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Aleppo, a city with 250000 inhabitante in the northern part
of Syria, had since a long time realized the need of =2 cement fac-
tOTYy

Both, the unusual increase of the population and the sudden
expansion of some of the city's light industries ( m=2inly textile!

during the war years accelerated building construction to a grest

extent.
Although Aleppo is very riech in limestone quarries, conecrete

is coming more andmore into tuse, as it is more apt to satisfy mo-
dern bullding requirements.

To meet this need all over Syria, a factory was built in Da-
mascus few years agos But, unfortunately, the entreprise did not
succeed in realizinge the expected returns.

Both, inexperienced management and extravagant desires for
benefits, helped in ruining this important entrepri-e.

The econonic separation of Lebanon and Syria on Marech 14,

I950 gave a new impetus to the o0ld problem in Aleppo. The sudden
rise in the prices of building materials led = group of contractors
to establish a society. whieh ente rdd immediatelv into econtaet with
a german firm to prepare the project.

During the summer vacation , some of the plans were readv
and the preliminsry works started.

Although the design ! both zrchitectural and structural) of

the entire factory would be very interesting, this thesis is con-
fined to the structural design of some of the components.

Planning the entire factory requires not onljy a thorough
technical knowledge of the manufacture of cement, but also some
experience in machine deslgn, which is beyond the capacities of

the candidate.



In seleeting the compoments of the factory for design, it
was kept in mind to choose those which are more or less comon to

2ll faectories.



EXPLANATION OF THE DESIGN PROCEDURES.

T

I. THE INCLINED PORTICO OR THE MILLBENT.

Due to the scarcety of steel and its consequent hieh ecost,

all large spans have to be executed by concrete in Alerpo. The

arch form would of course be the best remedy. IEXpensive form-
work , however, prevents the extensive use of the arch. The
millbent, with some improvements in the design, mav solve the
problems.

The millbent is considered to be 2 rigid frame consisting
of members Joined in such a way that at the joints, the construe-
tion is able to resist all the bending moments and shears.

Due to this requirement, the structure becomes statiecally
indeterminate. The problem can then be solved by many simlifv-
ing propositions =nd theories such as Castigliano's Theorem of
Displacement and the Elastie theory.

The design, in this thesis is based &n the elastie theory.
Tests and the performance of numerous structures have definitelw
proved the reliability of the elastic theory as applied to rein-

forced concrete.
Objectkons are raised that reinforsed concrete does not

act like a homogenous material, hence the deflections of the
structure cannot be computed with exactness.
For all practical purposes, these objsctions are not wvalid.
In applying the elastic theory, only the relation of deflections
is useds; so, the modulus of elasticity is finally eliminated.
Taylor, Thompson and Smulski recommend the following re-
quirements to get successful results with a rigid frame.

I. The frame must be properly desiened. At 2ll points
the most unfavorable bending moments and shears must be t=ken

care of. Where reversal of bending moments 1s possible, the

most unfavorable negative and positive bending moments must be
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provided for.

2. PFProper foundation must be provided so that no unequal
seﬁtlement takes place. Where apprecisble settlement cannot be
avoided, either a rigid frame should not be used or provision
shgould be made to resist stresses produced by unequal settlement.
The foundation must be able to resist the horizontal thrust.

5« The frame must be connected to the foundation in the

manner contemplatedin the design. Obviously a frame designed

as fixed at the support and built without any provision for
fixity will no¥ have the expected factor of safety.

4+ Bach frame should be constructed where possible in one
continaous operation. When this is not possible, construction
joints should be placed at points of minimum shear. To take
care of any possible shear, reeessing s in conerete should be
provided so that old and new concrete should dovetzil in the
direction of the shear. Froper care should be made in joining

old and new concrete. Any laitance should be removed. The

surface should be roughened and neat cement paste spread on the
top.

The millbent, as stated elsewhere, will be hinged at the
basey to eliminate bending moments in the foundation. The only
stauically indeterminate value remains the the horizontal thrust
at the hinges. This thrust may be easily computed from require-
ment, that when loaded, the hinges must remain on the same level
and at the same distance apart.

