5.3. Intake
5.3.1 General

Stress analysis, especially steel reinforcement bar arrangement for the intake structure, is
stated here with one exception of structural analysis of inclined waterway conduit, which
has been dealt with in Part IV STRUCTURAL CALCULATION.

Main items dealt with here are as follows:

(O Reinforcing bar arrangement of each intake tower,

1) side wall

(ii) anchorage of tension bar
(iii)  gate support

(iv)  overhung platform

§.3.2 Reinforcing Bar Arrangement of No. 3 Intake

Profile, sectional plan and sections of No. 3 intake are shown in Fig.5.3.1 to Fig.5.3.3:

(1) Inclined conduit

The inclined conduit seen in the right half of the profile is protected by the same
reinforcing bar arrangement for the real inclined conduit of block 2, which s shown
in Section 5.2.4 structural analysis of inclined waterway conduit.

()  Side wall

As seen in the profile and sectional plan of block 1, two shafts are coh’ﬁncd in a
long and slender mass concrete, of which the side wall is 1,450 m of width. This
side wall should resist a high water pressure of about 70 m, when the shaft is

empty.

The side wall is considered as a fixed beam or slab, of which both the ends are built

in the mass concrete. Thus the side wall is designed as a fixed beam.



According to the Design Standard of Reinforced Concrete in Japan (1986), the span
of a fixed beam is a clear span. Then the span in this case is'1 = 2,10 m.

The design bead is as follows:

W =HWL 209 -EL 138 =71 m

Bending momentattheend M= —%@ =26.1 t-m

Shearing force at the end Q= > - 7461

Reinforcement bar arrangement and stress analysis is shown in Table 5.3.1.

As shown above the shearing stress is below the allowable shearing stress,

however, to secure the stirrup is provided.

Stirmap -
Aw =l€é
Ogajd
‘where, Aw : sectional area of stirrups in the space of stirrups S
S 1 space of stirrups in the direction of axis of member = 30 cm
Vs : shearing force bone by stirrups
o= V - VC
V : shearing force =74.61
Ve shearing force bone by concrete
= 2 Taibd =2 x 10.4x 0.875 x 100 x 135 = 61.4 ¢
13,200 x 30

=1.43 cm?

- AWE7330 x 0.875 x 135

+ D16 x 5 Nos/m = 9.93 cm? @300 in the direction of axis of member

(3) . Anchorage of tension bar

According 1o the Design Standard of Reinforced Conerete in Japan (1986), the
anchorage length of tension bar shall be greater than the sum of the basic anchorage
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length 1d and effective depth d of the beam from the fixed end, in case that the beam

is confined by one surface as shown below:

-
-~
> 4 /o ‘
|
d=13>%
414
where, 1d : basic anchorage length of tension bar
O; : tensile stress of steel bar = 1,100 kg/emy
1, : allowable bond stress =15 kg/cm2x 1.3 =19.5 kgfem?
¢ : diameterof bar =22 mm
14131100 -
~ld=137493 x 22 = 403 mm

Al>ld+d=40cm+135cm=175¢cm ~» 2.0 m

(4) Compressive siress of partition

The partition wall between the two shafts receives the compression, whose

magnitude is as shown below:
C=71tm?x 3.1 m%m =220 t/m

Since the partition wall is a kind of short column, the compressive stress of the wall

is as follows:

220x 103 ) .
Sc¢ =100 x 180 =22 kgfcm#4 < 78 kg/em .
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(8) Gate support

When a concentrated load acts on a structure near the edge of a concrete face, such
as in a gate support, a special attention is required.
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The stresses at any point in the concrete are analyzed and given graphically in the
Technical Memorandum No. 563, Stresses Near the Edge of a Concrete Support,
United States Burcau of Reclamation, as shown below:
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The graph shows that:

1) - The maximum tensile stress is 0.33 g

2) - The maximum tensile stress occurs at a distance (.53a directly below the
load.

3) - 'The total lateral tension force is 0.356P, as represented by the area of the
tensile stress curve directly under the load.

4) - The total lateral tension force is distributed over the depth 2a,

If the maximum tensile stress (0.33 % ) is greater than the allowable concrete tensile

stress then reinforcing steel is required.

0.356P
A=7F

where f is the allowable tensile siress in the reinforcing steel, (this assumes that
the concrete takes no tension, which is conservative. The concrete may be assumed
to take some of the tensile stress, in which case the total tension requiring steel will
be represented by the area bounded by the stress curve and the abscissa whose

value is the allowable stress in the concrete.)

