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Static Behavior Analysis of Spillway Pier for Dam Safety Evaluation
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ABSTRACT Seismic performance evaluation for dam safety evaluation has been continually conducted. However the
behavior analysis for the spillway pier which is known as the weak point of dam is seldom reported. Therefore, this study
performed the static loading tests for a prototype structures as elementary tests for the final seismic performance evaluation
of dam safety. The prototype of pier structure has 1/20 scale and it adopts to strength model. And cracking loads and
ultimate loads of real structures are calculated through numerical analysis using commercial FEM program (ABAQUS). The
results of this study show some difference between the results of prototype tests and the results of numerical analysis.
Also, the ultimate and cracking loads can be estimated through the prototype loading test and numerical analysis.
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Table 1 Typical geometric ratio of structure model

Structure Elastic model Strength model
Roof(shell) 1/200~1/50 1/30~1/10
Bridge(highway) 1725 1/20~1/4
Atomic reactor 1/100~1/50 1/20~1/4
Slab structure 1/25 1/10~1/4
Dam 1/400 - 1/75
Wind test 1/300~1/50 -
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Fig. 1 Similitude condition of true Model
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Fig. 2 Distorted similitude condition
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Fig. 3 Analysis model

Table 2 Finite element model of spillway structures

Model joint | Element(pier) | Element(weir) | Element(rock)
4824 13,161 2,523 5,333
Table 3 Input data
Pier Weir Foundation rock
Compressive
strength(MPa) 269 24.4 70.0
Elastic
modulus(MPa) 24.6 234 30.0
Specific
weight(k ofem’) 2,500 2,500 2,600
Poisson ratio 0.18 0.18 0.25

Table 4 Maximum tensile stresses of static analysis (MPa)

Maximum Loading point

tensile stress | Top of pier | Middle of pier| Lower of pier
Longitudinal

direction(Sxx) 033 0.24 0.28
Perpendicular

direction(Syy) 1.07 0.73 0.11
Transverse

direction(Szz2) 0.25 0.17 0.18

Principal stress 1.24 0.86 1.00
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Fig. 4 Deformen shape of spillway structure subjected to the
top loading

Maximum

Fig. 5 Longitudinal stress distribution in spilway structure
subjected to the top loading

Maximum

Fig. 6. Distribution of principal stress(upper loading)

14 | s=2232(E5t5 =27 M19& H15 (2007)

Fo o8ty 548 s
A7} obd Ak o
120& Agatact &, 24 FxE9 1209 A7)
A= ANFEEoR XU

5t wlolmg EZIAYEE, o AZL HWS °

ste} A ga g,

oo & 4 2 o

4200|282 E32|E

X
)
A
o

2]
>
1o

jl
e
a3
ofh
0]
o,
@
2
o
2
X,
e
(el
<
=
e
o
fiu

=
Al hEEoM e el 0,002 <M R EATE
= EFES ARl F). =g Aol AMEE A
Fo] W E A7) ¢3ked Table 59 22 i8] Hj
Z27e NPS FASEL 2 B4 2
t} 28 Aol 4y Z2AE} FA
AES 29 Nod WES 248 ZIYEE o838t

fe 98 725X Z2&ZAE 40mm

(1.7 mm~2.4 mm) SAE FFA(coarse aggregate)= St
3, 0.5mm ZAES ZZA(fine aggregate)E 3te] Al EA|

Table 5 Mixing proportion (micro-concrete, unit: g)

No. |Cement| Water | Fine |Glass ball] Coarse |Flow(cm)
1 400 240 | 1,200 0 1,200 183
2 400 240 720 0 1,680 16.6
3 400 200 | 1,200 0 1,200 16.1
4 400 200 720 0 1,680 127
5 400 240 | 1,200 0 1,200 159
6 400 240 720 0 1,680 13.6
7 400 200 720 336 1,344 17.5
8 400 200 720 0 1,680 16.5
25

Compressive strength (MPa)

Variable No.

Fig. 7 Compressive strength
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Fig. 8 Stress-strain curve
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Fig. 10 Reinforcing details of weir

Fig. 11 Fine aggregate for micro-concrete

Fig. 12 Structure model of spillway (after removing the form
of weir. refer to Fig. 10)

Fig. 13 Completed structure model
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Fig. 17 Configuration of testing apparatus
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Fig. 20 Crack distribution(southern surface)

Fig. 21 Crack distribution(northern surface)
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