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4.4  Building Work

4.4.1 General Description
4.4.1,1 General

The major desigh criteria applied In calculations are
standerd requirements| conforming to “Architectural Institute of
Japan Standard for Structural Caiculation of Rainforced Concrete
Streetures and Commentary”™ and "Architecteral Institute of Japan
Standard for Structural Calcuration of Steel Structures”, |

4.4.1,2 Design Criteria

l,oading Condition

[n this structural caicurations, the loads and external
forces that act on the structure are the following.
(A) Dead load
{(B) Live load

Tablej 1 Combinayion of Loads

Condition of Stresses

Combination of Stress

Permanent stress Normai time| G+ P

where ;

G ; stress due to dead load
P ; stress due to live 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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4.4.1.3 Structural Analysis
(1) Strectural analysys

Stress analysys of reinforced concrete frames are carried
out through a computer , NEC PC-9801.

Structural analysys for the vertlcal and holizontal load Is
obtained through thel stiffnsee matrix method considering the
axial , flexual and shering deformations based on elastic theory.

(2) Moduius of Elasticity

Module of elasticity are as follows ;

ir

215.2 t/ca?
2100 t/em?

Concrete ; Ee
Steel : Es

Shear modulus of elasticity as follows

Concrete ; Gc = 92.2 t/enm2
Steel ; Gs = 810 t/cm2

4.4.1.4 Design of Members

The design qf reinforced concrete structure shall be based
on "AlJ Standerd for struecturzl Calculation of Reinforced Concrete
Structure”. )

_Compressive strength of concrete at 28 days shall be 210 Kg/em?
and more.

Reinforcement bar matgriéls shall comply with deformed bar
"§D2957. (JIS G 3112) '

Weight of reinforced concrete shall be caleulated as 2.4 t/n3
and the “"Young Ratio” of reinforcemsnt bar to comncrete shall be “p =
L5
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4.4.1,5 Allowable Design Stress of Materials

(1} Concrete and Reinforcing Bar

Allowable desigh stress of concrete and reinforcing bar will
be summarized as folllows

Tension| Compression| Shear

Concrete

{(Fc=210keg/en2 | -—==——~ Fe/3 = 106 4,25
Rain, -bar
(11S G 3112) 1800 1800 1000

Allowable bond stress per unit surface of reinforcing bar'
shall be shown as follows ;

Top bars Other bars

Fe/15 Fc/10
Deformed bar 14. 0 21.0

Top bar , in reference to load, shall be holizontal bar
s0 placed that more than 30cm of concrete is casted in
the member below the bar.

{2} Allowable Bearing Capacity of Soil

,The'béaring capacity of 'soil is 30 t/n2 for permanent load.
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4.4.2 Dam Controt House
§.1 ASSUMED LOAD .
FLOOR LOAD TABLE
TITLE MATERTAL TIOR T WeloHT DL Li. TI, NOTE |
: : {t/ma) (cm) (kg/m2) {kg/m2)| (hg/m2) {kg/m2)
HATER PROOFING o] To o
CEMENT MORTAR 2,00 2.0 40k FLOOR 180 54
SLAB 2.40 12,0 288 TO
ROGF  CEILING 200 BEAM 380 180) 540
10 '
ERAME | 13 490
FINISHED 3,00 3.q 60{ 10
SLAB 2.40 13.0 317 FLOOR | 800 700
CEILING 200 __TO .
ELOOR BEAM 400 300! 700
T® - :
FRAME 18 560
ATER PROOFING i TO )
EMENT MORTAR 2,00 2.0 40 . FLOOR 180 §1.0
_ LAB 2.40 15.04 360 TO J
CANOPY CRILING 200 _BRAM A3 180 610
TO
FRAME 130 560
CRHENT MORTAR. Z.00 Z.0 40 710 :
SLAB 2,40 16.5 396 FLOOR 180) 640
CEILING 260 TO
BALCONY BREAM EL 180 640
o TO .
FRAME 130 590!
DEAD LOAD OF GIRDER,COLUMN,WALL
@ OGIRDER, BEAM
NO B D _ COHMCRETE FINISHED WEIGHT
253.0 60.0 288 63 360
.23.9 80.0 408 83 300
35.0 60.0 504 0 510
@ COLUMN
N0 8 ) CONCRETE _FINISHED  REIGHT
30.0 30.0 216 65 260 .
@ WALL
' NO ot CONCRETE__FINISHED _ WRIGHT
CB20 20.0 310 100 410
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DEAD LOAD OF QIRDER,COLUMN,VWALL

@ GIRDER,BRAM

NO B i}

i

CONCRETE _FINISHED WEIGHT

25.0 80.0 288 83 360
. i H gl [ . H— N
@ COLUMN _ !
No B D_ - CONCREYE PINYSHED: WBIGHT. .
25.0 . 40,0 240 10 - 316
@ waLL _
NO t CONCRETE _FINISHED __WEIGHT
w20 20.0 480 100 580

No, ——
4.4.3 Gate Control House
§ .1 ASSUMED LOAD M
FLOOR LOAD TABLE
TITLE MATERIAL TICK. | WB1GHT DL LL TL HOTE
’ {t/m3) {om) {hg/m2) (kg/m2)| (kx/m2) (kg/m2})
WATER PROGFINq 10 TO J
FEMBNT MORTAR 2,0 2.0 400 FLOOR 180 54
SLAB St 2.400 - 12,04 - ‘2B T0
ROOP CRILINOG B " . R N - BEAM 3608 189 S408
T TO L T
o BRAME P 130 490 -
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Table 4.1.21 SUMMARY OF BENDING MOMENT IN
COMPOSITE GIRDER {Main Girder)

