3. Structural Calculation of Building

3.1 General

“The major desngn criteria applicd in this calculauons are standard requirements conforming to
“Architectural Institute of Japan Standard for Structural Calculation of Reinforced Concrete
Structures and Commeniary™ and "Architectural Institute of Japan Standard for Structural Calculation

of Steel Structures”.

3.2 Design Criteria
3.2.1 Lcading Conditions

In this structural calculations, the load and external forces that act on the structire are the following,

(A) Dead load
(B} Live load
O Seismic load

The design stress are determined from temporary stresses and permanent stresses for main structural
parts of building by the above mentioned loads and extemal forces, according to table and the
combination of the forces that make the structural member most disadvantageous are used in the

design.
Table 1. Combination of Load
Conditions of Stresses  © 1" Combination of Stresses
Permanent stresses ~ Normal time G+P
Temporary stresses Earthquake G+P+K
where;
G; Stress due to dead load
P, Stress due to live load
K; Stress due to seismic load -

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

_ ‘The seismic coefficient shall be set down and épplicd to the building structure as follows;

Seismic coefficient ' K = 0.05

Horizontal force to the building H=005x W
' ~ (Dead load of building
plus adjusted live load)

3.3 Design of Members

The design of reinforced concrete structure shall be based on "AIJ Standard for Structural
Calculation of Reinforced Concrete Structure”,

Cornpressive strength of concrete at 28 days shall be 210 kg/cm?2 and more.
Reirifdrcement bar materials shall comply with deformed bar, "SD30". (JIS G 3112)

Weight of reinforced concrete shall be calculated as 2.4 tm3 and the "Young Ratio” of reinforcement
bar to concrete shall be "n=15".

The design of steel beam depends on the "All Standard for Structural Calculation of Steel
Structure”.

The materials of steel shall comply with "SS41", (JIS G 3101)

3.4 Allowable Siress
3.4.1 Allowable Design Stress of Materials

Allowable design stresses of the structural materials will be as summarized below:
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Concrete and Reinforcing Bar

1)
“Allowable Design Stress of Concrete and Reinforcing (kg/cm?)

Type of stress For permanent load For temporary load -
Materials Tension 'Compr'ession Shear _ Tension Comp'rcssi‘_on  Shear
Concrete : ‘

- = 4.25 - 2Fc/3=105 12.
(Fe=210 kg/em?) Fef3=70 | cf3. 75
Rein. - bar Cenn : ‘
QIS G 3112) 1,800 1,800 1,000 | 2,700 2,700 1,500
- Allowable Bond Stress per Unit Surfaces of R_einfbrcing Bar (kg/cm?)

Type of stress For permanent load For temporary load

Materials Top bar Other bars Top bar ‘Other bars
| Fef15 Fc/10 1.5Fc/15 1.5Fc/10
Deformed bar 14.0 21.0 21.0 31.5

2) Structural Sieel

(kg/em?)

Type of stress For permanent load For temporary load
Materials Tension | Compression | Shear | Tension Co'mpré'ssior_l Shear
Structural steel |
(SS 41) 1,400 1,400 900 2,100 2,100 _1.350

3.4.2 Allowable Bearing Capucity of Soil

The bearing capacity of soil is 30 ym2 for permanent load,
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3.5 Structural Calculation

3.5.1 Utility Building A

Framing Plan
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). Assumed Load o _ A: To floor

- B: To frame
C. To sesmic
: o D.L: Dead loa
1.1 Floor. Load Table o T.L: Total load
Title Material Thick | Weight DL | LL | TL |Note
. {cm) kg/m2) | | (hg/m2) | kg/m2) | (kg/m?2)
Concrete - 60 140 . 1
Water Proofing 20 A : 90 660
Roof Cement Morntar 13 30 '
‘Congcrete Slab 150 360 B 570 70 640
Ceiling - R 0 | 60
Terrazzo ' 80 A 180 640
IstFloor ) o rcrete Stab 150 360 | B | 460 130 | 590
Ceiling | 20 ol 60 520
1.2 Dead Load of Girder and Wall
Title Size(cm) Weight(kg/cm 2)
Girder 15x 60 162442 - 210
15 x 85 90+26 - 120
15 x 45 252462 - 320
' 108+30 — 140
Column 15x15 54424 o 80
wall | Bis 200480 -> 280
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2). Caiculation of Axial Force -of Columns
No. | Floor Title - Calculation w ALY
Load(ym2 | ‘Arca | Length | Length w' ® ®
&em) | m2) | ) | @) ©
wi | 1F | Roof 0.64 |16.16 10.4
G 0.21 11.5 2.4
W 0,28 1.2 11,5 3.9 16.7
F | W 0.28 12 | 115 3.9 39 | 206
w2 | IF | Roof 0.64 |10.65 6.9
G 0.21 6.5 1.4
W 0.28 1.2 6.5 2.2 10.5
F | W 0.28 12 | 65 | 22 2.2 12.7
W3 1IF | Roof - 0.64 8.16 5.3
G 0.21 5.25 1.1 _
W 0.28 1.2 4.0 1.4 7.8
F | w 0.28 1.2 40 1.4 14 9.2
w4 | 1F | Roof 0.64 |825 53
G 0.21 5.0 11
W 0.28 12 3.2 1.1 1.5
F | W 0.28 1.2 3.2 1.1 1.1 8.6
wWs | 1F | Roof 0.64 |30 2.0
G 0.21 2.5 0.6
W 0.28 1.2 2.5 0.9 35
F | W 0.28 1.2 2.5 0.9 0.9 4.4
w6 | 2F | Roof 0.64 |9.58 6.2 |
G 0.21 7.5 16
W 0.28 . 1.2 7.5 2.6 .
| Pampet | 0.67 6.6 4.4 14.8 -
IF | w 0.28 1.2 15 2.6 26 | 174
w7 | 2F | Parapet 0.67 |46 3.1
Roof 0.64 ' 6.58 42
G 0.21 4.0 0.9
W 0.28 1.2 4.0 1.4 9.6
IF | w 0.28 1.2 4.0 1.4 14 | 110
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No. | Floor itle _ Calculation IW
Load(Um? | Area | Length | Length | W'} () )
&em) | m2) | (m) | @ ®
W8 | 2¥ | Parapet 0.67 |62 42
Roof 0.64 |60 39
G 0.21 5.0 i RE
W 0.28 085 | 50 | 12 10.4
F | W 0.28 085 | 50 | 12
G 0.32 5.0 1.6 2.8 | 132
wo | 2F | Roof 0.64 |8.56 5.8 |
: G 0.21 5.0 1.1
W 0.28 12 | 32 | 11 8.0
IF | W 0.28 1.2 32 11 1l o
wio| 2F | Roof 0.64 |8.56 5.8
G 0.21 5.0 L1 |
w 028 . 1.2 4.0 1.4 8.3
IF | istFloor|{ 059 |7.88 4.7
G 0.21 5.0 1.1
W 0.28 1.2 4.0 14
0.28 12 | s0 | 17 89| 172
F | w 0.28 1.2 5.0 1.7 1 17 189
Wii] 2F | Parapet 067 |45 3.0
Roof 0.64 |7.77 50
G 0.21 4.5 10
W 0.28 1.2 45 1.5 10.5
1IF 1st Fioor 0.59 5.07 3.0
G 021 |ss 12
W 0.28 12 4.5 15
0.28 12 | 55 | 18 75 | 18.0
F |w 0.28 1.2 5.5 1.8 18 | 19.8
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No. | Floor Title Calcutation | W PALY
Load(t/m? |- Area | Lengih | Length Wl 0
rm) | (m2) | @) (m) [0
Wi2| 2F | Parapet 067 |65 | 44
Roof 0.64 |12.1 7.8
G 0.21 6.5 . 14
0.14 2.25 0.3
w 0.28 1.2 45 1.5 15.4
IF | 1stFloor | 059 |3.38 2.0
G 0.21 6.5 | 1.4 |
W 0.28 2.4 45 3.1 6.5 21.9
F | W 0.28 1.2 4.5 1.5 1.5 | 234
W13| 2F | Parapet 0.67 |395 2.7
Roof 0.64 228 1.5
G 0.21 275 | 0.6
w 0.28 12 | 275 09 | 57
IF | G - 0.21 2.75 0.6
C 0.08 1.2 0.1
w 0.28 12 | 275 0.9 1.6 7.3
F lcC 0.08 1.2 0.1 0.1 7.4
Wid Parapet 0.67 |3.75 2.5
Roof 0.64 |6.96 45
G 0.21 3.75 0.8
W 0.28 12 | 375 13 9.1
IE | IstFloor | 059 |1.33 0.8
G 0.21 3.75 0.8
W 0.28 1.2 3.75 1.3
028 12 | 30 1.0 39 | 13.0
F | W 0.28 1.2 3.0 1.0 1.0 | 14.0
Wis| 1F | Parapet 034 {40 1.4
Roof (.04 1.75 1.2
G 0.21 4.0 0.9
W 1 0.28 1.2 4.0 1.4 4.9
F | W 0.28 1.2 4.0 1.4 1.4 6.3




No.

'i‘ille

W

Floor Calculation
Load(m? | Arca | Length | Length | W' | @ | ©
& tem) | (m2) (m) {m) (t)
wi6|. IF | 1stFloor | 059 |6.38 3.8
G 0.21 55 | . 12 |
W 0.28 1.2 5.0 1.7 6.7
F | w 028 | 12 | 50 1.7 17| 84
wW17] 1IF 1st Floor 0.59 7.88 4.7
G 0.21 50 11
W 0.28 12 5.0 1.7 7.5 |
F |C 0.28 1.2 5.0 17 1.7 9.2
wis| IF | Roof 0.64 |9.54 6.1 |
G 0.21 56 12 |
W 0.28 . 12 | .56 19 92
F | w 0.28 12 56 | 19 19 | 111
w19| IF | Roof 0.64 . |6.28 ' 4.0 |
1st Floor 0.59 9.69 5.7
G 0.21 - 8.25 7.8
B 0.21 2.5 0.6
| w 028 12 75 2.6 14.7
F |w 0.28 | 12 | 75 26 | 26| 113
W20| IF | Roof 0.64 |4.92° 3.2 '
st Floor 0.59 10.91 6.6
G 0.21 725 1.6
B 0.21 2.5 0.6
W 0.28 12 6.5 22 14.1
F {w 0.28 1.2 65 | 22 22 | 163
W21| IF | Parapet -| ~ 0.34 1.0 0.4
Roof 0.64 |1.13 0.8
1stFloor |  0.59 5.13 3.0
G 0.21 40 0.9
B 0.21 2.5 0.6
W 0.28 1.2 | 30 | 10 | ‘67
F | w 0.28 1.2 30 | 10 1.0 7.7
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Calculation

No. | Floor Title W ALY

Load(i/m2 | Arca | Length | Length W 0] 0)
&em) | m2) | m | (m 20
w22| 2F | Pampet 0.67 20 14
Roof 0.64 9.03 5.8
G 021 525 1.1

W 0.28 12 4.0 14 9.7

IF | IstFloor | 0.59 8.72 5.2
G 0.21 595 1.3
B 0.21 2.5 0.6
W 0.28 1.2 40 14

0.28 12 3.5 1.2 071 194

F | w 028 12 | 35 1.2 12 | 206
w23| 2F | Roof 0.64 |10.85 | 6.9
G 021 | 5.25 1.1
B 0.12 225 0.3

W 0.28 1.2 4.0 1.4 97

IF | istFloor | 059 5.75 | 34
Roof 0.64 11.8 1.6
G 0.21 725 1.6
B 0.21 25 | 0.6

W 0.28 1.2 4.0 1.4 |

0.28 12 1 65 22 | 168 | 265

F | W 0.28 12 6.5 22 22 | 287
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3. Design of Girder and Beam

End

Center

. End

Center

 BxD=15x40cm

W =0.64 % 1.25 +0.21 = 1.01 Um |
M=1/12 x 1.01 x2.82 = 0.66 tm
Q0=12x101x28=1425

d=35cm

At = 66/(1.8 x 30.63) = 1.20 cm?
¢ = 1420/(14 x 30.63) = 3.31cm

1= 1420/(15 x 30.63) = 3.1 < 4.25 kg/em2

W =9.1/5.0 + 0.64 x 1.39 + 0.21 = 2.92 Um
M=1/8x292x502=9.13tm
Q=1/2x292x50=731

BxD=30x60 d=355

@ = 7300/(14 x 48.13) = 10.83 cm
7= 7300/(30 x 48.13) = 5.05 > 4.25 kg/em 2

DQ=73-30x48.13x4.25x 10°3= .17t

DQ/bj =0.9 Pw = 0.30
DI0 x=1.43/(30 x 0.003) = 15.8 cm

At=913/(1.8 x 48.13) = 10.54 cm?2

W =13.2/5.0 + 0.64 x 2.14 + 0.38 = 4.39 t/m
M=1/8x439%5.02=13.72tm
Q=1/2x439%x50= 10981

BxD=35x60 d=355

¢ = 10980/(14 x 48.13) = 16.30 cm
T = 10980/(35 x 48.13) = 6.52 > 4.25 kg/cm 2

DQ = 10.98 - 35 x 48,13 x 4.25 x 103 =3.83t
D13 x=15.7cm

DQ/bj =2.3 Pw = 0.46

At=1372/(1.8 x 48.13) = 15.84 cm?
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2-D13

OK

j=48.13
3.D19

NG

. DI0-@150

5-D19

j=48.13

4-D19
NG

D13-@150
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<B1l>

End

Center

| |

<B3>

\'i“f:-u
'3

End

Center

W= 132/5.0 + 0.64 x 1.38 + 0.38 = 3.91¢/m
M=1/8%3.91 x4.02 =7.82 tm '
Q=1/2x391x4.0=73821

BxD=30x60 -

@ = 7820/(14 x 48.13) = 11.61cm 3.D19
1= T820/(30 x 48.13) = 5.42 > 4.25 kg/cm?
DQ =7.82 - 6.13 = 1.6%t

DM =12 Pw = 0.31

DI3 x=2.54/(30 x 0.0031) = 27.3 cm
At =782/(1.8 x 48.13) = 9.03 cm?2

W =021 +0.64 x 1.12 = 0,93 t/m

P=0.64 x2.25x2.25=3241
M=1/8x093x452 +1/4x324x4.5= 60 tm
Q=1/2x093x4.5+ 12x 324 =3.721

BxD=18x60  d=55

@ =3720/(14 x 48.13) = 5.52 ¢cm

7= 3720/(75 x 48.13) = 5.15 > 4.25 kg/cm 2
DQ=3.72- 15 x48.13x 4.25 x 10-3 = 0.651

DQMj = 0.9 Pw =032
DIO x= 1.43/(15 x 0.0032) = 29.7 cm

At = 600/(1.8 x 48.13) = 6.92 cm?2
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j=48.13

NG

~Di3-@200

5-D19

j=48.13
2-D16

NG

<. D10 - @200

4-D16



<CS1»

<C82>

W = 0.66 t/m/
M=1/2x066x 122 =048 tm
Q=066x12=080t

D=15c¢cm d=12 cm j=105cm.

At =48 x 1.5/(1.8'x 10.5) = 3.81 cm2

0.99x100 -
x'--"““:,rgT.‘-* =259cm

¢=2800x 1.5/(14 x 10.5) = 8.16 cm

3.5x100° :
X="g3 = 42.8 cm

W=0.66tm
M=1/2x0.66x 0.62 = 0,12 t-m
Q=0.66x%0.6=040t ‘

D=15em d=12em j=105cm

At=12x 1.5/(1.8 x 10.5) = 0.96 cm2

0.71x100
X =W= 739 cm

@ =400 x 1.5/(14 x 10.5) = 4.08 cm

x =%§£= 735 cm
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4). Design of Slab
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5). Design of Stair

Floor load DL LL T
300 960
Terrazzo 60
660 180 840
Concrete slab 600
80 740
. wW
/._ ) C W=025x096=024
LLEDIY M=12x024x122=0180m
Q=024x12=029
. 1,200 ) o
D=25cm ~d=20cm j=175cm
18x 1.5 . 5 o
At= T8x17.5° 0.86 ¢cm : 1-D1-3

290x 1.5

(p=m= L.18 cm
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6).

Design -of Foundation

Allowable bearing capacity

Dead load '

fo = 30 /m?2 (permanent)

2.4 x0.19 x 0.75 = 0.35 t/m

2.0 (1.0-0.19) x 0.6 = 0.98 ym

Total=1.33 /m
No. LF (m) N (1) F ?U%LF P (/m)
w1 10.5 . 206 1.96 3.29
w2 6.0 12.7 2.12 345
w3 4.75 9.2 1.94 327
wa 4.5 8.6 192 3.25
W5 2.0 4.4 22 3.53
 WI0 4.0 18.9 4.73 6.06
Wil 5.0 19.8 3.96 5.29
w12 4.5 234 5.2 6.53
wi4 2.5 14.0 5.6 6.93
W15 4.0 6.3 1.58 2.91
W16 4.0 8.4 2.1 3.43
w17 4.0 9.2 2.3 3.63
wis 5.0 11.1 2.22 3.55
w19 8.25 45.85 5.56 6.89
W20 7.25 33.9 4.68 6.01
W21 3.5 14.3 4.09 5.42
W22 4.75 25.15 5.30 6.63
W23 7.25 353 4.87 6.20
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No. L' (m) L (m) G P" (tm) o¢' (Um2)
w1 0.11 0.40 -

w2 0.12 "

w3 0.11 "

W4 0.11 "

ws 0.12 "

W10 0.21 "

wii 0.18 "

W12 0.22 " . .

