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The total depreciation, D = Purchase Expense (initial cost) — Salvage Value
Annual depreciation, D, = D/ N
Depreciation Rate, Rn = 1/N where N is the number of years
Jlanin¥) day all alia — ¢l il 48S = (Depreciation ) A8 Gy
Jeady) Gl gl 2e + &Sﬂ\ OByl = (Annual ) Lﬁjs....J\ OBy alm
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Salvage Value = 3000 § &Ll jenll day Led 2y 3 2 o
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Total depreciation, D = 12000 — 3000 = 9000 S
Annual depreciation, D, =D / N = 9000/5 = 1800 S/year

Depreciation per hour = 1800 / 2000 = 0.9 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 i
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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,,_1 must be = S§)
in which S : is the salvage value



(O 1) (e 4] ge Ay oy DLl adlil) yandl (pe dii JS 8 4 yiall Dl 5 A Caal 1l
160,000 $ = (4lxiy) dagll ) o) il 4alS

yearn D, =0.25BV,_; (9) BV, ($)
0 0 160,000
1 40,000 120,000
2 30,000 90,000
3 22,500 67,500
4 16,750 50,250
5 12,562.5 37,687.5
50,250 — 40,000 = 10,250 40,000

6 0 40,000
7 0 40,000
8 0 40,000
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* Note that the sum of digits of N years can be found by:
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D =1IC — S =132,000- 18,000 = 114,000 $ L SSI BNy
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year, n D= (114,000) BV,
(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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where:

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

N: the useful life,

S: the salvage value

E g 5 axy 313 51 dad 5 50,000 S Led dAuilany) AaK) cil 13) ASle dad Jara sl 1l
115,000 $ (s s
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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

© bl Aaals - Al il and - Aal N Ala al) - (LESY) 5k

2023 dlldac HeYlae o

35



TOTAL OWNERSHIP COST <I™hiedl 4,11 44K

oA 5 Ay el g el 5 Hlaiind) g HEaY) (AlS aen (e A3SLe DUY ASH AASY Cains o
AL Jee de bl JSUAIS AES ) Ly sat oy a3 (5 g bl e 3ale a0 28K 038 o

Example: Determine the hourly ownership cost in the second year for a scraper, if it works
8 hours per day and 250 work day per year in a normal work conditions. use the method of
Sum-of-Years’-Digits to calculate the depreciation.

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%



D, = ’\’Ztvl"? (IC —S) s sbon L ) A HEasY) 1 dall
=1
Y, i=1+2+3+4+5=15
D, = — (186,000 — 22,000) = 43,733 $ 15 sbon A0 Aol A Uy

S A Jana o

b IC(N+1)+S(N—-1) 186,000(5+ 1) + 22,000 (5 — 1)
B 2N B 2(5)

P=120,400S
%13 =%0.5+%3+1.5 + %8 = {3l 5 du pall 5 Cpaalill 5 jlaiind) S i ¢ gana
15,652 $=120,400 x 0.13 = ¢ 3all 5 4y pall 5 opalill 5 laiiny) 48K
59,385 $ = 15,652 + 43,733 = 4l diull DA eDiadl 4,080 44K

29.6925 $/hr = 22385 = 1L, U< @y dil
8x250
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:Cost of Fuel 248 4ll 4dlS ]
8 ALl b dblas saa 5 JSI(F) 258 51 @Dlgin (6 Lol Jeall Gig ks i o
q = 0.23 Letter/(hp-h) :¢p b Jexd Sl cAlSal
q = 0.15 Letter/(hp-h) :(J_sa) Sl Gy Jeas Al A&l 2
a6 ek A Joill Wbis 4 (horsepower hour) deludl A Aulasl) 5 508l
6 s A s Jardilll Jalra o ey Janl) a8 g0 8 0585l el IDlgiuY) o
Operating Factor = Engine Factor x Time Factor
Al Aol (pe Cng 268 611 Ll IDlgiul) ld Gl g o
F = Operating Factor x g x horsepower
2 Ulal L) e s @ padl il shae da gl e didia () oS5 & jall dliaal) 5l
flywheel horsepower (fwhp)
Adalaall e Sl 2 @l dalK atig o
Cost of fuel = F x Price of litter



Table (1-2): Average Fuel Consumption Factors (gal/h/hp)

Equipment Type

Loader track

Loader wheel

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

Working Conditions (gal/h/hp)

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

Where 1 US Gallon = 3.785 L.iters

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

5 el Jnals - Ayinal) FunrigfOLd - )l Al yall - SLEY) 5
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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



390 (3riud LAl Jaeadl Jeatind J 3l 0 68 53 Jead 160 hp 528 b (Power Shovel) 4808 48 jaa Uk
Jaxy Agiiiall 40l [5 M5, A58 5 3] Aialil) Jrend die Jad 1g3 )8 ey dd jaall o2 Jasi 456 20 g i) 5 Jaeail
f3as) 5l de Ll DA llgiiedll 2 86l jlada sa Lo e ludl 4880 50 Jarar 48 jnall Jac 3 yid 1asd 43 508 Caiaty &l
:Jal)
Time Factor = 50/60 = 0.833
; 5 15
Engine Factor= 20 X 1.0 + 70 % 0.5 =0.625

Operating Factor= Time Factor x Engine Factor
=0.833 x 0.625 =0.521
Fuel consumed in hour, F= Operating Factor X q x Hp
for diesel engines, q= 0.15 1/(hp-h)
F=0.521 x 0.15 x 160 =12.504 I/h



Example: Calculate the average hourly fuel consumption and hourly fuel cost for a twin
engine scraper in unfavorable work conditions. It has a diesel engine rated at 465 hp and
fuel cost $2.00/gal. During a cycle of 20 s, the engine may be operated at full power, while
filling the bowl in tough ground requires 5 s. During the remaining of the cycle, the engine
will use no more than 50% of its rated power. Also, the scraper will operate about 45 min/h
on average.

Solution:
Engine Factor = 2 x1.0+=x0.5=0.625
20 20

Time Factor = 45/60 = 0.75

Operating factor=0.75 x 0.625 = 0.46875

From Table (1-2): for “unfavorable” the fuel consumption factor = 0.0405
Fuel consumed in hour, F= Operating Factor X q x Hp

F=0.46875 X 0.0405 X 465

F =8.828 gal/h = 33.42 1/n

Hourly fuel cost: 8.828 x 2.00 = 17.656 $
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0.0027 kg/(hp-h) = Al sLSIL 3l e & jaall giu) Jans o
0.89 kg/litter = <y 3l 43S »
0.003 litter/(hp-h) = il cu 3 & ) elBleinl Jama (5S4 o
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q=0003XHP X F + %

where: q: 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.
O G Kl 5 15 liter Cu il s das 100 hp b8 Sl ellgiuall Cy 3 jlada Le sl
. 0.6 Jaxiill Jalza 3 100 h 52 <y 3l
- Jad)

q = 0.003 X HP X F + ~=0.003 X 100 X 0.6 + —

1
100
g =0.18 +0.15=0.33 I/h
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year digit lifetime repair cost

Hourly repair cost =
yTep sum of year's digits operating hours per year
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Table(3): Range of Typical Lifetime Repair Costs
as a percentage of initial cost

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
50-60
75
80-85
50-55
45-50
85
8
50-55
70-75

n

Average

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

§_eaal) Aaala = i) dnigh) and - Fagl ) Ala ) - cL23Y) 5k
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Unfavorable

60-70
90-95

47



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 repair cost =
Y Tep sumof year's digit operating hours per year

2 o 159,100
15 2000

Hourly repair costfor the second year =

Hourly repair costfor the second year = 10.607 $/h
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Tire Repair and Replacement cost = 1.15 X

cost of set of tires (3$)

expexted tire life (h)



Table (4): Range of Typical Tire Life

Average Tire Life (h)

Operating Conditions

Unfavorable

Equipment Type Favorable Average

Loader wheel

32004000

2100-3500

1300-2500

Motor grader 5000 3200 1900

Scraper single engine 4000-4600 3000-3300 2500

Scraper twin engine 36004000 3000 2300-2500

Scraper elevating 3600 2700 2100-2250

Tractor wheel 32004000 2100-3000 1300-2500

Truck, off-highway 35004000 2100-3500 [100-2500
5l s - Al Fig) o - s syl - (LEYI 5ok
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Example: A diesel single engine scraper of 465hp works 8 h/day and 250 day/yr, In a
severe working conditions. If the initial cost: 360,000 $, estimated life: 8 years,
salvage value: 120,000 $, interest on the investment: 8%, insurance: 1.5%, taxes:
1.0%, storage: 0.5%, operation factor = 0.7, capacity of engine crankcase= 18 liter,
tire cost 14,000 $, and time between oil changes= 150 h. Cost of diesel= 0.4 $/liter,
cost of oil= 4 $/liter. Determine the hourly O & O cost in the third year using the

method of Double-Declining Balance Depreciation.



Solution:
(1) Ownership cost:

(a) The depreciation, D,, = %BVn_l = EBVn_l

year n D, = 0.25 BV,,_,4 BV, (3)
($)

0 0 360,000

1 90,000 270,000

2 67,500 202,500

3 50,625 151,875

 Depreciation at 3" year = 50,625 $

(a) Investment, tax, insurance, and storage = 8+1.5+1.0+0.5=11%

IC (N+1)+S (N-1)
2N

* Average value of machineis P =



. p— 360000 (8+1)+120,000 (8-1) _ 255000 $

2X8
* Investment, tax, insurance, and storage cost = 0.11 x 255,000 = 28,050 $

 The total ownership cost at the 3@ year = 50,625 + 28,050 = 78,675

 Hourly ownership cost at 3@ year = ;ig;i = 39.3375$%/h

(2)  Operation cost:

b) Fuel cost:
* g= 0.039 gallons =0.1476 Liters (Table (1-2))
« F = Operating Factor x g x horsepower = 0.7 x 0.1476 x 465 = 48.0438 I/h

* Fuel cost =48.0438 x 0.4 = 19.2175 $/h
b) Oil cost:

+ q=0.003xHP XF+ = = 0.003x 465X 0.7+ — =1.0965 I/h
« Oil cost=1.0965 x 4 =4.386 $/h



c) Maintenance cost:

yvear digit v lifetime repair cost

* Hourly repair cost = — :
sumof yearrs digit  operating hours per year

* year digit = 3,then Sum of year’s digit = (1+8)*8/2 = 36
* Lifetime repair cost = 105% of the initial cost (table 1-3)
* Lifetime repair cost = 1.05 X (360,000 — 14,000) = 363,300 S

3 x 363,300
36 2000

 Hourly repair cost = = 15.137 $/h



d) Tire cost:

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

* Tire Repair and Replacement cost = 1.15 X

* Cost of set of tires = 14,000 $ , Expected tire life =2500h (Table
(1-4))

14,000

* Tire Repair and Replacement cost = 1.15 X —— 6.440$/h

 Total operation cost = 19.2175 + 4.386 + 15.137 + 6.440 = 45.181 $/h

* Total 0&O cost = 39.3375 +45.181 = 84.5185 $/h=84.5 $/h
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Example: An equipment was purchased with an initial cost of 30,000$. As is usual,

Its book value Is reduced with time, whereas, due to inflation, the price of a new
equipment is expected to be increased by 1,500% each year. The equipment works
2000 hours each year, with operation cost of 7$/h, while the investment cost is
assumed to be 15% of the book value in each year. The maintenance and repair cost
and downtime hours were expected to increase with time. The loss of productivity
due to obsolescence (compared with a new machine of developed technology) is
Increased each year. The book value, the maintenance cost, downtime hours, and the
obsolescence factor at each one of the first eight years are listed in the attached

table. Find the economic life of this machine.



