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$5$$$$$$ $$$$$$$$$$ 9539888 $$$$$$$$ $$§$$$$
$353538888 $35583538¢ $38553983833 $55555%38s8 _-$$$$a$$$$$
35 35 9 38 §S. 3% 38 .93 33
5% 3% $3 $3 33 $% . $3 - 83 8
35853388 35335353938 3555858388 $3835898588 3% 33
$$ 33 $3 33 : . §$ 83 $3
L TEE UL L 33
355888 3% 3% 38 $3I5588359%85 $38883533%%
35538 39 $3 5% 53355858 555338355
STRUCTURAL ANATLYSIS PROGRAMS3
VERSION 5.41
Copyright (C) 1978 190"
EDWARD L. WILSON
ALl rlahts reserved
PAGE 1

PROGRAM:SAPIO/FILE:sii . F3F

h=5.0 - siil h:‘a.o ?(é!fﬁ‘“&w’*)‘e('

M3 ELENENT FORCES |
LOAD  DIST ©1-2 PLANE AXIAL 1-3 PLANE - AXIAL
COMB ENDI SHEAR MOMENT  PORCE  SHEAR MOMENT TORQ
i 000 ~33.63¢4
000 20,015 -17.693
010 20.015 ~17.493
019 ~33.634
2 000 11.594
000 -19.980 & 7.061
010 ~19.980 6.5861
010 11.59¢
3 000 -33.634
000 20.015 ~17.493
540 13.095 -8.574
540 -33.634
2 000 11.594
000 ~19.980 6.861
540 ~12.%521 ~1.891
540 11.594
i 000 ~33.634
000 13.095 ~8.574
1.136 .000 ~1.320
2.300 ~11.362 ~8.131
2.300 -33.634
2 000 11.594
000 ~12.521 -1.891
1.002 000 -8.023
2.300 13.676 1.160
2.300 11.594
i 000 ~33.634
060 ~11.352 -8.131
[~ s -~ Fa B . 4 Q £0ON




hinkatal

o8

AXIAL
FORCE

-16.011

18.808

[aS B R Bl

BB 1

13.676 1.160
18.608 10.062
23,635 ~15.%89
22.753 -.173
T T R E 8
1-2 PLANE
SHEAR MOMENT
-11.5%4 10.052
~7.843 2,717
22.753 -.173
000 12.909
-22.753 -.173
~7.843 4,717
009 . 207
7.843 4,717
222.753 -.i713
-33.835 -15.6380
7.843 4.717
11.594 10.062
16.011 -15.680
11.362 -8.131
-18.608 10.062
-13.676 1,160
11.362 -8.131
.. 000 -1.320
-13.095 -8.574
-33.676 1.150

1-3 PLAVE AYIA
SHEAR MOMINT TOR
DALY



[FOK h=5.0
RAME

2LT LOAD
1D COMB

3TEC
3IFON h=5.0
TRAMNMNE

ELT LOAD
1D COMB

sis

W L .
w
o
o

[FURICE
W
w
o

sil

ELEMNM

DIS%
ENDI

EKT FORCES
" 1-2 PLANE AXIAL
SHEAR . MOMENT FORCE
000 -8.023
12.521 -i,831
' ' i1.594
4[] —mmmmmm e e em o m oS mo Mmoo m oSS TS mo T
-33.634
-13.09% -8.574
-20.015 ~17.493
-33.634
: 11.594
12.521 -1.891
19,980 L8561
11.594
P R
-33.634
-20.015 ~17.493
-20.0158 -17.693
-33.634
13,594
19.980 6.861
19.980 7.0861
11.594
49 e mmm e m e m S m e m o oo m o
: Q00
~-39.347 17.693
-39.115 17.301
. 0G0
.000
5.882 i -—-7.061
5.847 ~7.002
L0000
3 o e mmmmmm— e oo S e mm s
000
-39.115 17.301
. 000 -15.751
39.11% 17.301
. 000
.000
5.847 - -7.002
.000 . ~2.061
-5.847 ~7.002 .
.000
ENT FORCES
1-2 PLANE AXIAL
SHEAR MOMENT FORCE
4 mm e e e oo =
000
39.115 17.301
39.347 17.693
000

1-3 PLAKE

SHEAR

: AXTAL
MOMENT TORQ
PAGE 4

 PROGRAM:SAPOO/FILE:s5il.F3F

i-3 PLANE

-SHEAR

MOMENT

AXIAL
TORQ

4k ———



000
010
.010

-5.847

. ~5,882

=7.002

~7.061

000

0 ->19



55555583 §555555555 855589 53555885 $$3555%
$$33853588 $555588938 $568553888 $5555555888 933855683
$$ $¢ $% 5% $5 - 885 - 8% 83 35
$$ ' F3- $$ §$ $$ 3% . 8% §% $3
55585838 $53555833%% 55585588983 $$85588388 35 35
58 -$% $3 $§ 3F 99 $3
33 33 $3$ $$ R $9 3%
35583585338 $9 $$ $3 $S$$§§$g$$ 5855535388
55395538 $5 $% $3 $5533889 - 8558583
STRUCTURAL ANALYSIS PROGRAMS
VERSION 5.41
Con}*1gqt {C) 1978-1994
EDWARD L. WILSON
Ali_rlcnts reserved
TEC : DPAGE 1
PROGRAM: SAPYO/FILE:si1.F3F
IFON h:ﬂlﬁ sii
RAME ELEMENT FORCES
ELT LOAD DIST 1-2 PLANE AXIAL 1-3 PLANE AXIAL
ID COMB ENDI 4HEAR MOMENT  FORCE  SHEAR MOMENT TORQ
i ____________________________________________
1 000 -33.634
.000 20,015 -17.693
010 20.015 ~17.493
010 -33.634
2 .000 26.044
.000 -34,1%0 & 15.616
.010 -34,190 15.274
010 26.044
2 s —— ek W S e e s wme e e TR A% e e e e e mm e e e e S SS
i 000 ~33.634
,000 20,015 -17.493
540 13.095 -8.574 _
.540 ~33.634
2 000 26.044
000 -34,190 15.274
540 -22.141 .088
540 26.044
3 e e e o e e e e A ok At e e b
i 000 -33.63¢
.000 13.095 -8.574
1.136 .000 -1.320
2.300 -11.362 -8.131
2.300 ~33.634
2 .000 26.044
. 000 ~22.141 . .088
i.057 000 -11.446
2.300 23,606 3.497
2.300 26.044
,-j_, _____________________________________________
% .000 -33.63¢
.000 -11.362 -8.131

.....