W14 0.23 " 17.4t/m2 < 30ym?2 5.95 149
W15 0.10

w16 0.12 "

W17 0.13 "

w18 0.12 "

Wi9 | 0.23 u

W20 0.20 "

w21 0.18

w22 0.22 "

w23 0.21 "
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: W= 14.9 ¢m
I‘“jl ‘ M=1/2x 149x% 022 =0.30 tm-
200 ] Q=149x02=298¢
<Fl> D=18cm d=12c¢m j=105cm
At=30/1.8x 10.5 = 1,59 cm? : D10
0.71x100
x:———lsg =446 cin
§=2980/21 x 10.5 = 13.5 -~ D10-@200
: 3.0x100
X="38§ = 22.2cm
T =2980/100 x 10.5 = 2.9 kg/em?2 < 4.25 kg/em? OK
/w

T4 111 W=35.61m
| M=1/2x56x2.852=3.80tm

| 2@s0
Q=1/2x56x2.85="798t
<FG1> BxD=19x75¢cm d=67cm j=158.63cm

At = 380/1.8 x 58.63 = 3.60 cm?2

N 2-D16
¢ =7980/21x 58.63 = 6.48 cm
T = 7980/19 x 58.63 = 7.16 > 4.25 kg/cm? NG
DQ =798 - 19 x 58.63 x 4.25 x 1073 = 325t
DQ/bj =2.92 Pw = 0.49
DI0 x=1.43/19x0.0049 =153 cm . DI0- @150
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<W13>

o —t

<F2>

700
|
!
;

N' = 7.41 - |
A =74/285 = 0.26 m2  1xI'=07x07
N=74x20x07x07x0.75= 82t

G = 8.2/0.7 x 0.7 = 16.8 < 30.0 t/m?2

Va=4.7
M=037x0.15=006tm

Q=039x74=23891

D=25¢cm d=17cm

Al =6/1.8 x 14.88 = 0.22 cm2

¢ = 289021 x 14.88 = 9.25 cm
7= 2890/65 x 14.88 = 3.0 < 4.25 kg/em 2
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7). Design of Steel Hoof

Asbestos cemenit board 30
Purline IO] 60
Ceiling 20 - J 70,
Beam 10 J 9D
Girder 20 -
/w G W = 0.06 t/m

T~ T 171

l_ 4,000 _l 90 cm interval

W = 0.06 x 0.9 = 0,054
Wx = 0.054 x cos q = 0.052
Wy = 0.054 x sin q = 0.016

Mx = 0.052 x 4.02 x 1/8 = 0.104 tm

161 400" My = 0.016 x 4.02 x 1/3=0.032 tm
use C- 100 x50x20_x 1.6
Zx = 11.6 (16.1)

Zy = 4.30 (6.06)

O Oy 104/11.6% 1.4 +32/43%14=084<10 OK

b
5 _5x%0.52x4.04x108
X T284x21x%100 x80.7 €
. . § = 1.63 cm (1/245)
By 5x0.16 x 4.0 x 10 =129 cm :

“384 x2.1x10% x 19.0
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s .
e W =009 X 40 = 036 Ym
T M= 1/8%036 X 1102 =546 tm
11,000 _J Q=12x036x11,0=1981

<SB1> use H-400x200x8x 13
©1=23700  z=1190

Ip = 367
fh = 900 x 20 x 1.3/40 x 367 = 1.59 - afp=14
Opffy = 546/1190x 1.4 =033 < 1.0 OK
 5x3.6x11.04x108 . o
=384 x 2.1 % 100 % 33700 38m
/7197
Design of Foundation (for F2) .=
@ ~ Parapet 034x40 = 14
Roof 0.64x18x40= 4.6 6.3t
C 008x30 = 03
) Roof 0.09x40% 6.0= 22
" 064x15x40= 39 86
G 0.53x40 = 22
C : 008x30 = 03
‘ A =8.6/28.5 = 0.302 ~Ix1I'=07x07
<F2> N=8.6+20x07x07x075=941
0 =9.4/0.7 x 0.7 = 19.1 < fe = 30.0 t/m 2 OK
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3.5.2 Utility

Building B

Framing Plan

3500

GROUND FL PLAN
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1 ). Assumed Load

1-1 Floor Load Table

¢ To{loor
. To frame
: To seismic

O

D.L: Deadload
L.L: Liveload
TL: '_l“oml lond

Thick"

L Weight DL LL TL
Titl .Material Note
e | ©m) | kgm?) (kg/m?) | kgm?) | kg/m?)
Concrete 60| 140 90 660
Water Proofing 20 '
Roof (1) | Cement Mortar 15 30 570 70 640 .
{concrete) | Concrete Slab 150| 360
Ceiling 20 - 30 600
Asbestos Cement Boafd 30 60 - 60
Puline 10 o
Roof (2) | Ceiling 20 90 - 90
{steel) Beam 10
Girder 20 90 . 90
1-2  Dead Load of Girder and Wall
- Title Size (cm) Weight (kg/cm?)
* Girder 15 x 60 162+42 — 210
- 15x40 90+26 ~ 120
15x 85 252462 — 320
15x45 108+30 — 140
Beam 25 x 60 270+46 — 320
Column 15x 15 54424 — 80
Wall W15 360+ 80 - 440
CBI5 200+80 — 280
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Calculation of Axial Fo_rce of Columns

G : Girder
W o wall
C ' Column
B : Beam
Calculation
Floor | Tile | Load(Um? | Ar2 | Length | Length | W' w W
O Tetm | @ | ey | @ @ 0] O
1F | Roof(1) 0.64 - | 327 2.1
: G 0.21 1 35 0.8
C 0.08 1.4 0.2 3.1
F C 0.08 14 0.2 02 | 33
IF | Roof(1) | = 0.64 63 | 4.1
G ©0.21 55 12
C 0.08 14 0.2 55
F C 0.08 14 0.2 0.2 5.7
IF | Roof(l) | = 0.64 5.12 33
G 0.21 1 oags 10 -
C © 0.08 14 02 45 -
F | ¢ 0.08 1.4 0.2 0.2 47
IF | Rooffl) | 0.64 2.09 . 14
G 0.21 2.75 0.6
C 0.08 - 1.4 02 2.2
F C 0.08 1.4 0.2 0.2 2.4
1F | Roof(1) 0.64 6.39 4.1
G 021 | 525 1.1
c . 0.08 1.4 02 54
F | C 0.08 1.4 02 | 02 | s6
1F Roof(1) 0.64 7.3 4.7
G | 021 5.75 1.2
| C 0.8 1.4 0.2 6.1
F C 0.08 1.4 02 0.2 6.3
IF | Roof(1) 0.64 3.0 20
_ G - 0.21 | 325 0.7
C 0.08 1.4 0.2 2.9
F c 0.08 14 02 1.1
1F | Roef(d) 0.04 1 6.0 3.9
Roof(2) 0.09 22.8 2.1
G 0.21 55 1.2
W(W15) 0.44 1.25 4.0 2.2
C 0.08 1.4 02 9.6
F C 0.08 114 02 02 9.8
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Calculaﬁon 4

No. | Floor Title Load (ym? | Arca. | Length | Length wr w LW
° gemy| @ | @ | @ | 0| © | o
1F | Roof(l) 0.64 4.53 2.9 .
Roof(2) 0.09 6.0 0.6
G .| 021 5.75 1.2
™ W(W15) 0.44 1.65 30 | 22 |
C 0.08 1.4 | 02 7.1
F ol 0.08 | 14 02 | 02 | 73
IF | Roof(1) 0.64 4.53 29
| Roof(2) 0.09 6.0 0.6
' G | o021 575 | 1.2 .
C10 W(W15) 0.44 1.95 3.0 2.6 :
- c 0.08 14 | 0.2 75
F C 0.08 14 | 02 | 02 | 177
IF | Roof(l) 0.64 - 4.5 2.9
G | 021 4.5 1.0 |
W(W15) 0.44 1.2 - 3.0 1.6 |
Wi W(CB15) | - 0.28. 1.2 3.0 1.0 | 65
F | WC(B1S)| 028 1.2 3.0 1.0 1.0 75
IF- | Roof 0.64 6.0 29
G 0.21 5.5 1.2
W(W15) 0.44 1.2 2.0 1|
W2 W(CB15) | ' 0.28 1.2 1.7 0.6 6.8 _
F | W(CB1S)| 028 1.2 1.7 | 06 06 | 74
1F ‘Roof 0.64 497 : 3.2
: G 0.21 3.0 0.7
W3 W(WI15) 0.44 1.35 3.0 1.8
. W(CB15) | 0.8 1.2 2.0 0.7 6.4
Wl k| wB1S)| = 028 1.2 20 | 07 | 07 | 2.
1F | Roof(2) 0.09 29.64 | 2.7
W(W15) |~ 0.44 205 | 110 | 100
G 0.21 11.0 - 2.4
w3 wC®B15) | 028 1.2 110 | 37 | 188
F | W(CB15)| 028 )12 1.0 | 37 37 | 225
iF Roof(1) 0.64 425 2.8
G 021 8.5 1.8
W6 W(CB15) | . 028 1.2 8.5 2.9 1.5
F | W(CB15)| 028 1.2 8.5 29 | 29 | 104
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_ : Calculation _
No. | Floor| Title Load (/m2 | Awa | Length | Length | W° W w
gtm)| @ | m | @ ® ® 0
IF | Roof() | 0.64 9.75 6.3
W(W15) 0.44 - 1.5 6.0 4.0
G 021 6.0 13
w7 B 032 2.5 0.8 _
W(CB15) 0.28 1.2 6.0 2.0 14.4
F | W(CB1S)| 028 1.2 60 | 20 | 20 | 164
1F Roof(1) 064 | 1725 11.1
W(W15) 0.44 1.5 6.5 4.3
G 0.21 6.5 1.4
W8 B 0.32 2.5 : 0.8 o
W(CB15) | . 0.28 1.2 6.0 2.0 19.6 |
F | W(CB15)| 028 | 12 60 | 20 20 | 216
1IF | Roof(l) 0.64 9.5 6.1
o W(W15) 0.44 1.9 2.0 1.7
W9 "o (.44 1.0 4.0 1.8
G 0.21 5.0 , 1.1 :
W(CB15) 0.28 1.2 5.0 1.7 12.4
E | W(CB15) 0.28 1.2 5.0 1.7 1.7 14.1
IF | Roof(1) 0.64 7.69 , 5.0
a W(W1S) 0.44 1.1 5.0 2.5
W10 G 0.21 5.0 1.1 '
W(CBI15) | 028 12 5.0 1.7 | 103 |
F | w(CB15) 0.28 1.2 50 | 1.7 1.7 12.0
~1F | Roof(1) 0.64 4.0 2.6
 W(W15) 0.44 2.25 2.0 2.0
W11 u 0.44 1.45 5.0 3.2
G 0.21 7.0 1.5 |
W(CB15) 0.28 1.2 7.0 2.4 11.7
F | W(CBIS)| 028 1.2 70 | 24 | 24 | 141
| 1F | Roof(1) 0.64 2.0 _ 1.3
wi2 W(WI1s5) | - 044 0.65 2.0 0.6
) G | o2 2.0 0.5
W(CB15) 0.28 1.2 2.0 0.7 3.1
W31 g lwesis)| 028 | 1.2 20 | 07 | 07 | 38
1F | Roof(2) 0.99 85.5 | 7.7
1 wewisy | - 0.44 Tl 27 150 179
W14 Roof(1) 0.64 12.75 _ 8.2
G | 021 1 15.0 3.2
W(CB15) 0.28 . 1.2 15.0 5.1 42.1
F | W(CB15) 0.28 1.2 15.0- 5.1 5.1 47.2
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" Caleulation
No. | Floor | Tite | Load(ym? | Area | Length | Length | W' w A
o el I Teem | @ | @ | @ | 0 | 0| ©
1F | Roof(1) 0.64 5.01 | 3.2
WWi5) | 044 1.8 50 4.0
w15 G 0.21 5.0 1.1
W(CB15) | = 028 12 | 40 1.4 9.7
F | wsisy| 028 12 | 40 | 14 | 14 | 112
1IF. | Roof(1) 0.64 9.28 . 6.0
WWwis) | 044 | 1.8 40 | 32
W16 G 0.21. 40 | 09 | -
W(CB15) | 0.28 | 1z 40 | 14 | 13
F | W(CBIS)| 028 12 40 | 14 14 ] 129
C1F | Roof(1) 064 | 753 | - 49
| WWis) | 044 | 0.8 40 1.4
w17 G 0.21 4.75 ' 10 | :
W(CB15) | 028 12 40 | 14 | 87
F | WEBIS)| 028 1 12 40 | 14 | 14| 101
1IF | Roof(1) 0.64 7.97 . 5.1
WWwis) | 044 0.8 55| 20
W18 G- 021 55 . 12 :
| w(eB1s) | 028 12 45 16 | 99
F | W(CBI15)| 0.28 1.2 40 | 16 | 16 | 115
IF. | Roof(l) 0.64 8.5 _ 55
W(Wis) | 044 1.0 975 | 4.3
W19, G| 021 9.75 | 21
W(CB15) | 028 12 70 | 24 | 143
F | W(CB15)| 028 1.2 70 | 24 24 | 16.7
IF | Roofl) | 0.64 375 | 24
| wwis) | 044 | | 10 525 | 24
W20 G 021 5.25 R
W(CB15)| = 028 12 4.5 16. | 75
F |W(CBIS)| 028 12 45 16 | 16 | 91
IF | Roof(1) 0.64 3.75 | 24
W(Wis) | - 0.44 1 21 2.0 1.9
w21 G 0.21 2.0 0.5
W(CB15)| 0.8 12 20 | 07 | 55
"F | w(B15)| 028 12 2.0 07 | 07 ] 62
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3).

Design of Girder and Beam

4,600

4,000

3,000 1.000

w 'p

N

<G2>

Ogﬂ g

= 0.64Ym2 x 0.95m +0.21 ¢/m = 0.82 /m

= 1/12Xx0.82x4.02 = 1.10tm

= 1/8x0.82x4.02 = 1.65tm
= 1/2x0.82x4.0 = 1.65¢

BxD=1Scmx60cm d=55cm  j=48.13cm

fog Te

= 165tcm/1.8x48.13 = 1.91cm? 2-DI3
1650/ 14x 48.13 = 2.45 cm
1650/ 15 x 48.13 = 2.3 kg/em? <4.25 kg/om? O.K

i
il

0.32t/m
064x525x2 = 6.72

nn

I H

1/8x032x5.02+1/4x672x
1 =

8 0 =%4tm
2x032x50+1/2x672 1

5.
4.16

BxD=30x60 d=55 j-48.13

End

Center

End

Center

BxD=25x60 d=35

416014 x 48.13 = 6.17 cm?  3-D19
4160730 x 48.13 = 3.46 kg/om? < 4.25 kg/em? O.K
940/1.8 x 48.13 = 10.85¢cm2 5-D19

([ I

= 0,32 ¢m

= 4161t

= 1/2%032 x40 +%31£ = 1.681

= 1/2%0.32 x 4.0 +i%g_?_-9 = 3761

= 1/8x0.32x4.02 +1.04x2.0 = 272 tm

j=48.13

3760/ 14 x 48.13 = 5.58 cm?  2-DI6
3760 /25 x 48.13 = 3.13kgfem2 <4.25 OK
= 272/1.8x48.13 = 2.83cm? 2-D16

i
i
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4). Design of Slab

titm}
1%.0
1%.

e

Ll Ladmy  boCad ] - :
Lio.D12 3 20 =N 4,0 15,00 0 Ead .
LrBLA= S22 wbaRdtema= E.040 §fHCkasmpsa=lt :!i:i!:i 0

D

SLPER MO
"-I_I_ n_lP:.._.

SO OgE

S
Vi

T A g 1T

= [

£

Lawdma2  BExfmd Ficmr  wmltemEn

SOz 2.0 I I 1=.0 i, S50 _
LARMEGRA= 1,67 wlx2dt=smas Z.940 ¢t

i

FHE MY tEwmomE
1L

J.r
i

T

-y T
(e i =

U R im tﬁﬂﬁ?
S g, 0

15,0

i+'i4-!mdj_‘HHH i

LFi_:’-iE!fi-Fi: 1.14

HLFHH|1
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5).

Desigh of Foundation

Allowable bearing capacity

Dead load

24 ym3%0.19mx 075 m = 0.35 ym
2.0t/m3x (1.0-091m)x0.6m = 0.98 Um

fe = 30 m 2 (Permanent)

]‘1.33i/m

W: Wall C: Column

No. N P'=N/LF P
(m) U (t/m) (t/m)
Wi 2.4 1.5 3.13 4.46
W2 2.4 7.4 3.09 4.42
W3 - 2.0 7.1 3.55 4.88
(W) | | |
w5 11.0 225 2.05 3.38
W6 8.5 104 1.23 2.56
W7 6.0 16.4 2.74 4.07
W3 6.6 21.6 328 4.61
w9 4.6 14.1 3.07 4.40
w10 4.6 12.0 2.61 3.94
wi1 6.6 14.1 2.14 3.47
W12
w13 1.6 3.8 2.38 3.71
wi4 15.0 4722 3.15 448
W15 6.0 11.1 1.85 3,18
w16 5.0 12.9 2.58 3.91
W17 4.0 10.1 2.53 3.86
Wi8 6.5 11.5 1.77 3.10
w19 8.5 16.7 1.97 3.30
W20 4.0 9.1 2.28 3.61
w21 2.0 6.2 443

3.1
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No. L'r.r% L Se=[ (Efg?%) oc =-L~
(m) ()] (Ym)

Wi 0.15 0.40

w2 0.15 "

w3 0.17 " 122 ym? 39 9.75

(W4) <30

w5 0.12 "

W6 0.09 "

w7 0.14 "

Wws. 0.16 "

W9 0.15 .

