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TERMINOILOGY AND ABBREV IATIONS.

A s tArea.

BeT oUs :British Thermal Unit 1s the quantity of heat required
to raise the temperature of 1 1lb, water 1 Fahrenheit
degree.

D ¢ Dlameter of pipe in inches.

d ¢ Diameter of pipe 1n feet.

Enthalpy : Heat content. et

Enthalpy : Heat content per unit weight, B.T.U. /lb.

(specific) :

f . : Coefficient of friection of a fluid pessing in a pipe.

GePeMs : Gallona per minute.

H.P, :Horse power.

Humidity : The welght of water vapor per pound of dry air.

;atio ¢ Specific enthalpy of dry air, B.T.U./lb,

ha t h -h the difference between the enthalpy of moilst

as &ir a: saturation per pound of air, and the specific
enthalpy of the dry air 1tself.
¢:Pressure drop in feet of fluid.
. : Enthalpy of moist air at saturation per pound of dry
& air,
h : Specific enthalpy of condensed water B.T.U. /1b
v Water.

I : Moment of inertia,

R ¢ Reynolds number.

S : Stress per nnit area,.

W ¢ Welght of fluid'in lb. persecond

w

Welght per foot.



INTRODUCT ION

8ince many design problems and projects were deslt with
in connection with the different courses of structures, irrigation
architecture etc, , the author found it benefitial to tackle a
new suhjebt or fleld such as the 1ce plant and the skating rink
from which some additional knowledge could be acquired. In this
way & more rigld work would be achieved , thus fulfilling a clos-
er approach to thesls requlrements.

The ice plant , which 1s very common , is a sort of a
factory for making ice blocks to be used by the public for various
purposes during the hot months of the year; whilst the skating
rink 1s a place for recreation and sports where sportsmen can skate
on an artificlal ice surfece during the rest of the yeer. Thus the
machines will be working in summer for the production of ice and
in the cold months for the maintainence of the rink. Such a comb-
ination will create an economical project. The survival of the pro=-
ject may be ensured by situating it in Jerusalem, Palestine, where
snow 1s very scarce during winter so much so that there 1s no opp=-
ortunity for ice skiing or any other ice sports. Further there 1is
will also be a demand for ice during summer for local consumption.
Moreover, the Influx into Palestine of pilgrims from various parts

of the world will very immensely encourage the Introduction of
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such a scheme in the Holy ILand, which, to the best of my knowledge
and belief, 1s non-existant in the Near East.

In view of the planning zones of Jerusalem, the selec-
tion of a gsite for a combination of a factory and a place for
sports will undoubtedly be confronted with unsurmounteble aiffi-
culties; for if the structure were to be constituted of the rink
only, 1t would be very easy to have it situated in a residential
area., Therefore 1t is deemed extremely expedient to select a site
for it in the interior part of the c¢ity as is shown In the sitna-
tion plan in Plate T.

The plot of land for the project in view lies on the
western side of the main road to Bethlehem, and slopes from north
to south. The depression at the southern end may be offset by erec-
ting there%t the 1ce plant in the'basement and the rink partly
ebaove 1t and pertly abhove some fill., Motor traffic along the pros=-
pective slte between the central part of the city and other regi-
dentilal areas offers an ide2l means of transport from and to the

rink.
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CHAPTER
I
ARCHITECTURAL COMPOSITION

1. General Description: The ground flnor which conteins the
rink, 1s composed of the skating hall, a comblinetion of a restaurent
end a ber kitchen , 2 pantry and two tollet rooms for both sexes of
the spectators on one side. On the other side are specliel units for
the skators ; namely 2 room for storing the sketes, a room for keep-
ing the clothes of the skators and two tollet rooms for men and wo-
men respectively. The two doors leading to the skating hell, one for
the skators and one for the spectators, are of the revolving type so
as to minimize the heat leakage. Next to sach door there iIs a ticket
room, and in between & room for administration.

2. Skating Hall: The size of the ice surface is 185 feet
by 85 feet which 1s a standard1 one. A space 5 feet wide 2long the
longitudinal edges of the ice surface is provided in which the main
plpes cen be embedded. A seating system of tables snd chairs is in-
troduced instead of benches so that the resteurant cen make some pr-
ofit by offering cold food. The chairs and tebles ere placed over
two platforms to the eastern side of the hall. Each pletform is 8
feet and 8 inches wide which i enough for a table of four and leav-
ing a2 passage way. Each platform is raised 2 feet sbove the surfuce

infront of it so that the spectators can be able to have a good view

1."Refrigeration Applicetion " by The American Soclety
of Refrigeration Engineers. page 445
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of the skators . For the comfort of the spectators , the design pro-
vides parabolic radiators of heat , conveniently located in the wall
80 as to insure a comforteble warmth by direct radiation , while the

quantity of heat they generete 1s actually much less than their sen-
sible effect.



CHA PTER
5
STRUCTURAL COMPOSITION

1. Roof: The roof of the various units with the
exception of the skating hall, conslists of an ordinary reinforced
concrete slab at & hight of 13 feet. As to the skating hall,
its outgide dimensions are 195 feet by 115 feet, and 22 feet
high big enough thet the problem of economy should be considered
in deciding upon the kind of roof. The opinion of Proffesor
Yaramian, who is an experienced englneer, has been asked about
this matter. He suggested that a steadl truss would be the most
ecbnomical kind of roof for such & span of 114 feet - center to
center of bearing - on the baslis that he had actuelly made the
calculations for a span of 100 feet not a long time ago, at the
beginning of the vear 1949, with the conclusion that the steel
truss was the best. 8ince that time, prices of bullding materials
did not undergo a great deal of change, so that the construction
of a steel truss is decided upon; and what remains, 1s the selection
of.the form and the spacing of the trusses which 1s dlscussed
under PART III.

The upper surface of the roof consists of asbestos sheets
which 13 & poor conductor of heat and water proof. The bottom of
the roof, that is the ceiling, consists of three layers of aluminum

sheets, and each two are 2 inches appart. These sheets will render
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& light celling load on the trusses and will conceal all the
displeasing elements of the trusses. Around each 3 foot squere,
vertical projections of eluminum sheets are projecting downward
from the celling to & depth of 6 inches. Such projections will
serve & double purpose. One of the two i1s to serve as decorative
elements, and the second is to obstruct any air movement in the
upper part of the skating hall, thus making the air near the ceiling
in a state of stagnation to serve 2s & sort of Insuvlation.

The use of such en aluminum celling in public halls, is
becoming very common and widely spre2ad in the U.S. of America and
a lot of advertisements are published now adays about this subject
speclally in the architectural magazines, one of which states :
"Phis aluminum louvered celling offers eye-pleasing, non-glaring
11lumination under & striking celling. Easy to install - conceals
overhead elementa}" Aluminum is a bad rediator of heat, hence 1ts
use will help 1n reducing the refrigeration load. TUsually it
oxidizes as 1t 1s exposed to air and moisture, forming & very thin
film which increases 1ts resistance to corrosion and preserves its
colour. This is advantageous, but belng a2 naturel process it
tekes & long time; and now adays it 1s done artificlelly as described
in one of the British magazinesz. The magazine calls the process
the "Anodic Oxidation of Aluminum" which 1s "en electrolytic process
for thickening the oxide film present on 2ll aluminum surfaces".
The netural thickness of the film which 1is 0.000013 m.m. 1s increased

by this process into 0.0l m.m.

1. "The Architectural Record" of January,1949,.
2. "Engineering" ,vol.166 - No. 4313; September 24,1948 which 1s an
1{llustrated weekly journal.
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2, Walls And Floor : The walls of the skating hall are
built up of limestone masonry with a concrete backing, celcrste
as an insulator and plaster. A thilickness of 4 inches of celecrete
is extending from the floor to a hightof 7 feet, and 2 inches
from that hight up to the celling. The thicknesa of the wall at
neer the floor consists of:
Limestone and concreteses ses «se 12 inches
CELeretat i S Wbl iisnew 4 "
DA ENs st IR st e
Totel thickness of the wall..... =16% inches.
The exterior wells of the other rooms are also buillt up of limestone
masonry and a concrete backing with a total thickness of 12 inches.
The partition walls are made up of brick 6 inches thick.
The floor of the skating hall consists of three layers.
At the bottom there 13 a concbete slaﬁ 4 inches thick with little
reinforcement of steel which are 5/16 inches round bars at 6 inches
center to center in bnth directions so as to provide for any
settlement that may occure due to the fill under 1t and to account
for the sbrinkage and cracking of concrete. Above the concrete
there 1s a layer of celcrete 5 inches thick serving as an insulation
above which there i1s a layer of concrete 2 inches thick. On top
of all there 1s a mixture of sand and gravel in whecih the pilpes
are embedded. To provide for drainage the floor surface 1s divid-
ed longitudinally into two halves inclined towards the walls so
that in case some repairs should be made for the pilpes due to
leakage or the refrigeration process is stopped for some other

reason, the melted ice can be drained off easily.



CHAPTER
ITI
TECHNICAL DESIGN

1. Insulators: The main insulating material for the walls
and floor is Celcrete. It has been selected for insulation because
of 1ts small thermal conduectivity, and for being water proof and fire
resisting substence. It is a cellular concrete mass formed by mixing
a special foam with a cement solution. It is manufactured in differ-
ent types of densities . The standard types have got speclfic gravi-
ties Of 0.25 , 0.45 and 0.60 « As an insulator it is as good as cork
" but has the great advantege of being less expensive , water proof
and rot proof1 " The type used for the rink has got a density of
500 kg./m°. with & thermal conductivity of 0.1 k.cal./m%/m./hr./c.
To change its conductivity into the British system, the following
procedure will be done.

1 cal. 1 gr. 1°¢c.
1 B.T+Us 1 1b, 1°p,

1 BeTeUe = 1000 X 5 = 252 cal. = 0.252 k.cal,
0.1 k.cal./m?,/m./hr./c°
2

= Beds X 48 2 X Sapex 12 x B
0.252 Z.28 % e (]

0.806 B.TWUs/£t%/1n./F%/hr.

"

1."Celcrete” 2 pamphlet on celcrete produced by the
Contracting & Trading Co. Lebanon = Syria .
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Windows are made of double glass instead of single glass
g0 ag to decresse the conductivity through windows . Radiation of
heat 1s negligeble specially by the use of shutters for the windows
nn the eastern slde of the rink which will obstruct the sun's reys.
The conductivity of glags is 0.45 B.T.U. /ft.g/hr. ® based on & min-
imum alr space of 3 lnches.

The celling i1s made up of three sheets of aluminum sepers-
ted from each other by an air space of 2 inches 1n thickness. Thus
the three sheets of aluminum confine two layers of still air which
will be ecting 28 Insulators . The conductivity of air for a thick=-
ness of 1 inch

= 00168 B.T.U./hr‘/ft? /F05

2."Heating Ventilating Air Conditioning Guid" of 1947
published by the Americen “Society of Heating and Ventilating ¥n=-
gineers page 138 .

3«"H.V.ACe Guide" page 101
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2. Coefficients of Heat Leakage: fsince conductance 13 the
reciprocal of resistance , the over all coefflcient of eonductence
for various layers of materlials cean be found by knowing first the
total resistance of‘the meteriels . The coefficient: of conduectiv-
ity for the different surfaeces 1s found es follows}

(a) Floor :=-

4
Resistance of concrete 4 in.thick= 4x0.08 = 0.32

Resistance of celcrete 6 in.thick= 6x

1
0.8086
Resistance of conerete 2 in.thick= 2x0.08 = 0.16

= 7.45

Total resistance s 7,93

Gonductivity of floor = 1  =0,126 B.T.U./ft%/hr.
(b) Windows :=

Conductivity of double glass = 0.45 B.T.U./ft2/hr.
(c) Wells :-

Registance of 12 in. mﬂsonr§ @ 1 - 1,73
0.58
Reslistance of 4 in. celcretez 4 = 4,95
0.806
Hegistance of 1 in. plaster6: 1x0.13 = 0.065
e 2 2
Totel resistance = 6,75

conductivity of wall 16% in. thick = 1
2 6,75
= 0 u148B .T.U./ft a/hro

Reslistence of 12 in, masonry = 1.73
Resistance of 2 1in, celcrete = 2,48
Résistance of % in. plaster = 0,07

;.Egi
Conductivity of wall 14% in. thick = 1

= 0.233 B.T.Ub/ft.2/hr.

