Trapezoidal Rule i adall 4udidacld
g glhuciall 3 8 () S5 Ladic ghc B_uaSia dagiiua Jaghd (<& o dakall) agaa (585 Latic 48y all o3b addiud

Baas Y (o B puSia Cilagiliia (pa ddadal) 3 gaad) oo 8 Gy B puad Baes Y G

eli;z[{ys?-l-;ﬂgﬁ Mm)‘)&dséc obd\dd\.&d\d:\.\hécg\q}m‘ﬁc(d)‘,)m\ujsajhéjebds‘h

A= ——"d (saclil) Jsha= disres) y1,y2 )i sthall dalual e Jsemall o) 520 gen dabie gon
- 30 A8y lally St (d=) A sbutie <l el el ) asisd) Jadl) aads o S Alls 8 Ll
TrapezoidalMethod : L p——

ey
g

-8 R » —
This method and the others @ O‘\.\\
I” 3 3
are used for deteminations” @ @ .

of areas for irregular - ® ﬁﬂ_i@ L 1
shapes E'B L:;:_J u] E]

hl + k2
Area of trapezoid 1 = > .d
h2 + h3
Area of trapezold 2 = > .d
h7 h8
Area of trapezoid 7 = : -d
d
Area = JSArea of trapezoids = -2—(h1 + 2RA2 4+ 2A3 e e ceeeee e +2RT7 + ”8B)
d
Area = = E(hl +h8 + 2RA2 + 2R3 ..l .+ 2RT7E)
Rl + h8
Area = = d(— S FAZF RS R RT
h1l + hn
Area = = d( + R2 +h3 ... ...... +hn1

) eng:Hadi Mohammed



Trapezoidal Rule 4& ks olial &N & = ¥ Aadad dalise 22 bk

Ul UL 4 A0 ganll Cile i )Y 5 d = 2 m oDle adaiall sacld (a je (IS 13
h,=48m,h,=3.8m,h;=3.4m,h,=4.8m,h;=4m, hy=4.1m,
h.=4.3m, hg=2m

™ h3 “————ﬁ/

h 1 L 7

iI=n-1
A = thl;hnj+ Zhi} - 2{(4'8;2)+3.8+3.4+4.8+4+4.1+4.3}
=2

A, = 55.6 m?

eng:Hadi Mohammed



: Simpson's Rule & susam 48y )b

A 44 Hlay dinie 250 o lalise il 3 all AT daplall 5 gaall o) Jliie) e 4 48, plall 028
Zadl y Jalas 3 JS i) (a4 g Al Aaall e AL inie 0o 3 jlbe el Gl i) (S Cuas
dalisall ot A s AT Al aie o ai by jlicly o aY) bls G e dabisae o Al Jaie e
saae Y1 S A glusie Aalisall € 13 L) ey slia e L Lad calilosall () 55 Latie 3aa e saec ] 35305 U<

(3 s 48y jlall o3 a5 L sd saae Yl ane (o o Ja i aal g e e bl o A0S0 Aaliall Cuaé
(S 5 O gusans 48y play Aalisal) Clusad alall ¢ ()

Ag :%:rﬁ_+hn +4(> heven)+2[z o 4g ﬂ

e

n1

2

T

h3

I

hd

R

ho

ht

e

h/

T

hé

h9

s

d

3

d

1) o

sas sl (Aayyall) dakill 3acld (e =
(@) kil wlelss ) = hy, hy, hy, ... hy
CLe R laase (68 O

5 1.5 ayme odled JEl sacld il 13) 5l
 SUIS Baae Y cileldi )

hl1=225m, 3.3m,3.6m, 2.95m,
1.75m,1.4m,1.6m, 2.1m, 2.7m

O o 48y yhay JCAI) Aalise 22

L5[2.25+2.7+43.3+2.95+1.4+2.1)+23.6+1.75+1.6)| =28925m



Al JSEIL o A0 sl cilelsi ¥ 5 d = 2 m odle pdaiall 3aclE (2 s IS 1) L
h,=48m,h,=3.8m, h,=3.4m,h,=4.8m,h;=4m, hy=4.1m,
h.=4.3m, hg=2m
_Trapezoidal Rule—s y~iall 40b 45, jha aladinly adadall dabise ol
Simpson's Rule 44 yhy ahiall dalue ol -

Average offsets formula 81 %) Ja gia 48y b

S i 5 gy Cilalisall Gl (o jal () i8I0 a3

il By e

hn

g - .

L=(n-1)d h1, 3l saey) Jiskl
N=52ac ) e 4 glaiall 3yl
L=aulaill daa Jela=(n-1)d
> h *ig glaia <l yuall o) s 3
A= ( h1+h2-:-1h3+ _..+hn ) L = (n-1)d
n

eng:Hadi Mohammed



_H"‘“‘*n_ .oUJ\ M\&&JY\MAAMLJ&
20m i N
o 13 23 8’ 12
10
L=(n-1)d
h +16+20+9+13+23+8+
A- > (n-1)d = (7 16+20+9 13823 38 12)*70
n

€0 potans ¢ a8 yatall and Ay yhay dalial) 2a

eng:Hadi Mohammed



scildlaay) 48y b - 4,
Aalisall Cinin a5 4ol Cllan) 48 pea ang (ouinyal aial) ) usstigh JS0 Aalise i i
-l U Alasily

2A=‘(E1N2+E2N3+....+EnN1] (NJE,+NoEqt...tN El]‘

172
p L} 1‘{ - EK ‘{_,\* ]:I.xf 1
N N N> ) ) ) \N

:‘__F.J'.:ﬂ].ﬂ = 4 1185 nL'II._'ISI-.:I:-.'!- L iale L.‘."l.!- {aﬁ_‘gﬂ_} ABCDE L‘-,x—li-h-a-ﬂjl' Aalica A= gl :«.JI-"":"

A(100.100). B(130,110). C(150. 90), D(140.70), E(110, 60)
F N

150

100 — - 100 |

< B
130 = *110 100 L A c
150 «~ > 90 B

_:;:H:’H D
140 = ™ 70

_;:hc*: 50 |- =
110 =~ ™ 60

- = — I | | | |

100 100 50 100 150

2A=[|(100%110+130%90+150%70+140%60+110%100) —
(100%130+110*150+90%140+70*%110+60%100)

24 =3200m2 = A = 16[}[}1112 2 pally AalM=1600/2500
eng:Hadi Mohammed



Road Survey for Profile = And Cross Sections

Plan showing Road Center Line CL and location of main stations
along Route with Location of Instrument for taking Leveling
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Road View

Station 2400

Station 1+00

| Station 0+00
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2- Dividing the area into regular shapes, such as, triangles, rectangular, trapezoids

Station 135+100

etc.(b=20m).
Cross-section
Station
L. C.L. R.

Station c4.0 c6.0 cl2.0

135+100 16.0 0 28.0

Station c2.0 c3.0 c8.0

135+200 13.0 0 22.0

6+4 - 4x6 6+12 18x12 _

Al:( 5 x16— : ]—F( 5 x 28— =212 L

Similarly, for station 135+200:

A, =103 m?2

'Y

28 m
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Calculation of Area Using Coordinates Method

= Difference in Elevation between CL of Grade Line and i point
X;= Distance in X-axis calculated from CL of grade Line.

|

=

Py { Ax,Ay4)

Pa( Xs, Ay Pa { Xa, Ay
Py [ X34y

Py [ XrAyr)

P P *
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R y5 y6 ¥7 I ye

*aﬂﬁ—ﬁw%* *':L*

2A=( X1.Ay2 + X2.Ay3 + X3.A3 + X8.Ay9)- Ay1.X2 + Ay2.X3 + Ay3.X4 +
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y-Ons ﬂ
1-Compute area of fill when x-axis represent M.S. L.
2-Compute area of fill when x-axis represent Grade.L.

S0L:

A B c D E E s A
o 33
A 35H \“22\” \' T 7 7\24\*24
2A=( (5~ 20+21* 224 ... ...... +(-5*24))
(24*21+20~2+_ ... +24*5)
= (-414)- (-228) = -186
_ | -186 )
= > —r— A= 93mMm

2-Compute area of fill when x-axis represent Grade.L

A B ¢ D E F G A
5\ 21 - -5 5
YICPTIY. LR 17 -24 24 -24 24 -24
2A= (-20-42-10-0 + 42 - 0 - 0)-(0-8-0+30+99+35+0)
= (-30) -(156) =-186

_ | -186 ,
—‘— —r= A= 93m

Yo
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adalie dedll Clalise () damcanll g jaall s 8 il 8yl duia je adalie dad Cilalise Cisus 3l
Gkt g ay Alla 8 1Y)
A =24m% AL, =18 m? A, =21 m? A, =12 m? A = 4 m?,
(s sty ia Ala & cuilS8 (5 Al day )Y adaliall Cilalise L)
Acg=T7Tm? A, =11 m?, Ag=15m? Ay =23 m?
Gl Yaladiulyao 0y yaall KU aaall ()5S, 4S8 ¢ 4ie 100 sl AT 5 adaie JS G Adliaall cilS 138
Glalee (o dadlill 4 jill SlaaS G o S Jla (A 5 pliall 7 JA (o (6 il (Al Al Al Jae DU SN jed)
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1- Using End- area method
Total volume ;, =

Y1 RS At A A

SSU a3l = 100{24;4+18+ 21+12]+%*100:6633m3

L +A|§5>x<|_

Total volume , = L{ACGZ'AW +Ab7+'6b8

g

2 3
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Example:- The table below represent the final

cross-sectional areas A1,A2,A3,A4,A5, calculate Areal No. Valzuzeé? 2 = (ilc?ct) —
the volume of earthwork using the “Average End '
Area” method and the “Prismoidal” method, 2 24.38 |I= 100 m
Simpson's Rule(H.W) 3 65.12
=100 m
4 11.18
=100 m
5 7.02
Volume by - 15263
mean area=
Volume by
Simpson's =10079.33m3
Rule=
Volume by
Trapezoid | =10079.33m3
method=
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Example) The table below represent the final cross-section for road having bed width (b= 20m)

Station Cross- Section Area Area
Left C.L. Right [Fill(m2)] | [Cut (m?)]
0+00 418.75 0.0
1+23 f1.65 f1.0 0.0 C€1.0 C3.0 C3.75 ¢ ¢
13.3 10 5 0.0 10 13.75

1-Compute areas of cut and fill at station 1+23 by coordinate method.
2- Compute volume of cut from station 0+00 o station 1+23.
3- Compute volume of fill from station 0+00 to station 1+23.

YY)
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Solution:
1. Draw the cross- section.
2. Assume the coordinates (as shown below) according to the depth of cut and fill in the table.

C2.75

C3.0
C1.0 _10 13.75
0.0 0.0 K
= _

,‘_’;.'.- ‘ — o

= - 20m—
- f1.0
f1.65 10

13.3

Total area fi//in St 0+00 = 418.75 m? ,Total area fill in St 1+23 = 4.7 n¥

Total area cutin example 2 = 28.1n7 the distance between two station equal to 123m .
then by End erea method
_|_

Vv

OI1—>2 - I'1—)2 2

Total volume ., = [123 * (418.75 + 4.1) / 2] = 26005 m?

And total Ac
VOICut _T* L

= (28.1/3) *123 = 1152 m?
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Example 2: A reservoir of depth 23.3 m,
calculate the volume of water that can be
saved in this reservoir, if you know the
following data , the contour line of the
surface of water was 130 m when it is
filled and the other two contour lines 110
and 120 were plotted at different stages of
spillway of water and refill the reservoir,
the area included within these three
contour lines were 1100 m2 for 110,
150000 m2 for 120 and 610000 for 130.

\_/
\Volume by Prismoidal Formula= 20/6(1100 + 4x150000 +
610000)=4037000 m3
\VVolume between the contour line 110 and the bottom
2.3 20 of the reservoir with depth = 3.3 m will equal to 1/3

A
33

Yy

x1100x 3.3
=1210 m3

Full capacity = 4037000 + 1210= 4038210 m3
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Computation of Volume

Simpson's Rule
Volume,

* V=d x[A;+A, +4(Ag+A +A, ) +2(Ag+Ast.... A
3

1.e. Volume= Common Distance x

3

| Area of First Section + Area of Last Section + 4 (Sum of areas
of even Section) + 2 (Sum of Area of Odd Sections)]



Example

* An embankment of width 10 m and side slope
1 % :1 1s required to be made on a ground
which 1s level in a direction traverse to centre
line. The central height at 20 m mtervals are as
follows:

* 0.8, 1.2, 2.25, 2.6, 1.9,1.4 and 0.9

* (Calculate the volume of earth work according to

* (1) The trapezoidal formula

* (2) The prismoidal formula



TLevel Secton : Ground i1s level along the
traverse direction
Here, b= 10 m, s=— 1.5, interval = 20 m

The cross-Sectional Area are (,dlculdted by
equation Ishijc— - sh

A, —(10+1.5%x08) x0.8=896m?2 | b
Ay— (10 + 1.5 x 1.2) x 1.2— 14.16 m?

A, =(10+1.5x0.8) x0.8=8.96 m?
= (10+1.5x1.2)x1.2-14.16 m?
= (10 + 1.5 x 2.25) x 2.25 = 30.09 m?
—(10+15x26)x2 = 36.14 m?
=(10+1.5x1.9) x1.9 =24 .42 m?
= (10+1.5x1.4)x 1.4 -=16.94 m?
= (10+1.5x0.9) 0.9 =10.22 m?




Simpson's Rule

OR the average end area rule
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: Standard Equipments 4xsliall Slasadl - A
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Special Equipments 4aldll Gilasall B

Jan 8 Sl @ jlaal) Jie Jlee W) (e nre g ot alill aadind il Cilaadd) o
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The total depreciation, D = Purchase Expense — Salvage Value
Annual depreciation, D, = D /N
Depreciation Rate, Rn = 1/N where N is the number of years
Jlaaia¥) any all adae — ¢} 3l 28K = (Depreciation ) QS Gy
Jaidy) &l gl 22 + &SS\ DY) = (Annual ) sz.u.d\ OBy élm
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Purchase Expense = 12000 S 48l ¢ & 4alS :(JUa o
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D = 12000 - 2000 = 1000 S
Annual depreciation, D, = D / N = 1000/5 = 2000 $/year

Depreciation per hour = 2000/ 2000 = 1.0 S/h
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where:

BV, : is the book value of the machine at year n
IC : is the initial cost (Purchase Expense) of the machine
D; : is the depreciation at year |
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Double-Declining Balance Depreciation
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Dy = NBVn—l

where:

D,,: is the depreciation at yearn

N :is the useful life of the machine

BV, _,:the book value atyearn — 1 (Note: BV,,_; must be = §)
in which S :is the salvage value
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18,000 $ = 22 yinY! dasd
yearn D, = 0.2857 BV,,_; (S) BV, (S) s siadl BN - Jall
0 0 132,000
1 37,714 94,286 2 2
Dy = NBVn—l =Dp = ;BVn—l
2 26,939 67,347
= 0.2857 BV,,_,
3 19,242 48,105
4 13,744 34,361
5 9,817 24 543
6 7,012 17.531 — 18,000
thus, Dy = 24,543-18,000 = 6.543
7 0 18,000
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year, n Dp=—"(114,000) BV,
(S) (S)

0 0 132,000

1 28,500 103,500

2 24,429 79,071

3 20,357 58,714

4 16,286 42,428

5 12,214 30,214

6 8,143 22,071

7 4,071 18,000
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b IC(N+1)+S(N-1)

2N

where:

P :is the average value of the machine,
IC: the initial cost,

N: the useful life,

S: the salvage value

E) g 5 2ay 3l i) dad 5 50,000 $ L Anlaty) Al ¢l 13) Sle dad Joma el b
.15,000 S (s sbuss

50,000 (5+1)+15,000 (5-1) _ 36,000 $ sl s 5 IS TSl Aa Jana 1Al
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Table (1): Average Rates for Investment Costs

ltem Average Value (%)
Interest 3-9
Tax 2-5
Insurance 1-3
Storage 0.5-1.5




- TOTAL OWNERSHIP COST ISl 4,10 44K

UJAJ‘} 4\.\3)...45\) U.J.Au“s JLA.\.\MS!U J\_\J.\;Y\ i< — Oy RN aﬂyu.qu 4_\55]\ 4a\<] G
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Initial cost: $186,000
Estimated life: 5 years
Salvage value: $22,000

Interest on the investment: 8%

Insurance: 1.5%
Taxes: 3%

* Storage: 0.5%
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b IC(N+1)+S(N—-1) 186,000(5+ 1) + 22,000 (5 — 1)
B 2N B 2(5)

P=120,4005
%13 =%0.5+%3+1.5 + %8 = (Al s Ay pall 5 Gualill 5 Jlaiin¥) S Caid & sana
15,652 $=120,400 x 0.13 = ¢ 3alls 4y puall g cadill 5 Lafiiny) 44l
59,385 $ = 15,652 + 43,733 = 46l 4ind) JOA eDiiadU 4,0<Y 24K
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q = 0.23 Letter/(hp-h) :¢rmdb Jead A Sl 1
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5 s (5 Janntil) Jalae e aainy Jaall gdsa o3 25800 Ladll SDlgiu) o
Operating Factor = Engine Factor x Time Factor
AN Aalaall (e caneny 2 g8 11 ) INGELY) ld el o
F = Operating Factor x g x horsepower
2 Ulal U s el e shee A sl e Fidie )5S @ paall Aliaall 5 3
flywheel horsepower (fwhp)
Aolaal) e dllgioiall 5 g8 6l A8l (i o
Cost of fuel = F x Price of litter



Equipment Type

Loader track

Loader wheel

Motor grader
Scraper single engine
Scraper twin engine
Tractor crawler
Tractor wheel
Truck, off-highway
Truck, on-highway

Where 1 US Gallon = 3.785 Litters

Working Conditions (gal/h/hp)

Jazll Ca g ya Crin Cilamall e 222d ) b 2 68 6l eBlin) pn J gaa

Favorable

0.030-0.034
0.020-0.024
0.022-0.025
0.023-0.026
0.026-0.027
0.028-0.342
0.020-0.028
0.017-0.029
0.014-0.029

38

Average

0.040-0.042
0.027-0.036
0.029-0.035
0.029-0.035
0.031-0.035
0.037-0.399
0.026-0.038
0.023-0.037
0.020-0.037

Unfavorable

0.046-0.051
0.031-0.047
0.036-0.047
0.034-0.044
0.037-0.044
0.046-0.456
0.031-0.052
0.029-0.046
0.026-0.046
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Time Factor = 50/60 = 0.833

Engine Factor= 2 %x1.0 +=%0.5 = 0.625
20 20

Operating Factor= Time Factor X Engine Factor
=0.833 X 0.625=0.521
Fuel consumed in hour, F= Operating Factor X g X Hp

for diesel engines, g= 0.15 ¢/(hp-h)

F=0.521 X 0.15 X 160 = 12.504 ¢/h
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0.0027 kg/(hp-h) = Al LSIL il e & jaall giu) Jana o
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g =0.003 X HP X F + =

where: ¢: quantity of lubrication oil consumed (litter/h)
HP: is the horsepower of the engine (hp)

F: operation factor

C: the capacity of engine crankcase (liter)

t: the number of hours between changes.

GO e G ol 5 15 iter Cu il (aea daw s 100 hp Ll Sl ellgiuad) a3l laia e 1 Jlia
60% Jxidll Jalza s 100 h 52 < 3l

1l
g =0.003 X HP X F + ==0.003 X 100 X 0.6 + —
q=0.18+0.15=0.33 I/h
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year digit lifetime repair cost

Hourly repair cost =
yrep sum of year's digit operating hours per year

Cre AwiS Ll pass (S (|ifetime repair cost ) 4L cé\.'d\ yaxdl JOA 4K CM;Y\ dalK ) o
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(3) all Jsaadl 3 e WS ol Cagyla o aaied 43K 522 o



Table(3): Range of Typical Lifetime Repair Costs

Equipment Type

Crane

Excavator crawler
Excavator wheel
Loader track
Loader wheel
Motor grader
Scraper

Tractor crawler
Tractor wheel
Truck, off-highway

Initial Cost without Tires (%)

Operating Conditions

Favorable

40-45
5060
75
8085
50-55
45-50

o0
LN

1

§:
50-55
70-75

Average

50-55
70-80
80
90
60-65
50-55
90-95
90
60-65
80-85

Unfavorable

60-70
90-95
85
100-105
15
55-60
105
95
75
90-95

44



Example: Estimate the hourly repair cost of a scraper for the second year of operation. The
Initial cost of the scraper is $186,000, tire cost $14,000, and its useful life is 5 years.
Assume average operating condition and 2000 h of operation per year.