W10 0.4 "

w11 0.12 "

wi2 |

wi3 0.13 "

w14 0.15 "

wis 0.1 "

Wi6 0.13 "

W17 0.13 "

W18 011 "

W19 0.1 "

W20 0.12 "

W21 0.15 0.40
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<Fl> W = 9.75tm
[ M = 12x975%x022=020tm
200 Q = 9.75x0.12 = 1.95¢

i wi

[ D = 1§ecm d=12cm §j=105cm
A = 20/18x105=106cm2 x=-2HX® o 659em

i e . ' DI10-@200

¢ = 1950/21.0x10.5=8.85cm xag—g%ﬂ-g = 33.8 cm ] _ @
T = 1950/100 x 10.5 = 1.9 kg/em2 < 4.25kg/em? O.K

4,200 _

1 W = 274t/m

[ M = 1/12x274x 422 =403 tm
Q = 12x274x42 = 5761

<FGl> BxD=19x75 d-67 j=58.63

403/1.8 x 58.63 = 3.82 cm?
5760721 x 58.63 = 4.68 cm
T = 5760/19x58.63=517>425 NG

&
o

] 2-D16

S
il

AQ = 5.76-19x 58.63x4.25x 103 = 1.03¢
AQMbj= 092 Pw=0.31

D10 x=143/194x0.0031 =242 cm

- . DI0-@150
<F2>
(C8) N' = 98t . _
A = 987285=034m?2 1xI'=s07mx07m
700 N = 98+20x07x07x0.75 =10.541
. ! T =

10.541/0.7m x 0.7m = 21.6 Um2 < 30.0 tm?
47 |

760

037 x 0.15 x 9.8 = 0.55 tm
039x9.8 =383

nan

e

25¢m  d=18cm j=1575cm

= 55/1.8x1575 = 194 cm?2
= 3830765 x 1575 = 3.75 kg/em? < 4.25 kgfem? O.K

]

Vot

|
ae» U OFF
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3.5.3 Residence Type A

Framing Plan
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1). Assumed Load

I-61

A : To floor
B : To frame
C : To scismic
DL : Dead load
L.L : Liveload
. . T.L. : Total load
1-1 Floor Load Table
; Thick | Weight DL | LL | TL
-Tid Material : Not
e " (m) | (kgfm?) (kg/m?) | (kgm?) | kg/m?) °
Concrete 60 140 90 660 ()
: Water Proofing 20 1 (180) (750) | Balcony
Roof .Cement Mortar 15 30 570 70 640
Concrete Slab 150 360 (130) (700)
Ceiling 20 30 600
: (60) (630)
Tcxrazzo- : 80 180 640
Concrete Slab 150 360 : '
1st Floor | Ceiling 20 460 130 590
| | &0 | 520
; 180 840
60 .
Stair Terazzo 250 600 660 130 790
Concrete Slab
60 720
1-2  Dead Load of Girder and Wall
“Tile Size (cm) Weight (kg/em?)
Girder 15x 60 162+42 — 210
15 x40 90+26 — 120
15x 85 252+62 — 320
15 x 45 108+130 — 140
25 x 60 270 +46 —» 320
Column 15x 15 54+724 — 80
Wall W25 360+ 80 — 440
CB15 200+ 80 — 280




Calculation of Axial Force of Columns
Girder

G
W @ wal
“C ; Column
B : Beam
Calculation . _
Floor | Tile | Load(ym? | A®2 | Length | Lengh | W' [ W | Zw
| gem | @ @ | @ | o | © |
IF | Roof 0.70 3.82 | 2.7
W(W15) 0.44 1.05 3.85 1.8
G | 032 2.5 : 08 _
c 0.08 1.4 02 | 53
F |l c .0.08 14 : 0.2 :
W 0.44 1.3 2.5 s |17 | 10
IF | Roof 0.70 10.14 : : 7.1
W(W15) | - 0.44 1.05 5.0 2.4 _
G 0.32 5.0 : 1.6 Lo
W(CB15) 0.28 1.1 2.0 07 | 118 |
F | W(CBIS)| 028 11 20 | 07 | 07 | 125
2F | ‘Roof -| 064 571 : 3.7
W(W15) | - 0.44 - 0.75 3281 1.1
G 021 2.75 0.6 :
W(CB15)| 0.28 1.4 1.5 0.6 6.0
1F | 1st Floor 0.59 3.22 . 1.9
W(CB15) 0.28 1.4 1.5 0.6 ,
G 0.21 2.75 0.6 :
W(CB15) 0.28 1.4 1.5 0.6 37 9.7
F | W(CBI5)| 028 1.4 1.5 ] 06 06 | 103
1F 1st Floor 0.59 - 5.59 . 3.4
Roof 070 7.62 54
G 0.21 6.5 14
W(CBI15) 0.28 1.4 2.0 0.8 | 11.0
F | W(CB15) 0.28 1.4 20 0.8 0.8 11.8
oF Roof 0.64 59 ' 3.8 '
G 0.21 4.0 0.9
W(CBI15) 0.28 1.4 3.2 1.3 6.0
1F | 1stFoor | . 0.59 59 35
W(CB15) 0.28 | 14 3.2 1.3
G 0.32 5.5 1.8 _
W(CB15)| 0.28 1.4 2.5 1.0 7.6 | 13.6
F | W(CBIS)| 028 14 | 25 | 10| 10 | 146
1F 1st Floor 0.59 2.92 ' 1.8
G 021 3.3 0.7
W(WI15) 0.44 14 2.5 1.6 4.1
F | W(WI5) 0.44 1.4 2.5 1.6 1.6 5.7
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No. Floor | Tile | Load(um? | Ara Length | W W LW
&rmy| @D @ | ® | o
2F | Roof 0.64 3.82 2.5
WW15) {044 1.8
G 0.21 | 0.7 _
W(CB15) |  0.28 2.5 1.0 6.0
w6 | IF Roof - 0.64 1.57 1.0
1st Floor 0.59 1.50 0.9
G 0.21 : 5 0.6 |
W(CB1S) | 028 8 25 | 20 45 | 105
F | W(CBIS)| 028 4 25 | 10 | 10 | 115
2F Roof | 0.4 6.24 1 40
W(W15) || 044 453 .15
G 0.21 0.9 |
Iwes)| 028 40 | 16 | 80
W1 | 1F | 1stFloor |  0.59 4.0 2.4
G 021 0.9 _
W(CB15) | = 0.28 40 | 32 | 65 | 145
F | W(CB15) 0.28 4.0 1.6 1.6 16.1
2F | Roof 0.64 6.24 40
Ol W(WIS) | 044 453 | 15
G 021 0.9
W(CB15) 0.28 40 1.6 8.0
W8 | IF Roof 0.64 2:82 1.8
: Stair 0.79 344 | 27
G 0.21 4.0 - 0.9
| W(CB15) 0.28 1.4 4.0 1.6
| W(W15) 0.44 1.4 315 | 20 90 | 17.0
F | Wwi5) | 044 14 315 20 20 | 19.0
1F Roof 0.64 3.44 22
G 0.21 2.5 0.6 :
w2 W(CB1S) [ 028 1.4 2.5 1.0 | 38"
F | W(CB15) 0.28 1.4 2.5 1.0 1.0 4.8
IF Roof 0.64 5.64 3.6
W(W15) 0.44 02 | 80 0.7
o G- 0.21 8.0 1.7
w10 W(CB15) | - 0.28 1.4 8.0 32 9.2
F | W(CB15) 0.28 8.0 32 | 32 | 124
1F Roof 0.70 5.98 4.2
W(W15) 0.44 1.0 30 | 14
wil G. 0.32 3.0 1.0
'W(CB15) 0.28 1.4 2.0 0.8 7.4
F | W(CB15) 0.28 1.4 2.0 0.8 0.8 8.2




_ Calculation .
No. | Fioor | Tile | Load(ym?| Ama | Length | Length | W' | W | EIW
gum)| @ | @ | @ | ® ® | o
2F | Roof | 0.64 6.38 : 44
wWWi5) | - 0.44 075 | 50851 17
G 021 4.0 . 09 |
W(CB15) 0.28 1.4 40 | 16 | 86
wiz| 1F | istFloor | - 0.59 4.0 2.4
Roof 0.70 0.83 0.6
W(W15) 0.44 1.05 1831 09
G 0.21 40 0.9
‘| W(CB15) 0.28 2.8 40 | 32 | 80 | 166
'F | W(CBIS)| 028 14 40 | 16 | 16 | 182
2F | Roof 0.64 3.0 o 52
G - 0.21 4.0 1 o9
W(CB15) 0.28 1.4 401 16| 17
IF | 1st Fioor 0.59 6.61 39
Roof 0.64 1.57 10
w131 - W(W15) 0.44 : 0.2 2.5 0.3
G 0.21 72 o 1.6
W(CB15) | 0.28 14 40 | 1.6
" 0.28 1.4 45 1.8 102 | 17.9
E | W(CB15) 0.28 1.4 45 18 | 18 19.7
1IF | Roof | 070 7.75 55
G 0.21 40 | 0.9
Wi4 W(CB15) |  0.28 1.4 25 | 10 7.4
F | W(CB1S)| 028 1.4 25 | 1.0 1.0 8.4
IF | Roof 0.64 3.13 2.0
G 0.21 125 0.6 _
wis | W(CB15)|  0.28 1.4 2.5 1.0 3.6
F | W(CB1S) 0.28 1.4 25 1.0 1.0 46
2F Roof . 0.64 5.82 3.8
W(W15) 0.44 0.4 49 0.9
G 0.21 4.9 1.1 :
W(CB15) 0.28 1.2 49 1.7 7.5
wie| 1IF | Roof | 070 499 - 35
. 1st Floor 0.59 472 2.8
G 021 49 1.1
W(CB15) 0.28 2.4 49 3.3 107 | 182"
F | wW(CB15) 0.28 1.2 4.9 1.7 1.7 19.9
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_ Calculation
No. |'Floor | Tine | Load(ym2 | Ama | Yengh | Lengh | W' W W
| grmy| @ | @ | @ ® ® ®
2F Roof (.64 4.94 : 3.2
W(W15) 044 1 21 4.0 3.7
G 0.21 4.0 0.9
W(CB15) 0.28 1.2 2.5 0.9 8.7
wi7| 1F | Roof | o064 | 541 3.5
“1st Floor 0.59 3.35 | 2.0
G | 021 6.5 14 |
W(CB1S)|  0.28 . 2.4 2.5 1.7 8.6 | 173
F |WEBIS)| - 028 | 1.2 25 | 09 | 09 | 182
2F Roof |  0.64 1.94 1.3
G | 021 - 2.0 1 05
W(CB15) | 0.28 1.2 20 0.7 2.5
IF | Roof | 064 | 516 3.3
w18 ‘1stFloor | 0.59 222 1.3
' G | 021 5.0 1.1
W(CB15) 0.28 1.2 2.0 0.7 8.1 10.6
W(CB15) 0.28 1.2 5.0 1.7
F | W(CB15) 0.28 1.2 5.0 1.7 1.7 12.3
2R Roof 0.64 6.32 4.1
| ww1s) 0.44 0.75 4.83 1.6
G - 0.21 4.0 0.9
W(CB15) 0.28 1.2 4.0 1.4 8.0
Wi19] 1F | 1stFloor 0.59 4.0 2.4
Roof 0.64 3.0 2.0
G 0.21 4.0 0.9
W(CB15) 0.28 2.4 4.0 2.7 8.0 16.0
F | W(CBI15) 0.28 : 1.2 4.0 1.4 1.4 17.4
2F Roof 0.64 2.19 ' 1.4
W(W15) 0.44 075 | 253| 09
G 021 2.0 0.5
W(CB15) 0.28 1.2 2.0 0.7 3.5
w20 1F | 1stFloor 0.59 1.0 0.6
- Roof 0.64 8.75 5.6
W(W15) 0.44 02 | 45 0.4
G .21 6.5 1.4
W(CB15) 0.28 1.2 2.0 0.7
W(CB15) 0.28 1.2 6.5 2.2 109 | 14.4
F . | W(CB1S5) 0.28 1.2 6.5 2.2 2.2 16.6
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Calculation 7-
No. | Floor |  Tite | Load(m2 | Ara | Length | Length | W' [ W | TW
. Cgemy| @B | @ | @ ® | © | ©
1F Roof . -0.64 9.0 L 1 5.8
W(W15) 0.44 - 0.2 90 | 08
w21 G 0,21 6.0 _ 1.9
| w(cB1s) | 028 1.2 60 | 20 | 105
F | WEB1S)| 028 12 | 60 | 20 | 20 | 125
Roof 0.64 6.24 4.0
e W(W15) 0.44 0.75 4.53 1.5
W22| oF G .| 021 4.0 ‘ 0.9
W(W15) | - 0.44 0.9 4.0 1.6 :
W(CB15) |  0.28 2.4 1.5 1.0 9.0 9.0
Roof 0.64 6.1 3.9
. . W(W15) 0.44 0.75 40 14
W23l 2r | G 0.21 4.0 0.9
W(W15) 0.44 1.5 4.0 2.7
W(CB15) 0.28 2.4 15 | 10 9.9 9.9
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3.

Design of Girder and Beam

2,500

<Gl>

3.100 .

750 2,350

{
1,550 1.550

plp

<B2B>

3,000
—_

x\l\

RENED

<G2 >

End

Center

1

W

C =
Q:

0.21 t/m + 0.64 Um? x 2.88 m2/2.5 m + 0.64 ym? x
525m +0.44 ym2x 0.75m = 1.61 Um

/12 % 1.61 x 2.52=0.84 t-m
172%x 1.61 x2.5=2.021

BxD=15x60 d=55 j=48.13

At =
(p =
1

i

I

2R e "=
"

84/1.8 x 48.13=0.97 cm?2
2020/14 x 48.13 = 3.00 cm
2020/15 x 48.13 = 2.8 kgfem2< 4.25 kg/em? O.K

0.32¢m
9.0t -
059 ¥m?x359m2+0.70 ym2 x 4.19 m? = 5.05 1
12x032x3.1+28233 4 15y 505 = 9841
9.0x0.75

12x032x3.1 +=552 4 172x5.05 =520

. 1/8x032x3.12+2.18x 155 + 1/4 x 5.05 x 3.1

7.68 tm

BxD=30x60 d=55 j-48.13

(P =
T =
aAQ =

9840/14 x 48.13 = 1460  3-D19
9840/30 x 48.13 =6.81 > 4.25 NG
9.841-6141=371

AQ/bj=3700/30x48.13=2.6 Pw=0.50

D13
At =

W o=

M
Q

Xx=254/30x0.0050=169cm DI13-@150
768/1.8 x 48.13 =886 4-DI19

0.32 m?2 + 0.70 ym2 x 0.525 m + 0.44 /m2 x 1.05 m
+0.70t/m?2 x 1.0m = 1.85 ¢/m

1/8x 1.85x3.02 = 2.09 tm
5/8x1.85x3.0 = 3471

BxD=25x60 d=55 j=4813

At =

209/1.8 x 48.13 = 2.41 cm?

¢
T

= 347014 x 48.13 = 5.15 cm
= 3470725 x 48.13 = 2.88 kg/cm2)< 4.25 kg/cm?
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O U

vj

&

>

OZ V=

I

it

Hou

1

075¢m
0.44 x 1.05 = 0.46 t

1/2 % 0.75 x 0.8252 + 0.46 x 0.825 = 0.64 t-m
0.75 % 0.825 + 0.46 = 1.08 {

15cm d=12cm  j=105¢m

64 t-cm/1.8 x 10.5 = 3.39 cm?2

_ i X =9-%2§-$-@ =29.2cm
1080/21.0 x 10.5 =7.35¢m
3.5x100
Xx= '—.7—35—‘ = 47.6cm

0.66Um .
0.44 x 0.75 = 0.33 t

1/2% 0.66 x 0.5252 + 0.33 x 0.525 = 0.27 tm |

0.66 x 0.525+0.33 = 0.681

t5cm d=12cm j=105cm

27/1.8 x 10.5 = 1.43 cm?2

0,71x100
X="743 = 49.6(}[1‘1

680/21.0x 10.5 =4.63 cm

BT N
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4).  Design of Slab

=

=0 15,0 1, 7R

15,10 i, St

: Lzdm?>  Lrtma T
P1o.0iz 3 201 4.4 4.0 . 15.0

LAMEDA=S 1.00  wleZdt=pls=

) D10.13-C 200

P

HLPHH ME Exmems? 3t iomZ ) (ERRE!
i =0, oz =1, 46 210 B
=l 0. nss 0. =os :

YeE N e
i

.0z

.
1T = 0L

E) p1o.3-C 200D

Lwgmy  Lwdme £dCm>  witsmal
s At o 15,0 0.750

LamBEDH= 1,25 w2 Tapas 1. 0G0

Zr
L e

Tt T
f

[

S S Rt R

1,00 wi

ALFPHA M9 f=memd

-4z =0,
it 1.
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5). Design of Stair

W = 0.84 /m2x0.25m=021t/m

1,250 ’

| ] [M = 12x0.21x 1.252=0.17 tm

| Q = 021x125 = 027t

! / L .

—— D =25cm d=20cm j=175cm
17 ‘
A = 7S =0.54cem?
270 1-D13

¢ = 3iox17.5 —074em ]
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6).  Design of Foundation
Allowable bearing capacity - fe = 30 t/m 2 (Permanent)
Deadload 2.4 Um3x0.19mx0.75m = 0.35 t/m ] 133 v
20¢m3x (1.0-0.19m) x0.6m = 0.98 t/m
: Wi walt C: Column
No LF N |P=N/LF| P No. LF N P=N/LF| P
. (m) ® {1/m) {t/m) (m) (t) (t/m) t/m)
Wi | 35 |125 | 358 | 491 | o | 25 70 | 28 | 413
w2 | 275 {103 | 375 508
w3 | 50 |118 236 | 3.69
W4 | 55 |14.6 2.66 3.99
W5 | 36 5.7 1.59 2.92
we | 2.1 11.5 5.48 6.81
w7 | 36 {161 | 447 5.80
w8 | 36 | 190 528 | 661
w9 | 2.1 4.8 229 | 3.62
w0 | 76 | 124 1.63 2.96
W1l+ 824182
WI2+ | 7.10 | +49.0= 5.06 6.39
w22 35.4
Wi3 | 5.7 19.7 3.46 4.79
Wi4 | 3.6 8.4 234 | 3.67
wis | 21 | 46 | 219 | 352
W16+ [ 4.0 |199499! 745 8.78
W23 =29.8-
W17 | 3.6 18.2 5.06 6.39
Wig | 4.6 12.3 2.68 4,01
wio | 40 | 174 435 5.68
W20 | 5.6 16.6 2.97 4.30
w21 | 5.5 12.5 2.28 3.61
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o | e ] e | S| ek
(m) D {t/m)
w1 0.17 0.40 -
) 017 .
W3 0.13 "
W4 0.14 n
w5 0.10 "
W6 023 "
w7 0.20 "
w8 0.22 .
W9 0.12 "
W10 0.10 "
W11+W12+ _
w22 0.22 "
W13 0.16 "
W14 0.13 "
w15 0.12 "
W16+W23 21.95 _
0.30 " ym? < 7.80 19.5
30 ym?
W17 0.22 v
w18 0.14 "
W19 0.19 "
W20 0.14 "
w21 0.12
ci 0.14 0.40
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<FlA>

200

AR

[y e ———

£
B

19.5

12x195x022= 0.39tm

o
0o

195x 0.2 = 3.9 t/m
D = 18cm d=12cm  j=10.5cm
At = 39/11.8x 10.5 = 2.06 cm?