Detailing Requirements

(a) Reinforcing can be provided in several ways. However,

6] It is essential to transmit the tensile forces back into the mass
concrete where they can be distributed at lower siress levels, and

(ii) The reinforcing steel must not "pull out” in the tension area under

the load.
A simple way of achieving these conditions is:
(1) To provide reinforcing bars and transmit the tensile forces into the

mass concrete by bond. The horizontal length of the bars is
therefore dependent on the bond strength,
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(b)

(c)

(d

(i)  To bend the reinforcing and extend the bars down the face of the
concrete a distance of at least 2a, to prevent pull out and to securely
reinforce the corner.

To ensure that the reinforcing is placed in the tension zones, bars of the least
practical diameter should be used because their mandrel radius is less than
large bars.

The upper row of horizontal reinforcing bars should not be located further
away from the load bearing face than 0.53a. This is sometimes difficult.

All horizontal bars must be located within the depth 2a to be effective. It is
superior to provide two or three rows of bars over this depth, but frequently
for convenience of installation, only one row of bars is installed.

Details of the gate support of No. 3 intake are illustrated in Fig. 5.3.4.

Water pressure on No. 3intake gate : H = HWL 209.0 - EL 140.427

_ = 08.6m
Size of gate A = 220mx220m=484m?
Weight of gate : W = 6.1t
Number of roller : - 4 nos.
Load per roller : P = (68.6tm2x4.84m?
+ 6.1¢cus 37.56%/4
_ = 8421
Line load just under the H-beam : p=PO0cm =0.94t/cm = %40 kg/cm
Max. tensile stress of concrete D gi_: 0.33 l:f:- = 0).33 %ﬁ?

12.4 kg/em?2 > 5.2 kgfem?

Therefore, the reinforcing bar is required.

_0.356p _ 0.356 x 940 kg/em

As= = =0, 2
8 fo 2340 kg/cn12 0.143 cm4fem

=143 em2/m



(6

then, D19 @150 = 19.1 cm2/m

O 2,340 kg/em
Anchorage length: I e 2 L__
selrs Ca T T Ax193

= 570 mm — 750 mm

where, the coefficient 1.3 adopted in (3) Anchorage of tension bar in the side wall
is reduced to 1.0, because the tension bar for the gate support is embedded in the

mass concrete.
‘The arrangement of steel bar is shown in Fig. 5.3.4.

Overhung slab for steps in Block 2

The typical section of the inclined conduit including an overhung slab for steps is

shown in Fig. 5.3. 5:

Load perhorizontal 1m

Deal load slab : 0.30-AccOx1.0x2.4=0911tm

steps . rl—xﬁx-1~x0.20x0.26x2.4=0.24t/m
P 1.3%°%2 -

Live load 180 kg/m2 x 1.0 m = 0,18 t/m.

W =133 t/m

wﬂu 133x09o2 0.54 t-m/m
Q=wl=133x0.90=120tm

M = 0.54 -m/m .
Q=120tm

b=100cm
d=27cm



As = D16 @200 = 9.93 cm?

o, = 6Gkglem?
o = 22kghm? |
S 1200 = 1.5 kg/em?

T T jbd T0.875 x 100 x 27

5.3.3 Reinforcing Bar Arrangement of No. 2 Intake

Profile, sectional plan and sections of No. 2 intake are shown in Fig. 5.3.6 to Fig. 5.3.8:

(1)

Right side wall of intake tower

In the same manner as in the No. 1 intake the right side w'al_l of No. 2 intake tower
is designed as a fixed beam, of which the clear span is 2,10 m and thickness of wall

is 1.25m.

The design bead is
w=HWL 209 - EL 151 =58 m

- Bending moment at the end M =1;~28 =21.3 t-m
Shearing force at the end = %Z =609t

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.2.

As shown above the shearing stress is below the allowable shearing stress,

however, to secure the stirrup is provided.

Sting

Formula and notations shall be referred to Section 5.3.2 (2) side wall of the No. 3

intake.
V=609t

x 10.4 x 0.875 x 100 x 115 = 52.4

I =

Vo=
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(2)

€)

Vs =609-524=851

A o s 3,300 X 30
'=3340x 0.875 x 115

= 1.08 cm?

D16 x 5 Nos/m =9.93 cm? @300 in the direction of axis of memuer. .

Anchorage of tension bar

Conception, formula and notations shall be referred to Section 5.3.2 (2) Anchorage

of tension bar of No. 3 intake.