B

33.

22.

635

753

¥

"1-2 PL

SHEAR

QRCES

ST I

-33.
-23.

N

-23.

608

26.044
3.497
19.146 :
26,044
’ -16.01%
-15.4830
-.173
ANE AXIAL
TMOMENT FORCE
-i6.011
33.213
19,148
7.13¢9 _
' 33.213
~-16.011
-.173
12.209
-.173
-16.01:%
33.21i3
7.139
~2.992
7.139%
33.213
~16.011
173
-15.630 .
-16.901%
33,213
7.139
19.146
33.213
~-33.634
-15.680 :
-8.,.131
-33.634
26,044
19.1486
3.497
' 26.044
-33.63¢
-8.131
-1.320
-8.574
-33.634
26.044
3.497

PA
PROGRAM:3AP30/FILE:
i-3 PLANE
SHEAR MOMENT

AXTA
TOR



FRVINAII« 2N IV F AL DLl 798 b ]

IFON h=3.0 sit

RAME ELEMENT FORCES
LT LOAD  DIST 1-2 PLANE AXIAL 1-3 PLANE ARTAL
D COMB  ENDI SHEAR MOMENT  FORCE - SHEAR MOMINT 7029
1.24 ;000 ~11.446
2.300 22.141 088
2,300 26.044
$0 “mmmmmmm oo
S 000 -33.53¢
606 -13.095 -8.574
52 -20.015  -37.493
540 -33.634
2 500 26,044
000 22.141 083
54 4,199 15.274
540 26.044
§ o b m A
i 000 -33.634
000  -20.0%15  -17.493
010 -20.015 ~17.693
010 ~33.634
2 .000 . 26.044
000 34.190 15.274
010 34.190 15.616
010 26.044
s
1 000 060
000  ~39.347 17.693
010 -39.115 7.301
010 000
2 .000 - 000
000 20.332 s ~15.616 &
010 20,212 -15.414
010 000
T SRS SRS
1 .000 | 000
000 -39.115 17.301
1.690 000 -15.751
3.380 39.115 17.301
3.380 000
2 .000 - .000
000 20.212  -15.414
1.690 .000 1.666
3.380  -20.212  -15.414
3.380 000 |
STEC PAGE 4
| PROGRAM: SAPOO/FILE:si1 . F3F
SIFON h=5.0 sit
TRAME ELEMENT FORCES
ELT LOAD  DIST 1-2 PLANE AXIAL 1-3 PLANE -~ AXIAL
ID COME ~ ENDI SHEAR MOMENT  FORCE  SHEAR MOMENT  -TORQ
14 e e o e e m e o L e = e e e - '
1 .000 000
.000 39.115% 17.301
.010 39.347 17.693
010 000



2 .Qo0

1000 20,212 -15.414
010 -20.332 ~15.616
1030 000

q-22%
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BRQERAN SSAPOO/FILE 311 L F

T

SEFOH D50 oil

A FEUN P imoabe AR
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RAlFLS 20,015 -17 .69
L0010 2015 - 17495
010 ' e T ST
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R elsls) g 20505
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1 Neali LB KA
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540 13%.095 - 5F
L5340 “33 .65

= QU0 £ 184
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V50 AL 1éA
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FON CIRCULAR h=! ; h'=l

STEM
5.
TNTS _
X=0 ¥=0 Z=0
%=0 ¥=0.01 2=0C
Y=31.2
¥Y=2.50
CY=3.70
£=1.2 ¥=3.170
£=2.5 ¥=3.70
£=3.7 ¥=3.70
%=3.7 ¥=2.50
¥=3.7 ¥=1.20
®x=3,7 ¥=.01
X=.0% ¥=0.
¥=1.20 ¥=0.
X=2.50 ¥=0.
¥=3.89 ¥=0.
X=3.7 Y¥Y=0.
STRAINTS _
i6 ¥ R=0,0,1,1,1.0
i 1% R=1,1,1,1,1,0
AME
=2 NL=1%
SH=R T=1.4,1 E=2100000,
8H=R T=.50,%
WEL=0,-1.8 tw2
WL=0,-1.2 twW2
WE=0,5.7 w3
WL=0,7.5 rwéd
WL=0,4.709 twd
WL=0,48.0 :pwl
TRAP=0,-7.580,0,1.19,-5.900 ,

TRAP=0,-5.900,0,1.30,-4.080
TRAP=0,-4.080,0,1.20,-2.400
TRAP=0,-2.400,0,1.20,-4.080
TRAP=0,-4.080,0,1.30,-5.900
TRAP=0,-5.900,0,1.19,-7.580
wl=0,-48. pwl
TRAP=0,3.700,0,1,19,2.500
TRAP=0,2.500,0,1.30,1.200
TRAP=0,1.200,0,1.20 :
TRAP=0,0,0,2.20,1.200
TRAP=0,1.200,0,1.30,2.500
TRAP=0,2.500,0,1.19,3.700

i 2 M=1,1,1 LP:=1,0
23 m=1,2,1 NSL=7,0,0,6,14
34 m=2,2,1 nsl=8,0,0,6,15
45 nm=2,1,% nsl=9,0,0,6,16
.56 m=1,2,1 NSL=1,2,0,6
6 7 M=2,2,i nsl=1,2,0,6
78 m=2,1,1 nsi=1,2,0,6
8 9 m=1,2,1 NSL=10,0,0,6,17
9 10 n=2,2,1 nsl=11,0,0,6,18
10 1t  M=2,%1,1 nsl=12,0,0,6,19
11 16 m=1,1,1
1. 12 m=1,1,1. '
12 13 m=1,2,1 nsi=4,5,3,13
13 14 m=2,2,1 nsl=4,5,3,13
14 15 m=2,1,1 nsl=4,5,3,13
15 16 m=1,1,1

4-24]
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mno
c=1.7,3.4,2.7
c=0,1.4,0,1.7,1.7
FON CIRCULAR n=d
STEM
INTS
x=0 ¥=0 Z=0
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5. TUNNELS

5.1 Hydrautic Calculation of Diversion Tunnels

(N

(2)

Ve

LV ] : : . » .
22 = \\\ he
v

Genarat

The route of the diversion tunnel was determined so as to be shoriest
length between the inlet and the outlet. Several curves were provided in the route to
obtain sufficient covering depth from the ground surface. A diameter for each
tunnel was determined from the results of technical and economical studics.