X = ——-—0'7213;00 =344 cm
¢ = 3900/21x 10.5 =17.69 em -~DI10-@150
: : 3.0x100
. , . X= 17.60 = 16.95

T = 39007100 x 10.5 = 3.7 kg/em? < 4.25 kg/em2
W = 3.58
M = 1/12x358%342 = 345tm
Q = 12x358x34 = 6.091

BxD=19x75 d-67 j=58.63

= 345/1.8 x 58.63 = 3.27 cm?
¢ = 6090/21 x 58:63 = 4.95 cm
= 6090/19 x 58.63 = 5.47 kg/em? > 4.25 kg/em 2 NG

=z
1

a
|

AQ = 6.091-19x58.63x4.25x 10-3=1.361
AQMj= 13 Pw=0.35

DI0  x=143/19 x 0.0035 = 21.5 ¢cm

- DI0-@150

173



3.5.4 Engincer's Office

Framing Plan
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1).  Assumed Load

A Tofloor
- B : Toframe
C : Toseismic
DL : Dead load
L.L :Live load
. T.L : Total load
1-1 Fiocor Load Table
: : Thick Weight DL LL T.L
Titl Material ' s Not
¢ . em) | (kg/m? kg/m?) | kg/md) | Ggm?| OO
Concrete 60 140 90 660
Water Proofing 20 _ .
Roof | Cement Mortar 15 30 570 70 640
Concrete Slab 150 360 .
Ceiling 20 30 600
Terrazzo 80 300 760
Concrete Slab 150 360 :
“1st Floor | Ceiling 20 460 130 640
| 80 540
300 | 960
60
Stair Terazzo . 250 600 - 660 180 960
Concrete Slab .
180 840
1-2  Dead Load of Girder and Wall
Tide Size {cm) Weight (kg/em?2)
Girder 15x 60 162+42 — 210
15x 40 90+26 — 120
15x85 252462 — 320
15x 45 108+30 — 140
25x 60 270+ 46 — 320
Beam 30x 60 3244+ 48 — 370
Column 15x15 54+724 - 80
Wall - W25 3604+ 80 — 440
CB15 200+ 80 — 280
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2). Calculation of Axial Force of Columns

G : Girder
W o Wall
¢ : Column
B : Beam
Calculation
No. | Ficor| Tite | Load(um? | Awma | Lengih | Length | W' W Iw
’ T grmy|] @) | @ | @ | © | O | ©
2F Roof 0.64 3.22 _ 2.1 '
W(W15) 0.44 0.9 2751 1.1
16 | 032 2.75 0.9 -
W(CB15) 0.28 12 1.5 | 05 4.6
wi| 1F | WCB15)| 028 0.9 125 | 04
1st Floor 0.64 3,22 2.1
G 0.32 2.75 0.9 :
W(CB15) 0.28 2.4 1.5 1.0 44 | 90
F | W(CB15) 0.28 12 1.5 05 | -
| no 0.28 | 09. 125 |- 04 | 09 9.9
2F Roof - 064 | 3.22 21
W(W15) 0.44 - 0.6 275 | 08
G 0.32 2.75 0.9
W(CB15) 0.28 12 1.5 0.5 4.3
. IF | W(CB15)| 028 09 | 125| o4 i
W2 1st Floor 0.64 394 ‘ 2.6
G 0.32 2.75 109
W(CB15) 0.28 2.4 15 | 10 | 49 9.2
EF | W(CB15) 0.28 12 1.5 | 05 ' '
oo 0.28 0.9 125 | 04 09 | 101
2F | W(WI15) 044 0.9 275 11
Roof 0.64 6.4 14
G 0.32 2.75 109
W(CB15) |  0.28 12 1.5 0.5 6.6
W3 | IF | W(WIS) 0.44 12 125 | 0.7
) 1st Floor 0.64 6.4 4.1
W6 G 0.32 2.75 0.9
W(CB15) 0.28 2.4 15 | 10 67 | 13.3
F | W(CBI1S)| 028 12 | 15| o5 | os | 138
PF | wewisy 0.44 . 0.9 4.0 1.6 '
Roof 0.64 13.72 8.8
G 0.32 40 1.3
B 0.37 4.5 17
W(CB15) 0.28 12 1.5 05 | 139
W4 | IF | W(WI15) 0.44 1 12 4.0 2.2
] 1st Floor 0.64 13.72 8.8
w5 G 0.32 _ 4.0 13
B 0.37 45 1.7
W(CBIS)| 028 2.4 15| 10 | 150 | 289
F | W(CB15) 0.28 1.2 1.5 0.5 05 | 204
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- Caleulation _
No. | Fioor |  Titte Load (Ym2 | Ara | Length | Lengh | W' w W
- - &tm)| @ 2 (m) - {m) ® ® ®
IF | IstFloor |  0.64 6.98 4.5
G 0.32 3.1 1.0
w7 W(CBI15)| 028 1.2 2.1 0.7 6.2
F. |weB1s)| 028 12 2.1 0.7 0.7 6.9
'Roof 0.64 14.72 9.5
G 0.32 6.0 2.0
B 0.37 6.75 | 25
| w(cB15)| 028 1.2 24 | 08 | 148
IF | IstFloor | 0.64 14.72 9.5
W8 G | 032 6.0 2.0
| B 0.37 6.75 2.5
W(CB15) | - 0.28 24 | 241 1.6 | 156 | 304
F | W(CB15)| 0.8 12 24 08 | 08 | 312
2F /| Roof 0.64 11.28 - 73
- G 0.32 - 7.0 2.3
| W(CB15)| 028 1.2 2.0 07 | 103
Wo | IF | IstFloor | . 0.64 | 11.28 : 7.3
G 0.32 7.0 2.3
W(CB15)| 0.28 2.4 2.0 14 | 110 | 21.3
F | W(CB15)| 028 1.2 2.0 0.7 07 | 22.0
2F | Roof 0.64 894 | - 5.8
' G 0.32 | 7.0 2.3
W(CB1S)| 0.28 1.2 2.0 0.7 8.8
Wi0| 1F | IstFloor | 0.64 6.44 42
- G 0.32 4.0 1.3
W(CB15)| 028 1.2 2.0 0.7
" 028 1.2 22 0.8 70 | 158
F | WCBI5)|  0.28 1.2 22 | 08 | 08 | 166
2F | Roof 0.64 16.5 10,6
G 0.32 6.0 2.0
B 037 6.38 2.4
W(CB15)| 028 1.2 2.4 08 | 158
W11{ 1IF | istFloor | 0.64 16.5 10.6
G 0.32 1 60 2.0
B 0.37 6.38 2.4
W(CB15)| 028 2.4 2.4 1.6 | 166 | 32.4
F | W(CB15)| = 028 1.2 2.4 0.8 08 | 332
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. Calculation S T
No, | Floor | Tite | Load(/m? | Awma | lengh | Length | W' w W
° : grmy| @ | @ | @ | © | O | 0
" 2F | Roof 0.64 | 422 | |27
W(W15) 0.44 0.6 6.0 1.6 -
g 0.21 6.0 13"
| W(CB15) 0.28 12 1,7 0.6 6.2
I | wowis) | 0.44 09 2.0 0.8
w12 W(CB15) 028 | | 09 2.4 0.6
1st Floor 0.64 422 : : 2.7
G 0.21 6.0 13 | |
W(CB15) 0.28 2.4 1.7 1.2 66 | 128
F | Wwis) | 044 0.9 20 | 08
W(CB15) | _ 0.28 0.9 24 | 06 : :
n 0.28 12 1.7 06 | 20 | 148
"2F |  Roof 0.64 9.57 . 6.2
| W(W15) 0.44 0.6 2.0 0.6
G - 0.21 7.5 16 o
W(CB15) 0.28 12 32 1.1 | 95
IF | WWIS) 0.44 1 o9 2.0 0.8
wi3| 1st Floor 0.64 9.57 : 6.2
G 0.21 1.5 1.6 |
| W(CB15) 0.28 24 | 32 22 | 108 | 203
F | WWIS) 0.44 0.9 20 [ 08
| W(CB1S) | ~ 0.28 1.2 3.2 1.1 1.9 | 222
2F |  Roof 0.64 9.63 : 6.2
W(W15) 0.44 0.6 2.0 0.6
G 0.21 85 |- 18 |
W(CB15) 0.28 1.2 3.2 1.1 9.7
wWi4| iF | wowisy | 044 0.9 20 .08
1st Floo 0.64 9.63 6.2
G 0.21 = 8.5 1.8 o :
W(CB15) 0.28 2.4 32 22 | 11.0 | 207
E | wowisy | 044 09 2.0 0.8 |
W(CB15) 0.28 1.2 32 | 11 1.9 1 226
2F | W(WI15) 0.44 0.6 12.0 3.2
Roof 0.64 944 | 6.1
G 0.21 12.0 2.6 o
W(CB15) |  0.28 | 12 12.0 41 | 160
wis| 1F | 1stFloor 0.64 9.44 6.1
G 021 12.0 2.6 : |
W(CB15) 0.28 2.4 120 | 82 | 169 | 329
F | WCB15) 0.28 1.2 | 120 4.1 41 | 370
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_ Caiculation
"No. Eloor Title Load (t/m2 Area | Length | Length w' W W
° ' gemy| @ @ | @ | © | O | o
| WW15) 0.44 0.6 9.0 5.4
Roof 0.64 5.19 3.4
G 0.32 7.5 2.4
W(CB15)| 028 1.2 6.5 22 | 134
wi6| IF | Wewi1s) | 044 | 0.9 1.5 0.6
' 1stFloor |  0.64 5.19 3.4
G 032 75 2.4
W(CB15)| 028 2.4 6.5 44 | 108 | 242
F | W(CBIS)| 028 12 | 65 | 22 | 22 | 264
F | W(W15) 0.44. | os 5.0 1.4
Roof 0.64 985 6.3
G 032 5.0 . 1.6
W(CB15) 0.28 1.2 L5 0.5 9.8 -
IF | wowisy | 044 0.9 ‘125 | o5
wi7 1st Floor 0.64 9.85 6.3
. G 0.32 5.0 1.6 '
W(CB15) 0.28 2.4 15 |. 10 | 94 | 192
F | W(CB15) 0.28 1.2 1.5 0.5 05 | 19.7
wWwi1s) | 0.44 0.6 35 1.0
Roof .64 3,06 2.0
G 0.32 3.5 0.8.
W(CBIS)| 028 | 12 3.5 1.2 5.0
iF | IstFloor | = 0.64 3.06 2.0
W18 G 0.21 3.5 0.8
W(CB15) 0.28 2.4 35 | 24 | 52 | 102
F | W(CBIS)| 028 1.2 35 12 12. | 114
C2F | W(WIS) 0.44 0.6 325 | 09
Roof 0.64 18.78 12.0
G 0.32 9.25 6.0 3.0 |
W(CB15) 0.28 12 . 20 | 179
wio| 1F | w(CB15)| 028 09 325 | 09
1st Floor 0.64 20.58 13.2
G 0.32 9.25 3.0 N
W(CB15)| 0.28 | 24 6.0 40 | 226 | 405
W(W15) 0.44 1.2 2.9 1.5
F | W(CB15) 0.28 12 6.0 2.0
W(CB15) 0.28 0.9 125 | 04 24 | 429
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Calculation _
No. | Floor |  Title Load (ym? | Area | Length | Length | W W W
o Tgrmy| @ | @ | @ [ o | O [
9F | Roof 0.64 719 | 46
G 0.21 35 0.8 .
W(W15) | ~ 0.44 12 3.5 1.9 73
w20| 1F | 1stFloor |  0.64 3.06 2.0
| Stair 0.84 4.13 3.5
G 0.21 35 1 08 o
W(W15) 0.44 2.4 3.5 3.8 10.1 17.4
F | W(W15) 044 1.2 35 | 19 19 | 193
2F | Roof 0.64 18.78 - 12.0
W(WI15) | 044 _ 0.6 325 09
G 0.32 9.25 - 30 .
W(CB15) 0.28 12 60 | 20 | 179
IF | W(CB15) 0.28 0.9 1251 04
w2l  1st Floor 064 . | 174 ; 11.2
- 6 .| 032 9.7 S 3a
| weeBisy | 0.28 1.2 60 | 20 .
| wiwis) 044 1.2 2.9 15 | 195 | 374
W(CB15) | - 0.28 1.2 1.75 1.3
F | wCB1sy| 028 1.2 375 1.3 o
" 0.28 0.9 125 | 04 1.7 | 39.1
2F | Roof | 064 6.63 43
G . 021 3.5 0.8
W(CB15) 0.28 1.2 3.5 1.2 6.3 .
w22! I1F | 1stFloor | 0.64 25 1.6
Stair 0.84 4.13 3.5
G 021 | 35 | o8
W(CB15) 0.28 1.2 35 | 1.2
W(W15) 0.44 1.2 35 |19 9.0 15.3
F | wwis) | 044 12 35 19 | 1.9 | 172
2F Roof 0.64 5.5 _ 3.6
G 0.21 35 0.8
W(CB15) 0.28 | 1.2 35 | 12 5.6
W23| IF | istFloor | 064 | 55 3.6
G 021 3.5 0.8
W(CB15) 0.28 12 35 12
"] 028 1.2 50 | 17 7.3 12.9
F | W(CB15) 0.28 1.2 5.0 1.7 |17 14.6

1-80 -




Calculation

é_ -

No. { Floor |  Tite Load (Um? | Ama | Length | Length w SW
2F | WWI5) | 044 . 0.6 375 1.0
Roof 0.64 7.72 5.0
G 0.32 5.0 1.6
| W(CE15) 0.28 1.2 1.6 0.6 8.2
w24| 1F | istFloor 0.64 9.04 58
6 | o032 8.15 2.6
W(CB15) 0.28 1.2 1.6 0.6 .
0.28 1.2 5.0 1.7 10.7 18.9
F | W(CB15)| 028 1.2 5.0 1.7 1.7 | 206
W(W15) | - 044 | o0s EX 1.0
Roof 0.64 3.0 2.0
G 0.21 3.5 0.8
W(CB15) 0.28 12 3.5 12 | 50
1F | 1st Floor 0.64 3.0 2.0
W25 : G 0.21 3.5 0.8
W(CB15) 0.28 2.4 35 2.4 5.2 102
F | W(CB1S)| 028 1.2 3.5 12 12 | 114
2F | Ww1s5) 0.44 _ 0.6 9.0 2.4
. Roof 0.64 9.16 5.9
G 0.32 9.5 3.1
B 0.37 1.13 0.5
W(CB15) 0.28 1.2 75 26 | 145
W26| IF | W(WI1S) 0.44 0.9 1.5 0.6
1st Floor -0.64 9.16 _ 59
G 032 9.5 3.1
B 0.37 1.13 105
“W(CB15) 0.28 2.4 7.5 52 | 153 | 29.8
F | W(CB15) 0.28 1.2 15 2.6 26 | 324
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3). Design of Girder and Beam

4.000

T
T
-3
—d

:

<G2A>

4,500

<G2ZA>

End

Center

End.

Center

End

by —

" Center

At

AL

v o=

on

(v e @]
il

EE 27 ©

037¢m. -
0.6dx35x2=4481

Woh

i

1/8 x0.37 x 4.52x 1/4 x 4.48 x4.5 =598 tm
= 1/2x037x4.5+1/2x4.48 =3.081

= 30 cmx60cm d=55cm  j=48.13cm

= 3080/14 x 48.13 = 4.57 cm 3-D19
= 3080/30 x 48.13 = 2.14 kp/em? <4.25kg/em? O.K.

= 598/1.8 x 48.13 = 6.91cm? 5-D19

0.32 + 0.64 x 0.75 = 0.80 ¢m
3.08 1 .

1/8 x 0.80 x 4.02+ 1/4 x 3.08 x 4.0 = 4.68 tm
= 12%080% 4.0+ 1/2%3.08 = 314t

25 cm x 60 cm d=55cm  j=48.13cm

= 3140/14x48.13=466cm  3-DI6
= 3140025 x 48.13 = 2.6 kg/om? <425 kgfem? O.K.

468/1.8 x 48.13=5,140cm2  3-D16

0.32 t/m
0.64 Ym? x 1037 m? = 6.64 |

1/12x 032 x 452 + 1/8 X 6.64 x 4.5 =4.28 tm
1/8x0.32x 452+ 1/4 % 6.64 x 4.5=828 tm
= 122x032x45+1/2x6.64 =4041

25cmx60em  d=55cm . j=48.13cm

4040/14x48.13=60cm  3-DI6
4040/25 x 48.13'= 3.4 kg/cm2 <4.25 kg/em? OK.
428/1.8 x 48.13 = 4.94

8.28 - 4.28 = 4.0 tm
400/1.8 x 48.13 = 4.62 3.D16

|

Hou

Y
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2.500
* 4
500 2,000
—_—

i!!P,wi
{ "

.

<(G2>

=0

— i E
1,425 |

CS3

<

t

e w]

2Q @

BxD=

‘6 .

End

L]

Center At

U | —

IE

o QX V=
! i

3

i

3]

0.32ym+ 064 /m2x 1.5m+ 044 /m2x1.2m -

= 1.81 Um
3.081

/2% 181 x 2.5 #2022 473
12 % 181 x 2.5 +-20202 < 254

1/8x 1.81x2524+062x1.25=2.191m

25 x 60 cm d=55cm  j=48.13cm

it

It

cm

4730/14 x 48.13 = 7.02 cm 2D16
4730/25 x 48.13 = 3.93 kgfem? <4.25 kg/em? QK.

219/1.8 x 48.13 = 2.53 cm? 2-D16

1 0.76 t/m2
044 t/m?2 x 1.2 =0.528 t/m

1/2 % 176 x 1.4252+ 0.528 x 1.425 = 1,524 tem
0.76 x 1.425 + 0.528 = 1.611 1

d=12cm j=105¢cm

152.471.8 x 10.5 = 8.06 cm?
1.27 x 100

DI} | X ===F 5% =157 cm
1611/14 x 10.5 = 10.96 cm
4.0 x 100
X="1066 = 36.14 cm
S DI3-@ 150
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4). Design of Slab

S Ledwr  BOSmd
S0 5,0l
.0 15,0
d.11 15,10
G, 15,0

Ry AT NE S

Lxdmr  Lxdmna Foomy  wdbemEl
S 4.0 1.0 0.

LFi_f"lE?‘_:i'Fi:.- 1.1d  wbzEEdt=mi= I o 24 1 Az a=2000,

o1g.DiE 1 50l

3
B
=

LT -

2t

gl gt !
I eI Y
.

T Jo 00 fed

LS

-

-
.
I
e

LaMERas 1. 50

R 3 AL V10 C13
sof -0 ] = = @5, P zen
s : 0 2 -4 o4, 3)poas
o i & 2 -G
Laetiny T
=t A1 0 15,0
; ftiHEmeEE—LUUU.U

i . 14 i_l_lL_r_ SN A1) e
Bz

AL PHA H‘ f At i ~
i : e R )D:o J13-€zop

Eodma  Lseiipd B0
Sed 4, 1 £, L 15,0
LiameDa=s 1,50 whxfdtsmi= 120180 f ks mmd =200 !Il ]
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3). Design of Stair

W W = 096¢m2x0.25m=0.24t/m
S HOx T
i 1.500 | D=25cm .dz 20cm j=175¢cm
Al = Tj'g"%ﬁjg: 0.86 cm? |
¢ = 2—1—3—%5098 cm 1-D13
6).  Design of Foundation _ :
| Allbwable bearing capacity fe = 30 t/m2 (Permanent)
Deadload 2.4 /m3 % 0.19 m x 0.75 m = 0.35 t/m _ : ’
 20ym3x(1.0-0.19)mx0.6m =098 m 1.33 ¢m
| | . W: wall | .C: célumn
NO {tF@m)| N@ | P=NAF | P@m) | NO- | LF(m) [ N®|P=NAF| P(um)
| ] wm | | Wm)_
wi_| 36 | 99 275 | 408 | W21 | 475 |39 823 | 9.56
w2 | 36 | 100 | 281 414 | w2 | 35 [172] 492 | 625
wawe | 2.55 | 138 | 542 675 | w23 | 40 |146| 3.65 | 498
waws | 52 | 289 | sis6 680 | wu | 60 [206] 344 | 477
w7 | 36 | 69 192 | 325 | was | 35 |114] 326 | 459
ws | 40 | 312 | 780 013 | w26 | 60 [324] 54 | 673
wo | 38 | 220 5.79 7.12
wio | 36 | 166 | 461 5.04
Wil 4.0 332 | _83 9.63
wiz | 40 | 148 3.7_' 5.03
wis | 36 | 222 | 617 | 1750
wia | a6 | 226 | am 6.25
wis | 116 | 370 | 3.9 4.52
wi6 | 75 | 264 3.52 485
w17 | 375 | 197 1 525 6.58
wisg | 35 | 114 | 326 459
wio | 75 | @29 | sm 7.05
w2 | 35 | 193 5.52 6.85
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NO L'= 'f}')é @ | L °C=§ (11: 'i(g.rf?;) Oc=1
Wi 0.14 0.40
w2 0.14 "
W3-W6 0.23 "
| W4WS 0.29 "
w7 0.11 "
W3 0.31 :
WO 0.24 "
W10 0.20 " .
Wil 0.32 " 24.08 t/m2 <30 ym2’ 8.65 21.63
W12 0.11 " '
W13 025 "
wi4 021 "
wis | 015 "
Wi6 0.17 "
W17 0.22 "
WiB 0.16 "
W19 0.24
W20 0.23 "
W21 0.32 "
W22 0.21 "
w23 0.17 "
W24 0.16 "
W25 0.16 "
W26 0.23 "
<F1A> :
W = 21.63
200 I R )
| ow M = 1/2x21.63x0.22 =044 1m
T Q = 21.63x02=4.33t
D=18cm d=12cm  j=105cm
Al = 44/18 x 10.5 = 2.33 cm?
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DI0  x 3%@:30_4 em?2

433021 x 10.5 = 19.64em

(P oo d
_ . 3.0x100 _
X=T{o6F 15.2 cm
o D10 - @150
T = 4330/100 x 10.5 = 4.12 kg/em? <4.25 kg/em? OXK.
) W
S W = 5.56Um
| asoo [ M = 1/12x556x2.82 =363 1m
L. Q = 1/2x556x2.8="7.781
<FG1A> ‘BxD=19cmx75cm  d=67cm  j=5863cm
Al = 373/1.8 x 58.63 = 3.44 cm?
¢ = 7780721 x 58.63 = 6.32cm : 2-D16
1 = 7780/19 x 58.63 = 6.98 kg/em? >4.25 kg/em? NG
AQ= 7.78-19x58.63x425x103=3051
AQMj = 2.8 PW =0.50
DI0  x = 1.43/19 x 0.005 = 15.1cm?
~D10- @150
b P = 525x225=11.82t
A :
f__l__._E T [ Qu = 11.82x3.3745=8851
| % - | Q= 11.82x LI1345=2971
1.1301 3370 ; 11.82 x 3.37%2x 1.13
prves B e g 152 =7.49 tm
11.82 x 3.37 x 1.132
| G) - 4.52 =2.52 t'm
L Mo= 2.97x2.25=6.69 tsm
<FG1A> BxD=25cmx75cm d =67 cm j=58.6cm
Al = 749/1.8 x 58.63 = 7.10 cm?
¢ = 885021 x58.63 =7.19cm 4-D16
T = 8850/25 x 58.63 = 6.04 kg/cm? > 4.25 kg/em? NG
AQ = 8.85-25x58.63x4.25x 103 =2.621

AQ/bj = 1§ PW= 0.40 %
DI0 x=14325x00040=143cm ..D10-@100
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2.800

|

-
<

w T

W = 3.7tm

M = 1/12x3.7x282=242tm

Q = 12x37x28=5181

D=19cmx 75cm d=67cm j=5863cm

242/1.8 X 58.63 =229 cm?

