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NOTE: Answer ( 5) Questions ON|-Y

Ql-(A) A crawler tractor weighl is (20 tons), has a drawbar pull of(3000 kg)
operalihg on a road having a slope of(3%) and a rolling resislance of(75
will the effective drawbar pull be ifthe tractor moves up lhe road?

in l" gear, is

klon); what

Ql-(B )- A piece ofequ'pment is available tbr purchase for ($20000), has an est'nated uselul life
of (5 years, and an estimated salvage value of (95000). Determine the deDreciation and the book
value for each ofthe 5 years using SOy method, and then draw the relationship between useful Iife
and book value----.--
Q2 - Delermine the probable cost per hour lbr orvning and operaling a diesel engine crawler

power shovel, using the following infbrmation:

Cost ofequipment $ 60000
Shipping & unloading $ 5000
Usetul life 6 years
Salvage ralue ar the end ofits life $ s000
Hours operated per year 2000
Cost offuel per hour $3.6
Cost ofoil per hour $0.4
Mainrenance cosr is 60% ofits deDrecialion
Investment cost is l0% ofits avengr value

Q3-(A) A lractor whose weighr is (l5lons)has a drawbar pull of(2000 kg) in sixlh
gear when operated on a level road having a rolling resistance of (50 kg^on)i if the
siune tractor is operated on anolher level road having a rolling resistance of(3okglon)
tDen:

l. Will the drawbar pull ofthe tractor be reduced or increased, find the effective
drawbar pull?

2. lflhe road have a slope of(j%), whar will the effective drawbar pull be, ifthe
raclor mo\,€s:

a) Up rhe road.

b) Down the road.



Q3{B) (5,Un0 mr) of hard, tough clay earth is requircd to be excavated during 3 months. Find
the smallest power shovel that can be used to do thejob, using the following information:

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

Working day=10 hrs.
Working houF5o min.
Percentage of stops:l 5oZ.

Month=30 days.

Q4-A Find the cosr of using a (!.4 mr) power shov€l to excavate (150000 mr) ofsand and
gravel soil. usinB lhe following informarion:

Actual deplh of(2mt | - Working houl-so min.
- AnBle ols\a in8 oft 125'). l- Percenlage ofsrops=t590.
- Job conditions are good. | - Monrh=30 days._ Management conditions are fhir. I - Cost of power shovel per day= lD

-Working da)-8 hrs. 20000.

Carp€nt€r's fees (for making & erecting): 2.5
$Ar

Carpenler's time (for making): hr/t00m:
Carpenter's time (for erecting): 6hr/t00m:

Helpe6' fe€s (for making & erectine): I .25 $4tr
HclpeB' time (for makins): I hr/l00ml
H€lp€rs' time (for erecting & removing):
5h./lOOn'

Q5 (A)- 
Desierr the form for a concrete slab having a thickness of (l50mm), whose net width

between beam facesis (4.7m), use 25mm lumber for decking and 50mm lumb€r forjoists, type
oflumber used is Douglas fir whose stresses arc shown trelow:

Q4.B Compare the cost of lumber and labor for (200 m,) of forms to construct
concrete columns based on using the form once versus using them 6 times. The foms
rvill be assembled with adjustable clamps, dressed and marched (D and M) shearhing is
used; it will require 1.7 mr oflumber per square meter ofexposed surface: make use of
the followins information:

The total load on deckinr will be:
Concrete 3.6 kN/m'
Live load 1.9 kN/m'
Total load 5.5 kN/m'

Kind

Ssfe workirg stresses, (kl{/m1 x1000
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(!3( B How maoy lii.ts of ft.sh wrtcr vill bc ptnFd p.f minutc by r d+lcx &ublc
&titrg rb (fgloD x 3lxbn} &iven by s cr.ntrh8ft making (90 rPD)? Iflh.
tor.l lEad is (1&n) ltd lhe cfficiqrcy of tl|c lutnp k 60'ln whtt ir tF minimun

hd!?owr rcqdEd op.tdiog th€ Fmp? Thc wligit of w.t6 i! ll8 Fr lit .. t vrtcr
stipFg. of a'A?

Q6 Fid ttr lrodEdott ra[. of thc qrwLr-tratd-mo|mtcd l@de. slrown in Figtrc' uling tlE

following informrtion:
Bwkct capocity, 1,72 mr

Swell.25%
Tl! {or op€tding frc{or, 45 ni.t/lr

- Travcl spc€d by ge.r:

Forr[ad s@
(n/min) Rq/!r!c

Sp€cd
(r/min)

5l 62

f 78 f 97

3'i 107 f t3,l

- A$unc that thc tnrtor will lr&v.l at sn avcEga of $% ofthe sp€.ifi€d spccds in 2'gcrr,
fonrad and rcwsc.
- Tha fr(!d timc should bc boscd oo tinc indics bi th€ p.rticda. €quiFtl@t dd job (O4

nin).
- lt's FobGbla lhd lhc rvctage volumc will be abou ql% ofthir crprcig ftr $ldritrcd



Table (8-2) - Ideal Output ofPower Shovel. in Cubic Meter Per 60-Min
Hour. Bank Measure.

