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Concrete Plant

Concrete Batcher Plant

The necessary concreting work for the spnllway structurcs and water treatment facilities,
which will require the concrete placing of about 53,200 m3 during the permd of about 14
months, will determined the capacity required for the concrete batcher plant.

Thus, the necessary capacity of Lhe batcher plant is calculated at 250 m 3/day as follows:

53,200
Capacity of Batcher Plant = 14 TONTAS % 20 days * x 1.3 = 247 = 250 m 3 /day

The required hourly plant capacity is obtained to be 30 m3/hr, assuming the daily working
hours of 10 hours/day, as follows:

i

250 m3/day
10 hours/day
250/10= 25= 30 m3/hr.

- Daily concrete requirement

- Daily working hours

- Hourly concrete requirement

The design of the concrete baicher plant is made based on the above requirement. Two
types, the full automatic one and semi-automatic one arc examined. An approximate cost
comparison between two types has indicated a slightly higher cost of Rs. 6.6 million for the
full automatic onc against Rs. 4.5 miltion for the semi-automatic one. However, the full
antornatic ong is recommended to be installed in view that a higher concrete quality is
secured in the full automatic one. The design of the concrete batcherplant is shown in

Fig. 3.4.9.
Cement Silo and Cement Warchouse

A cement silo of 100 ions is attached to the concrete batcher plant. Its capacily can
withstand the concreting works for two to three days. ' |

In usuat cases, the cement sﬂc is provided with the capacily to cope with congreting works
for five to seven days. In the case of the Project, however, a less capac:ty as mentioned is
given with consideration that the transportation and supply of cement will be very easy from
the Port Louis harbour which is located near the project sile and is equipped with a large

stock of cement.
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The cement warchouse having an area of 96 m? is planned to be built. This cement
warchousc is possible to store the bag cement of about 50 to 60 tons.

- The purpose of this cement warchouse is to supply the cement for grouting works.

Assuming that the grouting works will use the cement of about 1.0 ton per day, the storage
capacity of the cement warehouse will meet the grouting works for two months or more,

which is considered sufficient.

Buildings
General

The major design criteria applied for buildings are standard requircments conforming 1o
"Architectural Institute of Japan Standard for Structural Calculation of Reinforced Concrete
Suuctures and Commentary” and "Archilectural Institute of Japan Standard for Structural
Calcutation of Sicel Structures”,

Design concepts are given below. The designs for major buildings are shown in
Fig. 3.4.10 to 3.4.16..

Loading condition

In the structural caiculations, the lead and external forces that act on the structure are the

following:
(A) Dead load
(B) Live load

(© Seismic toad

The dead and live loads of each part of building are applicd in accordance with the Japanese
Building Standard Law Enforcement Order.

The seismic load is applied as the force to act horizontally as follows:
- Seismic coefficient : k=005
- Horizontal force to the building : H=kx W

W :Dead load of building plus adjusted live load

The stress is cxamincd for the following combinations of loads, and the design is made to
ensure the safety for all the combinations of loading.
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Combination of Loads

Conditions of Stresses Combination of Stresses

Permanent stresses— Normal time G+P
Temporary stresses  Earthquake ' G+P+K
where;
G : Siress due to dead load
P . Stressdue to live load
K :  Stressdue to seismic load
Design of members

The design of reinforced concrete siruciure is based on "AlJ Standard for Structural
Calcnlation of Reinforced Concrete Structure”,

The design is made on the following assumptions:

- Compressive strength of concrete at 28 days shall be 210 l-(g,lcm2 Or more.
- Reinforcement bar materials shall comply with deformed bar, "SD30". (JIS G3112)

- Weight of reinforced concrete shall be calculated as 2.4 t/m3 and the “Young Modulus® -

of reinforcement bar 1o concrete shall be "n=15".

- The design of steel beam depends on the "Al} Standard for Structural Calculation of

Steel Structure”.

- The materials of steel shall comply with "SS 41", (JIS G3101)

Allowable design stress

Allowable design stresses of the structural materials is as summarized below:
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(i) Concrete and reinforcing bar

Allowable design stress of concrete and reinforcing

(kg/cm?)
- Type of Stress
Materials For Permanent Load For Temporary Load
Tension Compressio  Shear  Tension Compressio  Shear
n n
Concrete - FcB=T0 425 - 2FeB3=105 1275
(Fc =210 kg/em2) . _
Reinforcing bar 1,800 1,8C0 1,000 2,700 2,700 1,500
(1S G3112) '
Allowable bond stress per unit surfaces of reinforcing bar
- (kg/em?)
: Type of Stress :
Materials For Permanent Load For Temporary Load
Top Bar Other Bars Top Bar Other Bars
Deformed bar Fcfl15 Fe/10 1.5F¢/15 1.5Fc¢/10
14.0 21.0 21.0 315
(i) Structural steel
(kg/em?)
. Type of Stress
Materials For Permanent Load For Temporary Load
Tension Compressio  Shear Tension Compressio  Shear
1 n

Structural steel 1,400 1,400 800 2,100 2,100 1,350
(5541) :

Gii)  The allowable bearing capacity of soil is assumed to be 30 tym2.

3.4.7@ Water Supply System

Thé construction work requires va'ﬁqus water sUpp]ie's for the offices, quarlers, aggregate and

concrete plants, grouting work, concreting works and so on,

C0n51dcr1ng the esumatcd necessary staffs of the contractor and engineer, and respccuve work
activities, etc., the water supply requirement during the construction work in terms of the peak

capacny is approxrmatcly estimated:-as follows:

i -47



Estimatcd Water Requircment
{Required Peak Capacity)

Descriptions Wag:r R-cquircn‘lcm
(m <2 /min. at peak)
I, Site office and quariers for the 0.3
engincer '

2. Conirdctor's office and quarters - 0.5
3. Aggregate plant 2.5
4. Concrete batcher plant 0.3
5.  Grouting work 0.6
6.  Diversion tunnel site 0.5
7.  Spillway site 0.3
8.  Rcepairshop and motor pool 0.2
9. Others 03

Toial 5.5 m3/min,

In the above, the diversion tunncl site work is considered not to overlap with other works,
However, total water requircment at peak is determined at 5.5 m3/min, provided with some

allowance.

The water requiremém for offices and quarters is estimated on the assumption that about fifty (50)
persons and ten (10) to fifleen (15) persons witl work as the contracior's staffs and the Engineer's

staff respectively.

The requirement for aggregate plant and concrete baicher plant considers that they should have the |
production capacity of 90 tonfhour and 30 m 3 mour, respectively.

Cut of this water requirement, the water supply for the offices and quarters of the contractor and
engineer should be made with the treated water. Thus, its supply is planned to be madc from the
CWA's cxisting watcr supply scrvice main passing near the Mantindate Bridge.

The water supply for construction work is considered to be made from a reservoir located neér the
project site, The reservoir is located beside the trunk road (eastern side of the trunk road), into
which the water taken from the P_rofon'de river is being suppiicd. The water level of the fééervoi; is
measured at El. 273. The facilities requiring the water supply are sil’ualc_d at altitudes lower than the
water level of the reservoir, thus making it possible to supp]y the water by gravity flow. There is the
existing culvert crossing the trunk road, and therefore, a particular troublesome work is considered
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not necessary for the pipeline to cross the trunk road: that is, the water supply pipeline will be
conneeted to the exisling culvert.

The required diameter of water supply pipe is obtained on the basis of the relationship among the
required water supply discharge, gradient and pipe diameter,

Fig. 3.4.17 presctits the graphs to find the necessary diameter of pipe based on the required water
supply discharge and gradient between the water source and facility to be supplied the water. The

diagram of pipe to cach facility which is thus obtained is given in Fig. 3.4.18.

The following gives detailed calculations to obtain the water supply diagram shown in Fig. 3.4.18.
Designs of the walter supply system arc prescented in Fig. 3.4.19.