Solution:
lifetime operating cost factor = 92.5% ( from table 3)

lifetime repair cost = 0.925 x ( 186,000 — 14,000) = 159,100 $

year digit lifetime repair cost

Hourly repvair cost = —— X _
e sum of year's digit operating hours per year

2 159,100

. = X
Hourly repair costfor the second year 1T 2000

Hourly repair costfor the second year = 10.607 $/h
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1l ) g o Alua 48Kl 4000 Alabeal) aladial (Say 13

cost of set of tires ($)
expexted tire life (h)

Tire Repair and Replacement cost = 1.15 X



Table (4): Range of Typical Tire Life

Average Tire Life (h)

Operating Conditions

Equipment Type

Loader wheel

Motor grader
Scraper single engine
Scraper twin engine
Scraper elevating
Tractor wheel
Truck, off-highway

Favorable

32004000
5000

4000-4600
3600-4000
3600

3200-4000
35004000

Average

2100-3500
3200
3000-3300
3000
2700
21003000
2100-3500

Unfavorable

[300-2500
1900

2500

2300-2500
2100-2250
[300-2500
[100-2500

47
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P=WxR
P: is the counter force from rolling resistance (kg)
W: total weight of the vehicle (ton)

R: rolling resistance ( kg/ton)
e nad (b 20 O84S e AS ja (el Al g (paS) Bas gr da jaall daglie e Al 368l as 1 Jbs
(bfaxS 45 a )laie da jan daslia 53 (5 )k
:Jad)
P =45 x 20 = 900 kg
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20 15 25 18 TEUETIR
27 -23 30-18 32-27 32-23 e lay
32-23 32-40 36 - 27 45 - 27 pasaa e i
45 - 32 63 -45 50 - 36 68 - 45 pasa el s
91-68 100 - 82 82-63 113 -91 (b il )
118 - 110 132-118 91-73 145 -127 =y 55 day
154 - 127 181 - 136 109 - 91 181 - 160 Sy ymay o il 8
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Effect of grade on required tractive effort

ol jlasaVI da 3 50l 30 (8 s dral Ladie 408 jal jall aga 2l
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F=Wsina Aolaall (e jlasaV Al Aoleal 4 glaall 5 g8l late Clas S

sina =~ tan @ 8 (a < 10°) sV a0 5 juall 28l o

6%

tana = —
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(kg/ton) sall aga Ao lasa¥l il (e dailill 3 58ll e (6) Jsan

Grade (%)

change in tractive

Grade (%)

change in tractive

effort (kg/ton) effort (kg/ton)
1 10 12 119.2
2 20 13 128.9
3 30 14 138.7
4 40 15 148.3
5 50 20 196.2
6 59.9 25 242.6
7 69.9 30 287.4
8 79.6 35 330.3
9 89.6 40 371.4
10 99.5 45 410.4
11 109.0 50 447.2
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. (Total Resistance) 4dSl) 4 5\aall

Total resistance (TR) = Rolling resistance (RR) + Grade resistance (GR)

‘(Equivalent Gradient) s 3Sall Hlasay!

2 oal e glie e (ki s 53 laaiY1 el a5 (Gp) Do) (e WIS Les dasadl e glia e Uil uny @

Rolling Resistance (k_g)

ton
GRR (%) — kg
10 (;:2)

(Effective Grade) yisall Hlaasy!

(Dl Al 3) 4 la gyl o) (2 small Alla ) 4] Tilicas (Al daglia (e i) ) o SN jlaasyl g sbuns o
Geff = GRR + G (G)w#\ J\J;.'\\J\JEA




Example: The haul road from the borrow pit to the fill has an adverse grade of 4%. wheel type unit
will be used on the job, and it is expected that the haul road rolling resistance will be 50 kg/ton. what
will be the effective grade for the haul and return trip?

Solution:
Rolling Resistance (—) (
Grr(%) = G = 504
10 (X9 10(
tOTl ton

Geff - GRR + G

 Forhaul trip, Grf = Grgr + G = 5% + 4% = 9%

For return trip, Grr = Grg — G = 5% - 4% = 1%

Note that the effective grade is not the same for the two cases.

During the haul, the unit must overcome the uphill grade.

On the return, the unit is aided by the downhill grade.



il 315k el & a5 15000 Kg LeSome s 3585 20 ton Lei s s iae 4l 48 jaa 1 J
47\3\4.43\ J;j\ '5;5 —waal <40 oJ\J;j\

:Jadl
R=29.5 kg/ton O 233(5)d s (e @
Rolling resistance , RR = R x W = 29.5 kg/ton x 20 ton = 590 kg
40 kg/ton s sbe laasy) 56 Jalas () 225 (6) Jsds (e
Resistance from Grade, GR = 40 x W =40 x 20 = 800 kg
total resisting force = 590 + 800 = 1390 kg
eV (I A 5l Y Aa el A glia pe lgras o3 lasa¥) il e A8e Y 5 8 o) aaDl o
Net Traction force, F = Engine force — Resisting forces
F =15,000 - 1390= 13,610 kg



:Available Power 58 siall 5 yaall

L) Claza alazal 48 jaall 3 8l Aol §1 iay) S e JSGE
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:Work and Energy 8 yaall  Jaill o
Work (J) = Force (N) X Distance (m) Alaleall (e Jiil) Crusy o

WO.T'k (N.m) LSJM B)Jﬁ\ Ll o
Time (s)

Power (watt) =



The definition of horsepower:

* When James Watt developed the first practical steam engine and wanted to express the work of the
engine to the work done by the horse, he used the following example.

Example: A 81.647 kg (180 Ib) horse walks in circular path operating a pump that rises water from a
well. The horse is attached to a 3.658 m (12 ft) lever arm that is connected to the pumping
mechanism. The horse makes 144 revolutions per hour. How much work does the horse do in 1 hour?

Solution:

The moving force is the horse of mass 81.647 kg = 800.630 N
The distance is the circumference of the circle 144 times.
Circumference = 2 x3.658 =7.316

Total distance = 144 x 7.316 7= 1053.504 T m

Work in one hour = 800 .630 x 1053.504 m = 2649829.44 N.m/h
the work in second = 735.5 N.m/s ( 1 metric horsepower)

One mechanical horsepower = 745.7 watt



:Coefficient of Traction sl Jalaxs 3

(Driving Wheels) 38l <3laall e Jaluall KU ¢ 5 6l 43 pim ay 62l Jaladll 431 e (Cp) sad) alas <oy
Y Y Jgan Jad skl g O Maal) fn A€an a3 58 ST laal

Maximum Tractive Force = C; x Total Load on driving wheels
<9000 kg s» A8l & adl a3 @ el (1) 5 18000 kg 58 A4S el 323180 () gall) S3laall Ao S ¢ 560 ;b
GUE o Ji Ledldt (Sen canan 858 e f al 10,30 4l al) dabas cida )y Loy (8 Glo i 48 5l il 130
RERRAY
Maximum Tractive Force = 0.3 x 18000 = 5400 kg :Jal)
O 8 o Caall e lehalis (Sae a8 ST (Y 391 (Y JalSIL LedDlain) ¢SV S jall Canal) 368 o Jaals
Gkl e @l kY 3l i o sl Gl 5 8 JalS aladiin 2513 43 ey 138 5 A0S jall a3 8
03 8 10800 kg 58 328l <l ey e Lehabost (S n 368 el 0l 0.60 5o oall dalae oS Alls
Sl Cadl 5 68 JalS aladiad &3 6l s Gl e 3l il Y Jea (SapY dllal)



Gkl 7 sl (e 320xia ¢ 63 all Jalas add 1(7) Jsan

3y yiaal) ) gall LlaUaall ol Ul zhull ¢ 5
(Crawler Tracks) (Rubber Tires)
0.45 0.80 -1.00 ALEA 5 Adla Al A
0.90 0.50-0.70 ala s dpla 4,
0.70 0.50 - 0.40 dada ) dpnda dola 45 13
0.35 0.30-0.40 Gh ) a5 da)
0.30 0.20-0.30 s pan g ey
0.15-0.35 0.20 BN A
0.10 - 0.25 0.10 ala

- .
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:Altitude’s Effect on internal combustion Engines
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o Y g 5l ladd)

(H —300)%0.03
300

Loss in horsepower = X hp

(H —300)x0.01 v hp
300

where: H is the elevation with respect to sea level (m).

XY J\JSA}ALAGJAJ\C_LMLQJMJL 1OthMM;BJ&L\yi4}JcﬂJML€JMSLadm .
¢ adl s e 3000 M gl Ao (Sl Jand Ladie 3 )l

‘Jall e

Loss in horsepower =

(H —300)><O 03 (3000 —300)x0.03

300

X 100

Loss in horsepower = X hp =
Loss in horsepower = 0.27 >< 100 =27 hp

the horsepower at 3000 m above sea level =100—-27 =83 hp



Table (8): Percent flywheel horsepower for selected Caterpillar machines at specified altitudes

Model Altitude (m)
0-760 | 760-1500 | 1500 - 2300 | 2300- 3000 | 3000 - 3800
D6D, D6E 100 100 100 100 94
D7G 100 100 100 94 86
D8L 100 100 100 100 93
Tractor D8N 100 100 100 100 98
DON 100 100 100 % 89
DI1ON 100 100 100 94 87
120G 100 100 100 100 %
12G 100 100 % 90 84
Graders 140G 100 100 100 100 94
14G 100 100 100 94 87
16G 100 100 100 100 100
214B 100 100 100 100 92
Excavators | 235D 100 100 100 08 o1
245D 100 100 100 94 87
615C 100 100 95 88 81
621E 100 100 94 87 80
Scrapers 623E 100 100 94 87 80
631E 100 100 % 88 82
769C 100 100 100 97 89
Trucks 7738 100 100 100 100 %
966E 100 100 100 93 86
loaders 9888 100 100 100 100 93
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Effect of temperature and atmospheric pressure on the
:performance of internal combustion engines

ol die 3elaSH ala 3 g b)) pall da o gl ) aie Jalall (8 sl K 3l (il e
B allda y
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Al 5 sl
:gﬂﬂ\ OAEl e @l yaall 13g] (Break horsepower) donliall Aniliaall 3 a8l il u\&dh S e
P T,
Po | Ts

* where: H,: the modified horsepower for the standard conditions
* H,: measured horsepower (at non standard conditions)

* P;: standard atmospheric pressure ( 760 mm Hg)

* P,:the actual measured atmospheric pressure ( mm Hg)

* T,: measured absolute temperature = Celsius + 273 ( kelvins)

* T:Standard absolute temperature = 15 + 273 = 288 kelvins



5.55°C 5_)l_a 4a 30 5 750 mm Hg o (5 9a Jara Cani &l jaa (and 23 1 Jlia o
daulial) 4ulasll 3 yoall an 86,43 hp ssbedt Aulaall dxliaall 3 yaall ) ax b

Al Gy ylall cans & jaall T3] (e ,all)

Jadl e
p, |1, 760 [(5.55+273)
*He = Hyp \ﬁ = (86.43) 7 \/ -

* H. = 86.13 hp




ofiall (g sall bazazall | ) o (358 & i LY

(3 e ) (J)
760 0
733 300
707 600
682 900
656 1200
632 1500
608 1800
586 2100
564 2400
543 2700
522 3000




£22.20C3) ~da 0y il v e 1115 m g )) Ao auiliasl 45 )08 _a

-Jall

ol )Y haxaall ad aladiuly (9) Jsaall (e jie 1115 o laie plii ) die (5 gall Jaraall Clua (S
0 12005 2 900

P(900)= 682 mm Hg, P( 1200) = 656 mm Hg
656 —682

P,(1115) = 682 + "2 (1115 -900) = 682 ~ 18.633 = 663.37 mm Hg
Fs T,
H, = H,- |2
C (0] PO V TS
130 = H, x 760 J(22.2+273)
663.37 288
130=1.16 H,

H,=112.07 hp
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i) Asliasd) 3,08l sV evad) SDllaa
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7 i

(A 20 Ao y3) 8, PN | I o &Vs)ﬁ\
i)
- 29 - 18 = 4 10 15 21 32 43 o

1.085 1.062 1.039 1.018 1.008 | 1.000 (0.991 0.971 0.954 O
1.048 1.025 1.003 |0.984 |0.974 |0.964 |0.955 | 0.937 0.920 300
1.010 |0.988 |0.968 |0.048 |0.938 |0.930 |0.921 0.904 | 0.887 6800
0.974 |0.952 |0.933 |0.914 |0.905 |0.896 |0.888 0.872 | 0.855 900
0.938 |0.918 |0.899 |0.882 (0.873 |0.865 [|0.856 | 0.840 0.825 1200
0.904 |0.885 |0.867 |0.849 |(0.842 |0.833 |0.825 0.809 |0.795 1500
10.872 10.853 |0.836 (0.820 |0.811 0.803 |0.795 |0.781 0.767 1800
0.840 |0.823 |0.806 |0.790°|0.782 |0.755 |(0.767 0.7652 0:738 2100
0.8171 0.793 |l0.766 |0.762 |0.764 |0.746 |0.739 |0.725 |0.712 2400
0.782 10:764010.748 10.734 [10.727 |10.720 0.713 |0.699 |0.686 2700
0. 783 10:7237 10:722 10.707 10.707"10.693 10.8687 0.675 10.682 3000
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2750 kg W )laae ddlia ja b5 (a gea sall il il e 8 305k e & a3 12 ton 43 ) e ) il
wasayall el il e (8 3k ) ad) Jail 13 Adlall adl 3 8 ) oS oS

:Jadl

e Y — &l a5 g8 =dlall jalls @

Gkl lasil e daslll ABle V) 4+ da jaall A glae = e Y

Jtea = Gkl laad) e Aasll) Ae V) IA ¢ 8l alladl 8 skl o) s

A4S all 05 X A4S all 5 (e Gl JSI o kall A jaal) A glie = A jaall 4 laa

Dl 005 e Gl JSlda mall A glie aai (5) @) Jsan (e @

31.5 kg/ton = A sl daglie 3 jinall il JUaD 5 am gaaa sl I Al W) (5 phall o
43.0 kg/ton =4 ,aall daslae 8 siaall Gl a5 (s jall e ) il 1 U 5y el
138.0 kg =12 x (31.5-43.0 ) = 3 ) da glia & 3 dll

2612 kg = 138.0 — 2750 = Sl &kl Je ddlall jalls 4



:Rimpull <Y

Aale S AN Gy Hlall gl saall Sl pall 3l <ol a1 G sall 58 s g e
4\:\5\_\]\ AJA\JLAJ\UA‘L\SJAH (J;J\ cjﬂ) ] b Hlase Gl (Say e

272.2 X horsepower X ef feciency

Ri =
impull speed

where:

Rimpullisin ( kg)

speed: the speed of the vehicle ( km/h)

efficiency: is the efficiency of the engine ( 0.80 — 0.85)

if efficiency is not known take it equals to 0.85



D Ladie <140 hp 30 & jaw g dpdallacs <l jUa) <ld daaldd (Rimpull) ) 3 8 el - s
58 laia Loy Aaaldll 8 JalS aladind S jall Julra o)) 538l 5.0 km/h de s daali)
- Jad)

272.2 XhorsepowerXef feciency
speed

Rimpull =

- 2722 X140X0.85 _ 6478.36 kg = 6.478 ton

when speed= 20 km/h

Rimpull = 2222202 = 1619.59 kg = 1.620 ton

&ﬂ\w@y@wwmw\oﬁu\mmu& .



Ol e 124 ton s )l 055 6000 kg dales Js¥) el (8 Sload Y s b
Sl Adlall 353l laie ax . 50 Kg/ton W laie a jan daslias %2 o8 lasi) 53 Gash e lsaa
A dlaal a (A Ledlarin) ) jall (Sa;
:Jadl
Rolling resistance, RR= 50 x 12.4 = 620 kg
Grade resistance, GR=W.sin a

tan @« = 0.02 ,then a= 1.146°, sin « = 0.019996 =~ 0.02  (note that sin a
~ tan a)

GR =12.4 x 0.02 = 0.248 ton = 248 kg
the net force available = engine force — ( RR + GR)
F =6000 - ( 620 + 248) = 5132 kg
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: Terms, abbreviations and definitions <& )lai s &l jlaial § Cilallacas

« AASHTO: American Association of State Highway and Transportation
Officials

GAERLEN PRI s alaxiuall 3 sall :Backfill a2l ) 54

b Lead ga (o 83 A 55 (gl sl )Y (s siue Jaae (e @i il ) (e ALS Bank 4l
Ao jia J8 daplall A lgaiag 8 a5 4 il aaa (uld (Bank measure 4dall (ubia o

Llidl) dauha Ledle a6 Al 2 jae o) (G sk 8 3 gall Ak Bgse Bac il

» Standard Proctor Test: a method presented by Proctor to relate the maximum
density of soil to its moisture content by applying a standard compaction effort.

* Modified Proctor: is similar to Standard proctor except that the effort is modified.
Arulia 3 68 L@Lﬁa&:‘}! daclall dguda Caal poa g a4l (e 4aida tsubbase ('63::\33\ Caad) ) Loaall 3ac\al) e

a5 Al Al s g sl dgadall (o Y Ay s e Ul <l s :Subgrade dseskhll G Y e
Aaalill ) gal Bac e Lealadiinl

LAY A e dda alad Lﬂg'ﬂ\ CA}“M j 3 yaall :Borrow pit Y 3 84 e



Table 5-1 Characteristics of Proctor compaction tests

Test Details Standard Modified

Diameter of mold

in. 4 4

mm 102 102
Height of sample

in. 5 cut to 4.59 5 cut to 4.59

mm 127 cut to 117 127 cut to 117
Number of layers 3 5
Blows per layer 25 25
Weight of hammer

Ib 5.5 10

kg 2.5 4.5
Diameter of hammer

in. 2 2

mm 51 51
Height of hammer drop

in. 12 18

mm 305 457
Volume of sample

cu ft Yo Yo

I 0.94 0.94
Compactive effort

ft-Ib/cu ft 12,400 56,200

kJ/m?® 592 2693

' 25 blows
> }:1‘3 per layer
‘Compactive force

| 12,400 ft-Ib per cf
12in.|

'

Soil sample 1/30 cf

3 layers

Standard AASHTO

25 blows

10Ib per layer

Compactive force
18in. | 56,200 ft-Ib per cf

4

Soil sample 1/30 cf

5 layers

Modified AASHTO



:Soil Characteristics 4 il sl sa

:Swell and Shrinkage (iLSa¥! 5 #laiy)
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‘Swell FLiN
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:Shrinkage Jilassy)

Jaa) oy LglS Bl ) Aas Jas Lgana 8 Ledas 5 A0l lSa (84, il pa g ic o

(Al ana) e anall (e 4 g Ay lalill 138 e g o
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ar e 5
%, "‘_-'{'i. %

1.0 cubic yard in 1.25 cubic yards 0.90 cubic yard
natural condition after digging — after compaction
(in-place yards) (loose yards) (compacted yards)

Typical soil volume change during earthmoving
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weight/bank volume
Swell (%) = . —1]x100
weight /loose volume
_ (bank uni.t wei'ght _ 1) % 100
loose unit weight
or
loose volume
Swell (%) = — 1] x100
bank volume

Example: Find the swell of a soil that weighs 1661 kg/m? in its natural state and 1186
kg/m3 after excavation.