[nit ; tsm
Nodal DL DL o s Max. Min.
Point (B.0) (A.Q) (ACh (A.C) (AD) (A.Q)
No. 1 Main Girder (G-1); :
1 - 0.0 - 0.0 0.0 -0.0 0.0 -0.0
4 .100.1 22.5 66.8 -3.7 89.3 17.7
100.1 225 66.8 23,7 89.3 17.7
7 162.5 32.1 114.6 .76 146.7 22.3
162.5 32.1 114.6 -1.6 146.7 223
10 182.2 27.8 137.3 -114 165.1 12.9
182.2 1 27.8 137.3 -11.4 165.1 12.9
13 162.5 32.1 114.6 .76 146.7 22.3
162.5 32.1 114.6 -7.6 146.7 22.3
16 100.1 22.5 66.8 -37 . 89.3 177
100.1 22.5 66.8 -3.7 89.3 17.7
19 -0.0 - 0.0 0.0 - 0.0 0.0 -0.0 .
No. 2. Main Girder (G-2): - :
2 0.0 0.0 0.0 - 0.0 0.0 - 0.0
5 98.0 10.5 80.1 - 0.0 90.6 10.4
98.0 10.5 0.1 -00 90.6 10.4
8 161.2 26.1 122.7 -0.0 148.8 26.1
: 161.2 26.1 122.7 -0.0 148.8 26.1
11 184.6 46.5 128.2 - 0.0 174.7 46.5
184.6 46.5 128.2 -0.0 174.7 46.5
14 1612 26.1 1227 -00 148.8 26.1
1612 - 26.1 122.7 -0.0 148.8 26.1
17 98.0 10.5 - 80.1 - 0.0 90.6 10.4
98.0 10.5 80.1 -0.0 90.6 10.4
20 0.0 0.0 0.0 -0.0 0.0 -0.0
No. 3 Main Girder (G-3): ‘ L
3 - 0.0 -0.0 0.0 -0.0 0.0 -0.0
6 100.1 225 1 66.8 3.7 89.3 17.7
100.1 22.5 66.8 -3.7 89.3 17.7
9 162.5 321 114.6 -7.6 146.7 22.3.
_ 162.5 32.1 114.6 .76 146.7 22.3
12 1822 27.8 1373 S 114 165.1 12.9
- 182.2 27.8 137.3 2114 165.1 12.9
15 162.5 32.1 114.6 -1.6 146.7 223
B 162.5 32.1 114.6 -7.6 146.7 223
18 - 100.1 22.5 66.8 -3.7 89.3 17.7
o 1100.1 22.5 66.8 -3.7 §9.3 17.7
21 - 0.0 - 0.0 © 0.0 200 0.0 - 0.0

“Note

Betore compounding
After compounding

- Moment due to dead load

Moment due to live load



Table 4.122 SUMMARY OF SHARE FORCE IN
COMPOSITE. GIRDER (Main Girder)

Unirt @ ton
Nodal pl. DL }{331; Tl»i; Max. Min.
Point (B.C) (A0 (A.C) (A.0) {A.C) (A.C)
No. 1 Main Gder (G-1% - :
1 25.5 6.2 16.3 -0.8 22.5 5.1
4 17.1 - 34 13.2 - 2.0 16.6 0.7
' 17.1 34 13.2 -2.0 - 16.6 0.8
7 R4 0.3 10.2 - 4.1 10.8 -4.1
8.4 0.5 10.2 - 4.1 -10.8 - 4.1
10 -04 -23 7.5 - 6.5 1.5 - 8.8
o 0.4 2.3 - 6.5 -7.5 8.8 -75
13 -84 -0.5 4.1 -10.2 4.1 -10.8
-84 -0.5 4.1 - 10.2 4.1 - 10.8
16 -17.1 -34 2.0 - 132 -08 - 16.6
-17.1 -34 2.0 - -132 -0.7 -16.6
19 - 255 -6.2 0.8 - 163 - 5.1 - 225
No. 2 Main Girder (G-2):
2 247 1.8 21.5 - 0.3 23.2 1.3
5 17.0 2.7 - 157 -3.3 18.4 - 1.6
: 17.0 2.7 15.7 -33 18.4 -16
8 8.8 3.7 11.0 -74 14.7 -5.9
8.8 3.7 11.0 -7.4 14.7 -39
11 0.7 4.7 7.4 -11.8 12.1 -10.7
- 07 47 11.8 -T74 107 - 121
14 -8.8 « 3.7 _ 7.4 -11.0 3.9 - 147
: - 8.8 -3.7 7.4 -11.0 59 - 147
17 - 17.0 - 2.7 3.3 - 157 1.6 - 184
-17.0 -27 33 - 157 1.6 - 184
20 - 247 - 1.8 0.3 -21.5 -13 - 232
No. 3 Main Girder (G-3): - :
-3 255 6.2 16.3 -0.38 22.5 5.1
6 17.1 34 13.2 - 2.0 16.6 0.7
171 3.4 13.2 o =20 16.6 a.8
9 8.4 0.5 10.2 -4.1 10.8 - 4.1
8.4 0.5 10.2 -4.1 10.8 -4.1
12 -0.4 - 2. 7.5 6.5 7.5 -8.38
0.4 2.3 6.5 -1.5 g£.8 -1.5
13 -84 -0.5 4.1 -10.2 4.1 - 10.8
-84 - -Q3 4.1 - 10.2 4.1 - 10.8
18 -17.1 -34 2.0 -13.2 -0.8 - 16.6
-17.1 -34 2.0 - 132 - 0.7 - 16,6
21 - 255 6.2 0.8 - 16.3 - 5.1 -22.5

Note : B.C : Before compounding
A.C :  After compounding
D.L : Share due to dead load
L.L : Shareducto live foad



Table 4.1.23 SUMMARY OF REACTION FORCE
AT_ SUPPORTS -

nit ;ton
Nodal D.L DL L.L Total Reaction
Point (B.O) {A.C) Max. (A.C) Force
No. 1 Main Girder (G-1: |
1 25.5 6.2 16.3 48.0
19 25.5 6.2 16.3 | 48.0
Nol. 2 Main Girder {G-2): .
2 24.7 . 1.8 215 47.9
20 | 24,7 1.8 21.5 47.9
No. 3 Main Girder (G-3): | |
o 3 25.5 6.2 16.3 48.0
21 255 6.2 16.3 48.0
Note : B.C.: Before compounding
AC : After compounding
DL : Reaction due to dead load

L.L. : Reactiondueto live load



Table 4.1.24 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 1 MAIN GIRDER, NO. 1 SECTION)

. Bending moment before compounding.......o.coovenne M8 = 10188 tm
- Bending moment after compounding .....ooveevinaseininaes MV= 9090 ©m
- Bending moment by daad load after compounding .........MVD= 2284 oem
- Base slab thickness ..o.ovieiveeeniiiinannn. JRTOT T8 = 18.86. em
R T T D O ORI e HH= _6.0 on
- Effective base slab Width......oooreviviiseininne e BS= 2281 om
- Distance between fixed poims of Range.........ooinl. P= 490.0  on

Section and sectional area of steel girder:

Section (mm)

Sectional Aved ferm?)