@ Condition of pipelines

Required Difference
Route Discharge L:zng;h of Level
(m 3/min) m (m)

(1)  Source'to unnel ' 0.5 1,460 143
(2 Source to spillway 0.3 1,260 78
(3} Source 1o miscellancous water 0.3 1,050 75
(4)  Source to grouting (left bank) 0.2 1,020 73
(5)  Source to grouting 04 &40 33

(right bank + riverbed) '
(6)  Source to aggregate plant 2.5 580 28
(7  Source to concrete batcher plant 0.3 560 28
(8) . Source to repairshop & motor pool 0.2 430 28
(9 Existing pipeto Engmccr‘s office - 0.3 2,100 50

and quarters
{(10) Existing pipe to Contractor's ofﬁce 0.5 2,100 52

and quarters

()  Calculations of required diamcter
) Point I 10 tunnel:
I=H/l= 143/1,460 = 1/10 eereeeaere et aaran 80 (Ref, Fig. 3.4.18)
(i) Point I to spillway:
T=H/I=T8/1,260=1/16 ....c..c0vvvrrnrnn. SRR 815

111 - 49



(iii)

@(iv)

(v)

(vi)

(vii)

(viii)

(ix)

()

Point H 1o Point I;

A sectional area equal Lo the sum of (i) and (ii) is provided as follows:
D= V802 ¢ 752 = 110 MM cevveererereeeenens $125

Point H to miscellancous water:

1=H/A=75/1,050=1/14 .....c.ooiviiienininiinans. 875

Point G to Point H;

A sectional area equal to the sum of (i), (i) and (iv) is provided as follows:

D=V802 + 752 + 752 = 133 mm .evveernernns @150

Point G 1o grouting (feft bank):

T=H/=T731,020=1/14 . oovirreiiniiiininirneens 875 .

Source to Point G:

A sectional area equal to the sum of (i), (i), (iv) and (vi) is provided:

D=V802 4 752 4 752 + 752 = 153 ......... 6175

Point D to grouting (right bank + riverbed):

IT=H/I=33/640=1/19 ...ooiiiiiniiiiinns @80

Point E to concrele batcher plant:

= H/T=28/560 = 1/20 cvveeeeeeeeeeeeineenenenne #75

PointE to aggregate plant;

I=H/I=28/580=121 i, 175
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b Point D to Point E:

A sectional arca equal to the sum of (ix) and (x) is provided:

D=V752 + 17522190 ooirveeeviersioreenn, 3200

(xi)  Point C to Point D:

A sectional area equal to the sum of (viii), (ix) and (x) is provided:

D=V802 + 752 + 17522207 covvevveennn, #250

(xiii)  Point C to repairshop of motor pool:

Y=HH=28/430=1/15 ... w60

{xiv)  Source to Point C:

A sectional area equal to the sum of {viii), (ix), (x) and (xiii) is provided:

D=802 + 752 + 1752 + 602=215 ........ 3250

(xv)  Point B to engincer’s office & quarter;

I=50/2,100= 142 . i i, @100

(xvi})  Point B to coniractor's office & quarter:

I=52/2,100 = 140 ooeeeeeseeeeeeeeeeeeeeeeienens 8100

{xvii) ‘Point A to Point B:

A sectional area equal (o the sum of (xv) and {xvi) is provided:

D=VI002 + 1002=140 .....c0cvereerrnnen. . - p150
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Electric Power Supply System
General

Elcctrical works will be designed for supplying power to the respective work sites for
construction use. Some of the ¢lectric power supply system for the Project are to be used
for permanent installation such as office and quaricr, dam site plant, etc. The design of the
clectrical works is made for the followings:

(i) Elcctric power reduircmcnts for construction work

(i) - Power receiving design

(iii) Distribution line design

{v) Receiving station design

The design of the clectric power supply system is given in Fig. 3.4.20 to Fig. 3.4.23,

Details are mentioned hereafier,
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(2) Elcctric power requirements for constriction use

The clectric power required is estimated as follows:

No. _ Working Arca ' Esnmal(?(dw()lap acity
) Right Bank Side
a)  Office and quarters arca
1. Office & quarters for Employer and Engincer 150
2. Contractor's office and quarters 160
Subiotal (1) 310
by  Concrete plants 400
1. Aggregate plant
2. Concrete baicher plant 98
3. Laboratory 1
4.  Water supply system B
Subtotal (2) 500
¢)  Repair shop, work shop, eic.
1. Motorpool & repair shop 100
2. Assembly yard & metal work shop 120
3.  Dam sitc lighting 0
4.  Grouting work 100
5. Miscellancous installations 30
Subtotal (3) 420
d) Quarry and bormmow pit area o
Quarry sile :;’
2. Borrow pit .28
3. Miscellaneous works
Subtotal (4) o 60
Total () _ 1,290
D) Left Bank Side
. 1.  Dam site lighting 40
2. Diversion tunnel _ 100
3.  Grouting work ' 100
4. Valve & pipe site _ 120
5.  Intake gate sitc 80
6. - Miscellancous works 20
Total (If) ' . 460

Grand-Total (I + II) 1,750

In consideration of various demand factors, diversity factors, power factors, etc. among the
said loads, the required receiving capacity is roughly estimated as follows:
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Total reeciving capacity = %%—%%—%Q X %—? =ca. 1,700 kVA

where, demand factor 0.6,
diversity factor L1,
average motor efficiency : 0; g, and
average power factor of motors 07

Power recciving design

In the Basic Design Report the power receiving design has been decided as to receive 'power
from the existing 22 KV distribution line as a result of study of economical and technical
bascs. One branch line is constructed for fcce.iving power from the existing 22 kV line and
onc power receiving switching station is constructed for supplying power reccived 1o the

respective work sites where are separated each other.

The receiving switching station will consist of outdoor type metal clad switchgear which is
arranged as one incoming feeder line, three outgoing feeder lines and one station service

line.

Distibution line design

Considering the lecation of the respective work sites, where are separated at three arca, thrce
feeders of 22 kV distribution line are constructed for supplying power to the respective
work siles. The destination of the respective feeders are as follows:

) Feeder line No. 1 For guarry site through water treaiment plant

(i) Feeder line No. 2 For dam site plant ' _

(i)  Feederline No.3  For borrow arca plant through repair shop/ware house, office
and quarter arca

In addition to the above, 400 - 230 V distribution ling is constructed for the office and

quarter arca which are used by the Employer permanently.

Extcnsion lines from the above-mentioned lines to each work site are to be constructed by

Lot-1 contragtor during the construction period.

The existing 22 kV main distribution line is localed close to the cxisting 66 kV
transmission linc and the line passes the land planed for the main dam of the Project.
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Therefore, this portion of the existing 22 kV distribution line around the dam site should be

rclocated 10 another place so as not to disturb the dam construction works.

The receiving switching station and a part of the 22 kV distribution line feeder No. 3 from

recciving switching station to office and quarter area are used permanently even after the

completion of the construction work for the Employer’s facilitics.

Receiving station design -

Six receiving stations arc to be constructed for the construction work of the Project.

Required capacity of step-down fransformers at the receiving stations is calculated as

follows:
. Stcp-ddwn
Working Arca Required Transformer
Capacily kVA)
&W)

D Right Bank Side
a)  Office and quancrs arca 310 300
b)  Concrete plants 500 500
¢)  Repair shop, work shop, etc. 420 400
&)  Quany arca 30 30
¢}  Borow pit arca 30 . 30

1)) Left Bank Side
Dam site, diversion tunnel, grouting work, 460 400
valve & pipe site, intake gate site, cte.

1,750 1.660

Total
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Table 3.2,1: PRINCIPAL FEATURES OF TUNNEL

TYPE

Ttem Type I TypeIl
Internal Diameter (cm) 680 680
Lining Thickness (cm) 50 80
Rock Properties
= -Rockeclass Cm~CH CL~CMm
+  Elastic modulus E; (kg/cm?) 30,000 5,000
»  Poisson's ratio v; 0.2 0.3
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Table 3.2.3: CONCRETE AND STEEL PROPERTIES

Elastic modnlus
Poisson's ratio

Steel Elastic modulus

E = 255,000 kg/em?

v =02

Eg = 2,100,000 kg/cm?

Concrete _ Steel
Increment of Stress (%) - Compression Shear Tension
(kgfem?) (kg/cm?) (kgfcm?)
0 70 8.5 1,800
65 116 14 2,970
for grout pressure 210 18 3,000
Concrete Strength 628 = 210 kg/em?




Table 3.2.4: RESULTS OF STRUCTURAL ANALYSES FOR DIVERSION TUNNEL

Item Typel Type I
/s D/S
Lining thickness (cm) 50 80 80
Reinforcement D16 @300 D22 @200 D16 @300
(inside) (both sides) (both sides)

Stress against Internal pressure

» re-bar (kg/cm?) 602 2,675 710
Stress against Extemal pressure

-concrete  (kg/em?) 64 43 7
Stress against Grout pressure

-concrele  inside (kg/em?) 32 " 41 53

sconcrete  outisde 4

» re-bar inside - :

= re-bar outside - 547 1,106




Table 3.2.5(1) :TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY
(Tunnel Type-I)

Flastic modulus (rock)
Elastic modulus  (steel)
Elastic modulus (conc.)