Table (8-l) ConrcE@n Fddor for Deplh ol ( ur lrd AdgL. ors\rns

Size showl, cubicmete.

0.1 0.4 0.6 0.8 t.2 1,4 1.6 2

hieh t.l
65 88

1.6

t26
1.8

157
2.0
t90

2.1

lt6
2.2
245 27|

2.6
310

Sod and l.l
6l

t.4
84

1.6

E

r.8 2.0
178

2.1

206
' ;;; / 2.4

252
2.6
298

cood

---_€tifli-l

1.4
54

t.7 2.1

l0l
2.4
n4

2.6
160

2.E

183

2.9
t06

3.1

229
3.4
268

flard, . touch,

L_,:,,--
t.8
38

2.1 2.4
84

2.7
llt

3.0
B7

3.3
156

1.5
t8. 202

4.1

236

well-blast€d

30 46 72 95 llE t37 156 t15 2t0

Wet, slicky
l.E
l9

2.1

30
2.4
53

2.1
73

3.0
9l

l.l
1t0

1.5
t25

3.1
r4t

4.0
t75

Poorly
blast€d

ll i 38 57 73 88 t07 122 149

t30 150 t20 e
0.65 o12 03

01t 031 I|l

086 098 rll 30

0.71 0?9 088 I Lr] tt6 @
01 471 tll t:0 120

071 081 tt2

062 085 r0l I60

Tabl. (3-4) CcfticBnr Relalcd ro Nl.na-ldre ond robC.ndtrNns'

084 0 8l 070
078 07i 065
012 065 060
061 052



()t)tzs)t/ i)l-^J\ d.\st 1=-1L1,'r
?--u/Ll

P'. R*d Sqlec'n

Pull Re gahed

,o or"r"oor" Ro irrg + Pu Requhed bl
()vercomc G rde Ixe sts tottce )

Elfective Druh,bar pu, =original - (oilference a) (rru Re quired to\pu 
loratoar ruu )- lorercom" cmie I

Efective Dr.hebor pun = SOOO _ ZO(zS _ SO)_(IO" t0" S\
Electirt Druubnf pult - J0()0_500_600= I90a kg

ANSlB Solution:

Etecrive Dmx'bot pulJ =origindl -Pu

Or:

R. a.v.
($)

0
20000

D _5-I+t .'. I' TS
o, = |(zoooo - sooo)= sooo t5000

2 R, _5 -2+ I _ 4 o, = lQoooo- sooo)= tooo rr000

3
f - lr t

' It rs
o, = lQoooo- sooo)= sooo 8000

R,_5-4+l _ 2
15 l5 o, = !(zoooo- sooo)= zooo 6000

5 R,_t-5+1_ I
1S IS

o, = |(zoooo-sooo)= tooo 5000

P=60000+5000=$650000

6s000 - 5000
= S 10000

M = 0.6 x D = 0.6 x 10000 = S 6000

D=



U_ 
p(rv + r)+ s(ry -.r) 6sooo(6 + i)+ sooo(6 - r)

2N 2x6
; 455000 + 25000.=---tr-_=$10000
I = 0.1 x F = 0.1 x 40000 = I 4000

F.A.C = D + M + I = 10000 + 6000 + 4000 = S 20000

r.u.c =---!'At
Hourc operoted pet lear
)nnnn

F'H.C =#= l0 $/ hr
/AUU

-'. Prob(ble Cost e,,0",,= F .H,C + Fue! Cost p* h",, + Oi! Cosl 
e,, r*,

;. Probable Cost,,,h*,= I0 + j.6 + 0.4 = 14 $ / hr

\!!!jJ/ 'tf," drawbar pult wi bc increased because lhe ro ing resistance is tower
lhan the lested road.