=135 llogsxzz 403 mm

SI>ld+d=40ecm+115=155cm —= 2.0m

Gate support, part 1 |

Conception, formula and notations shall be referred to Section 5.3.2 (5) Gate

support of No. 3 intake.

Details of the gate support of No. 2 intake are illustrated in Fig.5.3.9.

Water pressure on No. 2 intake gate : H = HWIL 209.0 - EL 154.0

_ = 550m
Size of gate DA = 220mx220m= 484“{2
Weight of gate : W= 51¢
Number of roller : 4 nos.
Load per roller : P = (55.0t¢m2x 4:84 m2
+ 5.1-cus 37. 560)/4
= 67.61 -

Line load just under the H-beam : p= P/70 cm = 0.966 t/cm 966 kg/em

. : . 966
Max. tensile stress of concrete :oop=0. 33 0 33 5+ 5

= 12-.8 kg/cm2 >52kgfem?
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_0356p _0.356 x 966

As < 2340 - 0.147 cmZ/em
= 14.7 cm?/m
D19 @150 = 19.1 cm%m
. _Os . _ 2,340
Amnchorage length: ch—410 = Tx 195X 16

=570 mm — 600 mm

4) Gate support, part 2

As shown in Section F-F of the figure at the beginning of this Section and in the

figure of (3) Gate support, part 1, the load of water pressure via gate, 67.6 t/roller
shall be supported by a vertical wall of 65 cm thick and cantilever as illustrated in
Fig.5.3.10:

(a) Bearing stress

The concentrated load, p = 67.6 t/roller, will be distributed on an area of -
1.40 m x 1.00 m = 1.40 m2 at the center of thickness of cantilever than the

bearing stress is

P _ 67,600 kg

= - - 2 « 78 ofom2
=40 m? ~ 14,000 em2 8 kefemT < TR kefem
(b)  Stress analysis at A
Bending moment :
Liveload Ml = 67.6tx%0.35m/1.40 m = 169 t-m/m
Dealload Md = 060x1.40x100x24x030 = 0.60tm/m
M = 77.5 t-m/m
Shearing force _ .
Liveload Q= = 67.6/1.40 m _ = 483 tm
Dealload Qd = 0.60x 1.40 x 1.00 x 2.4 =  2.0tm
' ' Q = 50.3 t/in



©

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.3,

As shown above the shearing stress is below the allowable shearing stress,
however, to secure, the stirrup is provided.

Stirrup

Formula and notations shall be referred to Section 5.3.2 (2) side wall of the
No. 3 intake, -

V=503t
Vo=3x 10.4x 0.875 x 100 x 70 = 31.8

Vs =503-31.8=1851

Aw = 18,500 x 30
W=3340 x 0.875 x 70

=39cm?

~ D16 x 5 Nos/m = 9.93 cm? @300 in the direction of axis of member.

Stress analysis at B

Bending moment o _ :
Liveload M = 67.6tx0.675m/1.40 m = 326 tm/m
Dealload Md = 0.60x1.40x1.00x2.4x0.625 = 1.26tm/m

M ' = 33.9 t-m/m

Shearing force (t.cus.m)

Liveload NI = -67.6¢1.40 = 483 tm

Dealload Nd = -(060x0.60x1.0x2.4 = -3.26¢m
’ +08%x125x 1.0x 2.4)

N = -51.6tm

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.3.



6))

(d)  Anchorage length of tension bar in wall

Conception, formula and notations shall be referred to Section 5.3.2 (2)
Anchorage of tension bar of No. 3 intake.

1d~13‘<42010(§)5x25 833 mm — 1.5m

Connection part of conduit

Connection part of conduit from No. 1 intake and No. 2 intake is shown in figure
attached to the beginning of this section. As seen in Section Y-Y, the top and

“bottom slab i thought of as a fixed beam supported by the side wall of conduit.

The design bead is
' w = HWL 209 - EL. 150.0 =59.0 m

Bendmg momentattheend M= ‘Tg = 52 xé 10 =21.68 t-m
Shearmg force at ﬁxed end Q= ﬂ —ws—g*}—fw =620t

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.4.

As shown in table the shearing stress is nearly equal to the allowable shearing

stress. Then the stirrup is provided.

Stirrup

_ Formula and notauons shall be referred to Section 5.3.2 (2) side wall of the No. 3

intake.

V=620t

Vo=7x 5.2 0.875 x 100 x 70 = 31.8

Vs =62.0-31.8=302t
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(6}

30,200 x 30

— B )
Aw ~2,340 x 0.875 x 70 6.32 cm

D16 x 5 Nos/m = 9.93 cm? @300 in the direction of axis of member.