30000 (kg/cn2)
2100000 (kg/cm2)
255000 {(kg/cm2)

Poisson’s ratio (rock) = .2

Poisson’s ratio {(conc.) = .2

Lining thickness (cm) = 50

Inner diameter {cm) = 680

Internal pressure(kg/cmz}= 7.7

External pressure(kg/cm2)= 7.7

Pitch of rein~bar (mm) = 300

. ES (#*)

{(Unit:kg/cm2) TENSION COMPRESSION

Plain conc. -=33.5 64.2

Rein-bars SGL DBL SGL DBL

D 13 € 300 605.1 599.4 63.7 63.3

D i6 @ 300 601.8 593.1 63.6 63.0

D 19 @ 300 597.9 585.4 63.1 62.3

D 22 @ 300 583.2 576.9 62.9 61.8

D 25 & 300 587.9 567.0 62.5 60.9

D 29 @ 300 582.0 5b6.2 61.9 60.1
Note : (*} gives the case of internal pressure

(*¥*) gives the case of external pressure



Table 3.2.5(2) :TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY
(Tunnel Type-IL, Upstream of Plug)

5000 (kg/cm2)

Elastic modulus (rock)
2100000 {(kg/cm2)

Elastic modulus (steel)

IV |

Elastic modulus (conc.) 255000 (kg/cm2)
Polsson’s ratio (rock) .3

Poisson’s ratio (cone.}) = .2

Lining thickness {cm) = 80

Inner diameter (cm) = 680

Internal pressure(kg/cm2)= 7.7

External pressure(kg/cm2)= 7.7

Pitch of rein-bar (mm) = 200

* *k
(Unit:kg/cm2) TENSTON COMPRESSION
Plain conc. -34.7 44.7
Rein-bars S5GL DEL SGL DBL
D 13 @ 200 3795,3 3529.5 44 .5 44.1
D 16 @ 200 3607.2 3243.4 44.3 43.8
D 19 @ 200 3401.1 2950.8 44.% 43.6
D 22 € 200 3192.7 2674.9 43.7 43.90
D 25 @ 200 2975.5 2406.6  43.6 42.7
D 29 @ 200 2762.6 2161.0 43.1 42.0
Note : (*) gives the case of internal pressure

(**) gives the case of external pressure



Tabie 3.2.5(3) ;TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEQRY
(Tunnel Type-II, Downstream of Plug)

Elastiec modulus (rock)
Elastic modulus (steel) 2100000 (kg/cm2)
Elastic modulus (conc.) 255000  (kg/cm2)
Poisson’s ratio (rock) = 3

Poisson’s ratio {(conc.} = .2

Lining thickness {cm) = 80

Inner diameter {cm) = 680

Internal pressure(kg/cm2)= 1,56

External pressure(kg/cm2)= 1.16

Pitch of rein-bar (mm) = 300

H

5000 (kg/cm2)

i

* P
 (Unit:kg/cm2) TENSION COMPRESSION(
Plain conc. -7.0 6.7
Rein-bars SGL  DBRL SGL. DBL
D 13 @ 300 793.3 754.1 6.8 6.8
D 16 @ 300  765.7 710.1 6.8 6.6
D 19 @ 300 734.6 6862.7 6.8 6.6
D 22 @ 300 702.2 615.8 6.6 6.7
D 25 @ 300 666.8 567.9 6.6 6.5
D 29 @ 300 631.1 522.0 6.7 6.6
Note : (*) gives the case of internal pressure

(*¥*) gives the case of external pressure



Table 3.2.5(4) :TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY

(Tonnel Type-I, During River Diversion)

Elastic modulus (rock) = 30000 {(kg/cm2)
lastic modulus (steel) = 2100000 (kg/cm2)
Elastic modulus (conc.) = 255000 (kg/cm2)
Poisson’s ratio (rock) = 2
Poisson’s ratio (conc.) = .2
Lining thickness (cm} = 50
Inner diameter {cm) = 680
Internal pressure(kg/cmz2}= 0
External pressure(kg/cm2)= 1.16
Pitch of rein-bar (mm) = 300

. NG ()
{Unitikg/cm2) TENSION COMPRESSION
Plain conc. 0.0 9.7
Rein-bars SGL DBL SGL DBL
D 13 @ 300 0.0 0.0 9.7 9.5
D 16 @& 300 0.0 0.0 9.7 9.6
D 19 & 300 0.0 0.0 8.5 9.5
D 22 @ 300 0.0 0.0 9.6 9.4
D 25 @& 300 0.0 0.0 9.5 9.3
D 29 & 300 .0 0.0 9.3 9.2

(*} gives the case of internal pressure
(**) gives the case of external pressure

Note :



Table 3.2.6{1) :TUNNEL ANALYSIS FOR GROUT PRESSURE
' (Tunnel Type-I)

Elastic modulus (rock)
Elastic modulus {conc)

30000 (kg/cm2)
255000 (kg/cm2)

Poisson’s ratio (rock) = .2
Poisson’s ratio (Conc) = .2
Lining thickness (cm) = 50
Inner diameter {cm) = 680

Grouting press. (kg/cm2)= 2

PHAI M s N sigl sig2
(deg) (tm) (t) (t) (kg/cm2)

0 0.7 0.0 =-69.0 15.1 12.4
5 0.7 0.0 -69.0 15.3 12.5
10 0.7 0.0 -69.0 15.3 12.5
15 0.6 0.0 =-69.0 15.2 12.3
20 0.6 0.2 =~69.0 15.4 12.2
25 0.8 0.2 -68.8 15.5 12.1
30 0.7 0.2 =-68.8 15.5 12.0
35 0.8 0.1 ~68.8 15.8 11.8
40 1.0 0.1 -68.9 16.0 11.8
45 . 0.9 0.2 -68.9 16.0 11.6
50 1.0 0.0 -68.9 16.3 11.3
55 1.0 -0.0 =-68.7 16.3  11.3
60 1.1 -0.3 =-68.9 16.2 11.4
65 0.9 -0.4 -68.8 15.8 12.0
70 0.6 -0.7 =-69.0 14.9 12.6
75 -0.2 -1.2 -89.0 13.9 13.8
8¢ -0.8 ~1.6 =~69.4 15.8  12.0
8s -2,0 -1.8 -69.5 18.5 9.4
90 ~-3.1 =2.1 =70.0 21.5 6.4
9% -4.7 -2.2 =70.4 .25.0 3.2
100 =-6.0 -2.0 =70.8 28.5 -0.4
105 =-7.1 -0.9 ~71.1% 31.4  -3.0
10 =7.4 1.0 -71.2 32,2 -3.8
115 -6.% 4.7 =70.9 29.8 -1.3
120 =5.1 4,5 ~70.5 26.0 2.1
125 =3.7 4.4 =70.0 22.7 5.4
130 =-2.4 4.1 -69.6 19.5 8.6
135 =1.0 3.8 =69.3 16.%  11.5
140 . 0.2 3.5 =69.0 14.0  13.7
145 1.2 3.1 -68.7 16.5  11.1
150 2.1 2.6 -68.6 18.6 8.9
155 2.9 2.2 ~68.4 20.4 7.0
160 3.5 1.9 =-68.2 21.9 5.6
165 4.0 1.5 -68.1 22.9 4.2
170 4.4 0.9 -68.0 23.9 3.5
175 4.6 0.6 -67.8 24.4 2.8
180 4.5 0.0 =67.9 24.6 2.8

Note: M:Moment, S:Shear, N: Axial Force
Sig 1 : Inside Stress, Sig 2 : Outside Stress



Table 3.2.6(2) :TUNNEL ANALYSIS FOR GROUT PRESSURE
(Tunnel Type-II) -

5000 (kg/cm2)

Elagstic modulus (rock)
255000 {kg/cm2)

Elastic modulus (conc)

Poisson’s ratio (rock} = .3
Poisson’s ratioc (Conc) = .2
Lining thickness {(cm) = 80
Inner diameter = ({cm) = 680
Grouting press. (kg/cm2)= 2
PHAT M 8 N sigl sig2
(deg) (tm) (t) (t) (kg/cm2)
0 18.8 0.0 =-62.5 25.3 ~-2.7
5 18.6 -1.1 =~62.4 25.1 -2.5
10 17.9 -2.2 -62.6 24.6 -5.8
15 16.6 -3.3 -62.9 23.6 -7.7
20 15.2 -4.,3 -63.3 22.0 -6.3
25 13.0 -5.3 -64.0 20.2 -4.2
30 10.6 -6,2 =64.5 18.0 -2.0
35 7.9 -7.0 =-65.4 15.6 .0
40 4.6 -7.8 -66.2 12.7 3.9
45 1.1 -8.3 =-67.0 9.4 7.3
50 -2.6 -8.6 =-68.1 10.9 6.0
55 -6.5 -8.6 =69.0 14.7 2.5
60 ~10.6 -8.3 =~70.2 18.7 -1.2
65 =-14.5 ~7.5 =71.2 22.5 -4.7
70 -18.2 -6.6 ~72.2 26.1  =7.9
75 =-21.5 -4.9 =72.9 29.3 -10.9
80 ~24.1 -2.8 =73.8 31.8 -13.4
85 ~26.2 -0.1 -74.3 33.7. -15.3
90 -26.%9 3.2 _-74.5 34,7 -16.1
95 =26.6 7.2 =74.4 34.2 =15.5