4.“H.V oA C -" page 17
5."H.V A oC o“ page 129
6.“H.V oA .Co“ paege 118
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(d) Roof :- The combined celling and roof coefflclent be-
tween the air under the celling and the exterior eir outside the
roof is glven by the formuls :
U=1U,x Uig
Upr * Uge

-

vhere U The combined conductivity coefficient to be used

with the celling asrea.

U, = Conductivity coefficlient of" the roof.
Upse = Gonductivity coefficient of the celling.
N = Ratio of the roof aree to the ceiling srea.

B = 0.558 ( asbestos shingles on wooden sheathing
%g in. thick )

Uce = 00168 = 0.042
I—T

2.24 = 1,12 ( roof pitch is % )
= i

U = 0.55x0.042 = 0.0231 = 0.039 B.T.U./ft%/hr, of
0.5540,042 0.55$0.038
112 celling area,

3e Inside Tempersture : In a cold storage room where the
conling coils are placed near the ceiling , the temperature 8t any
heilght 1s naturally kept constant ; because as soon as any heated
eir rises up for being light , 1t gets in contact with the 05113 and
conls down . As a reshlt all the air inside the room is cooled to
the same desired temperature . IN the present case of the rink , 1t

heppens that the refrigerating colls are gt the floor 2nd not near
the celling so that the cold 2ir which is hervy will remein by

7. "HaV.ALCL" Poge 129
8. "HoV ol oO." page 136
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gravity at the bottom without eny circuletion and with the result
of having the upper layers of air hotter than those at the bottom.

_ The temperature of air at the breathing level 1s kept at
50°F by meens og@he heat radiatoes . The breathing level 1s con-
sidered as 7 feét ebove the ice surface ,., To account for the temp=-
erature of air at the celling and at some intermediate polnts between
the celling and the floor , 1t is snecifiedg that there will be " an
increase in temperature of 1 percent per foot of helght above the
breathing level up to 15 feet , &nd an addltion of 1 of one degree
for each foot above 15 feet . ¥

The temperature dlfference between the breathing 1gve1 a
and the top of the gless which is at 12 feet from the ice surface
will be :

50 x (12-7) =2.5

1060
Temp. et the top of glass= 2.35 $!'50 = 52.5° F

60 x (15-7) = 4.0 degrees
100 50 .0
Temp. 2t 15 feet high = 54.0
1, x (22-15) = 0.7
To
Temp. &t the ceiling = 54,7

The temperature of the floor surface with the exterior of
the platforms 1s considered as SZOF. The tempereture of the ground
under the floor i1s taken as the average temperature for the whole
vear and 1t cannot be releted to the air tempereture at 2 certain
time due to the lagging of the ground to ahsgsorb heat immediately.
Por et the beginning of winter the ground will be still hot while
at the beginning of summer 1t will be cold. The sverage temperature

for the two vears 1943 ,1944 is 16.5°¢C = 62° F.

9."H.V.A.C. Guide" Page 246
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Teble I

Temperature Range in Jerusalem 10

Month Meen Temp. (C°) Meen Temp.(c®)
1943 1948 — 5
January 745 7.5
February Tl 0.8
March 8.4 13.0
April 13.0 17 .2
May 18.3 18.1
June 20.1 23.2
July . 22 .4 22.9
August 23.5 23.6
September 22 .7 2248
October 21.6 20.8
November 17.4 14.5
December 12.4 10.4
Table II

Thermodvnamic Properties of Moist Aipll

Fahr. Humidity Volume Enthe lpy Condensed
Temp- R&tio cuoft -/Ih.dry 9-11" B.T IUl/lb .dry eir W&ter
x 1000 * Enthalpy
Va vas va ha has ha hhw
44 6.09 12.69 Oede | 12582 10,57 658 1715 1271
65 13.26 15,22 0.28 13.50 15,61 14,45 30.06 Ko ol 0 |

1l0."statistical Abstrect of Palestine" of 1944-45
complled and published by the Department of Statistics.
11."H.V.A.C. Guide" Page 32
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4, Load Calculation: The latent heat load reaquired to
freeze the 1ce surface shall not be counted as one to prnvide for
during the sports time because the ice 1s going to remain con=-
tinwously on the floor durlng the sketing seagson. The freezing of
ice imposes a load only at the start which amounts to

85 x 185 x 1/12 x 57 ( (65-32) + 144)

= 74500 (33 + 144) = 13300000 B.T.U.
letting the freezing of ice take place In 30 hours, the load impo-

6 - 445000 B.T.U./hr.

gsed on the machines per hour = 13.3 x 10
Infiltretion through the opening and closing of doors and through
crecks in the windows 1s one of the sources of heat leakage that
should be accounted for. But with a large number of people present
in the hall for whom there wlll be a big demend of fresh air by
ventilating exceeding that which is entering by infiltretion,

then load celculations will exclude the infiltretion through the
doors and windows y'and will account only for the ventilated air
which already includes that through infiltretion. The fresh air
needed for non-smoking people is 10 cubic feet /min./per30n12

and that for smoking people 1s 15 cubic feet /min./person. Out of
the 180 spectators, 100 people are sssumed as smokers and the rest
with the skaters are non-smokers.

Fresh air for non-smokers = 10x280 = 2800 cu.ft./min.

Fresh air for smokers = 15x100 = 1500 cu.ft./min.

Totael fresh air per minute

4300

n n " " hour = 4300x60

258000 cu.ft./hr.

12."H.V.A.C. Guide" Page 283
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The heat gain from this volume of air will be found as

follows:
Temp. of outside 8ir =-ceeccmmmmccccmaa. 65°F
Relative humldity of outside air -==m==a 70%
Average Indoor temp., ==---cmmmecccaccce- 44°F
Reletive humidity of inside afir ~=-e-ew- 65%

Humidity ratio at 65°F = 0.013R6
x 70%
Aumidity reio at 44°FP = 0.00609

0.00928 1b.water/1lb.air

x 65% = 0.00396 lb.water/lb.air

Condensed water = 0.00532 1b./1b,./air

Specific enthalpy of condensed weter at 44°F = 12,10 B.T.U./1b.w,

Assuming that 50% of this condensed water will fall on the ice

surfece and freeze, then the heat gain due to moisture

0.00532 x 12,1 4 50 x 0.00532 (1 x (44-32) + 144
100

4+ (32-31.5) 0.504)

0.0644 4 0.00266 (12 4 144 & 0,252)

§ 0+0644 # 0.416 = 0.4804 B.T.U./1b.dry air
Enthalpy of moist air at 65°F, 704 R.H.

= 15.614 4 0.7 x 14.45 = 25,73 B.T.U./1lb.dry air
Fnthelpy of moist air at 44°P, 65% R.H.

2 10.57 4 0,656 x 6.58 = 14.85 B.T.U./lb.dry air
Difference of enthalpy 25.73-=14.85 = 10.88 B.TUs/1b.dry air

Heat gain from the moisture

0.48
Il.56 B.T .U./lb.dry air

Total heat produced = 258000 = 218000 B.T.U./hr,
T3 2240 .7x0 .28
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5« Piping: Trenches, in which the main inlet end out-
let pipes are laid, are provided on the sides to make the clean-
ing of the plpes, possible. The outlet main and the connections
are loceted higher than the floor pipes so that any trepped air in
the floor plpes will be discharged. The floor pipes are embedded
in 2 mixture of sand and small greins of gravel,sSuch e combination
is better then having either one a2lone from the point of view of
conductivity. The intention is to have a maximum weight of the
aggregate per cublic foot. A better system will be to embedd the
pipes in the concrete without uslng send and gravel; but the great
disadventage is that in this part of the world there are no skill-
ful men for installing pipes in concrete, in which case it is
very possible that some sort of leaksge in the pipes may occure
due to the inexperience of the workmen and which will be costly to
repair.

Floor pipes are chosen to be of steel Because of their
lower initisl cost per foot lenght. The ususl nractice13 is to use
1 to 1% inch pipes at & spacing of 4 to 6 center to center. One
inch pipes at a spacing of 5 inches center to center will-be edop-
ted. An exact estimation of the size or the spacing of the pipes
can be made by knowing the conductivity from the center of the
pipe through the send and gravel up to the ice surface. It seems
difficult to find the conductlvity of a layer of sand endi gravel
saturated ;1th water; but 1f 1t 1s imagined thet this layer 1s pre-
ssed a little so that & solid, rock like, layer of gravel and sand
freé"voids and & ssperate layer of water are formed, then the con-

ductivity can easily be found. As some contraction or exnansion

13."Refrigeration Application"of 1946 page 447
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may occur in the pipes which extend elong the width of the ice
surface, then these pipes are not installed in & straight line
but a bit curved. The system of distribution of pipes is shown in
the figure wlth alternate pipes having the same main supply and
outlet pipes of 4 in. diameter so &g to get & more or less uniform
cooling at the sides of the ice surface.

The refrigerant circulated in the pipes 1s the brine of
sodium chloride having an average temperature of 150F, end with a
rancge of temperature difference ﬁot more than 2°F between inlet
and outlet. Corrosion is prevented by adding a certain percentege
of sodium bichromate to the brine, uswally 200 1b./1000 cu.ft.

gsodium chloride brine.

6. Brine Circulation And Pumping Power : Some of the
properties of sodium chloride brine arel4 :
Percent of salt by welght -==-- -==20

Weight of 1 gallon -=--==cee=w--=-=0,64 1lb.

Weiﬂ'ht Of 1 Ou.ft. ------------- ""71.76 1b|
Freezing point =-==---- cnsnesmnensast 10" P
Specific hegt -==-ecemcccec-——ccea- -=0.829

To find the amount of discharge of brine :
Load ===w=== ————— -==800000 B.T.Us/hr.
Temp. difference --- 2°%p

Wt. of brine eirculated = 800000 = 8050 1b./min.

TX.820 x 2 x 60

VO]-Q " " $ = 8050 - 835 gal./lﬁin.
= 8050 = 112.2 cu. f£t./min,
71.76

14."Refrigerat10n and Refrigerating Machinery" vol, II
of The International Iibrary of Technology.
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The internal diameter of a pipe of 1 inch nominal sfze is 1.049
The sum of the section of areas of the floor pipes

e 12x185 x 0.785 x 1.049° ' = 385 in.2
o

The velocity in the pipes = 112.2x144 = 42 ft./min.
N o8,

.70 ft./sec.
viscosity of brine at a temp. of 15°F and a density of
71.76 1b./cu.ft. is 3.5 centipoises'®,

22740 x W
D xcentipolses

Number of plpes = 185 x 12 = 444
—_—

Reynolds number17

X
D = 1.049 inches
R = 227 0 = 1900 which 1s very near to

1.049x3.5
2000 at which turbulant flow starts and whieh is very favourabls

80 as to have & greater conductivity than the csse with laminar

flow,
18
£ = 0.95
2e 20
Fouivalent length of pipe for sudden contraction = 1.5 ft.
n " o " " enlergement = 2.0 ft.
2
Head loss = .05 x 88.5x12 x 0.70 = .39 ft. fluid

1.049 2. 17x2

15,"Refrigerating Data Book" page 179
16."Refrigerating Data Book" page 182

17 ."Hydraulics " by R.L. Daugherty page 109
18."Refrigerating Data Book " page 177
19."Hydraulics " page 195
20."Refrigerating Deta Book " page 293

15
in.
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56.1 cu.ft./min.

