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Figure 1. a) Situation of Bakun dam (CRFD), b) The dam perspective before reservoir, c)
Dams location of national seismological network, 8 dams and 14 stations in Malaysia
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Figure 2: a) PGA map for 300 years, b) PGA map for 2500 years

e ground motions across the east Malaysia rangmﬂ\
120 (gal) for 10% in 50 years and 160-220 (gal) for 2% in 50

years.
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Figure 5: a) The dam
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-~ Table 6: Material properties
Zone Elasticity modulus Poisson’s Relative Density
(Kg /m?) Ratio
(Kg/m?)

Concrete slab 3.20E9 0.20 2400
Thickness (0.30m)

2B-Cushion 3 20E7 0.30 2280
2A-Transition 1.60ES 0.30 2250
2B-Rockfill 1.00ES 030 2130
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Figure 4. Acceleration spectrum, Vertical axis i
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The spectrum acceleration curves for different soils are provided, as can be seen in Figure 4. In the case of
measurementunit, the horizontal and vertical axes are period (Seconds) and acceleration (gravity)
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Table 7: Frequency in twenty mode shapes of dam

1 6 3.233 4775 5.691
2 1823 | 7 3563 | 12 | 4961 | 17 | 5810
_b 2152 | 8 3816 | 13 | 5051 | 18 | 6.275
4 2638 | 9 4251 |14 | 5464 | 19 | 6571
3 3182 | 10 | 4439 | 15 | 5661 | 20 | 6.648
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Figure 9, Maximum horizontal displacement Figure 10: Maximum vertical displacement



Mii(t) + Cu(t) + ku(t) = F (t)
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Figu.3: Flow Chart processing of nonlinear dynamic analysis
using Time —history method
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{b) Hatural Frequency
Figure 8: a) Main points of the model b) Variation of damping ratio with natural frequency
of a svstem (Chowdhury et al, 2003)




[C]=a[M]+B[K] (8)
[C] = damping matrix of the phvsical svstem;

[M] = mass matnix of the physical system;

[K] = stiffness matnx of the system; o and [ are constants as called Ravleigh damping
coefficients. A svstem with multiple degrees of freedom, the equation of motion under the

transient load has given by the equation below.

] * {3+ [C] {3+ [K] *{X}={P } (9)
Because of the {P ; } force vector which is a function of time. After solution of the above
equation by matrix method as referenced [Chowdhury et al, 2003] so;

27w =0+ PR (10)
{ = damping ratio;

w =natural frequency of the system

After simplification reduces to: [Chowdhury et al, 2003]

— & L Fo
A (11)
And
B = ey "-'m:i—_j‘?im”m {12)

From last equation, it can be observed that the damping ratio is proportional to the
natural frequencies of the system, as can be shown in Figure 8-a.




The Rayleigh damping coefficient 1s one of the basic factors duning Time- history analvsis.
Therefore, the below process indicates which coefficients are computed according to Table 6
and Equations (10, 11 and 12).

(4=0. 06 when w,= 1.22;

(g = (4p=0. 042 when w, =4.439;

(s = (5p=0. 049 when w,, = 6.648;

Based on the above value for ten modes.

B=2%0.042%4.439)-2%(0.06*1 22/ (4.439%-1.22%)=0.01243

0= 2%0.042*4 439-0.01243*4.439°=0.1279

Moreover for twenty vibration modes,
B=2%0.049%.648)-2%(0.06*1 22 (6.648%-1.22%)=0.01183
0= 2%0.049%.648-0.01183%6.648°=0.12867

Regard to average values;

5=0.01213 and o =0. 12829
Both coefficients for nonlinear dvnamic analvsis of dam were used.



Figure 3: Regular mesh.
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Figure 4: Earthquake record. displacement is vertical axis (meter) and time is horizontal axis
(seconds).
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