Year Book value Maint_enance and Downtime Obsolescence factor

($) repair cost ($) (h) (%)

1 22,500 970 60 0

2 18,000 2,430 120 6

3 15,100 2,940 180 11

4 12,800 3,280 220 15

5 10,600 4,040 260 20

6 9,100 4,430 300 26

7 7,900 5,700 340 32

8 6,800 6,290 400 37

2023 dllae jaYlae 3

65



Solution:

1. The cost of replacement

year Price of new machine Book value of old machine Replacement Cost

$) ($) (3)

0 30,000 30,000 0

1 31,500 22,500 9,000

2 33,000 18,000 15,000

3 34,500 15,100 19,400

4 36,000 12,800 23,200

5 37,500 10,600 26,900

6 39,000 9,100 29,900

7 40,500 7,900 32,600

8 42,000 6,800 35,200

- oM\WB—@M‘ML@\M—‘\M\)ﬂﬂ;)A\—r;\.u_}\}gr\dj.‘a
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year | Machine | Cost of Downtime Obsolescence Sum of
price ($) | Invst. (S) _ Cost= factor | Cost Cost _ Inv+
= Price x | Maintenance o o> p_er oSt per year Maint.+
- hour x hour= cost per hour x
0.15 and repair Down+
' cost ($) hours | oper. cost factor x hour per year
per hour oper. Cost (S) Obs.
(S) (S) = cost x 2000 (3)
1 30,000 4,500 970 60 420 0 0 0 5,890
2 22,500 3,375 2,430 120 840 0.06 0.42 840 7,485
3 18,000 2,700 2940 180 1260 0.11 0.77 1,540 8,440
4 15,100 2,265 3,280 220 1540 0.15 1.05 2,100 9,185
5 12,800 1,920 4,040 260 1820 0.20 1.4 2,800 10,580
6 10,600 1,590 4,430 300 2100 0.26 1.82 3,640 11,760
7 9,100 1,365 5,700 340 2380 0.32 2.24 4,480 13,925
8 7,900 1,185 6,290 400 2800 0.37 2.59 5,180 15,455

S W) daala - daall Adaigl) and - dan) i Ads jal) - e LY (5]
: st Q=
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Sum of Inv + Cumulative Sum of all :
: Replacement Cumulative
year Main.+Down+ | sum of costs Cost ($) costs nOUIS Cost /h
Obs. ($) ©) 3)
1 5,890 5,890 9,000 14,890 2000 7.445
2 7,485 13,375 15,000 28,375 4000 7.094
3 8,440 21,815 19,400 41,215 6000 6.869
4 9,185 31,000 23,200 54,200 8000 6.775
5 10,580 41,580 26,900 68,480 10000 6.848
6 11,760 53,340 29,900 83,240 12000 6.937
7 13,925 67,265 32,600 99,865 14000 7.133
8 15,455 82,720 35,200 117,920 16000 7.370

* The minimum cost is in the fourth year

* The economic life is four years

3 peadd) daala - Auinadl Aodigh acd - Gl Ala yall - cLEY) 5 )
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RR=W xR
RR: is the counter force from rolling resistance (kg)
W: total weight of the vehicle (ton)

R: rolling resistance ( kg/ton)
e ol (s 20 08 A4S e AS ja Guad Sl g (S Bas so Aa sl A e (e Aaslll 3 aa 1l
(OblaxS 45 W )laie da jar daglie 50 3k
:Jadl
RR =45 x 20 = 900 kg
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Table (2-1):Representative rolling resistances for various types of
wheels and crawler tracks versus various

Steel tires, Crawler type Rubber tires,
plain bearings track and wheel antifriction bearings
High pressure Low pressure
Type of surface Ib/ton kg/mton Ib/ton kg/mton Ib/ton kg/mton Ib/ton kg/m ton |
Smooth concrete 40 20 55 27 35 18 45 23
Good asphalt 50-70 25-35 60-70 30-35 40-65 20-33 50-60 25-30

Earth, compacted 60-100 30-50 60-80 30-40 40-70 20-35 50-70 25-35
and maintained

Earth, poorly 100-150 50-75 80-110 40-55 100-140 50-70 70-100 35-50
maintained
Earth, rutted, 200-250 100-125 140-180 70-90 180-220 90-110 150-200 75-100
muddy, no

maintenance

Loose sand and 280-320 140-160 160-200 80-100 260-290 130-145 220-260 110-130
gravel

Earth, very 350-400 175-200 200-240 100-120 300-400 150-200 280-340 140-170
muddy, rutted,
soft

*In pounds per U.S. ton or kilograms per metric ton of gross vehicle weight

= b e daala - Andal) dudigll aud - Aol ) Ads el - gL 5 )
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Effect of grade on required tractive effort
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(kg/ton) sall sea (e Hlaai¥) il e Al 8 @l laia 1(6) Jsoa

e | “Gonngron | o | lgon
! 10 12 119.2
2 20 13 128.9
> 30 14 138.7
N 40 15 148.3
> >0 20 196.2
6 59.9 25 242.6
U 69.9 30 287.4
8 79.6 35 330.3
9 89.6 40 371.4
10 99.5 45 410.4

- 109.0 50 447.2
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. (Total Resistance) 41 4x gl
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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(%) = 10 (K@ " 1o (wn = 2%

ton ton

Geff - GRR + G

 Forhaultrip, Gerr = Grr + G = 5% + 4% = 9%

For return trip, Gerr = 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.



silinl Gyob et @ am 15,000 Kg LS ae 5585 20 ton L) 5, yina 4l 43 e 1l
Z\.\SLA\ J;j\ 'éjg NN ,4% oJ\J;j\

:Jadl
R=29.5 kg/ton Of 223(5)Jsan (e
Rolling resistance , RR = R x W = 29.5 kg/ton x 20 ton = 590 kg
40 kg/ton s sk Slassy) 56 Jalae ¢ 233 (6) Jsas (e
Resistance from Grade, GR = 40 x W =40 x 20 = 800 kg
total resisting force = 590 + 800 = 1390 kg
eV IS el Y Aa jaall Aaslia pe Lgaan o3 lasiVI Al e A8e Y1 5 58 o) aaDl
Net Traction force, F = Engine force — Resisting forces
F = 15,000 — 1390= 13,610 kg
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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 = 2mr x3.658 =7.316

Total distance = 144 x 7.316 7= 1053.504 = m

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

One mechanical horsepower = 745.7 watt
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o2a 8 10800 kg ¢ sSine 52381 <l jUaY) e ledadud (Say a3 58 el (18 0.60 s Jall dalae oS Alls 8 o
Sl il 368 JalS alasial &3 6l s goohall e 315l e Jea SapY Al



Example: A wheel tractor scraper is used on a road project. When the project begins,

the scraper will experience high rolling and grade resistance at one work area. The
rimpull required to maneuver in this work area i1s 19,000 kg. In the fully loaded
condition, 52% of the total vehicle weight is on the drive wheels. The fully loaded
vehicle weight 1s 105 ton. What minimum value of coefficient of traction between
the scraper wheels and the traveling surface is needed to maintain the maximum

required force?

Solution:

Weight on the drive wheels = 0.52 x 105,000 = 54,600 kg

Minimum required coefficient of traction = 19,000/54,600 = 0.348



Gkl 7 sl (4e Baaxia &\jﬁ! ol dal 28 1(7) Js2a

N . . Rubber
3yl ) gall bl @l sy chudl ¢ )
(Crawler Tracks) (Rubber Tires) Type of Surface Tires Tracks
0.45 0.80 -1.00 asd gl Ala A Concrete, dry 0.90 0.45
e il il 1 Concrete, wet 0.80 0.45
0.90 0.50-0.70 RO | Earthor clay loam, dry 0.60 0.90
0.70 0.50 —0.40 ab )4l dle, 455 | Earth or clay loam, wet 0.45 0.70
Gravel, loose 0.35 0.50
0.35 0.30 - 0.40 b)) pans day Quarry pit 0.65 0.55
0.30 0.20-0.30 s s ey | Sand, dry, loose 0.25 0.30
| Sand, wet 0.40 0.50
- ala =L ’
0.15-0.35 0-20 > | Snow, packed 0.20 0.25
0.10-0.25 0.10 sl |ce 0.10 0.15

8_ead) Aaala - Ayiaall duaigh and - Zayl )l Als el - LY 5k
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:Altitude’s Effect on internal combustion Engines

PR T IR FTIN!

.G yiaY) bl ghad)

.14.7 air: 1.0 gasolined (n il SIS jaal (ani $¥) ae ol sell Talad 4l 4l o

.14.5 air: 1.0 diesel & J_pall SIS jaad S 3Y) aa o) sedl Jalad 40Ul danall o

Jitw Ml g Liay] addiin o) sl & a6V eS8 &1 )Y) G o) sedl 48US Cucaddl 13) o
Lﬂ);.qj\ 2eleS

aliie 0 0 SOV sl mhau e WY ae o sedl AUS a3 ol o

Q\SML.\L@Q\::JM\@LJ\M\ J\JMJ\AAJL@AAJL&MMJMLAB% J;ytﬂbecj .
Axdl yo Ghlia 8 Jaxd Ladic




Aoadl 358 8k eale lath aa oY el mhs em 300 gli) Al .

ol mh e Y e ae oty g s sale il o 5Sm 300 2 o
e Al g 3 elld g el Y Ca Ailiand) 5 ol a lasall e el (K o
LY e CpauS V) A 08 e (2 gry JA s & aall Jabs o) sl Jaral

Fuel igfrr::ﬁ:l Air-Fuel ratio

Methanol CH,0OH 6.47:1
Ethanol C,H;OH 9:1
Butanol C,H,;OH 11.2:1

Diesel CoHos 14.5:1
Gasoline CgHyg 14.7:1
Propane C3Hg 15.67:1
Methane CH, 17.19:1
Hydrogen H, 34.3:1

5 el Anala - Al ddigh and - Al ) Aa el - oL3YI 3Lk
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Y i 5 ally olasal

: Four Stroke engines ! sal 4z )¥) <ld CilS jaall o
(H —300)x0.03 x hp

300
. Two stroke engines o sill Cld GlS jaall o
(H —300)x0.01

300 X hp

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

XY J‘M}Au’)ﬂ\cjaudwmloo hp@ha;ﬁjmk\yi4jdcﬂ)u\.@‘\_&udu .
¢ ) o e 3000 M gl e 8Ll Jand Lasic 5,030

:Jadl e

Loss in horsepower =

Loss in horsepower =

(H —300)x%0.03 __ (3000 -300)x0.03

Loss in horsepower = X hp x 100
300 300

Loss in horsepower = 0.27 X 100 = 27 hp
the horsepower at 3000 m above sea level =100 —27 =73 hp



Table (8): Percent flywheel horsepower for selected Caterpillar

machines at specified altitudes

Figure (2-1): Two stroke and four stroke engines

Two-stroke cycle

Altitude (m)
Model 0-760 760 - 1500 - 2300 - 3000 -
1500 2300 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

D9N 100 100 100 96 89

D10ON 100 100 100 94 87

120G 100 100 100 100 96

12G 100 100 96 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 98 91

245D 100 100 100 94 87

615C 100 100 95 88 81

Scrapers 621E 100 100 94 87 80

623E 100 100 94 87 80

631E 100 100 96 88 82

Trucks 769C 100 100 100 97 89

773B 100 100 100 100 96

loaders 966E 100 100 100 93 86
988B 100 100 - 10000 dfos 2006 i) 93 G

2023 dilac jpa¥lae o

Burning fuel
forces piston
Fuel is down, compressing
compressed fuel mixture Bumed fuel
and ignited. in crankcase. is pushed out
by compressed
Transfer portis
Transfer port o uncoversd end
is covered. fuel mixture
R go forced into
(’)(Io cylinder.
S——
Fuel mixture
is drawn into crankcase
crankcase. o :
3 Intake port
(¢) | is covered and
) I
_/ valve forced closed
Four-stroke cycle
intake valve  SPark plug

Iintake compression
Alr-fuel mixture Air-fuel mixture Explosion forces Piston pushes out
is drawn in, is compressed. piston down burned gases.
l\&ﬂ\_guaj}[\é)la 91




Al Bl iay) ClS jaa elal e dazaall g3 ) jall da ja il 5
Effect of temperature and atmospheric pressure on the
:performance of internal combustion engines

oalanl die 3o liSH ala 3ig 3l all da o o ldi ) xie Al 31 sl ilSa 5o WS il o
Boloallda )

1ot s Al Cagplall an L a8 alagly Jaal) 31 a1 ilSa 5 jlee oy 0

.(101.3 kPa) 32 ale 760 55 b (a

Asedn 15 (b

(Brake 4alejall dxiliant) 3 jaally dulaal) o yall A Leulid oy (Al Apland) 3 )08 candi

.