Flow in one main supply = 112.2
' 2

Velocity " " " = 56,1 x 144
4.032x .785

635 ft a/mino

10.6 ft./sec.

W = 8050 = 67.0 1b./sec.
ﬁ) X 2
D = 4.03 1inches
R = 22740 x 67 = 107800
200 X S
f gzt 000216
Length = 10 4 85 4 185 4 185 4 185 4 10 ¢ 5 = 665 ft.
Bquivalent length of 6 elbows-: 4 in. dfameter = 8x6 = 48 ft.

7S fe.

hp = » 0216 x 713x12 x _10.6° = 79 ft. fluid

;.63 64.35

039

79 .39

Total hf -

Pressure 1oss = 79.39 x 71.76 = 39.5 1b./1n2
144
The actual pump to be used should have an actual head about 15%

greater, to account for pipe defficlency with use. This extras

head can be throttled with a gate valve,

HePs = BOBO x 71.76 x 79,99 x 1 x ' 1
60 B2 .4 550 o 75
: 29.6 H.P.

Two pumps will be selected for & totel
Head = 39.5 4 15% = 45.5 1b./in%

G.P.M. 835

H.Pu iy 50

The rest of the machinery will be dealt with under Part II

21, " Refrigerating Deta Book " page 283
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CHAPTER
I
GENERAL CONSIDERATION

l. composition: The ice plent, small in size as com=-
pared to the rink, lies iunder the southern pert of the rink. It
1s composed of the following:

A machine room

An ice freezing tank
An ice storage room
An office

In addition there is 2 special tank the purpose of which
i1s to be able to store the brine water of one of the two parts of
the ice tenk in case of any leskage in the cooling colls instead
of wasting it away,.

2, Ice Tank: The top of the tank is flush with the
general floor of the plant, and 1t hes a wooden cover which not
only prevents the rapid transfer of heet from the air to the brine
but also prevents the dust and dirt from getting into the ice cans
and serves as a floor for the workmen. The sides and the bottom of
the tank consist of 4 inches reinforced concrete, an insulation of
6 inches and 2 inches plain concrete. The tank is divided long=-
itudinally into two halves with seperate refrigerating coils for
each part; so that in case of having any damage in one of the

¢oil lines or in some vart of the tank, then the other half of
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the tenk will resume its work independently for the production of
ice. Angles 3 x 2 % are provided 8t the top of the tank running
[in both directions to support the wooden covers and the can grids.
some of the standard sizes of 1ce cans are given In the table
below, The ice can of 50 1b. ice cake is selected so as to comform

with the size of the Ice bBblocks on the market.

1
TABLE I
standard Sizes Of Iee Cans

8ize of Size of Size of Inside Outside Size of

ice cake top bottom depth depth band

pounds inches 1inches Inches 1inches inches
50 8 x 8 7Ex7% 31 32 1 x1}
100 8 x16 7ix15% 31 32 1 x1%
200 114x22+% 103x21% 31 32 1x2
300 113x22% 105x21% 44 45 1x2
400 113x22% 103x213 57 58 2 x2

By compering column 2 with 3 in the:above table, it is concluded
that the ice cans are tapered so as to facilitate dumping. The
galvanizing on ice cans cen be protected by the chromate treat-
ment egainst corrosion.

3« Miscellaneous
(a) Brine agitator: It is a kind of a propeller in-
troduced for the sake of having & uniform freezing effect in the
tank. When the ice cans are filled with weter, the brine surroun=-
ding them becomes warm , while the brine in contect with the e¢oils
is cold. 80 in order to faclilitate the trensfer of heat the brine

' 1s stirred by means of the agitator, with the result of having a
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uniform temperature,

(b) Crenes: In smell plents ice ceans are 1lifted by
cranes with hand hoists. But as the present plant is a big one,
then an electric motor hoist which cen handle four cens at a time
is used for each half of the tank.

(c) Dip tanks: The cans lifted by the crene are carri-
ed to a dip tank in which they are submerged under weter until the
{ce blocks float up in the can. Such & process is called thawing.
The dip tank water 1s kept atlnot over VOOF in order to avoid the
stressing and cracking of Iice.

(d) Ice dumps: An fce dump is a sort of a cradle sup-
ported on pivots and consisting of a front, bottom and side end
box. After the Ice thaws from the cans, they are raised and shif-
ted to the dumps, so that by some mechanlical means the latter are
tipped quickly Into & position for the ice to slide out. The pitch
for the dumps and ice run 1s 1 inch per foot.

(e) Can filler: It Is a device for filling the Ice

cans with water to the required amount and then stopping automews

tically.

1. "Refrigeration end Refrigeration Machinery " Vol.IT

- of the International Library of Technology.
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GE A PT X R
II
TECHNICAL DESIGN

1. Ioad Calculetions: In order to meke use of the full
capacity of the machines, the ice plant is designed for an amount
of ice such that the totel load will be approximetely equal to
that got from the skating rink. To begin with, an amount of lce
of 45 tons per day is reasonéble enough to produce. The major
pert of the 16ad will be due to the freezing of ice and the rest
is due to some minor losses from the tank end the storage room.
The temperature inside the storage room is kept at 25°F. The
temperature at which the brine should be kept,

t = 32 583.1 8%

nw

where a

thickness of block

n = number of cans /ton ice produced in 24 hrs.
w = weight of cake, 1lb.

t = 32- 583,1 x 64 = 32-18.7 = 13°F

40 x 50
The time for freezing 1s expressed by
o &
X = 7a
=7 x 64 = 23.6 hr.

1." Refrigeration Applicetions " page 431
2 .It " n " 431
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The load due to the different sources will be found as follows:

Freezing of ice, 45 tons/day

90000 ( 1x(75-32) +144+4(32-25)x0.5)

90000 (43414443 .5)
17130000 B.T.U./24hr. -

Iosses from the ice tenk 41x32x3 ft.

Walls = 2(42432) x 3 = 4447t5

Floor = 42 x 32 1344

1788 £t2

x .126(62-13)

2 in. wooden cover = 1344x0.39(75-13)

Agitator 5 H.P.

5 x 3000

Storage room 25x24x10 ft.

Walls = (25424) x 10 = 490 ft2
X +128(75-25)

x .109(62-25)

Ceiling = 25x24x.126(75=25)

Floor = 25x24x,126(62~25)

Door opening and infiltration

Number of air changes5 for a volume of
6000 cu.ft. is 6.5 per 24 hr.
Heat removed in cooling to storage temp.

- 2'05 BIT.TJ./cu.ft.

6000 x 2.05 x 6.5

Workmen , 2

2 x 780

715000 B.T.U./hr.

11060 B«T.U./hr.
32550 BT .U./hr.

15000 BT .Us/hr.

3140 B.T.U./hr.
1980 BfT:Uf/hr.
3780 B.T«Us/hr.
2800 B.T.U./hr.

3300 BeT.U./hr,

1500 B.T.Us/hr.
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Forward = 790100 B.T.U./hw
Light 120 watts

120 x 3.42 = 410 B.T.Us/h r

Totael load = 790510 B.T.U./hr
For safety, the refrigerating load

800000 B.T.U./hr
Refrigeration capacity = 66,7 tons

2. Brine circulation and cooling coils:
: 4
On the basis of circulstion 7% B.T.U./gal.per Op , then the
volume of brine circulated,

V = __800000 = 1780 gal/min

= 238 cu.ft/min.
At a suction temperature of ammonla of 7°F and brine 15°F, the
surface aree of 1% in. coolers required

= 800000 = 2670 ft?

x

Length = 2670 x 12 = 7400 ft.
1.38 X 3.1416

3700 ft. each half of the tank

Pipes are extending in vertical planes across the flow of brine
at 2,5 inches center to center.

Length of each set of plpes = 4x 3x12 = 53 ft.
2.L;

Length of distributors=7_
60 ft.

Number of sets = 3700 = 61

3. "Refrigeration Data Book " page 170
4, " Refrigeration Applicaetions " page 436
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5« Refrigeretion equipment.
gondenser:8ince the supply of weter in Jeruselem
1s to a certaln extent limited and insufficient, then some kind
of condenser should be selected by merns of which a minimum
amount of water 1s wanted. An evaporetive condenser 1s selected
not because it "™ has only one purpose - to save watert n® but
also it occupies small space 8s compared to cooling towers. For

a load of 800900 B.T.U./hr. & Trene eveporative condenser will

be selected having a &
Tnit no,==-=m=eccmc-- KN - 1516
Capaclty---=--===-==== 801000 B.T.U./hr.
Water required------ 2 C.P.M,

Compressors:Two compressors éare provided instead

of having a single compressor of the same capacity »f
800000 B.T.U./hr. having ammonia as the refrigerant. Speciel
concrete base foundatlions are constructed on which the machines
sre mounted. An extra base iIs made for a third compressor to be
instelled In the future ss a resame , as it 1s not advisable to
invest more capital during the initial stages of the scheme.

Suitable velves and connecting plpes for suction and

liquid lines are selected.

5. "mvaporative Condenssor", Trane Pulletin DS - 350

varch 1946 page 2
6. " Evaporative Condenssor", Trane Bulletin DS - 350

Merch 1946 page 10
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CHAPTRR
I
ECONOMICAL CONSIDERAT ION

l. Form of truss: It has been a difficult problem to
chooge the type of truass for such an unuswel gpan of 114 feet,
Would it have been a factory, then columns could heve been Inser-
ted so as to shorten the span. But to preserve the heauty of the
gkating hall and to prevent any obsgtruction infront of the spec-
tators, the eolumns were of no use, Such a gpan of 114 feet could
be satisfied by en erch form of truss, which would be light and
might reduce the wind pressure specially the suction effect on the
leeward side. Due bo lack of Information about the dynamic effect
of the wind on such & structure, It has not been adopted; and a
compound fink truss, s shown below, hag been selected.

2. Avallable data:

span of truss ==-=---114 feet c¢. to c.

¥ind of truss ==---Compound fink

ROOFing =---=------Agbestos’ shingles @6.0 1b/ft?
Sheathing ===--====Yellow pine2 25/32 in.@R2.74 1bﬁﬁ§
Joigtyg ==~=========Yellow pine 2 feet c. to c.

Snow® 1084 ========20 1h/ft%

Wind pressure =---=-30 Ib/rt% on a vertical surface

Wt., of ceiling ==---2.,0 1b/ft% (assumed)

1. "Structural Dealgn In Steel" by T.C. Shedd p. 397

2, "structural Design In Steel" by T.C. Shedd p. 373

g. Meximum snow fall in Jerusalem is 2 ft. high,
x 10 1b/ft% = 20 1b/ft.2 The specific welght of snow 1is teken fram
the "competitive Design Of Steel Structures" by P. Russel & G.D.
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-3 Economical gpacing of Trusses: In designing the roof

of a bullding, the spacing of trusses is an important factor to
be considered. If the space between each two trusses is large,the
purlins will be heavy; but the number of tr¥sses for the entire roof
will be lesss In such a condition there is on the one hand an ine
ecrefse in the weight of steel on the part of the purlins, whilst
on the other hand there is & decrease in the number of trusses, J
thus a saving in the weight of steel and in the shp work is effectd,
which means a gsaving in the cost. The opposite condition will
happen if the spacing 1s decreased. To strike a balance with the
minimum cost of purlins and trusses, the following five different
spacings are tried for the 194 foot length of ?oor.
(a) 13 spacings @ 14.92 ft. m 194 ft,
Design of purlins: _
Shingles ===e=e====6,00 lb./ft%
Sheathing ====-=-2,74 # "
Joists weesa==m-==1,70 " "
% snow load ===--1000 " "
20.44 1b/ft4
x 7.96 = 165 1b/ft.