To determine the formulas, one of Lhe ninges is smbstituted
wibi a rol.sr, which is not capable of resisting any horirsontal
thruste. Under the loads, the ends spread. All reactions can
be determined then and the bending monments computed.

To restore the original situation, the forces are computed
that will bring the ends to their previous conditions.

411 the formulas for design are taken from UCONGREIE™ by
Taylor, Thompson and Smulski.



THE WATER RESERVOIK.

In designing the various parts of the reservoir, advantage
is taken of the c¢lrcular form. The mosy peculiar in the lotiis
the domes

Keeping a certain proportion between the rise and the span,
the thrust is assumed to act in a direction normal to the section
of concrete, which stands compressive stresses. The steel is
made to stand the shearing forces perpendiculsr to the plsne of
the springing. It is, howewver, possible to follow the stendard

procedure of finding the moments at eritienl sections aznd provi-
ding the necessary steel and cénerete. For this, wedge-shape
sections are cut from the dome, with a unli: length at the sprins-
LNge

Where only tensile forces are acting, the concrete functions
as a cover only: the walls of the reservoir are desipgned on thés

principle.

THE GRATN ELEVATOR.

——

A comlete analysis off the design procedure is eiven with

[0}

the computations.




NOTATION FOR THE DESIGN OF THE 1TILLBENT.

h height of wvertical member.

h height of roof.

s length of inclined member.

I span of frame.

4 angle of inelination of inclined member with horizontal.
¥ moment of inertia of ineclined member.

Ui moment of inertia of vertical member.

H horizontal thrust.

P concentrated load.

411 the designs are done with the foot-pound system, except

that of the water reservoir,

10



DESIGN OF THE ®OWER HOUSE.

The power house will have a reinforced conerete fr=med
struecture, ineluding inclined porticos for the roof =snd longi-
tudinal purlins. This form of the roof has been selected, he
cause

I. The span being guite large, an ordinary beam would
have a great depth, hence would reduce the headroom and obs-.
truct light.

2+« Steel is more expensive than reinforeced concretie
in this locality for spans smaller than I00 fect.

O« An arched roof would require more expensive formew=-
WoTk .

The inclined porticos will be hinged at their bLase,
because

Ie Ctherwise it would be neecessary to construet the
foun dations to resigt fixed end moments, whieh means a ereat
deal more expenses

2. The joint between the vortico and the foundation
can never be considered to be co-letel: fixed.

s The vertical members of the portico will be reduced =t

their base, adding available space.

Although, providing actual hinges is the most effective
method, the MESNAEER hinges will be used

I. for the sim%pcity of their construection.

Z. for their relatively small expenss.

They consist of inclined barrs imbedded in the founda-
tion and in the frame in such a way that adjacent bars cross
each other at the center of the hinge. Such bars resist shear
but are not able to resist bending moments. With such cons-
truetion, to allow free rotation of the frame, a clear space
will be provided at the bottom by roundine ur the top of the
foundation and the bottom of the frame. The space will then
be filled wiih asph=1t.



SPECIFICATIONS.

Sp\in . . e & & @ e @ Y T e @ e 8 @ 60 fEf_:t-

dei,t.’ﬂt of columns e S R Tl T n
1'18101’113 Gf oLt & % & p % b oW w0 e w s 8 "

Spacing of frames « + o o s o o s o o 20 "

Live load ( dynamic forces )} . » +» » « 40 1lbs./sq. foot.

DEad load of roofing ¢ « o s o ¢« o s « 20 MW n
Wind load i e relal g TG el B A BRSO AR "
STRESSES.

f‘_=t;00 pcS.i. fc= 900 p._Soio

n = 15 f5=16[\100 p.s-io

f. 2500 peseie

( in direet compression )
DIMENSTONS OF FRA

&
&

Ineclined member.

Effective width=60/2 xI/5 I2.-72 inches.
Stem width-I4 inches.

h.<2 inches T.4 inches.

t/h -4/42.0.095 Y/b =I4/72-.0.1945
Using diagram I2, page 134,

Moment of inertiast-0275x75*52?=156000 inie

Vertiecal members.

