





2. PENSTOCK

2.1 Stability Analysis

Thie anchor blocks No. 1-3 and 2-3 are to resist the centrifugal force caused by
horizontai bend of Severino Penstock line and the resullant force of water pressure
acting on the pipe. Stability calculations are therefore made for the Anchor Blocks No.
-3 and 2-3.

Stability calculations of anchor blocks of IP-1, IP-2 and IP-4 are neglected since
they are embedded in underground/ encased in mass concrete and small thrust forces.

Figure 1 shows the dimensions of Anchor Block No. 1-3and 2-3.
(1) Method of Stability Analysis

(A) Definition of vatiables

Anchor block

Expansion joint

1o
Sl

Saddleblock

@  : vertical angle of upstream pipe axis (degree)

&' : ventical angle of downstream pipe axis (degzee)
@ verical intersection angle between upstream and downstream pipe axes
p=0-0 o (degree)
8 : horizontal intersection angle between upstream and downstream pipe axes
(degree)

L : pipe length between LP of anchor block and upstream expansion joint(m)
L' : pipe length between 1.P of anchor block and downstream expansion joint
_ ()
‘I pipe length between LP of anchor btock and upstream adjacent saddle pier
(m)
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I' : pipe length between LP of anchor block and downstream adjacent saddle

pler . _
D : inside diameter of penstock pipe
: inside sectional arca of penstock pipe
t : thickness of upstream penstock pipe
t' : thickness of downstream penstock pipe
H : design head at 1P of anchor block
He : design head at upstream expansion joint
He' : design head at downstream expansion joint
Q : maximum pumping discharge _
s & weight of upstream penstock pipe shell per 1 m
- s=mDrtrs
s' weight of downstream penstock pipe shell per 1 m
$' = meD"rs ‘

>

rs : density of steel

w : weight of contained water in pipe per I m

: friction coefficient belween pipe shell and saddle
f : friction coefficient between water and steel

fe i friction force of expansion joint per I m

we 1 unit weight of plain concrete |

o

(B}  Acting Force on Anchor Block

{m)

(m)

(2)

{m)

{m)

(m)

(m)

(m)

~ (m3sec)
(tm)

(tm)

=7.85 (Um3)
(tm)
{=0.25)
(=0.02)

= 0.7 (t/m)
=2.3 (tYfm3)

(i) Thrust perpendicular to pipe axis due to dead weight of pipe and water in pipe

for upstream pipe W= 112-(sv+s)-l-c0s6
for downstream pipe W' = 1/2+(wt5')*}F*ecosd’
component force L

Force _ x-direction y-direction z-direction
W Wesind : 0 _ -Wecosd
W' o Wihsind'scost  -W'esind'sind

(i) Thrust along pipe axis due to dead weight of pipe

for upstream pipe P{ =stLesind
for downstream pipe  P1' = s'L'sind'

-Whecosd'

_ component force
Force . x-direction y-direction z-direction
-P[-Sinﬁ

P -Plecosd 0



P '»Pi"c:osﬁ"'cdsﬁ.'—P]“cdSé"-siﬁO Cpesing'
refer to Figure 2.1.2

(iii) Thrust due to friction of water in pipe

for upstream pipe ~ P2= ‘2'“02’8'“'331'.1{ |
for downstream pipe P2’ =( 2-f-Q21g=-n-[:)3)-L'

* component force
" Force -x-d_ire‘ctibn y-direction  z-direction
) Precost 0 - P2esind -
Py PY'scosd'icos® -PY'ecosd'ssing Ppesind’

refer o Fi gure' 2.1.2
(iv) Centrifugal force acting on bend point

“due to vertical bend Py= 2-v21g-Afsin(el2)
"due to horizontal bend Py == 2¢v2/grAssin(6/2)
component force -

Force x-direction y—dirécﬁon i:—dir_eclioh '
Py Pysin@/2) 0 - Pyecos(of2)
Ph Phesin(0/2)  Ppecos(0/2) - - 0

refer to Figure 2.1.2

{v} Thrust due to inner pressure acting on expansion joint

for upstream pipe P3 =HerneDrt
for downstream pipe P3' = He'eaDe'
component force
Force x-direction y-direction z-direction
P3 P31+ cosd 0 - P3sind
P3' P3'ecosdscos -P3ecosd’ssin@ P3‘-Sin6‘

réfer to Figure -2.1.2
(vi) Unbalanced force due to water pressure acting on bend point

due to vertical bend Pry = 2¢H*Assin(o/2)
dueto horizontal bend P = 2+H+Assin(0/2)
component force ' ' Co

>- 6




y-direction 2-direclion

Force x-direction
% - Py | -P;wsin(e&) - 0 Prycos({o/2)
Prh Pehesin(8/2)  Prhecos(6/2) 0

refer to Figure 2.1.2

(vii) Thrust due to temperature change

for upstream pipe  F=F{ +Fy
for downstream pipe F' = Fj* +F2'

- Thrust due to friction of supporting point

for upstream pipe - Ry = co{wis)(L-1/2)*cosd
for downstream pipe F1' = co{w+s")*{(L"-1'2)*cosd’

- Thrust due to friction of expansion joint .

for upstream pipe F2 = fesne(D+21)
for downstream pipe F' = ferme(D+21)
component force
Force x-direction y-direction z-direction
R Froosd 0 -Frsind
P F'scosd'+cosh -Fscosd"sind Flesind'

refer to Figure 2.1.2

(viii) Dead weight of anchor block

WA =weV _ V : concrete volume of anchor block

(iv) Scismic force

F=Fyat Pp
Pwa= Khi*WA Fp= Kh*f(wts) 12+{w+s')1'/2}

Kp : coefficient of horizontal earthquake (=0.15)
{C)  Check of Safety

(i)  Safety for overturning

The safety for overtuming can be confirmed by the following equation.

4-
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e=|BR-IM/LVI < Bf§

% | ~ where, ¢ eccentricity of resultant force on base measured from center of
: base - ' NI '
B . baselength of ancher block

XYM : tolal moment
"LV @ total vertical force

(i) Safety for sliding
Fs=J3V*A/YH >20
- where, Fs : safety factor
YH : total horizontal force
A @ friction coefficient of concrete and foundation = 0.63
(i)  Safety for bearing capécity

omax = Y VIA+«{116:e/8) <qa
where, omax : maxiniimcompressive siress
‘A :arcaofbase _
% qa : bearing capacity of foundation

(2)  Stability Analysis
(A)  Cases for stability analysis

Direction of thrust forces due to temperature change (I and F) varies depending
on expansion and shrinkage of penstock pipe. Other thrust forces (sum of other {hrust
forces indicated as "P") acts on & anchor block with a constant direction. Therefore, the
following 4 cases are analyzed for stability of the anchor blocks considering the
combination of the thrust forces due to temperature change and other thrust forces.

