU 24977 | 2.4oo | Y. 29 | |7.227] 75.09 10.7 17
\ 50 | 12597 l 1271.3 21 | 2489 2299 | 2-393| 3:9Y (7. 9947804 | ez 2
,"/’
. ///’/
Sample of Calculation (85
4??};:»11_1)'7____ - Gmm, gy AV % VMA % VFA %

I

J OC
f - S
|
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! Plots and Comments
Plot AC Content Vs. Density, AV, VMA, VFA, Stability and Flow and comment on the relations
— B
N Density Vs. AC — AV Vs, AC Relation VMA Vs. AC Relation
C T IRE neh—Lirad | 4 G nen-Lireal
! T i
il I i Decreny s
Al | [NCrease D?Ci"’;/c | — =
RENE - =Tl | i Lirar + and aftel
i | nC e Ly . & ) = [
I L—‘\ E \ . ¢ inveise | \ Ac=Uip )
l , r’v;‘|¢\’\f/_ - S RN —’,’/ %"‘or%~ E'c
! { =Y.5 - . i .
n A ] "NCreasel
B Rl P | | —
l c 1
] Decrete 9 ‘ g “
o —| [
NEEE O I N ) 1 { =
R i T LD : T L]
L 2 arl . - : Relation
; VFA Vs, A Relation Stability Vs. AC "< Relation Flow Vs. AC
" - incease | Pr1- i e 4
g A direct
{ he=UY LA
Yaen A
e [ I .
| N oerea)e
‘{ b Linear |1
i YRO-LirL P //
| P [
71 ¢ Nid
| P L 0
| AETETE S e 0 e s
5 l Paygc
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.___::.zn Optimum AC Content

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 Stability

Max Density

4% AV Average

AC% U5 7, o bl 05 7 | Y38 1
T, (SN . - d A
] ,i{.-.il;!m\ﬂ._‘._‘_‘n,.‘ o Within the z_.e».m:ﬁ-:.::
I (Using the curves, at avg, of AC %) or not
AV 1.0 ok g=
VMA | 7.4 4 ok g
Ve i 7 ok -
Stability | few ok L

Flow

Nol oK

Avg's C.mwm\ﬁ\.mm - h\.w%

X0

AL
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+ Specifications

—
”9)\92 )lE 913 Asphalt Insttute Criteia for Marshall Mix Design (The Asphalt Instiute, TABLE 9.14  Minimum Percent Voids in Min-
eral Aggregate (VMA) (The Asphalt Institute, 1995)
2 " Minimum VMA, Percent
Light Medium Heavy , ' —
Nominal Maximum Design Air Voids?
Compaction 35 / 50 75
(blows) / LY Particle Size' 3.0 40 50
Minimum| Maximum I\ﬁninmm[ I\'luimum\“Mininnun f Maximum 2.36 mm (No. ) 100 _ _—
saliyhn | s | = [ su | = [ |- 475mm (No.4) 160 170  18.0
Flow,0.25mm | 8 8 | 8 I 16 ’ . Cg,f, mm (3/8in.)  14.0 ( _1’5@_9”17(37 QJ
s | 3 | 5 | 3 | sl s s 125mm (1/2in) 130 140 150
[\"'M, o / Use the crteria in Table 9.14 19.0 mm (3/4 in.)  12.0 13.0 14.0
/\"FA, " j 70 / 80 j 65 ’ 78 /:‘" B vy 75 25.0 mm (1.0 in.) 11.0 12.0 13.0
T|Page
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Poor VA CIVIL ENGINEERING
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oBull¢ Densly . Wb Soil | whinold r5eit) —oob(meld
Volume Volume
= (18 - 14M) xloce _ |33 a ), (0, ow
i l. % [om (for 12 blows)

ed@ densify - BulK density [-33 ;3

E lr ocz <09 {ﬁﬁ/ﬁ‘m (For 12 bl
*For mold @ @ 255 mm Penchvation s

Shres = load 2 rleco o (7 Md

Avz o Piskon ’ 735

CBR — Unit Load @ 2.5 mn ] 067 - -%loo/ -

69 Npa
*‘gor Y"\O\A @@ 61”17"\ \')eY\C‘Y'nt)'OV] s M

By - L7 ot
CBR - (;jf tloo 7. = |Y.5¢ /]

b CBR @ 2.5 men _—.OI7/ > CB[\)@ Amm = @25"’ /.

o, (=214

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 Corlrcllm)ent on the graph no.1 (relation between stress and penetration for the three
molds

L \he Cﬂlr\/«ﬁ{ are Swoo

g L . -
heve is ho (,orrec{:‘.en Yor any/ CuyVes @ \DC@USE H“"“ﬁ are

Ye Q_)Y) “)Y E P d -)y\ % Yv

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

B ﬁ»e le.qkfon bekween Com?qcb‘on GMCI Vq|ues 09r R
S lVCQt P wk‘u\ﬂc&\ Vs \Ot’ﬁf\"\jf, ‘]Y)C,qug‘y\ﬂ 'H’le
& G% Ylocws eoi)l in reasm  \he Covﬂ?czc‘r '.alQ'\\'k R
Hﬁe Sﬂ»M?\{ <Marc_ CDM@GC\WJ %“‘Q\es | LB

will alse ‘mcrease So  CHR

and c&vﬁ Jevs.