A staindard horsc-shoe section was adopted to the tunnels to make stable
flow in the tunnels. The maximum discharge water flows in the tuanel under the
conditions of an open flce flow and its flow depth is 80 % of the tunnel diameter.;t

* was delermined from the hydraulic characteristic curve in the tunncel. The invert

gradient for each tunnel was designed so as to keep the open free flow condition.

" Daule Petipa ~ La Esperanza Diversion Tunnel

_The Daule Peripa ~ La Esperanza diversion tunnel is non pressure tunnel
of 8.3 km long having a diameter of 3.7 m in horse-shoe shaped section and its
gradient is 1:1,500. The maximum required discharge is 18.0 m¥/sec.

Water level for the variable dischage in the inlet shaft (between valve pit
and tunnel inlet) is obtained from the hon-uniform flow calculation in the tunnel
under the condition that water level at the tunnel outlet is BL63.5 {Target water
level). The non uniform flow calculation is made according to the following

. equation. . .

o=h-il+ Q? 4 n21-Q?
S 2:g-A?2 .2'.[{5#3.,\?

yehe 00Q2 - n2lQ?
2-g-A? 2.R¥IA?

T : o — & Vz




(3

where, Q : discharge (m¥sec)
i :gradient of tunnel invert

a1
n :roughness coefficient (0.015) -
g :acceleration of gravity (9.8 j‘il)'§é(:’2)
) Thc éa!cula’lioﬁ results are shown in the attache_d table and figure. |
La Bsperanza ~ Poza Honda Diversion Tunnel

The 1.4 Bsperanza ~ Poza Honda diversion tunnel is non pressure tunnel of

o 11.4_ ki long having a diameter of 3.5 m in horse-shoe shaped section and its

4y

gradient is 1:1,500. The maximum required discharge in the tunnel is 16 m¥/sec.

Water level for the maximum discharge at the conneclion part with the
open channel is obtained from the non-uniform flow calculation in the tunnel and
inlet culvert under the condition that water level at the tunnel outlet is EL102.5 m
(Target water level). The non uniform flow calculation is made using
aforementioned equation, T EE IR L

The calculation result is showa in the attached table.

Poza Honda ~ Mancha Grande Diversion Tunnel

The Poza Henda ~ Mancha Grande diversion tunnel is also non pressure
wunnel of 4.1 km long having a diameter of 2.5 m in horse-shoe shaped section and
its gradient is 1:3,900. The maximum required discharge is 4.0 m3/sec.

Water level for the variable dischage in the inlet shaft (between valve pit
and wnnel inlet) is obtained from the uniform flow calculation in the tunnel and the
calculation of the inlet loss of the tunnel. The calcutation is made according to the
following Manning's formula, S

V= 1/n - R23 - 112

where, V :flow velocily (m¥sec)
n :roughaess coefficient (0.015)
R : hydraulic radius (m)
1 :gradient of tunnel inveit

WL =TIL + D+ fe - (V2/2-g)

where, WL ; water level in the intet shaft (m)
TIL :invert level at the tunnel inlet (m)
D  :water flow depth in the tunnel inlet {(m)
fe  :coefficient of the entrance loss (0.2)
V  :mean flow velocity in the tunnel transition part (in/sec)

g :acceleration of gravity (9.8 nsec?) :

The calculation resulls are shown in the attached table and figure.

@)




Non-uniform Flow Calculation of Daule Peripa ~ La Esperanza Diversion Tunncl

Q=18 mdfs

)