Case ' Combination of Forces
P+F+E
P+F-F'
P-F+F'
P-F-F'

oW N e

The analysis was conducted on 2 plains, i.e., x-z plain (flow direction) and y-z
% ' - plain (perpendicular to _ﬂow direction). Moreover, earthquake force is considered

n

L.
\
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* acting on the blocks in both ways for cach plain, i.e., x and -x directions for x-z plain,
and y and -y duecltons for y-z plam :

The values of component forces to X, ¥ and z direchons (Px, Py and Pz) are
calculated and shown in Table t with input data.

(B) Decad weight of anchor block, seismic force and _cehferl p_ositiori _b'f gravity of
ancher block ' |

@  WA: Dead weight of anchor block

WA = 2.3x {(4992x 6.17-1/2 x 2.626 x 1.545- 1'12x34475(§.029
—l!2x0992x4141)x50 mf4x202x5s}
= 227.302 ton L

{b)  Fwa:Secismic {orcé for dead weight of anchor block
Fya= 0.5 x 227.302 = 34.095 ton

(¢  Fp: Seismic force for dead weight of penstock pipé and water in pipe |

Fp = 0.15x(3.142+0.395)x (10 + 12.062) {2 = 5852 ton
(d)  Distance to gravity center of anchorbiéck | _ . | l' - _ %?
X-z plain | D
K= = LA/ zA

FYAX = 4992x617x61712lf2x0992x4l4lx1!3x4l41;_.
L <12 x2.626 x 1.545 x (3.544 + 213 x 2.626)

- —ll2x2029x344?x(414l+2!3x2029)

= 62233 m3 : :

YA = 4992x6.47x-1/2x1.545x2.626- 112 x 2.020 x 3.447
- 12 X 0.992 x 4.141 ' o
= 23221 m?

therefore,  x = 62,233 /23.221 = 2.680 m
y-z plain

y=XAy/YA

C.6-



Jnput Data
0=

@=

g=  §.0=

e

L=

e

1=
I=
D=
A=
=
=
H=
He=

= AeDrtris=

s'= e DMs=

w= 7eD4=

Table 2.1.1

- Anchor Block No.1-3

100821067 {(deg.)

100321067 {deg.)

¢ {deg.)

30.4747222 {deg.)
5.188 (m)
6.000 (m)

7.188 (m) .

- 0.000 {m) -
2.000 {m)

3.142 (m2)
0.009 (m})
0.009 (m)

. 15.500 (m) -
17.500 (o)
0.000 (m}

9.6 (m3/sec)

0444 (Vm)
0,444 (U'm)
7.85 (t/m3)
3.142 (t/m)
025
0.02
0.7
2.3 (Ym3)

Anchor Block No.2-3

Input Data
&=

= 90=

= ReDlors=

s ADeArs=

w=  mDAM=

10.0821067 (deg.)
10.0321067 (deg.)
0 (deg.)
304747222 (deg.)
5.070 (m)
5.564 (m)
8.070 (m)
10.022 (m}
2.000 (m)
3.142 (m2)
0.009 (m)
0.009 (m)
18.750 (m)
20.500 (m)
17.500 {m)

9.6 (m3/sec)

0.444 (t/m}
0.444 (t/m)
7.85 (Ym3)
3.142 (Um)
025
0.02
0.7
2.3 (Ym3)

w

wr

Pl

r
P2

le

Pv

Ph

P3

Py

© Pry
 Bh
Total of above
P

Fi
FY’

F2

F2|
F=F1+F2
F=FI"F2

Total
P+F+F
P+PF-F
P-F+F
P-F-F

Case

i) [ -

W

W

Pl
pI
P2
P2|

b

Ph

P3

P}

Prv

Pih

Total of above
P

Fl

Fl'

F2

F2I
F=F1+F2
F=FI'+F2'

Casa Total
1 P+F+F
2 P+F-F
3 P-FF
4 P-F-F

>

' ’I‘hrust Fo_rces

: Force

. 12.687
0.000
0.493
0.050
0.078
0.000
0.000
1.573
0.990
0.000
0.000
25,596

41,327

1.407
0.000
4.438
4.438
5.845
4.438

51.609
42.734
39.920
31.044

Force
[4.244
17.689

0.394
0432
0.076
0.033

1.573
1.159
0.9%0
0.000
30,963

67.604

0913
0.488
4438
4438
5.351
4.926

77.881
68.029
61.179
57.327

x-direction
2221

10,015

5.754
3.766
Px=

19.535
12.004
8.027
0.495

x~irection
2.494
2.669
-0.388
0.367
6.075
0.07t
0.000
0414
1.141
0.840
0.000
8.138

15.085

5.269
4.180
Px=

24.534
16.174
13.996

5.637

component
y-direction
0.000
0.000
0.000
0.000
0.000
0.000

0.000
-2.216
Py=

23998
28430
23.998
28.430

component

y-direction
0.000
-1.5M
0.000
0286
0.000
0.042

0.000
-2.460
Py=

26.694
31613
26.694
KNI K]

z-direction
-12.491
0.000
0,071
" 10.000
0014
0.000
0.000
0.000
0.173
0.000
0.000
0.000

-[2.375

-1.023
07177
Pz=

-12.621
-14.175
-10.575
-12.129

z-direction
-14.024
-17.416
-0.0469
0.076
0.013
0.015

. 0,000
0.000
0.203
0.173
0.000
0.000

-31.181

-0.937
0.862
Pz=

-31.256
-32.980
-20382
-3L107



4992)(617)(2496 1I2x1545x2626xlf3x1545
~”2120293{3447)((1545"'2!3)&3447) - L

: 112x0992x4141x(40+2!3x0992) . PRI IR @
="5282lm3 SRR :

i

LAY

therefore,  y =52.821/23.221=2275m
External forces acliﬁ'g on the anchor blocks arc illustrated in'Figl't'ré 213
<) Results of analysns |

The summary of the calculahon results are shown in Tabtcz I ] and calculation | f
sheets are attached. :