= Upper flange : 23¢ x 11 25.3 (SM50Y)

«Web H 1,550 = & 1395 (SM30Y)

» Lower flangs : 280 x A1 30.8 ({SM50Y)
TOTAL 195.6

- Sectional area and moment of inertia of area:

Sectonal Area

_Lem®)
+» Concrete section : AC = 4,105
+ Steel girder section @ AS = .
» Composite section @ AY = _ 782

of Area {cm#),

Geomerrical moment of area of concrele {AC x DC)

Distance and section modulus (See Figd4.4.7h

Allowable stress

........ oC=

IC= 110,832
1S = §20.099
V= 1,951,186

97.226

em?

- 88.7

Distance {cm} Seciion _h, Jodulus {em?).
D= _94.7 WsU = 7.675
DS = 71.0 WSL= 8116
DC = 23.7 WYU = 199,329
YSU = 80.8 WVL= 13,236
YSL = 716.4
YVU= 9.8
YVL= 147.4
YVC= 32.1
- Axial force
« Thie 10 drying schninkage ooy NSH= 171 ton
# DRIE LD CTEED uvnvev et mmee e e e e nee s NCR= 2.5 wn
» Due o emperanye Change e NTM= 120 om
- Swess (kglem?):
Concrete Upper - Lower
Base Siab Flange Flange
(1) Swess before compounding - -1.327 1.255
{2) Swuess after compounding -21.8 - 46 637
{3) Swess due w drving schrinkage 3.1 <297 110
(4) Stress due 1o creep 1.9 - 472 16
(5) Swess due 10 temperature difference - 0.6 -207 75
(6)=(1) - - 1,327 1,255
Allowable stress - - 1,412 1,625
M=+ (D -21.8 -1.373 1,942
Allowable stress -77.1 - 2,100 2,100
@) = (1) +(2)+3)+ @ 168 -1,712 2.068
Allowable stress -77.1 - 2415 2,100
O = (13 + (D +{3) + {8+ (5) - 17.5 - 1918 2,143
- 2,730 2,415




Table 4.1,25 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. 1. MAIN GIRDER, NO._2_ SECTION)

- Bending moment before compoumding.....ovovviiiaeenn, MS= 18218 tm
-~ Bending moment after compounding .-..... vorverevene i MY = 16506 tm
- Bending moment by dead load after compounding ......... MYD= 27.76 tm
- Base slab thickness «oooiieirniiies coiiiininn i nasarseann T8 = 13.0 <m
HaUTICR .y eeivn e iaen s s sare s b neaeasesssasannnenasans HH = 6.0 - cn
- Effective base slab width, .eeiiiin i iiniscinesnanaan BS = 228.1 om
- Distance between fixed points of flange.......ouoven... P 4900 m
- Secton and sectional area of steel givder:
Section  (mm) Sectional Area (cm?)
Upper flange 280 x 14 39.7 (SM30Y)
« Web : 1,550 x _§ 1395 (SM30Y)
+ Lower flange : 440 x 19 83.6 (SM30Y)
TOTAL 262.3
- Sectional area and moment of inertia of area: :
Szcional Area Moment of nertia
S —f{em® of Area {cmt)
« Concrete section t AC = 4,103 IC = 110,832 -
« Steel girder section *: AS = _262.3 IS = 987,001
« Composite section : AV = 8490 V= -3032152

. Geéometrical moment of area of conerete (AC x DC)...... QC = 134244 om?
- Distance and section modulus (See Fig. 4.4.7):

Distance _(¢m) Section Modulus (emd).
D= 105.3 WSU = 10,703
DS= 73.1 WSL = 14,936
= _32.7 WVU= 158,724
YSU = 92,2 WYL= 71,783
YSL = 656.1
- 9.1
YVYL= 139.2
YVC = 41.7
- Axial force
« Dute 10 drying schrinkage cvvvveeeeeresiveecncereeeee. N§H = 208 ton
+ DUE W0 CIEEP 1vevnvreriennrrvrnrnsarrnsarniinees e NCR = 3, o1
« Due to temperature change...oveeuvvenen. Crranraeaaan NTM = 15.1 on
- Stress (kgfem?):
i - Conerate Upper Lower
_ Base Slab Flange Flanga
(1) Suess before compounding - L1700 1,220
-(2) Swess after compounding -324 104 738
{3) Swess-due to drying schrinkage 4.1 o =284 67
(4)  Stress due to creep : 1.7 - 44 10
(5) Stress due to temperature difference - 1.6 - 205 43
®=y : - - 1.702 1.220
Allowable swess . N - 1,763 2.623
= (D+@) _ -324 . 1,306 1,977
Allawable siress - 771 - 2,100 2,100
@)= ()+@)+)+(4) .26 .23 2,055
Allowable strass -77.1 - 2415 2.100
(9 == (1) +(2) + GBy+ )+ (5) -28.2 - 2,338 2,103
Allowable siress : - 887 2.730 - 2413




Table 4,1.26 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 1 MAIN GIRDER, NO. 3_SECTION)

- Bending moment before compounding.....coceeveiiarnann.. MS = LQL&Q frm
- Bending moment after compounding ...........ocoiiiiiin, MV= 9091 1tm
- Bending moment by dead load afier compounding ......... MVYD= 22.85 em
- Base slab thickness . ...o.ooiiiiivinriie i TS = 180 m
o HAUNEA e e e e et e e HH = 6.0 om
- Effective base slab width...ocovcviiiiinenieiii e BS = 228.1
- Distance berween fixed pomnts of flange...... e, P= 490.1. om
- Section and sectional area of sieel girder: '
Section  (nmd Secticnal Area {em?y
» Upper flange : 230 x 11 25.3 (SM50Y)Y
* Web : 1,350 x _9 139.5 (SM50Y)
» Lower flange : 280 x 11 30.8 (SM30Y)
TOTAL 1956
- Sectional area and moment of inertia of area:
Sectional Area Moment of Inertia
{emay of Area (cm*}
« Concrete section  AC = 4,105 iC= 110,832 -
+ Steel girder secvion : AS = _195.6 1= _6£20.099
- Composite section @ AV = _ 782 Iv= 1951185
- Geometrical moment of area of concrete (AC x DC)........ QC= . 97226 cm?
- Distance and section modulus (See Fig. 4.4.7):
Distance _{cm) Section Modulus {cm2)
D= _94.7 WSU = 1.675
DS = _11.0 WSL = §.116
DC = 217 WVU = 199,399
YSU= - _80.8 WVL = 13,2368
YSL = 76.4
YYU= 9.8
YVL= 147.4
YVC= 32.7
- Axial force
* Due 10 drying schrinkage .ooniciniiieeninnnenn, NSH = 7.3 on
*DUE 10 ETEED .o it e e e NCR= - 2.5 on
* Due to temperanure change...............ooivein. . NTM=" 12 ion
- Suess (kglem?):
Concrete Upper Lower
Base Slab Flange Flange
(1) Stress before compounding - - 1,328 1.255
(2) Stress after compounding -21.8 - 46 687
(3) Stress due to drying schrinkage 3.1 297 110
(4} Swess due to creep 1.9 - 42 16
(5) Stress duc to temperarure difference - 0.6 20 15
(6) = (1) - - 1328 1.255
Allowable stress - - 1,412 2,625
=)+ () -21.8 - 1.373 1.942
Allowable stress -77.1 - 2,100 2,100
(8) = (1) + (2) + (3) + (4) - 168 S1.712 2,068
Allowable stress ' -717.1 - 2415 2,100
@ = (1) £ (2)+ B+ +{5) - 1715 - 1.918 2,144
Allowable siress - 88.7