1%

ec) : : . -
Station No.  |Distance  |Accum. dis.  |Bottom EL |Water Depth  |Flow area Flow veloclty |Water Level
& “(m) - |fromoutlet (mY  (m). h{m} “{m2) (m/sec) (m)
Qutlet channel 0 ' 0 60.500 - 3.000 15.600 1.154 63.300
E.P. of unnel |- - 0 0 60.500 3013 10.845 1.660 53.513
+10.0m ﬁ 10 10 60.507 -2.981 0.836 1821 63.488
1 - 990 - 1000] - 61,161 - 2,950 - 9.792 1.338 65,117
- 2 1000 . 2000 61.833 2929 9.731 1.850] - 64.762
30 1000 3000 62,300 2,917 9,693 _1.857 - 65.417
4} - 1000 4000 63.167 - 2.909 9.670/ . 1.862 66.076
S| - 1000 -5000] :63.833 2.9 9.655 1.864 66.737
& © 1000 © G000 - 64.500 - 2.901 9.647 1.866 67.401
7 - 1000} - _7000] . 65.167 2.900 S 9.612 1.867 68.067
o 8 .- 1000 .- 5000 65,833 2.899 9,618 1.868 68.732
84285.83m 285.83 - 8285.83 66.024 2.898 9.638 1.868 65.922
84295.83m 10 " 8295.8) 66.031 C 2,940 10.877 1.655 63.971] -
Inlet 0 8295.83 66.031 2.972 0.000 69.002
(Q = 14 m3/scc) ‘ N _
Station No.  [Distance  |Accum. dis.  |Bottom El. [Water Depth  [Flow area Flow velocity |[Water Level
o (m) from oullet (m¥  (m) " him) (m?2) (m/sec) (m)
Qatlei channel | 0 0 60.500 . 3.000 15.600 0.897 63.500
E.P. of tunnel ] 0 60.500 - 3.008 - 10.830 1.293 63.508
+10.0m 10 10 60.507 - 2987 9,901 1414 63 494
) 1 990 1000} - 61.167 2721 9.076 1.543 63.588
2 - 1000 - 2000 61.833 - 2.537 §.459] 1.655 61.370
3 1000 - 3000 62.50Q 2432 8.096 1.729 64.932
4] 1000 - 40001 . 63.167 2.381 7913 1.769 65.548
S 1000 - 5000 63.833 2,359 7.816 - 1.787 66.192
6 1006 G000 . 64.500 12350 - 7.805 1,794 66.850
7 1000 7000 65.167 2,347 7,794 1.796 67.514
e 8 ¢ 1000 8000 - 65.813 C 2.6 7.790 1.797 68.179
8428583m | - 28583 8285.83] - 66.024 2.346 7.189 1.797 68,170
8+295.83m i0 8205.83 66.011 2.385 8.524 1.587 68416
Inlet 0 $205.83]  66.01] 2414 0.000 63.445
- (Q = 10 m3/sec) :
Station No, - |Distance Accum. dis.  |Bottom ElL |Water Depth  |Flow area Flow velocity |Wates Level
S : {(m) from cutlet{m) ~ {m} him) - {m2) (rm/fse) {m)
“{Qutlet channel L 0 60.500] - 3.000 15.600 0.641 63.500
E.P. of tunacl of o 60500 3.004 10819 0.924 63.504
A1+10.0m 10 10 60.507 . 299 0911 1.009] . 63497
s 1] - 950 1000} . 61.167 _2.538 8,465 1181 63.705
2 1000{ 20001 - 61.833 2.183 7.209 1.387 64.018
3 1000 3000]  62.500 1.975 6.439 1.553 61475
4 1000 4000] 63167 1.888 6.417 1.634] - 65.055
- S 1000] 5000] . 63.833 - 1.865 6.03}]. 1.658] 65.698
6 1000 6000  64.500[ 1.859] . 6.011 1.664 66.359
1 1000 7000]  65.167] 1.858 6.005 1.665 67.025
e gl 1000 - 8000[ - 65.833 1.857 6,001 1.666 67.690
3+285.83m - 28583 §285.83| 66024 - 1.857 6.004 1.6606 - - §7.881
$+295.83m _ 10 . 8295.83 © 66.031] 1.898 7.023 1.424 67.929|
Inlet - 0 829583 66.031 1.922 0.000 67.053
-




Q=15 rh’.’xfseb)

Station No. Accum. dis.  |Bottom EL |Water Depth  [Flow area Flow velocity |Water Level
_ - |from outlet (m) _ (m) him} - _(n2y (nfsec) fm)
Outlet channel 0 of e0s00] - 3000l 15600) - . 0481 _63.5000
E.P. of tunnel 0 - 0] 60.500 3.002 10814 069 63.502]
+10.0m 10 - 10 60.507 2,992 9916 0756 63499
HIB 990] . 1000 61.167 2.451 3.16] 0.219 63.618] .
A 1000] - 2000 61.813 1.994 6.509 © 14352 63.827
“3 . 1000 3000 62.500 1693 5,397 S 1.390 61.193
-4 1000] 0 4000] . 63.167 1,570 4.942 . A1L.818] 61737
5 C1000] 5000 63833 - 1.5347 4883 - LS45 65.380] °
6 1000] . 6000] 645000 - 144 4848 1548 __66.044
7 1000 . 7000] - 65.167 1.544 4845 1548 - - 6671
. 8 1000 8000]  65.833] 1.544 4845] - L.548 67.377
8+28583m 28583 8285.83] - 6602 1.544 4845 1548 67.568
8+29583m ' 10} - 8295.83 66031]. - 1.586 - 5.868 1278 - 61.617
inlat 0 - 829583 _ 66.03] 1606 ) _0.000 67.637
(Q = 5.0 m3¥/sec) L . RS :
Station No. Accum. dis..  |Bottom ElL {Water Depth  jFlow area Flow velocity [Water Level
S feom outlet (m} __ (m) h (m) (m2) {m/sec) (m)
Qutlet channel | . 0 ~ 0] 60500 - 3.000 15.600 0321 63.500
E.P. of tunn¢] 0 0 60.500 3.001 10.810 0.463 63.501
+£100m 10 10} 60,507 2993 . 9918 0.504 - 63.500
) 990 1000] . . 61.167 2,386 7.934 0.630 - 63,553
2 1000 2000 61,833 1.824 5.881 D350 63.657
3 1000] . 30000 - 62.500 1.404 - 4.3 1,157 63.904| -
4| 1000 4000] - 63.167 1.237 3.699 - 1.352 64.404)
3 1000] S000] 63333 1.212 a0 . 13861 65.045] .
6 10000 . 6000 64.500 . 1.215 3615 - o 1.383 65.715
7 1000 7000)  65.67] . 1.214 C3el4 o 1384 66.381
'8 1000 8000 65.833) . 1.214 3614 1,384 67.047
$+285.83m _ 285.83 - 8285.83| - 66.024 . L2114 . 3614 1384 0 67.238
$+295.83m 10 8295.83]  66.031 1,255 4.645 _1.076] - 61.286
Indet 0 8295.83 66.0311 - - 1,270 o 0,000} - 67.301
(Q = 2.5 md/sec) - :
Station No. Accum. dis.  [Bottom EL {Water Depth  Flow area Flow velocity |Water Level
from ouitlet (in (m) h (m) {m2) {m/lsec) © {m)
Outlet channel 0 0] 60.500 3000 - 15.600] . 0.160 ~63.500j
E.P. of wunnel 0 O 60500 3,000 10.808 -0.231 163.500
+10.0m 10 . 10]  60.507 2.993 9,920 - 0.252 ~ 63,500
‘ 1 990 1000 61.157 2,347 -7.793 0.321 “63.514
2 1000 2000 6].833 1,709 54585] 0.458 63.542
3 1000 L3000 62.500 C 138 3329 - 0.751 61.639
q 1000 4000 63.167 ~ 0.860 02269 0 TLI02 .64.027
5 1000 - 5000 63.833] . 0.848 2248 1124 64.681
6 1000 5000 64.500 0.852 2,240 0 1116 . 65.352
7 1000 7000 65.167 0.851 2234 1.119 66.018
8 3000 8000 65.833 - (.851 2236 - 1118 66.684
8+285.83m 75.83 £285.83 66.024 - 0.851] 2236 - LBl . 66875
$+429583m 10]  8295.83]  66.031 - 0.887] 3281 0962 66.518
Inlet . 0.89% : - 0,000 . 66.927

