‘53 Tuanel Structural Analysis for Inlet and Outlet Structures
The structural analysis for the inlet strictures and the transition parts at the tunnel inlet
and outlet was carried out by frame analysis according to the Ecuadorian Building
Code.
5.3.1 Design Conditions
. The design conditions to be used for the structural analysis are as follows;
(1Y Design values
(A) Design values of bedrock

Daule-Petipa ~ La Esperanza diversion tunnel

Unit weight () 1.8 13
Elasticity modulus (Er) 20,000 keflem?

- Poisson's ratio (v ) 0.2 kgf/cm?
Internal friction angle () ' 40.0 degree

- Cohesion (C) 5.0 . kgflom?
Unit weight (1) _ i.7 timd
Elasticity modulus (Er) 10,000 kegflem?
Poisson'sratio{v) . . ) 0.25 kgffcm?
Internal friction angle (¢) ' 35.0 degree
Cohesion(C}y : 2.5 © kgffem?

La Esperanza ~ Poza Honda diversion tunnel

* Inlet side L
Unit weight ( y) 2.0 tf/m3
Elasticity modulus (Er) . 20,000 kgffem?
_Poisson's ratio (v) 0.2 kgffem?
Internal friction angle (¢ ) : . 40.0 degree
Cohesion (C) o 5.0 kgf/om?
Quilet side '
Unit weight {(y) ‘ _ 1.8 tffm3
Elasticity modulus (Er) = _ 10,000 kgffem?
Poisson's ratio ( v ) S 0.25 keflem?
Internal friction angle (¢ ) 35.0 degree
Cohesion(C) - - S 2.5 kgfiem?

Poza Honda ~ Mancha Grande diversion tunnel

Inlet side :
Unit weight () : 1.8 7m3
Elasticity modulus {Ex) 10,000 kgffcm?
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Poisson's ratio (v)- 02 - - kaffem?

~ Internal frictionangle () = - 300 . degree o
* Cehesion (C) S .20 keffem? . %
Dutlet si . '
“Unit weight ( v) 1.8 - fmd
Elasticity modulus (Er) _ 10,000 kgf/cm?
Poisson's ratio (V) 025 kgflom?.
Tnternal friction angle (¢) 30,0 - - . degree

Cohesion (C) 2.0 ~ kgffem?

(B) Design values of coriéretq: ‘

Unit weight of ceinforced concrete 24 m3

Elasticity modulus of concrete (Ec) 235,000 kgffem?

Elasticily modulus of reinforcing bar (Es) 2,100,000 kgf/cin?

Design compressive strength of concrete (c28) 210 kg ffem?

Tensile strength of reinforcing bar (fy) -~~~ 4,200 keflem?
(2)Design Loads |

The design loads to be considered for the each steucture are as follows;
(A) Daute-Peripa ~ La Esperanza diversion {unnel |

Conguillo inlet structure, inlet tunnel

Case i ; Dead weight of lining concrete{We) + Bedrock pfeésure(Pr)
+ Water pressure(Pw) + Backfill grout pressure(Pg)

Conguillo inlet structuce, inlet shaft

Case | :Bedrock pressure{Pr) + Water pressure(Pw)

Conguillo tunnel inlet (Tunnel transition pgm" _

Case | : Dead weight of lining concrete(Wc) + Bedrock pressure(Pr)
+ Waler pressure(Pw) + Backfil} grout pressure{Pg)

Membrillo tunnel outlet (Tunnel transition part
Case 1 ; Dead weight of lining concrete{We) + Bedrock pressure(Pr)
4+ Water pressure(Pw) ‘

Case 2 : Dead weight of lining concrete(We) + Bedrock pressure(Pr)
+ Water pressure{Pw) + Backill grout pressure(Pg)