-?_
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‘Table 2.1.2  Summary of Results of Stability Analysis

Anchor Block No. 1-3

1. x-z plain _
1. earlthquake -x-dircction

Anchor Block No, 2-3

1. x-z plain _
1.t earthquake -x-direction

. safety for safety for - safety for safety for safety for  safely for
Case  overlurning sliding bearing capacity Case  overturning sliding bearing capacity
e(m) - Fs . O0max (Vm?2) e (m) _Fs___GOmax (ym2)
1 0.389 946 14.42 1 0333 11.65 1491
2 0.480 16,53 . 15.47 2 0.427 742 16.08
3 0.538 552 © 1585 3 0.459 - 6.68 16.22
4 0.628 ©4.38 - 1690 4 0.553 S04 17.38
<Bf6= >2.0 . <qa=100Vm2 ' <Bl6= >20  <qa=100¢m2
0984 . 0934 -
1.2 earthquake x-direction 1.2 easthquake x-direction :
safely for safely for safety for safely for “safety for safety tor
Case  overfuming sliding bearing capacily ~Case  overtuming sliding bearing capacity
- e(m) . Fs  OOmax (Ym2) & (m) s O0max (Ym2)
T 0370 281 1422 1 0.439 2.65 16.10
2 0.274 327 13.30 2 0340 - 3.07 15.08
3 0.225 351 12,62 3 0319 315 {4.64
4 0.132 426 11.70 4 0220 AN 13.62
<Bb= =20 <qa=1004¥m2 <B/6= >20  <ga=100 Um2
0.924 0.934 : :
2. y-z plain 2. y-z plain
2.1 earthquake -v-direction 2.1 carthquake -y-direclion
safely for  safely for  safely for . safely for safety for safety for
Case  overfurning sliding  bearing capacily " Case - overturning ¢ sliding bearing capacity
e (m) Fs  GOmax{ym?2) & (m) Fs  O0max (t/m2)
| 0.178 1296 12.67 1 0.194 13,70 13.88
2 0.124 2056 12.04 2 0.139 2303 13.18
3 0.177 12.85 12.55 3 0.193 13.60 13.77
4 0.122 2048 11.92 4 0.137 22.86 13.07
<Bl6= >20 <ya=100Um2 <Bff= >2.0  <ga=100t/m2
0.787 0787 - - :
2.2 earthquake y-direction 2.2 carthquake y-direction :
safely for safety for salety for - safety for safcty for  salety for
Case  overturning  sliding  bearing capacity Casc  overtuming. sliding bearing capacily
& (m) Fs  OOmax (Ym2) e(m) . Fs__ OOmax {/m2)
1 0.581 2.60 1796 1 0578 - 2356 19.32
2 0.630 2.44 1872 -2 0629 - 240 20,47
3 0.589 258 1791 -3 0.585 254 19.28
4 0.638 241 18.68 4 0636 - 2.38 . 2012
<%{§I§_’ >20  <qa=100t/m2 <B/6= >20 <qe=]00tm2

vy 2

. 0.787
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3. HEAD TARK

3.1 structural Calculatior,

(1) Structural model _
The structural mbdel,fype and Il are shown in thé Fig.3.
{2) Structural calcutation

The structural analysis of frame were made by applying the SAPS0 computer program,
{Structufa! Analysis Program), that use the “ Finite Element Method “. This program
represent the research work conducted at the University of California, Berkeley, by Professor
Edward L. Wilson.

{3) Loading condition

The structural analysis were made for the Toading'conditions of the following four cases and
afe illustrated in Fig. 3. 1. 2 '

Case 1: thetankis emply without earthquake effect.

Case 2: the one side of the tank is fulled with water at HWL and the other is empty
without earthquake affect

Case 3: the 'both side of the tank is fulled with water and earthquake effect is not taken
account.

Case 4: the both side of the tank is also fulled with water and earthquake effect is taken
into consideration.

The results of intetnal forces such as bending moment (M), shearing force (Q) and axial
forces for each case are attached hereinafter.

W
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LOADS HEAD TANK TYPE |

No. DESCRIPTION

Solf Weight

i D
2 Earth Pressure due to Live Load L
3 Earth Pressure . S H
4 Foundation Reaction {1) RS
5 Water Pressure (1) oK
6  Foundation Reaction (2) ~ = H2 -
7 Foundalion Beaction (3) - R3
8  Water Pressure (2) F2
9 Earthquake E

COMBINATIONS

Ci D+L+H+AR!

ca D+L+H+RI+Fi+R2

C3 D+L+H+Ri+F1+R2+R3+F2

C4  D+L+H+RI+F1+R2+R3+F2+E

C5 1.4D+1.7L+1.7H+1.4R1

C6  1.4D+1.7L+1.7H+1.4R1+1.4F+1.4R2 -

C7  $.4D+1.7L+1.7H+1.4R1+14F+1.4R2+ 1 4F2 _ %§
C8  1.05D+1.28L+1.28H+1.05R1+ 1,05F1+1.05R2+1.05A3+ 1,05F2+1.4E

C9  0.90D+1.7H+1.4R141.4F1 +1.4R2 41 4R3+1.4F2+1.43E
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HEAD TANK TYPE I
_LOADS-
CASE t.. Earth Pressure + Surcheargé

1.1 SdfWaight:

Element A" W
_(m3) (ton)
Botlomn dab 26,8 €9.12

SideWall (2] 21881 5248
Central Wall 1023 | 2455

Tota 145,14 [ton

1.2 Foundation Reaction:

8= 177 m
gsl=W/JiB= 826 tm
1.3 Earth Pressure :