Solution:

bank unit weight

Swell (%) = . - —1]1x100
loose unit weight

Swell (%) = (% - 1) % 100 = 40%

 This means that 1.0 m3 of the soil will expand to 1.4 m? of loose soil after excavation.



Aolaall (pe SELaSEY) A

_ weight/bank volume
Shrinkage (%) =1 — X 100

weight/compacetd volume

)x100

_ (1 bank unit weight
compacted unit weight

or
Shrinkage (%) = <1 —

compacted volume
X 100
bank volume

Example: Find the shrinkage of a soil that weighs 1661 kg/m? in its natural state and
2077 kg/m?3 after compaction.

Solution:
Shrinkage (%) = <1 —

bank unit weight
x 100

compacted unit weight
1661

Shrinkage (%) = (1 — 2= ) x 100 = 20%

 This means that 1.0 m? of bank soil will shrink to 0.8 m? of compacted soil.



Swell (Load) Factor & Shrinkage Factor:
A iia aa ge ebiie (A Sl o saa Jysad ) pgall (el Al Sl Jlae W) 285 Sie

s g Lﬁ‘ e\dil..u\ Sy @l o (o el 1] Taaiea (550 Lﬁm 9 Bank Measure 4izall b Oi ?‘;JM e
.ej;;J\ uwéj"mwhsdhﬂ\ej&l\w

sl (e ¢ AN paall Gl o Cannt LgunaS oy (A A 5 Lelsand o (1 A Sl S 58 s
Addall aaa g sd )l anall G adll Jalea Jd 55

Cillll pilalaall (pe casnny s <Swell or Load Factor deall o) FLEY) Jalas oy Jalaall 128

loose unit wiegt

Swell Factor = —— or Swell Fctor =
bank unit weight 1+swell

Bank Volume = Loose Volume x Swell Factor
Al pan LS oy FUEY) Jalaey 53 1) pal S o jum
:olll) tlaleall (e sy g Adiall ana I A ganall 4 il aas Jyeadl ELSY) Jalaa adiig o
pank unit wiegt or Shrinkage Fctor = 1 — shrinkage

Shrinkage Factor = ——
compacted unit weight

Bank Volume = Compacted Volume / Shrinkage Factor



Example: A soil weighs 1163 kg/LCM, 1661 kg/BCM, and 2077 kg/CCM.
(a) Find the load (swell) factor and shrinkage factor.

(b) How many bank cubic meters (BCM) and compacted cubic meters (CCM) are contained
In 593,300 loose cubic meter (LCM) of the soil?

Solution:

loose unit wiegt 1163

(a) Swell Factor = bamk wmit woight — 1661 0.70

bank unit wiegt __ 1661

= 0.80

Shrinkage Factor = — =
compacted unit weight 2077

(b) Bank Volume= Loose Volume x Swell Factor = 593,300 x 0.70 = 415,310 BCM
Bank Volume = Compacted / Shrinkage Factor
then
Compacted Volume = Bank Volume x Shrinkage Factor = 415,310 x 0.80 = 332,248 m3 (CCM)



f Bank welght - Loose weight = A
LR § § > ~ Percent . Swell
zlﬂaterial S5 "' : lb[cy.»: kglm’ lblcy “kg/m? ;‘_ swell. - factor‘
Clay, dry 2700 1600 2,000 1,185 35 0.74
Clay, wet 3,000 1,780 2,200 1,305 35 0.74
Earth, dry 2800 1,660 2240 1,325 25 0.80
Earth, wet 3,200 1,895 2,580 1,528 25 0.80
Earth and gravel 3,200 1,895 2,600 1,575 20 0.83
Gravel, dry 2,800 1,660 . 2,490 1,475 12 0.89
Gravel, wet 3,400 2,020 2,980 1,765 14 0.88
Limestone 4,400 2,610 2,750 1,630 60 0.63
Rock, well blasted 4,200 2,490 2,640 1,565 60 0.63
Sand, dry 2,600 1,542 2,260 1,340 i5 0.87
Sand, wet 2,700 1,600 2,360 1,400 15 0.87
Shale 3,500 2,075 2,480 1,470 40 0.71

*The swell factor is equal to the Joose weight divided by the bank weight per unit volume.

A Al (e AdliSa £ o LN Jalaa g FLEN dad g sA 1 5l g Al (39 ad 2(11) Jo2a
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Jalra g FULHNY) Jalaa g Galasi¥ g F LY a9 A gasiall g dbual) 9 3 o 1) ABUSH o 1(12) J g2
J55all g @ Al £ oY (alasiy)

Unit Weight [Ib/cu yd (kg/m®
i il Swell Shrinkage Load Shrinkage
Loose Bank  Compacted (%) (%) Factor  Factor

Clay 2310(1370) 3000 (1780) 3750 (2225) 30 20 0.77 0.80
Commonearth 2480 (1471) 3100 (1839) 3450 (2047) 25 10 0.80 0.90
Rock (blasted) 3060 (1815) 4600 (2729) 3550 (2106) 50 -30** 0.67 1.30*
Sand and

gravel 2860 (1697) 3200 (1899) 3650 (2166) 12 12 0.89 0.88

"Exact values vary with grain size distribution, moisture, compaction, and other factors. Tests are required to determine

exact values for a specific soil.
**Compacted rock is less dense than is in-place rock.
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A Al (e Adlidg o) 3y ALY Gal 6211 1(12) J s

Suitability
for Subgrade Suitability
Construction (No Frost for

Soil Type Symbol Drainage Workability Action) Surfacing
Well-graded gravel GW Excellent Excellent Good Good
Poorly graded gravel GP Excellent Good Good to excellent Poor
Silty gravel GM Poor to fair Good Good to excellent Fair
Clayey gravel GC Poor Good Good Excellent
Well-graded sand SW Excellent Excellent Good Good
Poorly graded sand SP Excellent Fair Fair to good Poor
Silty sand SM Poor to fair Fair Fair to good Fair
Clayey sand SC Poor Good Poor to fair Excellent
Low-plasticity silt ML Poor to fair Fair Poor to fair Poor
Low-plasticity clay CL Poor Fair to good Poor to fair Fair
Low-plasticity organic OL Poor Fair Poor Poor
High-p asticity silt MH Poor to fair Poor Poor Poor
High-plasticity clay CH Very poor Poor Poor to fair Poor
High-plasticity organic OH Very poor Poor Very poor to poor Poor
Peat Pt Poor to fair Unsuitable Unsuitable Unsuitable
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Al s gall cainatl) 1(13) Jsas

Coarse-Grained Soils
Lo_ 20?:.:,,” Percent of Percent of
Coarse Fraction Sample Smaller
Symbol Name Less Than ] in. Than No. 200 Sieve Comments
GwW Well-graded gravel 50 max. < 10 Wide range of grain sizes with all intermediate sizes
GP Poorly graded gravel 50 max. < 10 Predominantly one size or some sizes missing
SwW Well-graded sand 51 min. < 10 Wide range of grain sizes with all intermediate sizes
SP Poorly graded sand 51 min. < 10 Predominantly one size or some sizes missing
GM Silty gravel 50 max. =10 Low-plasticity fines (see ML below)
GC Clayey gravel 50 max. =10 Plastic fines (see CL below)
SM Silty sand 51 min. =10 Low-plasticity fines (see ML below)
SC Clayey sand 51 min. =10 Plastic fines (see CL below)

Tests on Fraction Passing No. 40 Sieve (Approx. g in. or 0.4 mm)*

Fine-Grained Soils
(50% or More Pass No. 200 Sieve)

Symbol Name Dry Strength Shaking Other
ML Low-plasticity silt Low Medium to quick

CL Low-plasticity clay Low to medium None to slow

oL Low-plasticity organic Low to medium Slow Color and odor
MH High-plasticity silt Medium to high None to slow

CH High-plasticity clay High None

OH High-plasticity organic Medium to high None to slow Color and odor
Pt Peat Identified by dull brown to black color, odor, spongy feel,

and fibrous texture

“Laboratory classification based on liquid limit and plasticity index values.
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AASHTO ali casa 45 il Caiia’ 1(14) Jsaa

Group Number
A-1 A2

Ala  Alb A4 A5 A6 A2 A3 A4 A5 A AT
Percent passing
No. 10 sieve 50 max.
No. 40 sieve 30max. 50 max. 51 min.
No. 200 sieve 1omax. 25max. 35max. 35max. 35max. 35max. 10max. 36min. 36min. 36min. 36 min.
Fraction passing No. 40
Liquid limit 6max. 6max. 40max. 41min. 40max. 41 min. 40max. 4imin. 40max. 41 min.
Plasticity index 10max. 10max. 11min. 11 min. 10max. 10max. 11min. 11 min.
Typical material Gravel and sand Silty or clayey sand or gravel Fine  Sil Sitt Clay  Clay

sand
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SOIL TEXTURE AND PLASTICITY DATA

No. Description Sand Sik Clay LL Pl
3 Well-graded loamy sand B8 10 2 16 Np
4  Well-graded sandy loam 78 I5 13 16 NP
5 Med.-graded sandy loam 73 9 18 22 4
u 6  Lean sandy silty clay 32 33 35 28 9
135 - 7 Lean silty clay 5 &4 31 36 15
- 8  Loessial silt 5 8 10 26 2
R Heavy clay 6 2 72 67 40
- Poorly graded sand 94 NP —
130 -
125 u
- C
& 120 -
- -
= L
] N
® =
ERLE S
1o |
105 -
100 -
Q5 L 1 I L | 1
5 10 15 20 25

Moistare content, %, w
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aleall (e Caead g lgiilial o gllaall clall 408 ]
Q= Yreq X V X (mreq — m,)/100
Q: quantity of water to be added (t)
Yreq- the required density (gm/cm? = t/md)
V: volume of soil layer (m3)
Myeq- required moisture (%)
m,. initial field moisture (%)
aoe e S gl ) slhaall elall 40aS 4y aiaiy 5 telal) A8liia) Jana 2
Alalrall (e g
QO Xh
1=y
q.: quantity of water per square meter (ton)

h: thickness of layer (m)
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Plate Load Test
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Field Soil Density

Sand Replacement method

Nuclear method
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Table (15): Common stabilization materials

Quantity Curing
Material Soil (% by weight) Time
Granular admixtures Various Varies None
Portland cement* Gravel 34 24 h
Sand 3-5
Silt/clayey silt 4-6
Clay 6-8
Lime*
Hydrated Clayey gravel 2—4 7 days
Silty clay 5-10
Clay 3-8
Quicklime Clayey gravel 2-3 4 h
Silty clay 3-8
Clay 3—-6
Asphalt Sand 5-7
Silty or clayey
sand 6-10 1--3 days
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Impact (33la Sl pa G i ) alakuaY)
Pressure (OSbull Jaall ) sl
Vibration (Shaking) )l i)
Kneading =l

1
2
3
4

oLl (16) Jsaall (8 (e WS A 5l pal & e aaiad Jaall 45 jla o 1€ () o

Material

Method of Compaction

Impact Pressure Vibration Kneading
Gravel Poor No Good Very Good
Sand Poor No Excellent Good
Silt Good Good Poor Excellent
Clay Excellent with confinement Very Good No Good
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2. Tamping rollers 4\_153,@ YVala 2

_ 3.. Smooth-drum vibratory soil compactors zj‘ ‘)A ;\ S M\ 1 \ L_\\)! J\A 3
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- 4. Pad-drum vibratory soil compactors
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5. Pneumatic-tired rollers
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dabidall c¥alall o1 Y Jaall Tase 1(17) dsaa

Compactor Type Method of Compaction
Impact Pressure Vibration Kneading
Sheepsfoot yes
Tamping roller yes yes
Vibrating Smooth Roller yes yes
Vibrating Pad Roller yes yes
Pneumatic yes yes

Jie Jaall Glaze (e Al g sl 2agi o
35108 aladl ) milia cld AS jall 401 Vol
(Grid) 4Suda Gl sasl cild YA

B31A milia Gld 4y 0 YAl

D W N R
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Lift -

i

 thickness  Number . o i s 0fil
Material (in.) - of passes Compactor type . {':omments .
Gravel 8-12 35 Vib. padfoot Foot psi 150-200
Vib. smooth —
Pneumatic Tire psi 35—130
Sheepsfoot Foot psi 150-200
Sand 8-10 3-5 Vib. padfoot —_
Vib. smooth —
Pneumatic Tire psi 35-65
Smooth static Tandem 10-15 ton
Silt 6-8 4-8 Vib. padfoot Foot psi 200400
Tamping foot —
Pneumatic Tire psi 35-50
Sheepsfooct Foot psi 200400
Clay 4-6 4-6 Vib. padfoot Foot psi 250-500
Tamping foot —_
Sheepsfoot Foot psi 250-500

G (SEJ gaal)
(18) Jss
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Table (19): Compaction Equipment Selection Guide

Material Type of Compactor

Steel Wheel Pneumatic Vibratory Tamping foot Grid
Rock Good Poor Good Good Good
Gravel, clean or silty Good Medium Good Good Good
Gravel, clean Good Medium Medium Good Medium
Sand, clean or silty Poor Poor Good Poor Medium
Sand, clayey silt Poor Medium Medium Good Poor
Clay Poor Good Medium Good Poor
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:Estimating Compactor Production <a¥aladl 4] jyae

Al Adaleal) e Adolad) Al oy Sy o

10 XW XSXLXE

Production (CCM/h) = 5
where:

W width compacted per pass (m)

S . compactor speed (km/h)

L :compacted lift thickness (cm)

E :jobefficiency

P :number of passes required

Note:

The power required to tow rollers depends on roller’s total resistance (grade plus rolling).

The rolling resistance of tamping foot rollers has been found to be approximately 225 — 250 kg/t.



Table (20): Typical Speed operating speed of compactors

Speed
Compactor mi/h km/h

Tamping foot, crawler-towed 3-5 5-8
Tamping foot, wheel-tractor-towed 5-10 8-16
High-speed tamping foot

First two or three passes 3-5 5-8

Walking out 8-12 13—-19

Final passes 10-14 1623
Heavy pneumatic 3-5 5-8
Multitired pneumatic 5-15 8-24
Grid roller

Crawler-towed 3-5 5-8

Wheel-tractor-towed 10-12 16—-19
Segmented pad 5-15 8-24
Smooth wheel 2—-4 3—6
Vibratory

Plate 0.6-1.2 1-2

Roller 1-2 2-3

130



il



Tractor )l

LJLAA;Y\@JJ&_\MJMJDJML_\\J\)Q\MO

dalia eual OIS Bacluall 3 3ea V] (s Led Caual 131 (5 Al [l 2 Y Liay) Jastios 3 o
(B3R B jlan o) 4SS0 48 jaa

il ol &) 5l
Crawler Tractors 3 ) yae &l & ]
Wheel Tractor 4 sae &l )l a2

omY il )l s 1.2
g._m._.\j\jd 4\.:.1)\ <l Sl )l 2.2




Crawler Tractors 3 yaall &l ) yall

e

| [ raaC s sy

| o — oo m-Of

L
Bt

133



Wheeled Tractors 4l saall &l ) 4l 2

134



Wheel Tractor 4 sall &l ) jal
ll g0 Ay ) Dl

135



Dol 6 a8 sdl Jal g2l

G sthall Janll ana

L e 5 a8 ge (AT Ay ) ady (Uadl a1l ) 4 Jestiag (63 Jaal) dpe 3
ol L e ol Ailiall jal Jelea

Dloadl 4 & i all Gy skl clulaiy & g )

Gkl dsas laadl

Gkl Jsh

o LA WN R



3 il Gl jadl ]

a8 055l ) anall L 3 Yl Gl i all Caial o

b UOsN G deala by ) sl e aaiad alls @ el OY aga 05l o
(o) Jala
ojﬂuA)\J;AY\M}W}@PJ\MJWC‘)LUAJA;);J‘@JSM\);j\o)sg_\ugqo
Adsll sl

cﬂ);.aj\);oﬁuﬁo;uﬁ\ Jalza 2 Jala L..gj\xﬁ:\.jK‘\ )AJ\ 3)§0




-] gaall <ol ) Al
Aelu/aS 50 ) dea o)) el (o 5 Aladl Lo s A sl <l pall i o
sl el s e (5K de ) 3045 )
3 il @l all pall Jalea e J81 el UM jall Qe o
Aoyl 3ab ) Qe (sdAn G jlalY) a5 g3 e
o L8 Gul hie g sk JBY) a8 Gde juldl @ Jals

272.2 XhorsepowerXef feciency

* Rimpull = peed

 then Rimpull X speed = 272.2 x horsepower X ef feciency



A ol ) all ) il

L Y 13 )l s Y sall cald <ol )l Laa cdad saddl <ol 5l pall (e e 8 dn gy @
L) 5

Gaala¥) Cll sall aasing 5 A jall cpdlall W sall andid el 50 day ) cld il i all i e

2128 1A (330a1) AS jaall call gall e Jalisddl o5l e adizg LY s late o Lay o

I3 Gl oall e ST a3 e W sall @ld @l aldl i IS sl e b 68 (5 gl
53 Ay )|

139



Y sl ld Gl ) ad) G jaaa
Balaal) g 4aa il 45 g ya 32 )

a5 48 530 )

Y ae Al Gy A jaal) da gl A8
Ao gl Adallaal) ¢l jUaY) dac 418

K wWwN

.l 53 JaHY) Cld el ) all <l aa
bl ST Uliiadal a5 1) il ST () 583
Al et 7 shadl o e 58 Jldal 4

2 51 oalalal) sy ST Lgtie yu ()53
Adlids Jleel A Lgie 30l dliadio ASLaS Lellaninl (S

Dw N e



:Gradability 4_lassy)

Aabiiic de o Laaral O A8l St lasiD da el Jidi 4y gie At A g o
Ac pually aSaliall o il iy 5 A4S jall )5 iy 4 lasaYl i e

Gkl Jlaad) e Qlaill s 8 giall ddliall 3 all aladly 48 jall 45 jlasi¥) caual e

el san 9 S jall da jaall A glaa Lgia ba 5 ylae 4ISI) jall 368 (5 glus 4dliall 3 )




R

uas 180 =) sall dyiliasll 5
Ok 20.25 =l s

23S 15300 =(hb/paS 50 A a2 Aaglia 53 Ga okl 4 gna) oY) asill B jall 358
Oh 39.48 =ileadl Adaildl 5

M e (g5 Gkl

ObfaxS 73 =) pall da sl da la

oh/axS 95 =akailill da jaall da sl



:dad)

228 13005 = 15300 x 0.85 =5 siall 4,081l jall 3 68

23S 456.75 = 20.25 x (50 — 73) =_)_yall da aall eyl

228 3750.6 =39.48 x 95 =dlaaall dhailall ds jaall 4. 5lae

23S 4216.35 =(ALadldll 5 ) pall) 40K da jaal) Lo slis

< 8788.65 = 4216.35 — 13005 =l Lo laills g )yl 5 48
A0 Aabedl) (e cowad Jlasay) e el A 5000 5 gl o) Cua g

F (kg) = 10 X W (t) X G%
O CoaW(ddeaall Aadlall 055 + Dyl s ) JSI sl (sl
W =20.25 + 39.48 =59.73 t
4 plana) alag) (S 1AIK
K = G — F B 8788.65
~ 7T 10 x W 10 x 59.73
K=14.714 %




gy ye dagt Jaey oOlef Aibeall Jlasind Gl 131 %10 (e ST laasV) late of G ddaadla o
alaall alazin) o) ((B) b)) Jsan) DlassV) A sliay (alaldl J gaadl Jlasial Cang 4382 daiis o Juanll o

5 e Al 35 lska 1(6) Jpea Grade resistance, GR=W. sin «

(kg/t all da e jlaasy R .
fe/ton) 1 er o= (6) o Jsaall phasindy O
CGred= 'r; al:egen Grade r; al;:fe n . . .- . “
@ | e | | e a2 8788.65 = lasiy) e lzill 3 58 glall jall 568 e
1 10 1z 1192
20 1z 1289 u.L 5973 = ‘;SSM u);j\ °
3 30 14 1387
4 20 1t 1483 U.L:/eas 147140:@&(:}35\ J
5 50 20 196 2
: == — %14.879 (5 sbun 558l 03] Jaall Hlasi¥) dad o) 223 (6) Jsan (e @
g 79.6 3t 3303
< 89.6 40 3714
10 98 . as 2104 “ .
11 109.0 50 4472 alaall ?‘M}A 4