(B) La Esperania ~ Poza Honda diversion tunne}

Caiia Dulce inlet culvert

Case 1 : W¢ + Earth pressure(Pe) + Pw

Cafig Dulz’:e tunnel intet




Case 1 : We+ Pr+Pw
Case 2 We + Pr + Pw + Pg

Los Cuyuyes tunncl ouilet (Tunnclt r:-.ns.mgamm

Case | : We + Pr+ Pw
Case 2: We + Pe + Pw + Pg

(C) Poza Honda ~ Mancha Grande diversion tunnel

Poza Honda inlet structure, inlet culvert

. Case § :We+Pe+Pw o
- Poza Honda inlet structure, inlet tunnel

" Case | 1 We + Pr+Pw _
Case2: Wc+Pr+Pw+Pg

Poza Honda inlet structuce, infet shaft

- Casel:Pr+Pw

Poza Honda tunnel inlet (Tunnel transition part)

Case 1 : We + Pr+ Pw
Case2: We+Pr+Pw+Pg

Mancha Grande funnel out] nnel transition part

Case 1: We + Pr+Pw
Case2: Wc+ Pr+Pw+Pg

(3)Bedrock pressure

The maximum lateral bedrock pressure acting on the lining concrete at the
tunne! inlet and outlet is given by the following formula.

Prh = Ka - (Prv + v+ Ht)
where, Prh .leteral bedrock prcssuré-(tflﬁ])
Ka :coefficient of tateral bedrock pressure
Ka :tan2(45-9/2)
¢ :internal friction angle of bedrock
Prv : vertical bedrock pressure(tf/m)

¥  :anit weight of bedrock(tf/m3)
Ht _ :excavation height of tunnel(m)

{4) Spring constant of bedrock
The bedrock surrounding the tunnel resist together with the concrele lining

against the internal and outer pressure. The resistant force by bedrock is
©  incorporated into the calculation as spring constant.
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The spring constant is given by the followiﬁgforhm]a. _
A BIL SURDIE L

where, K  :spring constant{t/m}
A :area subject to a spring(m?)
E :elasticity modulus of bedrock(tf/m?)
L :unit length of a spring(m})

{5) Load factor

The structure and structural members shall be designed to get design stress in
all sections, at least equal to the required stress calculated for factored loads
and the forces in combination as stipitated in Chapter ¢ of the Ecdadorian
Building Code. o ‘ :

The toad factor to be applied 'for_ each load is as follows;

Dead load l.
Bedrock pressure 1.
Water pressure : 1.
Earth pressure S 1.
Backfill grout pressure 1.

F S BN Y

- Based on the design conditions mentioned above, the siructural analysis was carried
out by using computer program, SAP 90 (Authorized computer program in Ecuador). %

53.2 Required Reinforcing Bar Areas

The required reinforcing bar areas for each section are conducted from the
following formulas. S P

(1) Minimum req'u.ircd reinforcing bar aréa o 3
As=0.0033-b-d={l4/fy)-b-d
where, As :minimum required reinforcing bar area(éllx'l) |
b :widih of section{cm) R

d s effective depth of section{cm) - ;
fy :specified yield strength(4,200kgf/cm?)

(2)Maximum reinforcing bar area

As=075.pp=075.p1.fe GBI gy
fy fy+6,115

a=As-1fy /{085 -Tc-b)
6 Mu=085-As-fy@-a2)ord-Mu= (As fy -8~ (1- 0.59 - fy /fc)

A's=05As - 8



where, ¢ stress feduction factor
Mu  : factored moment in the seclion
f'c  :specified compressive stress of concrete(kgf/cm?)

Required area of compressive reinforcing bar
Pu.¢/¢=085-Fc-a-b-(d-c/2}y+A's Iy (d-d)

where, Pu :tofal axial load
¢ distance of extreme compression fiber to the neutral axis
d' :distance of extreme compression fiber to centroid of
compression reinforcing bar

Ps = 6,120 (ﬂ;—c)
Pu=085-fc-a-b+A's-fy-As- s
Required area of tensile reinforcing bar

m = fy / (0.85 - f'c)

Pu=085-fc-b-d-((£- D+ - 2+2-m(1od)yy
((d ) (d ) (d »)