T4%50" Moo« T/I8 » [4x50 146000 {n
Rigidity ratio

1«60 hfe’ s 900+64 =31

I/5 I46000 30

= 0097

I/BE ~ 146000 31

"ad load

INelined member T4:42/T44 I50,31/70-6%4

Slab and roofing 10.1.03%,(42+20 ) = 640
Stem of purlin I0xI5/I44 ,IS0 =156
"6 #

Concentrated load at end of purlins
800« (20=I )} = I5200

”n

=
AV
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Live load

At the beam ends = 40x1Uxa0 = ©000 1bhs.

Total concentrated load at psnel points =15200

Wind load

p=35x20=600 1bs. per linear foot of frame.

DEAD TLOAD AND LIVE LOAD MOMENTS.

Upniform losd

Vertical reaction V,=640x80/2=T9200 1bs.

: A 8+5h,/1
Horizontal reaction H.I/72 = ¢1n%té-1: ee—g—c-- 1 /h Wl
L/I H/s B/a{5«h/h)+3

Corner bending moments

= 5900 &0 -~ I77500 ft-1bss

Bending moments in inclined member

at x:I/6 1 -

[ /2 x/1 (I-x/1) - G, (I+2h/hyx/1), Wl
«[T/241/64(1-1/6) - 0.076(Ir2¢8/20,I/6) 52053600
T =MUoauL ft-lbs.

at x.1/3 1
M fT/2:1/242/3-0.0 :—'rta(Lo.Ia_\],
lloment at ridge
11=[I/8 - 0.076(I 0.2:36)] 640x 2600=+67500 PH~1bs.

oF!

40 xB60U= 29400 ft-1bs.

Conecentrated load moments.

Hz1/h (5.833+%.657 h/h) CE

= I
3 :[i?l*h/s b/ (Z+h/h)+5
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Bending moment at ridge

4500% 30-5400x 58+ =70000 ft-lbs.

Maximum positive moment in columm
I/2 p(ﬂﬁp$=jju*iﬁc (I2600 /600 » +I%2000 ft-1lbs.
Point of maximum moment

I26000/600= 21 feet.

B,

TEMPERATURE.

H - T2CEqtI1/2s
I2x0.065, 250000050 0000064540 »T46000 »60/62

"

Nglip=3I180x30= ~95400 ft-~1bs.

"9
Loment at ridge
2180 x30: ~I2T000 ft-1bs.

Fall of temperature.

1 =+4 5400 PH=1DbsSe '
-] ., . -,

ioment at ridee- +I2I000 ft lbs.




S5 umMMARIES OF BENDING MOMENTS
BENDING MoMENTS FOR DEAD AND LIVE LOAD
Point R & D
LIVE l_o.ﬁD _6l5 000 | . 90 500 |, 2040600 +26H000
{
\
Dead Load ~171500 _3e300 |, H9Hoo [, 6]500
Total | 792500 |_120800 |+253400 |.331500
Bummary oOF RERAcCTIONS
VERTICAL | HoRiZoNT.
les Loﬁo A F2cp 5900
{
Dead [omo 418 1203 2obaw
Crahc Lood‘ 10006 6’0
Winvbp on INCLIN, AN20 2948
WIND aN VERT. h5ool| 42600
—rcmpcra‘}‘ure 3 | 80
Total | 445140 | 4q 870




M AXIMUINM POSITIVE MOMENTS
above l)epow
H S D
bracket | brochet
B . L 25300e | 331500
g
Crane_ S200
\AVIND on Inc.| BYHoo 24400
\/\/!ND ON ver.| (08000
-Ten')/wro._{'u/—c 95400 121 coo
HITRL o S AR 277800 | 452500 | 3200




MHWMUM NEGATIVE MoMENTS
H B D Qbovc beIOW
brachket brachet
= MR .| 192500| 120800
Cirenge Lant 160 5éo0 16800
\A/inD on incL.| 87600
WIND oNVART. | 62000 oo e
Témpercﬁ'ure 45400
j2AfeoE
Tetals 1137660 | 120800 33600 i€ 800
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As it is seen in the bending moment tables, larege negative
moments are developed at the knee. This is peculiar to all ri-
gid frames. Hence particular attention should be paid in cones=.s
tructing those joints on the field.

