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Abstract :

Seismic Safety Analysis of Intake Tower is very important because failure of intake tower may incur huge

chaos on the modemn society. Recently, there has been growing much concern about earthquake resistance of existing
structures. This research demonstrates the dynamic fluid pressure calculation using added mass simulation. The actual
safety evaluation has been conducted through not only the static analysis but also the dynamic analysis. According
to the analysis results, the vibration incurred by earthquake may induce considerable damage to the hydraulic structure.
Therefore, the appropriate design process out of exact calculation is quite necessary.
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Fig. 1. Intake tower schematic diagram,
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Fig. 2. Analysis model,

56

!
1y
i
i
1

Table 1. Material property of concrete

Co;:lr;; ;egstshive Unit wei}ght Elastic modulus Poisspn's
(MPa) (kN/m”") (MPa) ratio
Concrete 17.7 22.54 1.89 x 104 0.17
Table 2. Load applied (unit : kN)
Type of load Load
Pulling weight 173
Bridge connected 108
Room for pulling weight 364
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Table 3. Allowable strength of concrete {unit : MPa)
Compressive c?rlr:;;tz}s)ilze Allowable | Modulus of
strength strength tensile strength|  rupture
(ﬂk) (fm) (ﬁa) (/fo)
Concrete 17.7 7.08 0.56 2.66
Table 4. Static analysis results (unit : MPa)
Tensile strength Compressive strength
Max. st. [Allow. st| portion |Min. st.|Allow. st.| portion
Case-1 Inside
(HWL) 0.39 0.56 |Upper slabl 0.66 7.08 wall
Case-2 Intake
(LWL) 0.39 0.56 [Upper slaby 0.63 7.08 entrance
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Fig. 3. Static analysis resuits,
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Table 5, Earthquake coetficient (/)

Recurring period 50
(Year)

Coefficient, 1 0.40 0.57 0.73 1.0 1.4

100 200 500 1000

Spectral Acceleration (g)
0.30

Control Period
“Ts= Cv/2.5Ca= 0.4 sec
- To= 0.2 Ts= 0.08 sec

0.25
0.20
0.15
0.10
0.05

0.00

0.0 0.4 0.8 1.2 1.6 2.0 24
Period (sec)

Fig. 4. Standard response spectrum,
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Table 6, Allowable dynamic concrete strength  (unit : MPa)

Compressive c?rlrig::ts)ilse Allowable | Modulus of
strength strength tensile strength| rupture
(fer) () (f) ()
Concrete 17.7 9.204 0.726 2.661
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Table 7. Resonant frequency of intake tower Table 8. Dynamic analysis results of high water level
Mode|Frequency [Period] _ Tran-X Tran-Y Tran-Z - unit : MPa)
No |{cyclefsecy] (sec) 156(% | Sum(?%) Mass(%6 | Sum(%%) Mass(*%) Sum(%) Principal stress Allowable stress Modulus of
1| 4175 0240 58.00 | 58.00 | 0.00 | 0.00 | 6.00 | 0.00 ?t?iie C"“;gzs:*"“ iet;‘;‘f C‘m;t‘;gs:“’e rupture
3
2 | 4437 10.225] 0.00 | 58.00 | 57.43 | 57.43 | 0.00 | 0.00 Casel | 2295 2493
3| 11045 |0.091| 0.09 | 58.09 | 0.00 | 5743 | 0.00 | 0.00 Casos | 2865 3638 0726 0904 2 661
4 115649 100641873 | 7682 | 6.00 {5743 | 6.00 | 0.00 Case3 | 2202 3349
5] 18202 10.055| 0.00 | 76.82 | 14.84 7227 | 0.01 | 0.02
6 | 21717 |0.046| 0.00 | 76.82 | 7.64 | 79.91 | 0.03 | 0.05
: A A Aew HErO, AR Ay
7 | 24581 10.041] 0.13 17695 | 0.00 {799t | 0.00 | 0.05 . , oo
8 | 24991 10.040| 3.14 | 80.09 | 0.00 | 79.91 | 0.00 | 0.05 P Case2obd oA stdses 2alstn), &
> - - @!OI 3711 ‘Q‘é’of‘c He Hegd 7lzAlgke)
9 | 25134 |0.040| 0.03 |80.12 | 045 8036 | 0.13 | 0.18 Cowwu B o ZlAE o] ALl S
10 | 27.943 [0.036] 0.00 | 80.12 | 0.00 | 8036 | 74.87 | 75.05 Hoh= ptoltt. of B2 FHpdel A5t g4
- bt B M s - : . oro)] ol AjE o 2 o1AS-Hol Wy Et= A
11 | 32493 0.031] 3.68 | 83.80 | 0.00 | 8036 | 0.00 | 75.05 oz Lehuitt
12} 33.548 ]0.030| 0.00 | 83.80 | 029 | §0.65 | 0.05 | 75.10 w*F’k ol "; 7—;‘01]& o A4 AT Table 99}
- — A . < labic
13 | 34675 [0.029] 0.03 | 8383 | 0.00 80.651 0.00 | 75.10 . 6—‘—1 nero A7) Ao s See.
)
14 | 40316 0.025] 277 | 8660 | 0.11 |80.76 | 0.01 | 75.11 Flyg/'wq iiq“q - ; Az f uaro HT faq_”‘
T b kRl &
15 | 40549 0.025| 0.07 | 8668 | 496 | 8572 | 047 | 7527 ;T‘% "‘“’“ﬁr P il a6 e
T B A WA A Uebgth 4538 BE
o o o o of
50 | 92.819 [0.011] 020 |93.22 | 6.00 | 93.30 | 0.00 | 8837 ﬁﬁzjo %1101‘410"%1 A O;:fgr%‘ ),
— PR & o a2y KX 2 %
51| 94314 [0.011] 0.00 {9322 | 0.06 | 93.37 | 0.30 | 8847 °°:‘~ 010; E‘L O}L}:&; =9 ]Ljil |
7 Z] "HFARA o grAElz] ore
52 | 97.733 |0.010| 0.64 | 93.86 | 0.00 | 93.37 | 0.00 | 88.67 QYA EE A @ Ao dohdd
53 ) 98.045 ]0.010] 0.00 | 93.86 | 0.00 | 93.37 | 0.01 | 88.68
54 1 100.718 |0.010] 0.04 | 93.91 | 0.00 | 9337 | 0.00 | 85.68 Table 9. Dynamic analysis results of low water lx(el:/;lt  wPa)
55 | 101686 [0.010| 0.00 |93.91 | 0.29 | 93.66 | 0.12 | 88.80 Principal stress PRI ———
Modulus of
3 | 103.904 omoLa.os L%‘% 0.00 | 93.66 | 0.00 | 83.80 Tensile | Compressive | Tensile |Compressive rupture
57 1 104.972 10.010| 0.00 | 93.96 | 0.01 93.6L 0.03 | 88.83 stress siress stress stress
58 | 105478 |0.009| 0.00 |93.96 | 0.35 | 94.03 | 0.02 | 88.84 Case-1 | 1.503 2.791
59 | 106250 10.009| 0.27 {9423 | 600 | 94.03 | 0.00 | 88.84 Case-2 | 2128 2326 0.73 7.20 267
60 | 107.516 |0.009| 0.01 | 94.24 | 0.04 | 94.07 | 0.00 | 88.85 Case-3 | 0.447 1.376
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Maximum principal stress Minimum principal stress
Fig, 5. Case~2 {High Water Level),
BHAOKHBISIA], K24 K2, 20094 39