110 =-15.9 12.6 =71.6 23.7 =6.0
115 -11.7 12.0 =70.5 19.9 -2.3
120 -7.8 11.6 =-69.5 16.0 1.3
125 -4.1 11.0 =-68.5 12.4 4.8
130 -0.6 10.3 -67.6 9.0 8.0
135 2.6 9.5 =66.6 10.9 6.0
140 5.7 8.5 -65.8 13.6 3.1
145 8.4 7.6 =65.1 16.0 0.5
150 10.6 6.6 =-64.5 18.0 =-1.9
155 12.8 5.6 =~64.1 20.0 ~4.0
160 14.5 4.5 =63.5 21.5 ~5.5
165  15.8 3.4 -63.3 22.7  -6.9
170 16.6 2.3 =62.9 23.6 =-7.7
175  17.3 1.3 =62.9 24.1 -8.4
180 17.5 0.0 =-62.7 24.1 -8.6

Note: M:Moment, S: Shear, N: Axial Force
Sig 1 : Inside Stress, Sig 2 : Outside Stress



Table 3.2.6(3): CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: DIVERSION TUNNEL (TYPE-II)
FOR GROUT PRESSURE

Member D/s D/s u/s u/s
Spot : :
M t.m 26.90 20.10 26.90 20.10
Q t 3.20 12.80 3.20 ] 12.80
N t 74.50 72.70 74.50 72.70
b cm ) 100.00 100.00 100.00 100.00
h cn 80.00 80.00 80.00 80,00
u cm 30.00 30.00 30.00 30.00
d cm 70.00 70.00 70.00 70.00
dr cm 10.00 10.00 10.00 10.00
P 0.14 0.14 0.14 0.14
M'= MitN.u t.m 49,25 41.91 49,25 41.91
M'/(b.d.d) kg/cm2 10.05 8.55 10.05 8.55
Q /(b.4) kg/em? - Q.46 1.83 0.46 1.83
£ = M/N+u cm 66.11 57.65 66.11 57.65
£ /_d_ ' 0.94 0.82 0.94 0.82
As D16@300 D16@300 D22@200 D22@200
o cm2 . 6.61 6.61 19.40 19.40
As’ D16@300 D16@300 D22@E200 D22@200
cme 6.61 6.61 19.40 " 19.40
As' / As 1.00 1.00 1.00 1.00
n _ 15.00 15.00 15.00 15,00
np=n.As/{bd) ] 0,014 0.014 0.042 0.042
c 5.31 3.98 4.09 . 3.43
5 7.34 2.57 3.63 1.61
Z 1.16 1.25 1.21 1.28
Sigma c kg/cm? 53.3 34.0 41.1 29.4
Sigma s kg/em2  1106.2 329.7 5466 206.6
Tau kg/cm2 0.5 2.3 0.6 2.3
Sigma ca  kg/cm2 210.0 - 210.0 210.0 210.0
Sigma sa  keg/ci2 3000,0 3000.0 3000,0 3000.0
Tau a kg/cm2 18,0 18.0 18.0 18.0
Case |
Note
As, As' @ Sectional area of reinforcement bar (cm?)
SigmaC  : - Stressin concrete (kg/cm?)
Sigma$ @ Stressin reinforcement bar (kg/cm?)
“Tau = .. : Shearing stress in concrete (kg/cm?)
SigmaCa : Allowsble stress for concrete (kg/em?)
SigmaSa .  Allowable stress for reinforcement bar (kg/cm?)

" Taua : - Allowable shearing stress for concrete (kg/cm?2)



Table 3.2.7(1): STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION A-A)

HOTES; * MEANS MAXHUM STEEL AREA

MEM CASE POINT SIGR B il 4] D2 N A5 ASD SICC  Sics  TAU SIGCA SHCSA SIGTAY

v
2=

I 1 (1) 100.0 200.0 1900 190.0 G67T.4 55 W3 0.00 Q.00 6.9 0.0 0.4 105.0 21006.0 12.8

|1 HAX §8.7 0.0 221 000 o0.0¢6 68 o0 00

o2 1.2 22,0 383 0.0 000 83 0.0 18

fo2( 0 100.0 200.0 190.0 0.0 354.7 B4.8 143.2 0,01 000 40.8 568 5.4 [05.0 2700.0 (2.8

IS S 2.8 0.0 1064 000 000 336 0.0 0.0

o2 343.5 82.8 16 0.01 090 4.0 523 63

2 1( 2 0002000100 6.0 66.0 2.7 383 000 000 50 0.0 25 10502000 1238

2 | WX 0.0 0.0 0.0 0.00 000 0.0 0.0 0.0

2 1( 3 2.6 209 5.0 000 000 23 00 1.4

5 24 2) %100.0200.0 130.0 10.0 3057 BS.6 L4G.1 001 . 0.00 39.0 124.8 J3.T 105.02700.0 i2.§

2 2 M 0.0 0.0 0.0 000, 000 00 0.0 00 °

2 2( 3 2939 125 3.4 000 000 22 60 13

31D 100.0 200.0 180.0 10.0 €2.6 20.8.- 5.0 000 000 3.3 0.0 1.4 105027000 [2.8

31 HA §7.0 0.0 15J 000 000 61 0.0 0.0

344 525 i58 1.8 ©.00 000 29 -00 10

1 2( 3 ] 100.0 200.0 180.0 10.0 293.8 Ii{2.5 3.4 " p.e0 g.00 20.2 0.0 4.7 105.0 2700.0 12.8B

d 2 NAX x 281.1 0.0 137.2 0.01 0.00 3.7 103.0 0.0

3 2( &) 227 1024 46.5 000 000 2.1 0.0 7.3

¢ 108 [00.0 200.0 190.0 10.0 52.6- 15.8 1.9 0.0 0.00 2.5 00 1.0 105.02700.0 12.8

PRI Y - 10 0.0 0.0 080 0.0 0.0 0.4 09

¢ - 8.9 27.3 2.2 040 0.00 6.4 0.0 - 2.0 '

¢ 204 100.6 200.0 190.0 10.0 282.7 102.4 48.5 0.00 000 2.1 0.0 7.3 105.02700.0 12.8

42 : 9.0 0.0 0.0 0,00 000 00 0.0 00

¢ o208 = 216.4 175.0 134.2 0.0 0.00 358 123.9 J2.6

5 1( %) 100.0 220.0 190.0 10.0 53.9 15.2 26.2 0.0 0.00 5.7 0.0 1.2 105.02700.0 2.8

5 1 X : 523 0.0 17.4 000 000 45 00 0.0

5§ 4( 8 o 510 104 217 040 000 50 00 08 - :

5 2( 5) 100.0 220.0 190.0 10.0 318.3 717 [34.2 0.0 0.00 3.0 0.0 53 105.0 20000 123

5 2 HAX 3180 00 1004 000 000 WO 0.0 0.0

5 2( 8 x ' 5.8 825 5.4 0.00 ©0.00 324 0.0 6.8 _

51 { 8 (00.0 140.0 130.0 10.0 43.4 287 207 000 000 87 0.0 3.0 185029000 2.8

51 A 00 0.0 0.0 000 080 00 0.0 00

g 1( N 34 178 6.2 040 000 60 00 1.8

[ 2 { B6) * [90.0 140.0 1300 10.0 281.8 166.0 145.4 0.0} .01 402.2.2081.0 54.8 105,0 2700.0 i2.8

[} 2 MAX 0.0 0.0 0.0 0.00 0.00 0.0 0.9 0.0

§ 2( 7 2816 937 3.4 000 0,00 242 9.0. 9.8

70 100.D 140.0 190.0 10,0 43.4 1.8 €2 000 0.0 50 0.0 1.9 105027000 2.8

11 WA 0.0 0.0 00 000 000 0.9 00 -0.0

7 010 8 : G4 68 200 000 000 B85 00 07

7 z( N J00.0 140.0 130.0 10.0 7816 937 (3.4 000 000 262 0.0 8.8 105.02700.0 128

72 MAX 00 040 0.0 000 000 00 0.0 0.0 :

1 2( 8 = 2816 .4 93.8 001 000 5.2 1388 37 :

8 1( 8 10002200 2100 10.0 434 68 210 000 000 48 0.6 05 105027000 128

8 1 M B34 00 2.3 0.00 000 43 00 0.0

g 109 ad 176 806 000 000 3D 0.8 b

8 oz ® 100.0 220.0 210.0 10.0 2816 34.4 9§78 0.00 000 264 0.0 25 105.02700.0 2.8

g 2 X o816 0.0 043 0.00 000 257 00 00

8 2( 9) = 281 & (007 14.2 -0.00 ©.90 145 95 6.0 _

3 10 9 100.0 220.0 210.0 10.0 434 17.6 8.0 000 0,00 3.0 0.0 - 1.1 105027000  12.8

51 MY o0 G0 00 000 0.00 0.6 0.0 0.0
l; : Axial force (§ SIGS @ Stress in reinforcement bar (kg/cm?2)

: Shearing force (1) TAU  : Shearing stress in concrete (kg/cm?)