Differcnce

oriri"r r,,,, =w,"^,x(R R,*d- 50)= ts,,,*(to-so)r,,,, = -r00 ks

Efective Drovborpu = 2000_(_300)= B00kC
l. lfthe tractor rvas moving ona sloped road.6en:

a) Ifthe tractor was moving up the sloped road, lhe drawbar pull used to
overcome tha grade must be reduccd from the originaldrarvbainull:
Dmwbor pull to

overcomeGrale = ll,""x lox slope

Drotebor pull to
('verco'ne Grude = 15x lox(+ 3)= 1so*c

Elfeaive Drawbar pa 
= 2 000 _ (_ j 00) _ 150 = 1tilks

b) lfthe tractor was moving down tbe sloped road, then the drawbar pull will
be added ro rhe originaldrarvbar pull:

Drorubor pull to
overcon eGrode = ll,"*x loxSlope= 15x 10x(- 3)= -a50kg

Elfective Druwbat pu = 2000-(_ j00)_(_ 1s0)= 27591,



'ime required to do the iot = S(tO\tO\t _ 0.t s) = 7651,r,

,l"tuot ontput = 
50=0,!-0 

= 6s.4 nl / Itr. 
765

Actuat Output = Ideat Outpux(D,,, & A*,,,)o"(t * U)o r(fi."),
l::T:,1., ,1,. 

"r,*,1*elh is cqurr rc rhe (tuar dcp,h
I hen rhc "; uf oplirun d.tth =t(Jo"c_AnEtc of s\rnE 45"
r'rom llble r.1r. \D,,,, ,t e,,.,,"), = 1.26

Irromrabre(E.{). (t A A), = O.Al .r.* t.* -!60

65.4 : IrleutOutputx t-26x0.61> 
\n<: = B'64 t"r / hr

Idesl Outpa = 102. t I nl /hr

;::,il::i'"'- 
Irlcotoutpu=102'lt ntr /hr aMhard.bushcr*e&.lrchoose(0.8mr)

Fbmruhl(r8-2r'!.r0,1 nr,I,o*cj rhuLet nnu huJ.loushLtJ).eJnt,.
Lreat uurpur I r I ni hr. oprrnrunr dcprh 2.? tu

0/6 of optinu, ctit = ! x t O6 = 1 (Jg"/"
2.7

t- 
Ir"nr trhlc t,{-l 

"i'r 
lun., u' otrnlLnr h<i8hl JnJ J5. !,,ptc,n.ssrn8:

\D"',&t-,,,"),=1.26

F,om hbtc(8-4), (tAU),.=0.61 ,ri^" to.,* =!
60

Actuot output= Ided outp x(Dat &A"",,,")or(l a u)or(rio*),
Acluq! Output = llt x 1.26x0.61x!=71.1 nf / hr

7l,l mr / hr > 65,4 mr / Irr >...oK
ffi;;:''
ffi *1;;;l,;ixffi"',"1*-o -0,'",",,,,,,

ol of optinrunr cut = f- x t00 = 90.9lol

'" "'j:"':#H:,:i.1il';:iT;i;.,ltlllj;:i11,ttl,jL,"i:1:ilil;1j5.""*rc. 
in,crybh,i.n m,- be



EO 0.86

x,=0.87190.91 X,
100 0.68

f.om iable (8-3). for 90.9t% ofoptipum ld8ht drd 120" egle oi$yi g:

Frun tablc (8-3 ), for 90.9 I % ofotlnnlD hcisht ad r 50' egte of $viDe:
80 0.77

X:=0 7ll l90.91 X,
t00 0.19

Fron hbl. (8'j), tbr 90.9 lyo of oprirnuln h.ighr lnd | 25" eSte of $\ i
l2u" Q,87t

Xr=0 856125' X,
150' 0.isl

Lumber QuaDtity: 200 rn2, 1.7 m3/m2= 340 mj
Lumber Cost: 340 nrr^ 0.15/ m3= 34 g

Carpenter's Making Time: 200m2x 3hr/ 100m2= 6 hr
Carpenter's Making Cost: 6 hrx 2.5 $/hr: 15 $

Carpenter's Erecting Time: 200m2, 6hr/ 100m2= l2 hr
Carpenter's Erecting Cost: 12 htx 2.5 $/hr = 30 $

Helpers' Making Time: 200m2x lhr/ 100m2= 2 hr
Helpers' Making Cost: 2htx 1.25 $/hr = 2.5 $
Helpers' Erecting &

Removing Time:
200m2x 5hr/ 100m2= l0 hr

.'" -' :

\o",, *.a*,,)o = o.tsa

lromrabr<r8.{r. (l a u), =o.zt .u^"t""- .5j

Actua! Output = Ideot OulpdxlD",,, & A,.,,")."(t A U), "(nn "),
Actual Ot.tput = 229x0.856x0.7t x5! = t t s.gt E It6 nl / hl

60

D",,,.q,n.d. d",h.Fb= ffi = t61.64- 162

.'. Cost of shovcl = 162x20000 = 3 240 000 ID
/,--.-...-......---..-___-
\ANs4B Solrtion: )-.--_::-/

l. For single use, assuming no salvage value for thc lumber the cost
will be:



Helpers' Erecting &
Removing Cost: l0 hrx 1.25 $thr: 12.5$

Total Cost = 34+l5+30+2.5+12.5= 94 $
Cost per one square mete= 94/200 :0.47 $/m2
2. For 6 times

cost will be:

use, assuming no salvage value for the lumber the

The total load on decking will

3.61^'/'nl

L9l,N'nl
5.5 kN/n'

DsiEnof l)$l'insrLe.u"r): (rracingbcr$.ccn joirr\)
Lonrder. lrn Bide slrip ofd..t{rng.
W,-.. .=P .h- -<<,r-<ra,ns/ -n -(Lx.hr, -.-^.-i.5 kN/mL

Ch..kB..ding:

, 2vbh 2xl000x I x 0.025ch'clsh"r: L= rJ, = IJrt5
lFrn

ctc.k n ff..rio.. L = 0.787 x\l'4"

=6m

Trom the previous part for single use:

Lumber Cost: =34$
Carpenter's Making Cost: = 15 $

Helpers' Making Cost:

For five additional uses:

C*p.j,._: Ir..,'ng Cot,. 
-l 

- i'30 - I80 $
Helpers' Erecting &

Removing Cost: = 6x12.5 = 75 g

Total Cost = 34+15+2.5+180+75= 264 $

Cost per one square meter: 264/1200 = 0.22 S/m2



t = 91! = 
t 
" 

(o.gzsl 
= t.3o2x to-6 ma

I 1034.5 x I000x 1.302 x l0-6 x 3

5.5

Usc rhc lcasr nunbcr of L= t.l2m ! t.3m

Heffi;:;g;';-"'*"ci'8 b'tr"n srrins'B)

\r",,"1 = P. x L1p*1".; = 5.5 x l.l = 7.15 L1,g 7.t
Ctcck B.nding:

.,n.*.*-, L = # = 
t"too9-:0'1'.'o'tt 

=,.0n-'

(:I.ct D.tf.(do.:, = O.rrr, ip-
, = !{ = 

o.osr(o.ts)t 
= l.4o6x lo-ima

l. = 0.787 x!

EfrI,,O"
50mm

I1034.5 x 1000x 1.406x l0-r x3
I.t)

L = 2.24m
Use d|. l.!n rumber of L= t.4|n

D6irtr of Srri.^FR (rdiE,): (rprcirg b.r*an Shur.r,

\sn.-1 = P, x Lp";,,y = 5.5 x 1.4 = 7.7 kN/mL
ChakB.nding:

, 2vbh 2 x l000x 0.l x 0.l
o,c"r,shc,., L = Gi = --lrrr_ = t.rr.

fFrn
crek D.rkcriotr: L = 0.787 x ll"_:'

ffilJ'00,..
l00mm



I = 
bh' - 0.1,. (o.lI 

=8.333x10-5m.l2 12

L = 1.93m
U5c lh. Las nrnbcr of l,F 1.64m - l,6m

Cl6I L.rd or Siord wirh S.ft rnrd on Shor.t ..lculst d frcn f,+ (?-19):

Load6*1= P. x Lp.io; x Llsringo; = 5.5x l.4x 1.6 = 12.32 kN/mL
/ "\K=7120 ll- - lbhl. 80b,

* _r,ro f,_(r.o-o.g?s _o.rs-o.r) (o.rXo.r)
\ 80x0.t )' "
| '> zc<\

K = 7 120 | | - -' -- | (0.01 )= 46.95kN /mL > l2.32kN / mL
\ 8./'

.'.oK

\^NS5B.,/-Fffi-In 
ra. t+:1,

rd'In
Q= N Cx-xlon

e= 2 (r -0.01)"" 
(tsoY (soo) (tto)

-x

10-6
1

Q=1832.2 l/min

- w wQh lxl832x48
1t=-=-4s60 4560 e 4560 x 0.6

P =37.14 hp

FmI|.q. ($1):

G
m. pcr load will h.. in milubs:

ritnc (loo4 $in, &m cld 0.40 mirl 0.40

, ..t :::l - . ,.
: iI: .;irti:f,l

L _ 0.787x./11034.5 
x 1000x 8.333x l0{ x3



8+6
^.--=0224 min
u,6 v /d

0.221

018
R+t'r

OSlt=0 tSO nrin

0 80.1

,.l'hogh $c rar.d mnucir\ or rhc buctd i\ ( t.?2,nrl. ir! prcb.btc rhar rhc arcr.!c !otunrc $i'l b! $our
909no, this caFcirl tbrsurraincd loadl

60

0.801

jp,..r,,l.ritF.,. ir;.rclirb,rhilrrror i,

vr,r,.r'r, r, u, inrJ.rnr.,,.,,',."". Ll!{^!-6,, r^
|.25 60 - --

'I lr pr.drLrion rutc n i[ be 69..]6 hr/hr

0.9x 1.72 = 1.55 nj