- 2.730




Tabled,1.27 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

(NO. 2. MAIN GIRDER, NO._ ] SECTION)

Bending moment before compounding........ rreererres MS= 9973 em
Bending moment after compounding ......... e MVs 9214 um
Bercling moment by dead load after compounding ......... MVD= 1068 vm
- Base slab thickness «.....oceess e v e aaa, TS = 18.0  ¢m
HaUNC L vt et e e HH= _9.9 om
- Effective base slab widiht. oo i 2enBS = 2639 om
Distance between fixed points of flange..........oi il P= 480.0 om
Section and sectional area of steel girder:
: Section {mm} Sectiopal Area (cm?)
« Upper flange : 230 x 10 23.0 - (SM30Y)
- Web : 1350 x. 9 139.5 (SM50Y)
+ Lower flange H _23% .x 11 30.8 (SMS0Y)
Seclional area and moment of inertia of area:
Sectional Area Moment of Inertia
' femby | of Area (cm?
« Concrete section  : AC = 4,750 IC = 128,235
= Steel girder section @ AS = 1933  IS= 604,928
_ » Composite section” @ AY = _§72 W 2114334
- Geometrical moment of area of concrete {AC x DCH......QC = 104 844 com?
- Distance and section modulus (See Fig, 4.4.7):
Distance _ (cm) Section Modulus (em?)
D= 99.6 WsU = 7,408
DS'= 77.5. WSL = _B8.018
DC = 22.1 WYL = 506,868
YSU = 81.7 WYL= 13,826
Y$i= 75.4 '
YV¥U= 4.2
YVYL= 1 57‘2_
YYC= 31.1
- Axial force
Dueto drying schrinkage .............c.c... emeeerian ...NSi 16.3  1ton
sDueworeep .o s 1.0 ton
= Due to temperature change 11.2 ton
- Swess (kgfer): '
Concrete Upper Lower
_ Base Slab Flange Flange
{1) Swoess before compounding - --1.346 1,244
(2) ‘Stress after compounding o .193 S18 666
(3) Siress due to drying schrinkage 2.3 -301 116
(4) Stress due o creep 07 - 17 6
(3) Siress due to temperature difference -01 -204 77
A{6).= (1} _ - - 1,346 - 1,244
" Allowable siress - _ . -1,37% 2,625
M=W@ 2193 - 1.364 1.910
Allowable stress . -7 - 2,100 2,100
B=+D+@®+H - 163 - 1,682 2,033
Allowable stress : T -7 - 2415 2,100
©) = (D) + @ +B)+ B +(5) 164 1886 2109
2,415

Allowable stress - 8837 - 2,130



Table 4,1.28 STRESS ANALYSIS RESULT OF COMPQOSITE GIRDER
(NO. 2 MAIN GIRDER, NO. 2 SECTION)

Bending moment before compounding

....................... MS& - 184,64 tm
Bending moment after compounding .......coooiien R MV= 17466 um
- Bending moment by dead load after compounding ........ MYD= 46,43 tm
Base s1ab thickness coovein i i TS = 18.0 om
HAUNCH 11 vvveeeemveseenemesrensescesaeseeneaieeamseminneeene s HH= _99 on
Effective base s1ab Wi ...v.commsreeecoeriasaaverssananns BS= 2639 cm
- Distance berween fixed poinis of flange ..o P= 490.0, on

.

Section and sectional area of sieel girder:

Section _(mm)

Sectional Area (cm?)

» Upper flange 280 x 14 39.2 (SMI0YY

« Web : 1,556 x _9 139.3 (SM30Y)

= Lower flange 450 x 19 85.5 (SM30Y)
TOTAL 264.2 '

Sectional area and moment of ineria of area:

Sectional Area

__(em?) |
= Concrete section : AC = 4,750
» Steel girder section : AS = _264.2
« Composite section @ AV = _ 943

Geometrical mement of area of concrete (AC x DC)

Distance and section modulus (See Fig. 4.4.7):

Moment of Inertia
of Area {cm?)
128,255

Disiance (emd Section Modulus {emdy
D= 110.2 WSU = 10,735
DS = 79.3 WSL = 15.184
DC= 30.9 WVU = 24833
YSU= 92.7 WVL= 22,923
YSL= 65.6
YVU= 13.4
YVL= 144.9
YVC= 39%9.9
Axial force .
* Due 1o drying 5Chrinkage . .c.vevueerererneerenerecnanns NSH= 207 won
* DUE 10 CTBEP v erveaeeenniiiim e iem e ee e e NCR= 4.7 won
« Due 10 [empPeramire CHAREE . .ovevvcreerrirrnieemvenaioaaens NIM= 14 ton
Swess kgfem?):
Concrete Upper Lower
Base Slab Flange Flange
(1) Swress before compounding - - 1,720 1,218
{2) Siess after compounding -300 -0 762
(3) Stress due 10 drving schrinkage 3.4 - 289 71
(4) Swess due o creep 2.4 - 64 16
(5) Swess due 10 temperanure difference - 1.0 - 203 49
6= : 1720 1.218
" Allowable stress - - 1,765 2,625
(7y=(1)+ (2} - 30.0 -.1,7%0 1.980
Allowable swress -717.1 - 2,100 2,100
B)y= () +(2)+(3)+(4) - 241 - 2,143 2,066
Allowable stess =771 -2.415 2.100
(9) = (1) +{2) + (3} + {4) + () -25.2 - 2346 2.115
Allowable stress _ -.§8.7 -2.730 2,415




Table4.1.29 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. 2 MAIN GIRDER, NO.3 SECTION)