To relieve part of the bending moment, the vertical members
will be provided with cantilevered sheds, whieh will serve as
parking place for the transporting trucks on one side of the
power house, and as a repair platform on the other.

The span of the cantilever will be 25 feet. It will consist
of ribs and slabs spanning the ribs. To help the ribs in compressi
sion and at the same time, to offer an even surface to the sight,
the slab will be made flush with the bottom of the ribse.

DESIGN OF THE CANTILEVER.

D.L. of slab-4/I2 ,8/2 ,I50 200 1bs./lin.foot

D.L. of. ib = 450 " "
Snow load 8 « 30/2 wde0 . n
70w "

sa 80Q m 1

M <I/2 800« 625 =250000 f£t-1bs.

d +/250000xI2/129x 6,12 =30 inches.

Overall depth use-325 inches.

Width of rib.- 800x25/I20x0.87,30 = 6.5 inches.

To furndsh enough place for the steel, the width will be made
I5 inches.

A,= 250000 12/1800050.87x30 = 6.4 sq.dnches

Use 9 ¢ I inch round bars.

DESIGN OF RIGID TFRAME

Maximum negative moment = 792500 -250000 = 542500 ft-1bs.
Maximum reaction = I87I40  1bs.
Eccentricity 542500xI2/I8BI40 =75 inches.



Specified stresses

f.« 650 peSeis f, =I8000 peseis n-15
Dimensions
B 14 h-50" ase’
d= F0-8 48 23 - 48
Tension steel.
A.( efa.df/a-I ) N/2F,Cbd
Compression steel
4= C, ( efasd/a+I ) N/22_Gpa
afd . 25/48 = +48 gfa = 35/2% « I.52
N/2f - I6! L40 [2xTH000 = B 1
Assune d/a=0-.1 Then e/a ,0/a = T.T1.58.,.1-1.0.62
e/a b A/a 4 Lol slcTaB068
k= 02T Ciz 80003 G= 2. Cqm0.012

4,.0.62x xF. I8 4 Qe0003xT4xH0 = 2477
Uge 4 ¢ I ineh round hars
45232:Tx2:6% 7.I60.012,50xI4 = 20

20
H

e " a » . -
Use & ¢ I round bars continuous from the inelined

member

¢ I sole bars ! chapeaux

The 4 bars for tension will be carried down ©o the base
column. The four sole bars us

e
down te the crane console. Four of the & bars will he

of the

i
d at tlke knee will bhe earried do

earried

down to the cx¥spe-esnseles hase, while the remainine four will

be stopped at the middle of the column.

DESIGN OF INCLINED iEMBER.

S

Maximum positive moment = 452500 ft-lbs.
The thrust due to the inelination of the member will be
lected.

K. 173 k04400 j=0.887
stem width - I4

2 700 ava -
= T73x 14,40 - 28BBO0O0 in-1bse

WMoz ! 400000 -388000C0 n



0v 0« 867,40 = 5.2

48000 (40-2.5) = 2.25
| e

i ‘ﬁﬁnﬁile steel =8.45 "
n steel 225, I-0.400/0.4-2.5/40 - 2,97 o



BESTON OF THE COVER
MU PHI HOAT M

'orm of 2 bowl, will be desiszned

Let ACE be the profile of the bowl,

The eower, In the f
aeceording to method propose
nods
being a and the fleche f.

The co-ordinates

e
i

> N
e &)

2+5

S Te

H
O L] .';‘-3
0.63

Radius of curvature of the bowl:16.254.76

Assunmed loads:

Developed surface of the

Total load=2T.4x400=8580

Horizontal force/line. meter on circumfere

d by the French enginee

Du-

4

the se~i-chord

/

J00 Kgse. pET sg. meter.