.horsepower)



&j@‘ﬁu)umu\o‘)dsj\o&u\ﬁm\:\ﬂ\uj‘)ﬂ\u{:uﬁ;ﬂuj)ja&cﬂ);.d\o)ﬁw\_ﬁ(u\d‘ J

Adaall 3 5l
Sl O Lal e & adl 12gd (Break horsepower) 4l dulbasl 5 a8l Clus GlSYL (K1 o
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 HQ)

 P,:the actual measured atmospheric pressure ( mm HgQ)

» T,: measured absolute temperature = Celsius + 273 ( kelvins)
 T: Standard absolute temperature = 15 + 273 = 288 kelvins



BJJﬂ\Q\A;)é35OC3J\J;3\;JJJ75O mm Hgo)\JsALQP.LML_\M‘ﬂJMUAMe.\d\_m )
CigyBal) it )yl 1g) (Al jill) Zsudl Agilasl 300 32 90 hp (5 s Lukiall sliaal

:Jall e

IS
|

Py [1, _ 760 [(35+273)
Hopo Iz, = OO 75, \/ 288
o S

=
|l

94.3 hp



sl mhan (e Ailine il gl die (5 gall Lkl 1(9) J s

(355 ke ) aall goadl il | (ie) ) s 358 s Y
760 0
733 300
707 600
682 900
656 1200
632 1500
608 1800
586 2100
564 2400
543 2700
522 3000

8_ead) Aaala - Ayiaall duaigh and - Zayl )l Als el - LY 5k
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-Jall

o5 Y Lkl o 223l (9) Jsaadl (g sie 1115 o_lsie glis ) sie (5 sl Taieall loem (S
12005 2900

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 |1,
H, = H— |2
Cc (0] PO V TS
130= H, x 760 ><\/(22.2+273)
663.37 288
130 = 1.16 H,

H,=112.07 hp



i g a8 Al s ) 8 Ly pum oy 3 COllaall e 1(10) 0By s
&@JY\)@J\JAJ\AAJJLQMMQ\DJM\ J\AJY.L\}»\MJ\jAdJMLQYMM\

2..2.,5_,..3 4..:\.4::.’-3\ o_)J.A.S\ )b-)y c.)-..a...s u‘)\«‘\”

57

i)
— 29 - 18 — 7 4 10 15 21 32 43 P
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 0.887 600
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
o872 |o.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 |0.752 |0.738 2100
0.811 |0.793 |0.766 |0.762 |0.754 |0.746 |0.739 |0.725 Q=72 2400
0.782 lo.764810.748 |0.734 [0.727 |©.720 1]0.713 | 0.699 0.686 2700
0.763 10237 10722 10.707 |10.707710.693 |0.8687 |0.675 0.682 3000

5 pecal) Anals - Al duaigh) aud - Gal ) Als ) - o231 5k
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:Rimpull <l Y1 s
4_\1::).\.uucgﬂ\&JH\GLMJJJM\J\MDMM\L_\\JLL\Y\umjaj\ojﬂ}%j °

O ,3Y 3 daany¥ Gy 48 3 ) sy | 08 (coefficient of traction) sadl dalze ()5S Laxic o
MS)J\)M@J.»:;«JM\::JJ&&L Mu\J&ﬂ}oﬁJﬁ\

dm\ﬂmjmdj&uu\)&ﬂﬁaﬁ)ﬁ\u\ﬁ\ﬂ dY}\de.\h);]\dA\.Mujs.\um °
omm\t_i\‘)Ua\Y\ésu‘))j\@)ﬂ\dAL’.Au‘)m

AUl Adabeall (30 43S el ( RIiMpull) all 88 5laae Cousy o

273.7 X horsepower X ef feciency

Ri [l =
st speed

where:

Rimpull is in ( 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



opati Ladie 140 hp 3,00 & jae 5 Apdalas &l ) <old daallil (Rimpull) csudl 3 68 Cual :JUa
58 lata Loy daaldll 5 8 JalS aladind S jall Julea o 538 5.0 km/h de s daalil)
:Jadl

273.7 XhorsepowerXef feciency
speed

Rimpull =

= 2202 = 6514.1 kg = 6514 ton

when speed= 20 km/h

Rimpull = =222 = 1628.5 kg = 1.629 ton

Mﬂ\ﬂ@y@@u&@u@w\oﬁu‘&;mu& o



Dol e 12,4 ton s Lloal 0055 6000 Kg Jabas J ¥ Gyl 8 ) sad S e il
{r\j\é\_ﬁhaj\ojﬂ\ sl aa | 50 kg/t()n IAJ\.AAAﬂ\A);JMJ\sAj %2 o)J} Dlaad) }Jd")ki_;c 12 g2aan
A Jlaal o b Ledlaatis] ) all (S

:Jadl
Rolling resistance, RR= 50 x 12.4 = 620 kg
Grade resistance, GR=W.sina tana = G = 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

Net force available = Engine force — ( RR + GR)
F =6000 — (620 + 248) = 5132 kg



:Drawbar Pull &) yaall il )l jall a1l 3 4

Sl e Ledaluy off ( crawler tractor) Jise sl (Say Sl jall 58 as

A jaall 40K 5 dll (e BeY) 5 8 7 sk g Jes il Lgdailud (S Al Cnall 3 8 il
AS el Jil (8 (5 siae JSl Ao pull pe LusSe i ) Jiaall Hlall ali 3 6 )

[(First Gear) Js¥) Luill (& Sloall J2id) 13 (Sae 5ST all 568 () S

.(Nebraska tests) Sl jui (and 48 yla e dole adiad jall 58 jlase

gjuhﬁd&j&d@késﬁydﬁojw\w&ﬂﬂ\aﬁd@;\ﬂw#\o&@ J
.50kg/ton

Oe il da jad da i 4l 3k L.r°' (drawbar pull) 3y yiaall Glaaall jall 3 8 alaa) ie 1] o
A slia (Gl 8l oadl )5 @ daala 7 sk sl ddlialy 3 g8l o8 Jyaxd iy 50kg/ton
50kg/ton o= @bl ds jaall



2750 kg b _aae 4dlia ja 3 50y G gea pall il Sl (e 8 G5k o &ty 12 ton 4305 )i Dl s idbe
ez yall el il e B8 @ sk (AN ) ad) Jl 1Y Adlall all e 68 G S oS

:Jall

Net force= Drawbar pull — resistance
Resistance = RR (GR =0 because the road is horizontal)
From table (5) for compacted earth R= 31.5 kg/ton, for noncompacted earth R=43.0 kg/ton
Drawbar pull = Net force on first road + resistance on first road

=2750+31.5%x12=3128 kg
Net force on road second road= Drawbar pull — resistance on second road

=3128-43.0 x 12=2612kg
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: Terms, abbreviations and definitions <& =i y &l jlaid] ¢ lallaias

« AASHTO: American Association of State Highway and Transportation
Officials

Qi) a3 )5 8y A Alaxiisall 3 gall :Backfill a2 2 se

o) Ll sa (a8 5 (gl o) Y (s Jare (e @l il Sl (g ALK :Bank deall
Lo jis J8 daplll 8 lgaa g 8 2 94 il aas (b8 :Bank measure 4l (uliaa o
Aalddl) dauh Ldle a6 Al 7 jae ) (G sk A ) gall d8uka Base 3aclall

» 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.
Aoulic 48 Lilac Y saclall Ak s aaia 55 44 il (e Aiuhs ssybbase (32 lall caat ) Loall sac &l

N L“_;J\ ao &ba 5 ) daanlall U.A‘);y\ A el e GJU]\ G‘L‘"‘J‘ s :Subgrade daanal) U'AJ;Y\ .
Saaliil) ) gal Bac e Lealadiin

LAY 3 sa die calad (53 a8 sall i 5 jaall :Borrow pit 2! i 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 cutto 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 Yao 4o

| 0.94 0.94
Compactive effort

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

kJ/m?® 592 2693

25 blows.
per layer

5121
t

Compactive force

121in.

'y

Soil sample 1/30 cf

3 layers

Standard AASHTO

12,400 ft-lb peref

25 blows
per layer

C101b

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

v

Soil sample 1/30 cf

5 layers

Modified AASHTO



:Soil Characteristics 4 il yal 6

:Swell and Shrinkage (3lSY) 5 Flaiy)
Ll Q8 glhaall Sl 8 Lgaiia g Lelaig La jas oW1 () puathy 3o il 48ES g ans () @
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:Swell Uiy

(Al ana) il LVl anall (e 4y e duaiy 53 3l 028 ez s la i die A il aas ala )y e
%25 s Fal) ke b 1.25 m3 sl sa ol aaall o aa g5 Dyl e 1 m3 s a3 13) Sl e
Leshys 4l g g e FLEBY) late daing o

:Shrinkage (ileSiY)

Jaall Cann LgidlS By ) Aas Jass gana 8 Ledas 5 Al lSa (84, 5ill puia g dic o

(Al aan) LoV aaall e 4 s dandy glalill 134 e jxy o

0.9 M3 zual daaa Gl aa g g adas &g gllaall Sl (8 aia s 2540 5l (0 1 M3 ds o313 Slia
%10 5o GV laia )3

Jadlda jo g sk s il ¢ o o Gl laie ading o




1.0 cubic yard in 1.25 cubic yards 0.90 cubic yard

natural condition
(in-place yards) (loose yards)

AT N £
¥, 1‘a§ ;‘3

RAR NS
k..,
e

’ 5

after digging

Typical soil volume change during earthmoving

5 i) daala - dinall dutigh) and - Ganl ) dla el - LY 3k
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after compaction
(compacted yards)
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Asbaall (o FUEEY) A Claa Sy

weight/bank volume
Swell (%) = - —1]x100
weight/loose volume
_ (bank uni.t Weilght . 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 m?3 of the soil will expand to 1.4 m? of loose soil after excavation.



Adaleal) e (ELaSEY A Caend

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

weight /compacetd volume

_ (1 . bank unit weight ) % 100

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

Shrinkage (%) = (1— 2o= ) x 100 = 20%

 This means that 1.0 m3 of bank soil will shrink to 0.8 m? of compacted soil.