0] 829583

3 6§.03i
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%

- Non-uniform Flow Calculation of La Esperanza~Poza Honda Diversion Tunnel

(Q=16 m3/scc)

5

Sec. No. Distance | Accom, dis. Bottom E1. | Water Depth Flow arca Flow velocity { Water Level
{m} (m) {m) h(m) (m2) {m/sec) {m)
Outlet channg! 060 000 - 92700 2800 13.720] 1.166 102.500
E.P, of unnel 0.00 0.00 99700 2313 9.601 1.666 102.513]
i 10.00 10.00 99.707 281 7.735 1.832 102487
] 40.00 - 50.00 93.133 2,782 8.738 1831 102.515
3 50.00 100.00 99.767 2783 8.742 1.830 102.550
4 900.00 1.000.00 100.367 2800 £.791 1.820 103.167
3| 1,000.00 200000 - 10103 2512 8.8 1.813 103.846
6| 1.000.00 -3,00000] 101,700 2820 $.814 1.509 104.520
7 1,000.00 4.000.00 102.367 2824 §.857 1.807 105.191
3| 1.000.00 5.000.00 103,013 28N 8.864|. 1.805 i05.860
9]  1.000.00 6.000.00 103.700 2829 8,869 1.80:4 106.529
10]  1.000.00 7.000.00 104.367 2830 8872 1.803 107.196
11 1,000.00 8,000.00 105.033] - 2330 8514 1.803 107.864
12| 1.000.00 _9,000.00 165.700 2831 8875 1.803 108.531
13| 1,000.00 - 10.000.00 106.367 2831 8.876 1.803 169,198
i4] 100000 . 11,000.00 107.033 . 2831 8876 1.803 109 865
15 412,05 1141705 107,311 T 283 8876 1.803 110.143
Inlet Cul.16 9.00 1142605 107.317 281 10.047 1.593 110.188
Inlet Cul.17 31.001 11.457.05] 107.338 2,865 10.028 1.595 110.203
BP of Inlet Cul 13.00 - 11.495.05 107.363 2859 10006 1.599 110.222
Open Channel 12.00 11,507.05 107.762 2.500 11.501 1.351 110.262
Hydraulic Calculation of Poza Honda~Mancha Grande Diversion Tunnel
(Q=4mdsx)
Dis. Irom Ef  Inved EL. | Water Depth | Flow Area Velacity Water Level
(1/3900) {m) (m) - fin2}) {m3fsoec) {m)
End of transito]  4082.93¢ 20.047 1.997 4 484 0.892 92044
BP of transitiof  4092.93¢ 90.049 2006 S015 0.798 92.056
Inlet 4092.930 90.050 2013 92.063
(Q = Imifsec) :
Dis. from Ef  Invest EL Water Depth | Flow Arca Velocity Water Level
{1/3900) © {m) {m) - {m?2) (m3/sec) {m)
End of transito]  4082.930 90.047 1.564 3.507 0.856 21.611
BP of transitiof ~ 4092.930 90.049 1.573 C 390 0.763 91.622
Inket 4092930 90.050 1.379 91.629
{Q = 2 m3sec) C
Dis. from Ef  Invea EL Waler Depth | Flow Arca Velocity Water Level
{1/3900) () (m} (m2) (m¥see) (m)
End of transitol  4082.930 90.047 L1%6 2.569 0.719 91.233|
BP of transitiof - 4092.930 _90.049 F194 2986 0670 91,244
Indet 4092.930 90.050 1200 : : 91.250
{Q=1m3fsec)
Dis. from El  Invert B\ . { Waier Depth |- Flow Area Vetocily Waier Level
{1/43500) {m)_ (m) (m2) (m3sec) {m)
End of transito] 4082.930 90847 0.772 1,526 0655 90.819
- |BP of wransitiof  4092.930 - 90.49 . 0.981 CLYS2 0312 20.830
Intet 4092.930 90.050 0.7R4] ' L 90.834]
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5.2 ‘Tunnel Structural Analysis by FEM

Tunnel Slmclural Analysns for lhree tunnels, (1) Daule-Peripa ~ La Esperanza diversion
tunnel, (2) La Esperanza Poza Honda diversion tunnel and (3) Poza Honda Mancha
Grande diversion tunnel was carried out by Finit Element Method (FEM).

(1) Daule-Peripa ~ La Esperanza Diversion Tuanet
(A) Procedure of Analysis

The analysis is composed of 2 steps. The first step is an analysis of bending
moment, shearing and axial force to be acted on primary lining consisting of
shoterete and rock bolts. The second step is an analysis of maximum stress,
minimum steess, maximum shear stress, efc., acting to lining concrete. Based on
this analysis, thickness of shotcrete and arrangement of rock boll as a primary
lining and thickness of hmng conceete and determmed

(B} Conditions of Analysis
Initial stress in the proposed tunneling route is cstimated on the basis of overburden
from ground surface to the tunneling elevation. The initial stress is classified into 3
cases i.e., C'}ses A-1, A-2 and A-3 as shown in Figure 5.2.1 and shown in
Tablc 2 1.
Deswn values of foundation rock at the proposed route of Daule-Pesipa ~ La
Esperanza diversion tunnel are shown in Table 5.2.1 and design values of
shotcrete, rock bolt and lining concrete are shown below.

(i) Primary Lining

- Shotcrete

" Design c'o_mpressive strength @ 210 kgffem?