M : Bending moment U Om) SIGCA :  Alowable stress for concrele (kg/om?)
AS, Seciional area of reinforcement bar SIGSA 1 Allowable stress for reinforcement bar
ASD : em?) (kg/em?)

SIGTAU :  Allowable shearing stress for concrete.

SIGC :  Siress in concrete kg/om?)
(kg/em?)



Table 3.2.7 (2): STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION A-A)

NOTES; * HEANS MAXINUN STEEL AREA

MER CASE POIRT SIGH B R Dt b2 N $ H AS ASD  SIGC  SICS TAU SICCA SIGSA SIGTAY

8 110 3.4 299 205 o000 000 45 0.0 2.0

9 2( 9 100.0-220.0 210.0 10.0 281.6 100.7 14.2 0.00 000 (4.6 0.0 B.0 05.0 2700.0 12.8
3 2 MAX 0.0 6.0 0.6 000 900 6.6 0.0 0.0

5 ‘2(10) «x : © ?81.6 1883 147.2  0.01  0.00 32.5 103.9 11.1

0 110 100.0 220.0 210.6 10.0 51.8 95 205 000 o000 4.9 0.0 0.7 105.02700.0 2.8
0 | MAX . 53,0 0.0 16.9 0.00 . 0.00 4.5 0.0 0.0

0 11} o 547 1.0 2.8 0.00 000 58 6.0 1.

12 (10) 100,0 220.0 210.0 10.0 318.1 801 {41.2 000 000 327 0.0 5.6 [05.0 2700.0 2.8
o2 m 3203 0.0 1057 0.0 000 227 0.0 0.0

wooz2{n x _ _ 3206 4.0 1407 0,00 0,00 32.1 9.0 5.2

i) 100.0 200.0 190.0 19,0 50.1 27.3 2.3 0.0 0080 85 0.0 2.0 (05027000 (2.8
R O 154 00 00 0.0 000 000 00 00 0.0

im0 _ 537 158 1.4 000 o000 29 0.0 1.9

1 2 {11} x100.0 200.0 190.0 10.0 279.3 175.1 I40.7 0.01  0.00 37.5 (54.3 125 (05.0 27000 12.8
12 MAX . 0.0 00 0.0 0.00 000 00 0.8 0.0

o2 (1) . . 286.0 {02.4 40.0 o000 000 203 0.0 7.2 :

12 1 100.0 200.0 190.0 10.0 53.7 (5.8 1.4 0.00 0.00 2.8 0.0 ‘1.0 [05.02700.0 (2.8
121 MAY 58.3 0.0 146 006 000 5.0 0.0 0.0

121 j _ 838 209 56 0.00 000 4.0 0.0 1.4 :

12 2012} 100.0 200.0 190.0° 10,0 286.0 102.4 40,0 000 0.00 20.3 6.0 7.2 105.0 2700.0 2.8
12 7 MY x . 2944 0.0 1307 600 000 353 734 0.0

12 201 ' 303.8 125 218 g0 Q00 133 00 T8

13 -1 (13) 160.0 200.0 190.0 0.0 838 209 56 000 0.00 4.0 0.0 !.4 105.02700.0 2.8
13 1 HAX 0.0 0.0 0.0 000 000 o0 0.0 0.0

13 1 (14} 67.2 34.7 '38.9 0.00 Q.00 9.2 0.0 25 .

13 2(13) 100.0 200.0 190.0 10.0 303.3 1125 27.8 0.00 0.00 13.3 0.0 7.8 105.0 2700.0 12,8
13 2 MAX ) 6.0 0.0 0.0 06.060 000 0.0 0.0 0.0

B 2(14) = _ 308.0 188.6 1526 0.00 0.00 40,7 153.5 135

14 1 {19 100.0 200.0 190.0 10.0 72,1 22.9. 389 .0.00 000 9.4 0.0 C1.7 1050 21000 2.8
41 HAY £9.3 0.0 213 000 0.0 BT 0.0 0.0

4 1 15) 883 4.7 22,2 000 000 B 0.0 0.4

Mo 2 (14} 100.0 200.0 1360 0.0 3549 ®5.0 1528 001 0.0 414 73.6 6.4 05.0 27600 12.8
142 MAX 3853 0.0 1106 006 000 343 0.0 0.0 : :
4 2015 = 357.1 82.4 I51.0 001  0.00 413 -804 6.2

15 1 (i8) 100.0 260.0 130.0 10.0 5i.6 25.0 7.8 0.0¢ 0.0 5.3 0.0 2.0 105.02700.6 2.8
15 -1 MAX 6.0 6.0. 00 00606 000 00 0.0 0.0

5 1 {15). 51.6 4.8 22.2 000 Q.00 58 0.0 3.2

15 2.¢i6} 100.0 260.0 1900 10.0 31983 113.3 302 0.00 0.0 200 0.0 . 7.7 I05.0 2700.0 12.8
15 2 MAX : 0.0 0.0 00 G 000 0.0 00 0.8

15 2(15) =« 310.8 188.7 151.0  0.00  0.00 40.3 140.3 138

6 1017} 100.0 200.¢ 1900 100 516 25.4 7.3 000 0.00 5.2 0.0 2.4 j05.02700.0 [2.8
15 1 BAX : ' 516 00 40,3 o000 G060 8% 0.0 0.0

16 1{ 18} 51.6 25.0 17.8 0.00 0.00 5.3 - 0.0 2.0

g 2017 100.0 200.0 19¢.0 10.0 310.8 '112.7 318 0.00 000 20.2 0.0 7.7 105.0 2700.0 12.8
16 - 2 HAX x 310.8 6.0 1325 0.00 0.60 36.1 583 0.0

16 2 ({6} 310.8° 113.3 302 0.00 0.00 20.1 0.0 7.7

17 000N 190.0 200.0 190.6 10.0 51.6 - 42.2 23,3 6.00 0.00 6.1 0.0 3.2 105.0.2700.0 2.8
171 NAX ' 0.0 6.0 00 000 000 006 00 0.0 '

17 10n : : 516 25.4 17.3 000 000 5.2 0.0 2.

17 2 1) = 100.0 200.0 190.0 0.0 310.8 188.1 14%.2 0.01 0.00 33.8 130.3 3.6 [05.0 2700.0 12.3
172 MAX 0.6 0.0 0.0 000 0.00 00 0.6 0.0 '

17 20 0.8 12T M3 000 000 202 0.0 7.7



Table 3.2.8 (1}: STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION B-B)

