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Analysis on bearing performance of new-style steel-concrete combined
dam under action of debris flow slurry
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(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou, Gansu 730050, China;

Abstract: A new type of steel-concrete combined dam based on gravity dam was came up with. The front of
this new-style dam was concrete entity, and a steel-tube bracing system was set in the behind of it. Based on
computational fluid dynamics theory and fluid-structure interaction analysis method, contrastive analysis on
gravity dam and the new-style dam was done when these dams suffered from debris flow slurry. This analysis
confirmed that the new-style dam had more superior bearing performance. In addition, the bracing system was
optimized from two aspects of member section specification and brace interval by using the flexibility coefficient
in the design of arch dam shape as an important parameter in order to give the structure scheme and applicable
condition of the new-style dam. Results show that the slurry dynamic pressure after steady flow state is
proposed as one of the load conditions in structure design. The gravity dam whose flexibility coefficient exceeds
15 belongs to plane strain problem in mechanics. The new-style dam is suitable to the low gravity dam whose

flexibility coefficient is greater than 8. 5 and the medium gravity dam whose flexibility coefficient is greater than
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10. 0, meanwhile, and the slope ratios of face flow surface of these dams are all 1. 0. 3. Compared to gravity

dam, the ultimate bearing capacity of the new-style dam increases by 10% ~ 20% under the applicable

condition.

Keywords: debris flow slurry; steel-concrete combined dam; bearing performance; computational fluid

dynamics; fluid-structure interaction analysis; flexibility coefficient
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Fig.1 Size of external flow field
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Fig.4 Arrangement of monitory points of variable solving
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Fig.6 Debris flow slurry impacting dam
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Fig.7 Results of total pressure variable of monitory point 7 ~9
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Table 1 Comparison between analytical value and calculated value according to norm of debris flow impact force

, , \, HE y,/ W v,/ R/ . HAE A Kt
s pRERA | T R = R By LD N
[ 4.76 59.0 52.70 52.38 1. 006
I.p 4.65 65.8 53.52 54.14 0. 988
I 1.33 20 4. 40 73.3 50. 34 52.96 0. 950
IS 7.19 59.0 120. 25 110. 07 1.092
I .p 6.94 65.8 119.22 112.91 1.056
I, 6.67 73.3 115.68 115. 81 0. 999
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Table 2 Section size of gravity dam
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Table 3 Section size of entitative body of new-style dam
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Fig.8 Preliminary design of bracing system of new-style dam
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Table 4 Ultimate bearing capacity of dams
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Table 6 Ultimate bearing capacity of dam I

I RRRE T, B FRKE

bm J1/MPa J1/MPa i
12 4.4 7.51 7.46 0.7
14 5.65 6.76 6.97 3.1
16 6. 46 6.25 6. 68 6.9
18 7.27 5.90 6. 54 10.8
24 9.6 5.52 7.05 27.7
38 15.34 5.40 7.18 33.0
50 20.18 5.40 7.18 33.0
62 25.03 5.40 7.34 35.9
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Table 7 Ultimate bearing capacity of dam II
I, BeBRREL T, R PR R 2R

L/m C YIS / %
J1/MPa J1/MPa
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22 6. 00 5. 66 5.80 2.5
26 7.08 5.07 5.44 7.3
30 8. 18 4.78 5.28 10.5
36 9.81 4.61 5.69 23.4
56 15.26 4.50 5.70 26.7
74 20. 16 4.50 5.67 26.0
92 25.07 4.50 5. 66 25.8
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Fig. 10 Influence of flexibility coefficient C on

ultimate bearing capacity of gravity dam
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Fig.11 Optimization of members of bracing system
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Table 8 Ultimate bearing capacity of dam I under

the final scheme

o Do BBURAL T BORURAL
J1/MPa J1/MPa
18 7.27 5.90 6. 46 9.5
21 8.48 5.62 6.17 9.8
24 9.69 5.52 6.25 13.2
38 15.34 5.40 6.33 17.2
50 20. 18 5.40 6.33 17.2
62 25.03 5.40 6.49 20.2

R REFRTNE DRRAEAN
Table 9 Ultimate bearing capacity of dam II under

the final scheme

I R T, AR K 3K

L/m a4 IE/ %
+1/MPa +1/MPa
30 8.18 4.78 5.09 6.5
33 8.99 4.71 5.03 6.8
36 9.81 4.61 5.11 10. 8
56 15.26 4.50 5.15 14. 4
74 20. 16 4.50 5.15 14.4
92 25.07 4.50 5.18 15.1

(a) B/NALA ) (B K AE-288.18MPa)

A

(b) B R4 R 1 (B KAE-199.13MPa)
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Fig.12 Stress nephogram of bracing system

under the final scheme
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