H = 1226 m

= 1.8 {m3

Ka = 0s

p=rKaH = 11.03 t4An®

1.4 Surcharge:

b= 0861 m

r= 1.8 Um3

Ka= 05

p=rkoH= 055 tAn*

CASE2.  Earth Pressure + Surcharge + Waler Pressure (one side)
2.1 Waler:

b= 1167 m

] 865 m

Ww = 102,39 ton

2.2 Foundation Reaction : _ :
B= 17,70 m

WHWe= 24863 lon

q2 = (W+Ww)/Be 1404 Um

qe2 - qsl = ' 679 bUm

CABE 3. Earth Pressure + Surcharge + Waler Pressure {two glde)
3.1 Waler:

hm= 1157 m

bm ' 865 m

Wiy = 204.7¢ ton

32 Foundatlion Reaclion:

B 1270 m

W+ Ww o FO83 ton
Qs = (W + Ww) /8= 19.63 t/m
qa3-gs2 = 670 tim

3-10
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HEAD TANK TYPE |

GIVEN :
fic = 210 Koo
fy = 4200 *

SHEAR STRENGTH DESIGN

. . I
1D Vu bw dn" h  |dadopt)l eve
LELER | gom) | fem) 1 (em) | fem) ; fom) | (tom)
g 10700 | 1000{ 16541 | 1800 17500 | 11425
b3 9050 | 1000 13877 | 1400 ] 135001 8813
4 7473 1000 | 11447 | 1275 i2250| 79.97
p5 6040 | 1000 | 9252 1475 11250 7344
: 6 4760 | 1000| 7201 1075! 10250 | 6692
Po7 3633 | 1000] 5565 o75| 9250 60.39
i s 2650 | 1000 | 4073| 875| 8250| 5386
@ 9 1838 | 1000! 2815 775 | 7250| 47.83]
;10 1 170 1000 17.92 675| 6250| 4080
t 11 | 655| 1000} 1003 576| 5250 | 3427
112 203| 1000|. 448 4751 4250{ 2775
i 13 086 1000 1.31 875 | 8250 2122
R 0.01] 1000 001 | 300! 2500] 1632
© 46 | 10750 | 1000! 16467 1700| 16500 | 107.72 %
i 8353 1 10001 127041 1500 14500 | 94.66 |
I 23 78.26 1000 119.88 1761 17000 | 110.98 |
| 28 | 1467 1000| 2247 501 45.00 29.331i
P 30 1 107.50 | 1000 | 16467 | 1700 16500 107.72 |
: i b

3]
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HEAD TANK TYPE |

FLEXURE STRENGTH
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LOADS HEAD TANK TYPE I}

'No.  DESCRIPTION

Solf Weight

Earth Pressuse due to Live Load.
Earth Pressure

Foundation Reaction (1)

Water Pressure

5  Water Weight

Foundation Reaction (2)

7 Earthquake

DN

=)
mE a0

COMBINATIONS

C1  D+L+H+Rt

c2  D+L+H+RI+F4+R2

Cc3 D+L+H+RI+FHR2+E

C4 1.4D+1.7L+1.7H+1.4R1

C5 1.4D+1.7L+ §.7H+1.4R1+1.4F+ 1.4R2

c6  0.75(1.40+1.7L+1.7H+1.4R1+1 AF+14R2+1 B‘IE)
¢7 09D+1.7H+1.4Ri+1.43E

5 2
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HEAD TANK TYPE ii

LOADS - : o '
S )

CASE 1.- Earth Pressure + Surcharge

1.1 Self Wekght !

Etement v W
i -1 (m3) {ton)
Bottomslab| 1422 34.13
Side Wall 543 13.03
Ceontral Wall 2811 674

Total 53,00 |ton

1.2 Foundalloh Reactlon :

B 1699 m

qet =W/B= _ 347 tim

1.3 Earth Proassure:

H= _ 48 m

r= 1.8 Hm3 _
Ka = 0.5 ' %)
p = r.KaH 4.3 t/m?

1.4 Surcharge: :

h = 061 m

.= 1.8 tim3

Ka = 0.5

p =r.KaH 065 t/m"

CASE 2.- Earth Pressure + Surcharge + Water Pressure {two skles) .

2.4 Water:
h= 29 m
b= 8.50 m

Ww = 49,27 ton

2.2 Foundation Reaction :

B= 16.99 m
W+ Ww = 103.18 ton
qs2 = (W-+ Ww) /B = 8.07 tim
qs2-qsl = | 200 tm
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1

HEAD TANK TYPE H

GIVEN :

210
4200

Kg/cm’

'SHEAR STRENGTH DESIGN

ID. Vu bw dn h d(adopl)] eve
| ELEM | (ton) (cm) {cm) {cm) (cm) {ton)
1 22.30 100 | 34.16 79.0 71.50 46.68
2 22,22 100 34.03 73.0 65.50 42.76
3| . 14.79 100 | 2265 30| 5550 36.23
4 8.80 100 13.48 53.0 45.50 20.70
'5 4.35 100 6.66 43.0 3550 23.18
6 1.43 {00 | 2.8 33.0 2550 16.65
7 0.03 - 100 0.05 300 2250 14.69
D o 1420 00| 2175 s00] v2s0| 4733
19 1.62 100 2.48 88.0 80.50 | 52.55
21 0.86 100 1.32 50.0 42.50 27.75

2-4Y
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FLEXURE STRENGTH DESIGN

7ok

GIVEN :
fe = 210 Hpfm”
fy = §200 .
t = 7.5 cm
pmax=0.15pb= 1561 (%)
pe = 0.590 (%) R
My b ¢ [ As As{temp) ; As(adqpl) :
t-m) {cm) {em) (%) | (em) (mty | (earitas)
3989 100 715 021 15.14 9.88 1825 @20 on
3967 100 65.5 045 16.51 9.13 125 K20 an
21.47 10 ss5t 019 10.47 788 1825 @20 an
a.81 100 455 .. 013 579 . 663 1220 @ 200m
335 100 355 Co.07 252 553 1920820 un
4976 100 725 0.2t 1487 0.00 10¢25 820 m
2818 100 725 0.14 10.46 10.00 117225 @20 em
1822 1900 725 0.09 6.72 10.00 1925 320 em
10.02 100 125 0.05 3.68 10.00 1925920 om
512 100 7256 0.03 ‘209 10.00 1225 @20 an
564 $00 725 009 206 10.00 1525020 i
535 100 725 0.03 196 10.00 1625820 o
8.45 100 725 0.04 3.10 10.00 1625020 on
376 100 805 0.02 1.24 11.00 1328820 m
383 100 &ns T o002 1.26 11.00 1428 220 on
2.43 100 835 0.0 0.94 . 850 1325@20 on’
1239 100 s 0.Cs 455 10.00 1§25 @20 om
5.59 100 725 ona| - 264 10,00 4 825 @20 on
526 100 725 oz - 225 10.00 14725920 on
10.02 100 725 005 363 10.00 1925820 e
13.18 100 725 007 4,85 10.00 1825920 om
28,98 10 725 0.94 10.46 10.00 1425 @20 an
3976 100 725 o2t 14 87 10.00 19258620 an
$5.89 160 725 021 1492 L 10.00 1225 @20 em
39.67 100 65.5 025 16.51 9.13 1825820 m
21.47 100 £55 0.9 10.47 7.88 "1 425 ®20 on
981 100 455 0.13 679 5.63 1 925 D20 om
3.35 100 355 0.07 252 5.38 I 925 @20 an
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Determination of Water Deplh on Orerflow W_cir of Severino Head Tank

Length of the overflow weir was delermined based on the required width of the @
settling basin of the head tank. The overflow depth on the weir is calcutated in the
condition of complete overflow by the following formula.