 GR=W.sina«a then  sin a = GR/W =8788.65/59730 =0.14139
a =sin1(0.14139) = 8.4612°
tan ¢ =0.1488 =G =K then the gradability, K = 14.88%

144



B yaall @l ) yall
81XTXG N

.K: —_—
R XW 91

o) G o

(%) 4 lasa) :K

(e — p2S) Eyaall Haaall ysaill o e 0T

(%) oo A ads Jalze 1 G

(i) () o (¥ sall ) gae (pe iy g ¥ sall ds paall Hhad Cacai iR
(p35) AN 0550 W

(OfpxS) A 2l A e N



‘Bulldozer 4=la.ll

o &) dariiadl ) all CBlae die ¢ i Gilalaal) s

A. 5.l ) s Cilalag

B. .o s )l s Gilales

o ) daill dl )aT A8 Hha s 4l sBladeddas) g AS jall () S5 e (
A. ) <l Cable.(

B. 4S5 u dashaia






L CArIA| Calaladi)

© 0 N OV AWN R

i Ul g de ghiall QlEaY) fpe (Y cagdar
Agaall s Adall hliall & 5 hll -1

e 100 ge 2 Y ddlaal 2y il ado

A il Jread & GUallal) 3ac o

Al s

aally Galall faa sale

alEY) e Janll 2 50 s

Gkl il
Aol Gl Elaa 5 L) Silaca ) Calats



B el A il 5 Ll 8 sl 3l Shaa (o &l

o relllly ASaill Gl e
1. Jedall g S il ddaly
2. Al g dluall ddabli

o S5 el A shaially aSaill Gl e
1. deaill JB) e delin lee 4d )5 ) ddlzaYU Jeadl) e dudlizal 3 68 Jaalus 4014



MJJAJU M\M\L_\‘Muﬂé\a)m

o 5 yiaall dalial) ) Hiaa

1. ssaldmkl oyl gdals mllaga b el

2. At Gl e iy Lee dg gl e g dndAl) g anilall g 4y Aal) # ghull e Jaall 40l
Gkl

3. A A< al Lo laacluy i) caad Laacal) 4%

Al saall daliall ) jaas

1. a8l gall o Jil) oW g Jaadl ad ge Jals 4l Lie
2. Jandl adse ) ldlaV @il e e lehweail dalall axe
3. Al gh cliluad Jaat ladie Lald Adlal) Ll

4. 30 55 Talall Gk e L 4l



| Anlial] Al gy gl 43 ) b

i IRVl B 4l )4l Jusi gl o e ) sl ) il
\ Qe =T " s ) inal daliall Juaks 4l o o 8 ) 7 ghaudl gl pasill liisall Y

O SRl 58 e el aalll 5 gl Bl Y
ccl gall lay il dal i cu @lla g 3 e (S priafie Liadiul

151



:Jand) a8 g0 dda5 dlac

o A el (5, AAT) Alee 555 pllaall T0at An 3 s L 5 g e adied
Lo sda g Sl A ) o8 Jas]

sas¥) G e g Hall Al )

Ld a5 Ly Cile ) all (e il

Leia g Ll o Leaylalii g Cile 5 ) Jall ) g3a 218

B w N e

A Claeall aladialy B0AT ol ) Sy
e ) oils Cilaliall
dial e S s )l
¥ gl ladie Ao € 5a ) oa
Ao dlale sy Hloa
e sy el adadl J seai Gl daal o S35 el 505 (il 335 e dald il

A



Angle blade

Universal blade Cirichinn hlads
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For straight Blade: V. =0.8W H?

where W is the length (m) and H is the height (m)
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:Excavation Equipment 4 il jis Glaxa

:Power shovel 40 4d jadll 1

AJBLN A al) gl b padl o) clialall e Lelieatig 4o il jin & Jeatiudig @
Dsamall lae 4 il o) g alhea el A0V A8 adll Jlaxina) (Say
10585 O S LS s e laldic ] e

Wheel mounting 4abhlacs &l jlal Je dgansa 1

Crawler mounting 3 ys 48 yu e A sana 2

Truck mounting 4ald e dsaaa 3




xS yie 2,001 0.3 2535 058 63l Bucket (Wb ) Lei e anan 48 jaall aas 22ay
.Heaped BFRLA| e;;i\ o) cldl) e;;i\ ool e cuny 38 5 ¢y 0 ST

e A ill aaa Cla dic 1M Loose sa N (ubiias il 2aS glall ana Jiag o
.Load Factor FLEiY) Jaleay aaall 138 1 jia any 4l

o J8 Al 8 alias Sy A A N anall 0 6SH o) (S 4 ill ¢ g e aldic ] e

TABLE 9.1 Fillfactors for front shovel buckets. A PECSPRSTY
Material - CFillfactort () & (o314 il aas s ie 13D
Bank clay; earth o 100-110 . e -
Rock-earth mixture - 105-115 Jalaay 5l S el e alians
Rock—poorly blasted 85-100 w |- ;

Rock—well blasted ~ 100-110 5eliS Jalaa gl 5l %.si“ alra (s
Shale; sandstone—standing bank 85-100 i )ﬁ‘ tﬁj S - LSMU 55 N

*Percent of heaped bucket capacity.
Reprinted courtesy of Caterpillar Inc.



3.82m3 Ll (Sl anall 48 jaal daall Guliiar 48 jrall Jaad il aaall fed ;b @
0.9 lall Jalea s < 0.8 s Fll) Jalaa Ld 451l o) Lale

‘Jall e
Bucket load ( LCM) = Fill factor x Bucket Volume = 0.9 x 3.82 = 3.438 m3
Bucket Volume (BCM) = Load factor x Bucket load ( LCM)

= 0.8 x 3.438 = 2.7504 (BCM)
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Optimum depth of cut: adasll JieY) & a5,y

Agdlal 368 (sl Jarlust 0 93 4 jaall ¢ le Sy oaic 5 A jaall Laliil el Jany o2l g i)Y o8
Ad ) a4yl g g8 e e )Y s i

Bl = Al daay il o165 ) ol (10 %50 — 30 o JieY) g las Y1 = )5
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Table (9.2): Ideal Outputs of Cable-Operated Power Shovel, in Cubic meters Per 60-
min hour, Bank Measure

Class of Size showvel. cubic meter
material 0.3 0.4 0.6 0.8 1 1.2 1.4 1.6 2
Moist loam or 1.1% 1.4% 1.6% 1.8% 2.0% 2.1* 2.2% 2.4* 2.6%*
high sand clay | 65%* | 88%% | 126%+ | 157** | 100%* | 218%% | 245%% | 271%* | 310%*
Sand and 1.1 1.4 1.6 1.8 2.0 2.1 2.2 2.4 2.6
eravel 61 84 118 153 178 206 229 252 208
Good common 1.4 1.7 2.1 2.4 2.6 2.8 2.9 3.1 3.4
earth 54 73 103 134 160 183 206 229 268
Hard. tough 1.8 2.1 2.4 2.7 3.0 3.3 3.5 3.7 4.1
clav 38 57 84 111 137 156 180 202 236
Well-blasted —_— —_ S _ —_
rock 30 46 72 o5 118 137 156 175 210
Wet. stick}r 1.8 2.1 2.4 2.7 3.0 3.3 3.5 3.7 4.0
cla}? 19 30 53 T3 o1 110 125 141 175
Poorly blasted —_— S — S — R
rock 11 19 38 57 T3 BE 107 122 149
* These values are the optimum depth of cut 1in meters.
** These values are the ideal outputs in cubic meters.
e Source: Power Crane and Shovel Association.
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Table (9.3): Factors for height of cut and angle of swing effect
on shovel production

Angle of swing . deg. Percent
120 | 150 | 120 | 90 | 75 | 60 | 45 | OtOpumum
Depth
0.59 0.65 0.72 0.8 0.85 0.89 0.93 40
0.66 0.73 0.81 091 0.96 1.03 1.1 60
0.69 0.77 0.86 0.98 1.04 1.12 1.22 80
0.71 0.79 0.88 1.00 1.07 1.16 1.26 100
0.7 0.77 0.86 0.97 1.03 1.11 1.20 120
0.66 0.73 0.81 091 0.97 1.04 1.12 140
0.62 0.67 0.75 0.85 0.90 0.96 1.03 160
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Production = Material carried per load X cycles per hour
Material carried per load = Q X F X AD X Volume correction

Cvel " ~ 3600 % E
ycles per nour = t(sec)
where: Q= heaped bucket capacity (m3) F= Bucket fill factor

AD= angle of swing and depth (height of cut) correction

t= work cycle time (sec)

1
1+swell factor

volume correction=

work minutes per hour
60 (min)

E= efficiency =



4_15\_\]\ }).u.a\_ud\ gA‘\:\Sy\ 4\.9});.&5\ Jac '6\)_)3 allis o
(load bucket) 44 xall I ol Jaaas 1

(swing with load) deall a3 lais¥) 2

(Dump load) Jesll a8 3

(Return swing) sl a2 2l 3 lainY) 4

Jeanill s aall 3560 sl o Y 38 yadll @
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T Al A8 jad Aaad saill Aia N @l il Jana o
Table (9.4): Typical cycle element times under average conditions for
power shovel are:

Cycle Element time (sec)
Load bucket 7-9
Swing with load 4-6
Dump load 2-4
Return swing 4-5

Travel about 36 sec per 20 bucket load = 1.8
sec (per load)




A 3 ) gy B piSa ) ghia Jaaaty jial Jeatud ccmSa i 3.8 sy 5y G2 A8 jaa 1Sl o
5e10.2 s 4 el jialels )l oadl ol 5 3.6 sis g\l (poorly blasted rocks)
(Aelu/4i8:60) ddbiall Al Caal An 50 60 Oy sl Ay gl 5 (0 5S5 Camy il ABLY iy jall
.(LCM/hr) 32a 51 (conservative) 4kadaiall
* Solution:

Production = Material carried per load X cycles per hour
Material carried per load = Q X F X AD X Volume correction

Q= 3.8 m, F=0.85 (from table 9.1) conservative value

for poorly blasted rocks, optimum height= 0.5 x Max. digging height
=0.5%x10.2=5.1m

Actual height/optimum height= 3.6/5.1=0.71



Angle of swing= 60

from Table (9.3), AD= 1.08 (by interpolation)

Volume correction= 1.0 ( Loose production)

Material carried per load = 3.8 X 0.85 X 1.08 x 1.0 = 3.4884 m?
» Shovel cycle = 8+5+3+4.5 +1.8=22.3 sec. (from table 9.4)

« F=60/60 = 1.0 (ideal production)

3600X%X1.0

* Cycles per hour = =161.43 cycle/hr

Production=3.4884 X 161.43 = 563.1 m3 /hr



Actual Work Efficiency:

 Transportation Research Board (TRB) studies have shown that actual
production times for shovels used in highway construction excavation

operation are 50% to 75% of the available working time.

 Therefore, the actual work time is only 30 to 45 min/hr.



Example: - |
A shovel with a 3-cy heaped capacity bucket is loading well-blasted rock on a
highway project. The average face height is expected to be 22 f. The shovel has
a maximum rated digging height of 30 ft. Most of the cut will require a 140° swing
of the shovel to load the haul units. What is a conservative production estimate in
bank cubic yards?

Step 1. Size of bucket, 3cy

Step 2. Bucket fill factor (Table 9. 1} for weﬂ-bfaated rock 100 to 110%, use
100%, conservative estimate

Step 3. Cycle element times |
Load -~ 9sec . (because of material, rock)

Swing loaded 4 sec (small machine, 3 cy)
Dump | 4 sec (into haul units)
Swing empty 4 sec (small machine, 3 cy)

Total time 21 sec
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Average height of excavalion 22 &

Opﬁxunbeigtm%dmsosxmﬁ= Sk

Pememopinmhesyt?f‘XIm 149%

Hesght and swing factor: From Table 8.2, for 147%, by interpoiation, 0.73
Step 4. Cicency facior: ¥ the TRB information were used, the efficiency would

92 30 f0 45 working minutes per hour. Asamemmbacmsava-

ive esimzte.

Step 5. c:asdmmms-elmnuu)
Step 6. Procducion:
3600 sec/ir X3cy X 10X 073 i
2 Xmm.nx ! = 117 bey/ir
21 secjcycle Omn (1+056)
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Stick or
dipper arm Bucket or
cylinder dipper cylinder

Boom

Stick or

dipper arm

Dipper or
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Table (5-5): Represented dimensions, loading clearance, and lifting
capacity of hydraulic crawler hoes

Lifting wpacltv atisfss =

UoeEE | Long sﬂek s
C o) =M (ft) * = () (ﬂ) - (ib) - {ib) W) === f(‘b)- 2
: 5-7 19-22 1215 1416 2900 - 2,600 2,300 2,600
8
3 &-9 24-27 16-18 1719 7.100 5,300 7.200 5,300
1 5-13 25-33 1623 17-25 12,800 9,000 9,300 8,202
1 5-13 27-35 17-21 1823 17100 10,100 17,700 11,100
2 7-14 2238 1827 1924 21400 14500 21,600 14200
23 7-16 3240 20-29 20-26 32600 21400 31500 24,400
3 10-11 3842 25-30 24-25 32900° 24600 30.700° 26,200°
3 8-12 35-39 2327 21-22 33200° 21,.900° 32400 22,000
4 11 44 29 27 47,900 33,500°
5 815 40-46 26-32 25-26 341001 27,5007 31,6007 27.6C07
*Lifting capacity @ 20 fi.

*Lifting capacity @ 25 ft
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:Bucket rating for hydraulic hoes 481 s yaell 3 jleal) 48 j2a apss

_ _ uﬂ\uu‘uyw,@\@us 48ll) 48 jaall A o
Table (5-6): Fill factor for hydraulic a5 colial S 3 LS o] 1] o &l 3 pans
.(5-6) JJM\@&SMJLA\GLJA\AA

hoe buckets

Materinl il factor (%) &r
Moist Ioan'u'sandy ctay 100-110

Sand and gravel - 95-110

Rock—poorly blasted 40-50 Heaped
Rock—well blasted 80~75 =V
Hard, tough clay - - 80~90 L
*Percent of heaped bucket capacity.

Reprinted courtesy of Caterpillar Inc. -
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Table (5-7): Excavation cycle times for hydraulic crawler hoes under

average conditions

Bucket size Load bucket Swing Dump Swing empty | Total cycle
cy m?3 (sec) loaded (sec) | Bucket (sec) (sec) (sec)
<1 <0.765 5 4 2 3 14

1-1.5 0.765-1.15 6 4 2 3 15
2.2.5 1.53-1.91 6 4 3 4 17
3 2.29 7 5 4 4 20
3.5 2.68 7 6 4 5 22
4 3.05 7 6 4 5 22
5 3.82 7 7 4 6 24
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* Hoe excavation production = Material per load X Cycles per hour

 Material per load = Q X F X Vol.Correction
3600XE

* Cycles per hour =

where:

Q= heaped bucket capacity (LCM)

F= bucket fill factor for hoe bucket

t= cycle time in seconds

E= efficiency = work minutes per hour/60

\ol. Correction (from loose volume to bank volume) = 1/(1+swell)



Example: A crawler hoe having a 2.68 m? bucket is used on a project to excavate
very hard clay from a barrow pit. The clay will be loaded into trucks. Soil boring
Information indicates that below 2.5m, the material changes to unacceptable silt

material. what iIs the estimated production of the hoe in bank measure, if the hoe
works 50 minutes per hour.

Solution:
Material per load = Q x F x Vol. Corr. = 2.68 x 0.85 x 1+(1)35 = 1.687 BCM per load
cycle time = 22 sec, E = 50/60 = 0.833

3600X0.833

Cycles per hour = =136.3

* Hoe excavation production = 1.687 X 136.3 = 229.938 BCM/hr

 Note: the ratio of depth of excavation to the maximum digging depth should be
checked to be in the range of (30 — 60%) to consider its effect on the cycle time.



Example:

A crawier hoe having a 3z-cy bucket is being considered for use on a project 10
excavale very hard ciay from a borrow pit. The clay will be loaded into trucks hav-
ing 2 locading height of 9 ft 9 in. Soil-boring information indicates tha: below 8 fi.
the material changes to an unacceptable silt material. What is the estimated pro-
ducbondmeMemmhcyardsbam(m@asue,#meefﬁcercyfactorseq:db
a SO0-min hour?

Step 1. Size of bucket, 32 cy

Step 2. Bucketfi’lfactor(rableQA).hardclayBOmQO%;useaverageBS%

Step 3. Typical cycle slement times
Opt'mundepthofcu’ls:i)tomofmanmundoggmgdepm&cm
Taole9-3for332-cyszzehoe maximum digging depth is 23 10 27 ft

Depih of excavation, 8 ft

81
ZSﬂX1m 34% = 30%: okay

8 fi

> 7 X 100 = 30% = 30%; okay
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Therefore, under average conditions and for a 33-cy size hoe, cycle
times from Table 9.5 would be:

1. Load bucket T sec very hard clay
2. Swing with lbad B sec load trucks
3. Dump load 4 sec load trucks
4. Retum swing 5 sec

Cycle time 22 sec

Step 4. Efficiency factor, 50-min hour
Step 5. Class of material, hard clay, swell 35% (Table 4.3)
Step 6. Probable production:

3,600 sec/hr X 33cy X 0.85 50 min 1 .
22 sec/cycle X BOmin < (1 +035) _ ~00 bey/hr

Check maximum loading height to ensure the hoe can service the trucks, from
Table 9.3, 21 to 22 ft

21 ft > 919 in. okay
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Bucket Size [cu yd (m”)]
3 1 1 1 1 2 2! 3 3 Kl 5

Type of Material (0.57) (0.75) (0.94) (1.13) (1.32) (1.53) (1.87) (2.29) (2.62) (3.06) (3.82)
Light moist clay 130 160 195 220 245 265 305 350 390 465 540
or loam (99) (122) (149) (168) (187) (203) (233) (268) (298) (356) (413)
Sand and gravel 125 155 185 210 235 255 295 340 380 455 530
(96) (119) (141) (161) (180) (195) (226) (260) (291) (348) (405)

Common earth 105 135 165 190 210 230 265 305 340 375 445
(80) (103) (126) (145) (161) (176) (203) (233) (260) (287) (340)

Tough clay 90 110 135 160 180 195 230 270 305 340 410
(69) (84) (103) (122) (138) (149) (176) (2086) (233) (260) (313)

Wet, sticky clay 55 75 95 110 130 145 175 210 240 270 330
(42) (57) (73) (84) (99) (111) (134) (161) (183) (206) (252)

“Based on 100% efficiency. 90" swing. optimum depth of cut, material loaded into haul units at grade level.