Overhung platform
Dead load 0.40x 0.20x 2.4 = 0.192t/m
(.20 x 2.40x 2.4 = 1.152 t/m
1x080x24x24 = 2304m
Live load 300 kg/m? x 2.0 = (.600 t/m
' Total 4.248 t/m
Bending moment 0.192 t/m x 2.20 m = 0.422 t-m/m
' - 1.152 x 1.20 = 1.382 t-m/m
2.304 x 0.80 = 1.843 t-m/m
0.600 x 1.0 = 0.600 t-m/m
Total 4.247 -m/m

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.5.

5.3.4 Reinforcing bar arrangement of No. 1 intake

Profile, sectional plan and sections of No. 1 intake are shown in Fig.5.3.11 10 Fig.5.3.14

(1) Conduit portion

2

Though some part of conduit is incased in mass concrete, the reinforcing bar
arrangement for conduit is applied, whose details are stated in Section 2.4 Structural

analysis of inclined waterway conduit of Part IV.
Side wall

In the same manner as in the No. 3 and No. 2 intakes, the side wall of No, 1 intake
tower is designed as a fixed beam, whose clear span is 2.10 m and thickness of wall

is 1.25 m.

The design head is



E))

®

W =HWIL.209 - EL.166 = 43.0 m

_ 2
Bending moment at the end M= T%—z 15.8 t-m

Shearing force at the end Q= 1;— 4521

Reinforcing bar arrangement and stress analysis is shown in Table 5.3.6.

As shown above the shearing stress is below the allowable shearing stress, however
the minimum stirrup D16 x 5 Nos/m = 9.93 cm? is provided.

Anchorage of tension bar

Concaption, formula and notations shall be referred to Section 5.3.2 (2) Anchorage

of tension bar of No. 3 intake.

880
ld—l3x—5———l~f9—5x22=293mm

I>ld+d= 30cm+115cm=145¢m > 2.0m

Gate support

Conception, formulae and notations shall be referred to Section 5.3.2 (5) Gate

support of No. 3 intake.
Details of the gate support of No. 1 intake are shown in Fig.5.3.15:

Water pressure on No. 1 intake gate  H = HWL209 = ZC169 =40 m

Size of gate A=220mx220m =484 m2
Weight of gate W=451 '
- Number of roller . 4 Nos.
Load per roller | p = (40.0 x 4.84 + 4.5:c0$37.56°) 4 = 49.43
Line load just under the H-beam = p = p/70 = 0.704 t/em = 744 kg/em?
© Max. tensile stress of concrete o = 0.33—3 =033 x z;g—l

=9.8 kg/ecm?2 < 10.4 kg/em?



)

As shown above the tensile stress of concrete is close to the allowable stress, the
reinforcing bar is provided as in other intakes.

A 0:3568 _0.356 x 744
$27 % 7T 2390

D19 @150 = 19.1 ¢cm?/m

=0.113 emZ/em = 11.3 cm?/m

. _Os 2340 o~
Anu%lorage length 1d = E&é 7T x 195% 19 = 5.70 mm — 600 mm

Overhung platform

Overhung platform of No. 1 intake tower is just same as in No. 2 intake. Details of
the overhung platform shall be referred to Section 5.3.3 (6).
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Table 5.1.3 . AVERAGE SHEAR STRESS

" Line Average Shear Stress (kg/em?2)
Local case 1 ® (23 +43+4.6+2.4)/4 =34
® (12.5 + 10.5 + 9.4 + 5.8)/4 .
® (-152 + 105+ 8.7+ 5.7 +4.4)/5 =238
@ (5.7+ 4.8+ 2.6+ 0.8 - 1.5 - 24)/6 = 16.6
(34+32+404+66+11.2)/5=57
® (19.0 + 14.9 4+ 11.4 + 7.0)/4 = 13.1
® (07 +2.1+2.5+19/4=18
Local case 2 ® (183 +34+41+3.6)4 =32
' ® (154 +11.1 + 79+ 4.7) =98
® 170+ 111+ 8.5+ 4.7 +3.7/5 = 222
® 8.0+ 65+4.0+2.0- 1.0-22)/6 = 2.9
(72+79+94+124+ 168)/5=107
® (24.0 + 174 + 13.0 + 7.9)/4 = 15.6
o

(1.0+26+29+22)/4 =22
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Impervious Inner Shell of Random rock
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