L= Q/C*Ho!-5 + 2*Ka*Ho

where, L : length of overflow weir (="7.85 m for each weir)
Q : overflow discharge (m3/sec)
Ho : overflow depth (m)
Ka : coefficient of contraction (=0.02)
C 1 cocfficient of overflow (=2.0)

The following table shows various overflow depth on the weir versus overflow

discharges calculated by the above formula,

Table Overflow Depth on Weir in Head Tank

L = Q/CHo!-5 + 2KaHo

C= 2.00 . Ka= 0.02
L= 7.85m foreach weir

Ho(n)  Q(mdfsec) HO(m)  Q(mifsec)  Ho(m)  Q(md/sec)
0.30 2.58 0.47 5.05 0.64 .01

0.31 2.1 0.48 - 5.21 0.65 8.20
0.32 2.84 0.4 5.37 - 0.66 8.39
0.33 2.97 0.50 5.54 0.67 8.58
0.34 . 3.1 0.51 5.70 0.68 8.77
0.35 3.25 0.52 - 5.87 0.69 8.97
0.36 3.38 0.53 - 6.04 0.70 9.16
0.37 3.53 0.54 6.21 0.71 9.36
038 3.67 0.55 6.39 0.72 9.56
0.39 3.82 0.56 6.56 0.73 9.76
0.40 3.96 0.57 6.74 0.74 9.96
0.41 4.11 0.58 6.91 0.75 10.16
0.42 426 - 059 . 7.09 0.76 10.36
0.43 4.42 0.60 7.27 0.77 - 10.57
0.44 4.57 0.61 7.46 0.78 10.77 -
0.45 4.73 0.62 7.64 0.79 10.98
- 0.46 4.39 0.63 7.83 080 11.19

| _—;au‘(
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4.1  Hydraulic Calculation

@ : 1. Section of opcn channel

Decision of open channel section adopt the Manning formula as follows.

~
=]

__.;H s A'R'HJ
s
where, Q : discharge =16 m¥/s
n : coefficient of roughness = 0.015
So : longitudinal sope = 1/3,000
A : seclional drea (as shown below)
R : hydraulic radius
N N yd
mn 0
B
B: bottom width =1.6m

m : Side slope ratio = 1.2
 hy : Water depth

A = (B+mhg) hg

_ (B+mhy}h,
B+ 241+ m’h,

Velocity (v} and discharge(Q) for each water depth are shown in the following
- table.




hotm)  h/H(%) __  v(ws) Q)

0.28 10 0442 0240
056 2 0638 - - . 0812
0.84 30 0.786 1.721
.12 40 0.910 S 3001
140 50 1.021 4.690
1.68 60 S R 72 6826
1.96 70 1220 0446
224 80 1310 12587
2.50 89.20 1391 ©16.000
2.52 90 139716283
280 100 1481 20,568

2. _Head toss of open Transition -

1) Inlet open transition

Head loss catculation of inlet open transition applies for the case of gradual

conlraciion. : ,
| T fll
T :
g : :
o| — e e e e e g
P 125m
I o



7.6 m

—

- N

25m

1.2

[1om |
I-1

Ap=115m?
Vi = 1391 m/s

& fc - 0.0025

2 2 2
Ahcnfc-Vz o Yo Yo
2g 2g  2g

= 0.0025%

2%x9.8
= 0.036 ()

— Trash rack

K

1.623° (1623 1397
2x9.8 2x9.8

K

34m

2.9 m

-1

A2 =986 m?
Vo= 1.623 m/s




- .b=75.15.~.60(mm)
-t 15 : 2
=== =025 - |

b
b=242,0=75,V=1623m/s

o
fr = bsin0 (—-)

b,
=2.42 X sin 75°%0.25%°
=0.368
. : 2 2
~ Ab, =f, ¥ c0368x 8
2g 2x9.8
=0.049 (m)

2) Outlet open transition

Head loss calculation of outlet open transition applies for the case of gradual

enlacgement.
o : . ‘ r~
b :__.——-*""" .
;\Ffm é
: T -
: 125m :
e i
— AV « 7.6m N
ol v
g
oy E AN
& V) 7
o i.2
o ' 1.6m
. 2.9m» :
-
I-1 '

"fr‘.l'



Ap=11.5m2 A2=9.86m?
Vi=1391ws . Vo=1623ms

. \2 2
NIRRT S MLIRLL ST 9 O KR .8
) 2g ’ A, 2g

' 2
=f £, v
2g
0=21.294 o fpe=0.4
A, 341 0.855
A, V115
) s fse = 0.081
2
o b, =0.0805x0.4x 22%%" . 0.006 (m)
£ 2x9.8
3. Head loss of siphon
I) Siphon No. 1
~ Basic condition _
Selection : 2.9 mx 2.9 m (Rectangular type)
Hydraulic radius : R=0967
Length ;L =40.105 (m)
Velocity vy = 1,902 (nv/s)

Radius of curvature : p =15.0(m)

~ Coefficient of entrance loss : fe
Ar=11.5m?%
a=8.41 (n?)

2 - F—ﬁ =0.855 (sudden contract)
A, ViLS |

« fo=0.12 (same as all siphon)



~ Cocfficient of bending loss : Xfp

p=15m : ; - _
p_15 v b 008 ; ,
L= 29 =5172 ~ by = 0.08 (same as all siphon) -
B = 25.565° ~ fo21 = 045

0; =25.565° e fp2 = 045

Zf, = 0.08x0.45%2
=0.072

— Coefficient of friction lost : l‘-’i
L 2gn L _2x9 8x0 015  49.105.
R pA R 0967 0.967
=0.226 o ;

-~ Coefficient of outlet foss : fo -
Ay =11.5(m?)
a= 841 (m?)