(3)Shear stress

‘The design of cross sections subject to shearing is based on the following
formulas. _

Ve =0.85-053-fc2-d:b
where, Ve :shear nominal strength(kgf/iom?)
IfV> Ve
Required area of diagonal bars : Av
Av/io =(V-Vey/(fy sina}
Required area of stirrups : Avs
Avs/ ¢ =(V-Ve)-e/(fy-d)
{4) Longitudinal reinforcing bars
As=0.00125-b-d



533 Structural Analysis

(1) Conguillo Intet Structure

(A) Intet Tunnct

Case 1 : During consiruclion
$) Dead \_veight of lining concrete
We=  05%24=121m
2) Vertical bedrock pressure, water preési: re and l')'ac,k;fill gﬁ)ul pre'§SUre

CPr= 1.8x 1004 (1.8-1.0)x 10.0 = 26.0 tf/m

Pw=  1.0x(EL80.0-700)=1001f/m
Pg= 15.0 tf/m

3) Lateral water pressure

Pwl = 1.0x 10.0=100t/m
Pa2= 1.0x156=1561t/m

4) Uplift pressure

Pu = 1.0x 15.6=15610m




EL.90.000

20, S00

Pg=13.0tf/m

Fui=10.0tf/m
C T 11 1 1
Pr = 26.0/m '

fPwr=100{f/n

. Pwr_L

7N

. — 3
sz‘ Fw2 = 18.6/n ——Y—-szzis.étf/m
sl | a600 30
SR Y /7 ¢ MU

 INLET TUNNEL
CONGUILLO INLET STRUCTURE -39



2 ?&\ a2y = 3

\

LFTVS

LY ALy

A SY T TS O




ASS | Y Lesoes e

Uo7

ag° 1
dB+3227T
20 M
5 it
JB+J0ERT -

(d0pd 5 MNIH |

dat alInD

e v Ni.nq\\\w\mwx - %\vx.\_\,\ﬁ.w%\%% _

@




. T, e ' B R~ T I
R . ) . . W s S5 o e R
: . : o+ e

N ~0
. . =) oy -
| — oo - (A
P . T i
e oo : o
<L =L = ! o
il I s : — L b
U e R e o <

Ciy S S Al J L ET THAREL

LB SRA S

-/}X/z;; .




' ¢
' | ¢
/ | \ "5. .

8
\\K |
¥, y
P14 @ 200
00 4400 SO0
‘Note;

A22means diameter of o(eformea( bar.

CINLET TUNNEL
CONGUILLO INLET STRUCTURE

5 )N



(B) Intct Shaft

Isilet Shaft, Section A - A

Case 1: After construction
1) Lateral water pressure

Pw= 1.0x (E1.80.0-El56.63) = 23.374/m
2) Latezal bedrock pressﬁre

Ka= tan2{45 - 40/2)=0.217 - .
Fr= 0217x(1.8- IO)x83~i44|ﬂm

Intet Shaft, Section B- B

Case 1: After construction
1} Lateral water pressure -

Pw= 10x (ELS0.0- E1.71.0)=9.0fm
2 Laler.-a} bedrock pressure

Ka=  tan2(d5 - 4012) = 0217 :
Pr=  0217x18x1000+0217x (1.8~ 10)x90 5468 tffm

1nlel Shaft, Section C-C

Case | ; After construction
1} Lateral water pressure

Pwe=  1.0x (EL80.0- ELT4.0) = 6.0 tffm
2) Lateral bedrock pressurc

Ka=  tan2(d5- 40!2) 0217
Pr= 0217x1.8x100+0217x{1.83-1.0)x6.0= 4948(ffm

Intet Shaft, Section D - D

Case | ¢ After construction
1) Lateral bedrock pressure

Ka=  tan2(45- 40/2) = 0.217
Pr = 02$7x18x30 3]25 tffm
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(C} Inict Transition

Case 1 : During construction
1} Dead weight of lining concrete

‘We= 08x24=192t/m

2) Vertical bedrock pressure, water pressure and backfil{ grout pressure

Pr=  1.8x10.0+(1.8-1,0)x 9.5 =256 1f/m
Pw=  10x(ELS0.0-EL70.5)=95t/n
Pg= 15.0 tffm .