Bucket Size [cu yd (m?)]

i 1 13 14 13 2 21 3 3} 4 5
Type of Material (0.57) (0.75) (0.94 (1.13) (1.32) (1.53) (1.87) (2.29) (2.62) (3.06) (3.82)
Light moist clay, 6.0 6.6 7.0 7.4 7.7 8.0 8.5 9.0 9.5 10.0 11.0
loam, sand, (1.8) (2.0) (2.1) (2.2) (2.3) (2.4) (2.6) (2.7) (2.9) (3.0) (3.3)
and gravel
Common earth 7.4 8.0 8.5 9.0 9.5 9.9 10.5 11.0 11.5 12.0 13.0
(2.3) (2.4) (2.8) (2.7) (2.9) (3.0) (3.2) (3.3) (3.5) (3.7) (4.0)
Wet, sticky clay 8.7 9.3 10.0 10.7 11.3 11.8 12.3 12.8 13.3 13.8 14.3
(2.7) (2.8) (3.0) (3.2) (3.4) (3.6) (3.7) (3.9) (4.1) (4.2) (4.4)
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Angle of Swing (deg)
Depth of Cut
(% of Optimum) 30 45 60 75 90 120 150 180
20 1.06 0.99 0.94 0.90 0.87 0.81 0.75 0.70
40 1.17 1.08 1.02 0.97 0.93 0.85 0.78 0.72
60 1.25 1.13 1.06 1.01 0.97 0.88 0.80 0.74
80 1.29 117 1.09 1.04 0.99 0.90 0.82 0.76
100 1.32 1.19 1.11 1.05 1.00 0.91 0.83 0.77
120 1.29 1.17 1.09 1.03 0.98 0.90 0.82 0.76
140 1.25 1.14 1.06 1.00 0.96 0.88 0.81 0.75
160 1.20 1.10 1.02 0.97 0.93 0.85 0.79 0.73
180 119 1.05 0.98 0.94 0.90 0.82 0.76 0.71
200 1.10 1.00 0.94 0.90 0.87 0.79 0.73 0.69

M
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‘Determine the expected dragline production in loose cubic yards (LCM) per hour based on
the following information.
Dragline size = 2 cu yd (1.53 m’)
Swing angle = 120°
Average depth of cut = 7.9 ft (2.4 m)
Material = common earth
Job efficiency = 50 min/h
Soil swell = 25%

SOLUTION

Ideal output = 230 BCY/h (176 BCM/h) (Table 3-7)
Optimum depth of cut = 9.9 ft (3.0 m) (Table 3-8)
Actual depth/optimum depth = 7.9/9.9 X 100 = 80%
[= 2.4/3.0 X 100 = 80%]
Swing-depth factor = 0.90 (Table 3-9)
Efficiency factor = 50/60 = 0.833
Volume change factor = 1 + 0.25 = 1.25
Estimated production = 230 X 0.90 X 0.833 X 1.25 = 216 LCY/h
[= 176 X 0.90 X 0.833 X 1.25 = 165 LCM/h]
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First Semester
Constructional Methods and
Equipment

What is the CONSTRUCTION

Is a process of constructing building or
infrastructure.

It is the process of transferring drawings, plans,
specification (sometimes ideas) into a physical
structures



Construction

The industry of construction comprises 6% to
9% of the gross domestic product of
developed countries

ENGINEER is the brain of construction e

Construction starts with engineer and ends
with engineer

The engineeris involved in



Construction

* Planning Stage
* Design Stage

* Execution Stage
* Closing Stage

During these stages, the engineer controls
quality, cost, time and others.

Engineers are involved in management and
technical details of the project.



Construction

* |n order to execute the design and drawings of
a project, the engineer requires tools
including labors, technicians and equipment.

* Constructional Equipment play very important
role in cost, time, and quality of the project.

e Selecting of the suitable equipment and
understanding the productivity of equipment
are necessary to engineers.



Constructional Equipment

e Constructional Equipment can be defined as
all machines that possibly used in construction
such as excavators, shovels, compactors,
graders, dozers and other.

* Construction Equipment can be classified
according to economical market, motion
method, fuel used, operation method and
others



Constructional Equipment

e According to economical market (widely
used), the constructional equipment are
divided into:

1. Standard Equipment
2. Special Equipment



Standard Equipment

Standard Equipment are machines and

equipment widely used and known and widely
manufactured:

v’ Available for purchase

v’ Availability of operators

v'Spare parts and maintenance are available
v'Can be used in variety of project
v'Owners are always trade



Special Equipment

Special Equipment are used in particular target
and manufactured based on pre-order for
special project:

v'Not available for purchase at any time

v’ Difficult to find operators and maintenance
crew

v'\ery expensive
v Difficult to trade, spare parts are not available



Special Equipment

Special equipment are used when work can not
be carried out by standard equipment

For example (Truck 797, Shovel of 30 m3)

Assignment: Make your own search for standard
and special equipment used in construction)

See the presentation attached



Cost of Owing and Operating
Equipment
Ownership cost may include:

> Investment Cost
» Insurance, Taxes, and Storage

» Depreciation

Investment, insurance, taxes and storage are
applied on AVERAGE VALUE (P ) Not
Purchase or original Value (P)

average

While depreciation is applied on Original Value P



Cost of Owing and Operating
Equipment

To calculate Average value
- P(1+n)+s(n—1)

Paverage o M

P average = Average Value
n = useful life
S = salvage value

P = original cost (book value)



Cost of Owing and Operating
Equipment

* Depreciation is applied on original value P:
 Methods of depreciation:

1. Straight Line Method

2. Decline Method

3. Double decline Method

4. Sum of years Method

(Assignment: review your notes of depreciation
method of 3" year — engineering economy)




Cost of Owing and Operating
Equipment

* A piece of equipment having purchase price of
$12,000, useful life of 5 years, salvage value
$2,000, interest rate of 12% while cost of
insurance, taxes and storage are 8%. Calculate
the average yearly cost of ownership and the
book value at the end of each year?









Cost of Owning and Operating of
Constructional Equipment

* Note that cost of owning is occurred whether
the equipment is in service or not. The cost of
operating is occurred when the equipment is
only in service



Cost of Operating

The cost of operation may include the following
A) Cost of Fuel

The consume of fuel is affected by

1. Operating factor (OF): the actual time the

equipment operated in one hour. Normally, it
Is between 0.8 to 0.85.

If the equipment is operated 50 minutes in one
hour, the OP is 50/60 = 0.83



Cost of Operating

2. Horse Power (hp) of the equipment
Gasoline Equipment consumes 0.23 liter/hp/hr
Diesel Equipment consumes 0.15 liter/hp/hr
So Fuel per hr = 0.23x OFxhp (for gasoline)

= 0.15xOFxhp (for diesel)
Cost of fuel/hr = Fuel/hr x Cost of 1 liter




Cost of Operating

B) Cost of Lubricating

The cost of lubricating depends on size of
engine, capacity of case, condition of engine and
number of hours between oil change

Quantity Consumed (liter) = 0.003xhpxOF + (C/T)

C= capacity of case, T= number of hours between
changes

Cost of oil = Quantity Consumed (liter)x Cost of 1 liter




Cost of Operating

C) Cost of Repair: the cost of repair is normally
assumed as a percentage of the original cost of
the equipment.

Cost of hourly repair =
Repair cost of life time/total hours of operation

Cost of repair of tires is a percentage of the
hourly cost of tire depreciation

Depreciation of tires (S/hr) = cost of tires (S) /
estimated life of tires (hr)




Cost of Operating

D) Cost of Maintenance:

The cost of maintenance depends on condition
of work, life of equipment and many others.
Normally, it is about 50% of depreciation cost



Cost of Owning and Operating

Example/Determine the hourly cost of owning and
operating of an equipment and as follows:

Engine 200 hp, diesel, crankcase capacity 50 liters,
hours between oil changes 80 hrs, OF = 0.67, useful
life 5 vyears, it is used 2000 hrs per vyear,
maintenance and repair is 50% of depreciation, life
of tires 5000 hrs, repairs of tires 15% of
depreciation of tires. Investment rate 5%, insurance
rate 2%, tax and storage rate 3%, cost of fuel
S0.5/liter, cost of oil S3/liter, purchase price
$30,000, tire price $5,000.



Cost of Owning and Operating

1. Cost of Depreciation:

2. Cost of Investment+insurance+tax+year



Cost of Owning and Operating

3. Fuel Cost

4. Cost of Lubricating



Cost of Owning and Operating

5. Cost of Maintenance and Repair

Total cost of Owning
Total Cost of operating

Total Cost of operating and owning



Power Requirements of Equipment

Machine travel speed directly affects the
production rate of a machine.

“Why does the machine only travel at 30 km/hr

To answer this question, it is necessary to examine
three power question

1. Required Power
2. Available Power
3. Usable Power



Required Power

Power Required is the power needed to
overcome resisting forces and cause machine
motion.

The forces resisting the movement of the
equipment are
1. Rolling Resistance

2. Grade Resistance

Total Resistance (TR)=Rolling Resistance (RR) + Grade
Resistance (GR)




Rolling Resistance (RR)

Is the resistance of a level surface to constant
velocity motion across it. Sometimes referred as
“Wheel resistance” or “track resistance”

It depends on condition of surface over which the
equipment moves.

* High resistance for soft surface
* Low resistance for solid surface

For machines move on rubber tire, rolling
resistance varies with the size of, pressure on, and
the tread design of tire.



Rolling Resistance (RR)

For equipment that moves on crawler tracks, the
rolling resistance varies with the type and
condition of the road surface.

RR = P/W

> P
RR=rolling resistance (kg/ton) O

P = Tension force (kg)
W = Weight on tire (ton)

W



Grade Resistance (GR)

The force-opposing movement of a machine up
a frictionless slope. When machine moves up,
the power required to keep moving increases
approximately in proportion to the slope of the
road. If a machine moves down, the power
required to keep it moving is reduced in

proportion of the slope. This is known as Grade
Resistance



Grade Resistance (GR)

P
w

|4
tan o= T
P =W x Slope
For slope of 1%
P=Wx1/100 V -

W= 1000 kg/ton

P =1000 x1/100 H

P =10 kg/ton for each 1% slope ‘:/'v
So we need 10 kilos for each ton at 1% slope

If the weight is more than 1 ton and slope more than 1%

P (kg/ton) = W (tons) x 10 x slope (G)




Grade Resistance (GR)

Ex/Determine the grade resistance for a
machine having a weight of 9500 kg travelling
on a rising grade of 4%?

Answer

P (kg/ton) = W (tons) x 10 x slope (G)
P=9.5x10x4 =380 kg/ton

Remember: rising is +




AVAILABLE POWER

It is the power that engine of equipment can
provide. It depends on size of engine and type of
fuel.

When analyzing a peace of equipment, we are
interested in the usable force developed at the
point of contact between the tire and the ground
(rimpull) for a wheel machine. In case of track
machine, the force in question is that available in
drawbar (drawbar pull). Both rimpull and drawbar
are measured in the same unit.



AVAILABLE POWER

Rimpull

It is the tractive force between the tires of a
machine’s driving wheels and the surface on
which they travel.

272.2xhpxef ficienc
Rimpull (kg) = pxef] Y

km
speed (W)
Efficiency is ranged from 0.80 to 0.85




Rimpull

Ex/ Calculate the rimpull of pneumatic-tired
truck with a 140 hp engine if it was operating at
speed 10 km/hr?

Rimpull =272.2 x140 x 0.85/10 =

If the driving wheels slip on the supporting
surface, the maximum effective rimpull will be
equal to the total weight on tires multiplied by
the coefficient of traction



Rimpull

Coefficient of Traction: The factor that
determines the maximum possible tractive force
between the machine and the surface on which
it travels.

Ex/ A tire-vehicle of 140 hp, and weighted 12.4
ton, at speed of 5.2 km/hr moving on a +2%
road of RR =50 kg/ton. What is the net force
that the vehicle can use to pull extra loads?



Drawbar Pull

This term is used for crawler vehicle. It is simply
the difference between the engine force and the
force required to move the vehicle. Normally it
is provided by manufacturer.

Ex/ A 15 tons crawler vehicle having a drawbar
pull of 2600 kg on a leveled road of RR of 50
kg/ton. Calculate the drawbar pull of the vehicle
on a leveled road of 80 kg/ton RR?



Drawbar Pull

There will be a reduction on the drawbar pull
because of increasing of RR

Reduction in Drawbar = 15 tons x (80-50) kg/ton
=450 kg

Drawbar Pull = 2600 — 450 = 2150 kg

What if road is -3% slope, calculate the



Acceleration

The force required to increase the speed of the
vehicle:

Newton’s second law

F=Wxa/g

F is acceleration force kg,

W is weight, kg

a is acceleration, m/s?

g is the gravitational acceleration = 9.81 m/s?



Acceleration

If 5 kg is applied to accelerate 1 ton. It means
a =5kgx9.81 m/s2 /1000 kg
a=0.049 m/s/s

Which means that the speed will increase 0.049
m/s for each second. In one minute the speed
will increase

60 x 0.049 =2.94 m/s



Usable Power

Usable power depends on project conditions: surface
condition, altitude, and temperature.

The total energy of an engine is designed for pulling a
load can be converted into tractive effort only if sufficient
traction can be developed between the tires or tracks and
the surface

The coefficient of traction can be defined as the factor by
which the total weight on drive wheels or tracks should
be multiplied to determine the maximum tractive force
between the wheel and the surface just before slipping
will occur

Usable force = coeff. Of traction x weight on wheels




Usable Power

Ex/ An equipment with total weight on driving
tires of 18,000 kg and the maximum tractive
force of 8000 kg. The equipment travels on
sandy surface of 0.3 coe. of traction, determine

a) The tractive force just before the slippge of
tire

b) If the surface has coe. Of traction of 0.6, is
the equipment able to make the tire slip?



Usable Power

Altitude Effect on Usable Power

No effect is the equipment works within 300 m
above sea level.

There is a loss in horse power if the equipment
works above 300 of sea level.
H —300
300 )

Loss in hp= hp x 0.3 (
H = height (m)



Usable Power

Combined Effect of Pressure and Temperature on Usable
Power

The engine is working ideally at a pressure of 760 mm.Hg
and a temperature of 15 °C (288 K)

Ps |To

POV Ts

Hc = corrected horse power, Ho observed hp, Ps Standard
Pressure 760 mm, Po observed pressure, Ts standard
temp. 288 K, To observed temp. in Kelvin

Hc = Ho




Soil Stabilization and Compaction

The same weight of material (soil) will occupy
different volumes as the material is handled on

the project. In other words, the soil will have
different density

Bank Yard ) \ ‘ 0.9 m3 \
\\ I
\\ 1 m3 ,’ Loose Yard Compacted Yard




Soil Stabilization and Compaction

Volume or density is measured based on one of
the three states

1. Bank State (one cubic meters of soil as it lies
in natural state) refer as B

2. Loose State (one cubic meters after it has
been disturbed by loading) refer as L

3. Compacted State (one cubic meters of soil in
the compacted state) refer as C



Soil Stabilization and Compaction

Note
Volume L > Volume B > Volume C
Density L < Density B < Density C

As engineer has to use a consistent volumetric
state, the following factors are necessary

Swelling is the increase in volume (decrease in
density) as a result of disturbance

Shrinkage is the decrease in volume (increase in
density) as a result of compaction




Soil Stabilization and Compaction

yCompacted —yBank

Sh% = X 100%
ycompacted

Sh% = (1-—22° ) x 100%

ycompacted

SW% =yBank — yloose x 100%
yloose

sw% = (22X 1) x 100%

yloose

Vcompacted = V bank (1-Sh%)
V loose =V bank (1+Sw%)



Soil Stabilization and Compaction

Ex/ how many cubic meter of loose volume is
required to supply for 200 m3 compacted soil if
compacted, bank and loose unit weight are
1950, 1800, and 1600 kg/m3?



Soil Compaction

Compaction is used to decrease voids between
soil particles. This can be achieved by forcing
(applying energy) the particles to be closer to
each other and by re-orientation of particles to

reduce voids. This process is strongly related to
water content of soil.

Note: soil can not be compacted unless it



Dry Unit Weight, v, (KN/m?)

19.5 T
19.0 +
18.5
18.0

17.5 +

17.0

Soil Compaction

. =—&— Compaction Curve
Y === Saturation Line
AN O OMC-2%
A & OMC
O OMC+2%

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

8 9 10 11 12 13 14 15 16 17 18 19
Gravimetric Water Content, ® (%)

Proctor Test to determine optimum moisture
content and maximum dry density



Soil Compaction

Compaction can be achieved by one or more of
the following methods

1. Kneading
Static Weight
Vibration
Impact

A

Electrical methods and more



Soil Compaction

Most common equipment available for
compaction

1. Sheep-foot roller with or without vibration.
Normally used for clay, silty clay and mixture soil




Soil Compaction

2. Smooth-wheel roller for sandy, gravelly and
crush stone. Normally occupied with vibrator




Soil Compaction

3. Pneumatic tired roller for granular and
asphalt.




Soil Compaction

4. Compactor

5. Mix of Pneumatic and smooth roller




Soil Compaction

At the end of compaction, soil will be
1. Higher bearing capacity

N

_ower permeability

w

_ower settlement

e

Higher strength



Soil Stabilization

Stabilization of soil means improving soil properties
by treating soil with other materials:

There are many methods to stabilize soil including:

1. Replacing weak soil or mixing heterogeneous
materials to make soil more homogenous

2. Cementing: a treatment of shallow soil by mixing
with dry powder cement and compacting the soil-
cement mixture. This method is very well known for
geotechnical engineer



Soil Stabilization

3. Liming: This method is very similar to cementing
and lime in form of Cao or Ca(OH)2 is mixed with
soil and the soil-lime mixture will be compacted. It
has very good long term effect because of the
pozzolanic reaction

4. Forcing soil by geopolymer or geotextile

5. Deep stabilization by lime pile, lime columns,
injection, rock columns and others

6. Using certain chemicals mixed with soil such as
fly ash, metakaolin, and others




Production of Roller

The compaction equipment used on a project must
have a production capability matched to that of the
excavation, hauling and spreading equipment. So
number of rollers required shall be calculated

Compacted soil m3/hr = 20 W xS xL o Eff.

n
W = width of roller (m)
S = Speed km/hr
L = Compacted lift thickness (cm)
n = Number of passes




Production of Roller

Field observations showed that 4 passes is
required to achieve the density. The average
speed is 3 km/hr and the compacted lift is 15
cm. The width of the roller is 2.1 m and the bank
soil becomes 0,83 compacted soil. The scraper
production is 450 m3/hr. How many rollers
would be required to maintain this production.
Assume a 50-min hour efficiency.







DOZERS

Crawler Dozer Rubber tire dozer



DOZERS

A dozer is a tractor unit that has a blade
attached to the machine’s front. A dozer has no
set volumetric capacity. It is designed to provide
tractive power for drawbar. The amount of
material the dozer moves is dependent on the
guantity that will remain in the front of the
blade during the push. Sometimes the dozers
are equipped with rear-mounted rippers for
heavy ripping of rock.




DOZERS

Dozers may be used for operation such as

* Moving earth for short distance (not more
than 100 m)

* Spreading earth
e Backfilling trenches
* Opening pilot roads through mountains

* Clearing the floors and lands from debiris,
timber and roots



DOZERS

Both rubber-tire and crawler dozers are

available

Wheel Dozer Crawler Dozer

High Speed
No need for mobilization
Good on firm soil, concrete and asphalt

Load on wheel has kneading and
compaction effects

Best in handling loose soil

Can handle any moderate blade loads

Can work over almost any terrain
Can work on variety of soil
Can bush large blade loads

Can work on soft ground

Good for short distance

Can handle tight soil



DOZERS

Cycle Time of Dozer Production:

The sum of the time required to push a load,
back track and maneuver into position to push
again represents one dozer production cycle.
Push time and return time can be calculated
based on the speed of dozer. Normally the
return time is less than push time. The
maneuver time is constant



DOZERS

Ex/ Calculate the productivity (bank) that used to
cut and push clay soil (Sw=25%)

Distance of push 45 m

Width of blade 3m and 1 m height

Working factor 50 min/hr and 8 hr a day

Speed of hauling and return 3 km/hr and 6 km/hr
Maneuver time 0.4 min.

Slope of soil in the blade 2H:1V



DOZERS

If the cost of owing and operating is $40.5 per
hour and the operator is paid $15.5 per hour,
calculate the cost of one cubic meter of clay soil.
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2. (10 pts) Your boss, Hank Hill, is asking you for the dozer and scraper production time
for each balance line. Your scraper is a CAT 621F and your dozer is a CAT D9T
(Semi-Universal Blade). For the dozer cases you have an average operator with a job
efficiency of 50 min/hr dealing with a loose stockpile. For the scraper, use the chart
below and read ofl of the 2% resistance line.

yd) m)
600 |— 480
o o
5
320 S -
= 400t~
=
- L —
2 i
§ 200} 160 2%
3 | 10%
ot- 0
200 400 600 800 1000 meters
T TS P T N T (O, I O ) ST | PO TRYY YON) (R S, |
(4] 400 1200 2000 2800 3600 feet
DISTANCE ONE WAY

From: CAT Performance Handbook v. 29

Assuming there is only one dozer and one scraper for each balance line, how long will
the earthwork take for each balance line? Hint: don’t use the balance line distance,
you need the average haul distance to gel a much more realistic estimate!