Assumed welght of purlins =« 15 " "
178 1b/fte
178 x 1/2.24 g 801b/ft. parellel to the roof

178 x 2/2.24 = 160 1b/ft. perpendicular
to the roof

Winds load 22,3 x 7.96 177 Ib/ft. . n "

387 Wbffbe. ? N ®



Mp_._l/lﬁ X 80
M, = 1/8 x 337

Assvmed S

30 :
x (14, 92) x 12 Z 2400 in.-1lb. (2 sag rods)
===

= 22 x S/2 Where one flange is resisting the moment

around the Y=Y exis of the purlins.

I/c = 113800 4 2400%x22 = 5.69 4 2.64 = 8.33 inS

~20000
9 in./ @ 13.4
The welght of
"Sutherland &

W = /TH(1~5 0)”
"There,
W=
L-=
Q=
P =

In this case,

Lz

20000
1b./ft. I/¢ #10.50 in%
the truss cen be estimeted epproximetely by the

Bowman" formule:

+ (L-20) (184 egwi 2}_7(16000}

20000

Weight of truss in pounds.

span of truss in feet.

Total length of top chord in feet.

Total vertical load carried by the truss in pounds
exclusive of 1ts own weight and including; roofing,

sheathing, joists, purlins, bracing & snow.

114 ft.
127 .4 %,
7500 1b. (essumed)

2
20.44 ¢ 22.3x 2 = 40.44 1b/ftl
2.24
bracing = 31/400 = 0.86
ceiling = 2.00
12.30 v/ £t5

purlins 13.4 x 18 x 14.92 = 3600
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82800 + 3600 = 86400 1lb.

w = /3114-50)% # (112-20) (18 ¢ e(vsgg $86400)y 7x 0.8
1001874

- [ 2050 # 72107 x 0.8 = 7400 1b. Wt. of truss.

Wt. of purlinsg = 3600 x 13 = 46800 1lb.

i
|

@ L.Le 0.27 = 12750 Lebanese pounds

7400 x 12 = 88900 1b.

wt. of trusses

52600 ih "

———

65350 > i

@ L.L. 0.59

Total cost of purlins & truasses
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(b) 12 speclngs @ 16.17 ft. = 104rt.

Assumed welght of purlin

D.L. ¢ % 8.L.

178 x 1/2.24

178 x 2/2.24

Wind load
M, = 1/10 x 80 x (16.179 x
Lo 177
2
M, = 1/8 x 337 x 16.17 x 12

Assumed 8 = 22 x s/2

I/e = 132000 + 2780 x 22
20000 0000

9 in. /@ 156.0 1b.

C = 127.4 ft.
W=

/E (114 - 507 # (114 - 20)(18 ¢ 8(7700

16.0 1b./ft.

n "

163 .0

178.0 1b/ft,

80 1b/ft. parallel to the roof

160 1b/ft.normal to the roof

-

n n "

177

- 2780 iﬂ--lb .

12

3
6.6 # 3.06 = 9,66 1in.

required

3
I/c =11.30 in. supplied

18 x 16.17 x 15 = 89200 4 4370 =93570 Db.

+ 93570)) 7 x 0.8
4

= (2050 ¢ 7670) x 0.8 = 7776 1b. wt. of truss.
Wt.of purlins = 4370 x 12 = 52400 1b.
@ LL.0.27 = 14300 Lebanese Pounds.
Wt.of trusses = 7776 x 11 = 85500 1lb.
@ LL.0.58 = 50600 " "
Total cost of = 64900 " "

purlins and trusses
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“(¢) 11 spacings @ 17.64 ft. = 194 ft.

Assumed wt. of perlin = 15.,301b/ft.

DL« + % 8oL, =163.00 1b./ft.
178.30 1b/ft.

178.30 x 1/2.24 = 80 1b/ft. parallel to the roof

178,30 x 2/2.24 =160 1b/ft. normal to the roof

wind loed =177 n S
sEsam/ee," N T m
- 2
M_ = 1/10 x 80 x ( 17.64 ) x 12 = 3320 in.-~1b.
p I
2
¥, & 1/8 x 337 x 17.64 x 12 =1570001in.~1b,

Assumed § = 22 x s/2.

I/ec = 167000 ¢4 3320 x 22 = 7.85 ¢+ 3.65 11.50 1n? required

20000 T 20000
10 in. /7@ 15.3 1b/ft. I/c

3
13.40 in. supplied

c = 127.4 ft.
P = 43.3 x 127.4 x 17.64 ¢ 18 x 15.3 x 17.64 = 97200 4 4860 =102060.

W = /H(114 - 50)° 4 (114 - 20)(28 ¢ 8(8300 4 1020€0)) 7 0.8

= (2050 % 8210 ) x 0.8 = 8200 1lb. wt. of truss.

wt, of purlins = 4860 x 11 = 53460 1b.
@ LL. 0.27

14600 Lebanese Pounds.

Wt. of trusses = 8200 x 10 = 82000 1b.
@ LL. 0.59 = 48500 " "

Total cost of purlins and trusses = 63100 n n
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(d) 10 spacings @ 19.4 ft. = 194 ft.

Assumed welght of purlin = 20.0 1b/ft.

Dabs 4 & 8.5, -163.0 1b/ft.

183.0 1b/ft. vertical
183.0 x 1/2.24 = 81.8 1b/ft. parallel to the roof
183.0 x 2/2.24 =163.6 1b/fte. normal to the roof

Wind load =177 .0 n n n n "

240.6 n ] " n "

2
M = 1/10 x 81%8 x (19.4) x 12 = 4100 in.-1b.
p SEes

3

2
M o= 1/8 x 340.6 x 19.4 x 12

192000 in.-1b.

Assumed S = 24 x s/2

I/c = 192000 4 4100 x 24 = 9.6 + 4.92 = 14.52 1n® required
20000 20000
10 in. /@ 20 1b/ft. I/e = 15.70 in> supplied
W = 8700 1b. ( assumed)
c - 12'? 04 fto
P = 43.3 x 127.4 x 19.4 + 18 x 19.4 x 20 107000 46990 =1139901nh

W =/"H(114-50)" 4 (114-20)(18 $8(6700 $113990))./ = 0.8

-(2050 + 8925 ) x 0.8 = 8780 1b. wt. of truss.

wt, of purlins = 6990 x 10 = 69900 1b.

@ LLZ 0.27 = 19100 Lebanese Pounds
b S OTRBER BREESE G qgogoliﬁ.o.ﬁg = 46700 " n
- 65 800 n n

Total cost of prulins and trusses
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(e) 9 spacings @ 21.55 ft. = 194 ft.

Assumed weight of purlins = 20.,0 1b/ft.
DtL. + %' S.Lo : 65.0 lb/ft.

183.0 1b/ft. vertical

183.0 x 1/2.24

81.8 1b/ft. parallel to the roof
183.0 x 2/2.24 z163.6 1b/ft. normal to the roof

Wind loa a =1-?|7.0 n i n n n
340 .6 . 3 $ > L
2
Hp = 1/10 x 81.8 x ( 21.65 ) x 12 = 5050 in.-1lb.
3
2
Mn = 1/8 x 340.6 x 21.66 x 12 = 236000 in.-1b.

Assumed § = 25 x g§/@

1/c = 236000 + 5050 x 26 = 11.8 4 6.31 18.11 1n? required

20000 20000
12 in. /@ 20.7 1b/ft. 1/c

21.40 in% supplied

W = 10000 1b, ( assumed)
C - 127.4 ft.
P = 43.3 x 127.4 x 21.55 4+ 18 x 21.55 x 20.7 =118900 +8020=126920

2
W = /73 (114-50) + (114-20)(18 4 8(10333 + 126920) ) /x 0.8
!

(2050 4 9760) x 0.8 = 9450 1lb. wt. of truss.

Wt. of pnrlins = 8020 x 9 = 72180 41 o3
@ LL. 0.27 = 19700 Lebanese Pounds

75600 1lb.

wt. of trusses = 9450 x 8
@ LLZ 0.59 = 44700 " "

64400 " n

Total cost of purlins and trusses
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The third trial with 11 spacings @ 17.64 ft. gave the

most economical condition for which the design of the sag rods

will follow:

2
D-Lo 4+ SiIu - 50.44 lb/ftn

Wt. of perlinsg =15.3x17.64 X 8 = 720
S
12120 1b. vertical

12120 x 1/2.24 = 5420 1b, parallel to the

roof

Area = 5420 = 0.3 in%

18000
Minimum4size of sag rods used is 5/8 in.round bars
Therefore 5/8in. round bars are adopted.

wt./ft. = 1.043 1b/ft.

Total weight of sag rods on each truss = 266 1lb.

4, " Ketchum's Structural Engineers Handbook" ,by Ketchum,page 36.
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CHAPTER

1.

of the Joists which have not been designed yet.

STRESSES

IT

Deaed and Snow Toad:

The dead load includes the weight

To a

their welight, thelr design will follow:

Shingles.

Sheathing e..

Equivalent load of snow & wind...

Assumed welght of joists.

o 6.00
e 2474

e +24.00

2.00

M = 2/8 x 34.74 x (63.7/8)° x 12 = 6630 1in.lb.

- 6630 = 6.63 in%

I = -
£ X 1000

Wooden joists 2 in. x 8 in. at 3.39 1b/ft.

Therefore the panel load will be:

shingless: eee oo

Sheathing

Jolats.ee
Bracing..

Details *a

PUrlins es oo

Sag rods. e«

Wt. of truss.

see 6.00
see 2,74
oves Le70
ese 0.86

N ] 2.00
12.30

24 1in.

1b./£t2

n n
" "
n n

x 1274 x 17,84

ccount for

1b./et2

n
n

C.to C.81re used

30000
4860
270

8200

43330 1b.
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The panel dead load = 43330 = 2700 lb. = 2.70 kips.

16
20 x 127 .4 x 17 .64= 2,81 4
16

The panel snow load

The coefficients of atresses for all Lthe members due to a
unit panel load will be calculated below, referring to fig l. :-

Sin. of the slope angle = (.447

Cog, " " " = ().895
Joint L
0
LU =7,58 = 1l6.8 kip compreasion.
o1l a7 '
LOLl= 7.6 x 2 = 15.0 kip tension.
Joint U,

U;L;= 1.0 X 0.895 = 0.895 kip compression.
UiU2= 16.8 - 1.0 X 0.895 = 16.35 kip compression.
Joint L,

L,U,= (0.895 X 0.895) 35.6 = 1.0 kip tension.
> 2845

L;L,=

o 15,0 = 0895 X 0447 - 21.4 X 1.0 = 14.0 kip tension,

35.6

Section 1 - 1
i
U4 = 28.5 L L+ 3x 87 x1-"7.6%x57 =0
2 paste? 4 2

LL=213.8 - 42,75 = 12.00 kip tension.
sl T

0 =1/2.24 x L3U4x 63.7 - 3 X 57

2 - S

LU .= 42.75° % 2424 = + 3.0 kip tension.

4 1.9
U8 =t 7.3 <3 #¥12B.5"% 3) 2.24 = - 1543
ks 35.6
Joint U3

L=1.0X 0.895 = 0.895 kip compression
U.= 15.47 + 1.0 X 0.447 = 15.88 kip compression.
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Joint U,

2/2.24 UPLE+ (16.35-— 15.88) x ~' 24 - 28.5 x 1.0 - 1.0 = ¢

35.6
U2L2= (0.8 + 1.0 - 0.21) 2.24 = 1.79 kip compression.
5
U,L,+ (16.35 - 15.88) x;§m7-74 -1 = %i'g - 179 x 0.447

U2I"3= 0.60 + 0.80 -~ 0.40 = 1.0 kip GLension.