At =
¢ = 5180/21.0x 58.63=421cm 2-D16
T = 5180/19 x 58.63 = 4.65 kg/cm? >4.25 kgiem? NG

AQ = 5.18-19% 58.63 x4.25 x 103 = 0.451
AQDj=04 PW=025%

- DI0 x=143/19x00025=30.1cm  ..DI0-@150

188



* Table 1.1.1 PRINCIPAL FEATURES OF TUNNEL TYPE

Item ' Type I Type 11
Intemnal Diameter (cm) _ . 680 680
Lining Thickness (cm) 50 80
Rock Propgrties _
- Rockclass | Cm~CH CL~Cm
«  Elastic modulus E; (kg/em?2) 30,000 5,000
«  Poisson's ratio vy 0.2 0.3
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Table 1.1.3 CONCRETE AND STEEL PROPERTIES

: _ Concrele Steel
Increment of Stress (%) Compression Shear Tension
(kgfem?), (kg/fem?) kglem?)
0 70 8.5 1,800
65 116 14 2,970
fo_r grout pressure 210 18 3.000
Concreie Strength aag = 210 kglcm2

Elastic modulus
Poisson's ratio

Steel Elastic modulus

E.. = 255,000 kg/em?

ve=02

E; = 2,100,000 kg/em?




Table 1.1.4 RESULTS OF STRUCTURAL ANALYSES FOR DIVERSION TUNNEL

Item Typel Type 1
: ' _uis - b/s
Lining thickness {cm) ' 50 _ 80 - 80
Reinforcement . D16 @300 D22 @200 " DI6@300
© o (inside) {both sides) (both sides)

Stress against Internal pressure

srebar  (kghm?) 602 2,675 _ 710
Sh’ess against External pressure

= concrete (kg/cmz) - 64 _ 43 _ 7
Stress against Grout pressure :

-concrelc  inside (kg/em?) 32 41 53

s concrete  outisde 4

° Te-bar inside -

» re-har outside - 547 1,106




Table _1.1.5(1) :TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY

(Tunnel Type-I).

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

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

Poisson’s ratio (rock) = .2

Poisson’s ratio (conc.) = .2

Lining thickness (cm) = 50

Inner diameter - (cm) = 680

Internal  pressure(kg/cm2)= 7.7

External pressure(kg/cm2)= 7.7

Pitch of rein-bar (mm) = 300 _

o - * )

{(Unit:kg/cm2) TENSION -COMPRESSION

Plain conc. -33.5 64.2

Rein-bars SGL  DBL  SGL DBL

b 13 .@ 300 605.1 599.4 63.7 63.3

D 16 @ 300 601.8 583.1 63.6 63.0

D 19 @ 300 597.9 585.4 63.1 62.3

D 22 @ 300 593.2 576.9 62.9 61.8

D 25 @ 300 587.9 567.0 62.5 60.8

b 29 @ 300 582.0 556.2 61.9 60.1
Note : (*) gives the case of internal pressure

(**) gives the case of external pressure



Table 1.1.5(2):TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY
(Tunnel Type-II, Upstream of Plug)

5600 ) (kg/cmzj.'
2200000 (kg/cm2)
255000 (kg/cm2)

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

Poisson’s ratio (rock) = .3
Poisson’s ratio (conc.) = .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
‘ - (Y (x*)
(Unit:kg/cm2) TENSION COMPRESSION
Plain conc. -34.7 44 .7
Rein-bars SGL DBL SGL DBL
D 13 @ 200 3795.3 3529.5 44.5 44.1
D 16 8 200 3607.2 3243.4 44.3 43.8
D 19 @ 200 3401.1 2550.8 44.1 43.6
D 22 @ 200 31s2.7 2674.5 43.7 43.0
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



Table 1-1.5(3) :TUNNEL ANALYSIS BY OTTO-FREY-BEAR'S THEORY
| - (Tunnel Type-II, Downstream of Plug)

5000 (kg/cm?)

Elastie modulus {(rock)
- Elastic modulus (steel) 2100000  (kg/cm2)

Elastic modulus {conc.) 255000 (kg/cnm?2)

Poisson's ratio (rock) - .3

Poisson'’s ratio (conc.} = .2

Lining thickness {cm) = BO

Inner diameter - (em) = 680

Internal pressure(kg/cm2)= 1.56

External pressure(kg/cm2)= 1.16

Piteh of rein-bar (mm) = 300

* (**)
(Unit:kg/cmZ) _TENSION COMPRESSION

Plain'conc. -7.0 6.7

Rein-bars SGL  DBL  SGL DBL
D13 @ 300 793.3 754.1 6.8 6.8
D16 @ 300  765.7 710.1 6.8 6.6
D19 @ 300 734.6 662.7 6.8 6.6
D 22 @ 300 702.2 615.8 6.6 6.7
D25 @ 300 666.8 567.9 6.6 6.5
D29 @ 300 631.1 522.0 6.7 6.6

" Note : (*) gives the case of internal pressure

(**) gives the case of external pressure



Tabie 1.1. 5(4) :TUNNEL ANALYSIS BY OTTO JFREY-BEAR'S ’I‘HEORY
(Tunnel Type-I, During River Diversion)

30000 < (Kg/cm2)
2100000 (kg/cm2)
255000 (kg/cm2}

Elastic modulus (rock)
Elastic meodnlus {steel)
Elastic modulus (conc.)

Poisson’s ratio (rock) = ,2
Poisson’s ratio (conc.) = .2
Lining thickness {cm) = 50
Inner diameter ~(cm) - = 680
Internal pressure(kg/cm2)= 0 .
External pressure{kg/cm2}= 1.16
- Pitch of rein-bar (mm) = 300
. SN (*) R
(Unit:kg/cm2) ~TENSION COMPRESSION
Plain conc. 0.0 5.7
Rein-bars SGL DBL SGL DBL
D 13 @ 300 0.0 0.0 9.7 5.5
D 16 @ 300 0.0 0.0 .7 9.6
D 19 € 300 0.0 0.0 9.5 9.5
D 22 & 300 Cc.0 0.0 9.6 9.4
D 25 @ 300 0.0 0.0 9.5 9.3
D 29 @ 300 0.0 0.0 9.3 9.2
Note (*) gives the case of internal pressure

(**) gives the case of external pressure



~Table 1.1.6(1):TUNNEL ANALYSIS FOR GROUT PRESSURE
{(Tunnel Type-I)

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

‘Elastic modulﬁs (rock)
Elastic modulus (conc)

Poisson’s ratio (rock) = .2
Poisson’s ratio (Conc) = .2
Lining thickness (cm) = 50
Inner diameter . (cm) = 680
Grouting press. (ky/cm2)= 2
C PHAI M s N sigl sig2
(deg)  (tm) (€) . (t) (kg/cm2)
0 0.7 0.0 =-69.0 i5.1 12.4
5 0.7 0.0 =-6%.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 -68.3 15.8 12.0
70 0.6 -0.7 =~69.0 14.9 12.6
75 -0.2 ~1.2 =-69.0 13.9 13.8
80 -0.8 -1.6 -—-69.4 15.8 12.0
85 ~2.0 -1.8 -69.5 18.5 9.4
90 -3.1 -2.1 -~70.0 21.5 6.4
95 ~-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
110 -7.4 1.0 -71.2 32.2 -3.8
118 -6.6 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 16.5 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, Sig2: Outside Stress



Table 1.1.6(2) :TUNNEL ANALYSIS FOR GROUT PRESSURE
| * (Tunnel Type-II)-

5000 (kg/cm2)
255000 (kg/cm2)

il

Elastic modulus (rock)
Elastic modulus (conc)

Poisson’s ratio (rock) = .3
Poisson’s ratio (Conc) = .2
Lining thickness (cm). = 80
Inner diameter . (cm) = 68
Grouting press. (kg/cm2)= 2
PHAT - M s N sigl = sig2
(deg) (tm) (t) (£} (kg/cm2)
0 18.8 0.0 -62.5 25.3 -9.7
5 18.6 ~1.1 -62.4 25.1 -9.5
10 17.9 -2.2 -62.6 24.6 -8.8
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 1.0 .
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
100 -24.3 12.1 =73.7 32.0 -13.7
105 -20.1 _1i2.8 =-72.7 27.8 -9.8
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 i8.0 -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 1.1.6(3): CALCULATKMJOFINTERNALSTRESSINIUHNFORCED
CONCRETE STRUCTURE: DIVERSION TUNNEL (TYPE-II)

‘Mambex
Spot
M t.m
Q t
N t
b cm
h cm
u cm
d Cem
d’ cm
d’/ d .
M'= M+N.u  t.m
M'/(b.d.d) ‘kg/cm?2
Q /(b.d) kg/cm2
£f = M/R+u cm
£/ d :
As
: cm?2
As’ ' ‘
cm2
As' /. As
n

FOR GROUT PRESSURE

np=n.As/(bd)

c

S

Z
Sigmé
Sigma

Tau

Sigma ca

Sigma
Tau a

Case
Note

As, Ag'
Sigma C
Sigma S
Tau
Sigma Ca
Sigma Sa
Taua

sa

'kg/cﬁ? _

kg/cm2
kg/cm2
kg/em2

kg/cm2
kg/cm2

D/S

26
3
T4

© 100
80.
30,
70.
10,

0

49,
10,

0

66.
0.

D16@300

6

.90
.20
.50
.00

00
00

.14

25
05
.46
11
894

.61

D16@300

6
1
15

.61

.00
.00

0.014

1106.2

0.5

210.0
3000.0
18.4Q

oq -

00

D/S

20.
Sz,
72,

- 100.
80.
30.
70.
10.

10
80

70

0o
00
60
00

00

16
.91
.55
.83
.65
.82

D16@300

6.

3.
2.57

1.

6.61
D16@300
6.

1.
15.
C.014 -

61
00
00
98

25

34.0

329.7

.3

210.0
"3000.0
18.0

Sectional area of reinforcement bar (cm2)
Stress in concrete (kg/cm?)

Stress in reinforcement bar (kg/cmz)
- Shearing stress in concrete (kg_/cmz)

Allowable stress for concrete (kg/em?)

Allowable stress for reinforcement bar (kg/cm?)
Allowable shearing stress for concrete (kg/em?2)

/s

26
3
14
100
80

30.
70.

10

0.
.23
10.
0.
66.
0.

49

.90
.20
.50
.00
.00
00
00
.00

14

05
46
11
9¢4

D22@200

19

.40

D22@200

19
1
15

40
.00
.00

0.042

210.0
3000.0
18.0

u/s

20.
12.
72,
100,
80.
30.
70,
10.

10
80
70
00
00
00
(¢]1]
0c -

14
.91
.55
.83
.65
.82

D22@200

19.

40

b22@200
19.40

1.
15.

00
00

0.042

- 210.0

3000.0

18.0



Table 1.1.7(1): STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION A-A)

MOTES: = HEANS MAXIRUM STEEL AREA ‘
' 4 ASD SIGCT SIGS AU SICCA SIGSA SICTAU

-4
©n
o

MEM CASE POINT SICH B it Dl bz

1o 100.0 200.0 190.0 0.0 7.4 5.5 233 0.00 000 63 0.0 0.4 105.02700.0 [2.8
|1 R §8.7 0.0 -22.1 0.00 - 0.00 6.3 010 0.0 :
Pt 2 712 2.0 383 0.00 000 93 0.0 - L6
{20 1) -100.0 200.0 130.0 10.0 3547 B4:8 149.2 0.00 0.00 408 569 B4 105.02700.0 1.8
12 352.8 0.0 106.4 0.00 0,00 336 0.0 0.0
1.o2( 2y x ' 3496 82,8 6.1 0.01 0 0,00 40.0 528 6.3,
2 1( 2 {00.0 200.0 190.0 10.0 66.0 34.7 38,3 0.00 000 8.0 00 2.5 (05.02700.0 2.8
21 MM : : 0.6 0.0 . 0.0 - 000 000 006 0.0 0.0 :
2 1( 3 62.6 2009 5.0 000 000 3.9 0.0 14
o 9 ( 2) =100.0200.0 [80.0 10.0 305.7 188,56 146.1  ©0.01 : 0,00 39.0 124.8 13.T 105.0 27000 2.3
22 #AX : 0.0 0.0 0.0 - 0.00 000 0.0 0.0 00
2. 20 3) _ 2893 1125 344 0.00 000 202 0.0 7.7
I O ) [00.0 200.0 190.0 0.0 $2.6 20.9.% 5.0 £.060 000 3.8 0.0 1.4 J05.02700.0 12.8
3F N §7.0 0.0 15.0  0.06 000 5.1 . 0.0 0.0
31 { 4F 52.5 15.8 1.5 _0.00 000 2.8 -0.0 1.0
3 2( 3 100.0 200.0 180.0 10,0 293.8 112.5 4.4 C0.08 000 20.2 0.0 7.7 105.0 2700.0 2.8 .
3z HAY = 291.1 0.0 137.2 - 0.01 -0.00 3JB.7 [09.0 030 '
3 z( 4 282.7 102.4 465 0.00 0,00 2.1 0.0 (7.3
¢ 1L j06.0 200.0 190.0 10.0 52.5 5.8 j.8 0.00 006 .23 0.0 1.0 105.02700.0 12.§%
41 MM 0.0 0.0 0.0 000 D000 00 00 0.0 .
4 105 8.9 213 2.2 000 000 6.4 0.0 - 2.0 . :
4204 100.0 200.0 £S0.0 10.0 282.7 024 465 0.0  0.00 200 0.0 7.3 105027000 12.8
&2 WX . 0.6 0.0 0.0 0.0 €00 0.0 0.0 0.0
4 2{ 5 = 2184 175.1 I34.2 o001 06.00 358 1239 2.8
5 1{ 5) 100.0 220.0 190.0 0.0 57.9 -15.2 2.2 @00 0,00 5.7 0.0 - 1.2 105.02700.0 2.8
5 1 WA o 52,3 0.00 174 000 000 435 0.0 0.0
5 1{ 8 5i.0 16.4 217 000 000 58 0.0, 0.9
5 2{ 5}  100.0220.9 190.0 (0.0 319.3 71.7 134.2 9.00 000 3.0 0.0 5.9 [05.02700.8¢ 12.8
5 7 MAX 3180 0.0 1014 000 000 270 0.0 0.0
5 2{ §) = 315.8 82.5 145.4  0.00 000 324 0.0 6.8 _
€ 1 § - 100.0 140.0 i30.0 10.0 43.4 287 21.7 0.00 0,00 8.7 0.0 3.0 105.02700.0 (2.8
6 1 HAX 9.0 0.0 0.0 0.00 008 0.0 00 090
E 1 (7N 43.4 178 62 000 000 5.0 00 1.8 L
¢ 2{ B) =100.0 1400 130.0 10.0 281.6 I64.9 145.4  0.01 0.0l 102.2.2081.0 ]4.8 105.0 2700.0 {2.8
£ 2 MM 0.0 0.0 ©.0 000 080 0.0 0.0 0.0
6 2{ 7 281.5 99.7 13.4 0.00 000 242 0.0. 9.8
7 1{ 1) - 100.0140.0 1300 0.0 43.4 17.8 62 0.00 000 50 0.0 1.3 105.02700.0 (2.8
7L haX $.0 0.0 0.6 000 000 0.0 00 0.0
7 1 8) : 4.4 68 2.0 000 000 95 0.0 07
7T 207 100.0 140.0 130.0 10.0 281.6 99.7 (3.4 0.0 @00 2.2 0.0 8.8 105.02700.0 2.8
72 MY 0.0 6.6 0.0 000 090 05 09 0.0 :
7 2( 8 = 2816 34.4 938 000 000 51.2 1389 3T .
§ [ 8 100.0 220.0 210.0 10.0 43.4 6.8 21.0 9040 000 4.5 0.0 0.5 105.02700.0 12.8
8 1 HAY . 434 00 233 060 000 49 0.0 0.0
g 1{ 9 _ 3.4 17.6 B0 000 000 3.0 00 1.1 S
§ 2( 8 . 100.0220.0200.0 (0.0 2B1.6 3J4.4 938 000 000 4 00 25 105.02700.0 12.8
g2 MM 2815 0.0 1043 000 0.60 257 0.8 0.0
g8 2( 9 = 2815 10607 142 ~0.00 ©0.00 48 0.0 6.0
3 1(9) 100.0220.0 200.0 10,0 43.4 17.6 8.0 000 000 3.0 0.0 - 1.1 105.02700.0 . 12.8
3 1 HAX ' ¢.0 0.0 0.0 000 0@0 0.0 00 0.0
IS\I : g:al_ﬁm: ® SIGS  © Stress in reinforcement bar (kg/cm?)
M : B ea@g orce (1) 5 TAU - Shearing stress in concrete (kg/cm?).
:  Bending moment (t0m) _ - SIGCA  : Anowable stress for concrete (kg/em?)
AS, Sectional area of reinforcement bar SIGSA : Allowable stress for reinforcement bar
ASD 1 (em?) kgD
SIGC :  Spess in concrete kg/fem?2) _ SIGTAU : Allowable shearing stress for concrete

{kg/em?)