KOTES: * NEANS HAXINUN STEEL AREA

SIGCL  SIGSA SIGTAU

HEM CASE POIRT SIGN B ] 1) S H $ M A D SIGE sigs TAl
1 v n 1000 2000 196.0 10.0 §T.2 432 T6.4 -3.62 - 0.00 42427000 2.4 105.02700.0 2.8
b HAX 0.0 0.4 00 000 000 00 0.0 0.0
T O 3 | gd.4 36.8 3.3 0.00 000 87 00 2.7
o2 1) = 100,0 200.0 130.0 10.0 2804 273.8 402.5--38.05 38.05 100.9 2700.0 6.4 [05.0 2700.0 12.8
I 2 MAX g0 0.0 0.0 o000 000 00 00 0.0
Io2( 2) og5.6 213.3 159.6 ¢.01  0.00 42.8 2753 146
| 3( 1) - 1g0.0200.0 190.0 [0.0 92.4 25.3 78y 001 0.0 &0 20897  §.5  91.0 2340.0 1.1
173 MaX ¢0 . 0.0 0.2 00 000 00 00 0.0
I3t 2 878 958 53.0 0.01 0.00 148 [33.7 1.7
2 1t 2) 1000 200.0 190.0 10.0 ©B4.4 368 263 000 0,00 87 0.0 2.7 105.02700.0 12.8
201 MY 548 0.0 2.1 000 000 66 00 0.0
72 {3 : 453 284 225 000 0.00 5.5 0.0 2.t
2 2{ 2} (00.0 200.0 180.0 10.0 285.6 2/13.3 158.0 0.0p 0.00 42.3 215.9 14.5 105.0 2700.0 . 2.8
2 2 HAX 2g89.2 0.0 2009 0.00 0.00 70.71583.¢ 0.0
2 2{ 3) 253.0 192.6 129.5 6.01 ©0.00 345 1538 3.6
9 3{ 2) % 100.0 200.0 190.0 (0.0 87.6 25.9 53.0 90.00 0.00 4.8 1337 1.7 81.0 2340.0 i1t
2 3 HAX 6.9 0.0 8.2 0.0 500 43 09 0.0
2 8( 3) ' ' 55.0 115 285 9.0 .08 7.2 00 08
O I ) {00.0 200.0 130.0 10.0 45,3 284 225 0.00 000 58 0.0 2.1 i05.02700.0 1I12.8
3001 M 0.0 0.0 0.0 000 000 00 022 00
3 b &) 422 36.6 583 —4.20-- 0.0¢ 34.82700.0 2.0
320 3) 100.0 2000 190.6 0.0 253.0 192.6 1295 0.04 0.00 345 153.9 13,6 [05.0 2700.0 2.8
12 MAX ' 0.0 0.0 0.0 000 0.0 00 0.0 0.0 .
3 2( 4) x 247.7 251.5 373.9 —40-63—0.00- 103.3.2700.0 5.1
3 33 100.0 200.0 190.0 10.0 55.0 ‘1.5 29.5 ¢.00 0.00 7.2 0.0 . 0.5 *51.0 2300 111
37 MK ¢0 6.0 6.0 o000 000 00 00 0.0
3 3 4) 487 13.3 422 6.01 0,00 253 14589 0.8
i L9 100.0 220.0 210.0 0.0 3.6 422 583 -4.04-. .0.00 30.8 200 2.0 105.0 27000 12.8
i1 N 00 0.0 -0.0 ©.0¢ o080 00 0.0 0.0
4 1¢( 5) 366 32.6 208 000 000 4.2 0.0 2.2
4 2( 4)  £100.0 2200 210.0 0.0 251.5 247.7 373.9 -31.35:-.-0.00 .3}.6 2700.0 . 13.3 105.0 2700.0 12.8
4 7 M 0.0 0.0 00 000 000 6.0 00 0.0
4 2 5} o515 1971.4 154.4 000 0.00 345 227.2 1.8
4 3( 4) 100.0 220.0 210.0 10.0 13.3 497 43.2- 6.31— 0.00. 21.5 2340.0 2.5 5).02330.0 1.1
i 3 M 0.0 _0.0 05 008 000 D0 0.0 0D
4 3( 9 133 98,4 0.5 0060 000 07 00 23 . :
5 1( 5) [00.0 220.0 210.0 10,0 36.5 32,5 208 0.60 0.60 4.2 00 2.2 105.027009 128
5 1 MX 3.8 0.0 345 000 0.0¢ 6.8 00 0.0
5 il B we 3326208 ¢o0r n.00 42 0.0 2.2
5 2{ 5) 100.0 220.0 210.0 (e.0 2516 1814 154.4 001 0.00 345 227.2 1.8 [05.0 2700.0 2.8
5 2 MY ' _ 2506 0.0 170 081 000 35.9 3884 0.0
5 2( 6) 9515 I91.4 154.4 081 0.00 345 227.2 1.8
5 3( 5) 100.0 220.0 2100 10.6 3.3 38.4 0.8 000 000 0.7 0.0 2.3 891.02M0.0 I,t
5 -3 HAX x 13.3 0.0 EB6.1 1130  0.90 26323400 0.0
5 3¢ B) 13,3 384 0.8 000 000 07 00 23
& 1({ 6) 100.0 220.0 210.0 10.0 36.5 5326 208 0.0  0.00 42 0.0 2.2 105.0 2700.0 12.8
6 1 MAX : p.0 0.8 5.0 000 f.00 0.0 00 0.0
£ 1t M _ %6 422 583 404 000 30927000 2.0 _
B 2t B 100.0 2200 2100 10.0 2515 1914 1544 0.0 0.00 345 27.2 (1.9 105.0 2700.0 12.8
6 2 MAX 00 00 0.0 000 000 00 00 00 .



Table 3.2.8 (2): STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION B-B)

NOTES; x MEANS MAXINUM STEEL AREX

=

MEM  CASE POINT SIGN B H M b2 i S AS ASD  SICC  SICS  TAU SIGCA SIGSA SIGTAU

6 2( 7)) x 2505 247.7 373.9 - 31.35 - 0.00 33.6 2700.0 13.3
6 3( 8) 100.0 220.0 210.¢ 10,0 133 384 0.8 0.0 000 0.7 0.0 2.3 91.02300 Il
& 3 MAX 0.0 00 0.0 0.00 Q.00 0.0 0.0 0.0
6 3{ 1 13.3 497 43.2 - 6.91~—0.00 21.82340.0 2.5
7 01N 106.6 2000 190.0 10.06 42.2 366 5B.3 - 4.26—0.00 34.82700.0 2.0 105.0 2700.0 128
71 HAX _ 6.0 0.0 0.6 0.00 000 0.0 0.0 0.0
7T 1( 8 45.7 28,4 225 0.00 Q.00 5.6 0.0 2.0
7 2{ 7} = 100.0 200.0 190.0 1¢.0 247.7 251.5 373.9 - 40.89 ...0.00 103.3 2700.0 15.1 105.0 2700.0 12.8
702 MAY g6 0.0 0.0 o000 o000 0.0 0.0 0.0
7 2( B) : 253.0 1926 1285 €.01 0.00 345 153.9 3.6, :
7 3(M 100.0 200.0 190.¢ 10.0 49.7 133 43.2 ¢.00 0.00 25.3 1459.9 0.8 9.0 230.0 11.]
7 3 MAX : 00 0.0 0.0 0.00 000 00 0.0 0.0
7 3{ 8 : 55.0 11.5 285 0.00 0.00 7.2 9.0 0.8
g 18 100.0 200.0 19500 0.0 453 284 225 0.00 - 0.00 5.6 0.0 2.1 105.0 2700.0 2.8
g8 1 HAX 5.6 0.0 26.1 6.00 0.00 &6 0.0 0.0
g 1{ 9 : 64.4 368 363 0.00 000 §7 0.0 2.7 : :
8 2{ ® 100.0 200.0 130.0 10.¢ 253.0 192.6 1295 0.001 0.60 34.5 153.3 "J3.6 105.0 2700.0 12.8
8 2 HAX 269.2 0.0 2009 H.01 0.00 70.71583.0 0.0
8 2{ 9 285.6 213.3 159.0 0.8 000 42.9 2759 4.8 S
8 3( 8 100.0 200.0 190.06 10.¢ 55.0 11,5 28.5- 000 o0.00 7.2 0.0 0.5 89L.02M00 (1.1
B 3 HAX 9.9 0.0 9.2 600 000 49 0.0 0.0
8 §( 3 x . 876 25.8 §3.0  0.01  0.00 14.8 (327 1.7
9 1( 9} 1000 200.0 1%0.0 (0.0 B4.4 358 36.3 0.00 o000 8.7 00 2.7 105.02700.0 128
91 B 0o 0.6 0.0 0.00 000 0.2 00 0.0
9 id{10 67.2 433 76.4- 3.62. 0.00 42427000 2.4 o
g 2( 9) 1000 200.0 190.0 10.0 285.6 213.3 158.0 6.01  0.00 42.9-275.9 14.6 105.02700.0 12.8
g 2 MY 0.0 006 0.0 0.00 040 0.0 0.0 0.0
9 2010} = 2904 273.8 402.5- -35.05—3B.05 100.9 2700.0 15.4 _
3 3( 9) 100.0 200.0 190.0 10.0 $7.6 25.9- 53.0 0.01 000 H4.B 1337 L7 9102300 Q1.1
3 3 MAX 0.0 0.6 0.0 900 080 0.0 00 0.0
g 3(10) 82.4 258 78.9 0,00 0,00 42.02083.7 1.5
0 -1 { 100.0 2000 190.6 10.0 43.3 445 253 0.00 9.00 6.0 00 3.2 105.02700.0 2.8
101 hax 9.0 00 0.6 0.00 0.00 00 0.0 0.0
11 {10} 433 578 16.4--7.86 - 000 3B.52700.0 3.2
w2t 100.0 200.0 199.0° 6.0 273.8 211.8 159.5 0.0F .00 42.7 338.0 4.3 105.0 2700.0 2.8
10 2 HAX 00 0.6 0.0 0.00 000 0.0 0.0 0.0
0 2wy =x : 2138 274.1 402.5 - 40.61 —40.8] 98.7 2700.0 6.4
o 301tn 0.0 200.0 {908 6.0 259 SR8 1.4 080 000 20 0.0 45 L0200 11
10 3 HAX B 0.0 0.0 0.0 0.00 000 0.0 00 0.0
10 3{10) _ %58 6.1 78.8 €13.37)—0.00 33.82340.0 4.3
oot 100.0 200.0 190.0 10,0 43.3 445 253 000 000 6.0 0.0 3.2 105.02700.0 I2.3
1 NAX 433 0.0 50.4° 2,33 000 33.42700.0 0.0
oo 433 4.5 2.3 000 000 E0 00 3.2
21 100.0 200.0 190.0 10.0 273.8 211.8 158.5 0.0 0.00 43.7 339.0 (4.3 105.0 2700.0 12.8
o7 X 273.8 0.0 2060.6 0.00 0.00 §8.2 139%.0 @.0 : '
iz 273.8 240.8 150.5  0.01 000 43.7 339.1 143
n - 31 100.0 200.0 190.0 10.0 25.9 58.8 I11.4  0.00 0.00 3.0 0.0 45 81.0230.0 If.
L0 3N = 25.8 0.0 88.6 {I5.7F 000 35.62340.0 0.0
i3 25.9 58.8 1.4 06.00 ¢00 3.0 0.0 4.5
2o tn 108.0 200.0 1960 10.0 43.3 57.6 76.4 -7.86  0.00 3852700.6 3.2 105.0 2700.0 12.8
121 MAX . ' 0.0 0.0 0.0 000 0480 0.0 0.0 0.0
1z 1d{12) 43.3 445 5.3 000 0,00 B8 0.0 3.2
12 2 1) x100.0200.0 190.0 10.0 273.8 274.1 402.5 -40.81 40.61 98,7 2700.0 6.4 1U5.0 27000 12.8
12 2 MAX ' .00 0.0 0.0 o000 000 00 0.0 0.0
1z z{) - 213.8 214.8 159.5 0.01  0.00 43.7 3331 143
2 3{ 1 [00.0 200.0 150.0 10.0 259 76.1 78.97°(3.37 0.00 33.82340.0 4.3 91.0 2040.0 [I1.]
127 '3 MAX 0.0 00 00 c.00 000 00 90 0.0
1z 312} 258 58.8 If.4 0.0 000 3.0 0.0 45