Swell (Load) Factor & Shrinkage Factor:
A yidia 3a ga e R o s s s ) el (e Al a1 ki e

a5 o) aladin) (Say Gl aa | ) 13gd ladina () 5S5 s3 8 Bank Measure 4l ulie off a2 )l e
esaall Clual o yidia (b LGN & saal)

ool b sl aaall Gl et LSy 3 2 5 5 Leban oy 1 2 51 S (58
Addall ana g sd )l anall G dasadll dalee 855 ()

o) il e oy 5 Swell or Load Factor Jasll sl #lai¥!) Julas ey Jalzall 134

loose unit wiegt

Swell Factor = : , or Swell Fctor =
bank unit weight 1+swell

Bank Volume = Loose Volume x Swell Factor
Ahal) pan FaeS ey FLEY) ey 5350 pal) 2 o pum oy
il bl (e g s Al aas ) Al gasall D il aas o sail GRS Jalre adiig o
Shrinkage Factor = Dank unit wiegt or Shrinkage Fctor = 1 — shrinkage

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 = — T2 = =22 20.70
bank unit weight 1661
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

E:ompritcted Volume = Bank Volume x Shrinkage Factor = 415,310 x 0.80 = 332,248 m?
CCM



‘ : " Bank welght Loose weight : T
R e A '5:-',{ = — - Percent .. 8well
_Material S5 “' : lblcy.«: kglm’ lblcy “kg/m® _f “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 2800 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 2600 1,542 2260 1,340 15 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

A Al (e Adlida £ o3 FULY) Jalaa g FULYY dsd g 300 Q3 oll g Addal) 039 add o (11) J9>

*The swell factor is equal 1o the Joose weight divided by the bank weight per unit volume.
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Jalra g FULHY) Jalaa g alasi¥) g FUELY a9 A ganuall g ddadall g 8 o ) ABUSH o 1(12) J 92>
J55all g o Al £ oY (alasi)

Unit Weight [Ib/cu yd (kg/m®)]

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.

= e Rals - Liaall Aigl) and - Aagl N Als ) - cLEY) 5Lk
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A 5l (e ddlida g) B ALY Gal 521 2(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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Coarse-Grained Soils
Less Than 50% Pass
&o_ 200 Sieve) Percent of Percent of
Coarse Fraction Sample Smaller
Symbol Name Less Than J 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
SW 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. =210 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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Group Number
A-1 A-2

Ala  Alb A4 A5 A6 A2 A3 A4 A5 A AT
Percent passing
No. 10 sieve 50 max.
No. 40 sieve J0max. 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. 41imin. 40max. 41 min. 40max. 41min. 40max. 41min.
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 Sit Clay  Clay

sand
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SOIL TEXTURE AND PLASTICITY DATA

No. Description Sand Sik Clay LL Pl
3 Well-graded loamy sand 88 10 2 16 NP
4  Well-graded sandy loam 78 I5 13 16 NP
5  Med.-graded sandy loam 73 9 18 22 4
- 6 Lean sandy silty clay 32 33 35 28 9
135 - 7  Lean silty clay 5 64 31 36 15
= 8  Loessial sil 5 8 10 26 2
n Heavy clay 6 2 72 61 4
- Poorly graded sand o4 NP — - . - e -
o M\AJ\ RN ) a8l
: 0 04 -
.. a4 j.LUM w; 9
T -
& 120 |
- .
= L
O -
& L
ERIM S
1o F
105 +
100 |-
05 C 1 I
5 10 15 20 25

Moisture content, %, w
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aleall e o g rlgiiliia) aslhaall clall 4S ]
Q= Yreq X V X (mreq — m,)/100
Q: quantity of water to be added (t)
Yreq- the required density (gm/cm? = t/m’)
V: volume of soil layer (m3)
Myeq- required moisture (%)
m,. Initial field moisture (%)
e e 0N Lty o sthaal) ol e 4y sl 2ol i) Jaxa 2
AR PN VRN
R h
1= 7y
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 Sail (% 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 (33 Gl jua Gy i ) alakaal)
Pressure (oSball Jdaall ) larall
Vibration (Shaking) J ¥
Kneading o=l

1
2
3
4

2Ll (16) Jsaall (8 (e WS A il al & e aaiad Jaall 48 jla ol o) o

Method of Compaction

Material

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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1. Sheepsfoot rollers | : %A uv\mi u‘jg\;
2. Tamping rollers 44834 g_\‘)h\;
3. Smooth-drum vibratory soil compactors 3 J‘ )A e Le M\ j-b-ﬂ‘ YVala
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4. Pad-drum vibratory soil compactors

i syl al cald eala

5. Pneumatic-tired rollers
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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
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Lift -

. ~ thickness "'_N'umber | T RN St i
Material (in.) - of passes Compactor type . COmments =
Gravel 8-12 3-5 Vib. padfoot Foot psi 150-200

Vib. smooth —
Pneumatic Tire psi 35—-130
Sheepsfoot Foot psi 150200
Sand 8-10 35 Vib. padfoot —_—
Vib. smooth —
Pneumatic Tire psi 35-65
Smooth static Tandem 10—15 ton
Silt 68 4-8 Vib. padfoot Foot psi 200400
Tamping foot —
Pneumatic Tire psi 35-50
Sheepsfoot Foot psi 200400
Clay 4—-6 4-5 Vib. padicot Foot psi 250-500

Tamping foot
Sheepsfoot

Foot psi 250-500
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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 <s¥aladl dpalis) a8

AUl daleal) e Aol daali) pasy (Say o

10 X W XS XLXE
P

Production (CCM/h) =

where:
W width compacted per pass (m)
S  :compactor speed (km/h)
L :compacted lift thickness (cm)
E :job efficiency
P :number of passes required

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 kgl/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
Muiltitired 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

2023 dillac jeYlae o
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« Example: A (7.50 x15-14Ply) Pneumatic Roller of 1530 kg load on
each tire and 0.6 MPa tire pressure, Is used to compact a soil. What
could be the maximum height of soil lift (layer) such that the stress
beneath it Is not less than 0.35 MPa.

e Solution:
A=Y
P
y :15302(69.806 — 25005 mm?

T

" D? = 25,005 mm?

D = \/i x 25005 = 178 mm

T



Depth (mm) Factor Pressure (MPa)
0 1 0.6

0.5D=89 0.6 0.36

D=178 0.3 0.18

1.5D =267 0.15 0.09

-

15D
0.3P 2D
o1sp "/ |
0.09P

89

/8

:

78
J 267

0.15P

P

|

356

0.09P

|
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78mm

89
y 9mm
0.1
0.18 0.35 0.36
y 89
— = » v = 4.94
001 o018 7
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Wheeled Tractors 4 sadll &l i sl 2
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273.7 XhorsepowerXef feciency

* Rimpull = spoed

* then Rimpull X speed =272.2 X horsepower X ef feciency
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:Gradability 4 lassy)
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23S 15300 =(cb/axS 50 da_a daslia 53 3okl 4 guna) J V) Guyill 8 jall 558
Ob 39.48 =dlaadll dhildl (55
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- Jad)

< 13005 = 15300 x 0.85 =5 sil &< sl 5 48

23S 456.75 = 20.25 x (50 — 73) =_l_al da sl daslia

2 3750.6 =39.48 x 95 =ileaall Antlall dn all e e

228 4216.35 =(dadldl 5 ) Hall) 4Kl dx jaal) 4. 5laa

< 8788.65 = 4216.35 — 13005 =_hai¥) e il 5 siall all 5 5
AU Aabeall (e caad laas e calill 3 3O 5 58l o G

F (kg) =10 x W (t) X G%
(o) 381 ¢35+ Sl (135 ) S0 050 G55 W 0
W =20.25+39.48 =59.73 t

K 4laady) alag) oSay 1Al
F 8788.65

10 xW 10 X 59.73

K =% =
K=14.714 %
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G e Aadili i) ke (6) s
(kg/ton) sl s Jde Hlaasy

crads | e srion | O30 | oo e etor

(%) (kg/tcn] (%) (kg/ton)
1 10 1z 1192
20 15 1289
30 14 1387
- 40 1% 1483
5 50 20 1962
€ 59.¢ 25 2426
7 69.€ 30 287 4
E 79.6 35 3303
9 B9.6 ag 3714
12 99~ 45 4104
11 109.0 S0 4472

e GR=W.sin «a
a =sin"1(0.14139) = 8.4612°
tana=0.1488 =G =K

172

Grade resistance, GR=W. sin «
(6) abL Jsaall alasiuly [
xS 8788.65 = Llaai¥) e alxill 5 i giall jall 548 e
sk 59.73 = AN G4l e
h/aaS 147 140 = b J0344) o

%14.879 (5 sk 358l 23ed Jiaall Hlasi¥l e o a3 (B) Jsan (e

then

Asbaall sladins O
sin a = GR/W = 8788.65/59730 = 0.14139

then the gradability, K = 14.88%
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Straight blade Angle blade . - . b .
U JS jmae ) Galia JS5
£
Ll cagyhge o 2
( LQAM o)j.l L_ﬁj 3
Universal blade Cushinn hlade

aladinly Jiaill daw a8 (Ko

s AR J gl s (s A all Ay Lal) 036 A smenall Aand) 22850 rpiaall Claslaa |1
(el A S5 s a8 gall 84 jil leal) aasd) Gl

For straight Blade: V. =0.8W H?

where W is the length (m) and H is the height (m)

ALl 3,80 3 5 ) el 2
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Production of Earthmoving Equipment: 43 jall ¢b ad ilana 4l

 The basic relationship for estimating the production of all earthmoving equipment
IS:

Production = Volume per cycle x Cycles per hour (4-1)

* The term “volume per cycle” should represent the average volume of material
moved per equipment cycle.

» The nominal capacity of the excavator or haul unit (J&l 41 sl 5 laally must be
modified by an appropriate fill factor (s - Jslxs) based on the type of material and
equipment involved.

» The term “cycles per hour” must include any appropriate efficiency factors, so that
It represents the number of cycles actually achieved (or expected to be achieved)
per hour.



Estimating Dozer Production: 4aliall 4] Ak

 The basic earthmoving production equation (Eqg. 4-1) may be applied In
estimating dozer production.

« This method requires an estimate of the average blade load (J—<i!! 4 s«a) and the
dozer cycle time.

 There are several methods available for estimating average blade load:

1) the blade manufacturer’s capacity rating, gies ;e saasall daull

2) previous experience under similar conditions, and ietic dee s b A48 5 Al
3) actual measurement of several typical loads. ¥ sas i daill adl) Guldl



Measuring blade load: Jwaill dzu (il

A suggested method for calculating blade volume by measuring blade load is as
follows:

1) Obtain a normal blade load: dwaill (salsie¥) Jaall e J siaall
a) The dozer pushes a normal blade load onto a level area. C - =
A s Aalie e 4y il adsy Aaliall o g6 GE=c

b) Stop the dozer's forward motion. While raising the blade, move forward slightly
to create a symmetrical pile. 4kl el jas 25 Jeaill a8 5 dlee JSA 5 eI Juaill 48 5 dalial) ol
5kalite dasS Jand S8 ALY

c) Reverse and move away from the pile. .4 <l e Juny Calall 2aldl A s

© bl Aaals - Al il and - Aal N Ala al) - (LESY) 5k
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2) Measurements:

a. Measure the height (H) of the pile at the inside edge of
each track.  Jasal il 5y 3iall Gilalall Gudlall a8 oo dic 3o KU g8 )1 (uld
Leg!

b. Measure the width (W) of the pile at the inside edge of

each track. s sedel pamidl Guii vie (Jaaill e (s35ae) da Sl i o (b8
Jazall

Front view

c. Measure the greatest length (L) of the pile. This will not
necessarily be at the middle. (Juail 313 sa) 4 U Jsha ST Ll

3) Calculation:
* The blade volume is calculated using the equation:
Blade load (LCM) =0.375 x H (m) x W (m) x L (m)

Top view

185 2023 diltac juYlae 3



Cycle Time:

* Total dozer cycle time is the sum of its fixed cycle time and variable cycle

time.