B we dont veed to Yeped the oo die Hhal,
the Volues o‘% C¥ @95,.. > GRR @ q
’ / bmim

\QW OZ

u v
the velakion beteseen S\yn&mt;on s dieck-and ”°”’L"'”e‘w»

# Von-Lineay and ‘Yec[:r YCL\"«)O” (C%P\ f”béy\j Jem;@‘~
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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-Band C.

Sieve Sieve Retained Retained Cumulative Retained Cumulative Passing
Sli\le(\’"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 O 0.00 ) O 0.00 oo ,v(- & 100.00
3/4" 19 3.76 0.43 0.00 0.00 :7 O 0.00 {j O 0.00 gg 100 100.00
12" 125 312 0.87 0.13 0.00 2/ '«’56 0.00 6‘1 g? Z«J 55 0.00 U /:2 /7«; // 100.00
3/8" 95 275 0.22 0.16 0.00 6/7 7 f/ /1 0.00 5{0 C(: ,"’C {g 0.00 %q,qg QG ,{? 100.00
44 475 202 0.47 0.19 0.00 | 2;2 \/) )//« 0.00 ‘78’/)/7 “/élgq 0.00 oX ;’,/ < E 1‘,: 100.00
g 538 | 48 0.07 1.27 0.01 / 77 j'_,) :) 0.01 < -UZ 9! J 1.42 'Z?' 52 g\g L 98.58
40 119 108 0.07 0.26 0.39 ’r, g r 0.39 Sy la 7()63 70.27 '6 ‘(L(.fl : g 29.73
450 03 058 0.10 0.42 0.12 2 o - / f‘,"j 0.12 7(;![ %{2) 91.33 ‘(i‘: ) :‘ | 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 i‘ ? loo lee 100.00 O C 0.00
Sum
0.57

2|7
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2.2 For two Aggregate Blend:
o Choose two aggregates that will meet the specifications.

+ The Blend remarks should be of "ok" remark

Table 03: Aggregate Blending For Two Aggregate Calculations

Aggregate \ p::::(:" \ g \ 34" 12" 38" #4 48 #16 #50 #100 #200
& Original | ¢ 2 U8.491 3992 | 213y | (/858 | 1571 1.£ 7.9| 395
\Origin:\l \ ‘3\ ( he & I(ij/(,v | oo J (e]e) CIS‘S& ,2C7 73 S’. 6.7 vy 7 G 5 Dé/

\ Upper \ 100 100 82 80 65 49 43 32 25 12

Specifieation "Lowcr 100 80 60 41 29 23 14 5 4 1
Median 100 920 71 60.5 47 36 28.5 18.5 14.5 6.5

Final
Final Trail

Aggregate

auess Ve
/ 5692 |2Y.52 | 283y |55 | IRAg | 11.23 | BT | 542 | 28
oo 199 29 |29 |29 |2s1|se | 26 | 22 | 144
Blend ) oo G795 g3-52| 5234 | Qy s kY178 | 19.85 | /o 7.8 | Vs
Remark C |- ok’ | oK ok o 5/ Ok “lk | ok |ok oA

4||‘.|:‘
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3. Sample of Calculations:
3.1 No Sample of calculations is needed for sieve analysis, only fill the table:

3.2 Put a detailed sample of calculations of the way finding the initial guess of aggregate percentages. Mention your critical

sieve.

Cribical siel: (21"
C\’,'}:fr-l, -S.(V{?,- /‘9?1}
70 - 252 - (/]

7,

/0 = BBZ < oy « 7940 = [ 203 7]

IC = oot - A - 203 7 B BB -6 7

5|0
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1 Plot

4.1 For Three Aggregates Blend: Plot Percent Cumulative Passing for original Aggregates A, B, C and the final accepted Blend

Gradation Curves

110 S S S T ‘ = i ] f } . A W Y o A - . I i
4+ & > ‘7 7-74 :_ ,;& -t — S - ,‘? ,I_ - — R = W - : - 7,_At. - '., o — . i
== 0 A e = |
PRV { T I i S _
1 R | | | : 1 ) = 01 ) 2 0 8 5 =
T ’{"t‘,/ i 4 e e A a5 //:}%/
50 . i . ) 4 4 3wt /"4‘-:— « T 5 <A // ~-1r-1
1 - —— B” e-E-asSREte v/,/'//:.: el .
. R O e i o o e o e . > A/ HI - ——Upper
“ A I By 10 700~ N AR 1 Lirnit
I Sves /1 0 R s g s i 7« 55 é//" i
, Wan FLIERGEE U | S R S AE }
7’. — 1 1 l i | 4 S s — - -
o TS S L B ] ///( // ,
P “ S R 8 e /1 e i i S ) e 4
,;: . 4 .l " r
£ . 4 -
::, /) > 1
z w -
: e LS
G »r Lirit
70 ~
1

0.0 0% L0 Yy 2.0 2. 4.0 2.5 2.0 A5
sleve opening”0,45
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