Table 3.2.9 (1) CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: INLET PORTAL SECTION B-B

Member . 1 2 3 4 5

Spot 2(outside) mid(inside) 3(outside) 5(outside) mid(inside)
M t.m 159.00 200,90 129.50 154,40 66.10

Q t 213.30 0.00 192,60 191 .40 0.00

N t 285.60 - 269.20 253.00 251.50 13.30

b cm 100.00 100.00 100,06 100.00 100.00

h cm 200.00 200.00 200.00 220.00 220.00

u cm 90.00 a90.00 90.00 100.00 100.00

d cHl 190.00 190.00 190,00 210.00 210.00

d’ cm
a7 a 0.00 . 0.00 0.00 0.00 0,00
M'= MtN.u t.m £16.04 443 .18 357.20 405.90 79.40
M'/(b.d.d) kg/cm? 11.52 12.28 9.89 §.20 1.80
Q /{b.d)} kg/cm? 11.23 0.00 10.14 9.11 0.00
f = M/N+u cm 145.67 164 .63 141,19 161 .39 596.99
£f/4d 0.77 0.87 0.74 0.77 2.84
As _ D1%@150 .D19@300 b15@EL50 DL9@EL50 D19@150
cm? 19.10 ' 9.54 19.10 19.10 19.10
As’

cm? 0.00 0.00 .00 0.00 0.00

As' / As 0.00 0.00 0.00 0.00 0.00
n 15.00 15.900 15.00 15.00 15.00
np=n.As/(bd) 0.015 0.008 0.015 0.014 - 0.014
c 3.61 4.91 3.63 - 11.67

5 1.31 5.20 ©1.36 532.26

Z , 1.32 - 1.32 -
Sigma ¢ kg /cm? 41.6 60.3 32.1 33.4 21.0

' -6.8

Sigma s kg/cm2 225.8 957.1 618.6 - 188.3 1411.5
Tau kg/cm2 14.9 0.0 11.6 12.0 0.0
Sigma ca kg/en? 105.0 105.0 105.0 105.0 .91.0
Sigma sa kg/cm? 2700.0 2700.0 2700.0 2700.0 2340.0
Tau a kg/cm? 12.8 12.8 12.8 12.8 11.1

Case . 2 2 2 2 7 3

Note



Table 3.2,9 {2): CALCULATION OF INTERMNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: INLET PORTAL SECTION B-B

Member 11 12
Spot mid{inside) 12(outside)
M t.m 88.60 159.50
Q t 0.00 211.80
N t 25.90 273.80
b cm 100.00 100.00
h cm 200.00 200.00
u cm 90.00 90.00
d cm 190.00 190.00
d’ cm
a'/ a 0.00 0.00
M'= M+N.u  t.m 111.91 405,92
M'/(b.d.d) kg/cm2 3.10 11.24
Q /(b.4d) kg/cm2 0.00 11.15
f=M/Ntu cm 432.08 148.25
£/ 4d 2.27 0.78
As 3.00 D19@1L50
cm2 19.10 19.10
As!
_ cm? 0.00 0.00
As! / As 0.00 0.00
n : ' 15.00 15.00
np=n.As/(bd) 0.015 0.015
C 10.62 3.72
S 41.94 . 1.58
2 - 1.31
- Sigma ¢ kg/cm? 32.9 41.8
Sigma s ‘kg/cm2 1650.4 266.5
Tau kg/cm2 0.0 14.6
Sigma ca kg/em2 91.0 105.0
Sigma sa kg/em2 2340.0 2700.0
Tau a - kg/em2 11.1 12.8
Case 3 2

Note stirrup

w



Table 3.2.10 - STRUCTURAL ANALYSIS OF OQUTLET TRANSITION

BOTESD & MEANS WAXTHUM STEEL AREA

MEM CASE POINT SICKN R H b B2 N 5 M AS ASD  SIGC  SIGS  TAU SIGCA SIGSA SICTAV
t 1t n « qou.n 1000 90.0 100 631 39.8 68.0 20.63 0,00 79.1 23400 5.0 91.0 2300 1L
1 MAX 609 o040 - 04 000 000 63 00 0.0
| 12 s98 &4 0.9 o0.00 O00¢ 65 0.0 08
1241 (o.g 0.0 800 10.0 773 5.0 415 3.9 0.00 73.23000.0 0.6 200.0 30000 18.0
I ¥ MAX 0.0 0.6 00 000 000 00 00 0.0
1201 7.9 5.0 G0.8 1345 0.00 82.43000.0 0.6
P B (i (060 90.0 0.0 59.1 102 0.9 0.00 0.00 65 0.0 1.4 91020400 11
21 MAX 57.9 0.0 3.4 0.0 000 1.8 00 0.0
2 1t 8 545 144 5.1 0.00 000 85 0.0 2.3 _
20 2 . .0 1000 90.0 10.9 68.9 12.8 60.8 [3.62 0.00 82.23000.0 1.8 210.03000.0 18.0
22 AN 0.0 0.0 040 000 000 0.0 00 0.0
2200 £.2 1.5 36.2 3.84 0.00 86.23000.0 1.4
<IN B e o000 90.0 10.¢ 544 147 5.0 0.00 000 85 0.6 2.3 8102300 L.
31 MAX 526 0.0 3.0 0.00 000 7.0, 040 0.6
3 1t 8 50.9 124 25 0.0 .68 6.5 0.0 1.8
a. .24 3 .m0 0.0 90.0 £0.0 48.0 41. 362 ©§.28  0.00 62530000 5.0 210.03000.0 8.0
3 2 MAX g0 0.0 0.0 D.00 000 0.0 0.6 0.2
3 2 41 4.7 17.3 323  5.48  0.00 59.4 3000.0 2.0 .