* Fixed cycle time represents the time required to maneuver, change gears,

start loading, and dump.

* Table below may be used to estimate dozer fixed cycle time.

 Depending on power transmission from engine there are three operation

conditions:

A. Power shift
B. Direct drive
C. Hard digging

Table (4-1): Typical dozer fixed cycle times

Operating Conditions Time (min)
Power-shift transmission 0.05
Direct-drive transmission 0.10

Hard digging 0.15




The variable time depends on the length of rout and the speed of dozing

and speed of return.
Variable time = (L/dozing speed) + (L/return speed)

Table 4-5 Typical dozer operating speeds

e ]

Operating Conditions Speeds
Dozing
Hard materials, haul 100 ft (30 m) or less 1.5 mi/h (2.4 km/h)
Hard materials, haul over 100 ft (30 m) 2.0 mi/h (3.2 km/h)
Loose materials, haul 100 ft (30 m) or less 2.0 mi/h (3.2 km/h)
Loose materials, haul over 100 ft (30 m) 2.5 mi/h (4.0 km/h)
Return

Maximum reverse speed in second range
(power shift) or reverse speed in gear
used for dozing (direct drive)

Maximum reverse speed in third
range (power shift) or highest
reverse speed (direct drive)

100 ft (30 m) or less

Over 100 ft (30 m)

187 5l Faalas - i) Auntiglh and - Aagl ) Als el - SLEY) 5k
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- U Aalal) Adalaall pe dxlaal) daalis) Cuad

Production = Volume per cycle x Cycles per hour
For bulldozer

Volume per cycle= Biade Vol. (LCM)

Cycle

work minutes per hour(min)
Push time(min) + return time(min) + maneuver time(min)

Production (LCM/h) = Blade Vol. (m?) x



-AaUll) Adaleall pe dadaall daali) acan

, 3 work minutes per hour(min)
Production (LCM /h) = Blade Vol.(m>) X

Push time(min) + return time(min) + maneuver time(min)
Aol (g ydall Chat dalde doalii) as Jla
(530 hiias) aSe e 2.5 = Juall das
e 30 =l Al
delull 4 4ady 50 = gll Jalas
deluf siaslS 2.4 =giall de
deluf sieslS 5.6 =53 5all de
4383 0.32 =0 Al daay Jaaill i
:Jad)
4381 (0.75 = 4cL. 0.0125=30/2400 =pill
4381 (0.32 =4=L. 0.0054 =30/5600 =g s> I <d 5

50 X 2.5
= 89.928 LCM /h

Production (LCM per hour) = o=e——ras——=5




Example:

A power-shift crawler tractor has a rated blade capacity of 10 LCY (7.65 LCM). The dozer
is excavating loose common earth and pushing it a distance of 200 ft (61 m). Maximum re-
verse speed in third range is 5 mi/h (8 km/h). Estimate the production of the dozer if job ef-

ficiency is 50 min/h.

SOLUTION

Fixed time = 0.05 min (Table 4-4)
Dozing speed = 2.5 mi/h (4.0 km/h) (Table 4-5)

200 _ .
75 %< 88 0.91 min

B 61 B :
[- ax167 - 0.91 mm:|

Note: 1 mi/h = 88 ft/min; 1 km/h = 16.7 m/min
200
53 88

___ 61 :
[— 8% 167 0.45 mij

Cycle time = 0.05 + 091 + 0.45 = 1.41 min

Production = 10 X TS%- = 355 LCY/h

Dozing time =

Return time = = (.45 min

[= 7.65 X '1%)7 = 271 LCM/hJ

190

Fixed time = 0.05 min (Table 4-1)

Dozing speed = 4.0 km/h

Dozing time= (61/4000)*60 = 0.915 min

Return time = (61/8000)*60 = 0.4575 min

Cycle time = 0.915 + 0.4575 + 0.05 = 1.4225 min
No of cycles per hour = 50/1.4225 = 35.15 cycles
Production = 7.65 * 35.15 = 268.89 LCM/h

§_eaal) Aaala = i) dnigh) and - Fagl ) Ala ) - cL23Y) 5k
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Scraper Ahdilall
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:Pusher-loaded (conventional) scrapers a3l Leliaat 2y chlla i@ A
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Single engine overhung (two or three axle scraper

3218 <l ey JS il Y 0 jae iy dasld 2

.Twin engine all wheel drive scraper (Tandem powered axle)
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:Self loading scrapers Jwadll 43l Gllaild B
ol Cpe i) Lhaa g Ao il B8 dolae (L) ) ja () ZUsTY Cus
:Push-pull tandem powered axels dxial ¥ casis g ady GlSld
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Types of Scrapers:

Pusher-loaded (conventional) scrapers

Single-powered axle ; .
- \- = @ [
Tandem-powered axles 3 =

Self-loading scrapers

Push-pull, tandem-powered
axles

Elevating 0
‘@‘g'ﬁ@‘

195 i) Aaala - Aiadl digh ad - ) ) Al ) - LI 5k
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Elevating Scraper
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Tractor push Scraper
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Single Scraper
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Push — Pull Scrapers
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coSa i 30 (eSS 5 (e pasall aaa 68 ) S i(bowl) sl L1
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Moy A Gl il aas 45 Struck Volume of Bowl) uasall colill aaall (g
L asila 1 (5 e (S i pa)

Laie @l 4l aas 58 5 1(Heaped Volume of Bowl) = sl (Sl anall (b
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SCRAPER PRODUCTION CYCLE:

 The production cycle for a scraper consists of six operations:-
1) loading, 1 o

2) haul travel, = ' | »
3) dumping and spreading, 6 jtum |  Dump (spread)
4) turning, oh

5) return travel, and B

6) turning and positioning to pick up another load.

Turn i 4

© 5 pead) Al - il Aigh aud - eyl ) Ala Ll - SLEY) 5k
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e So that, scraper cycle time can be classified into two main parts:
1. fixed time, and
2. variable time.

* Fixed cycle time in this case includes spot time, load time, and maneuver and
dump time.

* Spot time represents the time required for a unit to position itself in the cut and
begin loading.

* Variable cycle time, or travel time, includes haul time and return time.
* Thus, Scraper cycle time is determine from:

Ts = Tconstant t Ttravel
Ttravel = Thaul + Treturn
Tconstant = Tspot + Tload + Tmaneuver + Tdump

Table (4-2) list typical values of the components of fixed time.
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Table (4-2): Scraper fixed time (min)

Spot Time
Conditions Single Pusher Tandem Pusher
Favorable 0.2 0.1
Average 0.3 0.2
Unfavorable 0.5 0.5
Load Time
Single Tandem Elevating
Conditions Pusher Pusher Scraper Auger Push-Pull*
Favorable 0.5 0.4 0.8 0.7 0.7
Average 0.6 0.5 1.0 0.9 1.0
Unfavorable 1.0 0.9 1.5 1.3 1.4

Maneuver and Dump Time

Conditions Single Engine Twin Engine
Favorable 0.3 0.3
Average 0.7 0.6
Unfavorable 1.0 0.9

8_ead) Aaala - Ayiaall duaigh and - Zayl )l Als el - LY 5k
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Production of Earthmoving Equipment: 4 5l ¢l jad Silassa dalil

 The basic relationship for estimating the production of all earthmoving equipment
IS:

Production = Volume per cycle x Cycles per hour (4-1)

* The term “volume per cycle” should represent the average volume of material
moved per equipment cycle.

» Thus the nominal capacity of the excavator or haul unit (Jall 4 s 5 jleall) must be
modified by an appropriate fill factor (s - Jslxs) based on the type of material and
equipment involved.

» The term “cycles per hour” must include any appropriate efficiency factors, so that
It represents the number of cycles actually achieved (or expected to be achieved)
per hour.



. Scraper Production 4adlall 4l

Production = Volume per cycle x Cycles per hour

* In determining the payload per scraper cycle, it Is necessary to check both

the rated weight payload and the heaped volume capacity.

 The volume corresponding to the lesser of these two values will, of course,

govern.
 Cycles per hour = work minutes per hour / cycle time (min)

« Work minutes per hour = work efficiency x 60



AclufoS 20 Gl de juy yie 1200 Gkl sk c2Sa yie 15 e g A 3adl8 4palii) Caal 16 o
Y75 il Jalras 4883 1.9 Culill Cl gll Acliu/aS 48 3a5all 4o jug
Solution:
Production = Volume per cycle x Cycles per hour
Volume per cycle = 15 m3
Cycle time, T,=T_, ant
Teonstant = 1.9 min.
T, ., =(1.200/20) x 60 = 3.6 min.
Toturn = (1.200 / 48) x 60 = 1.5 min.
T.=1.9+3.6+1.5=7.0min.
Work minutes per hour = work efficiency x 60 = 0.75 x 60 = 45 min.
Cycles per hour = work minutes per hour / cycle time = 45/ 7 = 6.42 cycles/h

Production =15 x 6.42 = 96.3 m3/h (LCM/h)

+ Thaul + Treturn
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rucks and Hauling Equipment:; Jall clasa g clialil

» In addition to the dozer, loader (4_~<l!) , and scraper, hauling equipment.
includes trucks (<iaLall) | wagons (5. skiall iy 11) | conveyor belts e ')
(418G | and trains.

* Trucks haul (Js) at relatively low costs because of their high travel speeds
and moderate to large payload capacities (Jresill Cilaw),

* The use of trucks as the primary hauling units provides a high degree of
flexibility, as the number in service can usually be increased or decreased

easH;&o permit modifications in the total hauling capacity of a fleet Jskul)
(bl

* The number of trucks employed should be balanced with the loading
equipment (loader 44 <)) for a cost-effective operation.

« Some trucks are specifically designed as off-highway (3R z JX) units.

* These units are so large their size and weight are greater than what is
permitted on public highways



Types of Trucks:

* Trucks can be classified by:

A. Method of discharging the load: Rear, bottom, side, conveyor, push
plate.

Type of frame: Rigid (45 osx JSe) or articulated (U« JSee)

Size and type of engine: Gasoline, diesel, biodiesel, natural gas, or
propane

Steering: Front axle or multiple forward axles ( crab steering).
Configuration of drive: All-wheel, rear-wheel, or front-wheel
Transmission of power: Direct drive, torque converter, diesel electric
Class of material hauled: Earth, rock, coal, ore, unclassified

. Capacity: Gravimetric (weight) or volumetric (cubic measure)

O W

I OmMmMmO



CAPACITIES OF TRUCKS AND HAULING EQUIPMENT:

* There are three standard methods for rating the capacities of trucks and
wagons (<& sghaall gl &b yall):

. Gravimetric: the carried load, expressed as a weight.

1. Struck volume: the carried load expressed as a volumetric amount,
assuming the load is water level in the dump box.

I11. Heaped volume: the carried load expressed as a volumetric amount,
assuming the load is heaped on 2:1 slope above the dump box.

T T 2,

—
e e, o
—
( |
L

Strmck Heaped

Material measured straight

Based on a 2:1 slope
across the top of the body

above hauler bodies
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SELECTION OF TRUCK CAPACITY:

« The most important consideration when matching excavators and haul
trucks 1s finding equipment with compatible capacities.

 Balancing the capacities of hauling units with the excavator bucket
size (3=l 44 j2a axa) and production capability is critically important.