Front Loader (Shovel)

BT K e

s

Tired Loader Tracked Loader



Front Loader (Shovel)

One of the most widely used equipment in
projects.

It mainly used to load trucks with soil,
aggregates, rocks. Sometimes used to push soil
for short distance, cleaning sites (just like
dozers). Rippers also can be used with tracked
loader

One of the most available standard equipment



Front Loader (Shovel)

Cycle time of shovel

hauling

Loading

(filling Bucket)

l

Return

Discharge

Loading + Discharge = Constant time

Hauling + Return = Variable time

_(depends on velocity)




Front Loader (Shovel)

Productivity per hour is equal to volume of
bucket multiplied by number of cycles per hour.

Efficiency can be applied



Front Loader (Shovel)

How many trucks are required to keep the front
loader shovel working continuously if

Volume of bucket 0.6 m3, time of cycle (loading
+ hauling + discharge + return) is 21 seconds.
The cycle time of truck (hauling + discharge +
return) is 7 minutes. Determine the number of
trucks if truck can carry 2.4m3 and 4.6 m3



SCRAPERS




SCRAPERS

It is mainly used to cut, push, and distribute soils
and aggregates. Scrapers are the best suited for
haul distance greater than 150 m but less than 1
km. Some big units of scraper can be used for
distance more than 1 km

Also available as tire or crawler
The tired scraper is more available and efficient

Normally used in soft soils



SCRAPERS

It is not as efficient as front loader (shovel) in
moving soil

It is not as efficient as dozers in pushing soil
Can be self loaded

Cycle time of scraper:

Loading time + Hauling Time + Distribution Time +
Return Time

Constant Time: time to perform all processes except
for hauling and return (1.5 to 2.5 min)



SCRAPERS

Variable time: Hauling time + Return time
(depending on speed)

Some references:

T = Load,+Haul +Dump+Turn+Return+Turn,



SCRAPERS

What is the productivity of a scraper that is used
in a road of 600m length, capacity of container
22 m3, speed of hauling 19 km/hr, and speed of

return is 40 km/hr, constant time 2.3 min and OF
is 0.83



SCRAPERS

Scraper used to cut and move soil of 16520 m3 for a
distance of 1 km. The job has to be completed in 4
days. Capacity of scraper container is 20 m3, speed
of hauling and return is 25 and 35 km/hr,
respectively. Constant time is 2.4 min, 8 working
hours a day and OF is 0.83

1. How many scrapers are required to perform the
job

2. How can you increase the productivity of work
(reducing job time), provide calculations




Hoe and Excavators




Hoe and Excavators

Excavator is mainly used to excavate below the
natural ground.

Above the natural ground, the shovel can be
more efficient.

When loading trucks, normally the excavator is
stable

Cycle time:

Load time + Swing Loaded time+Dump time +
Swing empty



Hoe and Excavators

Most of the available excavator are crawler.
Hoe is available with tire but they need stands

Hoes are used for smaller work as trenches and
pits
Size of buckets from 0.5 m3 to about 2 m3

Selecting of excavator or hoe depends on depth
of excavation, radius for digging and dumping,
required height dumping, and productivity
required



Hoe and Excavators

Productivity is a result of size of bucket and no.
of cycles per hour

Bucket fill factor can be applied???? Can be from
1to 1.2 (remember can be applied in Shovel



Hoe and Excavators

A hoe was used to excavate a trench (cross-
section as shown). Determine time required to
complete the excavation of trench and the cost
of 1 m3 using the following

Size of bucket 1.2 m3, OF 45 min/hr, 8 working
hors a day, length of trench 15 km, time of
loading, swing loaded, dumping, swing empty
are 20 seconds, SW 20%, cost of renting 200,000
ID per day



Hoe and Excavators

\ / 1H: 1V
2.5 m

If the work has to be finished in 60 days, what
do you suggest




Concrete & Concrete Equipment

Concrete consists of Portland cement, water and
aggregates that have been mixed together in the
proper proportions and allowed to cure and gain
strength.

Unless the project is a remote location, the
concrete is batched in a central batch plant, abd
transported to the site



Introduction

In 6 90 B.C, the Assyrians used a mixture of one
part lime, two parts sand, and four parts
limestone aggregate to create a crude concrete

In 1824 Joseph Aspdin got a patent in England
on Portland cement. He named it Portland
because its color resembled the limestone on
the Isle of Portland in the English channel. That
was the beginning of concrete that we know

today.



Introduction

Cement in general is limestone and clay burned
at temperatures in excess of 2700 F

In the late 1800’s cement became widely used in
Europe and was brought to the States

Portland cement concrete is the most widely
used structural materials in the world.

It is excellent building material because of its
versatility, economy, adaptability, worldwide
availability, and low maintenance requirements



Production of Concrete

The operations involved in the production of
concrete will in general include:

Batching the materials
Mixing

Transporting

Placing

Consolidating
Finishing

Curing

N o Uk wbhRE



Proportion Concrete Mixtures

Concrete proportions can be designed based on
targeted compressive strength and available size of
aggregate, remember

* Higher water cement ratio, the lower strength
and durability

* The higher water, the higher slump

* Larger maximum size of aggregate, the less
amount of cement paste

* The more aggregate used, the lower cost of
concrete



Proportion Concrete Mixtures

* Adequate consolidation produces stronger
and more durable concrete

* The use of properly entrained air enhances
almost all concrete properties

 The surface abrasion resistance is almost
entirely a function of the properties of fine
aggregate.

(Recommendation of ACI)



Fresh Concrete

For designer, fresh concrete is usually of a little
importance. To the constructors, fresh concrete
is all important. To satisfy both, concrete should

1. Be easily mixed and transported
2. Minimum variability between batches

3. Proper workability, proper consolidation,
prevent segregation, fill the forms, provide
good finishing



Batching Concrete Materials

Cement: Can be provided as bags (50 kg) or in

bulk quantities (loose). Normally bulk quantities
in batch plant. Silos of different capacities are
used to keep the cement

-




Batching Concrete Materials

Aggregates: should be clean hard, strong,

durable, and resistant to abrasion. Normally

aggregates are placed in steel contained in the
batch plant




Batching Concrete Materials

Water: is kept in a tank protected from outside
weather. It should be clean and potable




Batching Control

After establishing the mix proportions (Job Mix).
A control room in the batch plant controls the
providing weights of materials. The control can
be manual, automatic and semi-automatic
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Concrete Mixing

In ready mix concrete, the mixing of concrete is
occurred in the drum of the truck mixer. The
truck mixer contains a tilted (twisted blades).

Truck mixers are available in various sizes up to
15 m3. When the drum of mixer moves clock-
wise, the materials are mixed. When the motion
is reversed, the concrete is discharged



Concrete Mixing

* The concrete is completely mixed within 70 to
100 revolutions at a speed sufficient to mix
the concrete completely

SR




Concrete Transportation

Time of transportation is started from the
introduction of water to the mix. ASTM allows
90 minutes or 300 revolutions whichever comes
first.

n hot weather, this time may be not applicable
oecause of the evaporation of mixing water.

ragi standards allow up to 45 minutes
transportation time otherwise retarders
additives should be used




Concrete Transportation

The concrete materials con be transported in

dry condition and then water is added in the site
(not very controllable method)

Note: Mixing can be happened during the
transportation of concrete

Dumper trucks




Placing of Concrete

Placing can be directly from truck mixer to the

proposed structure using chutes or pipes.
Normally this ways used for low elevation. Pipes

also used in casting of piles




Placing of Concrete

For high elevation

Buckets: bottom-dump steel bucket handled by
crane. Size of buckets up to 3.5 m3. Slow and
not safe method




Placing of Concrete

Pumps: Very common and efficient way to place

the concrete in high elevation. Can be reached
up to 100 m. Can be mounted with tower-
mounted




Placing of Concrete

the pumping can be through a system of piping
connected to a compressor and ended by tower
mounted boom




Consolidating and finishing and
Curing

* Check your notes of concrete technology



Examples

Find the quantity of material for one batch of a
mechanical mixer volume 0.452 m3 if the mix design is

7.32 bags of cement/m3
853 kg sand/m3

1095 kg gravel/m3

193 liters water/m3

Recalculate the materials if sand and gravel have a
moisture of 2% and 3%, respectively

What is the productivity of the mechanical mixer if
loading time 0.25 min. mixing time 1 min. discharge time
0.25 min. waster time 0.1 min. efficiency is 50 min/hr



Examples

A concrete pump of 100 m3/hr maximum
output (efficiency 54 min/hr) is used to place
270 m3 of concrete. The concrete is supplied by

9 m3 truck mixer arriving to the site every 12
min.

How many hours the placing is required?



Forms For Concrete Structures
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Forms For Concrete Structures

Forms are temporary works that do not show in
structures. Forms shall be safe and able to carry
dead and life load.

Cost of forms can represent 30 to 70% of
concrete cost

Cost of forms = cost of materials + fabrication +
installation + removing + maintenance + waste
divided on number of use



Forms For Concrete Structures

Forms shall be (requirements)

e Strong enough to carry loads and resist
applied pressure

* Should provide the designated shapes within
tolerance

 Should be economical



Forms For Concrete Structures

Materials of Forms:

1. Wood: widely used, light weight, economical.
Can be used many times

2. Steel: heavy, very affordable when used many
times, difficult in fabrication

Aluminum: light, expensive, long life
Asbestos: not allowed any more
Plastic: used in decoration

Many other types of materials

A



Forms For Concrete Structures

Pressures on Forms due to Concrete

Applied pressure on forms due to concrete is
directly proportional with density of concrete
and depth of concrete (when it is liquid).
Pressure will be released when concrete
becomes hard and then forms can be removed.

Therefore, temperature and rate pouring rate
also affect the pressure of concrete



Forms For Concrete Structures

For vertical loads

* Loads of concrete and reinforcement (dead
oad) use Y = 2400 kg/m3 (24 kN/m3)

* Live loads including weight of worker,
equipment, vibrators, booms and others use
live load 1.9 kN/m2




Forms For Concrete Structures

For horizontal Pressures

ACl suggest the following equations
For Walls

_ ., 1414R -
Pm=7+———  ifR<2.1 m/hr

Pm=7+ 2017:;:_*:;”? if R>2.1 m/hr

At no case Pm is greater than Yh



Forms For Concrete Structures

For Columns

_ 1414 R
Pm = 7+1.8T+32

At no case Pm is greater than Yh
Pm = lateral pressure kN/m?2

R = Pouring rate m/hr

T = Temperature of concrete °C
h = height of concrete



Forms For Concrete Structures

Most of Forms are consisted of
Sheathing on
Joists on

Stringers on

Shore on hard ground




Forms For Concrete Structures

Design of Forms is determining the spacing
oetween sections of wood that carry the loads

n other words
Spacing between joists
Spacing between stringers

Spacing between shores



Forms For Concrete Structures

Sections of forms can be failed as a result of one
of these

Bending Stress

= 1.29h 12

bending W

L

L (length, m), h (height of section, m), f (bending
stress of wood kN/m2), b (width of section, m),
w (weight kN per meter length)



Forms For Concrete Structures

Shear Stress
. 2Txb*xh
-shear — 1.5w

| = Length, m

T (shear stress of wood kN/m?2)
b, h, and w (as before)



Forms For Concrete Structures

Deflection

ExIxD
w

Lgefiection = (0.8) 4\1

E = modulus of Elasticity kN/m2
| = moment of Inertia, m4

D = Allowed Deflection, mm use 3 mm



Forms For Concrete Structures

Check safe load for Shores

_ 9 \hx
k=7120 (1 80b)b h

g = length of shore, m
If K is (+) the load is safe
If K is (-) the load is not safe



Forms For Concrete Structures

Ex/Design a wooden form for a ceiling of 15 cm
thickness, The height of ceiling is 3.25 m.

Sheathing thickness 25 mm. Joist 100x75 mm.
Stringers 200x150 mm. Shores 150x150 mm.
Bending stress 12400 kN/m2. Shear stress 1040
kN/m2. Compressive strength of wood 3400
kN/m2. Modulus of elasticity 4x10° kN/m?2



Forms For Concrete Structures

A concrete wall 60m length, 40 cm thick and 4m
height. Calculate number of tie bar required to
support the wall. Sheathing thick 25mm. Joists
100x150mm. Stringers 100x100mm. f=112400
kN/m2, t= 1000kN/m2, deflection 3 mm, tie bar
dia. 10 mm, yield 425 Mpa, Pm=25 kN/m3
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Zu_yil 03] CELSEY 5 L A siall sl da gl 6 A gone

J[8N

S (B 1) 100% (1826 1) 100% =23. 9%
=| — — * = — — * = ]
w—\L °~\1474 0 0

B 1826
Sh =(1 — E) * 100% =(1 ——) * 100% =9. 5%

2018
DY) e sale Pa/axS 1200 Wis OS5 delua 100 Jamey call s A 4 55 G s /i
%10-%4 O 4l skl (5 sinall 30l dclull 8 Lgiilial a5l elall (e

/dad)

%%o6=4-10=Caill ¢la) dous

del/pxS 120000=100%1200 = deladl 3 4 shaall 4 5l 408
del/ il 7200=4e L/aaS 7200=0.06*120000 =4eLully Uil 44 .

A8yl 7 8 Aok Bis g0 s Rasiisa L G e gl Hosall Gk el o)y /U
O Lale 4 il e dreas 9410 Adliat) A <ilS 1)) ddliaall A gall 4eS ) g 40 i) sl il

%20 A F 5l FLEEYI Lo 5 50,3 4 gasall A8kl a5 yie § 4 o 5282 3o,k Jsh
AN

tt_éz_a\ L6 L 4 il eda Y il dnleal pald) e\g';;m\ Jady

i smd L Gy 3 il Jals s 3 0V &l asall s

345760=1.2*0.3%8%2000 = il aas ..
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aa) ol JUaS A gaa 35 (7.5%15-14Fly) & 5 (e Sl UaY) 8aaetia &3 65 ) Alala Cueadiind /e
Conl 1 4 5l Aadal o1& ) 5S) sa Lad 53 Jas L 2ale/c 0,6 JUaY) Jals haall 38 1500 =
2ale/i 035 e Jo Y Ly Adida JS Ji) 8 i Jai e Jsaaall Lghas

Jall

LoV (1500 * 10) 25000
P 0.6

T 4% 25000
AZZDZHDZ T=178 mm

Q) | A B
zhaudl N/mm

0 0.6

89 . 0.36
0.18
0.09
0.054

0.6P

NZ/n

0.35 0.36 0.15P

0.09P

y 89

0.01 0.18
o Al sl dlew =89 +4, 94 =94 ak

y =4. 94
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O Anda Lelan) L._?_"\S\j daclill dndall 4 i) e dida e Lkl oy Gl ghall 3oamte Al / Ve
3l A sllaall o) sal) HaeS oo pe A i) il 3yl 538 obia) JSAI) 8 e LS (51 (alal
— A o3 el Sl il 1) duleal)
CEE #(20%30) s»

0oo :
[ sl Al aladdal S /Al

ooo
D%D daclll dnndal) 4o yill il 4y jaall
T R 20.5 25ac s Aty o5 (Banly
é}ﬂ &&a{) 62 DJACY\ u.u AQL\:\M}
SRS Jaral) Lyl _aall e dduda 3aac )
3aacY) 22 aw 25 e Jo Y ey

3 gall 4paS 5 anall 2 1 +§

2012/11/21 & (11) 3malas

Al Al Ji g 2l Clana

ditany) Al AN Y )

Csllaall sl (b m iy Lpm BIAT ) (oot oS s itand) (0 Atand) Dl 2 (S
?\J-)-“ “—‘La-‘-‘l. Xx d)ﬁj

Al A 2l il glad
e Yl )

(Batching) 2 s<l) aeas -1
el (Mixing) L&) -2

(Handing and Transportation) J&l 5 daaall -3

sla T % (Placing) =4\ -4
(Finishing) J«SY) -5

(Curing) 4all=d -6

A A8 )
oL 40
2120
sla s

185 1200 ale 15
P

3 gall asan
ol SR (S 500wse ]
A S ye b3A (4l (30 —20) 8

2012-2013 aolul sle lialles Guipod! aclb asul I @l yoll




bl el ) A5 ) 4y ylall 23t A il Ay 55 anen Adlide o sany oS )
&S yall Talal) Jalaa 6 230 (L3) 4 ) 511 43, )

@ sall QUaDIA 4 aadid (A8dy pe ) daeaal) 44 Lkl

Al Al aldada

Sy oA -]
Aaldll lldMA 22

el bl sl s x(a) aaall deluya AlDIAN Ll

Bla (e ) o eyt LA St OV (e (e y = AdaDIAN 3 553 (e )
Oe Azl o] JS Al 15 Ciliayy Alua s 1 ISV 8By 103 (ASTM) s LAY G
Al AY)
Ala Al S8 g Alalaa

4 sall Sl yall -]

Al el 2

(Skips or Boxes) o3 &l -3

Q\JJAJ.AS\ -4

iyl -5

ALY e 3aY) -6

3a(10-6) 48U Al -7

gl o 40-30 dele/’a 45 15 Al Al claina -8

I\

.

o\

I
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2012/11/26 ( 16 ) s_alae (nads

Aali¥) g 50 CilB gl 572 0.452 ana e L) ALMA e sl 5 dxdal 2 glaall ) sall 4aS 2a o) /Jbia
0.1 = glaa () A 1=hlall (0 ) 4882 025 = g8l (o) 488y (0.25= Jaeaill (e )) (A
Al il e Pa 1 A4 sladll il (A28

P

281095 | aS853 | ueS7.32

/dad)
oasS 3 aaddinl uS 331 =7.32 x0.452= CiawY) aaa

3 _ 3 — dzinll .
0 0.41 3.31><0.452 42330 ana

oS 3 = Caiand
22<349.7 = 853 x0.41 = Ja )l
a2S 449 = 1095 % 0.41 = (ol
A79.1=193 x 0.4]1 = <l

A8 1.6=0.1+0.25+1 + 0.25 = 4ali¥ 3 53l )

428331 .25 = 15—6: dclull 8 Cladall 2ae

% 12.8125 = 31.25 x 0.41 = 4l .
%2102.5 =8 x 12.8125 = sl (& dualii¥) .