Ro " "
50 " y

400 " v

Y1

"

w

bowl: 2xfx 4.55x0.

Kegs.
/

545 3.80/2.5 830 Kgse

M, = = 830x0.63 = -527

0:86,I+0+4/2 sI.5x400=352

+ 54505

= 224
o

"

"

Loadflin. meter on circumference-E8560/577=545 Kes.

e
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Point € is the inflection point.

Mioment at the top

- PE‘OXC'.?E = "23
255 2/B:2x24.5x400 =820
+ 545x 2.5 +I1360
- 98 Kgs.-meters.
M-I/2fkjbd*
8500« T/2,50+0.375<0.87:0.40 D
445D Take over-gll D-I0ems.
A5=6:',-00/120Cu 0«87 6_T04mm. exterior helt
Use 2 ¢ I0 m/m at the sprincsing.
DESICGN OF THE EXTERIOR BELT. =
“““““““““““““““““““““““ SN
- S
vng >
} " e
A, =2080/1200:-174 m/m Use 4 ¢ IOmm.

This reinforcement takes care of the horizontal thrust onlv.
No investigation need be made for the vertical component of
the bowl's thrust, because the circular beam is supported
all along its length.

The depth of the beam will be made %0 ems. and
the width 40 cmss., to house the exterior veneer wsll and

leave an indenting of 8 cms.

DESIGN OF THE WALL

This design assunes that the onlyv function of the eoncrete
1s to house the steel that will eounteract the effort of
extension due to hvdrostatic pressure.

The total height of the reservoir proper is divi-

ded into three parts of &% cmse The design will be carried



Spacing 250 f'{ nxT0=8 cmse.

Steel section for the second part

P oy = S — / = ~ ry
A, «£450,500+5/10 +2.50 I—I/;}.fé:mm.

3 L ~ .
USE IO bars of 8m/m.
Spacing 8ecms.

Steel section for the third part.

A.2.50/3 500
-

—

LS

8 sup-

i
ported on one side by the ecircular bea~ of the bottom and

+
w

on the other by the exterior belt: the cirecular form rer~it:e
us then to desiegn the cantilever as a slab.
M. I/I0O »II75,70-8200 Ke-cm.

D: 0.,0387VE200 «%cms Use over-all depth IO c~s.

A5=8209<12x8x6.8?=lﬂbmm. Use 4 ¢ 8 m/m per meter.






DESIGN OF THE LOWER BOWL.

Radius 4+0.25/0.1I50.4.25 m.

D.L. on bowl per sq. meter-3250 Kgs.

Load on bowl due to water.W( dhufh f?ﬂ )
T 4¢3-0.265,4.25,1/8 I/3 )
= 34500 Kgs.

Total load

Dead load 2Trfg = &AM, 4.25,1/2,"50=4670
34500

"EGTT70 KESe
Load per linear meter-39I170/212.3II0 Kes.

Horizontal thrustzﬁlloxé.25—6.5$/2=5840 Kese

Tangential thrust I0V25400+970:6600 Kes.
Thickness of the bowl.6800/I00xI0-8.6 cms.

Sgetion of the directrix bars.3II0/I2.260 mm.

Use 4 ¢ I0 m/m at thespringing.
Effort of extension on the eircumference
E. 50:5840x2=11580 Kgs.
IGN OF THE BELT AT THE UPFER EXTREMIT™ OF BOWL.

&

F-DeLs - 940 Roof load
62b- 250« «I0x 2500 Walls

1I?O=Kgs-/linear meter.
Weight of water per linear meter= 500B(Hs#H)

Y-500x1/2 ( 2.50+53

=1370 Kgse
Dead load of cantilever section.200 Kgs.

Y. I170,I5375+200/2-I958 Kgs..V

V,=I958/cos 45:2760 Kgs.
Effort of extension on the belt-I19568:2.50-4850 Kgs.

Steel section in the bekt=4850/lo=é65 m/m-
Use 6 ¢ I2 m/m -

AV



DESIGN OF THE CIRCULAR BEAM AT THE BOTTOM.