—
1’—— = 0.855
Az

- fo = 0.081 {same as all siphon)

— Total head loss : Ahg

Sf=f,+%f +f';‘{'+f ~012+0072+0226+0031

= 0.499
2 2
Ah, =%f.— =0, 499 19027
2g 2x9.8 -
= (.092 (m)

2) Siphon No.2

- Basic condition (! rectangular type,c':_circular type)

Section : 2.9x29m (rectangulé;'lypc) ’
3.2 m diameter (circular type)



Hydraulic radius ~ : R =0.967 (rectangular type)

Velocily : V= 1902 m/s
Ve = 1.989 m/s

Length ~ ¢ Ly = 141028 m
L.= 74.603m

Radius of curvature p'= 150m

— Coefficient of entrance loss : fe
fo=0.12

— Coefficient of bending loss :. :Y,fbr. 2 e

fy; = 0.08 '

0) = 14.532° o 21 =028
0; =29.899° & fp22 =050

03 =29.745° < fp23 =050

04 =14507° s fp4 =028

%f, =0.08x0.28 =0.022 (r'ectangu_}ar part)
Zf,. =0.08x(0.50+ 0.5_0 +0.28) = 0.102 (circular part)

— Coefficient of friction lose : f‘%, f—ll—’)i

oL _2e’ L, 2x0.98x0.015* 141.028
R RS R 0.967" 0.967
= 0,650 -
L, 124.5n°L, 124.5%0.015° X 74.663
= 7 : ]
D p% 3,25
= 0,444

4



— Coefficient of outlet loss : fo
fo=008]

~ Total head loss : Ahg :
5, = f, +Zfb+f‘-l§{-'-_+fo = 0.12+0.022+0.650+0.081 = 0.873
}:f.c=£fbc+f—l‘[—)‘—=0.12+0.444==0.546

] 2
A, = 3f, XYoo = 0.863% e~ 0,161
2¢g - 2%9.8

2
1.989 ~0.110
%x9.8 .

v 2
Ah, =Ef x-——-=0.546 X
2g

Ah, = Ah, +Ah,, =0.161+0.110
=0.271 (m)

3) Siphon No.3

— Basic condition (,r rectangularlypc,C circular type)

Section : 2 9x29m (rectangu]ar Lype)
© 3.2 m diameter (circular type)
Hydraulic radius @ R=0967 (rectangular type)
Velocity - 2V =1.902 n/s
. - Ve=1989 mis.
Length ¢ Ly=129874m -

L. = 187.960 m

Radius of curvature : o =150 m

~ Coefficient of entrance loss : fe
fe = 0.12

— Coefficient of bending loss : Xfpr 2fbe

fp1 =0.08

0 =13.859° o1 = 0.27
0, =24.969° o fho2 =0.45
03 =29.95%° s fp23 =050

4-%




04 = 16.659° - fip4=0.30

Xf,, =0 (rectangular part)
Xf,, =0.08 X (0.27+0.45+0.50 + 0.30) = 0.122 (circular part)

- Coefficient of friclién lose : f‘%, fh

D
f,L, _zg.i L, _2x098x0015" 129.874
rR% 09677 0967
=0.599
L, 124.5n’1, 1245x0015’x187960
f'—.': i
D~ ph 3.2%
=L117

~ Coefficient of outlet loss : f,
fo = 0.081

— Total head loss : Ahg
f, =f, + Zf, +f‘—_'+f -0|2+0599+008i~0800

If, = Efy, +f—lb——0122+l 117'-1239

2 r
Ab, = 36, x Yo = 0.800x 2202 _ 0,148
2 2x9.8
\A 1.989
£ =1239 =(.250
= 2x9.8
Ah, = Ah,_ +Ah,, =0.148+0.250
=0.348 (m)
4) Siphon No. 4
'~ Basic condition
Selection : 29mx2.9m (Rectangular type)
Hydraulic radius : R=0967
Lcnglh : L= 50.6 (m)
Velocity : v=1902 (nvs)

Radius of curvature @ p =15.0 (in)

4-9



-- Coefficient of entrance loss ; fe o
Al=115m? o _ - .
'a 841(1112) S R §~

J-: = 1’?;‘ =0, 855 (suddcn contract)

s =012 (same as all mphon)

— Coefficient of bcndmg loss : Zfb

p=1I5m :

pis S92 . by =008 (same as all siphon)
D29 | ; L
9, = 12.881° o fo21 =026

32 = 15201 S fbgz =0.29

£f, =0.08%(0.26 +0.29) = 0.044

~ Coefficient of friction lost : f‘-!'—
L ‘Zgn L 2x98x001‘i- 50.60
X
"R R ogeh 0967
=0,233 : :

- Cocfﬁcienl of outiet loss : f5 -
fo = 0.081

- Total head loss : Ahg |
Xf =f, +5f, + T 1};—+ f, =0.12+0.044+ 0,233 +0.08I
=0.478 |

v 1.902?
Ah, = If - o = 0,478 %
: 2g 8 2%x9.8

= 0,088 (m)

4-10



-5) SiphonNo. S

@  — Basic condition : - : o
Selection ¢ 29mx29m (Rectangular type) -
" Hydraulic radius ~ : R=0967
Length : L =153.08¢ (m)
Velocity : v =1.902 (s)

Radius of curvature : p =15.0 (m)

- Céefﬁc;ient of entrance loss : fe
| Cfe=012

- Coefﬁcicnt of beading loss : Xfy

Cp=15m

‘-3--1?——5172 b = 0.08 (same as alf siphon)
D29 R pRot
0; = 18.736° sy = 0.3{1

0; = 12.868° s f =025

I, =0.08x(0.34+ 0.25) = 0.047

- — Coefflicient of friction lost : f‘%

oL 2gn’ L 2x9.8x0.015° 153.809

——— T

—_ X
R R4 R 09674 =~ 0967

~ Coefficient of outlet loss : fo
- fo=0.081

= Total head loss : A .
Sf = £, + 5, +ril-{i+'f° = 0.12 +0.047 + 0.706 +0.081
= (0,954

S ol et
oAb, =36 = 0.954x L202
- 2g 2x9.8

=0.176 (m)
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4. Discharge of crossing streams/rivers

Crossing stream discharge along the Severino open channel are caleulated depend
on design criteria.  There ate thirty-three parts which include twenty-cight
streams for drainage culverls and five for siphons. = Results of catculation are
shown in the following table. '