- Bending rmoment before compounding....oooiviiniiinin, MS= 9973 uvm
- Bending moment after compotmnding ...v.eecveviesiieanens. MV = 2.16 vm
- Bending moment by dead load afier compounding ...... WMYD = 10,68 ©m
- Base slab thickness «cvvvercreivenennns arerarreaereas e aans TS8= _18.0 om
b2 F LTt | WSO HH= ~_9.9 <
- Effective base slab width.......oiiiiiiinaiinniiiceiens BS= 2639 em
- Distance between fixed points of flange........cc.leeveenne.. P= 490.0 om
- Section and sectional area of steel girder:
' ~_Section (Iﬁm) Sectional Area {em?)
. gfm flange : 230 = 10 23.0 (8M30Y)
s Web : 1,550 x _9 . 139.5 (SM50Y)
+ Lower flange : 280 x ‘11 30.8 (SMs0Y)
TOTAL 1933
- Sectional area and moment of inertia of area: _
Ssctional Area Moment of Inertia
. —lem?) | af Area ety
» Concrets section . AC = 4,750 ic 128,255
+ Sieel girder section '@ AS = _193.3 IS="" _604,926

« Composits section  : AV 872, Y= 2,114354
- Geometrical moment of area of concrele (ACx DO)......QC= 104844 cmd

- Distance and section modulus {See Fig. 4.4.7):

Distance  (em) Section Modulus .(cmlj_
D= 99.6 WSU = 7,408
DS = 77.5 WSL = §.018
DC = 22,1 WVU = 506.868
YsSU-= 81.7 WYL= 13,826
YSL= 75.4
YVU= 4.2
YVL= 132.9
YVC = 31.t
- Axial force
+ Due o drying schrinkage .........cooeeonias ORI NSH =163 . twn
*DUE 10 CTEED wrvvan vt ir s NCR= _1.0 wn
» Due to temperatire change........ovvreveniinninaiinns NTM= 112 won
- Swess (kgfem?): : :
] Concietz Upper Lower
. ‘ Base Slab Flange Flange
(1) Swess before compounding . S13d6 - 1.244
(2) Suess after compounding . - 1937 - 18 667
(3) Stress due o drying schrinkage 2.3 -301 L6
(4) Stress dﬁ'e to creep 07 -17 6
(5) Stress due o temperature difference - 0.1 204 77
(63 =(D) ' ' - L1346 1244
- Allowable stress . - - 1,379 2.623
(N=()+ ) S o193 1365 1811
o Allowable stress : -T7.1 C- 2,100 2,100
B = (1) (D3 + () _ o - 163 - 1,682 2.033
Allowable stress -71.1 - 2413 C2,100
O ={1)+ 2+ )+ H)+(3) 164 -1.886 2,110

Allowable soess - 88.7 -2.7130 2,415



(NO. 2 MAIN GIRDER, NO. 1. SECTION)

Table4.1.30 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER

Bending moment before compounding.........ocoievenee o MS = 10188 ©m
- Bending moment after compounding .......... P MV= 9090 ovm
Bending moment by dead load after compounding ........ MYD= 22:84" ©m
Base s1ab thickness ....oveeaeeereeeirce e ireesnsarcacnains TS= 18.0 em
HAUNER v e [P OR HH= _6.0° om
Effective base slab Width...o.cvvereieuertsineceerereeas BS= 2281 om
- Distance between fixed points of flange........oiiinnn. P= 4900 om

Section and sectional area of stegl girder:

Section {mm)

Sectional Area (¢m3)

. ‘}Jperﬂa.nge 230 x 11 25.3. (SM50Y)

+ Web 1.350 x _% 139.5 - (SM50Y)

+ Lower flange 280 x 1t 30.8 (SM350Y)
TOTAL 195.6

Sectional area and moernent of inerda of area:

Sectional Area

Allowable stress

. Moment of Ineriia

: {cmi) of Area (cmi)
»Concrete section . @ AC = 4.105 . IC= 110,832
« Stcel girder section : AS = 1956 . IS =
» Composite section : AV = _ 7832 V= 1951,186
- Geometrical moment of area of concrelz (AC x DC)......QC = 87226 cm?
- Distance and section modulus (See Fig, 4.4.7): :
Distance {em) Section Modulus (em?)
= 94.7 WSU = 1,675
DS= 71.0 WSL = 8.116
- 23.7 WvUs=  199.399
YSU= 30.8 WYL = 13,236
YSL = 76.4
J= 9.8
- 14La
Yvc=  _32.1
- Axial force .
« Due to drying schrinkage ..., NSH= 17.] ton
* DUE 10 CTEED ceauvanneriranee et et e ee e e NCR= 2.5 1on
= Due 1o 1emperanure ehange.....ve i NTM= 120 on
- Stress (kgfem?):
: Concrete Upper Lower
Base Slab Flange - Flange
(1) Stress before compounding - 1,327 1,255
(2) Stress after compounding -21.8 - 46 687
(3) Swess due o drying schrinkage 3.1 297 110
(4} Swess due to creep 1.9 -42 16
{5} Stress duve o temperature difference - 0.6 - 207 75
(6)=(1) - - 1327 1,255
~ Allowable stress - - 1,412 2.625
(M= (1) +(2). .218 1373 1,942
Allowable stress -77.1 - 2,100 2,100
8y = (1) +(2) +(3) + (4) -16.8 1,712 2,068
Allowable stress -77.1 -2415 . 2.100
= +@+ @)+ @)+ (5) - 17.5 - 1918 2,143
- 88.7 -2,730 2.415




Tabla4.1.31 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NO. 3. MAIN GIRDER, NO. 2 SECTION)

- Bending moment before compounding.....oocovvvvvveenn. M3 = 182,18
- Bending moment after compounding ............ PR MY = 165.06
- Bending moment by dead load after compounding ......... MVD= 2776
- Baseslab thickness oo e TS= _18.0

|3 ETT T B T T O UTUPP RPN HH= _$6.0.
- Effective base slab width....ccocviiiininicinnnennennnnen BS=  228.1
- Distance between fixed points of flange....c..ooooo P= 490.0

. Section and sectional area of steel

girder:

2583

Section  (mm)

Sectional Area {cm?)