« Matched capacities yield maximum loading efficiency and reduced
total costs.

A practical rule of thumb used in matching the haul truck with
the loader is a truck cargo body capacity of four to six times the
excavator bucket capacity.




Truck Cycle Time:

* The components of the truck or wagon cycle are similar to those of the scraper.

 Thus total cycle time is the sum of the fixed time (spot, load, maneuver, and
dump) and the variable time (haul and return).

 The fixed time elements of spot, maneuver, and dump may be estimated by the use
of Table 4-9.

Table (4-4): Spot, maneuver, and dump time for trucks and wagons (min)

Conditions Bottom Dump Rear Dump
Favorable 1.1 0.5
Average 1.6 1.1

Unfavorable 2.0 2.5




 Loading time, however, should be calculated by the use of Equations (1) below:
Haul unit capacity (1_ a)

Load time =

Or

Load time = Number of bucket loads X Excavator cycle time (1- b)

Loading production at 100% ef ficiency

* The use of the 100% efficiency loading rate Is intended to ensure that an adequate
number of trucks Is provided so that the excavator will not have to wait for a
truck.

« Either bank or loose measure may be used in Equation (1- a), but the same unit
must be used In both numerator and denominator.



Number of Bucket Loads:

The number of buckets required to fill the truck capacity is determined from:

2)

Truck capacity

Number of bucket loads = ;
Bucket capacity

 The actual number of bucket cycles to load the truck cargo body must be an
Integer.

» The calculated number of buckets is usually rounded to the next integer.

o © 5 pead) Al - il Aigh aud - eyl ) Ala Ll - SLEY) 5k
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Number of Haul Units Needed:

* The number of trucks theoretically required to keep a loader fully
occupied and thus obtain the full production of the loader may be
calculated by the use of Equation (3) below:

: Haul unit cycle time
Number of haulers required (N) = 4

Load time (3)

* The result obtained from Equation above must be rounded up to the
next integer.

* If more than the theoretically required number of trucks is supplied, no

Increase In system production will occur, because system output Is
limited to excavator output.



* If less than the required number of trucks is supplied, system output will be
reduced, because the excavator will at times have to wait for a haul unit.

 The expected production in this situation may be calculated by the use of
Equation (4) below:

Available Number of units
N

Expected production = X Actual Excavator production  (4)

* In performing this calculation, use the precise value of N, not its integer
value.



Example: Given the following information on a shovel/truck operation,

(a) calculate the number of trucks theoretically required and the production of this
combination;

(b) calculate the expected production if two trucks are removed from the fleet.

 Shovel production at 100% efficiency = 283 BCM/h , Job efficiency = 0.75,
Truck capacity = 15.3 BCM, Truck cycle time, excluding loading = 0.5 h

Solution:

(a)
Loading time (from eqg. 1-a) Is:
Load time — Haul unit capacity 153 — 0.054 h

Loading production at 100% ef ficiency 283

Truck cycle time = 0.5 + 0.054 = 0.554 h



Haul unit cycle time __ 0.554 __ O 3
Load time 0.054 '

Number of haulers required (N) =

Use N =11.
Expected production = Ideal excavator production X Job efficiency
Expected production = 283 x 0.75 = 212.25 BCM/h

(b) When two trucks are removed:
Available no. of trucks =11-2=9

Available Number of units
N

Expected production = Fgg X 212.25 =185.46 BCM/h

X Actual Excavator production

Expected production =
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Excavators and Crane-Shovels:

« An excavator Is defined as a power-driven
digging machine. (L 4Sk)

* In 1836, William S. Otis developed a machine
that mechanically duplicated the motion of a
worker digging with a hand shovel.

» From this machine evolved (< ski) a family
of cable operated construction machines
known as the crane-shovel.

* The major types of excavators used in earthmoving operations include hydraulic
excavators and the members of the cable-operated crane-shovel.

« Members of this family include the shovel (é_>xll) | backhoe (4ualall 43 jaall — 43 H.ll)
, dragline (&sLu) 3 ,lasl) and clamshell (Aa_lswll 3 J\sal\)

3yl daala - ddal)l dudigll aud - dao) ) Ads jall - LAY 3
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Hydraulic and Cable operated machines:

« While hydraulic excavators have largely replaced the cable-operated crane-shovel
family, functionally similar hydraulic machines are available including the front
shovel and backhoe.

» The advantages of hydraulic excavators over cable-operated machines are:
1) faster cycle time,

2) higher bucket penetrating force,

3) high overall efficiency,

4) more precise digging, and

5) easier operator control.

« The major remaining cable-operated machines based on the original crane-shovel
are the dragline and the mobile lattice-boom crane.



HYDRAULIC EXCAVATORS:

Hydraulic
Stick Cylinder

« Hydraulic excavators use
diesel engines to drive
hydraulic pumps, motors, and
cylinders.

 The hydraulic force from
these components is then used
to power the excavator's
motions of digging and
loading materials.

Boom
Stick

Cab

Ot s
¥ Ji
; Hydraulic Boom \ | ;

Cylinder ‘,1\

Hydraulic Bucket Main Control Valve

Cylinder

Counterweight

Swing Drive Hydraulic Pump

‘ Slewing Rings

Final Drive

Sprockets

. TrackPads

* These excavators may be e N e,
e ither CraWIer Or pneu ma‘ti C- Engggr?nugn(Tjools Front Idler Bg;tI(IZT

tire mounted.
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Types of hydraulic excavators:

« Boom (z_») and stick (L==) hydraulic excavators are classified by the digging
motion of the bucket.

1) An upward motion machine is known as a PR
"front shovel." iRESE G
i
* Ashovel develops breakout force by crowd TN
(&23)and curl (&) bucket motions away | el
from the machine. : > ; ‘
+ The boom of a shovel swings in an upward ~ {——IL&= hims:
arc to load; therefore, the machine requires (©) )5 - o J“
material banked above track level. REEE

Hydraulic shovel-upward arc
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2) Adownward arc machine is qaiN

classified as a "hoe." = ) \

* |t develops excavation breakout force n/ SaE \\
by pulling the bucket toward the TGID \
machine and curling the bucket inward. Fow= 1 I\ 1

 The downward swing of a hoe dictates U i
usage for excavating below the track @“
level. ( y

\ /
WD

Hydraulic hoe-downward arc:
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Productivity of Excavation Equipment:

* If an excavator Is used as an independent machine (a one-link system),
Its production rate can be estimated using the following steps:

Step 1. Obtain the heaped bucket load volume (usually in LCM).

Step 2. Apply a bucket fill factor based on the type of machine and the class of
material being excavated.

Step 3. Estimate a peak cycle time. This is a function of machine type and job
conditions to include angle of swing, depth or height of cut, and, in the case of
loaders, travel distance. (angle of swing: g &l s j8all xay (s jlaall s o8 Al 4yl 31 )

Step 4. Apply a work-time efficiency factor.
Step 5. Conform the production units to BCM.
Step 6. Calculate the production rate.



The basic production formula is:
Production =V X N
Where:

V: is the material carried per one load Iin
(BCM)

N: number of cycles per hour.
In the case of excavators:
V=(QXFxVolCorr.)

and

N = @xExASD

Where:
Q = heaped bucket capacity (LCM)
F = bucket fill factor

Vol Corr.= volume correction for

1
loose to bank =
1+percent swell

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

T = cycle time in seconds

work time (min.)

E = time efficiency = —




FRONT SHOVELS:

 The front shovel is also called a hydraulic shovel or hydraulic excavator-front
shovel.

 Front shovels are used predominantly for hard digging above track level and for

loading haul units.
Boom

 Loading of rock is a typical
application.

 Shovels are capable of
developing high breakout force
with their buckets.

* Most shovels are crawler- Boom
mounted and have very slow cylinder
travel speeds, less than 5 km/h.

Arm or stick

Bucket cylinder

Bucket




Size Rating of Front Shovels:

 Buckets of hydraulic shovels for construction work range in from 2 to 11 m3.

 The capacity of a bucket is based on its heaped volume, which would be loose
volume.

« Fill factors represent percentages greater than or less than the rated-heaped
capacity.

« The load in the bucket is adjusted based on material type by multiplying the rated-
heaped capacity by the material fill factor.

TABLE 9.1 Fill factors for front shovel buckets

RO, Material Fill factor* (%)
Bank clay; earth (Easy digging) 95-105
Rock-earth mixture (Easy digging) 95-105
) Rock—well blasted (Medium digging) 90-100
e Sy Rock—poorly blasted (Hard digging) 85-95
/KO Very hard digging 80-90
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Al o Lele 3.82m3 Led uaSal aaall 48 jaal ddcall Gl 3 il Jeal edl) anall fed 1 Jlia o
0.9 Ll Jalaas | 0.8 58 #lisY) Jalae L]

:Jall e

Bucket load ( LCM) = Fill factor x Bucket Volume = 0.9 x 3.82 = 3.438 m3

Bank Volume = Loose Volume X Swell Factor

Bank Volume =3.438x0.8 =2.750 BCM

Thus, Bucket Volume (BCM) = 2.7504 (BCM)

Note: Swell Fctor = Load factor =
1+swell



Shovel cycle time:

 There are four elements in the production cycle of a shovel:

1) Load bucket (digging): Move bucket to the bank, fill, and raise bucket

clear of the bank.

2) Swing with load: When bucket is full, raise to dump height and swing

over the haul unit.
3) Dump load: Open bucket to dump while controlling dump height.

4) Return swing: Swing upper frame back to the bank and lower bucket to

start next cycle.



« A shovel does not travel during the digging and loading cycle.

 Travel is limited to moving into or along the material face as the excavation
progresses.

 One study of shovel travel found it was necessary to move after about 20 bucket
loads, this is an average value.

« This movement into the face of the material took an average of 36 sec.

» Thus each cycle can be increased by

1.8 sec to take account for travel. Table (9-4):Typical cycle time for front shovel
» Typical cycle element times under Step Time (sec)
average conditions, for 2 to 4m3 size Load bucket 7.9

shovels are as given in the table: .
Swing with load 4-6

« Larger mining shovels theoretically
cycle in 25 to 45 seconds depending on | Dump load 2-4

their size. Return swing 4-5
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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 shovel. 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++% | 190%* | 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
cla}-' 38 57 84 111 137 156 180 202 236
Well-blasted P— P J— _ —_ S
rock 30 46 T2 o5 118 137 1506 175 210
Wet. S‘tick}-" 1.8 2.1 2.4 2.7 3.0 3.3 3.5 3.7 4.0
cla}r 19 30 53 T3 o1 110 125 141 175
Poorly blasted —_— R — S — — S S
rock 11 19 38 57 T3 88 107 122 149

* These values are the optimmum depth of cut in meters.