3) Latesal water pressurg

Pwl= 10x 95=951/m
"Pw2= 1.0x14.8 =148 tf/m

4) Uplift pressure

Pu= 10x 148 =148 tf/m

5
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(2) Membrilo Cutlet

(A) Transition

Case 1 : After construction
1} Dead weight of lining concrete
We= 05x24=12tm
2) Vestical bedrock pressure
Pr=  1.7x53=9.01tm |
3 Lal.eral bedrack pressuré, and water pressure
Ka=  tan2(ds - 35/2) = 0.271
Pehl = 0271 x 1.7 x 5.3 =2.442 tf/m
2= 0271 x 1.7x53+40271x(1.7-1.0)x4.7= 3.333¢f/m
Pv= 1.0x 44=44m '
4} Upliﬁ pressure |
Pus  10x44=441m
5) Foudation reaction |
Pf= (9.00 x 4.7+ 20.079)/4.7 - 4.4 = 8.882 ti/m
Case 2 : During con}stmction |
1) Dead weight of lining concrete
We= 05x24=1210m

2) Vertical bedrock pressure and back(ill grout pressure

pr=  1.7x53=901tim
Pg= 15.0 t/m

3) Lateral bedrock ﬁressure
Ka= - tan2(45-35/2) =027}
Pchl = 0271 x 1.7 x 5.3 =24421f/m
Pih2 = 0271 x 1.7 x 10.0 = 4.607 tf/m

4) Foudation reaction

Pi= (901 x4.7 + 150 x 4.7 + 20079047 = 28282 tf/m

o3 b
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(3) Caita Dulce Inlet

(A) Culvert
Case 1 ; Normal Condition
1) Dead weight of box culvert
Wel= 0.50x24=120Um
We2= 0.50x24=120tl/m
Weld= (.55x24=132/m

2) Veitical earth pressure and water pressure

Pe_:—- 18x30+(20-1.0)x365= 90$Ifim
Pw= 10x365= "'6ﬂflm

3) Lateral earth pressure and wates pressu_re

Pehl= 0.5x1.8x3.0+05x(20-1.0)x3.65=4.525 tf/m
Peh2= 05x1.8x30+05x(20-1.0)x 8.2=680tm -
Pwhl = 1.0x 3.65=3.65/m

Pwh2= 10x82=82t/m .

4) Uplift pressure and foundation reaction
Pu= 1.0x 8.20 = 820 tf/m

Pl= (905x45+?65x4‘»+(455x4‘; 15x?5+0'§x0?x2)t24)
4.5 - 820 8.983 (i/m

£3-44
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Cana Dulce Inlet Tunnel | : S .. : @
B Inlet Tunnel o hd
Case 1 1 After conslruction
1) Dead weight of lining concrete
We= 05x24=12tm
2) Vertical bedrock pressure and water pressure

Pr=  2.0%63+(20-1.0)x 37 =163 1fm
Pw= 10x(ELIISO-ELIIL3) =37 (Fm

3) Lateral bedrock pressuré and water pressure

Ka= tan2(45 - 40/2) = 0217

Phl= 0217x20x63+0217x(2.0-10)x3.7= ?537lflm
Prh2= 0217x20x63+0217x(20- lO)x8'2 4.514 tffm
"Pwhl = 1.0x 3.7=37tflm

Pwh2= 1.0x82=82tffm .