. \}Jper Hange 280 x 4 39.2 (SM30Y)
= Web 1550 x 9 139.5  (SM30Y)
- Lower flange T340 x 19 83.6 (SMS0Y)
TOTAL 262.3
- Sectional area and moment of inertia of area:
Sectional Area Moment of [nertia
L {cm) of Area {emi).
«Concrete section . @ AT = 34,195 1IC = 110,332
* Steel girder section : AS = _262.3 IS = 987.001
» Composita section - AV = _ 849 IV= 3032152
- . Geometrical moment of aréa of concrete (AC x DO)........ QC= 134244 om?
- Distance and section moduius (See Fig. 4.4.7):
_Distarice {em) Section Modulus {(em?)
D= 105.8 WSl = 10,703
DS = 73.1 WSL = 14,934
DC= 32.7 WVYU = 158,724
Y5U= 92.2 WVL = 21,783
YSL = 66.1
VU= 19.1
Y¥L= 139.2
YVC = 41.7
- Axial force _
«Dué wo drying schrinkage .......coocoivein i, NSH= 208 - w©n
R DT e 7 P NCR= 3.3  twon
« Due to temperature change.....c.coocevvvinnivnenn W JNTM = 151 o0
- Soess (kgfem?): .
_ Concretz Upper Lower
Base Slab Flange Flange
(1) Swess before compounding - - 1,702 1,220
(2) Stess after compounding -324 - 104 758
(3} Stress due to drying schrinkage 4.1 -284 67
(4) Stress due to creep 1.7 -44 10
(5) Stress due to temperature difference - 1.6 2205 48
©y=() . 1,702 1,220
" Allowable stress - < 1,763 . 2,625
(M= () +(2) . 324 - 1,806 1977
 Allowable stress -77.1 .- 2,100 2.100
@ =)+ @+ () + (@) -26.6 2,134 2.055
© Allowable stress . _ - 171 - 2,415 2,100
L @=+@Q @ ® () . 282 -2338 2103
Allowable stress - 88.7 - 2,730 2413




Table4.1.32 STRESS ANALYSIS RESULT OF COMPOSITE GIRDER
(NQ. 3 MAIN GIRDER. NO. 3 SECTION)

- Bending moment before compomiding e eiiiinininnias M8= J10LB% wm

- Bending momaent afier compounding ..vcovvvivrvennsoinrenns = 9091  tm

- Bending moment by dead load after compounding ......... MVD= 22.85 tm .

« Base slab thickness ... vecveiicriniievnseieairiicnasienesirarerin TS= _18.0 om
3 T o) PPN HH= _6.0 om
Effective base stab widin. ..oooiiiiiiini i BS= 2281 om
Distance between fixed points of flange....... TR P= 490.1. c<m

Distance (cm) Section Modulus (¢m)
D= 94.7 WSU = 7,675
DS = 110 WSL = g 116
D¢ = 23.7 WyvU= 199399
YSU = 80.8 WYL= 13,236
YSL= 16.4
YvU= 9.8
YVL= 147.4
YVC = 32.7
Axial foree
» Pue 10 drying schrinkage .......ooooiv i NSH= ]21 ton
*DUE WO CTEED coevivariiinnir e ae, NCR= _2.% ton
+ Due 1o temperature Change ... eeeren v renveaerannans, NTM= 120° ton
- Swress (kafemt):
Concrete Upper Lower
o Base Slab - Flange Flange
(1} Swress before compounding - 1,328 1,255
. {2) Swress after compounding -218 . -46 687
{3) Swess due to drying schrinkage 3.1 -297. 110
(4) Swess due to creep 1.9 -42 16
(5) Stress due o ternperarure difference - 0.6 207 75
(6)y=(1) - - 1,328 1,255
Allowzble siress - -1412 2,625
(7y= (1) +(2) - 218 1373 1,942
Allowable sress - 771 - 2,100 2,100
(8) = (1) + (2) + (3) + (4) -16.8 -12 2,068
Allowable stress - 771 - 2415 2.100
D= +{D+ 3+ () +{5) -175 - 1918 2,144
: - §8.7 - 2,730

Section and sectional area of stee) girder:

Secyjonal Area (cmi)

Section {rmm)
3

. Upper Dange 230 x 1L 23,3 (SM30Y)

Web 15% x _9 1395 {SMS50Y}

» Lower flange 280 x .11 30.8. (SM30Y)

TOTAL 185.6
Sectional area and moment of inertia of area:
Sectional Area Moment of Inertia
. Ay of Area (em®)

= Concrete section  AC = 4,105 IC= 110,832

+ Steel girder section : AS = _ 193.6 1S = _620,09%

» Composite section : AV = _ 782 V= 1951186
Geometrical moment of area of concrese (AC x DC)......QC = 7.226 emd

Distance and section modulus {See Fig. 4.4.7):

Allowable siress

2,415 .
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PART V. STRESS CALCULATION

5.1 Main Dam Gallery
5.1.1 Design Sections

Dimensions of the design section of the gallery are as shown in Fig. 5.1.1.

5.1.2 Design Values

(1) -~ Unitweight

Reinforced concrete I = 2.40 t/m3
. Water ' ry = 1.0 t/m3
Core material (embankrnent) rwet = 1.80 t/m3 (wet condition)

rear = 1,72 Ym3 (saturated con.)

()] Elastic modulus and Poisson's ratio
Elastic modulus (m2) Poisson's ratio
Concrete 2.55x 106 0.2
Rock 5.5% 103 0.3

3 Allowable stress

Compression Tension Shearing
Concrete  70kg/em? 0 kg/em2 8 kg/em?
Steel bar - 1,800 kg/em? 1,800 kg/em?

5.1.3 Loading Conditions

It is Séhémed that the height of the dam will be risen when water demand increase in future,
Accordingly structure analyses are carried out in the condition that the dam is filled up 1o the final

- ‘crest elevation of EL. 215.0 m.

Under the above fill, the following two loading cases are adopted as design load conditions. (See
Fig. 5.1.2)



Load case 1:  Resorvoir water is at FWL (=212.5 m) without uplif‘f

Load case 2: Reservoir water is at FWL (=212.5 m) with full uplift
The loads are calculated as follows:

Load case 1
pl =(212.5 - 112) x 1.80 y/m3 = 180.9 y/m?
p2 = (215 - 212.5) x 1.72 ym3 = 4.3 t/m?

Loadcase 2
pl =(212.5 - 112) x 1.80 y/m3 = 180.9 ym?
p2 = (215 - 212.5) x 1.72 ¢/m3 = 4.3 ym?
p3=(212.5-112) x 1.0 t/m3 = 100.5 t/m?
pd = (212.5 - (112 - 4.4)} x 1.0 ¢/m3 = 104.9 /m2

5.1.4  Stress Analysis

Stress analyses on the design section arc carried out by a finite element method. A compuier FEM

programme C-143 registered in Nippon Koei is uscd.

A mesh model and boundary conditions of the model are as shown in Fig. 5.1.3.