Table 1-1.7(2) STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION A-A)

NOTES: x HEANS MAXIMUM STEEL AREA

TM  CASL POINT 5168 B ) ot 02 i 5. 8 AS 45D SICC SIS TAU SIGCA SICSA SicvAl

9 veer 43.4 ¥99 205 0.00 0.60 4.5 0.0 2.0
g° 2( 3 - 100.0 220.0 210.0 10.0 281, 1007 14.2 ©.00 ©0.00 148 0.0 6.0 1050727000 12.8
3 2 HiX 0.0 0.0 0.0 0.00 000 0.0° 0.0 0.0
g z2(10) = "261.5 18,3 147.2 0.0l  0.00 32.5 103.3 "1l
0t (18} - T00.0220.0 2100 106 518 95 20057 000 .t 4.9 0.0 0.7 105.0 20000 2.8
0 1 HAX . 530 0.0 6.8 .0.060 000 45 0.0 0.0
o 10 : 547 6.0 26.8 0.00 060 38 0.0 I.] _
o 2{19) 100.0 220.0 210.0 10.0 318.1 80.1 147.2 0.00 0.00 327 0.0 5.6 [0502900.0 [2.8
10 2 HAX 320.3 00.0 105.7 0.00 ‘000 277 .0 0.0
e zeH) = _ : 320. 74.0 140.7 000 000 320 0.0 5.2 :
TEE 13 100.0 200.0 180.0 100 50.0  27.3 2.3 0.0 940 B85 0.0 2.0 105.02700.0 . 12.3
(E R Y : 0.0 0.0 0.0 ©0.60 000 0.0 .0.0 0.0
oot _ 537 158 1.4  0.00 000 23 0.0 1.0 :
P 2611} = 100.0200.0 190.0 10.0 279.8 175.1 1407 0.01 0,00 375 I54.3 125 105.0 2700.0 128
12 MaX 9.0 00 0.0 000 009 0.0 0.0 0.0 :
1212} _ 256.0 102.4 40.0 0.00 0.00 20.3 0.0 " 7.2 :
12 .1 (12) 100.0-200.0 190.0 10.0 53,7 15.8 (.4 0.00 o000 2.8 0.0 1.0 105.0 2700.0 1238
121 HAX 8.2 0.0 I45 o000 0 000 31 o000 0.0
12 1 (13) : 3.8 209 5.5 000 0.0 4.0 -0.0 .4
12 2(12) {00.0 200.0 130.0 10.0 286.0 (024 40.6 000 0.00 203 0.0 7.2 105.02700.0 2.8
122 HaX x 2944 0.0 1307 6.0 000 353 73.4. 0.0 :
12 2(13) : _ 303.3 1125 27.8 000 000 133 0.0 1.8
13, 1 (13) - 100.0 200.0 180.0 10.0 B3.8 Z0.3 S 0.0 000 40 6.0 1.4 §05.027000 128
131 My 0.6 0.0 0.0 000 000 0.0 0.0 0.0 :
131 1d) ' 812 347 389 0.0 000 8.2 0.0 25 .
13 2(13) 100.0 200.¢ 190.0 (0.0 303.3 1125 27.8 0.00 .00 i3 0.0 7.5 105.02700.0 (2.8
3 2 HAX 0.0 00 0.0 000 D00 0.0 0.0 0.0
2y = 309.0 198.6 132,56  0.01 " 0.00 407 133.5 )35 :
(F} | () 100.0 200.0 190.0 (0.0 Y2.1 223, 389 000 o000 S.4 0.0 1.7 105.02700.0 12.8
41 MK ' §3.3 0.0 20,3 0.0 000 B7 0.0 0.0
4 1 (13). _ §8.3 4.7 22,2 0.0 0.00 B.7 0.0 0.d
14 2 {14) 100.0 200.0 190.0 10.0 351.§ 85.1 1528 - 0.0l 080 414 736 B.4 1050 2700.0 12.3
14 2 #HiX . 335.3 0.0 1106 .0.00 000 343 0.0 0.0°
o248 = : 357.1 B2.4 1510 001 0.0 413 80.4 6.2
15 1 {18} 100.0 200.0 180.0 10.0 51§ 25.0 I17.9 0,00 000 53 0.0 . 2.0 105.02700.0 12.8
15 - 1 H&X g0 0.0 @©.0 000 000 0.0 0.0 0.0
15 1 (15 515 4i.8 22.2 0.0 o000 58 0.0 32
15 2 { {6) 100.0 200.0 190.0 .19.0 210.8 1133 0.2 ©.00 000 200 0.0 . 7.7 05.02700.0 123 -
15 2 HAX 0.0 0.0 0.0 ©.00 000 00 OG0 00
1 2{1B)Y = 310.8 1887 151.0 . 0.00 0.00 403 140.3 135
5 1IN 100.0 200.0 130.0 10.0 S[.6 254 7.3 0.00 0.00 5.2 0.0 2.4 105.02700.¢ 128
15 1 HAX 518 0.0 40.3 000 000 85 0.0 0.0
16 1 {16} 51,6 25.6 179 000 o000 5.3 00 2.0
15 2 ( 7) 100.0 200.0 190.0 10.0 310.8 112.7 31.3 0.0 900 20.2 6.0 7.7 105.02700.0 2.3
i 2 HAX = ' 318 0.0 1325 0.0l 0,00 38. 383 0.0
i 2115 310.3 1133 302 008 ©oe 204 o0 1.7
17 (1) - (00.0 200.0 196.0 10.0 516 42.2 23,3 060 000 6.0 0.0 3.2 105.02700.0 (2.3
17t HAX : 0.0 ©.0 0.0 0.00 0.00 0.0 0.0 00
17 (i 51.6 25.4 17.3 . 0.00 000 5.2 0.0 2.0
17 2.0 {}  =100.0 200.0 1906 (0.0 310.8 (88.F 149.2 0.0t 0.00 39.8 130.3 .. 195.02700.0 I2.8
172 HAX ’ o0 ©00 DO 000 080 OO0 oO©.0 0.0 ’
17 2040 /0.8 1?7 31,3 bk 000 202 0D T



Table 1.1.8(1) STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION B-B)

HOTES; = MEANS HAXIMUM STEEL ARZA
H AS #5D SIEC - SIGS TAD SIGCA sEGSA SIGTAU

£EN CASE POINT SIGH B H DD N 5.
I 100.0 200.0 150.0 10,0 B7.2 43.3 76.4 —3.52 —-0.00 42.42700.0° 2.4 (05.02700.0 12.8
(N 1T V¢ 0.0 Q0 . 0.0° %00 000 00 0.0 0.0
vt o2 844 3.8 I63 000 000 5T 0.0 27 _ .
120 1) % 109.0200.0 190.0 10.0 280.4 '213.8 402.5--38.05-38.05 [00.8 2200.0 6.4 105.0 2700.0° 12.8
P2 X 0.0 0.0 0.0 960 000 00 0.0 -0.0
1 2{ 2 285.5 213.3 159.0  ©0.0F .0.00 42.8 2158 146
to3l 100.0 200.0 190.6 10.0 92.4 25.8 789 0.00 0.00. 42.02088.7 . 1.5 81.0230.0 1.1
I3 HAX : 0.0 00 00 0@ g0 20 00 0.0
to3(2) 57.6 25.9 S53.0 . 0.001 0.00 4.8 1357 L7
2 {2 100.0 200.0 190.0 0.0 54,4 365 3.3 000 0.00 87 U.0 2.7 105.02700.86. 128
71 HAY : 546 0.0 260 000 060 B.E .0.0 0.0
2 ({3 45.3 8.4 225 000 000 56 0.0 20 . :
2 212 1000 200.0 139.0 0.0 2858 2033 159.8. 8.0 0.60 42.8 27158 4.6 .{05.0 2700.0 - 12.8
722 MY 2632 0.0 2008 0.00 . 0.00 70.71383.0 0.0 :
z 2{ ) 253.0 1925 129.5 00 0 £.80 345 1538 136
9 3(.2) =(00.0200.0190.0 19.0 878 5.3 '53.0 0.0) - 000 148 137 - L7 5102300 1.
2 3 MY 9.5 0.0 8.2 0.00 5.0 48 0.0 . DO
2 3( 3 s50 J1.5 295 0,00 €00 7.2 0.0 0.8 . .
O 3 100.0 200.0 180.0 10.0 45.3 284 225 0.00 0.00 5.5 - 0.0 2.1 i05.02700.0 [2.8
31 R 00 0.0 0.0 0.00 000 0.0 0.0 0.0
31 ( 4) 422 366 583 —4.20-—0.00 34827000 2.0 :
I W {30.6 200.0 1900 10.0 253.0 1926 1285 001 000 345 1528 136 195.0 2700.0 12.8
32 HAY 60 0.0 0.6 000 000 00 0.0 6.0
3 2( 4) = 241,17 2515 3738 ~40.63.—0.00. 103.3.2760.0 150
3 3{ 3)  100,0200.0 190.0 10.0 S5.0 [1.5 295 0.0 - 900 7.2 0.0 0.8 +5L.0230.0 lId
33 oaX : 0.0 - 0.0 0.0 000 000 0.0 0.0 0.0
3 3({ 4} 48.7 133 43.2° 0.0 080 25.31458.8 0.8
& 1 { 4) . .100.0220.0210.0 10.0 . 36.6 42.2 58.3 --4.04-._0.00 30.52700,0 2.1 105.0 2700.0 12.8
4 1 omY 0.0 0.6 "0.0 000 0.00 0.0 00 0.0
4 s . 36.6 32.8 20,8 000 0.0 42 0.0 22
4 2( 4} x (6D.0 22002100 100 2515 247.7 373.9 ~3(-35.—0.00 §3.5 21000 13.3 i05.0 2700.¢ 12.8
42 M 0.0 0.0 0.4 000 000 00 0.0 0.0
4 20w : . 2305 1914 1544 0.1 06.00 345 222 118
42 4) 100.0 220.0 2100 16.0 13.3 49.7 43.2 - £.31—-0.00. 21823400 .25 8L.02340.0 LI
43 EX 0.0 _0.0 ©®b 00 00 09 00 0.0
4 3( 3) © 133 384 0B 000 000 0.7 0.0 23
5 t{ 5} 1060 220.0 216.0 10.0 36.8 32.6 20.8 0.00 0,00 4.2 00 22 105.0 27000 128
5 1 MAX 3.6 0.0 345 o000 0.09 B0 0.0 0.0 :
5 1{ G} 6.6 328 208 000 0.00- 4.2 0.0 2.2
5 2009 W00.0 2200 216.0 (0.0 2515 191.4 1544 .00 000 345 227.2 119 05,0 2700.0 2.8
5 2 HAX 2515 0.0 1700 0.0t 000 38.9 3384 0.0
5 24¢ B} 2515 1814 1844 001 0.0 345 2272 113 -
s 3(. 5} 1000 220.0 2100 10.0 13.3 8.4 0.8 g.00 0.0 07 0.0 23 SL.02340.0 LI
5 3 HAX = 3.3 0.0 B6.1 1130 000 5.3 23400 0.0 .
5 3( 8B} 13.3 35.4 €8 000 0.00 07 0.0 2.3
& 1( 8 160.0 2200 2t0.0 0.9 3566 326 208 900 006 4.2 0 0.0 . 2.2 105027000 128
B 1 HAX D0 9.6 0.0 0.00- 6.00 00 0.0 D9 B
5 1N 36.6 422 58.3 404 600 30377000 2.0
€ 2( g Q0.0 220.0 2100 0.0 251.5 i3[.4 154.4  0.01  0.00 345 227.2 1.3 105.0 27000 128
B 2 il ¢.0 0.6 00 000 000 00 006 0.



Table 1.1.8(2) STRUCTURAL ANALYSIS OF INLET PORTAL (SECTION B-B)

KOTES: = BIANS HAXTHUM STEEL AREA

HEM  CASE POINT SIGK B K D1 D2 N 5 AS A5 SICC SIGS  TAU S1GCA SIGSA SICTAU

8 2 T} = 251.5 247.7 373.3 - :u 35.---0.00 93.6 2700.0 13.3
B 3 B} {00.0 220.0 210.0 10.0 13.3 384 0.8 .o00¢ 000 07 0.0 2.3 SLOZ0H 1N
§ 3 MAX. : _ po. 0.0 B0 000 000 0.6 9.0 . 0.0
5§ 3{( M 13.3  49.7 43.2 —~6.31~——D0.00 2].B2340.0 2.5
T 107 100.0 200.0 190.0 0.0 422 36.6 583 4.20-~0.00 24.82700.0 2.0 105.0 2700.0 12.8
71 HAX 0.0 b0 €0 ¢00 000 00 0.0 0.0
i1 { 8 : 459 2.4 225 000 060 56 0.0 2.1
9 2{ 7) = 100:0200.0 130.0 1.0 247.7 251.5 373.9 - 40.89 — 0.00 1033 2700.8 5.1 105.0 2700.0 128
T 2 EAL 60 00 0.0 g.00 000 00 00 00
Tzl o8 253.0 192.6 129.5 0.00 0.60 345 133.3 13,6,
7 03( 7 {00.0 200.0 180.0 10.0 43.7 13.3 43.2 0.0l 0.00 25.3 1435.8 0.8  91.0 2340.0 ).t
703 X - ¢.0 0.0 0.0 000 000 .0.¢ 0.0 0.0
7 a3l 8} 5.0 115 285 £g0 060 72 00 08
.8 t{ 8) 100.0 200.0 180.0 10.0 45.3 28.4 '22.5 €.00 0.00 58 0.0 2.1 105.0 2700.0 2.8
B 1 oHX 54§ 0.0 "26.1. o000 000 B5 00 00
g8 b 9) : t4.4 3.6 363 000 000 87 00 27 .
g 24{ 8) 100.0 200.0 [80.0 (0.0 253.0 192.6 123.5 ©0.01 0.00 345 153.3 3.6 105.0 2700.0 IZ.B
§ 7 WAX 268.2 0.0 200.8 Q.00 0.00 70.7 15830 0.0
5 2{ % 265.6 213.3 '159.0 0.0 000 42.9 2755 M.E
$ 3B 100.0 2000 190.0 10.0 55.0 1.5 295 000 000 7.2 0.0 0.8 9:.0Z230.0 [IL.I
8 3 HAX £8.9 - 0.0 9.2 0.00 000 4.9 0.6 0.0 .
§ 33(® = 7.6 253 53.0 0.01 000 4B 1337 1.7
s {9 100.0 2000 1900 10.0 4.4 36.8 383 000 000 87 00 2.7 [05.02700.0 2.3
g 1 HAX 00 60 0.0 060 0080 6.0 0.0 0.0
T {1 §7.2 43.3 TB.4- -3.52-- 0.00 42427000 2.4 S
s 2( % 1000 200.¢ 190.0 0.0 285.6 213.3 I58.0 0.01 0.00 42.3-275.3 14.6 105.0 27008 12.8
§ 7 MK g0 00 0.0 o000 Q000 0.0 0.0 0.0
3 z2{10). =x 730.4 273.8_ 402.5---38.05—38.03 100.8 2700.D 16.4 .
3 3{ 8) 160.0 2000 190.0 10.0 §7.5 25.9- 53.0 0.60 0.00 M8 133.7 1.7 5102300 111
§ 3 HAY . p.0 0.0 0.0 o0 000 00 B0 0.0
8 3{10) - : 2.4 95.9 7B.3  0.51  D.00 420720837 15
1o 10 100.0 200.0 {50.0 100 43.3 445 5.3 0.00 0.00 6.0 0.0 3.2 10592700.0 12.8
w1 X : 00 0.0 &0 060 000 6.0 0.0 0.0
(i 43.3 57.5  76.4 —-T7.86--- 0.00 385 2700.0 3.2
1w 2¢1) 100.0 200.0 190.0 (0.0 273.8 214.8 1585 0.00 0.00 43.7 23381 J4.3 i0p5.02700.0 2.8
2 MY p.0 9.0 00 000 006 00 0.0 00
1w 2010 = 277.8 274.1 4025 - 40 81 —40.51 98.7 2700.0- 16.4
w3 an 0.0 2000 1300 30.0 25.9 58.8 1.4 000 0.0 3.0 0.0 435 1023006 [0
13 HAX 00 0.0 0.0 000 000 00 00 0.0
0 3¢ 10 25.9 76.0 78.8 <i3.37)~0.00 33.8230.0 43
(TR I 13 1009 700.0 150.9 10.0 433 445 5.3 0 000 -000 6.0 0.0 3.2 105.02700.0 128
B I T 433 0.0 504 2.33 0,00 33421000 0.0
noorn 433 445 25.37  6.60 000 6.0 0.0 3.2
o2 (12 10,0 200.0 190.0 10.0-273.8 211.8 153,5 000 ¢.00 437 3381 133 105.0 2700.0 12.8
o2 X ' 2138 0.0 2006 0,01 000 6B.21393.0 0.0
w24 2738 2118 15335 Q.01 . 000 437 I 143
it 202 [00.0 200.0 190.0 10.0 25.8 8.8 1.4 0,00 0.00 3.0 00 45 81023400 IL.I
I3 HAX x 259 0.0 88.8 (1575 0.0 35.56240.0 0.0 :
o3} 259 588 (1.4 .0.00 ©.00. 30 0.0 45
12 {5 {00.0 200.0 190.0 [0.0 433 57.6 764 _7.86- 0.00 3B.52700.¢ 3.2 105.0 2700.0 12.8
12 71 #AY o0 00 @0 000 000 00 0.0 00 :
121 () . 43.3 4435 5.3 00 - 060 B0 0.0 3.2
12 2{ 1) = 100.0200.0190.0 10.0 273.8 274.@ 4d02.5 -40.6l 40 Bl 98.7.2700.0 5.4 105.0 2700.¢ 12.8
122 BAX 00 0.0 D0 980 000 006 00 00
12 2(12) 273.8 2(1,8 159.5 0.1 0,00 43.7 331 i:3
1z 34 0 100.0 200.0 190.0 (0.0 25.9 75,0 78.9-(13.377 - 0.00 33.8 2400 43 91.0 200 B
12 3 MAX g0 0.6 0.0 000 000 00 80 G0
12 3 (12} 259 38.8 4.4 000 000 3.0 0.0 43



Table 1.1.9(1) CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: INLET PORTAL SECTION L.B