4) Uplift pressure and foundation reaction
Pu= 1.0x 8.2=8.2t/m

Pl = B7x45+(@.5x%x225- '%l4x45:\4‘518}+161x45+1900%)
/4.5-8.2 = 16.506 tf/m

Case 2 : During construjc.lion'
1) Dead weight of lining.concrelc
We = ‘0.5 x24=L2/m
2) \'erliéal bedrock pressure and backfill grout pressure

Pr= 2.0x 100 = 20.0 tf/m
Pg= 15.0 tf/m

3y Lateral bedrock pressure and water pressuse
Ka= tan2(d45-40/2)=0.217
Prhi= 0217x20x 10.0=4.341f/im

Pih2= 0217x20x12.25+0.217 x(2.0- 1.0) x 2.25 = 5.805 tf/im
Pw = 1.0x 2.25=2.25tim

4) Uplift pressure and foundation reaction

Pu= 1.0x2.25=2251f/m
Pl= (200x 4.5+ 15.0x 4.5+ 19.003)/4.5 - 2.25 = 36.973 t/m




Linit we;"'?ht of bedrock
U= 2.08f/n3

#= 40°
%
1;7';___ WL. ”3.‘-0 ~

i e e e e bt e e} ey —— — — —— —

) Pw. = 3.7 /m
{ 1 I | il
B Frv=15.3%/m

Priee 3,837 m
}/_f Poki=3. Tef Im

i
AN @)

NPk 8 28

ﬁv‘} f;iu Pu= 8.|th/ﬁ \
_ ] i 1 ~ Prie= 4.814 ¢/

Ptz 14,5048 /m

DR X 76 & REE—.

- CANA DULCE INLET , CASE 1 |
LA ESPERANZA ~ POZA HONDA TUNNEL — s-3
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Unit weight of bedrock
r=2.0tf/m
$=90"

Prv = 20.08#/m

10,000

Pq = 1508/

T

- __-}J

—

| _J %Jp,;..é 4.34¢fIm
Y
o - =
B . ‘/z-ﬁm,z:\aaiwm |

gL SCE

Fo  Fhs oz B 28tfim |
w rﬁé ® !f/m \

P =36, 993t/ |

PRcee, me

N—Pu = ‘Z.Z-ftf/ﬂ'
Prha= $. 803 t/m

CANA DULCE INLET, CASE Z
LA ESPERANZA~ POZA HONDA TUNNEL.
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(4) Los Cuyuyes Outlel ' _ _ %

Case | : After consinuction
1) Dead weight of lining concrete
We=  G5%24=12t0n
2) Vertical bedrock pressure
Pr=  1.8x11.0= 198 iffm
3) Lateral bedrock pressure and water pressure
Ka=  an2@ds-35/)=0271
Prht= 0271 x18x1L0= 5.366 tf/m _
Ph2= 0271x18x11.0+40271x (1.8~ l(})x4ﬁ 6%4llffm
Pw.- 1.0x 42=4.2tfim '

4) Uplift pressure and foundation reaction |

Pu= 1.0x42=42tfm
Pl=  (19.8x4.5+ 19.003)/4.5- 4.2 = 19.823 1f/m

Case 2 : During construction | . | | %
“1) Dead weight of lining concrete - '

We=  05x24=12 tfim. '
2) Vertical bedreck pressure and backﬁll. grout pressure

Pr= 1.8x 11.0=19.8t/m
Pg= 15.0 tffm

3} Lateral bedrock pressure
Ka=  tan2(45-35/2)=0.271
Pchl = 0271 x 1.8 x 11.0=5.366 (f/m
Prh2 = 0271 x 1.8 x 15.5 =7.56] ti/m

4) Foundation reaction '

Pl= (19.8 x 4.5+ 15.0x 4.5 + 19.003)14.5 = 39.023 1/m

. 3-5‘3'



Unit wti{:?ﬁt‘ of bec(r‘ack
=1 8¢ /m3
$ =38

VIR 7.7

] _ _Priv= 98¢ /m

' fk Frhi ' o Hprhlz&%&ﬁ/m

& |/
?ﬁ I

—
l/.

