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Ql- A -e (60000 mr) of hard, tough clay eanh is required 1{) tJe excavated during 3

months. Find the smallest power shovel that can b€ used to do th€ job, using the following

information:

Actual depth of(2.7m)
Angle ofswing of(45").
Job conditions are poor-

Managemenl conditions are good.

working day=8 hrs.

Working hour-S0 min.
Percentage of stops=I 5o%.

Month=10 days.

Q1-8- Determine the Facton that affect the cost of olvning and operating

construction equipment include?

Q2 -A - Oet""nin. the number of strokes per min (n) for a duplex double actints srze

(l50mm x 300nm) ifthc total pumping head including friction loss in pip€ is (18) m and the

efficiency ofpump is 60% and the minimum horsepower is 12 hp, the weight of I liter of
water is I kg. Assume a water slippage of 3%.?

Q2 -B- Th" "*".. *ust consider atl costs related to the ownership and op€ration ofthe
equipment , What are these costs?

Q3 Select the smallest power shovel reqLrired 1(] excavate (56000 m3 bank measure)

of hard, tough clay earth in I l0 working days of8hrs each. The average depth ofcut
\\,itl be (2.7m) and the average angle ofswing will be (90o). noting that thejob
conditjons arc excellcnt, the managcmenl conditions are good and the working hour is

60 min.?

Q4 -A- Determine the Maximum size batch ofpaving mixer which Maximum outpur pcr

hour is 90 rn3 and it is possible to produce a batch ofconcrete in 60 sec.?

Q.l -B-what are the oisadvantages ofowning equipment compared to renling il are?



Q5 -A,- Determine the probable cost per hour for owning and operatrng
a (10 m3).tly9! w{! srx ru?ber ttes, usrng the fbllowing information.

LOSr OI L,qutDmenl

-

L OSt OI trres

-

Enqlne. lJlesel
LranKcase caDacrtv:ry
Uperattng tactor

$92623
sl2l r3

2!S hp
53 liter
80 hr
0.6

6 yearsUseful life, with no salvisa;;I,;
Life i f tires 4000 hrs
Repairs to tires
Maintenance

I5% of depreciation of tires
6004 of Depreciation

Investrnent 20olo of Average Value
Hours operated per year 2000
Cost offuel per liter 0.33 $/liter
Cost ofoil per liter 0.53 $/liter

Q5 -B- Defir€ rhe fo owing terms:
Co€fficient ofTractioo , Rolling Resiststrce, Rim pull, Grad {bility:

Q6- A fiactor whose weight is ( l8 rons) has a drawbar pulj of(2100 kg) in sixth gear when
operated on a level road having a rolling resistance of(50 kglton); ifthe same tractor is
operated on another level road having a rolling resistance of(40kgton) then:

l. Will the drawbar pull ofth€ tractor bc reduced or increased, find the effective
drawbar pull?

2. Ifthe road hav€ a slope of(5%), what witl the cffecrive drawbar pull be, if
the tractor moves:

a) Up th€ road.

b) Down the road.



Equations

2079 + 440 R
P=7+

1.8T + 32
I4I4 RP=7+-- I.8T + 32t -t aoh

Check Bending:

out Put lmt / hr

Check Shear: I =

- r(rv + r)+ s(n - t)
2N

zdlln
o=cr-vlo<

W.

Puet consumed Per hour
operatingfactor x hPx engine

consumption

hD, t ' 0.0027(ks / hp - hr) C

o.89(kg / l) t

Table (8-2) - Ideal Output of Power Shovel' in

Cubic Meter Per 60-lvlin Hour, Bank Measure.

Class of
material

Size shov€I, cubicmeter

0.3 0.4 0.6 0.8 t.2 t.4 1.6 2

hiCh sand
I.I
65

1.4

88
1.6

t26
1.8

t5l
2.O

190

2.1
218

2.2
215 271

2.6
3t0

Sand and

eravel
Ll
6l

t.4
a4

t.6
8

1.8

153

2.0
t78

2.1

206
2..2

229
2.4
252

2.6
298

Good
1.4

54
1.7

73
2_l
l0l ll4

2.6
160

2.8
r83

2.9
206

3.1

229
3.4
2.68

Hard, tough
clay

t.8 2.1

57 84

2.7
i

3.0
117

3.3
r56

1.5
180

3.7
202

4.1

236

30 46 '72 95
"s

t37 r56 n5 210

clay
1.8

l9
2.1
30 53

2.1
'13

3.0
9t

3.3
ll0 125

3.1
141

4.0
175

blasted rock ll l9 38 57 't3 88 t07 t22 149



Tablc (8-l) Covtrlon Fac|u for DeFn ofcur ed Anete ofSrins

t30 t50 120 75 60

0.59 072 0.8 0.91

066 0.73 031 t0l tl
069 0.86 098 t01 tt2 t22 30

0.11 088 100 t07 r. t6 |.16 100

0.1 086 |.01 I tr L20 120

0.71 091 097 tt2
0.75 085 L03

Table (84) Cctncier R€l.t d ro Mdagcncn od Job Cmditions'