B ey gasn s A e Alany) Alu,all o Su ALY Al Al
Bola dad s Aypw dalidd ) calany) g ALl o) sall

Jasiy G a5 gall )5 jla Aili) Al Al JS A
A ) Al Al A ) e Ja

d—l 8 4o sane
3 gall arand -]
A gall cpals D
J\P|D i* r = ’ dju\k_tu;j.ﬁ\jd\u-u&az—:;
oy s 35l 335 -4
L z o<l -5
[ Jaill -6
Al 7
L Jaall -8
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A Ja) ) Alany) Al Al £l dlee 35

Jalaall daliil = ol yi Cadadll dplee 2ay Lehald g o gall maend o5 Jaldl) Jalaa ddaja -
AS jaie sl A (4S5 08 5 de L/l 250-50 (e 428 sl
% (24-16) drws sl plaiuly Jiy JA) Ads ja -2
G (e Aol (50-30) AaliY) (120 ¢°) Clind) Gl lé aladiul (Al Ada e -3
224(20-5) e A o o (8-2) e
Jasd dla ja 4
(90c°) ) sall lude YA ]
<l el Ay ¢y aYala -

Sl ol bl s ) aladinly Fa 340 aaa somas e elal a3l /U
sl JSV AL AN e Fa 1 2 28K 5 Lagia (g alasiin

£ 5oiall aise e oS 15 2am oS a) Blal Jare e Al jd sl o oY) quslad) ]
48 P
AeL/Aidy 45 < o)) Jalra 5 4883 1.6 ey 50 (305 7 0.5 ana 438 e 4lJA (]
Dl @l 500 (ool W e
40 Jail) 4 o diald 6 Jenall & sigidl axall a5 den dald Gllda 2
200 o5l o jla) 438y 6 bl i gl Aeli/aS 60 g sl A delu/aS
‘)L't...m LJS\
s il 300 oesll Lo gl 438555 0.5 L) dilu 3 daiae 3
P e U Py
delu/did 50 <8 5l Jalae 4065 90 Ledysd (e 7p 0.2 Leana 4aadga oLl ALDIA aladin)
a5/ Sl Cill 400 Jenll e o laiind 46K clelu § o sl Jaall cle L

JACNY
B (REPAN
este 112.5 = 8 % =& 0. 5= %3l ALJAN il g

340 K
112.5 gy

s 16 =1. 6 4 = Lalill draad 530 a3l

s 3= = Jandl D 4. 30U 304

i 50 5 g 515 e
Q = —_— = ) )
4919 . -Im+40+ 4 DELNSCD

60 60
59. 5 (Aalalls s )

16 aalil) Juead ()
a5 3 DA Cliald 4 aadi
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5/3230.25=8 % 5 *:TS; faaldl) dalil

3 121=30.25%4 = cliali 4 4l
0k 5 112.5 Jeaall Laliil )
052240 =8 % 60 * 0. 5 isadl nlul ¢
i 4800000=[300+(200%x4)+500]x3 = 4.1} 2aKli..,
b 141 18—4802300 3,12 A

G_\LJ\ u_ujL.uY\ -
as/253.34 =8 22 55 * 0. 2 Akl Ll

60
et 72 6.4 =" = Jaall Slad5e
Ol 2800000=400000x7 = 4sl) 4alsl) ..
i 8235="27200 ] K
340

Labaé) Jumdl 8 sl

OlSA an ) 5iy ey b sl SIS 131 A AL ALDIA Aaiiul (S i) ey Julill /Adaadle
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2012/12/3 (17) b sl
Form for concrete structure 4sbu Al cliid) Q) g
) gal) cilullata
Tcall Jaal 4l 2 5 il QI -]
Aol 5 AY) Jlaa Y Jans 22
o daall JEIL dalaiaY) -3
151.31 ..-\ ‘._d\‘ﬁg d;\ C)A &‘5 ™ S\ A -
Al 43S (L e L) aacmall Sy 31 1 st
Aalatial) yue JIKEY) 2ae Julss -]
(A 3l ) sl Al Y LY phaiid -3
ALy Jealiall Slaii 4
aonail e N ) ¢ sl aae -5
Qlal) Cual daga Jagusi -6
il 3) ga
ac) gily sl _
paall -2

pssalY) -3
Cun) -4
Sl 5
S e Al -6

LY 5 Ayl 5l Y 4sd] (555 o s ST A 8 ela Y Ay Jlac) o il il
Jaa 4dl<a

13) ol (65 Aanaadl Qll gall |l yall fpe Jal8 ey Craddtil 13) 48l J8) 4 S5 AndaAl) () gall
) yall G S damy Craadtil

8 e Al Al (e i) Jaial)

Bla Al 535 Cashual) I -]
(ACT) con () j2all 5 30ae Y1 I 822
Gl )
1414 * R

+ 18+ T 532" "
2079 +440 * R

1.8 T+32

wwwR<2.1m /hr

e R>2.1 m/hr
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Blac Y-

1414+ R

Fn =74 1.8 T +32

™

i

KN/m? 3l Al Jaza P

m/hr uﬂsﬂ\ &l 3&—)& Jaxa R

T=c’alu A3, mda 2 T

96 kN/m’ (1) dalzs P, e e

144 kN/m’ (2) Wslas P, A dad e

Al gl (H) Cus 235 H =2l Alllaaca e
Wﬂ\ Y Al

Jisi &Y (Deflection & Bending) b 055 L We (1) Jil i B33 <¥aled) o3 e
(Critical)

Al claldaiall L)l of Call gl Jd i () cang - sdaddd) Q) g8 anaual dis

(Bending Stress) sUsi) a3 |
i) A 38 A Y sl padd
fb

lpendging =1. 29 * h * W

il g9 adaddl) Jsha s ],
el elas :
(pst2e) KN/m’ eliai¥) dga) of
(m) el 4= e 0 b
(KN) Lasal) Jas : 39
Shear Stress oall) 3ga) -
4xT*bx*h

3w

lShear =

™

(m) 2l pe Jshall }S
(psk2e) AN/m” aiall paill dlgal 1
(m) o) G e b

(m) ehiall gl
Qi e Jaluall Jeall gy
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Deflection of form &) &) jad)-&

«s|E I D

laefiection =0. 8% |——
t .
eflection W

™

disall e Jshall ],

(ps2e) (ANIm®) il 45 30 Jalas E

(pstxe) () iball FN ) pocill o5 ]

(mm) 42 ¢ sama Syl Sl D

kN Bladdl Jaall 4y

(3mm) 4 ¢ same G)_adl el alasiul Juad,
paecy) gl claleal) o ¢ galal) Jaad)

k=7120(1—% «b h

Osale 0k i (+) 5LEY)
Buckling Jwasy 5 3dw 52 (not ok) ins (<) 5LEY)
where
k:(kN) Osale Jas e
g:(m) Yisdl e J skl
b ,h: (m) ehial ey
Cra 058 ) 5l
(o)) ol s ]

(‘):\M) Aé\j)l\ R
(J.\.\S) Aé\j)l\ T
Slale all -y

- Crushing &3

L . . i . P e 1
crushing < s (e u}eugu_.gz > f. €A -]

. § . P e
crushing < s S - < f, & 1d 2
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doudAl) lf gal) sl
andaiidll ) Y1 5 liiall ld Caggud) Qll 8 aranai ¥ )
doasaatl) Jlaay)

(kN/m’) 24 3alod) Ll AN ()35 (Dead Load) ) Jaa¥) -1
oAl Jlaal s aall L aaaius Al W s Jlasdl )55V (Live Load) %) Jwa) -2
kN/m? (2.4 —1.9) 48 e

2012/12/5 8 (18) 5 palaa

V)l 1 ) SN b ankiie Guall Gl 433a) aaens oadall QI aaa /0l
b LS ) 8 darsiveall LERYI

(100%25 mm) ahiall 55 = Il i -]
(100%75 mm) aaiall $3 daa yall 2l 5 51l a3 D
(200%150 mm) pdadall 5334 ghall 28] 5 4l Culia 3

(150%150 mm) phsall 53 Sldledll i 4

AN i glaal) andiad
12400 kN/m’ = caiall s JAl clisaY) dga)

1040 kN/m’ = @Al (ail) Jlgal
3400 kN/m’ = i3l haxzall slga)
1#10° kN/m’ = @3l &5 ya Jalaa

| |
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JACNY
KN/m’ 3.6 =24 x 0.15 = Alu all atal Jlay)
KNP 1.9= sl Jlay!

(? 1 o= c.la.uﬂ\ L)ALJ..)J .A;La) Sheel‘ing (c.la.uﬂ\) alal) |

’12400*1

4% 1040 % 0. 025 1
[, = 3.5 © =6.3 m

4[4 %106 % 13 % 107 * 3
l; =0. 8 =1.3 m

5.5
é 13 J\j;.i o
(100%75 mm) 531 ) alaiudy duca al) 3815 ) asarci -2

kN
w=5.5x%13=7 15
m

12400 = 0. 075
[, =1.29 % 0. 1 % =1.47 m

7. 15
, _4* 1040 = 0. 075*0.1_0
S 3% 7. 15 B

4[4 % 10° % 625 % 1077 * 3
ld=08*

45 m

715 =1.85 m

é 1.45 J&
o 4.4 G B (2%].45) Y Sl gdpia yall 28 5l (e o gia SO adT
(200%150) 33 3 alaainly 438 ghal) 8) g 1) aranas -3
A shall 28050 e IS Jasl)
w=5 5%1.3%1. 45=10.37 kN
|
Aeay! aalosall

10. 37—0 00305 7
3400

0.00305 < 0.k %2 0.03 = 0.2 * 0.15 = 5_4 siall glaiall 4alise
Al shall 5801 e Ykl Jeall

kN
w=5.5%1. 45 =7. 98—
m
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7.98

4% 1040 % 0. 2% 0. 15
[, = 3+ 7 98 =5.213 m

411 % 10°P* 0. 15+« 03% 3
lg =0. 8+ =3.61 m

12400 * 0. 15
I, =1.29%0. 2 =3. 93

12 7. 98
2 3.61 Ui
dpdd daley e cugdi 430 ghall aé) g )
kN 28.8=1.45%3.61* 5.5 =4aleall e U (55l
(150%]150) w3 aadinly alale ) arzaat -4
Lalsall Jozall Jasdl b giall adadall dalise 4S 3835 o
28. 8 .. - - . "
72 0.00847 = == Liai¥) Aa i o 53U aial) 4nlosa
0.k 22 0.0225 = 0.15%0.15 = 5_ siall dalusall
il Al g Jeatll ALE 380 @
g

k=7120(1—80* xbxh

3. 25
80x0.1

k=7120 (1 —

Q* 0.15%0. 15 =+116. 8 kN - 0. k
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Qe 32012/12/10 b (19) 5 pnlae

Glab i Jaad ALE Clua sthaall 2 4 #1651 5 0.4 o s 2 60 J shas Bla JAl (e las / Jlia
A e slacdl) Ll 58 65 13) ) 355 b Lealaiind el ) (Tie Bar)

sheeting (100%25 mm) a33iwal) = Sl ada -]
Studs (100*50mm) 438y xilual) -2

Wales (100%100mm) 433 a2l xiLual) -3
12400 kN/m? 42 g samsal) slini¥) slga) 4

100 kN/m’ w3all jadl slgal -5

11*10° kN/m - <830 &5 ya Jalaa -6

4000 kN/m’ <) Lo (63 saall laruzall -7
3mm 4 g senddl Jshell -8

425MPa wallg szl dgal -9

bV i daal 110

25=P, kN/m’ s Al (g bl izl 1]

A

ad

Studs e Sheeting Wales _/

g

Sheeting
Studs

1- Sheeting
w=25%1=25 kN/m a 1 U Jay yd 32U

,12400* 1
[, =1. 29 x 0. 025 2—5=0. 72m

, _4*1000*1*0. 025
s 3% 25 B

l 08411*106*1*0.0235*3 0.9
=0. 8% =0.
d 12 * 25

33m

[ =0.72m
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2- Studs ;
w=25%0.72=18 kN/m ;- 005+0.1°
12

12400 0. 05 =4.17+107°
I, =1.29% 0. 1 =3. 39m

18

4% 1000 0.05%0.1
ls= 3+ 18 =0.37 m

4111 % 10°P x4, 17 %« 100 % 3
ld=08* =

18 =1.33m

[ =0.37m
3- wales
w=0.37*%25=9.25 kN/m

I, =1.29%0. 1 12400*0'1149
b 9. 25 m

4% 1000=%0.1%x0.1
s = 379 25 =1. 44m

l 08411*106*0.1*0.3k3 1 87
=0. 8 % =1.
d 12 % 9. 25 m

[ =1. 44
N J —4 =2.78=3
0. of spacing=_,=2.78 =
Total=3 +1 =4 Tie bar
Load on tie bar =25%0.37*1.44=13.3 kN

P 13.3%1000 N
0 =—=—% =169 > 0. k <425MPa
A 7 102 mm

Tie bar diameter (6,8,10,12 mm ....etc)
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2012/12/12(20) 5_pwalse
A (dm) 4=\& )5 0.3m awas (60 m) sk Al Gl pul dalidd) Lla Al e jlas /JGa
saal gl 5y sall ALDAN ae G dll dali) o Cua Al Al alDA ae dao Bad ladiuly dua
¢ L) Aad giall Al jall 5 e Aa ) ()b cale 1) Ailujall (e %a 12 o 488 [5G Al
@y Jlaall (e 4yl lu jall adabus 2l el Jakazall laie aa sl (30 ¢0) caall
QD aparat die lie) el 335
/dad)
oY) A3y k) -]

m3 72 =0. 3 * 4 x 680 slhdl Llu Al ana

60
bl 4 === aladal) Al
ielufa 48= 12%4 = lhalil) aaa

- 48
telofp 2. 667 =—— =Z— =

40Ul 48y k) -2
g 6 == = Al ual da DU gall 2ae
12
488y 15 5aa) 1 3 ) gall (e

] 920

h 4
Rate of fillin—tg=——2. 667 m\hr

2079 +440 * 2. 667 - 57?1
Pn=7+ T8 30335 ~ 44 82 kN/

& (0.4 m) Lews 4.5 m g&)s 32 m J by obal JSEN & cpall Jlaall i QMG / HLOW
B Gl llaall | A5 disa (o (4 ) 4dlaaa s (5375 cm) pdaiay ) e dila ilusay o2l
la3Las) a5l el ya ) G LAUS axe Alls a5 Y of Gl 2l 48S vl Jaad 558 CilS
Sicsall Jae 4350 55 AT 5 dise G Adlisall 5 diisall adadall jaas ade Ja i g Jlexindl dallia Lgleal
L Jeadl sl Cadd UG G5 (7 AN/m?) o8 dila 38 ) G ey QA (o cadde 1)

(12600 kN/m’) <L (& 3) 5o

s5cm ——| |——

T —|0.4m |-

1) 7.5cm

— Jlaad 18 *

Section A-A
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Construction Industry &L 4sliall
J8 e saxadl Gilgal gl g cldaladdll (gt Lead Al clia Gl - Construction ¢LasY)
JalSia & 5 pia (A Gpsigal)
padzall ClEaMall uAb):\.\Sa.G)AM éJth L_i\)sﬂ\ UA.J.!A’J\ dACj Jla.l\ &j)ﬁaﬂ Ls\ .J.\S.ud&h..
dAL!AS\ L_AA;A\) U:\SJLQAS\) uAJLAMS\) u.\:\.iAAj\ U..}wd.\g_d\) &j)ﬁu\l\ L_ilA.;a\ - DJJ:_\AMJ
ratigl) ag ldial) Slad) Jal ya
Planning bubaiill s ja -]

Design praill dds ja -2
Construction =8)) £y Als ja -3

(el Gadiga 50 Als yall

AP PHN{ IS L i)

=

Agiaal) A lac) e ool

Sl S 5 jaiall Jaall 4 Gl : Fani|

[~

"

Estimation (33
431K ala 5 WALy da DU saall s aoliiall oda 8 AdliAall Hlau) a8 gl jlasd (e Apai
ALl
IVEAIRHPLIVY
A slaall ilatiine dae Y Gan¥) (585 Al Laiall 48 gial) 46lSH s -]
Oadall Jall 48 Glas 22
ALy Jlae ) dad Clua -3
PRI ).1)133 dac | -4
Q,)A&ﬂ\ e‘.u.é\
Approximate Estimation 83 Gaeadll -]
Detailed Estimation Ssaiill (peiil) -2
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s Al anliaill g el U lld y Linall dipadil) 28K dlac) &y -z (o 85 Gl -
4iALﬁaJi“5ChY)umngiaxdeijJU\éﬁjﬁhuaatym

Qg s b gy 5 Ll DS e o) ]

Jlsae w4 Haal ¢ al-o

luadll 43 Hlally Gedal) Lasl) 468 (4 aallc

AL (adl) 3 Aasioaal) (3 k)

Floor-Area method $5s) daluw 43, ) -
¢ poolaall ¢ lSall) Jie ) (e Bae &\}f‘){ A i) 8K (aednl 48y Hlall pda andind
Saan A K ) gt die Al Lsicy (&) il ¢ 4Kl Ay
Lo i 3 Ay (yo llemniud il e olaic
A il i Gl 3l gl Baasiall i)
s g gyl il 4 st S i3 3 )5 el Lgban (pa 5 (il sl i |
s 50 gyl il i e CHIS 3 pelandl 5 ol podl yindio

b o Gl dyl ¢ el ¢l e STy 8 35 X 20 bl Al 25 S5 /(e
G phall bl e Za [ & pasil) 23N aa gl (e s e 1,89 Al A4S s

Chu Cgaw”j gﬂdjwm 9 &Exm d@tﬂﬂ\ j

(%;1)1313[5iﬁ5
RS e 0560 il 21 claudl &S

20m

| Gl shall 8L
A AlS (e %40 Cal i mdaull 241 A8l
Gl shall

/dad)

S 9Y) dpda i)

%2700 =35 x 20 = la_jual) dalse
2700 =35 x 20 = (oY) dalus
2700 =35x20= Js¥ dalua
2700 =35x20= Sl dal
2700 =35 x 20 = gl dalu
223500 = & sanall

a2 540000 = 28228 2 1y
3500
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AUl 4z il

420 = 0.6%700 = <1 yuall dalisa
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C,=1.914%3.86+* 10%* 12 =886. 6 kgm

(Stirrup) &SV 2

1-0. 075

= 1 =
n 015 + 8 for each col oumn

Stirrup lengtH®=4*3+«2%0.07=1.74 m
Stirrup weight =8x 1. 74 0. 62* 30=258.9 kgm for all cdlur
2 4.63=(4+0.02-0.15+0.5) Jshs 3aasY) (e ALY Al jal)
C; =4.63x4+8x3.86=547. 4
C, =4.63% 10+ 6x 3. 86=1026
C; =4.63% 10+ 8+ 1. 58 =587.8
C,=4.63%x10=%12x* 3. 86=2053. 4

¢ JSY) e

A o
"= 15 T

lenght =2. 14
wei ght of stirrup =2.14% 21 % 0. 62 * 30 =840 kgm
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=L,/ /7 o= te——1_ /5 =] feett— L5/ —mr] at— L2/ 4 — ]

-"—Im;-‘ 0.45 Fil] 35577144 F7L2—455m4—‘ 0.45 }-——
10m gf_z

218 ,Y) e Lot UM yLall (G 403l | jumi 4dyla ) el i (e i) ilaaSl) ddaa000)
(AL 2a) ) Ciial) oS e J guanll

i 45 4
1 +0. 7+Z]*2*3' 86 =17. 2 kgm

[5 +44+1—-0. 025] x4+ 1. 58 =63. 1 kgm

355 3.5
3. 55 7 s *3*x1.58=11.1 kgm

[10 +0. 4 * 1. 58 x=48. 4 kgm

i 4 —0.45 5-0.45
e =(0. 45+ 3 + 3 ]*3*2=18.9 kgm

I 4. 55
f=4_55_4 *2]*3*1.58=10.8 kgm
] 455 3.5

027702
length of stirruffG=8—0. 0b+[0.3 —0.0]*2+42x0.07=2. 14
weigth of stirrup=41x*2.14% 0. 62 =54. 4 kgm

6 eV il g asl s aie b€ gy o3 oLl Joaall 8 LS o DS Caial) GlueS
(Dl a3V (5 Y

e/ s ey a b c d e f | stirrup
'“‘“ﬂg:‘%“‘s 189 108 | 544
JalS el LoaS
kgm
Lol Clie Y aaS
kgm

no. of srirrup = =41 pice

37.8 | 21.6 @ 108.8

226.8 | 129.6 @ 652.8
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Jushall oladyly clie ) /Ll

b
e [ e bl
<
el i

(~L,/ (7 w1 1 /5 =i tett— L5/ 4 —pm eet— L >/4 — = nt— L3/ 4 —m

—1.25m *—‘ 0.45 }—‘—LI =5.05m 4—‘ }—'—Lz =5.05m ——‘ 0.45 |<7L =2.525m —=|
¢
I15m i

218 ,Y) e Lot AL yTall (0 40LZil) | jumi 48yl ) Ctiall Gl (e sli) ilaaSl) ddaa000)
(AL 2a) ) Csial) il e J guanll