Joint L,
— o)
LL=1.,782 x 2.24 x 35.6 = 2.0 kip tension.
2 '3 28.5
Section 2 = 2
T
g = LyLgx 28.5 + 7 x 5 = T+5 X 87T =0
E.L.= (427 .5 - 199.5) 1 = 8.0 kip tension.
ils 58.5
I'\.'I
L =17Ux 28.5 X 35.6 - 7x57 = 0
0 it 35.6
LU=199.5 = 7.0 kip tension.
T 8 "ogLE
U, U, X 0.895 = 21.4 X 7.0 -8 =0
T8 35.6
U, Ug= (8 # 4,2) 2.24 = 13.68 kip compression.
e
Joint U

U7L7= 1.0 x 0.895 = 0.895 kip compression.
UU-=1,0 X 0.447 + 13.68 = 14,13 kip compression.

67
UL =0.895 x 0.895 x 35.6 = 1.0 kip tension.
P 58.5
35.6 35.6
LIL=T<0.8 (35.6) = 6.0 kip tension.
gnk 29.5 !
Section 3 -~ 3
M
U, = 63.7 x Iyl + x 8 +3 x57 - T8 % 8
4 = 53.7 416 gg.5 S Db,
2 Z2.74 4 2
Lylg= (213.8 ~ 156.75) 2 x 2.24 = 4.0 kip tension.
63.7
U4U5 (7.5 + 3.2 - 4) 2.24 % 15.0 kip compression.

4L5= 15.0 X 0.895 - 0.6 X 4 — 8 = 3.0 kip tension.



40
Joint L

4
L4U4= 0.8 X 4 = 3.58 kip compression.
0.895
Joint U
il

U5L5= 1.0 x 0.895 = 0.895 kip coumpres=ion.

U5U6= 15 - 1.0 X 0.447 = 14.55 kip compression.

Joint L5

L5U6= 0.895 X 0.895 = 1.0 kip tension.

0.8
LeLg= 3 - 04895 X 0.447 - 1.0 x 0.6 = 2.0 kip tension.
Joint L6

D.L=0.8X 2.0 =1.79 kip compression.
676 “5.888
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Wind Load : It is usually designated as a certain

pressure per unlt area on & surface normal to its motion which
i1s usvally vertical. The normel pressure of the wind on the

surface of a pltched roof, 1s given by Duchemin's formulalt :

Pn =Px2 gin &
1 +3in®®
where
Pn = Normal pressure on the roof.
P = Normel pressure on & vertical plane.
@ = Slope angle of the roof.
P » 30 x 2 x0.447 = 22.4 1b/rt3
1 4 0.447°

Panel Load = 22.4 x 63.7 x 17.64 = 3,15 kip.
= i

While some suction tekes place on the leeward side,
yet in prectice designers do not provide for it in theinr
calculations due to lack of information about its intensity.
Other than this, the location of the building is in a depression
where no severe Wind can take place and produce suctions; and
in addition, the roofing materials are fixed in such a way so
as not to resist a great amount of suction with the result of
having the truss stand in place against such a suction effect
which will be trying to 1lift 1t up from its place. The coefficients
of stresses for all the members due to & unit penel load with
the wind coming from the left side in one cagse and from the
right in another, will be calculated below referring to fig.2

in the first case and to fig. 3 in the second.

1. "'structurﬁl DQSign In Steel", by T.C. Shedd, Page 370 .
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Wind from the Left

Vﬁ = B T HIT - X = 2,24 Kips.

24 = 4,92 kips.

e
it I
co co

Joint L

[¢)

LI~ 3.58 + 10 X 2/2.24 - 0.6 X 1/2.24 = 12.316,
Joint‘?i

UlLl= 1.0 kips compression.

UiUé= 10.0 kips compression.
Joint L
3 1

11Ué= 0,895 X 1.Q = 1,12

Lan= 12,32 - 140 -~ 0.6 X 1 » 12 = 11,20 kips tencsion.
& r3I24

Section 1 - 1

N
%h = 28,5 LI + 3 X 63,7 + 4 X 63,7 = 4.92 X 57 ~ 3.58 x

¢ rp Y A 5 2
X 28.5 =0
2
L L= 4,92 X 2 + 3.58 - 2 x 63.7 = 8.95 kips tension,
AN 28.5
M
E

= L)a --. 06"-‘ 7.' F2=
0 0.8 IBUEK 32 3 x 96 x 9]

IﬁU#a 3.36 kipe tension.
U, U,=~ (8.95 + 0.6 X 3.36 - 3.58 + 3.5/2.24) x 2.24/ 2
U3UA= 8.25 + 1,75 = 10.0 kips compression,

Joint U
8 U?L3= 1.0 kips compression.

U,Uy= 10.0 kips compression.

3



olnt L
Joln =

U2L5=
Lpls=
Joint 12

Ue

gsection 2 = 2
M

U

8

L

L4L

s S

L7U8=

8=

e
U,? U8=

My,

Joint U7

USU'? =

Joint L7

U6L7=
Lgly=

gection 3 = 3

45

( 2/2.24 x 1.0) x 1/0.8 = 1.12 kips tension,

3.36 - 0.447 - 1.12 x 0.6 = 2.24 kips tension.
= ( 0.8 x 2.24) 2.24/2 - 2.0 kips compression.
= LyLgx 28.5 + 7 x 63.7 % %2 x 63.7 - 3.58 x 28,5 -

: s
4.92 x B7

( 280.5 - 254.8)1/28.5 ¢+ 3.58 -4.48 kips tension.

- . -I7 63.7

08I¥%x356 X

7.88 klp tension.

UUX63.7 - 4.92 x 35.6 # 3 x 63.7

g g T

35.6 Xx 4.92 x4 =1 = 11.0 - 1.0 = 10.0 kips comp.

6357

1.0 kip compression.

10.0 kip compression.

2/2.24 x6.8 = 1.12 kip tension.

7.835 = 0.447 - 0.6 x 1l.12 = 6.71 kip tension,
1/2.24 L. L x 63.7 4 28.5x 4.48 - 28,5 x 3.58 = 28,5

d 6 2 2 e 5

x 4.92 $ 3 x 63.7 $ 63.7
4 4
4,48 kip tension.
s 4,48 = 3,58) 28.5 ¢ 5.5 x 63.7 x 4

Eg-é Uats! : s

$ 3 x 63.7 - 4.92 x 57 =« 0

U4L5= ( 280.8 - 207) 2/28.5 - 1.8 =z 3.36 kip tension.

Uy,Us

-(4.92 + 0.8 x 4.48 - 4.5 x 2/2.24) x 2.24 = 10 kips

comp.
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LT (4.92 + 0.8 x 4.48 - 4.5 x 2/2.24) x 2.24

UpUs= 19.0 = 9.0 = 10.0 kip compression.

Joint L4
UL= (0.8 X 4.48) 2.24 = 4.0 kip compression.
s i
Joint U
5
U5L5= 1.0 kip comp.
U5U6= 10.0 kip comp.
Joint L5
*—EBII= (0.8968 X 1.0) =1 = 1.12 ¥kip ten.
b 0.5
LL=23.36- 0.447 - 1,12 x 0.6 = 2,24 kip ten.
5 6
Joint L
6
U.L = (0.8 x 2.,24) 2.24 = 2.0 kip comp.
676 i
Joint L
16

ESHB= 2.24 x 2.24 = 5.0 kip comp.

LL=2x2.24 = 4,48 kip ten.

18 16
Joint ES
U14U15= 5.0 comp. kips.
Ui5L15= 0 kipa.

Section 4 - 4

il

U = ay . =

Ly, L, ,= 4.48 kip ten.

N
Rl

16 = Ul .= 6 o



U

Joint U
13

Upal4

U814

Joint L
13

L

=

18 14

45

12U13= 2.24 X 2.24 = 5.0 kip conp.

0 kip.

5.0 kip comp.

0 kip.

L13L14= 0 kip.

Joint L
14

L14Y14

Section 5 =

5

I‘\IIU

8

L L
8 12

g

16
U U
8 9

Joint U
9

L U
9

L9 L

0 kip.

v T L L X 28.
224 X' B L8 N5 5
4,48 kip ten.

UBIQ = 0 kip.
2.24 X 2.24 = 5,0 kip. comp.

o kip.

5.0 kips comp.

0 kip-.

0 kipr.
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Section 6 -~ 6

M

¥, =
8 L, U)X 14.25 + 2,24 X 57 - 28.5 X 4.48

111U12= 0 kips,

12 = UpUppX 63.7 - 2.24 X 35.6 =0

UilU12= 5.0 kips comp.

Joint U
il
UilUilz 0 kips.
UilUiO= 5.0 kip. comp,

Joint Lll
U L =0 kips.
1o 11 £

L L =0 kips,
1g 11

Joint L
10

U10L10= 0 kips.

5T =@ Ers.
Yetie © P

Joint 112

Wind From The Right (fig.3.)

v = 8 x 63,7 x ) .= 2.24 kip.
L 2 (1 Liw
ta =8 x 2/2.24 - 2,24 = 4,92 kips.
H = 3,58
L
Joint L
16
U1 Ly g= (4.92 ~ 0.5 X 0.895) 2.24 = 11.0 - 1.0 = 10.0 kip.

comp.,

= - l -— - x ‘447 - 8.73 k- S- t i -
LlsLlG 0.895 x 10 0.5 0 ip ension
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Joint Uis

U L =1,0 kips comp.

15 15

T 0 = 10.0 ki Comp .

1416 0.0 PE F

t

Join L15

v .1 = B9 x 1.0) x 1 = 1,12 kips tensaion.

14 18 \o 0.8

¥1¢Ll5_ 8.73 = 0.447T - Q.6 x 1,12 = T7.62 klpa ten.
Section 1 - 1
B e

TGS S U R v

11 L .=9.84 - 63.T x _2 = 5,37 kips temnsion.
2714 TR

5
M

= - .T - - x IE
L14 U:.Le”l:a: O.44T x ;EEEE + 0.5 X 545 4,92 325

H12U13= ].J--EI — ln'u o 1‘:' lD ki]]ﬂ ﬂ[ﬂ'ly..

~ s oF
LJ.E 0.8 U:LEI’JLE,I EEéE q X 554

U, L =3/2x563,7Tx

1 = 3,36 kips tension.
12 13 K0, 0.0

Joint UlEI

113”13" 1.0 kips comp.
U. U. .= 10.0 kips comp.

13714

Joint 1.13
1 U = (0.895 x1.0) = _1 = 1.12 kips tension.
13 14 0.8

113L14- 3,96 = D447 = 0.6 T 1.12 = 2.24 kKlpe tension.

Joint L
14

L

U = 0.8 x = 2.0
14 14 oSS
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Section 2 - 2

Il
Uy = 28.5 Lg L+ 7x Eg.? + 1 x 63.7T - 4.92 x 87

LB 112- .84 = B9, T x 8B = (0,9 kips tension.

26.5 2
N
Lig = 0.8 UL, X 35.6 — 7 X 63.7

]
u =7/2 x 63.T x 1 = 7.83
8§ 5.5 DB

UE Ug e {4‘-92 +U-E X T.83 = T.E x ﬂqEEIE-]I .24 = lﬂ-ﬂ ki‘p.uﬂmp.

Joint Uﬁ
Hh Lg = ].0 kips oomp.
ﬂg Ulu" 10.0 kips comp.

Joint L
g

L gUyo= (0.895 x 1.0)x 1_ = 1.12 kipa tension.

0.8
1@ Llﬂ“ T2 = 0. 44T = 0.6 x 1,12 = 6,71 kips tension.

Section 3 - 3

Ujg =LL, X0.447T X E%.T + 3 X EEIT +3x Es.T-4.HE
x 57 +0.9x 28.5
2 2

= §.B5 — §.3T = 4.48 kips ten.
HHHE 9 .85 E.d T

16
[1lﬂi2= B.95 - 5,59 = 3.36 kips tension.