No. Area  Max Min.  Difference Lengthof Timeof . Qmax . Drainage

Contour Contour  height _Stream concenteation  Tr=25. . Culvent &
{m) m - (m) () (min) . (m3s) __ Siphon No.
i 0049 184 105 79 250 213 133 Siphon No.l
2 0435 355 90 265 875 569 11,79 Siphon No.2
3 0020 145 103 42 230 247 0.55 CD-1
4 0013 145 103 Ty) 250 272 0.36 CD-2
S 0126 200 102 98 600 540 342 CcD-3
6 0046 175 105 70 350 330 125 CD-4
7 0014 145 12 33 170 1.91 038 CD-5
8§ 0064 300 112 i88 750 543 RNk CD-6
9 0017 160 107 53 300 307 0.47 CD-7
16 0053 250 102 148 550 4.16 1.42 CD-8
1t 0011 150 103 47 210 Ak 030 CcD9
12 0161 300 110 190~ 610 426 - 436 CD-10
130023 1S5 mn 42 250 272 0.63 CD-11
14 0060 170 112 58 460 424 163 CD-12
15 0018 140 13 27 200 - - 249 - 049" CD-13
6 0017 1715 1560 . 230 215 04 CD-14
17 6934 416 0 346 3125 - HYMOModel 7840  SiphonNo.3
18 0009 155 105 50 ~ 220 219 025 CD-15
19 0028 140 112 28 200 246 0.75 CD-16
20 0037 156 110 46 200 203 100 Cb-17
21 0610 133 108 25 40 - 170 . 028 CD-18
22 0150 165 110 . 55 500 546 406 CD-19
23 0072 200 112 88 600 563 194 CD-20
24 0024 150 110 40 250 2.71 0.65 CD-21
25 009 250 110 140 500 C381 . 245 CD-22
26 0010 144 108 36 . 150 160 0.26 cb-23
27 0220 290 105 185 600 4D 596  SiphonNod
28 0015 150 107 43 150 149 0.4 CD-24
20 0236 390 104 286 825 5.16 6.41 CcD-25
30 0091 285 112 17 - 450 341 254 - CD26
31 1071 447 93 354 1750 11337 29,05 - Siphon No.5
12 0018 155 108 50 220 219 0.49 CcD-27
33 0056 220 105 s . 300 228 1.51 CD-28

®

412



5._Side channel spillway at Siphon No. |

1). Overflow Section

i i .
Discharge in channel upstream of weir Q1 =208 m¥sec
Discharge in channel downsteeam of weir Q2 = 16.0 m¥/sce
Discharge to spill out from weir Qg = Q1-Qr=4.8 m¥/scc
Weir hieight Hg=25m"

Overflow coefficient (for broad-crest weir) K= 1.7m

Water depth in channel at Q=20.8 m¥/sec  hy=2.814m

Water depth in channel at Q= 16.0 m¥sec’ hy=2.5m

Overflow depth at downstreamend of weir ~ Ho=hj - h=0314 m

Calculation
(INPUT)
Hy = 0275m
Hy = 0314m
Q]':= 20.800 m3/sec
@ Q; = 16000 m¥sec
Va=QyfAy = 1.142 m/sec
Az = 14005 m?
Vi= QiA1= 1.520 m/sec
Ay = 13.681 m2
Q, =K-L{(H, +H,)/2}"
L = 17.667m
= 18.000 m
{Check)

— Friction loss in side weir portion
H, =(, +1,)/2xL

I, = (nV,)’ /R,*? =0.000354815
I, =(nV,Y /R," =0.000197271

n = 0015
Ry = 1332
Rp = 1.347
he = 0.008

-9



- Loss of overﬂow _
H, =f,(V,'12g)

f, =0.5807Q, ~(0.0788Q, +0. 003)°** +0.0171:

Qr=QyQ = 02308
| Fo = 00151
‘Hp = 00018

E, = Hl--+Hd +v,’*’ /2g=2.893

E'=E,+H;+z+H, +H : .
-.H,+V IZg+Lf’aOGO+H +Hy —2893

Eq :B]' (O.K.).

Condition

Discharge in channel upstream of weir Q
Water depth at downstream end - d
Channel width at downstream end B

4.8 m3l§éc

4B =05 @

30

i

Channel gradieat of rapid slope portion i1
Channel gradient of gentle slope portion .+ -~ 12 o
Slope gradient of ovérﬂ(_)w side L:m m=0
B2+ 29y s aem. ~)—Q—2-i-
28 g F?
d=0.480x(Q/ F,)‘”
E =0.44 ~ 0.5
d=125~0.19=12 (m)
B=2.4(m)
F, =0.486

Length of channel with gentle slope portion
1 = >4d
5.0m

1

-4



Co 2d 1
i, = gn’Frf(! + “1'3-)‘:”'(?7;

&

1/809.70
= 1/810

i



4.2 Structural Calculation
GENERAL '

The structural elements were designed in order to obtain the desiga strength in
all sections at Jeast same as the required strength caleulated to withstand the weighted
loads and the strength stipulated in the Ecuadorian Construction code (CEC) and
American Conctete Institute {ACI).

Furthermore within the analysis and design the struclures guaranicc an
adecuated performance for the service loads.

For the analysis and design of different elements the foltowing structures have
been forescen, box structures for the box culverts, walls and foundation for transition,
box of inner and outer rectangular cross section and box of outer rectangular Cross
section and inher circular cross section. '

These patterns have been setected taking into account the stresses to which these
structures have to work.

The utilized loads are the service loads and own load; these loads will be
analyzed afterward.

LOADS

Before to the load analysis an elements predesign was carried out in order to
estimate the real service loads due to own load plus surcharge. The given values in the

analysis table for each structure correspond to several conditions and surcharge height,

the calculation procedure is detailed on the data preparation for each structure,

For the loads calculation the following input data were used:

Gs = 1.8 t/m3 as soil unit weight

Ge = 2.4 t/m3 as concrete unit weight

Ka = active earth pressure coefficient

Ec = 2.1 x 105 kg/em? concrete elasticity modulus
Es = 2.1 x 105 kg/em? steel clasticity modutus

(l“.'“'
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DETAIL OF APPLIED LOADS TO EACH STRUCTURE BOX CULVERTS,

SIPHONS, TRANSITIONS
Wy = live load of a HS-20-44 truck
Wy = vertical load due to eaith surcharge plus weight of the structure
. cover
W3 = uplift surcharge in the foundation
Wg = foundation reaction
Wt = soil pressure
Ww = waler pressure
Pw = inner water pressure
Pw; = inner water pressure due to the water surcharge
Pc =  Concrete wall weight

With the above menhoned data 'md load condition previously slated the
structural analysis was made by using the software SAPI0.