Member 1 2 3 o 4 _ 5
Spot . 2(outside) mid(inside) 3(outside) OS(outside) mid(inside)
M cm o 159.00 200.90 129.50 154.40 66.10
Q & . 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. 00 100.00 100.00 100.00 100.00
h o cm 200.00 200,00 200.00 220.00 220.00
u cm - 50.00 ©90.00 ' 90.00 100.00 100.00
a em 190.00 190.00 °©  190.00 . 210.00 210.00
d’ cm o
a'/ d 0.00 - 0.00 '0.00 0.00 0.00
M'= M#N.U t.m £16.04 443 .18 357.20 ° 405 .90 . 79.40
M'/(b.d.d) kg/cm2 11.52 . 12.28 9.89 9.20 1.80
Q /(b.d) . kg/em2 11.23 0.00 1016 .- 9.11 0.00
f=M/N+u em . 145.67 164 .63 161.19 161.39 596.99
£ /4 _ . 0.77 - 0.87 .. 0.74 0.77  2.84
As D19@150 D19@300  DI19E150 D19€150  D19E1S0
cm? 19.10 9.54 19.10 19.10 19.10
As’ . . _ , :
cm?2 - 0.00 0.00 0.00 0.00 0.00
As' / As D.00 O 0.00 0.00 0.00 0.00
n 15.00 15.00 15.00 15.00 15.00
no-n.As/ (bd) ©0.015 0.008 0.015 0.014 0.014
¢ 3.61 4.91 ©3.63 11.67
S 1.31 5.20 1.36 52.26
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/cm? 14.9 0.0 11.6 12.0 0.0
Sisma ca  kg/emd 105.0 105.0 105.0 105.0 91.0
Sigma sa  kg/em? 2700.0 ©2700.0 2700.0 2700.0 2340.0
Tau a kg/cm? "12.8 12.8 12.8 12.8 111
Cess : 2 2 2 2 _ 3



Table 1.1.9(2) CALCULATION OF INTERNAL STRESS IN REI‘NFOR'CE;D
CONCRETE STRUCTURE: INLET PORTAL SECTION B-B

Member 11 12

. Spot -mid(inside) 12 (outside)

M T.m B8.60 159.50
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
da cm 190.00 190.00

d’ cm
ar/ d _ 0.00 0.00
M= M+N.w  t.m 111.91 405.92
M'/(b.d.d) kg/em2 . 3.10 11.24
Q /(b.d) kg/cm2 0.00 11.15
f = M/N+u em 432.08 ~ 148.25
£/d 2,27 0.78
 As - 3.00 . D19@150

cm? 19.10 19.10.
As’ o '
cm? 0.00 0.00
As' / As o 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
z - - 1.31
Sigma ¢ kg/cm? 32.9 41.8
Sigma s kg /cm? 1950.4 ' 266.5
Tau kg/cm? 0.0 14.6
Sigma ca kg/cm? 91.0 105.0
Sigma sa kg/cm? 2340.0 2700.0
Tau a kg/cm?2. 11.1 12.8
. Case ' 3 2

Note : stirrup

ol
-1



Table 1.1.10 STRUCTUR?\L_ ANALYSIS OF OUTLET TRANSITION

NOTES: & MEALY HAX[HEN STEEL AREA

MENl CASE POINT SICK K H Bl (] 3 M A5 ASD  SIGC  SIGS | TAU SICCA SICS) SiGTAG
| 1 (1 w1000 90.0 (0.0 §3.1 398 ©68.0 2183 000 79.1230.0 5.0 351.0230.0 1.1
0 #A £0.9 0.0 0.4 Do0 008 63 0.0 0.0
[ I - © 538 54 0.9 000 000 55 0.0 0.3 :
12 1t mo.p 1090 80.0 [¢.0 " 7R3 5.0 415 368 0.00 73.23600.0 0.6 2i0.03000.0 1B
P2 AN 0.0 0.0 0.0 000 D000 0.0 0.0 0.0
10 2 N . . . §7.9 5.0 B0.8 1345 000 82.43000.0 0.6
20 1L 2 (g 1000 6.0 10.0 58 9.2 0.9 C 0.00 F.0.00  B5  0.0- 1.4 91.023400 1.
21 HAS 572 0.0 3.4 ¢00 000 7.8 00 0.0 '

PAE N G ' .. 545 144 5.1 0.0 000 B85 0.0 23 ' _

2 2 7 viwm0100.0 900 100 €63 128 0.8 1382 0.00 822 3000.0 1.5 210.0 3000.¢ [8.G
2 2 omX 0.0 - 0.0 0.0 000 000 0.0 0.6 0.0

2 20D B2.2 115 38.2 3.94 0.90 BB.2 3000.0 1.4 ‘
<IN B P pmp 0.0 900 100 544 147 5.0 o000 ©.00 85 0.0 23 3102300 Il
31 MAX - 525 0.0 3.0 0.0 0.0 7.0 0.0 0.0

L S I R T 509 2.1 2.5 0.00 060 B8 0.0 .8

3 2 3} o whmfpel0 9.6 190 46.4 4t 3.2 6§28 0.00 62,5300 5.0 200.03000.0 8.0
32 M p.0 0.6 0.0 000 000 0.6 0.0 0.0

3 20 4 _ 4.7 173 32.8° 5.48 000 59.4 3000.0 2.1

¢ 1N jup toD.0 90.0 J0.0 50.2 15.0 2.5 0.08 0,00 B5 0.0 2.2 5102300 M.
41 MY 45 0.0 5.8 0.00 000 B3 0.0 0.0

4 1w 48.8 13.0 05 9.00 000 52 0.0 1.8

4 2t n pwg 0.0 90.0 10.0 0.0 37.3 3298 7,93 0,80 55330006 4.5 210.0 30000 189
42 N : 23.0 0.0 8.2 21.20 0.0 75.33000.0 0.0

4 28 288 7.7 2.8 20.68 ~0.00 74.43000.0 0.8

5 14 3l jong (090 90.0 10.¢6 48.8 131 0.5 0.00 0.00 5.2 0.0 1.8  81.0230.0 Il
5 1 #MX . 495 0.0 5.6 000 000 B3 0.0 0.9

5 1t 502 8.0 2.5 0.0 000 B5 0.0 2.2

§ 4| &) - (ma te0.0 90.¢ 10.0 28.8 7.7 B2.8 2058 D00 T4.4 30900 ©.9 290.0 30800 189
5 2 HAY ¢ 29.0 0.0 4.2 2021 0.00. 75.33000.0 0.0

5 20 Bl . . 30.0 373 329 7.93 000 55330000 4.5

6 14{ G e.o jub.0 90.0 to.¢ S0.8 f21 2.5 000 0.0 B8 0 0.0 1B Bl 23d00 il
B 1 HAX 525 0.0 3.0 ©.00 ow0r 7.0 0.0 0.0

E 1t - 544 147 5.4 000 000 85 0.0 23

6 21w 0Lk (00,0 S0.0 0.0 447 17.3 328 5.48 000 59.4 30000 2.0 210.0 30000 1B.0°
62 oMY .0 00 0.0 0.00 000 0.0 8.0 00

g 24 7 48.1 41.1 38.2 E.28 0.00 62.53000.0 5.0

T 147 o To0G 800 100 545 4.4 5.0 000 000 B5 0.0 2.3 5102300 L.}
71 HN ' 579 0.0 3.4 o000 D03 7.8 0.0 0.0

11t o8 s9.1 102 6.9 000 " 000 . £5. 0.0 L4

7o2{M b oo oLy 96,0 10.0 2.2 {15 3.2 3.94 0.00 £6.2°3000.0 [.4 210.03000.0 18.0
72 M 00 00 0.0 000 000 0.0 0.0 0.0 '

RN G S §6.9 12.8 &0.B 13.62 0.00 " §2.23000.0 1.6

I Y g0 0 0.0 990 100 598 . 54 0.8 000 000 BS5 . 0.0 0.8 31.023d0.0 [l
g8 1 HAY 0.9 0.0 04. 000 000 £3 00 0.0 '

g 14 m : B9.1 39.8 £8.0 21.63 0.00 79.1230.0 5.0 -

32008 oo 100.G-90.0 100 878 5.0 BO.8 £3.45  6.00 :§2.4 30000 .08 2[0.03000.0 8.0
5 7o 00 0.0 9.0 000 000 0.0 0.0 0.0

$ 20 0m _ 713 5.0 415 368 0.00 73.23000.0 0.8 _

9 1L o paen 800 10.0 398 5.5 B%.0 27.58  0.00 72.82340.0° g1 51.02340.0 1l
9 1M 39.6 0.0 59.7 22.96 0.00 £8.3 2340.¢ 0.0

t I S ¥ 3% 655 68.0 2758 0.00 7292300 B

§ 10l juee (000 950.0 10.0 <-5.0 67.5 415 °17.35  0.00 5/.33000.0 3.0 -210.0 3003.0 13.0
g 7 owy ' 5.0 0.0 90.1 4§7.79 0.00 B82.53000.0 0.0

9 2 { W 5.6 67.5 405 17.35  0.060 51.33000.0 8.0



Table 1.1.11  CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: OUTLET TRANSITION

Menmber 1 4 4 9 9
5pot l{outside) 5(outside) mid(inside) Y(outside) mid(inside)
M T.m ) 68.00 62.80 64.20 . 68.00 90.10
Q t 39.80 7.70 0.00 65.50 ¢.00
N t 6910 . 28 .80 29.00 39.80 " -5,00
b cm 100.00 100.00 100.00 100.00 100.00
h cm 100,00 100.00 100.00 160:00 100.00
u cm ©40.00 40.00 40.00 40.00 40.00
4 em 90.00 90.00 530.00 90.00 - 80.00
g’ cm
d'/ d . 0.00 . 0.00 - 0.00 0.00 0.00
M= M+ u  tom 95 .64 74.32 75.80 83.92 88.10
M'/(b.d.d) kg/cm2 11.81 5.18 9.36 10.36 10.88
Q /(b.d) kg /cm2 4 42 0.86 0.00 7.28 0.00
£f=M4/MNu  com 138.41 258.06 261.38 210.85 -1762.00
£f/d 1.5%4 2.87 2.90 2.34 . -19.58
As D22@150 D22@150 D22@150 D25@L50 ’ D29@150
cm? 25.80 25.80 25.80 33.80 42 .90
As’
cm? 0.00 0.00- 0.00 0.00 0.60
As' / As 0.00 0.00 0.00 0.00 0.00
n 15.00 15.00 15.00 15.00 15.00
up~=n.As/(bd) 0.043 .0.043 0.043 0.056 0.072
G Lo 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 ¢ kg/em? 747 68.6 . 7001 67.9 78.8
Sigma s kg/cm2 2000.5 2436.0 2498.1 1939.1 2639.1
Tau kg/cm? 5.0 0.9 0.0 8.2 0.0
Sigma ca kg/cm? 91.0 210.0 210.0 91.0 210.0
Sigme sa kg/cm? 2340.0 3000.0 3000.0 2340.0 3000.0
Tau & kg/cm? 11.1 18.0 18.0 1.1 18.0
Case 1 2 2 1 2

Note



Tabte 1.1,12 STRUCTURAL ANALYSIS OF OUTLET PORTAL

HOTES: = STANS MANINUY STEEE AREA

NI CASEPOINT SiR B % DLoD2 N 5 H S 450 SIGC SECS . TAY SIGCY  SIGSA SICTAL
{ tton oo 100.0 99.0 (0.0 £9.3 7.4 B8 000 000 9.0 06 1.2 70.0 18000 8.5
1 M ' ' 0.0 0.0 0.0 000 ¢80 0.0 0.0 0.0 '
S IS B 5.4 17.0 133 - 000 0.00 (4.5 855 2.

g (M <1000 0.0 90.0 10.0 441 2001 133 000 000 47 1117 2.9 T0.8 18000 8BS
20 My 350 0.0 43 000 000 8.0 00 00

R : : 295 4.8 4.4 000 000 53 @0 zZ.0

E I - 100.0100.0 90.0 10.0 29.2 124 44 000 000 55 0.0 2.0 0.0 1809.0 8.5
31 X 29.2 0.0 5.7 000 000 3 0.0 0.0

SR G 3 B S 29.2. 124 4.4 000 000 5.5 0.0 2

$ 14 J0D 1000 6.0 9.0 3.5 118 4.4 000 000 5.6 0.0 2.0 7.0 18000 85
VR O TE N 354 0.0 2.3 000 0gr B 0B D

i1t 5 = 4.0 2.1 13.2 000 080 4.7 117 29

s L 5) o0 100.0 90.0 10.0 45.4 17.0 13.3  0.00 000 145 955 2.4 70.0 18000 8.5
51 EAY 00 0.8 00 006 0.08 00 00 ©.D

5 1 Bl 93 T4  B.9 0060 000 90 08 1.2



Tabie 1.1.13 CALCULATION OF INTERNAL STRESS IN REINFORCED
CONCRETE STRUCTURE: OUTLET PORTAL

Member 2
Spot : 2 (outside)
M t.m’ : 13.30
Q t . 20.10
N t 44,10
b cm 100.00
h e 100.00
u cm 40.00
d cm 90.00
a’ cTm
d'/ d ' 0.00
M'= MtN.u t.m 30.94
M"/(b.d.d) kg/cm2 3.82
Q /(b.d) kg/cm? 2.23
f = M/N+u cm 70.16
£f /4 0.78
As D16@300
cm? 6.61
As’
cm? 0.00
As’ [/ As 0.00
n 15.00
np=n.As/(bd) : " 0.011
c : 3.75
s 1.65
z 1.30
Sigma ¢ kg/em? 14.3
Sigma s - kg/cm? 947
Tau kg/cm2 2.9
Sigma ca . kg/cm? 70.0
Sigma sa kg/cm? 1800.0
Tau a © kg/cm2 8.5
Case

Note
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|_Fig. 11.1.4(1)
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| Fig. [1.1.4(2)
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PART I WATER PRESSURE TEST






RECORD DF WATER PRESSURE TEST HOLE NO: JD-3
DEPTH({m): - 2-5

______________________________________________________________________________

GAUGE ‘INJECTION - TEST. HOLE GAUGE  WATER TEST LUGEQN k- VALUE

PRESS. 'ty - LENGTH DIA, HEIGHT LEVEL  PRESS, VALLE :

kg/em2 Hit/min Vit/min/m m mmn m m - kgfcm? cm/sec
0.5 51.4 17.13 3.0 66.0 1.20 3.50 1.0 176.6 0.002113
1.0 65,4 21.80 3.0. 66.0 1.20 . 3.50 1.5 148.3 0.001774
1.5 70.4 0 23.47 3.0 66.0 1.20 3.50 2.0 119.1 0.001425
2.0 76.6 - 25.53 3.0 66.0 1.20 3.50 2.5 103.4 -0.001237
1.5 69.0 - 23.000 3.0 ©66.0 1.20 3.50 2.0 116.8 0.001397
1.0 51.9 17.00  3.0° 66.0 1.20 3.50 1.5 115.6 (.001383
0.5 36.0 12.00 3.0 66.0 1.20 3.50 1.0 123.7 0.001480

D 2 8 o i L o 99 4 e o o e e B 0 A e . i P o o v e Y AR

AVERAGE 129.1 0.001544
k-VALUE: COEFFICIENT OF PERHEABILITY

RECORD OF WATER PRESSURE TEST HOLE HO. JD-3

DEPTH(m): 510 -

GAUGE IHJECTIOR . TEST HOLE GAUGE WATER TEST - LUGEOK k-VALUE

PRESS. Q'ty LENGTH DIA. HEIGHT LEVEL PRESS, VALUE

kg/cm2 lit/min lit/min/m m m m m - kg/em? - emfsec
1.0 12.2 2.44 50 . 66.0 1.20 7.50 1.9 13.0 0.000174
2.0 20,2 5.84° 5.0 066.0 1.20 7.50 2.9 20.3 0.000271
3.0 - 49,8 ~ 9.96 5.0 66.0 1.20 7.50 3.9 - 25.7 0.000343

- 4,0 41.6 8.32 5.0 66.0 1.20 7.50 4.9 17.1 0.000228
3.0 53.4 10.67 5.0 66.0 1.20 7.50 3.9 27.6. 0.000367
2.0 36.0 .. 7.20 5.0 66.0 1.20 7.50 2.9 - 25.1 0.000334
1.0 25.0 . 5.00 5.0 -66.0 1.20 7.50 1.9  26.7 0.000356 ~

AVERAGE ' 22.2  0.000296
k-VALUE: COEFFICIENT OF PERMEABILITY = .
k-VALUE: COEFFICIENT OF PERMEABILITY

" RECORD OF WATER PRESSURE TEST HOLE O. JD-3

DEPTH(m): 10 - 15 _

GAUGE INJECTION. . TEST HOLE GAUGE WATER  TEST LUGEOR k-VALUE

PRESS. Q'ty LENGTH DIA. -HEIGHT LEVEL PRESS. VALUE

kg/cm2 lit/min lit/min/m m . mm m m kgfem2 cm/sec

0 a4 8.48 5.0 66.0 1.20. 12.50 2.4 35.8 0.000477
2.0, 5000 10000 5.0 66.0 1.20 12,50 3.4 29.7 0.000395
2.0 73.4 1468 5.0 66.0 1.20 12.50 5.4 -27.3 0.000364
6.0  98.0 19.80 5.0 - 66.0 1.20 12.50 7.4 26.6 0.000354
4.0 76,0 1520 5.0 66.0 1.20 12.50 5.4 28.3 0.000377
2.0 57.0 11.40 5.0 66.0 1.20 12.50 3.4 33.8 0.00045]
1.0 450 9.00 5.0 66.0 1.20 12,5 2.4 38.0 0.000506

AVERAGE o “314 0.000418

k-VALUE: COEFFICIENT OF PERMEABILITY

RECORD OF WATER PRESSURE TEST HOLE NO. JB-3

DEPTH(m): 15-20

GAUGE - THJECTION TEST HOLE GAUGE HATE!Y— —Eg;-' LUGEDN k-VALUE

PRESS. Q'ty- .- - LENGTH DIA. HEIGHT LEVEL PRESS. VALUE ]

kg/cm2 lit/min lit/min/m . m m. - m m kgfem2 o cm/sec
66.0 1.20 16.45 3.8 23.6 0.000314

2.0 44,4 - .8.88 5.0 )3 8

4.0 65.6 13.12 5.0 1 8 22.8 0.000303
6.0 82,2 1644 5.0 1 g 21.2 . 0.000282
8.0 . 97.4 19.48 5.0 66.0 1.20 16.45 .8 19.9 0.000266
6.0 84.0 - 16.80 5.0 . 1 8 21.6 0.000288
4,0 - 71,0 - 1420 5.0 1 8 24.6 0.000328
2.0 5.5  11.10 5.0 1 8 29.5 0.000393