4 10N oo 1000 30.0 10.0 502 I5.0 25 0.000 0.00 6.5 00 2.2 9L.0230T 11
4 1 Ay 435 0.0 5.8 000 000 83 0.0 0.0

4 1 { & 489 131 0.6 ©0.00 o000 52 0.0 1.8

d 21 N wn e §0.0 19.0 0.0 37.3 328 7.83 .00 55.3 30008 4.5 210.03000.0 - 18.0
4 2 MAY 79.0 0.0 64.2 2120 0.00 75.33000.0 0.0

4 20 W 288 7.7 62.8 2068 000 74.430000 0.8

5 1 { 6l gmsu 000 S0.0 10.0 48.9 3.0 6.6 0.00 000 5.2 6.0 1.8 81.023d0.0 Il
5 0 MM 495 6.0 5.6 000 000 83 00 0.0

5 10 % 9.2 15.0 2.5 o0.00 om0 E5 00 2.2

5 21 5) pm @00 9.0 10.0 28.8 7.7 GB2.8 20068 0.00 74.4 30000 0.8 210.0 3000.0 18.0
52 M ' 930 6.4 B4z 2120 000 75330000 0.9

5 24 G} 0.0 37.3 328 7.93 0.00 55330000 4.5

g 1 ( ©) WU 0.0 990 10.0 50.8 121 2.5 000 0.00 6.6 0.0 .3 9L.023C.0 LI
g 1 M 525 ©0.0 3.0 000 000 7.0 0.0 0.0

¢ i{ 7 s¢d 147 5.4 006 000 85 0.0 2.3

& 2 G - imu.g @00 90.0 10.0 447 17.3 32,8 5.48 0,00 53.43000.0 2.0 210.0 3000.0 18.0°
G 2 HAY 00 90.0¢ 0.0 0,00 00 0.0 0.0 9.0

(R S S & T 48,0 414 38.2  5.28 Q.00 B2.5 3000.0 5.0

70107 ywo 1006 90.0 10.0 545 4.4 5.0 0.00 000 85 0.0 2.3 91.0230.0 M.}
71 H 57,2 9.0 34 000 000 7.8 0.0 0.0

7 10 8 591 10.2 0.9 6.00 - 000 65 0.0 1.4

7 T 7 g n oLy 99.0 10.0 EB2.2 115 36.2 3.5 0.00  66.2 90006 4.4 210.0 30000 180
T 2 MY 0.0 0.0 0.0  0.08 000 9.0 00 0.0

7 20 %) ' : 5.9 (2.8 508 13.62 0.00 82230000 L.B :

I B 3 e e ae 90.¢ 0.0 598 5.4 09 000 000 &5 0.0 0.8 5.02340.0 101
8 | MY g09 6.0 04 000 000 63 00 00

g 1{ W 3.1 33.8 63.0 21.83 0.00 79.f2340.0 5.0 - )
g 24 % fmo topo 90.¢ 10.0 67.9 5.0 0.8 13.45  0.00 82.4 30000 0.6 210.0 3000.0 18.0
8 2 MAY . 00 6.0 00 000 000 9.0 0.0 0.0 : .
§ 21 M 773 5.0 415  3.89  0.00 73.2 3000. 0.5 .
9ttt ji o fws 80.0 10.0 39.8 655 B8.0 2758 0.00 72,9 2340.0- 8.0 S.0 2340.0 .
LI T T 198 0.0 59.7 22.96  0.00 68.3 234060 0.0

9 H{ o9l 298 B5.5 - 88.0° 27.58 0,00 72.9230.0 8.1 :

LA S B (o fon.g 90.0 10.0 -$.0 B7.5 415 17.35 0,00 5{.3 30006 8.0 -2i0.0 3000.0 18.0
9 2 A ' 5.0 0.0 90.1 37.79 0.00 32.53000.0 0.0

3 2 ( 9t -5.0° 67.5 4[.5 §7.35  0.00 51.33000.0 8.0



Table 3.2.11: CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: OUTLET TRANSITION

Membex 1 4 4 9 9
Spot l(outside) 5(outside) mid(inside) 9(outside) mid(inside)
M t.m 68.00 62.80 64.20 68.00 90.10
Q t 39.80 7.70 ¢.00 65.50 0.00
N t 69.10 28.80 29.00 39.80 -5.00
b cm 100.00 ©100.00 100.00 100.00 100.00
h cm 100.00 100.00 100.00 100.00 100.00
u em 40.00 40.00 40.00 40.00 40.00
d en 90.00 90.00 90.00 90.00 50.00
d’ cm :
dar/ d 0.00 0.00 0.00 0.00 0.00
M'= M¥N.u  t.m 95.64 T4.32 75.80 83.92 88.10
M'/(b.d.d) kg/cm2 . 11.81 9.18 9.36 - 10.36 10.88
Q /(b.d) kg/cm? 4 42 0.86 0.00 7.28 0.00
f = M/NMtu  cm 138.41 258.06 261.38 210.85 -1762 .00
f/ d 1.54 2.87 2.90 2.34 -19.58
As D22@150 D22@150 D22@150 D25@150 D29@150
cm? 25.80 25.80 25.80 33.80 - 42,90
As’ .
cm? 0.00 0.00 0.00 9.00 0.00
As' / As 0.00 0.00 0.00 0.00 0.00
n : 15.00 15.00 15.00 15.00 15.00
np-n.As/(bd) 0.043 0.043 0.043 0.056 0.072
C 6.33 7.48 7.49 6.56 7.24
S 11.30 17.70 17.80 12.48 16.30
z 1.14 1.11 - 1.13 -
Sigma c kg/em2 74.7 68.6 70.1 67.9 78.8
Sigma s kg/cm2 2000.5 2436.0 - 2498.1 1939.1 2659.1
Tau kg/cm?2 5.0 0.9 0.0 8.2 0.0
Sigma ca kg/em2 91.0 210.0 210.0 91.0 210.0
Sigma sa  kg/cm2 2340.0 3000.0 3000.90 2340.0 3000.0
Tau a kg/cm2 i1.1 18.0 18.0 11.1 18.0
Case 1 2 2 1 2

‘Note



Table 3.2.1Z: STRUCTURAL ANALYSIS OF OUTLET PORTAL

NOTES: « HEANS MAXIMUM STEEL AREA

HEM CASE POINT S[eX¥ B H Dl b2 N S M AS ASD  SICC  SIGS TAY SIGCA SICS4 SIGTAU
! bt A0 000 980 100 433 7.4 6.9 ¢.00 000 S0 0.0 t.2 7.0 18000 8B5S
1 1 HAX : 00 00 00 000 000 00 990 0.0
| [ ) I - 64 1.0 133 0.0! 0.00 4.5 965 2.4
2 {2 +l.p i00.0 90,0 10.0 4401 20.1 3.3 0.0 060 14.7 111.7 2.3 70.0 18000 8.5
2 FomaY o6 00 43 0.00 0.0 B.I 0.0 0.0
2 13 295 118 44 0.09 600 56 0.0 2.0
3 P 3 tn.g 1060 30.0 100 28.2 124 4.4 0.00 000 55 6.0 2.1 7T0.018000 85
3 1M 292 00 57 9000 000 83 00 0.

3 1) » 232 124 4.4 000 000 535 0.0 2.
4 1 8 g, 1060 90.0 108 235 119 4.4 0.0 000 5.6 0.0 2.0 70018000 B85
4 ! OHAX 3.0 0.0 43 o000 000 B GO 0.0
4 {3 " 4.1 200 133 0.0 .60 4.7 1117 2.8
5 1 { 5) Lm0 1800 900 10.0 454 170 133 0.901 600 145 985 2.4 T00 (8000 85
5 boMAY 9.0 00 0. 000 000 0.0 0.0 0.0
5 1 { &1 43.3 T4 6.9 6.00 0.09 3.0 0.0 1.2



Table 3.2.13: CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: OUTLET PORTAL

Member 2
Spot 2{outside)
M t.m 13.30
Q t 20,10
[ t 44,10
b cm 100.00
h cm 100.00
u cm 40.00
d cm 90.00
d’ cm
d'/ d 0.00
M'= MtN.u t.m 30.94
M'/(b.d.d) kg/em? 3.82
Q /(b.d) kg/cem? 2.23
f = M/N+u cm 70.16
£/4d _ 0.78
As D16@300
cm?2 6.61
As’
cm?2 0.00
As' / As 0.00
n 15.00
np=n.As/(bd) " 0.011
c 3.75
5 1.65
Z 1.30
Sigma c kg/cm? 14.3
Sigma s kg/cm2 94 .7
Tau kg/cm? 2.9
Sigma ca kg/cm? 70.0
Sigma sa kg/em? 1806.0
Tau a kg/cm2 8.5
Case

Note
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