HL =L, U, x 28,56 + 3 x 63.7 +1 x 63.7 - 0.8 x 4.48x35.6
2 4 2

0,40~ (4,92 + 0.8 x 4,48 - 4.5 X 0.895)2.24=10.0 kips comp.

Joint LlE

= (0.8 x 4.48) x = 4,0 kips. comp.
e e 0.895




U ‘L
i u

111U11= 1.0 Xipe conp.

H IU = lﬂln kj-r'ﬂ E:':“j- ™
10 11 :
Joint I'll
T L = g.Ba5 = 1l.12 kips tenfion,
40 11 080
L 1. = 3,56 = 0.447 — 0.6 x 1,12 = 2.24 kipe tenslon.
1p 11
goint L
1
L U = Q.8 x 2.24 = 2.0 kips.
1p 1o 0.095
Jdoint Lﬂ

= 3, 2.4 m 5.0 kKipe.
Lb E 7,24 X 1] P

L 1. =5.0 x 0.998 -~ 2,58 = 0.9 kips tension.

g §
Joint Ul
‘I:r1 I[.1 = kEipr.
U. U = 5.0 kips conp.
B P
Joint Ll
L, U, =0
L]. I'E = 0.9
ﬂautin%_{i =
i m Tl & 0
O 9 4

= By
L 114 0 kElip

U U = 2,04 x 2,24 = 5.0 kips conb.

[

3 4
I 1 =5.0X%0.895 ~ 3.58 = Q.90 kip tenslion.
a2 4
Jolnt UE
Uﬂ La = g kipn.
U U =860 kips colf.

- (i
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Joint L
e

UELE = 0 kips.
I.E'LE = 0 kipa.

Joint L
2

'I:FEI.E =0

Sﬂuti% g -5
T 8

4]
I"TUE = 0 kips.

U&Uﬁ mw 2,24 X 2,24 = 5,0 Kipa.

L4LE = 0,895 X 5 - 3.58 = 0.9 kip= tenalon.
Joint U
“ 7

UTLT =g kj_}:-ﬁ,

UTUE = 5.0 kKipe gaolp,
Jd t
oin L'r

= B
‘ﬂELT 0 kip
LEL'I = 0 kipse.

ﬂ&utgu? -
g B H#LE X 28,5 + 0.9 X P8.5 + 3.58 x 28.5 -~ 2.24 X KT,

Wk =
45 v

Mlﬂ i

L.q.I'E =P

"L‘l.,,rT.r5 = 2,24 x 2,24 = 5.0 kipr comp.

Joint L

TL =0 kKipa.
4 4 2



Bl

Jolnt T
= ___&
i =
5 0 kipse
TIEUE = 5.0 kip2 comp.
Joint 1.5
U = Kins.
LS e o Kln .
LL =0 kips.
&V 0 kip
Joint L
[
UL =0 kipa,
& B =

3. Celling Load: The celling conslats of thres
layers of aluminum rheets, and each is 1.0 m.m. thick, meparated
from each other by wooden pieces 2 in, deep and 1 in. wide,
running around every 3 foot equare. The whole thing is supported
by wooden rafters above it, The rafters are extending in the
longitudinal direction of the rink and are supported by the lower
ghords of the trussea. The exaot ceiling load can be estimated
after deslgning the rafters below.

Wt. of alominum = 165 1b/ft3

W&, of 1 mm, sheet= 165 x 1 = 0.541 1h/fts
Three layers aluminum =E= 3 ::Eg:gn = 1,62 lhfft-%
& " &lumin.prGJEEtiannl;g.g ixb = .26 = °

2(2 in x 1 in.)tember= p.B2 x5 = Q.55 " ",
9 2.53 1b/Tt3

a2 g3 x 8.9 = 22.5 1b/Tt.

Agsumed wt.of raftars =
27 .5 1h/Tt.

. 2
Me=1/8 x 27.5 x 17.64 x 12 = 12,6800 in.lb.

I/o = ;%gﬁg_ = 12.8 4n3

Rafters 3 in.x 8 in. at 5.47 T/c = 24.6 1n® are
Eed



Ceiling Load
The Btresses due

referring to fig. 4.
Joint I..nl

17 =3.0x 2,24 =
(o

52
T 8,8 x 1T .64

397 1b.
5.47 x 17.64 = 97 lb,
= 494 1b, = 0.5 kips.

to the ceiling load will be found below,

E.T2 klpa comp.

6.00 kips tension.

Ih;i = 3.0x 2.00 ™
Joint ui

UiLl = o kipa.

Hiﬂé = §,T2 kipa comp.
Joint Ii

IlUE = .50 = 0.63 kips tension.

L.L =6.0 - 0.6 X 0.63=5.62 kips tehsion.

0.80
12
t
Join Eﬂ
Uglg = 0

Joint L

e g R
F £ T
oin 5

UL =0.63% 1
22 T

]

= (,28 kips comp.

UE‘I'J 6.7T2 - D.63 x 2 = 6.12 kips comp.
& 2.24
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Joint L

L]

L L (p.75 + 0.B95 x Q0.28) x 1 = 1.25 Kkips tension.

2 3 0.8

L L¢ = 5.62 - 0.28 X 0.447 - 1.25 x 0.6 = 4.74 kips tenslon.
a2

Joint L
b |

Léﬂ4 = 1,25 kips tension

Joint U

U = 6.12 kips comp.
t O
Join -
R r 0 kKips

Joint L
T

.UEIT =0 ki]:lﬂ.

Joint U
5

UL =0 kips.
55

Joint IE

IEHE = 0 kips,

Joint Ué

TL = kKip=.
68 & P

Joint I-E

—— R —

Ty =0 0 Ry




fa

Jolnt “4

“454 = 1.28 x 0,447 =z 0.56 kips comp.

UaUs = 6,12 ~ 1.26 x 0.895 = 5.0 kips comp.
Jn’-'ﬂt- L‘!:

14 = [( 0.60 # 0.25 ¢ B.6 =x 1.0) 4 0.895 x 0,56 ]

4 6 ZT.4
% 1 =2.,06 klps tenslion.
0.8
LEL'? = 2.08 = LI?UH
LgLB = 4,74 = 0.56 x 0.447 - 2.06 x 0.C = c.2b kips

tenalon
Uglg = 1.5 x 1.0 x 2 a 1.2 kips comp.

Members LgLg &nd Lglin &re sdded to the truass in order
to make member Lyl,p regid, and At the afma time teke share in
absorbing some of the celling lo#d. The streases in these two
members a&re

Lolg = Lglyg = ( 2 x # x 12.8 ) x 1 = 0.75 kivstten,

ET. % 0.8
A table contalning coefflelents of atresases, stresses,
and maximum stressea for the variouna members is glven on the

naxt few pages.
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TABLE I (A)

Coaffielianta of

atresses Individual stresses

D.L. |
¥emb o LoWh 8 DL | 8ok [Bag.m AR A |y
or T W - w 8c.
g.L. | "L R L R

L, U1 [F1€.80 |-10.00 |- 5.00-45.30|~-47.20F25.60 |~31.50| -15.75 -€.72
U Up 16,35 |-10.00 | - B.OMN=44.10 | -46.95=22 .98 |=-51,50| =16.76 -8.72
Up Uy L15,.88 |=10.00 |- B.0C=42 .85 |~-44.60-22 .30 |-31.50| -16,.75( -6.12
Ug Uy 16,45 [=10.00 |- B.00-41.65|-43,3621.6R |-31.60| -1E,75 -6.12
M4 HB =15 .00 |-10.00 |- 5.000-40.50 |-42.,12F21,06 |-31.50| -15.75 -5.00
v. 1. Fl4.55 |=10.00 |- 5.00~39.28|-40,85F20 .43 |=31,50|-18.75 =5.n0
v. U F14.13 [-10.00 |~ 5.00~58.15|-38.70~19.85 (-31.50|=15.75| =5.00

Uy Ug [13.68 |-10.00 |- B O0=36.90 |-38.40F19 .20 [-31.50| =15.75| =5.00
Uy Ug [13.68 |- 5.00|=10.001-36.80 -38.40F19,20 |-15.75|=31.60 =E.00
Ug Uyof14.13 |- 5.00|-10.00-38.15 =56 ,70+19 .86 [-156,75|-31.50| =5.00
UyPy 14485 |- 5.00 (-10.00-38.28 -40,85+20,43 [-16,75 | =31.50| ~5.00
L1600 = 5.00 [=10.00F40 .50 |-42.128F21.06 [-15.76 | =31.50| =5.00
7ol 3f16.45 |- 5.00 [-10.00F-41.66 |-43.35r21.68 |-15.75 |=51.50 -5.12

15,88 (= 5.00 |=-10.00F42,.685 |-44.80r22 .30 |-16.76 -31.50| =6.12
U405 16+35 |- 5,00 ulﬂ.ﬂz[iéﬁlﬂ -45,95pH22,98 [-15.75 |~31.50| =6.72
U15L18F16480 = 5400 |=10.00F45.30 -47.,20F23 .60 |-16.75 |-31.50| -6.72

L, Lq [t16.00 (#12,32

20440 .40 +4E.EGE31.1ﬂ $3B.80 (4 2.B4 $6.00

+

I Ly 14.00 |#11.20 (4 .90437.80 |459.40819,70 (#35.30| + 2.84( 46,62
+
+

Ig Lg [#12.00 |t B.95 «OOHIE .40 +53.TGE15.EE +28.20 |+ 2.84] $+4.74

Li LB 8.00 [+ 4.4R LOIHEL.B0 |422.50411.25 [$14.10 |+ 2.84 +3.25

Lg LLE B.00 |+ 4.4B(4 .O0MEL1.60 |[$#22.50411.25 (4#14.10 |+ Z2.84| $3.25
LypLqg[t12+00 |4 4.,48(4 5.3 «40 [$33.TOR16.85 414,10 | $16.90] $4.74
Ly 4Lqgft14+00 # 4,484 7. 7.00 |#39. 40816 .70 ($14.10 | $2R.60, +5.62

L1glq 15.00 4 4.48 |4 B.74440.40 (#42.20821.10 ($14.10 |$27 . 60| $8.00




=]