AVERAGE o 23.3 0.000311

K-VALUE: COEFFICIENT OF PERMERBILITY

-1



RECORD OF WATER PRESSURE TEST . HOLE NOD. JD-3

k-VALUE: COEFFICIENT OF PERMEABILITY

-2

DEFTH(m): " 20-25
GAUGE TNJECTION TEST HOLE GAUGE  WATER  TEST  LUGEON- k-VALUE
PRESS, Q'ty  LENGTH DIA. HEIGHT LEVEL PRESS.  VALUE
kg/em2 Tit/min lit/min/m  m m m .om  kgfom? - cm/sec
a0 o 0.8 5.0 66.0 1.20  19.42 . 4.1 0.4 0.000006
. 1.2 024 50 66.0 1.20  19.42 6.1~ 0.4 0.000005
7.0 412 B.24 5.0 66.0 1,20 - 19.42° (9.1 . 9.1 ' 0.000121
0.0 72.7  14.44 5.0 66.0 1.20 19.42  12.1 - 12.0  0.000159
7.0 59.0 11.80 5.0 66.0 1.20  19.42 9.1 13.0 0.000173
40 380  7.60 5.0 66.0 1.20 19.42 6.1 12.5 .0.000167
2.0 28,0  4.80 5.0 86.0 1.20° 1942 41 11.8 0.000157
RERAGE T 8.5 0.000113
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST ' HOLE NO. JD-3
DEPTH(m): "25-30 ' -
GAUGE INJECTION - JEST HOLE GAUGE  WATER ~ TEST  LUGEON K-VALUE
PRESS. 'ty LENGTH DIA. HEIGHT LEVEL  PRESS. VALUE
kg/cm2 Vit/min lit/min/m  m  mm @ . m kg/em2 cm/sec
T i hiee a0 66.0 120 1541 a1 2.5 0.000314
40 67.6 13.52. 5.0 66.0 1.20  19.41 6.1 22.3 0.000297
70 862, 17.84 5.0 66.0 1.20 19.41° 9.1 19.7 0.000262
1000 107.0 21040 5.0 66.0 1.20 18.41  12.1 - 17.7 0.000236
7.0 880  17.60 5.0 66.0 1.20  19.41 9.1 19.4 0.000259
40 735 14.70 5.0 66,0 1.20  19.41 6.1 24.3 0.000323
2.0 56.5 11.30 5.0 66.0 1.20  19.41 4.1° 27.8 -0.000371
avermee T i 22.1 0.000204
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE NO. JD-3
DEPTH(m) ¢ 30-35 : ‘
GAUGE TNJECTION  TEST HOLE GAUGE - WATER = TEST LUGEON k-VALUE
PRESS. Q'ty LENGTH DIA. HEIGHT LEVEL PRESS. = VALUE
kg/cm2 ht/mm lit/min/m m o m m kg/cmZ _ cm/sec
T e Toh B G50 190 A9.66 8.1 25.5 0.000380
0 67.4 13.48 5.0 66.0 1.20 19.66 6.1 22.1 0.000295
7.0 90,2  18.04 5.0 66.0° 1.20 19066 9.1 19.9° 0.000264
10,0 107.2 21.44 5.0 6.0 1.20 . 19.66  12.1 17.7 0.000235
7.0 - 86.0 17.20 5.0 66.0 1.20 19.66 9.1 18.9 0.000252
5.0 615 12,30 5.0 66.0 1.20 19.66 6.1 20.2 0.000269
2.0 46.0 .20 5.0 66,0 1.20 19.65 - 4.1 22.5 0.000300
AVERRGE T 21.0 0.000280
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE HO. 20-3
DEPTH({m) : 3540 . -
GAUGE INJECTION TEST HOLE GAUGE WATER - . TEST  LUGEON E‘GAEUE-—
PRESS. Q'ty LENGTH DIA. MEIGHT LEVEL PRESS.  VALUE
kg/cmZ_ 1it/min lit/min/m m i m m  kgfcm2 cm/sec
70 4.8 8.9 5.0 66.0 1.20  28.02 4.9 20.2 0.000269
0 66.4 13.28 5.0 66.0 1.20 28.02 6.9 19.2 0.000256
7.0 88.4 17.68 5.0 66.0 1.0 28.02 9.9 17.8 0.000237
0.0 104.8  20.96 5.0 66.0 1.20 28.02 -~ 12.9 16.2 0.000216
7.0 B4.0  16.80 5.0 66.0 1.20  28.02 9.0 . 16.9 £.000225
4.0 59.0  11.80 5.0 66.0 1.20 28.02 - 6.8 17.0 '0.000227
2.0 435 870 5.0 66.0 1.20 28.02 4.9 17.7 0.000235
AERAGE . 179 0.000238



RECORD OF HATER PRESSURE TEST HOLE NO. JD-4
DEPTH{m): 6-10

GAUGE INJECTION TEST HOLE -GAUGE  WATER  YEST - LUGEON K-VALUE
PRESS. Q'ty - LENGTH DIA. HEIGHT LEVEL PRESS. VALUE
kg/cm2 ht/mm Vit/min/m  m i m m kofem2 cm/sec
05 18.6 4.65 4.0 85.0 0.80  2.57 0.8 55.6 0.000707
1.0 33.2  B.30 4.0 66.0 0.80 - 2.57 1.3 62.1 0.000790
15 318 10.45 4.0 66.0 0.80 . 2.57 1.8 56.0 0.000724
2.0 49.6 12.40 4.0 66.0 0.80 ~ 2.57 2.3 53.1 0.000675
1.5 33.0 B.25 4.0 66.0 0.80  .2.57 1.8 44.9 0.000572
1.0 2B.0° 7.00 4.0 66.0 0.80  2.57 1.3 52.4 0.000666
0.5  11.5  2.88 4.0 66.0 0.80 . 2.57° 0.8 34.3 0.000437
AVERAGE T S 51.3 0.000653
k-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE NO. J0~4
DEPTH(m) 10- -
GAUGE INJECTION ?Eﬁ HOLE GAUGE ~ WATER  TEST LUGEON k-VALUE
PRESS. 'ty LENGTH DIA, HEIGHT LFVEL . PRESS, VALUE
kg/om2 lit/min lit/min/m m  mn = m com kgfem? cm/sec
10 T340 Te.ad 5.0 66.0 0.80  12.80 2.4  28.8 0.000383
15  49.4  9.88 5.0  66.0 0.80 12.80 2.9 34.5 0.000460
20 56.6  11.32 5.0 66.0 0.80 ~ 12.80 - 3.4 33.7 0.000449
95 68.0 13.60 5.0 66.0 0.80 12.80 3.9 35.2 .0.000469
50 57.0 11.40 5.0 66.0 0.80 12.80 - 3.4 33.8 0.000452.
1.5 . 50.5 10,10 5.0 66.0 0.80 12.80 2.8 35.3 0.000470
1.0 . 33.0 6.0 5.0 6.0 0.80 12.80 2.4 28.0 0.000372
AVERAGE . T T 32.8 0.000437
K-VALUE: COEFFICIENT OF PERMEABILITY '
k_VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE KD. JD-8
DEPTH(m) : 15-20 :
EAGEE’iEJECTiaﬁ ---------- TEST HOLE GAUGE | WATER | TEST _-Eﬁsﬁuﬁ"-i-ﬁﬂfﬁE i
PRESS. Q't LENGTH DIA. HEIGHT LEVEL PRESS. VALUE
kg/em2 1it/m1n Hit/minfm m i m m  kg/cm2 : cmfsec
10 22 ses 5.0 66.0 0.80  16.80 2.8 21.2 0.000282
2.0 436 872 5.0 66.0 0.80 16.80 3.8 23.2 '0.000309
3.0 . 56.2° 1124 5.0° €6.0 0.80 16.80 4.8 23.5 0,000314
2.0 68.6 13.72 5.0 66.0 0.8 16.80 5.8 23.8 0.000317
3.0 56.5 11.30 5.0 66,0 0.8 16.80 4.8  23.7 0.000315
200 45.0  8.00 5.0 66.0 0.80 16.80 3.8 23.9 0.000319
10 285 570 50 66.0 0.80 16.80 2.8 207 0.000275
EGEEEGE T 22.9 "0.000305
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE NO. JD-4
DEPTH(m) : 20-25 :
GAUGE INJECTION TEST HOLE GAUGE WATER  TEST  LUGEON K-VALUE
PRESS. Q'ty LENGTH DIA. HEIGHT LEVEL PRESS.  VALUE
kg/em2 Ht/min lit/minfm  m i m m  kgfcm2 cm/sec
BN TS S S P A Ty
20 6.8  11.35 5.0 66.0 0.80 18.40 3.9  29.0 0.000386
40 . 73.8  14.76 5.0 66.0 0.80 - 18.40 5.9 - 24.9 0.000332
50  83.6 17.02 5.0 66.0 0.80 18.40 6.0 25.9 0.000345
4.0 73.0 14.60 5.0 66.0 0.80 18.40 5.0 24.7 0.000328
20 56.0 11.20 5.0 66.0 0.80  18.40 3.0 28.6 0,00038
10 4.5  B.90 5.0 66.0 0.80 18.40 2.9 305 0.000406
MVERRGE T 76.2 0.000349

k-VALUE: COEFFICIENT OF PERMEABILITY

n-3



RECORD OF WATER PRESSURE TEST :HOLE NO. JD-4

k-VALUE: COEFFICIENT OF PERMEABILITY
k-VALUE: COEFFICIENT OF PERMEABILITY

-4

DEPTH(m): 530, _

Gee TRORCTION T IesT HOLE GAUGE  WATER | TEST LTeion K-VALUE

PRESS, Q'ty © " LENGTH DIA. HEIGHT LEVEL PRESS. VALUE

kgfcm? lit/min lit/minfm m mm . m ~  m kgfcm? cm/see

T T3z eee 5.0 66.0 0.80  20.60 3.1 21.1 0,000282
20 M5 820 5.0 66.0 0.80  20.60 4.1 19.8 0.000264
40 616 12.32 5.0 66.0 0.80 20.80 6.1 20,1 0.000267
20 760 1520 5.0 66.0 0.80  20.60 7.1 21.3 0.000284.
40  62.0..12.40 5.0 66.0 0.80 20.60 - 6.1 20.2 0.000269
50 40.5° 810 5.0 66.0 0.80  20.60 ° 4.1 19.6 0.00026]
0 3.5 750 5.0 66.0 0.80 2060 3.1 23.9 0.000318

averaee 72008 0.000278

K-VALUE: COEFFICIENT OF PERMEABILITY

RECORD OF WATER PRESSURE TEST HOLE 0. JD-4

DEPTH(m): 29-35 o -

GAUGE INJECTION  TEST HOLE GAUGE WATER - .TEST LUGEON K-VALUE

PRESS. Q'ty _LENGTH DIA. HEJGHT LEVEL PRESS.  VALUE

kg/fem2 ht/mm 11t/m1n/m m. m oom kgfem2 cm/sec

o a6 3.60 6.0 66.0 0.80 21.64 3.2 11.1 0.000153
20 266  4.43 6.0 66.0 0,80 21.64 4.2 10.4 0.000144
40 47.2 . 7.8 6.0 . 66.0 0.80 21.64 6.2 12.6 0.000174
6.0  67.2 11.20 6.0 66.0 0,80 21.64 8.2 13.6 0.000188

4.0 510  B.50 6.0 66.0 0.80 21.64 6.2 13.6 0,000188
2.0 37.0 - 6.7 6.0 66.0 0.80 21.64- 4.2 4.5 0.000201
10 12.0 200 6.0 66.0 0.80 21.64 3.2 6.2 0.000085

mERRGE - 1.7 0.000162

K-VALUE: COEFFICIENT OF PERMEABILITY o

RECORD OF WATER PRESSURE TEST HOLE NO. JD-4

DEPTH(m): 3520

GAUGE TNJECTION TEST HOLE. GAUGE  WATER  JEST LUGEON k- UALua'

PRESS.  Q'ty LENGTH DIA.  HEIGHT LEVEL PRESS.. VALUE

kg/cm? Vit/min 1it/min/m  m m m m kgfem2 . cmfsec
2.0 5.4 11.28 5.0 66.0 0.80 . 24.79 4.6 24.7  0.000330
4.0 75.8 1516 5.0 66.0 0.80. 24.79 6.6 23.1 -0.000308
7.0 89.6 17.52 5.0 66.0 0.80 24,79 9.6 18.7 0.000250
9.0 101.4 20,28 5.0 6.0 0.80 24.79  11.6 17.5 0.000234
7.0 .94.5 18.90 5.0 66.0 0.80 24.79  9.6. 19.8 0.000263
5.0 76.0 . 15.20 6.0 6.0 0.80 24.79 6.6 23.2 0.000300
2.0 60.0 12.00 5.0 6.0 0.80 24.79 4.6 26.3 0.000351

WERRGE T 21.9 0.000202

K-VALUE: COEFFICIENT OF PERKEABILITY

RECORD OF WATER PRESSURE TEST HOLE NO. JD-4

DEPTH(m): 40-a5

GAUGE INJECTION TEST HOLE GAUGE  WATER réé?----ﬁﬁﬁﬁﬁ--ﬁfﬁﬁﬂﬁE“'

PRESS. Q'ty - LENGTH DIA. HEIGHT LEVEL PRESS.  VALUE _

kg/fcm2 tit/min Yit/min/m . m T in m - kg/cm? cm/sec

o0 Tasz T Bed 5.0 66.0 0.80  25.75 . 4.7 18.6 0.000247
4.0 56.4 11.28 5.0 66.0 0.80 25.75 6.7  16.9 0.000226
7.0 67.2 13.44 5.0 65.0 0.80 25.75 . 0.7 13.9 0.000185
9.0 -~ 75.6 15.12 5.0 66.0° 0.80 25.75°  11.7 13.0 0.000173
7.0 70.5 14.10 5.0 66.0 0.80 2675 9.7 14.6 0.000134
a0  57.0 11.40 5.0 66.0 0.80 25.75 6.7 - 17.1 0.000228
2.0 46.0  9.20 5.0 66.0 0.80  25.75 4.7 19.8 0.000263

AVERAGE ' _ 16.3 0.000217



RECORD OF WATER PRESSURE TEST . HOLE WO, J0-4

DEPTH(m): - Ca5a50 _
GAUGE TNJECTION - TEST HOLE GAUGE = WATER  TEST ~ LUGEON K-VALUE

PRESS. Q'ty . LENGYH DIA. HEIGHT LEVEL PRESS.  VALLE

kgfem2 Ht/min Yit/min/m m mo. m - ko/cm? . cmfsec

o o A R A L Sl i A S AL o o e e i T T 2 B L Y T A O e e

8 16.1 0.000215
.8 20.6 .0.000274
.8 19.4 0,000258
8 21.9 0.000292
8 23.3 0.000311

AVERAGE 20.3 0.000270
k-VALUE: COEFFICIENT OF PERMEABILITY

-5



RECORD OF WATER PRESSURE TEST HOLE NO. JD-11

k-VALUE: COEFFICTENT OF PERMEABILITY

DEPTR{m) : 15-20
P e— TIEST TOLE GAUGE | WATER. . TEST . LUGEON K-VALUE
PRESS. 'ty LENGTH DIA. MEIGHT LEVEL PRESS. VALDE
kg/cmZ 11t/m1n lit/min/m: m i m. - m kgfem? cm/s,ec
1.0 3.2 7.4 5.0 66.0 0.83 - 14.31 2.5 28.0 0.000373
2.0 52.8 10.56 5.0 66.0 0.83  14.31 3.5 30.1 0.000400
300 614 © 1228 5.0 66.0 0.83  14.31 4.5 27.2 0.000362
3.0 764 1528 5.0 66.0 0.83 . 14.31 5.5 27.7 0.000369
3’0 710 . 14.20 5.0 66.0 0.83 14.31 4.5 3.5 0.000418
50 560 11.20 5.0 66.0 0.83 - 14.31 3.5 31.9 0.000624
10 410 820 50 660 083 1431 2.5 32.6 0.000434
i_\\-rfﬁié ---------------- _" 29.8 0.000397
K-VALUE: COEFFICIENT OF PERMEABILITY -
RECORD OF WATER PRESSURE TEST HOLE NO. JD-11
DEPTH{m): 20-25 .
GAUGE INJECTION TEST HOLE GAUGE VWATER  TEST LUGEON K-VALUE
PRESS. Q'ty LENGTH DIA. HEIGHT LEVEL  PRESS. VALUE _
‘kgfem2 1it/min lit/min/m m I m m  kg/em2 -cm/sgc
a0 27.8 5.6 5.0 66.0 1.83  17.27 3.9 14.2 0.000189
40 544 1088 5.0 66.0 1.83 17.27 50 18.4 0.000245
7.0 68.6 13.72 5.0 66.0 1.83 17.27 8.9 15.4 0.000205
1000 85.6 17.12 5.0 66.0 1.83 17.27  11.8 14.4 0.000191
7.0 §9.0 13.80 5.0 66,0 1.83 17.27 8.9 15.5 0.000206
40 5.5 1030 5.0 66.0 1.83  17.27 5.0 17.4 0.000232
2.0 38.5 7.70 5.0 66.0 1.83  17.27 3.0 19.7 0.000262
AVERAGE i 16.4 0.000219
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE §O. JD-11
DEPTH(m): 25-30 |
GAUGE INJECTION . TEST HOLE GAUGE WATER  TEST LUGEON K-VALUE
PRESS. Q'ty LENGTH DIA. HEIGHT LEVEL PRESS. VALUE
kgfem2 1it/min lit/min/m  m mm m m kg/cm? _emisec
50 3h4 6.88 5.0 86.0 1.33  21.60 4.3 15.9 0.000212
40  43.4 868 5.0 66.0 1.33 21.82 6.3 13.7 0.000183
7.0 63.8 12.76 5.0 66.0 1.33 21.82 9.3 13.7 0.000182
10,0 78.8 15.76 5.0 66.0 1.33 21.82  12.3 12.8 0.000170
7.0 65.5 13.10 5.0 66.0 1.33 21.82 0.3 14.1 0.000187
40 465  9.30 5.0 66.0 1.33 21.82 6.3 14.7 0,000196
2.4 3.0 7.00 5.0 .66.0 1.3 21.82 4.3 16.2 0.000216
AVERAGE 145 0.000103
K-VALUE: COEFFICIENT OF PERMEABILITY
RECORD OF WATER PRESSURE TEST HOLE KO. JD-11
- DEPTH{m): 30-35
GAUGE INJECTION TEST HOLE GAUGE WATER  TEST LUGEON k-VALUE
PRESS. 'ty LENGTH DIA. HEIGHT LEVEL PRESS.  VALUE _
kg/cm2 '|1tl|mn Yit/min/m m m m kglem? cmfsec
2.0 152 3.04 5.0 66,0 0.83 26.59 4.7 6.4 0,000085
0 22,7  4.46 5.0 66.0 083 26.59 6.7 6.6 0.000088
7.0 43.9 878 50 66.0 0.83 26.5 9.7 9.0 0.000120
10.0  53.4 11.88 5.0 66.0 0.83 26.5 12,7 9.3 0.000124
7.0 34.5 690 5.0 66.0 0.83 2650 9.7 7.1 0.000004
40 27.0  5.40 5.0 66.0 0.83 26.50 6.7 B.0 0.000107
2.0 12.0  2.40 5.0 66.0 0.83 26.50 4.7 5.1 0.000067
AVERAGE 7.4 0.000098
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