0 8r 0.70
078 0?5 0?l 0.65
o12

061 0.{ 7 052

Crp..iry. (|n.B p.roin)

ll.ieht ofPuip rbor. w.r.., (d)

J.0 ,|J 75

5 122

lt8
8 ll0 254

9 299 250 l]l
t2 269 221 t25

t5 2tl t91 r55

r8 l5l l2r 8l

2l 8.1 8l 75

Crpr.ity. (lir.B D.r mi.)

.istt ol Puop.bor. \l.rer, (o)

1.0

6 5ll

8 541

500 435 352 246

I2 411 133 239

t5 413 107 223

t3 14l I lll 265 t9.l

2l .250 t55

24

t5l



C.p.citY, (liGB P.r rrn,

icieu orronr.t"'c w't"'l't

Trble I l0-ll - Minimom C.prci(id for V-Rtt'd S'lFPriming C"trifug'l Pudps Mtnuftdur'd in

*coraancc *ittr StanOrrOrofthe ConlrscloB Pomp Bur'ru

c.p.clty, (ti&n 0.. dlot

H.kli of PuEP rbov. wrt r'(m)

3.0 4-l 5.0

980

7U 606ll 912

651 5t0
l5 852 165

l8
510

2l 606 606 522

471 473 471 41J

21 163 l6l l6l 361

C.PrcitY! {ln.n F. nid)

H.igh of PunP .bor. wtr.r, (6,

3.0 ,lJ 6.0 ?5

8 llt9
7 915 157

t2 r045
613

l5 897 602

l3 813 802 689 553

2l 659 659 593 481

24 488 471 394

21 lt0 It0 lt0 280

29 2t6 2r6 216 216

crptcig,{[r.n P.r do)

tl.lght ot PurP rbov. w.t.r' (m)

3.0 4J

1260 1060

ta |l92 t022 613

l5 1098 813 543



Trbl. (lGl)-Mitri'num C.prciti6 for M-Rrr.d Setf-primi.g C.btrifugrt pumDs Mrnrfrctu..d itr
.cordanc. *i$ Stand.rds of ah. Conir cton pu mp Burero

Mod.l3GM

Tot l tLid
incloding

Friction, (m)

Clprcity. (lh.E p.r ni.)
H.ight of Pun p lbove Wrre., (m)

3.0 4.5 6.0 7.3
9 l89l t646 1325 946
t2 474 1628 1305 946
t5 79E l57l 1287 927

IE 70-l t54l t230 90E

2l 5't I t400 |l36 E7I

l SrK 1230 to22 799

27 946 908 Et4 662

30 379 379 379 379

Mod.la&M

Totll Held
itrcluding

Cipicity, (liten per nin)
Hcight orPunp rbovc wrter, (m)

3.0 4.5 6.0 7.5

E 25t7

9 2494 2\16 1794 1344

t2 2441 2139 L7@

t5 2341 2063 t722 1306

IE 22t4 t930 1641 | 268

2l 2025 t79E t552 |92
t760 1552 l3E2 916

21 l4l9 t2l0 I t36 E33

l0 946 El4 ?38 549

33

246

221 189 t5l

ModelqlM

i{cludi.8
Friction,(m)

C.p.city, (litcts p.r min)

Height ofPump rbov. W.t.i (m)

3.0 ,t.5 6.0 7.5

5678

9 5602 48,r5 3974 2990

t2 5413 4656 3861 2952

l5 5l l0 4391 3612 2742

lti 4637 3971 3407 2612

2l 3974 J407 291.] TA)



