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- A © Negeri Cement Plant in Malaysia 3.2 LATERAL STATIC UNIT PRESSURES AT DEPTHY.

+ 25" ¢ Cement Silo = qklkg/m?)

+ Processing A4 : 22t S5 9 ot AMIE

e I e el 3.3 BABHLISTATIC UNT PRESSURES (AH} @)

C R ) TR

- AJZA} : slEpAA g = p « sin’a + q + sin’a (kg/m)

© AESE  AE A% Silo

CRR L EATEAYESR 3.4 Vertioal ficiondl face per unitwicth ofwall perimeteron wal

dbove deph Y.
3. BAstE V=(y-Y—0.8:q)-R
3.1 VERTICAL STATICUNT PRESSLRES AT DEPTHY. (kg/m)
g= 2R [ ounrm) 3.5 DESIGN PRESSURE
pk (kg/m) Aol W) S5l ol FAIRS efsl] Sla) Sk
(Cy or G)E Fysto] A e ik,
o714, C, ; Overpressure Correction Factor
R : hydraulic radius (m) (ACI 313-91 TABLE C.1 #=)
= D/4 (for circular silo) C ; Tmpact Factor
= De/4 (for regular polygonal silo) (ACI 313-91 TABLE C.2 #=)
= a/4 (for square silo or short side of rectangular silo) Gy C % SU=o] 2 4 ARSI
=4 /4 (for long side of rectangular silo)
a =2ab/@+b) (a : short side, b : long side) 1) Eccentrical Flow”} ¥HY3HA] o= 79
k = (1=sind/(1+sind Dy =p -+ Cd
7 Material®] T] 5% (kg/m) G0 s L

" MaterialZt 2o} Rzl
G gos — QO » Cd

. Vi =V
R | orea
___________ ]
L D inside dia (m) \ = 2) Eccentrical Flow7} HA¥sk= 7%
N 5 Pec=0.25p(e/) - Cd + hopper®] topell ] AZDI7HA. Dol
< o iz A gt
f*_mm !g of7]A,
AN 5 e : SILO %JollA] discharge opening 71 ] A2, (m)
i rSIOS ¥ ()
t : P =P-Cd+P,
ofa} 1)} 5]

3.6 2O0IF

M,=M,=14+-E +h? ac+ AT/(1—v)

yu




(O (OO WM W W mpolzad stomor =z | [

- AT (in - lb/ft)
« AT (em - kg/m)

=1.4x1.25-E,+-h?.ac
=1.4x10.41 - E - h* - ac

o714,
E, : FAES] A (kg/en)
h : SILO WALL®] 57| (cm)
ac : FAUES] DRAG
(= 0.000006) (1/°F)
AT AL o7194e) 2 2k (U F)
=K (Tdes — T)
=0.08h / (4.09+0.08h) ; cement silo ©] 3 (h :
silo wall®] %7, inch)

v © poisson s ratio for concrete, assumed to be 0.2

3739
Circular BendingHorizontal Moment)
= SILO7) |l 7490k a1,
M, =0.163qm?
M, =MD = -0.125qm2
MA =0.087qm?
o714,
qw . o4 (kg/ m’)
r:SIO2 v (m)

O{H

VERTICAL MOMENT:= &2 02 $hikslo] Vgkol 71tsle] aiefet

c}.
Py=Cfqy+ A (kg/m?)
Cf - W
A YA
M, = Py - H/2 (kg - m)
H: SILO9] 0] (GL+0S=KE], m)
Viax = M,.../; (kg)
Z; SILO9| A m’)
=z (D} — D?*) /32 Doifor circular silo
38 X|ZOKE

B el SfshA) SR A9 Ak A
H,=Z- Cp . (Wg+ Wf'ff) (kg)

e

4714,

W,  Weight of the structure ( kg)

W+ Stored material 5] 80%°1 ( kg)

7:3/16, 3/8, 3/4, 1 for ZONE 1,2,3 4

Cy A% 9 Hieol] AEo] #ol= SILO —0.2, AW ] v
of] Ao Aoli= SIL0-0.1, 7Iet - 0.1< €, <0.2

4. 92 4

4.1 HORZONTAL(HOOP) RENFORCEMENT
@ Ultimate Tensile Force

F,=1.7+ pa, » D/2 (kg)
A=F,/(¢-f) (em?) ; 6=0.9

@ Thermal Reinforcement for Horizontal & Vertical ; 25529
o3l BRE dl= AL S silo Yol ATk wiksit,

o= My/[f,+ (d—d")]
sy yu/[y d*d)]

o714,
d : Bffective Depth (cm )
d": FAYE FHOA Ht 247 AR (em)
4.2 VERTICAL RENFORCEMENT
(D Permissible Ultimate Vertical Stress

fc,t-srt: 0.55-0¢- fcr (kg/mz} ;0=0.7

A3: (Vu_fc,z'eri * Ag)/(¢ * fy) (sz)
o =0.7

o714,
V., : Factored Vertical Loads ( kg )
@) Vertical Bending Moment : Mu(from roof bracket)

