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Three Dimensional Numerical Analyses of Slit Dam Subjected to Debris Flow
Der-Guey Lin™ Bor-Shun Huang®  Long-Ming Huang"®!

ABSTRACT  This study selects the No. 5slit dam (gravity ‘dam) situated at the Song-He No. 1 creek, Bo-Ai village,
He-Ping, Taichung County as a case history for structural analysis. By maintaining the dam height (or slit column height)
unchanged and the configuration meets the design criteria, four sets of fictitious slit dam were analyzed under different
column width/open size ratios or (D/L) ratio (D/L =0.667~0.683). Where, D and L represent the width of slit column
and the open size of slit respectively. Three-dimensional (3-D) static structural analyses were performed on slit dam
under various loading conditions, namely Case 1~Case 4, in which, Case 1 '(Condition 1: debris accumulates at the
upstream of slit dam, and Loading 1: driven force from none to a value induced from the action of debris flow), Case 2
(Condition 2: slit dam is filled up by debris, and Loading 2: the maximum earthquake loading is applied), Case 3
(Condition 3: slit dam is filled up by debris at the upstream, and Loading 3: debris flow overflows) , Case 4 (Condition
4: slit dam is nearly occupied by debris flow at the upstream, and Loading 4: the impact force induced from the large
boulder is applied). Meanwhile, through the analyses, the effect of (D/L) ratio, the stress and displacement distribution
of dam body are also investigated. The numerical results indicate the ratios of the maximum bending tensile stress +oy,,
maximum bending compressive stress —c,, and maximum shear stress o, of slit column to their allowable values of
concrete, oy, o¢ and oy are: For (+oyy /oy): Case 1 (17.94%)>Case 3 (5.78%)>Case 2 (0.12%). For (-oyy /c): Case
1(2.86%)>Case 3(1.95%)>Case 2(1.51%). For (o, /os): Case 1(6.93%)>Case 3(2.76%)>Case 2(0.93%). Finally,
according to the numerical results, the ratio of the maximum tensile stress to the allowable tensile stress of concrete
(+oyy /oy) and the ratio of the maximum shear stress to the allowable shear stress of concrete (oy, /os) in slit column are
increased from 0.53 to 0.80 (about 51% increment) and from 0.48 to 0.71 (48% increment) respectively if the impact
force is carried by two slit columns instead of three. These imply that the tensile stress and shear stress induced from
impact force will be much closer to their allowable values if the force is distributed to two slit column rather than three.
As a consequence, to achieve a beneficial and efficient utilization of material strength in stress analyses of slit dam for
debris flow impact force, it is suggested to assume that the impact loading is simply taken by two slit columns.

Key words: slit dam, 3-D finite element, 3-D numerical model, impact force, ratio of the width of slit column to the
open size of slits
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Table 2 Various configurations o]; slit dam for numerical
analysis
. o L300 | L305 | L310 | L315
f TSR
WG| booo | D205 | D210 | D215
AR 10 L (m) 3.00 | 3.05 | 3.10 | 3.15
A= e D (m) 2.00 | 205 | 210 | 2.15
M SRR 1 T L
?iﬁﬁ%%%‘jB il 0.66 | 0.65 | 0.64 | 0.63
(2 L/B)
I e 4 7
H'glﬁﬁﬂﬁ«ﬁr.w JEff| 1.88 | 1.91 | 1.94 | 1.97
(L /Drmax)
D/L 0.667 | 0.672 | 0.677 | 0.683
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Fig. 1 Actual geometric dimension of No. 5 slit dam
(gravity dam) at Song-He No. 1 creek
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Fig. 2 Dimension and numerical variables for parametric
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study of No. 5 slit dam (gravity dam) at
Song-He No. 1 creek
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Table 3 Material parameters of concrete slit dam
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aege g ° | FHEHM
= -+ =
IR © =868 | (Geg)|s 1528 %
4R ve = 5.58 m/sec
+ J P s ¢ =33 °
rESE WAL 5 =22 ° @43)
WP H 8 | = 30.96 ° 106
BBk 7 z =033
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= IR k, =011 @k 13)
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Table 4 External force exerting on dam body by various
loading combination
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Fig. 5 Z-direction (flow direction) displacement
caused by various external loading conditions of
No. L300D200 slit dam
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