Horizontal thrust of the cantilever-I958.3.25.4400 Xgs.

Horizontal theust of the lower bowl = 5840 Kes.
Resultant horizontal thrust = 5840-4400 =I440 Kes.

Steel section in upper part of beam.I440/I0 -I44m/m

Total load on circular beam/linear meker

lower bowl 3110
Uprer n IT¥0
I375

5658 Kgs.
The circumference of the beam is I4 metersy it will be
supported by four columns: the length of each beam will
be then 3.5 mneters.
Total weight of the superstructure of the reservoir
5655, 1479000 Kgs.
MOMENTS .

Negative moment at the support..0.0%<I5 Nr
0.034T5x79000,2.25= 6050 Kg-m.
POsitive moment in the middle, .. 0.02752 Nr
0.02732x79000x 2.25=4920 Kg-~.
Torsional moment 0.0053 Nr
0.00553x 790005 2425 = 945 Ke-m.
605000 = I/2 x 5050 .%7x0.,87x20 &°
5% cmse= d Use overall depth-60 c s.
Ag=605000/12‘c. 7« 53+ I090 mm. for negative moment.
4,-492000/I2,0,87,53 =890 mm. for positive moment.
As, = 94500/I2+«0+87x53 = I7I mm. for torsion.
Total steel section at support I405mm.
Use 4 § I2 m/m at the top
4 ¢ 16 m/m bent up
4 ¢ I8 m/m at thebottom



The wind load is taken at 135 kilogrems per square meter of
curved surface.

Total wind load

o P o
+

"tf

‘32:

""-..
\

"“*-._

Do

Y

lx{l/ﬁ+¥i F, (1/2-x,)
- 80000/250.58 \ —A% ke

(av]

D

"

. V7. %7

- 4 22400 A 2
Section of the eolumns ¢ —————— : 448 em, ]

ald

Use g section 40 ems.x25 e s.
v
Reinforeement 6 ¢ I4 m/me Na

DESIGN OF FOUNDATIONS.

The foundations of the water reservoir will be in the

[=fa

form of continuous inverted T-beams. Such g form is parti-

cularly essential in this instance, because due to the height
of the strueture, the wind loads mav produce excessive moments
and hence throw the resultant out of the middle th

consequent 1ift of part of the foundstions. A continuous in-

verted T-beam foundation holds the whole strueture tocether.

Let column load

Ly 4

F

p - bearing power of soil 3 kg rs./cu.

g4 - width of foundations:

1l - distance center to center of columns.

Tilell P: p-’ l: E’wﬂtu-?o - 32-'2;0(_"

08 s = 21.4 cms.

M-3/2 ~ (“G—zﬁ) ;/P - II7 kes—cms.



As it is seen, both the ssction of conerete and the rein-
forcement are exceedingly small, as the whole structure weighs
only about 80 tons when full of water. Henece the sections will
be made large enough for practieal purposes.

Width of foundations 50 cms.

Depth of foundations 40 ems. with I0 ems of conerete hlinding.

The inverted T-beams will have 4 bars of I2 m/m at the top,
and 6 bars of I4 m/m at the bottom longitudinally, and 5 bars of
I2 m/m per meter transversally.

The detalls of .the reinforcement are given in the attached

plans.
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GRAIN ELEV ATOR .,

The problem of calenlating the pressure of grain on hin
walls is somewhat similar to the problem of the retaining
wall, but is not so simple. The theory of Rankine will ap-
ply in the case of shallow bins with smooth walls where the
plane of rupture cuts the grain surface, but will not apply
to deep bins or bins with rough walls.

Stresses in deep bins.

Nomenclature:

¢ = angle of repose of the filling:

¢E the angle of frietion of the filling on the bin walls:

¥ = tan g=coefficient of frietion of filling on fillines

Ps tan &=coefficient of friction of filling on the bin walls:

P

angle of ruptures
w

weight &f filling in 1b. per cu. THeg
V =vertical pressure of the fillins in 1b. per sq. £t.:
L = lateral pressure of the fillins in 1b. per sqg. fte-
A =area of bin in sq. fteg
U =circumnference of bin in ft.:
R = 4/U hydrasulic radius of bin.
The following soiution belongs to Janssen and is consider-
ed thebest by many authoritiese{ itis reproduced here integ-
rallye.