Ay= M,/10.9 - fy (d—d)) (em?)
4. 3 CRACK CONTROLOf| 2] 8= 2123 (D) CRACK WIDTH ;0.2mm O]
Ot
(O CRACK WIDTH : 0.2mm ©]s}
- i 9 57000 Rt AR
@ THE TOTAL CRACK WIDTH for a Vertical Crack : @,
wm. — w1 - wz + w3 (Cm)
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e =8% A - To—by Tytths- Ty)/
" Ttote]l &Jgt Crack (Static & Ow S L
o, . o 9 ck (Static erpressure By (4-10'- A,- D, E,) (cm)
, < . 0.0000.08
w, © Tstoll 2J8+ Crack (Static 354 112)) moaS= ‘/ ,
A - T - Tyt - T) /4 - 10'A - D) - E)

@y - Tstoll 28k Crack (37 Static ska1T 1)
W, =, * 8 * f/E,
A71A,
£+ Actual steel stress under theunfactored tensile force ; Tst
or Ttot ( kg / m*)
=T/ A,

DOt D AR1 1= ()

DOVARL Y (VAR L)~
SILO WALL VERTICAL REINFORCING

3000

3000

Sy - Crack Spacing
= AB/X0O

A Gross concrete area per unit height ( ar’)
£ 0.7 for Deformed Hoop
. 1.0 for Plain Hoop
20: 99 =old Hoop Bar® 542 & (em)
v, =1-0.7(08-f'+-A/T,,) =0.3
Py, =1—0.7(0.8-f'«- A/T,) = 0.3
w3=1—0.35(0.8 - f/« A/T,) = 0.65 e = \ =

T  Tensile force in the wall at level under investigation ()

;" Ultimate tensile strength of concrete
1.194, /1 (kg/em?)
4.5./f. (ksi)

® Crack Controlo]l oJst 2o v 7+4 ;.S (em)

EREN) — | | y=

1

A=2-A,-100/5 D (en)
A, 1 A2 A S () —

£0=2-D,-100 /S ED) (an) G

D,: Ao N 4 (em)

o= s 5/2 - 100 - D, (kg/cm?)

S,=A«3-8/2-100« D, (cm)

w, = [%(T -8/2.100- D, 4,) -

(A-3-8/2-100 - D,)]|/E,) (cm)

el | | |
s L ; | ;
: [ : i
. —1 : s |
! e concTe-s0) LN CONC.THk=50)
= snen fod sona | |,‘=smg,¥.::},,>|... |
| a0

(3 4) Cornical hopper ttH

w,=8 1, T-A-£/(4-10'- A - D, - E) (1) CONE SELF WEIGHT
— e Ty+ A-j3/(4-10"- A, - D, + E,)
+epgr Ty-A-G/(4-10*- A, + D, « E))] wy= 2.4 x0.6 = 1.44t/m?
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Wy

F = : ° HC
ml 2sin’a !
1.44
= ——————— % 16.182 =— 15.53¢tf/m
2sin%60 4
Fy=—w;+ H, - cot’a

=—1.44 X 16.182 X cot*60° =—7.77tf/m

2) UNIFORMLY DISTRIBUTED VERTICAL LOADING, Ydes

Gaes = Cy* 4= 1.35 X 24.35 = 32.87tf/m

qdes * COSY
sz =T a..m_ Hcl
2sin "«

- SUBTRCoB0 e i8e 17034

25in.%60

Qies * 008301
th = —
2
SN~

* Hcl

3 -]
_ 32.87 X cos"60 * 16.182 =— 88.65tf/m

sin’60 °

3) VERTICAL TRAPEZOIDAL UNIT WEIGHT

v = 1.6tf/m?
= 27.24tf/m?
Fm3 = w ° H(:2
Jstn o

__ 27.24 X cos60 % 12.612 =— 76.34tf/m

35in’60 °

Fp=— qy. + cot’a + cosa - H,,.
=—27.24 X cot?60° X cos60° x12.612
=—57.26tf/m

4) DESIGN LOAD
&) MERIDIONAL FORCE : F,,
Fou=14F  +1.7(Fu+ F,3)
= (1.4 x15.53) + 1.7(17.73 + 76.34)
= 452.93tf/m (for COMPRESSION)

b) TANGENTIAL FORCE :  F,
Fy= LAF 4 1.7(F;+ Fa)
= (1.4 x7.77) + 1.7(88.65 + 57.26)
= 258.934f/m (for COMPRESSION)

¢) SERVICE LOAD
Wy = Foy X 18.0 X7

=15.53 x 18.1 x w = 878.2¢f
W= (F o+ F,3) x18.0xm
= (177.34+76.34) > 18.0 x 7 = 14343.0¢f
s Wp =, -+ sinb0”
= 878.2 X sinb0 " = 760.54tf
W= w,, + sin0”