** These values are the ideal outputs in cubic meters.
e Sowrce: Power Crane and Shovel Association.

SR V=N [ PP NSV CVY | I VIR 7| BV P) 0 RN VY Y W I I 2
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Table (9.3): Factors for height of cut and angle of swing effect
on shovel production (ASD Factor)

TABLE 9.2 Factors for height of cut and angle of swing effect on shovel production

Angle of swing (degrees)

Percentage of

optimum height 45 60 75 90 120 150 180
40 0.93 0.89 0.85 0.80 0.72 0.65 0.59
60 1.10 1.03 0.96 0.91 0.81 0.73 0.66
80 1.22 1.12 1.04 0.98 0.86 0.77 0.69

100 1.26 1.16 1.07 1.00 0.88 0.79 0.71

120 1.20 1.11 1.03 0.97 0.86 0.77 0.70

140 1.12 1.04 0.97 0.91 0.81 0.73 0.66

160 1.03 0.96 0.90 0.85 0.75 0.67 0.62
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Production = Material carried per load X cycles per hour
Material carried per load = Q X F X Volume correction

Cycl h —36OOXE><ASD
ycles per nour = T(sec)
where: Q= heaped bucket capacity (m3) , F= Bucket fill factor

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

T=work cycle time (sec)

] 1
volume correction= = swell (load) factor
1+percent swell

work minutes per hour
60 (min)

E= efficiency =



U ) gy B e ) g Jrandy jial Jaad CaSae jia 3.8 sy ola QI3 48 jaa bk o
s A8 jaall jaall el )l ol )5 yie 3.6 Jiall ¢lii,l (poorly blasted rocks)
Al Aali) caal A 50 B0 o) sl Al 3 o sS8 Caaan ads ALY Gl 2l) | 51e10.2

(LCM/hr) 32a 5 (conservative) 4daisiall (4clufdsds 60)

Solution:
Production = Material carried per load X cycles per hour

Material carried per load = Q X F X Volume correction

TABLE 9.1 Fill factors for front shovel buckets

Q= 3.8 m, F=0.85 (from table 9.1) conservative value = =Ty
. . Bank clay; earth (Easy digging) 95-105
Volume correction= 1.0 ( Loose production) et o) S0
ock—well blasted (Medium digging) 90-100
Rock—poorly blasted (Hard digging) 85-95

V= material carried per load= 3.8 *0.85*1.0= 3.23 LCM  Yeytadcins 040




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), ASD= 1.08 (by interpolation)

» Shovel cycle = 9+6+4+5 +1.8= 258 sec. (from table 9.4 conservative)
« F=60/60 = 1.0 (ideal production)

3600x%1.0
25.8

* Cycles per hour = X ASD = 150.69cycle/hr

Production=3.23 X 150.69 = 486.72 m?3 /hr (LCM/h)



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 2.3m?3 heaped capacity bucket is loading well-blasted rock
on a highway project. The average face height is expected to be 20m. The shovel has
a maximum rated digging height of 27.4m. Most of the cut will require a 140-degree
swing of the shovel to load the haul units. What is a conservative production

estimate In bank cubic meter?
Solution:
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Table (5-5): Represented dimensions, loading clearance, and lifting

capacity of hydraulic crawler hoes

SR EER TE e = 2 lrﬁmgcapacltyai TE Be s
= —1‘3 “z::hm ~ Maximum  Maximum _ Short stick Long stlck 3 _':
b.swm- ‘ISﬁckengﬁt ew e TR e Front Side - Front = s-de =
Cfey) - =) (@) () () - (ib) (ib) (ib) -~ * -~ (b) - _
= 5-7 19-22 1215 1416 2900 - 2600 2,300 2,800
s D
3 6-3 24-27 16—18 17-19 7.100 5,300 7.200 5,30
1 5-13 26-33 16-23 17-25 12,800 9,000 9,300 8,202
11 513 27-35 1721 1823 17,100 10,100 17,700 11,100
> . 7-14 22-38 1827 1824 21.400 14500 21,600 14200
25 7-16 3240 20-29 20-26 32600 21400 31500 24,400
3 10-11 3842 25-30 24-265 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 47,800 33,500"
5 8-15 40-45 26-32 2526 34 100F 275007 31,6007 27,6007

*Lifting capacity @ 20 fi.

Lifting capacity @ 5 ft.
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:Bucket rating for hydraulic hoes 484 s yuell 5 jlaadl 43 o ands

. _ @ﬂ\u&u‘yw}a\@us Aalall 48 pnall i o
Table (5-6): Fill factor for hydraulic ads oL <l LS T 1 i 8l 3 s

hoe buckets (5-6) JJM\ b LS Ad jadl Lo Jalaa
R e nEgm e | & T . - "\

Moist Ioamfsandy clay 100-110

Sandandgravel  95-110 T
HDGk—p&Oﬂy blaStEd 49'5@ - Heapgd Struck
Rock—well blasted 60~75 e | capacity
Hard, tough clay - 80-90 - / i
*PEI'Cﬂi]l ﬂf]’ﬂﬂﬁd bucket mt}r. Excavator bucket rating -

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 m3 (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

© 5l s - il Aigl) aod - eyl Als ) - LIS 5k
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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 m3 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 is 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+; s 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:
AcraWaMehavingaS%-cybuckaisbei'goaxsideredfortsemaprojectb
excavaie very hard ciay from a borrow pit. The clay will be loaded into trucks hav-
ing a lcading height cf 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-
ducoondmeroemwbcyardsbaﬂ(me,ﬁmeefﬁcencyfactorseqﬂb
a 50-min hour?

Step 1. Size of bucket, 31 cy

Step 2. Bucketﬁ:’lfactor(rabIeQA).hardclayBOtoQO%;weaverageBS%

Step 3. Typiczal cycle slement times
Opmnundepthofofls:!)tom%ofmanmundngg:ngdepmﬁcm
Taole9-3ior332-cyszzehoe maximum digging depth is 23 10 27 ft
Depth of excavation, 8 ft

8

mx1(!)=34%230%:0kay
B 100 = 30% = 30%: oka
27 ft - = e

67 - el s - il il o - Al s el - oL G5k
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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 load 6 sec load trucks
3. Dump load 4 sec load trucks
4. Retum swing S sec

Cycle time 22 sec

Step 4. Efficiency factor, S0-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 B0min (1 +035) _ 00 bey/hr

Check maximum loading height to ensure the hoe can service the trucks, from
Table 9.3, 21 to 22 it
21ft > 99 in okay

- ead) daals - il il ad - Al ) Ala el - LAY 3k
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Bucket Size [cu yd (m”)]
H 1 1 1 3 2 2 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 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 1256 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) (1489) (176) (206) (233) (260) (313)
Welt, 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?)]
32 1 1] 11 13 2 2} 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 1.17 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
180 118 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. . d‘ ) <

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]

978 -5 s - nal) dtigl) ol - Aayl M) Al al) - SLEY) Gk
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Operation and Employment

The dragline is a very versatile machine that has the longest reach for digging and dump-
ing of any member of the crane-shovel family. It can dig from above machine level to sig-
nificant depths in soft to medium-hard material. The components of a dragline are shown
in Figure 3-10.

Bucket teeth and weight produce digging action as the drag cable pulls the bucket
across the ground surface. Digging is also controlled by the position at which the drag chain
is attached to the bucket (Figure 3—11). The higher the point of attachment, the greater the
angle at which the bucket enters the soil. During hoisting and swinging, material is retained

iI:l lh(-? bucket by tension on the dump cable. When tension on the drag cable is released, ten-
sion 1s removed from the dump cable, allowing the bucket to dump. Buckets are available
in a wide range of sizes and weights, solid and perforated. Also available are archless buck-

ets which eliminate the front cross-member connecting the bucket sides to provide easier
flow of material into and out of the bucket.

279 - el s - il il o - Al s el - oL G5k
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Forms for concrete structures



:Fo
rm f
or c
onc
re
te structu
re Ayl AN
il Al
| el
|
A1) 2

L o
) g8l) clallatia

Loz al
T\
N s
\\:j\jsjﬂ\uj

TR e
i | X
~'\%Lu3;‘2“
sladll J< \

(1
(2
(3

-
([ ]

doaliand
a1l
Al 58
B da) Ge gyl
S
\
Al

rllal
L)) aals
lee i) annadl
S
Lod Lﬂ‘
| o

a
PN | T Atanal
Nk | |
e ) ‘ : ...
(M..‘jﬂ?\&“\ﬁd A
. Uﬂ\) .. ) SEY) A
‘\eal.mﬁ‘ﬁ“ B ‘—‘Mm
“ \&_\.d. ! ..
i s ol -
| ..\ " \ \ ‘~.~
q\;j..au.d\ e\m‘ |
i o ER.
- UL IPRYSS
‘—\*é—*“-«@-ﬂd-te-we
.

(1
(2
(3
(4
(5
(6



) ) 46l

Jaial e 31 ) ) A4S Ll Wiliae la AN 50le 46K Jais dilu Al Jlec) 388 o) o

i s L 3 3D 5l e ) panll A 4ub Loy b o)) ) sl )
Al Al A e 3y 3 Q) A6 e YA s

) sal) A8lS S et o g Al Al Jlee Y 401K AalSY Jala3) 4 glaa (5] 8 12

gl by gl g Jee Jad Al Jandl gal) 5 ) gall 1ipe ll 81 4GS () S5 o



) ) il

L peand (il 8l Jlanind (55 mall (po @l Lgaiin s tie G5l Bala Al 2 5l Lay o
A0 Sl ) g o s Y (g

558 o Lol llima Aaal) Ailue AN (5 (e il Jniacall Ao glial 4818 5 58 <3 (1
A A
ol (5) 050 thaall LSSy Jalina A Aadie S5 0 (2

Aol Al Jlee Y 2001 A8SH Aol ala) 4S5 o) (3



A3 peadl ) il e Tl ,a (e il Jariall
Al o e L gee Unkiza o 68 Lild Qllall 8 a5lu JAd) i o8 Ladic
rle baaall 138 Adiag e

Al yall aais (

Bl A e

Gl 2Daf Aoy

suloadlda o (

B~ W N -

&umj\ﬁuuj&@qu\émuﬂ\ s dgly e
Al e Jabiual) el mleds) ) gas b aliatlly o dolu AN d Cd gl g pan

Bolall da ) e LS iy Al Al S1anY) caliaill o 5300 cd gl o) o
_BJ\J;M :\;JJ CAL\.«.»SQ iy llall Glc MMJAJ\ALMLMQL‘ BT 1Al o




dclila 2.1 e J3) (R) 3kl de jud O jaall I3 Ol Qll 8 (3
o i 1414R
mo 1.8T + 32

Lelia 2.1 o A8 (R) el e sl gl aall I3

2079 + 441R
18I+ 32

P.= 7+
e

( kPa) clall @il mhand) e dslu pal) adalis daza el p

) D) 4e yw R

196 kPa o )die Lo Jaxall 4ad joati ¥ o e o

2023 dillac  yalue 3 285



eVl QN8 (b

N 1414R
1.81T + 32

P =7

(MJ&&)J)M@F\ B)\)}:\.;JJ TL_UA
144 kPa oo L harall dad 55y o)) e o

250Y o g @Al e Dlu Al O i Javia el i J)sal) aren b rddaaSla o
23.5H =

(M) Qa8 b 2 gl ) tH Cus o

© bl Aaals - Al il and - Aal N Ala al) - (LESY) 5k

2023 dlldac  paYlae o 286



St 8 e 5 A e ol Bl 01y e )
AUl

e yie 1 = dDAL) da

4510 4 2 30 Bl el ds )

438y 50 = aclull & Jaall @383 2ae

aady 1 LAl ele ¢ Lal o 33U & )

4l 45 sle sl Db sina an il o U gl

1l5 45 52l 1 5 pall pilall )

b5 25 dudlaie Lluja le Jgeaall o 3301 )
288l 3 3 em 12,5 AlDAl e ju Jine



:Jad)

(U=l x Jshll) | ddadal) dalss) = ¢3SVl de

e ludl il sall aae x AMAl) daw = deludl dADMAl) dal)

3 ygall g\ Jaadl 3383 22c = 4cludl &l y g2 2ac

pball G gl) + g yail) b g + Lalal) b g+ Jaastll G g = Bas) 6l B gall g
43834 5 =60/ 45 + 60/ 45 + (12.5/ 25) +1 = saalll 5 50l
aclull /3,50 11.1 =4.5/ 50 = 4cludb &l ) all axe

dclu [ c=Sa yie 11.1 = 11.1 x 1.0 = Acludl Ab3Al) 4aal)

aclu/ 4 1.11 = (0.4 x 25)\11.1 = SVl e Hu
iclu4.05=1.11/4.5 = DY de o [0 = uall 2 3D 8 )




G ol e baia lef il 3 130 Aol e 2.1 G 8 o3 e us of s
CAREIN|
1414R
+ ; -
1.8T + 32

I?HI = 7

*P_=7+1414x1.11 /(1.8 x 30 + 32) = 23.44 kN/m?
* P <96 kN/m? (o.k.)
*<235*45 (0.k)
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Slab form,
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ACI 347-04

Guide to Formwork for Concrete
An ACI Standard

Reported by ACI Committee 347
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M=w L2/ 10

where

M: the applied moment

w: uniformly distributed load ( kN/m)

L: span between supports (c/c)



The resisting moment is M’

I
~
o

Equating the applied and resisting moments gives:

then L2 _ 10fbh2
6w
2
From which the max spanis: L = \/mgvl:h
10 f b h?

or, The max. safe load 1s: w =

6 L2

%
(1-A)
(1-B)



il dlgal -2

Applied shear force Is:

WL

V=2
2

The maximum shear stress in the rectangular section is 1.5 x average shear stress, I.e.