Pv  Frhe Puz 9.28/m \ \pPws 4.28/m
; ‘ —Prhaw 6.341 ¢4/ m

=

R - A8 &)

P

"

/9. 823 ¢f/m |

Y- ${4 ¢ SN

D LOS CUYUYES OUTLET ., CASE |
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Unit wer:?/nf of pedrock
Y= 1.8t /m3
$= 387

Prv=19.8¢ /_m'

11,000 '

Py 15,0t} /m.

o

Frivi= $.348 ¢f/m

)

/

"a

N T . B

L0 |

'j -Prhe= 7.861 ¢f/m

DU I (¢ ¢ NE—
LOS CLIYUYES OUTLET ,CASE 2
LA ESPERANZA ~ POZA HONDA TUNNEL ¢
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(5) Poza Honda Inlet

(A) Inlet Culvert

Case 1: Normal Condition
13 Dead weight of box culvert
Wel= 050x2.4=120tm
We2= 0.50x2.4=1201tm
Wed = 0.50x 2.4 = 1.201f/m
2) Vel_'ticai carth pressure
Pe = 1.8x27=486/m
1) Lateral earth pressure and water bressure
Pehl = 0.5x1.8x27=243tf/m
Peh2= 05x1.8x27+05x(1.8-1.0)x3.5= 3.833tl/m
“Pw= 1.0x 3.5=315u/m

4) Uplift pressure and foundation reaction

Pu=  10x3S=35tm
Pi=  (12x50+12x25x2+12x50+4.86x50)/50-35

=486 ffm :

o




EL.?%. 8500

B8R0

—
 Po .= 4.84tfIm §
- . %‘ =
- Rekr =243tfhny | R ]
| ) )
! = ~ ]
. I . e (
1O H R S
. f\{! .
B ; |
ol { ] Z_L__mﬁa
- Fw = 28 i Pu=3.85tf/ fehz  Fw N
J'D‘

- Peh 2=~3331ff/m_ : I .

Pf= .96t /m

BRse) 4,000 . 1500

000

. INLET CULVERT |
POZA HONDA INLET STRUCTURE
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(B) Tunne! Inlet

Case 1 : After construction
1) Dead weight of lining concrete
We= 05x24=121m
2) Vestical bedrock pressure and water préssure

Pr = 1.8x 10.3+(1.8- 1.0) x 8.95=25.7 tf/m
Pw= LOX(EL102.0- EL93.05)=8.95 t/m

3) Lateral bedrock pressure and water pressure
Ka= tan2(45 - 30/2) =0.333 :
Prhl= 0333x1.8x103+0333x(1.8-1.0)x895= - 8.558 tf/m
Prh2= 033x18x103+0333x(1.83-1 0)x1245=949tf/m

Pwhi= 1.0x 8.95=8951/m
Pwh2 = 1.0 x 12.45 = 12.45 tfin

4) Uplift pressure and foundation reaclion

Pu= 1.0x 1245 ti/m

Pf= (8.95x 3.5+ 25.7x 3.5+ 14.616)/3.5 - 1245 =26.376 tffm

Case 2: During con;lmct{on
1) Dead weight of lining co'ncreté
We= 035x24=12tm
2) Vertical bedrock pressure and backﬁil grout pressure

Pr=  1.8x 19.25= 34,65 f/m
Pz=  1501tfim

3) Lateral bedrock pressure and water pfessure
Ka=  tan2(45-30/2)=0.333
Pehl = 0333 x 1.8x19.25=11.538 tf/m
Peh2= 0.333x1.8%19.25+0.333x(1.8-1,0)x 3.5= 1247 tfim
Pw= 10x 35=351/m .
4} Uplift pressure and foundation reaction

Pu = 1.0x3.5=35tm

Pl = 0465x1S+ISOx11+146MW15 35 = 50.326 tfm

-l
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(C) Inlct Shaft
Inlet Shaft, Section A + A ' @