= 14343.0 x sin60 ° = 12421.4¢tf

5) COMPRESSION CHECK
F, = 0.55¢f.'
= 0.55 x 0.7 x 2.1 = 0.809tf/mm?
fam= Fo/A = 452.93 x 10°/(1000 %< 600 )
= 0.755tf/mm?* < F, QK
fu= Fo/A = 258.93 x 103/(1000 < 600)
= 0.432tf/mm? < F, OK
. COMPRESSIVE REINFORCEMENT IS NOT REQUIRED

~ for MERIDIONAL DIRECTION
Agnin = 0.002 < 100 % 60 x 12.0em?/m

USED REINFORCEMENT ; HD16@200
DOUBLE (A, = 19.9cm?/m) > A,,...

— for TANGENTIAL DIRECTION
A = 0.0025 x 100 X 60 = 15.0cm?/m

USED REINFORCEMENT ; HD16@200
DOUBLE (A, = 19.9cm?/m) > A, ...
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6. RING BEAMY H7

F,.= 452.93tf/m
H,=F,, « cos60° = 226.47tf/m

P,= F,, + sinb0 "~ = 392.25tf/m
Area = (0.35 +2.198) % 3.2/2 = 4.077m?

- (3.2x0.35x1.6) +(1.8475 x 3.2 % 0.5) % 3.2/3
2= 4077

=1.213m
- (32x0.35%017) +(1.85x3.2x05) x0.35+1.8/3
4077

=0.748m

(a2 7) Ring Beam HiZ&=

RQUIVALENT SECTION SIZE
a=2-2=2x0.748 = 1.496m
b=2.y=2x1.213=2.426m
e=1{(3.2—1.213) /tan60 ° + 0.35)

—0.748 — 0.3 /sinB0 ° = 0.403m

TORSIONAL MOMENT
T,= P, e=392.25 x 0.403 = 158.084f + m

TENSILE FORCE (RING TENSION)

N,= H,(D,— 2z) /2 = (18.0 — 2 % 0.748) /2
= 1868.83tf

CLOSED STIRRUP for TORSION

oT, = $0.21,/F)) Ja%b
= 0.85 % 0.21 x 1/210 x 1.496? x 2.43 x 10
= 140.44¢f - m

R.F=(1—N,/354,)
= (1 —1868.83 x 10°/35 (4.077 x 10%))

=—0.31<1.0
¢T,<x RF<0 — .. [cis NEGLECTED.
o By = ST i

8

Ai°at'Il'y1'fy
T,/¢
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(23C1.27) 31221 3¢ 1403 X233:3 %4
158.08 x 10 0.85

= 21.83em<HDI13@300
(USED CLOSED STIRRUP)

of7]A],
A,=1.27c¢m? (HDI13)

n=a—2(d,—D/2)

= 140.6 — 2 x (4 + 1.3/2) = 140.3¢m
w=b—2(d,— D/2)

=242.6 —2x (4+1.3/2) = 233.3¢cm
o= (2+y/%)/3

= (2 +233.3/140.3) /3 = 1.221
— [F Tc is CONSIDERED,
T,=(T,—¢T.)/9

— (158.08 — 140.44) /0.85 = 20.75¢f - m

_ (2 x1.27) x1.221 x 140.3 % 233.3 x 4.0

" 8

e 20.75 % 10°
= 195.69ecm
g (2. 4+y) /4 =93.4cm
max ~ 3007}"1

— USED STIRRUP O.K

7. SUPPORTING WALLY ¥4

(3@ 8) Supporting wall HiZ=

P, = 392.88tf/m, H,= 226.83tf/m

1) BEARING CHECK
¢P,, = ¢(0.85f'A)
=073 0.85 5 2.4 3 1000 %300 10~*
= 428.4tf/m > P,= 392.88
2) DIRECT SHEAR-TRANSFER FORCE
ALONG THE SHEAR PLANE
V, = Psino;+ (H,cosa;)
= 392.88 x sin70 " + (—
= 369.19¢f (IF H,=0)
= 291.61#f (WHEN H,=— 226.83tf)
3) NET TENSION (OR COMPRESSION)
ACCROSS THE SHEAR PLANE
N, = Hsina;+ P,cosay
=—226.83 x sin70 " — 392.88 < cos70°
=—347.52¢f (NET COMPRESSION)
- COMPRESSIVE FORCE IS NEGLECTED
4) RING TENSION FROM  H,
T,=226.83 x 8.8 = 1996.1tf/m
A, = T./of, = 1996.1/(0.9 % 4.0)
= 554.47cm?
5) SHEA FRICTION REINFORCEMENT TO
RESIST DIRECT SHEAR-TRANSFER FORCE

FIXE

1. ACI 318-91.

2. ACI 318-95.

3. Sargis S, Safarian, Ernest. C. Harris, ‘DESIGN AND CONSTRUCTION
OF SILO AND BUNKERS'
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