« Shear strength . 42 kgffem?
* Unit weight : 2,40 tm3
+ Etastic modules : 235,000 kgf/cm?( at age of 28 days)
» Thickness . : 10 cm or 15¢m o
. Rock bolt (SD35, D25)

s Tensile strength 176 t/m?

e Cross sectional area .1 5.067 em?
¢ Elastic niodules . : 2,100,000 kglem?
* Length :2.0m
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(i) Secondary Lining

- Liningconercte - - = T %
« Design compressive strength @ 210 kgf/em?
« Unit weight _ : 2.40 t/m3
» Elastic modules :235,000 kgf/cm?
+ Poisson's ratio :0.20
+ Thickness 30 cm

Typical cross seclioii of the tunnel is shown in Figure 5.2.’2-." . :
(C) - Structural Analysis .
Tunnel structural analysis was carried out by FEM. “'lnpu_‘t_datdl;nesh__é:s_'Wer_E made
for the analysis. They are shown in Figure 5.2.5. The base rock is considered as
a visco-elastic matenal, -
(D) - Results of Analysis
The resulls of tunnel structural analysis are described hereunder.
(i) Case A-1 : Overburden 60 m (700 m, 8 % of total tunnel length)
- Primary lining
Steess resultant in the shoterete (thickness 10 cm) is less (_hhh 50 %
of allowable one of the shoterete at the elapsed time of 12 months after

tunneling.  Axial force acting on (he rock bolt is less than 50 % of
allowable tensite strength of the same (refer to Table 5.2.3).

Increment of compressive stress and tensile force acting on the
shoterete and rock bolt from immediately after tunneling to 12 months
is shown in Figure 5.2.7. ' o

Stress Resullant in the shotcrete (Case Ac1) at the time of immediately
after tunneling to 12 months is shown in Appendix, Table 5.2.5.

- Secondary lining
Maximuni compressive sleess, maximum tensile stress and maximum

shear stress acting on the concrele are less than allowable stresses of
the concrele (refer to Table 5.2.4).
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o (i) 'Case A-2: 0vcfbu‘rden 140 m (2,000 m, 24 % of total tunnel length)
- Primary lining

Stress resultant in the shotcrete of 10 cm thick is less than 60 % of
‘allowable one of the shotcreté at the elapsed time of 12 months after
tunneling. ' :

Increment of compressive stress and tensile force acting on the
shotcrete and rock bolt is shown in Figure 5.2.8.

- Secondary lining

Maximum compressive stress, maxinum tensite steess and maximum

" shear stress acting on the lining concrete are 1.32 kgfiem?,
0.3 kgffem? and - 6.4 kgf/cm?, respectively.  Those values show
that the lining concrete is safety because concrete strength is much
larger than those values.

Various stresses acting in the concrete are less than its allowable
stresses (refer to Table 5.2.3).

(i) Case A-3: Overburden 250 m (4,800 m, 58 % of total tunnel length)
- Primary lining

Compressive stress in the shotcrele is over its allowable stress at the
time of 4 to 5 months after tunneling. On the other hand, tensile force
acting in the rock bolt is around 95 % of its allowable one at the time
of 12 months after tunneling {refer to Table 5.2.3). '

Increment of compressive stress and tensile force acling in the
shotcrete and rock bott is shown in Figure 5.2.9.

Above results of the analysis suggest that secondary lining has to be
done within 3 months after tunneling,

Since the tunnel length of the case A-3 is more than half of the total, -
construction schedule for this tunnel should be considered that
concrete lining is started within 3 months after tunoeling.

. Sccondary lining

Maximum compressive stress is 19.6 kgffem?, maximum (ensile
stress is 0.5 kgffcm? and maximum shear stress is 9.5 kgffem? as
shown in Table 5.2.4.  Out of those stresses, maximum shear stress
is over its allowable stress (8.5 kgfiem?), but it is acted at the limited
portion and average maximum shear stress is 8.4 kgffem2.  Thus,
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basically, the lining concrete can be designed as non- remforced
concrete :

Detm!ed dan obtamed by FEM is shown in altached Data Book.

Tunnel type to be apphed for Daule Penpa ~ La Esp\,nnza diversion
tunnel is shown in Figure 5.2.13. :

{2) L4 Esperanza ~ Poza Honda_divcrsion tunnel -

(A) Tunnel Structural Analysis

Tunnel structural analysis was carried out by FEM in the same manaer as Davle-
Peiipa ~ La Espcrann Diversion Tunnel. Since the diameter of the tunnel is
3.50 m which is only 0.2 m smaller than Daule- -Peripa ~ La Esperanza Diversion
Tunnel. Thus, the structucal analy31s was made applylng the same input data
meshes as shown in Figure 5.2.5.

Procedure of the 'malysm is complclely same as Daule- Pertp'l ~ La Esperanza
‘Diversion Tunnel. - : :

(B) Conditions of Analysis

“Based on the topographical and geological conditions, thc tunnel was classified into
4 cases for the analysis. They are as foltows: :

. Overburden . Tunnel Length
. . o . (m)
Case A-1 - 60 ' 400 (41 %)
Case A2 140 3500 (31 %)
Case A3 _ 250 1,300 (11 %)
Case A-4 320 | 6,200 (54 %)

(C) Simctural Analysis

Tunnel structural analysis was carried out by FEM applying the same meshes as
Daule-Peripa ~ La Esperanza diversion tunnel (refer to Figure 5.2.5).

(D) - Design Valucs of Fouhdétiou Rock
Design values of base rock at the proposed route of La Esperanza ~ . Poza Honda
Diversion Tunnel are shown in Table 5.2.1. There are common with Daule-Peripa

~La Esperanza Diversion Tunnel.

Design values of shotcrete concrete, rock bolt and lmmg concn.te is the same as
Daule-Peripa ~ La Bsperanza Diversion Tunnel.

Typml cross section of thc lunnel is shown in Flgure S 2 3
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o (B) Results of Analysis

(3)

~The résults of tunnel structural analysis are described heceunder.

The case A-1, A-2 and A-3 are common to Daule-Peripa ~ La Esperanza Diversion

- Tunnel.