5.1.5 Resulis of FENM Analysis

Compressive/ftensile stress in horizontal and veriical directions, shear stress and principle stress in
every clement in the model are given in Table 5.1.1 und 5.1.2. The compressive/tensile stress and
shear stress which are required for design of reinforcement bar arrangement are extracted from

these tables and put downt in the refevant elements in the design section, as shown in Fig, 5.1.4 and

5.1.5.
From these tables and figures, the [ollowings wre noticcable,

(1) A maximum compressive stress in the design scction is low enough for the allowable
compressive stress of concrete (=70 kg/em?). The maximum value in each loading

conditions is as listed below,



(Unit: kgfem?)

K-direction Y-direction
Load case 1 23.0 Element 279 53.0 Element 164
Load case 2 38.8 Element 146 54,3 Element 164

(2) There are some elements where tensile stress occurs in both leading conditions. The tensile
stress in load case 1 is larger than load case 2, in comparison with both conditions,

Reinforcement bars against these tensile stress are required consequently.

3) Shear stress in the members in the design scction are checked at Line @, ®, ®, @, ®, ®
and @ as shown in the figures. An average value at each line is given in Table 5.1.3

From this table, it is noticed that
- 'load case 2 is severer loading condition in shear stress, and

2 the average shear stress at Line @, ®, and @ are larger than the allowable shear stress
of concrete without stirrups (=8.5 Kg/cm?) but below the allowable shear stress with
stirrups (=19 kg/cm?2) according to Standard Specification for Design and Construction

of Concrete Structures 1986 Part 1, JSCE Clause 14.3,

Consequently, stirrups are required for these shear stresses.

5.1.6 Reinforcement Bars
(1 Re-bars for tensile stress
A required area at rc-bars againsi tensile stress is calculated with the following formula.

o= Total tensile strength in 1m depth (kg)
" Allowable tensile stress in re-bar (kg/em?)

) At the center of the upper slab (Line @ - @ in Fig. 5.1.4)

%x 6 kgfem?2 x 35 cm x 100 cm
1,800 kg/cm?
5.8 cm? '

As

It



if) At the Line @ - @ in Fig. 5.1.5, where the largest tensile stress occur in the uppér

part of the slab

%x 14 kg/em? x 90 ¢cm x 100 cm

AS —
1,800 kgfcm?2
= 3.5 cm? — D29 @150 = 42.9 cm?
jif) At the center of the invert slab
%x 6 kg/em? x 30 ¢cm x 100 cm
As = -
1,800 kg/cm?
= 4.9 cm?
A} Min. reinforcement bars

The above standard (by JSCE), Clause 6.2.3, specifies' a minimum area of tensile

reinforcement bars of 0.2% for the concrete area.

According to this, a minimum area of re-bar at Line @ and @ is calculated as foliows:

)] Line @-®

130 ¢m x 100 ¢m x 0.2/100
26 cm2 — D25 @150 =33.8 cm? -

As

1Y

it

i Line ®-®

150 cm x 100 em x 0.2/100
30 cm?2 > D25 @150 = 33.8 cm?

As

\Y

(3 Stirrups
i) Line ® - @

- Shear stress distribution is as shown below.
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A total shear stress is:
S = 0.5x18kg/em?2x 100 cm x 125 cm
= 1,125 kg/em?

Required area of stirrups

As = (S x /(1,800 kgfem? x jd)
= 1,125 x 30/(1,800 x 150 x 2/3)
=0.19 cm? - $13 (=1.327 cm?)
where; t @ spacing at stirrups (cmy

jd & distance from compression resultant to centroid of tension

reinforcement (m)

Pitch of the stirmups = D25x 15 = 375.cmor
' @13 x 48 = 624 cm or
130/2 = 65 em
— 350 cm

Line & and

The shear stress at Line is smaller than Line- .- Accordingly the same stirrup

arrangement in the invert slab as given above is made.

Surface crack preveation re-bars

For prevention of surface cracks, D22 @300 is arranged.

From the above (1) ~ (4), a feinforcement bar arrangement is made as shown in Fig. 5.1.6



5.2

5.2.1

ON

(2

Spillway

wall Section C-C

Case ]

13

2)

Case II

1)

EL. 189.000 m

Shearing force
- carth P,

Bending moment
- earth P,

Toe

Shearing force
- reaclion
- concrete

- uplift

Bending moment
- reaction
- concrete

- uplift

EL. 189.000 m

Shearing force
- eanth P,

- concrete

Qe=193 x’izx%x 0.241

Me = 11.40 x7/3

Qr=23.06x1.0
Qc=-1x15x24
Qu=145x1.0

Mr=23.00x 1.012
Mc=-3.6x10x172
Mu=1450x1.0x1/2

11401

26.60 t.m

2306t
-3.60t
1450t

339061

11.53 tm
-1.80 tm
725 Lm

Qc = 11.40 x 1.05
Qe=18x10x193x005
Qe=1.8%6x 1/2x 1.93% 0.05
Qe = 0.48 x 0.05

Qeg = 1.2 x 0.05

Qc3 = 17.2 x 0.05

1698 tm

1197t
0.17t
052t
002t
0061
0361t



Qo4 = 1296 x 0.05

1}

0.651

Q = 1375t
Bending moment
- carth P, Me=11.97x7/3 = 2793 1m
Me=0.17 x (6.0 + 0.5) = 1.01 tm
Me=0.52x6x2/3 = 2,08 tm
- concrete Mcy=0.02x (7 +0.5) = 0.15 tm
Mco2=0.06x(6+ 0.5 = 0.39 t.m
Mc3=036x3 = 1.08 t.m
Mca = 0.65 x6/3 = 1.30tm
M = 33%tm
2) Toe
Shearing force _
- reaction - Qr=23.06x 1.0 = 23061
- concrete Qc=-1x15x24 = -3.60 0t
- uplift Qu=145x10 = 1450t
Q = 33961
Bending moment
- reaction Mr=23.06 x 1.0/2 = 1153 tm
- concrele Me=-32.6x 1072 = -1.80 tm
- uplilt Mu = 14.50 x 1.0/2 = 7.25tm =
M = 1698 tm
5.2.2 Wall Section G-G
()  CaselandII
1) Toe
' Shearing force _
- reaction Qr=220x10 = 2200t
- concrete Qc=-1.5x1.0x24 = 2360t
- uplift Qu=145x1.0 = 14501
Q =

32901t



5.2.3

1

5.2.4

(M

Bending moment
- reaction
- concrete

) uplift

Wall Section A-A

Case 1l

)]

Wali

Casel .

1)

Toe

Shearing force
- reaction

- concrete

Bending moment
- reaction

- concrele

Section E-E

EL, 126.000 m

Shearing force

- earth P.