TARLE I (continued) (A)
Boeftiskents: o1 Individual stresses
Member :EE: .lr 1 nw: DeLs | 8+L. |8.L./8 "Ir : ﬂi_ ¥isc.
Uy L, |-0.90 - 1.00| 0 | 2.43 |- 2.55F 1.27 | - 3.1§ 0 0
U, Ly |=1.78 |- 2.00| O | 4.85|- 5.03r 2.52 | - 8.3 O -0 .28
Ug Lg |-0.80 |- 1.00| O F 2.43 |- 2.53F 1.27 [ - 3.1 O 0
Uy Ly |-5.68 |- 4.00) O [ 9.66 |=10.06F 5.03 | -12.680 O -0.56
O LE =0.90 [= 1.00 O - 2.45 |- 2,63+ 1,27 | - 3.1 © 0
U Lg | -1.79 = 2,00 0 | 4.83|- 5.03F 2.52 | - 6.30 O 0
Uy Lmy | =0490 |= 1000 © F 2.45(- 2,63k 1.27 | - 3.18 © 0
Uy Ly |-0.9%0 |- 0 |- 1.00F 2.45 |- 2.53F 1.27| © - 3.15| ©
0,54, -1.79 0 |- 2.00F 4.83 |- 5.03F 2,52 | 0 - 8.30, O
U11L11 =0 ,90 0 - 1.&2{ 2.45 |- 2.655F 1.27 0 = 3,15 0
Tialqe -3 .58 0 - 4, 0.66|=10 .06 5,03 0 =12 60| =0.06
TygLya] =0 +20 0 |- 1.00F 2.43|= 2.655F 1.27| © - 3.15 o
“14L14.'1'T9 0 |=2.00  4.83|= 5,05 2.52| O - 6.30 =N.2A8
“15115.*ﬂ'9“ 0 = 1.0 2.43 = 2.53F 1.27 Q = 318 O
U Ly $1.00 |+ 1.12 0 2.70 1+ 2,81 1l.41 |4 S5.55 o 40 . 63
Up Ls | 41.00 [¢ 1.12] 0 f# 2,70+ 2.81% 1,41+ 3.63| 0 0
Lz Lo $2.00 |4 2.24 O E.40 |4 S.62% 2,81 |+ T.06 0 +1l.25
Ig Uy | #5.00 |4 3.56 0 B B.lo|4 B.43 4.22 #l0.58 | O +1.25
Lg ﬂé #5300 |+ 3.38 o | 8.10|4 B.43% 4.22 |+10.50 0 8]
Iﬁ Lg $2.00 |4 2.24 0 [ S5.40|+ 5.62F 2.8l ¢ 7.06 o 0
Lg Tg | #1400 |+ 1,12 0 # 2.70|4% 2.B1% 1.41 |4 3.,63| © 0
Lg Lg | #4.00 [+ 4.48 0 [410.80|411.24¢ 5.62 [+14,12| O +2 .06
Lg Lo | #6.00|+ 6.71 o |416.20| $16.864 B.43 1421.16| © +2.06
L, Og| #7.00|+ 7 .B3 0 [418.90| 419.674 D2.84 |#24.85| O 42.06
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TABLE I (continued) (A)
Gnaffi:iﬂn;: of Indiri Ml stresnes
DaLe winad Win4d
Membar 57, Wy | Wy DsLs | 8.L. [8.L./2 W Vg ¥ise.
Lo UE 41.00 [#1l.1= 0 + 2.7T0¢4 2.B1l|41l.41 $3.E3 o 0
Lg Upq|t1-00 t o $+1.12 |4 2.704+ 2.81|41.41| © + 3.63] 0
Ly Ug [#7+00 0 |#7.B53 |#18.90419.67 (49.84 | O $24.66| 42.08
I‘ln"'ﬁ +6.00 0 $6.71 |$18.20416.86 [$8.43 0 $21.16| 42.06
IlnL].E 4 .00 0 $4.48 |4#10.B0#11.24 |+5.62 o +14.12| 42 .06
:I_..‘.”_'!fl':l_'l:|| +1.00 0 $1.12 |4 2.704 2.B1|$1.41 o + 3.53 0
liyly,[#2:00 | o |+2.24 |4 5.10¢ B.62(42.81| 0 |4 7.08 O
Lq1Tqg [ 1200 0 $5.56 |4 B.104 B.43 |44.22 | O +10.59. 0O
1 s0yp|#3:00 | O |$3.36 |4 8.10# 8.43 $4.22 | 0 $10.59| $1.25
Lislys $2.00 0 [42.24 |4 S.40% .62 (42.81 | O + 7.06| $1.25
14l15 $1.00 0 ($1.12 |4 2.704 2.81)41.41 | © % 9.658] O
[; Lyg|#2-00 o [#1.12 |+ 2.704 2.81|42.41 | © 4 3.53| $40.63
1':‘1'5 L] o 0 o 0 0 0 0 +0.75
Ly %o 0 0 0 0 0 0 0 0 $0.76
8 4,02 | 2.24 |21.60 | 22.48|11,24 | 15.50| 7.0E | 3.00
Ve o.24 | 4,02 [21.680| 22.48|11.24 | 7.05|16.E 3.00
Hy 0 5,58 | 3.58 | © 0 0 11.30|[11.30 0
HH ) 0 (] 0 0 L8] 0 O 0
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TABLE I {continnad) (r)

Compined atreases 1n kips Maximum atresses In 'Inti]'.l4
pembe r n;r... D&LJE%DL'}% Ln.L. D;L. without wind With wind
8.L. 5 wn 'H'_L H“ Tans CoOmMDs | Tan. | COmMp.
L, U, |-92.50-100.40 B4.65-76.801-61.05 g9 .82 107 . 128
1 UE =80 .05~ 98,58~ B2.BERT5.80-69.85 86,77 105 .30
Uy =87 .45-996,.66~ B0.90FT4.55-58.60 893 .67 102 .77
3 Uy -BE . 00-94.83 - T9.08-73.15~57.40 91,18 100 .95
Tdt 'I:I'E -82 .6 83 .068= 77.31-TE .00=586.25 a7.62 g98.086
s Ug =80,13~ 91.21- 7B.4670.78-55.03 B5.13 96.21
8 'I!fl'..IIr =TT s 89 .50~ 73.75~69.66~563.90 82 .86 04.80
" ]]EI =TE ad a7 .60~ 71.B5=-68.40~62 .65 B0 .30 g2 . 80
8 L 75.30-71.858= B87.60-58.66~68.40 B0 .30 82 .60
Ug Uyol- TT7.® =73 .75~ B89.60FE3.20=60.65 82 .85 94 .60
'i]ln'ﬂ LL'E'J-'J.E- 76.46- 91.21-55.03=70.78 86,13 g8.21
11]]13 =82 .68~ TT.53l- 83.06-56.25-72.00 aT .62 g98.086
12“15 =06 00= 78.08~ 94,8357 .40T3.15 91.12 100 . 85
13]]14 =87 .45 B0 .90 96.656-68.60~T4.35 895 .67 102 .77
Izlq'*ulﬁ -o0 05~ 82,86 98.58-59.85-76.60 86.77 E::E.Eﬂ
16T | 92 450~ 84.651-100 .40-61.05-76.80 99,22 7.12
Ly In $82 . 60100, 308 64.34+70,20+43.24| B8.60 108,30
14 I‘E -r"?'hﬂ()r g2 . Bog Eﬁ.ﬁiFi-'?E.lﬂ+4ﬂ.ﬂ-! a2 .82 o8.42
'.l'..2 Li +EIH.1{'+E+ 77.4584 BE.0P+60.60+35.24| T0.84 82.1%
L, Ly [#44.10+ 46,95+ 35.60835.70124.44( 47,35 50 .20
Lg le +4d.1ﬂ|-r 46,054 35 .6943E.TO+24.44 4'?.31 B0 .20
10phy,| $68-10+ 63.35r 66.16#46.50+49.30 70.8 70 .89
L14L15 +77 200 Tl.60f B1,50561,504+61,80| B2 .82 87.12
1151,1& +82. | 75 .60 BE.10#54.50+68.00] B88.60 85 & 10




Combined atruns&ll; in kips !.la::imi:lr::l} stresses In kips
Neobax D*i"' mi'* :.5.%1 Di"" % ]E'L"" }E"L"’ ithout wind | With wind

v WL ‘HE i B Tan. |COmp. Ten. | Gomp.
By L, [ 4.96|- 6.86|- 3.70 - 6.58- 2. -4.96 6.86
Uy Ly [ B.86|-12.65| - 7.35 -11.13F 4.83 10.14 1%.93
Ug Lg [ 4.86 |- 6.85| - 3.70 - 5.6B8F 2.43 4.96 6.85
'I_]" L-l 19,72 |=27.209| -14.60 -22.26F 9.65 20.28 27 .85
UE Lﬁ - 4.06 |- 6.B5|= 3.7T0| = 5.5 2.45 4,986 6.86
Ug Lg [ 9.088 [-13,66|= 7.35) -~11.13- 4,83 9.86 13.65
U, L, [ 4.96 |- 6.86|~ 3.70| - 5.58- 2.43 4.96  6.85
Ug Ig [ 4,96 [= 3,70| - 6.85) - 2,430 5.58| 4,96 6.85
U514 0,86 |- 7,35|=1%.66 - 4.83F11.153 2.86 15.65
L 4,96 |- 3.70|= B.85 - 2.45 5.58 4,96 6.85
ﬂlﬂLlﬂ 19.72 |-14,.69| -27.208] - 9,66pF22 .26 20 .28 27.86
UI-SL'.I.G 4.96 |- 3.70|- 6.85| - 2,43 5.58 4,96 6,85
]J'14L1 Q.86 |- 7.35|=13.65( - 4.85r11.15 10.14 13,93
“151'15 4,96 |- 5.70|= B.85| - 2.43pF 5.58 4,896 6. B5
Ug Ly | #5.51 [+ 7.64]+ 4,11 + 6.23| +2.70| B.1l4 B.27 |
Ug Lg f 5.51 |v 7.64|+ 4.11 + 6.83¢ 2.70| 5.51 7 .64
Ly Ly b11.02 415.27|+ 8,21 +12.46¢ 5.40| 12.27 lg,.62
L, U, |16.53 +22.91|+12.32| 418,68 8.10)17.78 24,18
L, U, [16.53 [+22.91 +12.32] +18.89% A.10| 16.53 | 22,91
Lg Lg fll.08 +15.27|+ B.21| +12.46 5.40| 11.02 15.27
Lg Ug £.51 |+ 7.64|+ 4.1) + 6.23¢ 2,70| 5.51 7 .64
Lg Ly 22 .04 [+20 .64| +16.42] +24.924+10.80| 24.10 32 .60
Ly Lo 33 .06 |+45.79 +E=1-.Bi| +37 .36 16.20| 35.12 47 .B5

7
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TARLE I (eontinued)

(R)

Combined atresses Iin kips yaximum stresses in kips
Memb e D;L- EL +3L EL #50 DeLo# (Dalie # WithjEF wind| With wind
o 'LE W, © L "# |ren. | comp.| Ten. | Comp.
L? DE + S.51 |+ T7.64|+ 4,11 + &6.20+ 2,70] 5.51 T.5
Ly U1q+ §.51 [+ 4.11|+ T.54| + 2.70+ 6.23| 5.5l T'ﬂj
Lg Ug P3B.57 +28.74 | +53 .38 +18.50+43 .55/ 40.63 65.46
LlnLﬂ 25 .08 424,63 | +45.789| +16.201+37 .36] 35.12 47 .85
LlnL 22 .04 +16.42 |+30.54| +10.80+24 ,82| 24.10 32 . 60
L11U1 .51 [+ 4.,11|+ T.64| + 2.70+ 6.25| 5.51 7. 64
LllLlu 11.02 ¢ B8.21|+15.27| + E.40+12 .46] 11.02 165.27
511“12 16.53 H12,.32 |+22.9]1| + B.10+18.60| 16,53 22 .91
IyzUhe 16,5635 +12.32 |+22.91| + B.10+1R.69|17.78 24,18
Lyzlq 11.02 |+ B.21|+15,.27 « 5.40+12.46] 12.27 18.52
Uy qLqsp S.51 + 4.11+ 7.54] 4 2.70+ 6,23] 5.51 7 .64
D14115 E.51 b 4.,11|+ 7.684 + 2.T0+ 6.25] 6.14 B.27
LE LE 0 0 Q 0 ¥ 0.75 D76
LEI Llﬂ 0 0 0 0 0 i 0.75
Vg, 44 .08 48.34(39.89 | 37.10 EH.6E 47 .08 51.34
Vg 44.08 39.80(48.34 | 28.66 357,10 47 .08 51.34
Hy o | 11.30(11.30 | 11.30 [11.3%0 0 11.30
HH ) 0 8] 0 0 4] o
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CHAFPTER
111

DESIGN OF TRUSS

1. Specifications: A.I.S5.C. specifications are used,
where the allowsble unit streass for:
s el L, L R +«20000 1b/in%
CETD BRI . s inssnsrssasvnenans os snalTGUD -ﬂ.435{%321hf1n%
Where L is less tham 129.
Baaring (double SHEAT) ....ssss.sss..40000 1b/in%
Bearing (single Shear)..............32000 1b/1n
BRBRN isais b s bhadaesos vnvass vee2++15000 1b/in%
Bearing of Portland Cement Concrete. 600 1hfin%
Unit stresses are increased 33 1/3 % for members
having wind stresses,
Slenderness ratio %. shall not exceed:
For main comprescion MembeTS..av.sqs-.120
For main tension memberf....sssessses240

ﬂizu uf Ti?ﬂts uaadlll'l"lll"ll' ------- iajllr# inl

Minimum nomber of rivets in any member..2.