Case A-4 : Qverburden 320 m

- - Primary lining

Since the stress resullant acting in the shotcrete of 10 e thick is over altowable
on ¢ of the shotcrete, thickness of shoicrete was changed to 15cm and the
structural analysis was carried out. :

Increment of compressive stress and tensile stress acting in the concrete and rock
bolt is shown in Figuce 5.2.10.

Steess result in the shoterete of 15 cm thick is 97 % and 104 % of allowable
ones of the shotcrete at the time of 2 months and 3 months after tunneling,
respectively (refer to Table 5.2.3).

" Thus, secondary lining with concrete has to be made within 2.5 months after
tunineling. ' '

- Secondary lining
Maximum compressive stress, maximum tensile stress and maximum shear
stress, acting in the concrete are less than atlowable stress of the concrete (refer to

Table 5.2.4).

Tunnel type to be applied for La Esperanza ~ Poza Honda diversion wnnel is

shown in Figure 5.2.13, - :

Poza Hodna ~ Mancha Grande Diversion Tunnel

" (A) “‘Tunnel Structural Analysis

Tunnel structure analysis was carried out by FEM in the same manner as before
mentioned diversion tunnels.

(B) Conditions of An"alysis '

Initial stréss in the proposed tunneling route is estimated on the basis of overburden
from ground surface to the tunnel elevation. The initial stress is classified into 2

" cases as shown in Figure 5.2.1; and overburden pressure is estimated as shown in

Table 5.2.2.



Design values of bases rock at the proposed route of Poza Honda ~ Mancha Grande
diversion tunnel are shown in Table 5.2.2, -

Design values of shoterete and rock bolt as primary lining ahd lining concrete as
secondary lining are completely same as the other tunnels.

Typical cross section of the tunnel is shown in Figure 5.2.4.
(C) Structural Analysis

Tunniel structural analysis was carried out by FEM. Input data meshes were made
for the analysis. - They are shown in Figure 5.2.6. . : ‘

(D) Results of Analysis
The results of tunnel structural analysis is described hereunder.
(i) CaseB-1: Overburden 60 m (593 m, 14 % of total tunnel léu‘gﬁi)

- Primary lining - .
Compressive stress in the shoterete of 10 cm thick is less than 36 %
of allowable one of the shotcrete at the elapsed time of 12 months after
tunneling. Tensile force acting in the rock bolt is less than 28 % of
allowable one of the shotcrete. @
Increment of compressive stress and tensile force acting in the
shoterete and rock bolt from immediately after tunneling to 12 months
is shown in Figure 5.2.11. ' '

- Secondary lining
Maximum compressive stress, maximum tensile stress and 1i_iaximum
shear stcess acting in the concrete are less than allowable stresses of
the concrete (refer to Table 5:2.4).

(i) Case B-2 : Overburden 300 m (3,500 m, 86 % of total tunnel length)

- Primary lining’
Compressive stress in the shotcrete is over its allowable stress at the
time of 3 months after tunneling. On (he other hand, tensile force
acting in the rock bolt is 96 % of its allowable tensile strength at time

of 12 months after tunneling (refer to Table 5.2.3 and Figure 5.2.12).

Above results of the analysis $uggésts that v_séé:_én_dqtﬁ iiﬁing has to be
dene within 2 months after tunneling. L
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- Secondmy lining

% .+, Maximom compressive stress and maximum tensile steess is within
~ allowable ones of the concrete as shown Table 5.2.4. Maximum
shear stress (9.6 kgf/cm?) is over the allowable one (8.5 kgflcm?).
However, it is occured at the limited part, and average maximum
shear stress in the lining concrete is 8.0 kgf/cm?, [ess than allowable
stress of the concrete as shown in the same Table,

~ Tunnel type to be applied for Poza Honda ~ Mancha Grande diversion
tunnel is shown in figure 5.2.13.




Table 5.2.1  -Design Values of Base Rock
o {Daute-Peripa~La Esperanza and _
. La Esperanza® Poza Honda Diversion Tunnels) @

T Case A1 - Case A-2 Case A-3 Case A-4

1. Overburden (m) 60 140 250 320
2. Elastic Modulus E (kgf/em’) 10,000 20,000 © 20,000 22,000
3.  Cohesion C' (kgffem®) 25 5.0 50 5.0
4. Intemal Friciion Angle (degice) 35 40 40 40
5. Unit Weight (m’) 1.7 1.8 1.8 1.8
6. Poisson's Ratio 0.25 0.2 0.2 0.2
7. Creep
« 0.50 0.5 0.5 05
B (5 days loading) 0.016 0.033 0.033 0.036
8. Initional Stress _
a) Venical oy (Um’) 102 ¥ 252 ¥ 450 ¥ 576
b) Horizontal ox (U/m’) Mo ¥ 176 Y 315 Y403
¥ gy = L7um'x60m =102 ym’
Y gx = Aesoy=07x102¢mt=71ym’
2 gy = 1.8 ym’x 140 m =252 Yo’
¥ ox = Xroy=07x252 t/m? = 176 tym’?
¥ gy = 1.8 t/m’x 250 m =450 ym’
Vo ogx = Aoy =07 x 450 ym® =315 v’
¥ gy = 1.8tm’x 320 m =576 ym’
4 ox = As+ay=07x576 m? = 403 t/m’®
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" Table 522 ~Design Values of Base Rock

(Poza Honda ~ Mancha Grande Diversion Tunnel)

©oX

. Case B-1 Case B-2
1. Overburden (m) 60 300
2. Elastic Modulus E (kgffcm®) 10,000 20,000
3. Cohesion C (kgflem?) 2.0 5.0
4. Internal Friction Angle (degree) 30 40
'S, - Unit Weight (t/m’) - 1.8 2.0
6. Poisson's Ratio 0.25 0.2
7. Creep ' -
o : ¢.50 0.5
B (5 days loading) 0.016 0.033
8. [Initional Stress
a) Vemical oy (Um’) Y 108 ¥ 600
b) Horizontal ox (t/m’) V76 Y420
gy 1.8 ym® x 60 m = 108 v/m®
ox=As0y=07x 108 = 76 ym’
oy 2.0 t/m’ x 300 m = 600 t/m’ _
ox = oOx=hsoy=07 x 600 ¢m’ = 420 t/m’