STRUCTURAL ANALYSIS
For the structural amlys:s the software SAP90 was fully utilized, this software

uses lhe FEM analysns melhod The subroutme frame was utlhzcd for the structural
analySis

This software allow us for examine the structures as well as to model them. All
loads were included for the analysis purpose. After the software graphical check which
allow as to know the free body scheme, sections, total and local axis, loads in cach bar
and in the different states too, the analysis was carried out and getting as output the
graphical and analytical displacement, moments, shear and axial load.

For the following each load (;onlxbinalion and for ecach struclural element,
solutions were obtained: - '

ANALYSIS CONDITION

- General S
‘Wo = 14DL+L7LL+Ep+ L7Pw
D = deadload
i = liveload ~*

-|77



‘Bp = eathpressure
Pw = water pressure -

- Box culvert o < o S
CWu = 14Wo+ LT Wa= 17 Wi+ 1.4 Wat LT Wa+ 17T Wt

Wu = 1.4Wo+ 14 W4+ 1.7Pw
- Transition
Wu = 1.4 W4 +1.7 Wt
Wu = 1.4Wgq+ 1.7Wt+ 1.7 Pw
Wu = 1.4 Wq+ 1.7Pw
- Siphon B
Wu = 14W2+ 17 Wa+ 1 TW3+14We+1.7We+ LTW
Wu = l4W2+l7W2+17W3|-l4W4+17W4+17Wt+Ww
Wu = 14W2+14W4+17PW+17PW|
DESIGN

With the final reactions comniing from the structurai analysis the design was
carried out. -

Wﬂh lhc final reachons (u]lmmte momcnts shear and siresses) thc clements

were designed using for (his purpose the phsnc desngn The following generai cntcnas '

were considered;

- Concrete
Pu<Pd
Mu £ Md
Vusvd

- M'uena]s Ch'il"’iCtCl‘lSllCS

fe = 210 kg/em? comprcsswe strenglh of concretc
fy = 4,200 kg/cm? steel yield point

b = 100 cm '

d = - effective height of the concrete cross section

= 7.0 ¢cm covering of the concrete cross section

The designs were carried out for all elements due to moment, shearing, moment
and axial load. - ‘ P e ' Ve

The form used for design purpose is detailed in each analysis attached hciiawi'th.
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Diseito Estructural de Canal Abicrto
~ Structural Pesign of Open Channel

. Datos/Data

fc : 210 kg/em’

fy : 4,200 kg/em?

% . 30° (Angulo de friccion interna del suelo/ Internal friction angle)
o : 39°48°20” (Angulo de inclinacion de talua/ Inclination angle)

m : 1:1.2 o "

¥ : 2,000 kg/m’ (Peso unitario del suelo/ Unit weight of sand)

Nf : 1.00 m (Nivel del agua subterranea/ Groundwater level)

2. Disefto/ Design
1} Factor de cohesion/Cohesion factor

cos’(0+a) 0119

K= im0 .~ 0997 =0119
cos’(1+——)
cosa
2) Empjes/Thrust
1
E= > ¥ xh? xK (Formula para triangulo/Formula for triangle)

E =y x b’ x K (Formula para cuadrado/Formula for square)

1 1 | R . :
E, = Ey xh’xK= 3 x2000x1.8x1.2x0.119 =463 kg | (Suclo seco/Dry soil, Triangulo/Triangle)

E, =12x18x1x1.000x0.119=257kg (Suelo saturado/Saturated soil, Reciangulo/Rectangular)
3, =05x12x1x1.000x0.119=60kg  (Suelo saturado/Saturated soil, Triangulo/Triangle)

E_ =0.5%12x1x1.000y = 600 kg | - |

E=E+EtEi+E,=1380 kg

3) Momentos/Moment
M=ExL
M, =E, x160=74ikg-m
M, =E, x050={29%g-m
M, =E, x039 = 20kg—m
‘M, =E, x033=198kg—m

lr’ici |



Mr=M+MtM+M=1088 kg-m

4) Posicion del empuje de momento maxima/Maximum momentum location

_M 1088kg - m

T 1380kg

=0.79m

5) Momento ultimo/Ultimate smoment.
M, = 17x M = 1.7 x 1088kg - m = 1850kg - m
6) Calculo de penalte/Thickness calculation

d=‘/M" =\F85° k8™ _ 29 < 12¢m, OK

Ixb 3055x1.00

7) Calculo de Ku/ Calculation of Ku

M 1850k
K v g-m

v bxd 1.00%x12

=12.85kg/cm’

- 8) Calculo de la cuantos de acero/ Calculation of minimum reinforcement

fc 236K, .. 210 536%1285 )
—o0gsiS o o 2258 ,, 236x1285 ), 0036
P o_ssfy(l - e ] 035x4200(1 T 210J

9) Calculo de seccion de acerof Calculation of reinforcement

A, = pxbxt=00036x100x12 = 432cm’

# de acero/ # of reinforcement |
4.32¢m%0.785¢cm’=5.51 0nmin=6.0 $10mm

para sentido longitudinal/ in longitudinal direction
Prmin=141£,-0.0033
A, =00033x100x12 = 396cm’

1 $10mm ¢/20cm

10) Carga sobre losa de fondo/ Load acling on slab
(Peso propio revestimiento/Dead load)

Y -2°



P, = r;-[(s.m x 015%2400) c0s39"4820"4(01 $x 17 x 2400)] = 505
% (Subpresion/ Uplift)
S, = 1000x .00 = 1000

“(Reaccion del terrenof Soil reaction)
Rt=Pw+Pt+Ppn-Sp=0+0+505-1000=495 kg/m’

(Peso propio losa inferior/ Dead load of bottom slab)
!
m

(Carga sobré losa inferior/ Load actirig on upper stab)
W=R+8,-Ppyi=495+1000-360=1135 kg/em’

WxL? 1135x 111}
M = X _ Ll X

= 415k
8 8 em
M, = 17x 415+ 704kgm
d- J 704 48<12
= f—— =4 8 <
% : 330.55x1.00
704
' - 2 4
K, 100x 122 89 : |
fe 236x489
=085 1-Ji- =027 | < 00013
L fy{ v 0.9x210]

p=14/£=0.0033

A, = 0_003.3 x 1.00%x 12 = 396¢cm’
1$10mm, ¢/20cm,
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