- 5.0
0.2 +1. 025 +0. 45 TT* 2x3.86=22.678
- 30 0. Oj

O 4% 1.58=95.9

05 5.0
505 (S 3*3*1.58=15.73

O 2+1. 25 +5. 5+5 5+42. 5253 « 1. 58 =44. 9
5.0
0.454**2]*3*2=22.9

5.0 5.0
lS 05 —2 % [2 SZS—T * 3% 1. 58 =18

1. [025+5 05*%2+4+2.5
no. of stlrrup—l 0.2
length of stirrup=2.14 m
wei ght of stirrup =91. 6 kgm
500 Clie ) cilaS s aaly ctie e e gy () olial Jsaall 8 LS o DllS iall LS
(el sai¥L) (5 A

5 .
T=69 pice

Zetll] s e a b C d e f | Stirrup

inl) Chai LiaS , , , , 22.9 18 91.6
kgm

J«“;ﬁ*f"@“f . . . 8 | 458 | 36 | 1832
am

Lwasl] e Y/ eS| 55 , 229 916
kgm
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(S1) &5 i ghudl ¥ g

353 aa A8 yall o gandl cllalada 8 adiia a0 3 J Adaa e
(sl e e A s )

4
* (2*§+1>* 1. 58 4 =1076 kgm

5. 5
(?* 2 +1. 25)* 1.58%4=1106 kgm

(6. 725 % 0. 9% 4 =315 kgm

1)* (4.975%0.9% 4 =504 kgm

v, =(28)*5.3%0.9% 4 =534 kgm ;
DUy 1l o obial Janall b e il s o phaal) ki Liad (g AY) Casiudl 153
8 saull (e e g8 JSTASH ) 5 gY) g e

: 550 :
PG | sl | sl |l
bl s Liadll oy |

u0 3.7

ewO.l.S EIPWETE P X0 5

ALy Jealally

cllabadl i | Z0
( &):i\!\) YO | 7.1
S1 g s

VO 5.3

Ul

p0.15 o addl |y 1y g

ALY Jaaliily

cllabidl ad | Z1
A8 )l Yl | 69

(S2 g5
ey w1 5

Vi 5.3

i) ¢ s

46 16 1.58 | 1076
35 16 1.58 | 1106
13 12 0.90 | 315
13 12 0.90 | 332
28 12 0.90 | 504
28 12 0.90 | 534
46 16 1.58 | 971
35 16 1.58 | 1084
13 12 0.90 | 316
13 12 0.90 | 323
28 12 0.90 | 504
28 12 0.90 | 534

N L LN N LR LN R N e e N
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46 16 1.58 | 1439
35 16 1.58 | 1228
13 12 0.90 | 386
13 12 0.90 | 397
23 12 0.90 | 621
23 12 0.90 | 640
46 16 1.58 | 1613
35 16 1.58 | 1228
13 12 0.90 | 386
13 12 0.90 | 386
23 12 0.90 | 621
23 12 0.90 | 640

2 0.15 oy Casaull
ALY Jaalatlly
il b Al

438yl
(S3 & )

6 e

2 0.15 clo s ol
ALY Jaalatlly
cilalaial 8 Al

A3 yall
(S4 & &)

6 e

(o) N e N e N e N e N e N e N e W o) N e N e N e

(ks JoVl _ssll)) Lozl
10 bl pas ylad
Taaal Ll
b
%10 4dlaal 2ay 48l
ila
b

Al (e AU Galdall bl s S sy o8 odle ) gl alasinls /L WY
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8.00m

T

2.50m

2.50m

#

D16@20cm
N
018@200)1—/ 0: 50 m —™
‘55&}4\9 @‘l‘“ -
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a16@20 cm —
a16@20 cm —

—88) Labhia s

2016

d10@20cm
\ )] 9 & bio (.80 m
4025 BN Bl l 910@15¢cm

s el 9 B
0.30 m (']

()

3220 =[2.5%8%0.5 ] = ¥ -1
1.44 =4.0%4%* (0.3*0.3)= s2ecY! -2
21.44 =¢ saxall
4 :2 ;1 halall i

0.213 =

ok 6.400 = 21.44%1400%0.213 = Caiaw ..

329.219 = 21.44%0.43= Ja )l

32 18.22 = 21.44%0.85 = (small

zeludl) pas

5S311 =2 [1. 58 % 2. 4 (1 f—z)] = A zbul) as 2

5$442.2 =2(2. 0% 7. 9+ (1) | = B et am s

saee ) Cpe o o¥1 Al )
228671 = [3. 86 * 5. 7 %8 4 =FE aaall = saecV)
2 1.14=2%(0.07+0.15+0.25) = ¢ Jsb

579, 2 =40, 62+ 1. 14+ (11 )] = g1 dpss
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() 4

%20 = ge¥) -1

329.6=0.15%8*8 = il -2
% 29.6 = g sexal
6 :3 ;1 Ll ds
0.15 =
b 6.22=29.6%1400%0.15 = Cuiaull
32 13.22=29.6%0.45 = Ja )l
3226.64 =29.6 * 0.9 = sl
bl nas

<311 =2(1. 56 % 2. 4 * (18E2)) —A

S 442, 4 =2 (2. 0% 7.9 (10—85)) =B
o
~S518.3 =1, 58+ 8 * (1 38—2) = cial
SS$528 =1. 58 % 8. 15+ (1 ) = =l
(=) 4l
%20 = ¥ -1
35 7.68 =4%8%(.8%0.3 = ,suall -2
3227.68 = & saxal
6:3 :1 Llal s
0.15 =
b 5.81= 27.68%1400%0.15 = cuiaudl
35 12.5=27.68%0.45 = Ja )l
3425=24.9 = 27.68 * 0.9 = aall
bl das

LeaY)

~S311 =2(1. 58 x 2. 4 (18E2)) —A

ei544-4=2<2*7-9*(1§,j—§)) =B

D]
23S 353 =4 % 3. 68 * 8 x 4 =Y
28101 =41, 58 % 8% 2 =1V

22.4=(0.25+0.9+0.07)*2 = Y Jsha

23S 244 =4(0. 62+ 2. 4% (1 38—2)) = (581 Aaes
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e Glalitll 33a 555 osllaal & 0.25 O aad) dlow s A(4x6) Al Laalay 3 2/ e
L 91x180

0.25

i
*# 0.25

(p4) ol olaiVl Glelil) das a2 /)

2 4.5 =0.254+0.25+4 = Olalidll yaa J5ha

0 0.8 o lebidll aaa fp Adlial) b a8

. Jishll sladll J 5k

= olelidll pas 2ae o

Laad) u Adlual)
6. 25

W 7268=1—"=
s 0.8

8= 1+7 = Qleliadl) dac .,

e 0. 78=%5= Sialal) aaa s Addal) Al .

e 31.5 =7%4.5 AU bl Jsha
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(r 0.25 o) yaadl elan) J sany Slaslaall (i) 5 Glaldll das a5 58 J gaa 2e ) olial Jaladall /(U

) ! A

- 375 m T [ 4.00m —> |1 4.00 m —

. 3.50m . 3.50m
g—bo P
Panel 1 ' Panel 2 I

i ps—
S 00 m v Panel 3

3.75m }
1 4.00 m —=

) L
Panel 4

4.00 m

J9d
Panel 5

!
—-—*— 4.00m —--'

gi ol
Panel 6

(» 0.25 sl clan s ddlall sla¥) Jici 5 8 5al slasl))
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4y Lgle atind g 3 ganll Mo aiind (piadad ) ALY
(4.5 m&2.75 m) J sk Lea 5 adadll
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[ 8 Alews Alee ) AL oda
Ae 5 Sl J ghas slaels dualal) cilluall

L

[Lo+L]*2 = JSall (5 38 el J skl

aigh) JIEY1 48yl D
Lpadigll JEEV) e Ao pene ) JSEN i
o L@hal g s lall cJuatiee (B ¢ C'_ﬂ.m) il
&
2x[2 JSl) dabieet 1 JSaN Aaliue] =<0 Al
Gl & (AutoCAD) plasiul -3
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/dad)
dagall e Xadalaill sae -claaliil) J gl + S A 3K sl J) sV & sene = KU (535S sl Jshall

2x[(0.1243+0.12)+(0.12+.40.24+340.12)]=_isll Jiul xic 5 S jall J skl
0.9x1-(0.12+3+0.12)+

221.78 =

0.9-3.24+2%[3.24+6.48]=
2 22.2=1%0.48-22.68 = 0.48 syl Jiu) 2ie (5 3 jall Jshall
2 22.32=1%0.36-22.68 = (.36 syl Jiu) 2ie (5 S jall Jshall
2 22.44=1x0.24-22.68 = 0.24 dxy il Jau) xie (5 K yall J shall

cladl) J gaa

e

3as ) 3 yadl)l Jualss
ol | skl

) ] Ales i gl 5 Tl

.
c w\
g g

0.9 oY) Gl yis

0.9 LR ol el
0.9 0.15 o s dal) oaslly g 5l

0.9 4:2:1

CriawY) 45 ga g (3 saldally o L)

048 | 222 i ;
0.48 dapxd) -
036 | 22.32 0.36 syl

024 | 22.44 0.24 44l -z

024 | 2244 | % | Lliiiadh )l gle dlod s
_ 224 ba 3:1.5:1

el el Jgan 8 Jandl il Za 30 ALY ) el ApeS Con) HL W
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E
316@200mm
| clc

N\

|
j B @18@200mm c/c
A @18@200mm c/c

- #
@10@250mm 0.4-2*0.025
=0.35

!

length

6-0.05%*2
=3.9
11.9
4.65
5.9
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*rk laasl) Jglaa dlac)
oLl (el Jaladall o gl il Jalall o el J s 2e 1/ JGa

/dad)

Clakaliil) J gha + Ailzal) ) sk¥1 sk =5 38 yall Jshall Cilsa
(Al i je xladaldl) sac)-
(3)J8i+(2)dSit(1)Jsi=

+2x342.75+2%(1.2542)+2%(4.25+8.5)+2x(6.25+4.25)=(1 )<

2.35+2.35+2%3.75+1.6+4.25
26.8+53=

2 71.7=0.9%9-26.8+53 =_iadl Jiul xie (5 S jall Jhall

¢ 75.48=0.48%9-26.8+53= 0.48 4y 2l xie (5 38 yall J shall

& 76.56=0.36x9-26.8+53= 0.36 a3l xie (5 < jall J shall

e 77.64= 0.24x9-26.8+53=0.24 day 31l aie (5 S yall Jshall

Gl J g2

3 yadl) Jualss

4y gl g nall

Lyl Bl Sy (el Lba
(B.M)

) ) G sl
Sub-base LA oaslly an il
L'AJY\ LPEN Aallaa
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Lla A0 Jlas) Ll

5 yadll Jualss

dalual) 58 Al Al

68.94=8.7-77.64 : 4 gha ) aile Lolu A

15 lans LK s Al 2
e&-&

dalial) ddluw Al -

19.359 . . : oY)

Dl Dl A

9.49=3.9+5.59 i) sk (Bl )

sl

salu gl -

13‘53:\:‘3\ e _G
C)J]\ (PAaa -2

!

]

(9 <) ¥ sty 8.7=1+0.8x3+1.3+4x1 = &l ¥ J) skl

X4 x6+2x4x4] = s _jal) daliwa

22 118.41=2.25%2-4.25%1.6-1.35x13.75= (¥ ikl Caiss
20.475=2.6x2.75+4.1x3.25 = 4 sigll Cais
3.9=1x[0.5%1.3+0.5%25+2x[2x0.5]= <lulaill cilay
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3as gl 5 yadll Jualss
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0.36 4y -
0.24 day 3
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i) 4 sk ) aile (5 e (e -
4 il Ol -
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g &Y | el [ Jshall
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TN 2e dau) g Lgie

#(0.8%2.1) sy PVC Gl si)-

e1.0x2.1 Al s @l g -z
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2 1.4%2.8 by s by =

OS5 G Ul elubd S g uead
PVC e &l g aaall (e i<l
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Al oAl Sl e
0.1x0.35%1.25

2
e

daa Al o) jaadl Gk

(2.25%2.75)+(2.75%3.75)+(3.5%3.25)H(4x4)x2+(4x6) = )l dalis -]
2298.02 =(2.6x2.6)+(2.75%3.75)+

Slyel jpually Seall 5 ilpun SV (ke -2

8.0=(1.0x1.75)+(2.5x 1)+(2.5%1.5)
41.31 =3.06x2%(3.5%3.25) = guhall -3
k) 62.73 =3.06x[2x(1+1.75)42%(2.5+1)+2x(2.5%1.5)] = cbauall 4

(d;;sﬂ\
sl Jlas ) bl

&EEJY\ UAJ,J\

Jshll

5 yadll Jualss
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3.06x19.2
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Pricing i)

2LV 5 Aa¥) o penil) Ll Liliae A5LasY) col jaall 4l 4ISH aas o

Al 48K e 0L B y88 (oY Al AalKT) o oS

ladis b ALl o pall

la ey de U Jae Yl

oY) oy jbaall § Sl

%(20-10) glL¥I-<

Al A8l (40 915 Adla Lo ))s %10 Al s A o AN ) jaall e /e

4 ¢lidl A gane dualii) 400N Cila gleall Glal 8 5 13 CriansY) 4 ga g (5 sitlally Ll 3 438 ]
o Jlee 4 5 L Gl 80 Lalaie daa s 5l sake dale 1 (e Ao sanall () 5S 2 50/%
38 5l 4000 IS i gale 1 Gl mu Sl Call 20 W die Gaa g 5ak 03 ke
Sl Gl 170 Coiand cda e 3o/ 5l Call 25 Ja )l e

2LV s AoV CBeall ae Catanall 45 e pa (5 saldally el (e a1 400 22N Al
AN

43 5i1a 400 = a1 (3 sl S

3a0.22 = 4 sall 408

ox(3+1)x 0.75=0.22

%0.073 = o

oS 2 = 23K 100 = 23S 103= 1400% 0.073 = el ()5

32022 = da )l

1000000
Ly 250 o = saal 5l 48 o)) A6
Ol 250 2000 Sl 48 g

o gall 4al

il 17= 170x—22 = caadl ]
1000

Dl aall 1100=250%400 = Gsdall 2
6.6=25x0.22=Ja,l 3
Dbl 123.6 = & senal)

Janl) 48IS

o5t 4 = Jleal) 4l
M3 Gall 160=20%4+1 x80 = 2al5ll o sl ¢ senal) 4alS
Jias all 40 = 22 =5 1 Jee 48
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Dl 163.6 =40 + 123.6 = Janl) A< 4 3 gall 24K = 2,1 ds8al) 23K

Dl 179.96 = 1.1x 163.6 = 4))a¥) &3hweadl) aq 44lSl)

3o/ Sl Qall 207 = 206.955 = 1.15% 179.96 = LY g dyilgil) 23K

Al e slaall ol 8 5 13) Aadusal) ol AN (e %a] AalS 2a ) 2
Yo/ Sl Gl 40 = a8al QA gl Po/paS 100 bl yas 4 422 ] Lalall s
D all 25 = Aluya %a 1 J caall el (Olaad) ) sal Jady)
/)
A gall d0aS
23S 300 = Ciand
320.43 = Ja
3e 0.85 = (o>
3 gall A8 ]
300
,)L‘.-.’J“JS\ 51 =170 *M) = Caiaudl
Dinadl 10, 75=25% 0. 43 &)
Dbl 30 =35 % 0. 85 sl
100
il 100 =1000 T
Dbl 191, 75 £ sl
Jlac V) 488
Sl Gall 40 = a3l Q) gl
s al) 25 = Al Al Cua ) sal
Dl 65 = g sandll
Dl all 256.75 = 65 + 191.75 = dgadal) 4l
Db Gall 282,425 = 1.1% 256.75 = dg YY) <Dlanili- 44K
Dl il 324,788 = 1.15 x 282.425 = A0 4K .,
bl g 13 %0 1 bl e b O Citend) igas aall Gabill AS aa sl 4
Al il sleall
ol 34 = (2 0.03%0.6x0.3) Sy ya e %a 1 o
3 gal) A4S
Jan il 34 =221 el
(3+1)0.75 = 0.04x1x1 = Gaabailly dalall L gall -
0.0133 =
?;szozw\djj:.
30.04 = Ja )l
Je 4 5 Jln all 80 dua s 30l sale dule 1 (e O 5SE Jaall Ao sann s Janll )52l 4
e).—!/ze 5 =4c sanall o2gd Aali¥) s Gl 20 4 sy 3oabk (ke e
2012-2013 aobuwl (sle laallsd Lwiipoll aclls asl )l al>,oll




Jhay Gl 160 = 20 x4+1 X80 = de sanall i
S G 10,67 = ~2 =2 [ Jae 4
15
Dby all 34 = el A3l
20
Jandll 304 =170 —— = Caiaull

1000
1.0 =25 % 0.04 = )
by Call 38.4 = ¢ sendll
49.07 = 10.67+ 38.4 = 4xa8al) 4aK])
53.9=1.1 +49.07 = 4)1a¥) &3laadl) + 48K
Dl 61.9 =1.15% 53.9 = 4Ll Ak

H.W

Co 1) el ) I Guladl 4
A Al Gl paadl e pally Cadzill |5
o=l pabll 6

Col) Ciiand) & sas gulll 7

Co 1) oiad) L 5ey il 8

2012-2013 aolul sle laslles Guipol! acll sl JI @l o)l




daiaal) duaigl) Jlas ¥ ALl ciliial gal)

didl) cliial gall
dia g Jorll Jladl 8 deasiial) 3l gall (pania B2l S ddia daad Al A glaal) latiise (gaal
Cillabaall b elai Y ) e sbeall s sbas¥) (i A Jaall e Ja) e s O IS il s (s sina s

A i)l atinna b )
ddia) gall A3 (e 2 Al
o3 leda) (S Y il il sladll e e g Y 8 Jeally Aginall Gl aen (1S3 58
Gidalad )
Jsaall -1
(Il al) (aedil) Luriga -2
pall (uaigall 4
Jeall aalia -5
O sl Gl glial) -6
43 glBal) il aiins

SN 5 J oY) Lepanidy A glaal) da g 1% -2

GREVAN| g PLEN:

Cllakadlll 4

daal gl -5

ALY Qs -6

M)\AAX\ cUa.c -7

(Sl ) Clelasll jedie I Cilaglas -8
plUanl) aa 2l oyf cuay Al (336l

Jsladl 48 -1

A< HEl Cp oS Aalald) @bl 2

Alilaal) Jlae YU Aliade Al 3

Ulls J il L sy 3 Jlae YU il -4

MJY\ L.\\.g.a\ﬂ\ -5

iyl L (5 gl -6

2012-2013 aolul sle laslles Guipol! acll sl JI @l o)l




(lakiiall) Jai) A} 5 ciliia) gall (s A3Dlal)
cillaladall

J}JAS\ —1

3 gl e -2

.Jl.a_.iy‘} d:\.sauj“ —3

LRI LY Jaalis 4

L_i\_\’.AMj DJQAY\ Za..u‘} o -5
clial gall Ll

I gall A g dse 5 -]

Jeall e 53 5l (5 giua -2

Ll o) slhaall Cilia sadll -3
Janll 43y )l -4

Lalladl dpuldl) Cilial gall -5

Cildia) gal) 4S8 daddioual) dalaiY)
g As k-]
Aledl) Aniil) 48y )k -2

Baainall Cilina) gall

381 el Cildual sall -]
ASTM 48 )a¥) clisal sall -2
AASHTo 45 Y Sliial sall -3
EN 4, 5¥) Clical sall -4

ISO 4l lisial 5all -5

BS ey ) Clial sall -6

DN Zailad¥) cliaal sall -7

QUym‘

(Cisrae st i) cllaall dad (e 9(5-2) A s¥) el -]
(Clara QS 5l Cig prmn dlia) slaall dad (4o (%10) Ailedl) cilinalill 2
Alxs
MJY\ L.\\.g.a\ﬂ\ -1
Al clisalill -2
S5V DY 2 %5 a
Aluall 3 8 dle 223 %5 b

2012-2013 aolul sle laslles Guipol! acll sl JI @l o)l