Tabk 523 Summarv of Structural Analysis Resulls

on primary lining (112) o . ﬁ
CASE A-1 (1=10cm) R
Elapsedtime Shotcrete : Rock Boll
from |un_néiing N(on) § M{m) s (kgflcmz} Judgment -} - Tens(ile l;o'rcq Judgment
’ ’ . . Aton
Immedialy afer | 33.9 0030 357 Gwhed [ 34| sausfied
| month after 46.5 0.043 49.1 ' 'satisﬁed. R 5 - sansfied
2 months after . 51.5 - 0.054 60.8 Satisfied TR - saﬁsﬁed
Tmonths after 644 6.062 681 pper ¥ N R R catshied
G months after 728 | 0011 | 770 satished 55 satshied
12 monih afer 753 | 0073 707 ppecyr7or N I ¥ satisficd
CASE A-2(t=10cm)
Elapsed time Shotcrete : . Rock Bolt
from tunneling N (ton) M {m) s (kgf/cm") Judgrmént .Ten'sile Force Judgment ‘
. {ton}
Immediately after 467 0094 523 savshed | 29 satsfied
[ month after 335 | 0.0 365 | sanshed 56 satshied
2 months after 103.4 0.061 107.1 © satisfied 85 . satisfied
3 months after 110.8 0.066 127 | sanched §8 " sansfied
"6 months after 1149 0.069 119.0 satisfied | 9.0 sansfied
12 month after 1151 0.069 119.2 savshied 9.0 safished
CASE A-3(t=10cm}
~ Elapsed time Shoterete ' Rock Bolt _
from waneling N {ton) M {tm) s (kglfem’) Judgment tensile Force (ton) Judgment
Immediately after 834 | 0167 934 satisfied g8s satisfied
T month after 1492 | 0088 1545 catshied 136 sanshied
2 months after 184.6 0.110 191.2 satisfied 15.2 cansfied.
3 months after 1978 | 0118 2019 satshied 158 satisfied
6 months after 052 | 0123 | 2125 unsatishied 6.1 satishied
12 monih after 205.6 0.123 2329 unsatisfied 16.1 satisfied,

Remark. N:  Axial force
M: Bending moment
s:  Compressive stress
Allowable stress: sa =210 kgffcm (shotcrete)
Tensile Strength = 17.6 ton (rock bolt)
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- T'\ble 523 Summarv of Structural Analysis Resuits

% ' on primary lining (212}
CASE A4(=15cm) . :
Elapsed time Shotcrete Rock Bolt
from tunneling N {ten) M (m) s (kgficm®) | Judgment Tens{ile l;orce - Judgrnemt
' . ton
rmediately after 1300 | 0673 | 1046 | | sadsfied 95 { saushed
Tmonth after Fi97 | Ti0 | 1906 | saushed i54 satshied
Tmonsafe | 2954 | 0373 | 2054 | sashed 169 | sausted
Timonhs afer | 3104, | 0398 | 2076 | unsaushed 75 satistied
Gmonts afer | 3189 | 0411 | 26 onsatisfied 7.7 Gnsatshed
B month after 3193 [ 0411 | 3238 | unsatished 177 unsatished
CASE B-1 (1= 10 cm)
Elapsed time Shotcrete : Rock Bols
from wnneling N (ton) . M (tm) s (kglfem™) | Judgment Tens(i!e l;orce Judgment
on
Immediately afer 776 | 0.108 350 satisficd 3.0 satished
) onth after 228 | 0.069 69 sadshied 3% satisfied
2 monihs after 52.0 0.093 57.6 satisfied 4.2 satisfied
@ 3 months after 50.1 0.239 64.5 satisfied 4.5 satisfied
& months after 56.4 0.280 732 sasfied i satishicd
12 month after 583 0.292 15.8 satisfied 49 satsfied
CASE B-2(1=15m)
Elapsed time Shotcrete Rock Bole
frem tuonzling N (ton} M (im) s (kgffem™) | Judgment Tensile Force Judgment
: : {ton)
Immediately after 129.6 0.763 106.8 satisfied 9.7 satisfied
1 month after 240.2 0.338 169.2 satsfied 14.6 satsfied
2 months after 288.2 0.470 204.7 satisfied 16.0 satisfied
3 months after 306.1 0.519 217.9 unsatisfied _ 16.6 satisfied
6 months afier 316.1 0.546 2253 unsalisfied 16.9 satisfied
12 month after 316.6 0.548 225.7 unsatisfied 16.9 salished
Remark. N: : Axial force
M: Bending moment
s Compressive slress

Allowable stress : sa=210 kgt’/cm (shotcrete)
Tensile strength = 17.6 ton (rock bolt)
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Table . 524

“Maximum Compressive, Maximum Tensile and Maximum
Shear Stress acling on the Lining Concrele,

Maximum Shear Stress

Maxirnuni Mﬁximum

Caseof | Compressi Tensile kefiem’)
Analysis St?gss Judgménl Stess_ - Judgmen; Limited Avera’géin Juﬁgméﬁt

- {keflem’) - | (kefiem®) : o Pan Section ]
Caso Al | - 169 | saishied 08 | satsfied s1 | 65 | saishicd
Case A2 |0 132 | satisfied 0.3 cagsfied | 6.4 53 satisfied
Case A3 | 196 satisfied 0.5 saisfied | 9.5 g4 b satisfied
Case A4 | 195 saisfied | 04 satisfied | 9.4 3.4 satisfied
Case B-1 " 14.7 satisfied 12 satisfied 70 | 51 satisfied
CaseB2 | 201 | satisfied 07 | satsfied 9.6 80 | satisfied
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FIGURE  5.2.5
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| FIGURE_ 526

1 Rock Bolt (D 25, L=2m @1.2m)
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FIGURE 3527
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FIGURE _ 5.2.8
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FIGURE 5.2.9
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Maximutn Compressive Stress in Shoterete
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FIGURE 5.2.H1
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FIGURE 52.12
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[ FIGURE 5.2.13
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