227 | r855
3028 2574

t382 I l15
27 1703 t5l4

319 379
l0 379 379

;-r*
(Umin) ;T *T '.0 I ,* |rs Irts l3?5 l50 62.5 73

t.9J 0.51l9

3E 6,E6 t.Tl 0.E3 0.25 0.t r

0.45 0.19l2.E t2E 1.51

0.tl
76 25.r 634 2.94 0.E7 0.J6

9l 15.6 8.9 4.14 1.2, 0.5 0.17

1l,l 44.6 1t5 6.26 r.Et 0.?5 0.26 0.07

0.,14 0.tz

0.lE

l5l 2J.5 10.79 3.1 l.2E

0.06
It9 f,6 16.:l 4.67 I.94 0.66

139 0.12
244 35.E l0.l 4.tl 0.2E

376 r7.1 E.5l 239 0,62 o.z 0.0E

454 24.7 10. 0ta 0.29 0.12

56E 38 15.4 5.14 t32 OJJ 0.17

6.51 I.CI 0.54 0.22
643 4E4 t9.6

757 66J 26.7 E.9 2.21 0,74 03 0.0E

Ell 322 10.7 2.72 0.88 0.36 0.{B

9U u5 14.7 l.u 0.49 0,ll

1(X0 5lJ 16.9 13 tJa 0.56 0.14

l136 t9l +49 ls8 0.64 0.16

t2a7 244 6.t9 2 0.El 0.21

l5l4 33.9 4.41 2.7' l.{t9 0.24 0.09

lE93 52.5 ll.0 4.16 1.66 0.42 0.t4 0.06

2271 tE.6 5.EE 234 0.6 0.19 0.06

2650
25 7.93 3.lJ 0.E n.26 0.ll

3024 t2.4 to22 d.03 1.02 0.33 0.14

3,107
,10.E 12.9 5.05 t.21 0.41 0.t?

3785 50.2 l5.E l5 0.5 0.21

1151 l9 7.11 ta1 0.59 0.?5

4542
225 E.76 0,7 0.1

4921
10.2 2.56 0.82 0J4

5299
tl.8 2.95 0.94 0.4



Ttbb (r0-3) - rdsrh ofStc.l

NoDtr.t Sirc, nb

3rJ t13 !0 625 75 llto r25 150 200 2C) Jl)

lr Ubd 0.9 l.l l3 2A 3,a 1.1 10.0

|).a 05 0.6 03 0.9 IJ t.9 23 Jll

1.7 2A f,.t 4.I

5l

&a tol r3J r63 20.1

IJ 2t 3.t
'u, 1n 13

'J
uJ la.9 t&t

0l 0, OJ OJ 0t

35.1

OJ l.l LI

a2 3 lJ.l 16, 4,1 25.t1 1t2 5|)J E5,. t02.1

4.0 1t a.l' t2"9 16.l t9-2 32t arl

l0.t I t.6 1.1.0 16.8 I95 2J2



O*r, A Solution:

Time requiredto do the job: 3(30X8X1- 0'15)= 612hrs

ectualoutout:{ff =s8.03 m3 lhr

50

60

Actuat output = Ideal output\(D,,1& A*i"E), r(l **t)or(ri^"),

Actualoutput = l56x 1.26x 0.61x4 - 9 g.87 mt I hr

99.87 m3 Ihr >98.03m3 lhr=..oK

Actual output = Ideal outpurx\D*, & A*,,,r)r'(t * w)o 
^{fime),

Assune thal ihe optinun deplh is equal to the actual depth

Then the % ofoprinum <tepth =1oo%'Anele ofswinS=45"

Fronrabre(8-3). \D",, &A,*r,"), = I'26

ircm,able'8-4,. (L aU)o=0.61 rn r",* fi
5n

98.03: ldeal output xl.26xo.61x. =153 05 mt lht'60
IdealOutpu = 153.05 rn 

r /&/

Fron rabre (8-2). ro. Ideal0utpu = 153,05 m3 lhr md hdd, toush clav eadh choose(12 nr)

Frontable(s-2), for l 2 nr) power shoveldd hdd. toughclav edth:

ldeal oueur= 156mr/h., oplimum depth= 2 7 m

)7
%of optimam cut = a x100= 100%

Froo table(8-3). fot 100% of optimun heiShl and 450 dgle ofswing:

(D*,&A*i,,)F= 1.26

F on,abre(8.4). (J&M),=0.61 ,r^" r*to' -



ANSOlB

-F*rorc 
that affect the cost of owning and operating construction

equipment include:

1 . The cost of the equipment delivered to the owner'

2. The severity of the conditions under which the equipment is

used.

3. The number ofhours the equipment is used per year'

4. The number ofyears the equipment is used'

5 . The oare with which the owner maintains and repairs the

equipment.

6. The demand for used equipment when it is sol4 which will

affect the salvage value'

Solution:Q2A

From eq. (5-4):

w wQh lrXx48'-- 4560 4560 e 4560<0.6
=I824L /min

1824 = 2 (1-0.03)x
o (rso)'(:oo) ('r) 

" 
r o,u

rr=177.43rpm



Solution:Q2B
fhe owner must consider all costs related to the ownership and

operation of the equipment, and the effect which continued use will
have on these costs.

The costs to be considered are:

l. Depreciation and rePlacement.