Case } 1 After construction
13 Lateral water pressure

Pw=  1.0x (E.102.0 - EL83.45) = 18.55 tf/m
2} Lateral bedrock pressure

Ka=  an2{45-30/2) = 0.33}
Pr= - 0333x(1.8-1.0)x535=1431f/m

Inlet Shafi, Section B - B

Case | : After construction
D Lale_ral waler pressure

Pw= " 1.0x (EL1020-E1940) = 8.0tm
2) Lateral bedcock pressure

Ka=  1an2{45-30/2) = 0.333
Pr= 0.333x1.8x103+0.333x (1.8- lD)xSO 8.305 1fim

Inlet Shaft, Seclion C- C

Case t; Afier construction
1) Lateral water pressure

Pw=  1.0x (EL102.0-EL96.5) = 5.51ffm
2) Lateral bedrock pressure

Ka= tan2{45 - 36/2) = 0.333 _
Pr= 0333x1.8x10340333x(1.8-1.0)x5.5=7.632 ¢ffm

Inlet Shaft, Section D - D

Case 1 : After construction
1y Lateral bedrock pressure

Ka= . (an2{45-30/2) =0.333
Pr= 0333x 1.8 x8.0=4.975 tf/m

-3 %2



P 2 18. 38 ¢/ /m

. Pr=143tfIm
R C =/ |
P P - :

. Pr=1.943tFfm
{ 1 i {

|
Ls,sao 000
&R0

) L1 [| P{'s l-?\Btlem L] ) § |
— | Pw= 8.5 CHm \ Puw= 18.85t4/m
1000 I.s,aoo'.ilzs.sog_ L0
A
18, 400D '

INLET SHAFT, SECTION A - A
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(D)lnicl']‘unncl o | | 7 | : @

Case | : After Construction
1) Dead weight of lining concrete
We= 0.50x24=120t/m
2) Vertical bedrock pressure
Pr=  20x183+(20-1.0)x 1.2=3781fm
3) Lateral bedroc_k pressure
Ka=  tan2(ds - 30/2) = 0333 | o
Prh1 = 0.333x20x183+0333x(20- 1.0)x 1.2 = 12.587 tffm tf/m
Ph2= 0.333x20x 183+ 0333 x( 20-1.0)x 4.7 = 13752 tfim
Case 2 : During Censtruction

1) Dead weight of lining concrete

We=  0.50x24=1.201m

2) Vertical bedrock pressure and back(ill grout pressuie

Pr= 2.0x19.5=239.01n
Pg= 15.0 tffim

3) Lateral bedrock pressure water pressure
Ka=  tan2(45-30/2) = 0333
Pl = 0.333x2.0x 19.5 = 12.987 tf/m tf/m
Prh2 = 0333x20x 19.5+0.333x (2.0-1.0)x3.5=14.153tf/m
Pw= 10x35=35t/m ' '
4} Uplilt pressure

Pu = 10x3.5=351/m

g~ 10
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(6) Mancha Grande Outlet

Case 1 : After construction
1) Dead weight of lining concrete
We=  0.5x24=12t/m
2) Vertical bedrock pressure
Pr=  2.0x12.0=24.0n
3) Lateral bedrock pressure and watef pressure
Ka= = tan2(45-30/2)=0.333
Prhl= 0.333x20x 12.0=7.992/m
Prh2= 0333x20x120+0333x(20-18)x3.5=9.158 tfim
“Pw= 10X 3.266 = 3.266 tf/m
4) Uplift pressure and foundation reaction
Pu= 1.0 x 3.266 = 3.266 tf/m
Pf= (24.0 x 3.5 + 13.805)/3.5 - 3.266 = 24.678 tf/m
Case 2 ; During construction
1) Dead weight of lining concrete
We= 05x24=12/m

2) Vertical bedrock‘pressure and backf{ill grout pressuce

‘Pr=  20x12.0=2401ffm
Pg= 150t

3) Laterat bedrock pressure
Ka= 1an2(45 - 30/2) = 0.333
Prhl = - 0.333x2.0x 12.0=79921f/m
Prh2= 0333x20x 15.5=10.323 tf/m

4) Foundation teaction

Pi=  (240x35+ 150x3.5+ 13.805)/3.5 = 42.944 (fim

-3 1)
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Unit weljhf ﬁf bea/rock
F=2.0tF/m3
$= 30° |
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