NIDAS/Civid AIDAS/C5vil
POST-PROCESSOR POST-PROCESSOR.

503D STRESS SOLID STRESS
316-p1 s516-73
21280764001 40721064000
1.39758e1001 1.587508+000
1.66710e4001 0.0000084050
1.43661e4001 33017164000
1,20613e3001 it -5.86632e+000
5.7564284000 509264000
7.45157e+000 535564001
5.1467284000 320104001
2.8418684000 -1.55047€4001
0.000008+080 -L.82893¢+001
-~1.76764e4000 ~2.07739e4001
-4.0727084000 -2.32585e+00L

cB: BoRd-y
HAY TE58
HIN : 1472
FIE: AR

B By

% 558
RIN : 1450

DATE: 12/09/2007

Maximum principal stress Minimum principal stress
Fig. 6. Case—2 (Low water level),

TEAEL MDASSet & of§5te] AhgEY  ZuSH Y4 ATAY GRS vadt 2
o BRIy W L 2UYsel BE 2 = BEY 07018 T SO veeh
E

J SARHE, dA&2 55 AME3al, MIDAS/
Civile] 23} 2388 muEZ zzwo}oq Fig. 7, 83} 4.3
Zro] vt A X-93F A HEFAH &9
o] Fojj WhAYR chof jgt P-M AFHEA ST A3t oAkl o] F4gto)| 2HgEkE S-S 1125t

[¢]
SiY U]} 065302 1 oSt et AR A o] A2 I FAsHL FU A Ws A
o= Wb HYTh ER SHAEAN FASAL Ak BHU JUL LTI A3 HA

Check Axial and Moment Capacity
Rotation Angle and Depth to the Neutral Axis & = -71.78°, ©=72.01 om

Strength Reduction Factor @ = [.8404
Maximum Axial Load @ Prms = 22320.38 tf
Design Axlal Load Sirength Py = 1337.03 ff
Design Moment Strength @M = BDBB.BS tf-m
@My = 3084.66 tf-m
Strength Ratio : Applied/Design = 0.653 < 1.000 ....... O.K
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Fig. 7. P-M Diagram (high water level_X—direction).
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Check Axial and Moment Capacity

F4E| LY 0K B

Rotation Angle and Depth to the Neutral Axis & = -11.98°, ¢ = 75.18 cm
Strength Beduction Factor @ = [.8438
Maximum Axial Load D Primay = 22320, 38 tf
Design Axial Load Sirength PPy = 1265.81 ff
Design Moment Strength DM = 1872.88 tf-m
Dy = 9630.13 tf-m
Strength Ratio : Applied/Design = 0.701 < 1.000 ....... O.K
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Fig. 8, P-M Diagram (high water level_Y-direction).
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