2. Investment.

3. Maintenance and rePairs.

4. Downtime
5. Obsolescence.

Solution:Ql

56000
Actualoutpul --j::::) = 63 63 m'lr/"

Acraal output= Ideal outputxlo*, & A*,,)0"(t a a)o"(ri.r)o
Assume that the optimum depth is equal to the actual depth

Then the % of optimum depth :100%, Angle of swing=90"

From table (8-3), \o",, *.t-,,r)" = t
From table (8-4), (t*A)"=O.At

60
Time factor = *

Ai
63.63 : Ideal Output ^ 1 0.81,:

ldeal O'rtp\r = 7 8.56 m3 / hr

Use (0.8 m3) power shovel

From table (8-2), for (0.8m') power shovel and hard, tough clay eath
Ideal output= 111 m3/hr, Optimum depth: 2.7 m



)7
qoof oplimum cut =::-x 100 = l00oh

Frcm table (8-3), for 100% of optimum height and 90" angle ofswing;

\o,,,at*,,)"= t

From table (8-4), (laa)"=o.tt,time factor:uoq

Actusl output = Ideat Output x\D 
",, 

& A,,,.r) o "(l a U)o "(ri^")"
60

ActualOutpul = l l l l 0.8l A=89.9 z' r'rr
trU

89.9 mt /hr > 78-56 m'/hr=..oK

Solution:Q4A

No. batches per hr = 60 x 60 sec + 50 sec = 72

Maximum size batch=gO = 72 = 1.25m3

Solution:Q4B
Disadvantages of owning equipment compared to r€nting it ar€:

1. It may be more expensive than renting.

2. Purchasing may require a substantial investment of money or

3.

4.

credit that may be needed for other purposes.

The ownership of equipment may influence a contractor to

continue using obsolete equipment after superior equipment has

been introduced.

The ownership of equipment designed primarily for a given

tJpe of work, may induce a contractor to continue doing that

type of work, whereas other work requiring different types of
equipment might be available at a higher profit.



5. The ownership of equipment might inlluence a contmctor uslng

the equipment beyond its economic life, thereby increasing the

c05t of production unnecessarily

Solution:Q5A
Because the tires have different life than the truck, they should be treated

separately to calculate the depreciation of each.

Cost to owner;
Cost of Equipment 92623

Cost oftires 121 l3
Ner cost less tire

average value oflhe equipment P = 
PIN-:J ) =e262ll! - 

Il
2N 2\s)

80510

55574

at-"arco.tr foittu"f-

Deprecialion: ^ P 80s10

N5
16102

Maintenance: M = ;o%D = 0.5(16102) 8051

\"*ttt"""t'J - n' 0.2(s5574) 11115

Total Amual Fixed Cost s3 5268

HourlY Costs:
Hourly ownership cost 3526812000 17.63

FueI: 0.6 x 2 5 0 x 0. I 5 (0-3 3 )

Lubdcation Oil:
250 x0.6x0.0027

80
= 1.12\0.s3)

0.89
0.5 9

Tire depreciation: I 2 11 3 I Sooo 2.42

Tires repairs: ,../5 ' 2.r'2 0.16

Total Cosr per hour, excluding labor $28.43



Solution:58

Coefficient of Traction ;The coefficient of tuaction may be defined

as the factor by which the total load on a driving tire or track should

be multiplied in order to determine the maximum possible tractive

force between the tire or track and the suface just before slipping

will occur.

Rolling Resistance: Rolling Resistance is a resistance which ts

encountered by a vehicle in moving over a toad or surface This

resistance varies considerably with the type and condition of the surface

over which a vehicle moves.

Rim Pull: Rim pull is a term which is used to designate the ftactive force

between the rubber tires of driving wheels and the surface on which they

travel. Rim pull is expressed in kilograms, and it may be detemined liom

Equation ;

Rim Pult,. -, = 
2 71 x hp x eflic ie ncy

speeqL-/r,l

Grad ability: Grad ability is defined as the maximum slope (expressed

as a percent) that a crawler or wheel-type tractor (or related equipment)

may move up at a uniform sPeed.

Solution:Ei

1.

Differc ce

Drawbar Pull

will be inffeased because the rolling resistance is lower rban the

=w^"lR R.,/ - s0)= 1s,,, x(40-s0)&,,,, = -r80 ig



Effective Drqwbar PuU =2fOO - GISO) =2280kC

2. If th€ tmctor v/as moving ona sloped road' then:

a) lfthe tmclor was movng up the sloped road' the &awlar pull used to overcome

the gade must be rcduced ftorn the original tlnwbar pull:

Dravbar Pull to
= wb-xlqxslope

OvercomeGrude

Drqwbar Pull to
. = l8 x l0 x (+ s) = s00&s

()vercome \rfaae

Effecttue Dr6t ,bat PuIl = 21 00 - (- 180) - 900 = I 3 80tg

b) lf the iractor was moving doil,n the stoped road' then the drawbd pull will be

added to th€ original dnwbar Pulli

Drawbqr Pull to---- - = W,* xl}x gope = 18x 10x (-5) = -900kg
Overcome Grade

Effective Drnwbff Pull = 2100 - (- 180) - (- 900) = 3150&g