The bin in (a) FigeI, has a uniform area A, a constant

circumference U, and is filled with a granular material weigh-
ing w per unit of volume, and having an angle of repose ¢
et V be the vertical pressure, and L be the lateral pressure
at any point, both V and L being assumed as constant for sli
points on the horizontal plane. ( More correctly v and L will
be constant on the surface of a dome as in fb).)
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The weight of the granular material between the sections

of y and yady=A«Ww.dy; the total frictionam force Ling upwards
at the circumference will be LeUstan .dys the total perpenfiicul-
ar pressure on tie upper surface wiii be V. the total

pressure on the lower surface will be (V a4V )A.

Now these vertiecal pressures are in equilibrium, and

VoA ~ ( Ve @V ‘ju';,'l-«i_l"'f'oii_:_,' - Loi-?ctiffiiéllli" 0
and

- fd A l.r J —

dVe ( w=LetangU/A)dy . ... (1]

Now in a granular ass; the latersl pressure at any point is
equal to the vertiecal pressure times k, a constant for the particu-
lar granular material, L

2kV
Also let A/U=E (the hydraulie radius ), and tan
Substituting the above in (I) we have
.f'ﬁ
dV= ( w-k.V/R y )dy

and
Vv ey . (8
Integrating(3) we have

log (W-neV)zrnevsQ . 1os.. ©



Now if y=o0, then Veo, and C.log w, and ’4) reduces to
log (w-nsV/w)=s -n.y
and
w-n.V/w= I/e™-e""

where € is the base of the Naperian system of logardthms.

Solving for V we have

Vowln (I-e™) i
Substituting the value of n from (), we have
VowsRfky' ( I-"WRY)
Also since
L= k-V
LRl (T=a ™%y ... @

Por deep bins with a depth ofmore than two and one-half
diameters thelast term of the right hand member of 8) mavy
be omitted, amd

L.w.R/ (approx.)

Now both vy and K can only be determined by experiment on
the particular grain and kind of bin.
TO0AD CON BIN WALLS.

The walls of a deep bin caery £h€ greater part of the
weight of the centents of the bine. The total weight carried
by the bin walls is equal to the total pressure, P, of the grain
on thebin walls, multiplied by the coefficient of friction of
the grain on the bin walls.
From formula (8) theunit pressure on a unit at a depth
y will be
L= weR/y fI—e'KH%@j Uy ats Vem iR
and the total lateral pressure for s depth ¥y, per unit of length
of the perimeterof the bin, will be
P k‘L.dy_-ji We K fp! (I—éx,".y/n Joly
. WeR/n °[(;,-_ R/kx¢ +R/k& xe"""“"/“] o il 205)
Now the last term in (II) is very small andmay be
neglected for depths of more than two diameters, and
PoweBp [(y-Riker') (2)
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To keep the bars in place, use I/2 inch round bars in the

vertical direction, two per foot.

DESIGN OF TRELTES.

Weight carried by tremies = 772500 lbs.

Load per sqe foot = 772500 4/Tx225= 4%50 1bs.

q = 4350 cos 45°% 3080 1b
)
(12 - ¥ o =g lb

The tremie will be considered as a slab supported on one

s

A

(@

06

5
[45]

side by the bin wall, and on the other by the eircular belt.
M = I/I0 x 3080x(7.75) = 18480 ft.-1bs.
d 'VIBKEC I2/173x12 = I0 inches
Use overall depth.I2 inches.
A s I8480, I2/18000 087,10« T+4T o

iyl

Use 2 o 7/8 inch round bars/foot

Total force parallel to inclination
5080« 7. 75s 224000 1bse

Section of steel necessary to resist this

tractive force = 24000/I8000-1.3% "

Use 3 ¢ 3/4 inch Tound bars.
Place the 7/8 ineh bars at the bottoh of the tremie and the
inch bars at the bottome
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