= 15V _ 15wli
" bh  2bh

then the maximum span between supports such that shear stress does not exceeds the
allowable shear stress is:

. 2V bh
15w




‘Deflection <l ya3Y! -3

5w L4
384 EI

e Deflection, A = 1000 X

* then If the maximum deflection A is specified, then the maximum span

can be determined from:

e = 0.526 4/’5—”
w
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Section Elevation
i wW i { W4 il ]
1806 ——] h@ Joists
(im)
I € i
w = design load (lb/sqg ft) [KN/M2]
w, = 1 X w = w (Ib/ft) [kN/m]

a. Sheathing



:Joists =l =l (2
(il 4sdy 531 5) CaNAN wid ) lal) Jis ) sal) @

e o)) sall &l Jad oy Jiag alatie Jea JS4 (2 ) gl Je Jalicd) Jaald) (65 1AL o
Llede At cadlall

Aaladl (e ey iyl gl e Talall Jeall o

Wy =W X Sz 5, —|
where: T ,ﬁ 7
Joists

s, = spacing of joists (ft) [m)

= spacing between joists. o = WX 5y (1) ()

b. Joists

O Adlsall (5 gl (2l 5 e lizad Jsda alag) 98 sllaall (b () s2l) avaial dic
.(Stringers Calad) I o adlial) ¢! ) ailua

S W, l_

{ Joists <

S, :is the span of sheathing sk @\mnw |
- g /@
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W3 - W X S3 r[= S3 ’%

{ w | . W3 ]
where: ot = 7 g - sou
S;:is the span of joist ; SZ\S'”"M”\ E o [—:f

. . }‘ S5 ; ‘% S hores
= spacing between stringers. © — svacngof shnges 1 1 U[ﬂ/s
W3 = W X 8, (Ib/ft) [kN/m] ' ;

3 il
c. Stringers
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P=wxLxL
when L, =L , then
P=w x(L;)? g

where: e

L, , L, spacing between shores in x and y directions, respectively.

L;: spacing between shores = L, =L,

Note that: L, (or/and) L, should be equal to spacing between stringers.
thus, P = w x (S,)?
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Example: A timber formwork to be used for a concrete slab of the
following information:

Slab thickness = 150 mm

Sheathing nominal thickness = 25 mm (Actual thick (S4S) = 19 mm)
Joist section =50 x 200 mm  (Actual S4S = 38 x 184 mm)
Stringer section = 100 x 200 mm (Actual S4S = 89 x 184 mm)
Commercial shores of capacity = 17.8 kN are used.

Assume that all members are continuous over three or more spans.
Estimated weight of formwork = 0.24 kPa.




 The properties of timber are:

Property For sheathing Other members
Bending strength, F, (kPa) 7412 8619
Shear strength, F, (kPa) 1200 1241
Modulus of elasticity, E (kPa) 9.4 x 10° 9.7 x 10°

 Maximum deflection of form members is limited to L/360.
» Use the minimum live load permitted by ACI.

« Determine:

1) The joist spacing
2) Stringer spacing
3) shore spacing



Solution:

Assume density of reinforced concrete = 24 KN/m3  Leilae) 2 dlla 3)
(L oy J) gl

Pressure per me:

Reinforced concrete = 0.150 x 24 = 3.6 KN/m?

Formwork = 0.24 KN/m2  (given in question)  sslaci 2 dlla 3
(A p ot el

Live load = 2.4 kKN/m? ( minimum L.L. from ACI)
Total design load = 6.24 KN/m?

(u_u.d\ Jeall L,,AJ\ Jeall O laleas @ yany GA-\MJM Jaall A.L;JA)




1)The joist spacing:  ( —all eladll Jsha (g0 salagl (32 5 ()
* Load on sheathing ( for a strip of 1 m width) is

*wl=1.0x6.24 =6.24 KN/m

a) Maximum length for bending: (eq. 1-A)
(U] ) leliad EOAT 3 paiine ciliie & Al jualic aea Gl Jlgaall s ) o
« M=w L?%/10
-Also M=fxS=1fx(bh?/6)
* Then, w L4/10 =f x ( b h%/6)

10 f b h?
-twus,Lz\/ f

6w

e f= 7412 kPa =7.412 MPa, h =19 mm= 0.019 m , w=w1=6.24 kN/m




=0.845 m =845 mm

\/10 (7.412x106)(1.0) (0.019)2
| =
6 (6.24Xx103)

2vbh _ 2(1.2x10°) (1.0) (0.019)
15w 1.5(6.24%103)

a) maximum length for shear: L = =4.872m

(Aabide 3 jaicwal) Cilgiall A& Gl 38 Y 4 58 Ua (aill Clias Alalas ddasdla) o
a) maximum length for deflection:

Note: Maximum Deflection for various beam cases

Simply supported Two spans Three or more spans
A_SWL4 A= w L* A= w L*
384 EI 185 EI 145 EI




In this example, A = id and the limit is given as: A = L/360
145 EI

| = 1000 x (0.019)3/12 =5.7158% 10~"m* E =9.4 x 10% kPa = 9.4 x 10°Pa

L (6.24x103)L*

360 145 (9.4 X 109 )(5.7158x10-7) from which L = 0.697 m

The minimum length is L for deflection = 0.697 m = 697 mm
This value represent the span of sheathing = spacing of joists

Use L = 675 mm (practical spacing )



The stringer spacing: ( <ba )l sld J ol alay) (32 5 o)
(sheathing <3l (e akaiie Jaal (i e stringers <l ) )

w, = span of sheathing x design load = 0.675 x 6.24 = 4.212 kKN/m
For bending:

For continuous beams, L = \/

10 f b h?2
6w

1Al Ciliza jlal) clizad J gda alagl  iay lad) ) lilisal) alagl ) ddaaBla )
Cand g ilica jlall o andivie ) adaiall sl 5 al &l oS3 Gl Gaa
(<lad) L

f=8619 kPa=8.619 MPa (given In the table of the example)

b =38 mm (given in the table of the example for joist)




h =184 mm (given in the table of the example for joist)

[ = \/10 (8.619x106)(0.038) (0.184)2  _ 5 095 m
6 (4.212 x103)

2V bh

For shear L = — [v= 1.241 MPa ( given in example)]
| =2 (1.241x108) (0.038) (0.184)

1.5(4.212x103) = 2.686 m

L w L4

* For deflection: — =
360 145 EI

El = (9.7 x 109 x ( 0.038 x (0.184)3/12) = 1.9135 x 105 ( N.m?)

L 4212x10%L*
360 145 (1.9135 x 105’

[3=18.298 then L=2.635m
The smaller value of L is that for bending, thus bending governs.
L=2.095m Use L=2.00m



1) Shore spacing:

(b e euaat 4 shores Gleleall (pu Glilud) ) o
Cajad) Y| glizad Jgda ol ]
agle Jaluall JEil) Jaat] daleall adaie 451800 (e SUN 2

 Span of stringer:

 Design load on stringer:

* W, = design load x span of joists = 6.24 x 2.00 = 12.48 kN/m
a) For bending

1Ofbh2
6w

 For continuous beams, L = \/

« f=8619 kPa =8.619 MPa  (given In the table of the example)

* b=89 mm (given in the table of the example for stringer)



« h=184 mm (given in the table of the example for stringer) L

_ [10(8.619%106)(0.089) (0.184)2  _
- \/ 6 (12.48 X103) =1.862m
bh
a) For shear L = 2175
« v= 1241 MPa ( glven In example)
. =2 (1.241x10°) (0.089) (0.184) _ 5171 m

1.5(12.48%x103)

: L w L4
a) For deflection: — =
360 145 EI

= (9.7 x 109) X (10.089 x (0.184)3/12) =4.482 x 10° ( N.mz)
L 12.48x103 L4

* 360 = 125 (3282x10° thus, L3=14.465 then L=2.437m

* The bending Is governs, the smaller value Is L = 1.862 m




o IBefdore using the stringer span, we must check the capacity of shore to carry the applied
oad.
O Adlisall (5 slasy 3281 51 e (53 sand) slaiWL cilale all (p Adlesall 1A Calad) 1) dinst Claleall (idaaa ) o
Aaa el gliad J gl andi sa (52l 5 culadl )

o) S o any 531 sa s 3380 1) el J gk (5 sbuid cladh 1l (g 31 sall alasL cilaleall G cilsal) Ll o
(e Jsiial) Jal) Jaai e 3508 dalell

Capacity of shore = 17.8 kN

Design load x spacing between stringer X span of stringer = capacity of shore
Spacing between stringer = span of joist = 2.00 m

Span of stringer Jskagll s pasll 5 o j2ll 43 gunall aiilly 455 Hlia g daleall Jaad s 8 (e oalag) ol (53l 58
6.24 x 200 x S=17.8 then S=1426m

This distance is smaller than the span of stringer ( 1.862 m)

Then the span of stringer should be the smaller, L=S =1.426 m

Use L = 1.40 m ( the span of stringer



Design of wall and column’s formworks:
aeeY) 5 ol yoall QI 8 avena o

23 Wale \
3 @

Figure 12-18 Typical wall form. ‘ Ha e R
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In all cases P,, » 23.5H

Where: P,,: maximum pressure on sheathing (kPa)
R: rate of concrete filling (m/h)

T: temperature of concrete ( C)
H: height of form (m)
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« Q = design load (kN/m?) x span of wale x span of studs
* In which span of wale = horizontal spacing between ties
* And span of studs = spacing between wales
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Example 1: 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 1= 1000kN/m?, deflection 3 mm, tie bar dia. 10 mm, yield 425
MPa, P, =25 kN/m?
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» Capacity of tie = % x 102 x 425 = 33379.4 N = 33.379 kN



 Load on each tie = design load x span of joist x span of stringer
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 Span of stringer = Capacity of tie / (design load x span of joist)
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« Example 2: Form are being designed for a 2.44m high concrete wall to be
poured at a rate of 1.291 m/h, at temperature of 32°C. The concrete is
estimated to weigh 2403 kg/m?3. Sheathing will be sheets of 19 mm thick,
studs and double wales will be 50 x 150 mm lumber. Ties are 13.34 kN
capacity. Deflection must not exceed 1/360. Determine stud, wale, and tie
spacing. The allowable stresses are as in the first example.
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