Bending moment
- eanh P.

Mr=2200x 1.0/2
Mc =-3.6x 1.0/2
Mu = 14.50 x 1.0/2

Qr=131x 1.0
Qc=1.0%2x-2.4

Mr=13.10x 1.0/2
Mc =-2.40x 1.0/2

Qe =193x72 x 5% 0241

Me = 11.40){7:(%,

11.00 t.m
-1.80tm
7.25 tm

16.45 t.m

13.101
2401

10,701t

655 tm
-120tm

535tm

11.40¢

_26.60 .m



2

2)

Toe

Shearing force
- reaction

- concrete

- water

- uptift

Bending moment
- reaction

- concrete

- waler

- uplift

Case II

1

EL. 126.000 m

Shearing force
- earth P.

- concrele

Bending momeit
- earth P.

- concrete

Qr=2410x 1.0
Qc=-10x15x24
Qw=-1.0x80x1D
Qu=125x1.0

Mr=24.10x 1022
Mc=-3.6x1.0/2

Mw=-8.0x 102"
Mu = 12.50 x 1.0/2

Qe=11.40x1.05

Qe=18x10x1.93x0.05
Qe=18x6x1/2x1.93x0.05

Qc=2256x005

Me=1197x7x1/3
Me = 0.17 x (0.5 + 6.0)
Me=052x6x2/3

Mc=2.4x005%x(1+60)

Mc =7.2x 0.05x 6/2
Mc = 12.96 x 0.05 x 6/3

24,101
-3.601
-8.001
12501t

2500t

12.05 tm

-1.80 tm

-4.0 t.m
6.25 tm

12.50 t.m

11971
0.17¢t
0.52 1
1.1281

13.791

- 27.93 Lm

.11 tm
2.08 Lm
0.84 tm
1.08 t.m
1.30 1.m

34.34 tm



3

2)

Case HI

1)

2)

Toe

Shearing force
- reaction

concrete
- water

- uplift

Bending moment

reaction

3

concrefe
- waler

- uplift

EL. 126.000 m

Shearing force

- earth P.

Bending moment
~ garth P.

Toe

Shearing force
- reaction

- concrete

- water

- uplift

Bending moment
- reaction
- concrele

- water

Qr=24.10x 1.0
Qc=-1.0x1.5x24
Qw=-1.0x80x1.0
Qu=125x10

Mr =24.10x 1.072
Mc=-3.6x 1.0/2
Mw =-8.0x 1.0/2
Mu=12.50x 1.0/2

Qe= 1.93x72x%x 0.241

Me = 11.40x7x}5

Qr=19.7x10
Qc=-10x15x24
Qw=-1.0x80x 1.0
Qu=155x1D

Mr=19.7 x 1.0/2
Me =-3.60 x 1.O/2
Mw =-8.0x 1.0/2

V-10

24,101
-3.601
-8.001
1250t

25.001

12.05 tm
-1.80 t.m
-4.0 t.m
6.25 t.m

12.50 tm

11401t

26.60 t.m

19.701t
-3.60t

-8.001t

15.50

il

2360t

S 985tm

-1.8 tm '
-4.0 t.m



- uplift Mu = 15.50 x 1.0/2 = 7.75 tm

M = 11.80 t.m
5.2.5  Wall Section I-1
I Case |
1) EL. 121,000 m
Shearing force
- carth P, Qe=0241x 193 x4.02x 5 - a7
Bending moment ‘
- garth P. Me=372x % = 4.56 t.m
2) Toe
Shearing force
- reaction Qr=(22.40+2093)/2x1.0 = 21.67¢t
- concrete Qc=-10x10x24 = 2401
- uplift Qu=029x1.0/2 = 0.151
' Q = 1942¢
Bending moment
- reaction Mr= 2093x10x 1.0/2 +
147 x1.02x1.0x2/3 = 1096 tm
- concrele Mc = -2.4 x 1.072 = -1.20 tm
- uplift Mu =015 x 1.0/3 . = 0.05 tm
M = 9.81 t.m
@  Casell
) EL121.000m
- Shearing force
- eanth P, S Qe=3.72x105 = 391t
Qe = 4.632 x 0.05 = 0231t



- concrete Qc=6648 x 0.05 = 3321

Q = 7461
Bending moment
- ecarth P. Me=391x4x1/3 = 521tm
Me =0.23 X4 X 2/3 =  06ltm’
- CcOncreie Mc=72x005x(0.1+128) = 4.64 tm
Me=0.36 x 005 x 0.2+ 12.5) = 023 tm
Mc = 0,36 x 0.05 x (0.15 + 12.5) = 0.23 tm
Mc=180x005x (1.5:(%4- 11.0) = 1.06 t.m
Mc=32x005x 11 x% = 363tm
Mc=4356x005x11x % o= 7.9% tm
M = 2360tm
2) Toc
Shearing force .
- reaction Qr = (26.50-+23.86)/2x 1.0 = 25181
- concrete Qc=-10x1.0x24 = 24010
- uplift Qu=0.29x1.0/2 = G.15¢
Q = 2293t
Bending moment
- reaction Mr= 23.86 x 1.0x 1.0/2 o
+2.64x1.02x1.0x2/3 = 1281 tm
- concrete Mc=-24x0.5 L= -1.20 t.m
- uplift Mu=0.15x 1.0/3 = 0.05 Lm-
- M = 11.66tm
3 Case 111
1) EL. 121.000 m
Shearing force
- earth Qe =0241x (1.93-1.00)x 40%2 = 1791
- water CQw=11.0%2 = 6050t
Qw = 8.02/2 = 32.00¢
Q = 2671t



2)

Bending moment
- carth

- waler

Toe

Shearing force

reaction

concrete

- water

uplift

Bending moment

- reaction

concrete

- waler

uplift

Me = 1.79 x 4.0/3
Mw = -60.50 x 11.0/3
Mw = 32.00 x 8.0/3

2.3%9Lm
22183 tm
85.33 tm

-134.11 t.m

0.011
240t
-13.00t
13791

.60t

001 tm
-1.20 t.m
-6.50 t.m

6.93 Lm

M
Qr = 0.04 x 0.15/2
Qc=-1.0x1.0x240
Qw=-13.0x1.0x 1.0 -
Qu = (14.00 + 13.57)/2x 1.0
| Q
- Mr=001x0.15/3
Mc=-24x1.0/2
Mw = -13.0 x 1.0/2
Mu= 1357 x10/2+043
x1.0/2x1.0x2/3
M

076 t.m
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