2. Dasign of Llembers:

llember: u LU U u u o
SSEEAS Lﬂ 1 23 12 13 14 15
U ou v.u U L
s i 3 4 13 14 15 16

Maximum stress = -99.22 kipe { without wind)
length = 7,96 ft, = 95.4 in,

Assumed 218 § x 31 x %
16

2
= 1x24x T.,86 T 12 = 2280 in.-1b,

M
—~
L =796 1 a TO.T
b .35 2
8 = 17000 - 0.485 ( L ) = 14580 p, s, 1.
i
Avea = 99,00 + 2,28 x 1.63 = 6.81 + 0,19 = 7.00 in% required.
'%1 GE:] 20 .0 3
218 5 x 3% z:zg at 12 1b/ft. A = 7.06 inS supplied.
1

Mambers UAUE HﬁﬂT Uaﬂé uin“il

Uﬁﬂﬁ u&uh néﬂlu Uiiuie

Maximum stresa = -B87.62 kips (without wind)
Length = T.96 Tt.
Assnmed 2 I8 5 X 3 x T

It

M = 1x22.6x7.96° x 12 = 2140 in.-1b,
&

L =T.96 218 = TT. 8= 14120 p.a.i.

T .24

A = B7.60 +# 2,14 x 1.73 = 6.21 + (.185 = 6,40 in% required.
14.12 20.0 : 5

218 5 x3x7 at 1l.3 1b/1t. A= 6,62 inS supplied,

1B
Members LIy 1‘141-1'15

L Liste
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Minimws width® of lower chord = L = 114x12 = 11 in.
175 12§
Maximum stress = + BB.60 kips (without wind)

Length = 8.9 ft.
Min, r = §,9 12 = 0,45 in,
240
Area = BH.6 = 4,43 in? raguired.
20

218 § x 34 x Ig at 9.8 1b/ft.
A

5.74 -~ 5/16 x 7/8 x 2 = 5,19 in% net supplied.

r = 1.00 in.

Mgmbers LEL4 1121.14

Maximum stress = + T0.84 kips {(without wind)
Length = 17 .B T4,

M = 1 w LE +PL =] x 20 x lT.EE x 12 + 0.5 x 17.8 x 12
] T g 1

= EIE + EE!T -~ HE!E -ln-r- kip-
Area = T0.8B4 + 36,2 X Q.76 = 3,584 + 1.38 = 4,92 in% required.
20 20 x 1.0
218 6 x 33 x IE at 9.8 1b/Tt.
A= 5,74 - 0.56 = 5,19 in® net supplied.

re=1.,00

Hembers L4LE LEng

Maximum stress = + 47.35 kips (without wind])
length = 21.4 ft.
Hin. 7 = 21l.4 x 12 = 1.07 1In,
240 a
M=1/x20x21l.4 x12 +8,6 x1.0x 8.6 x12
71,4

= 13.7 + 41.5 = 65,2 ini-kip.

A= 47.35 + 55,2 x %.TE = 2,37 + 2,10 = 4.47 in% required.
20 20 T L.0

218 6 x 34 x 5/16 at 9.8 1b/It. A= 519 1n? supplied.

I'“l-ﬂ'ﬂ inll

NESE =

4, " Structural Design in Htesl", . Shedd,
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Mgmbers UL, Usly Uglg Uyl

Hﬁla HTET uilLll 11151.15
Maximum stress = - 6.85 kips ( with wind)

length = 3.98 It.
Ascumed 218 2 x 2 x 3

L = 3,98 x 12 = T78.3 3 = 14000 p.=.1.
g e 5
A=58.8 = 0.37 inS reqguired.
473 x 14.0
2If2x2x4 at 3.19 lb/ft.
A = 1.88 in? supplied.
lismbers UéLE UlDLlD
Uglg Ur4taa
Maximum stress = - 13.93 kips { with wind)

Length = 7,96 ft.

Min., r = 7,96 x 12 = 0.7T96
20

Asmgmed T = Q.95 g = 312180 p.B.l.
Aren = 13. = [,86 in? required,

4x12.5

)

238 g x2ix3 ot 4.5 1n/ft. are uted
Aven = 7,62 inS supplied
r = .95 in° sapplied.

e Uals R e 2
Maximus stress = — 27 .86 kips (with wind)

Tensth = 7.96 x 2 = 15.82 ft.

Min., r = l6.82 x 12 = 1.58 in,

2318 6x6 igafﬂ at 14.9 1b/ft, mre used.
r = 1,88 in. supplled

A= 8.72 inS  supplied,




Henbers M - g Y1y Llﬁulz
T,1, LU, I92%, 114014
LﬁLE LEU# 1111'10 ui4;13
LUy LU LaYs U4l

Meximumn strese = + 24.16 kips ( with wind)
Tength = B.9 Tt.

Min, r = 8,9 x 12 = Q.45 in. required

240 L
A= 24,16 = 0.9 in% reguired.
o0 x 4/ 3

2If 2x2x34 at 3.l9 lb/ft, are osed.
Aw1.88 =3 x7/8x2 =1,88- (.44 =1,44 inT supplied. .

T = 0.6l sdpplied.

t S
bara 14L5 L
i A L. L
TLE 10 2
O 1k
78 lo 12

Maximoum atrass = 4 55,45 kKire ([ with wind)

Iength = 8,9 x 2 = 17,8 ft,

fin, r'= 8,9 X3 x ] = ﬂ.HEF;ﬂ. required,
Aves = 55,4 s 2,08 145 required,

a ; i at 4.8 1b/rt,

r = (.93 in, supplied

A=2.88- 0,04 = 2,44 In% supplied.

3., Design Of Corneotions;

Atrammes carried bUYy:
Singls shear 3/4 in, rivet = (3/4)° x 0.7685 x 15 = 6.62 k.
Beaping on 7/16 in, gumset (double shear) =7/16 x £ x 40 = 12.1p k.
Bearing en T7/16 in, sngle (eingle shear) =7/16 x 2 x 32 = 10.50 k.




Bearing on 3/0 in. angle (single shear) = 3/8 x § © a2
Besring on 5/16 in.angle ( " n ) =816 x 8 xra
Bearing on 1/4 in, angle ( w }mwlf4x8® x 32
Joint LD
A L L R e s ++ 8 rlvets
LA 3 1,
LL 'EE.E -E‘.T I'IIII'I'I-III"T K
ol T3.1g
Joint U
o 2

L-I] = E'TT = g * T - ﬂ'izf"llr- e I‘iTEuﬂ
w = .10

2 rivetr are used for L, U, at Joints ¥;, U,, U

Joint “4

UU e '1'. .E*g li.“llll'l'll‘rrivat#
34 3_3.19

E#U -ETIEE n.E."IF "'Ililililll-l'? rivatﬂ
5 313,10

Joint UE

UTEE“% .Ell R R R Eri"lrﬂ't.!'_

LT-[TH : i%l?ﬁ'ﬂll L P | 4 rivats

Joint 1,

LﬁLE = BE,E% HDBE.BE = 0,44 ,....2 Fivets

oint L
2 2

I| Iu = EE‘.EE = T IE“‘ = ulgl llllE riﬁtﬂ
14 13.10

= 0,50 K.

2 = T,.50

= [.00D

U

-l e

U

ic,

k.,

EI
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Joint L
4

L Lg= 70.84 - 47,35 = 1.7 S SN LTAe AL WANEEE,
13.10

U4L4= 27.8 = 1.6 @9 @ 8 aé s e Baan 2 rivetst
4/9 X 12,1

L4L6- 32.60 =1.9 8 &8 8% 0080 aa 2 rivetsl
4/3 x 13.1

The rest of the members for the left side of the truss are

connected by two rivets each.

Splice plates at joint U

4
Stress in side plates = 5  x 87.62 = 54,80 kips.
Area required = g4t83 = 2,74 in%
Area provided = 522 5 x2 =312 1n?
Number of rivets = 54,8 ™5 = 4,15 +sss0s¢ B rivets,
Stress in top plate =6§?§ i 37.62 = 32.82 kips.
Area required = 32,82 = 1,64 1n2
Area provided = Giox 5/16 = 1.95 in3
Number of rivets = g%;%% = 4,9 4ess000.0 5 Trivets,

Splice plates at joint I.4

Stress in side plates = 3.5 X 47.35 = 17.45 kips,
9.5

Area required = 17,45 = 0.87 ing net
20
Area provided =(3x%-17/8x4%) x2 =1,06 in? net.
Number of rivets = 17,48 BL.48 Leneicescn 2 TivOta,
6.0x2
Stress in bottom plates= 6 x 47.35 = 29.90 kips.
9.5
Area required = 29.90 = 1.49 in2 net.
20
Area provided =11l x4 -7/8x1+x2 =2,31 1n% net.
Number of rivets = 29.90 = 5 rivets,
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There is no need to design the connections of the
right side of the truss as both are symetrical so that

corresponding connections of both sides are similar,

3. Design Of Masonry Plate
Vﬁ = 47,08 kips.
A = 47.08 = 78.4 in2
2 Ls 3;}62 3% x 3/8 will furnish an area of 84 in3
having a width of 7 in. and a length of 12 in.
Number of rivets = 47.08 WIS e aais smesae vee & DLVEES,
13.10
The angles rest on a 12" x 12" wall plate,
That is each side of the plate projects 2.5 in. beyond the leg
of each angle so as to be anchored to anchor bolts.
The upward pressure on the plate = 47,08 = .327.
Moment at the center line of the pla%:4 =,327 x 6 x 6/2 = 5.88 in.-kip.

e (eeB Nt » [ 65588 (& wiag in.
Y T 20.0

Thickness of plate = 1.33 - .375 = 0.95 in.
A plate 1 x 12 x 12 will be used.

H = 11.30 kips.
1 P

A = 11.3% = ,38 in% area of each bolt.
2 X' 18

"

2 4 &3 bolts are used.
4
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CONCLUSION

The following cost estimete for the scheme, gives &

more Or less an idee about the amount of capital needed.

cost Of Building

cost Units Amount
Limestone with
concrete backing L.L.ZOfmz 1970 m° L.L. 39400
Partions 15 cm. L.L.6/m° 3900 m®  L.L. 2340
Poors
Interior doors L.L.65/m? 18 m°  L.L. 1170
Exterior " L.L.75/m° 18 w® ek d5E0
Revolving " L.L«1000/door 2 L.L. 2000
windows
Windows without 2 2
shutters L.L.50/m 700 m L.L. 33000
Windows with
shutters L.L.80/m® 175 m©  L.L. 14000
concrete
P. concrete L.L.Qﬂfms 108 m°® Todlie 9720
O L.L.120/m® 216 m>  L.L. 25900
Celcrete LoLe40/m° 837 m° L.L. 33480

W.C. L.L.126 eech 5 L.L. 625



Roof

Asbestos

Sheathing, Joists
end rafters

Purlins

Trusses &nd
laebor

2 compressors
rwvaporative condenser
Tank

storage R. evaporator
Piping

Miscellanious

Installetion

72

Cost Units

L.L.5/me 2310 m®

L.L.200/m® 108 m°®

L.L. 0.27/1b 53460
Laka 0.89 I 90000

Cost Of Machinery

1b.

1b.

Amount

L.Le.

L.L.

L.L.

L.L.

L.L.
L.L.
L.L.
L.L.
L.L.
L.L.

L.Le

11580

21600

14600

53100

40000
15000
20000

2000
54000
10000

10000

L.L.416835
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