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Study on Critical_Allowable Shear Stress of Filling Rocks
With Mattress Revetment
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Abstract

Critical and allowable shear stress acting on the mattress revetment, is presented in this study.
First of all, shear stress at each spot is computed when the hydraulic power act on the waterway.
Secondly, median diameter of the filling rocks is computed using shear stress and Shields coefficient
which are used to decide the critical motion of the particle. Finally, the range of critical and allowable
shear stress is estimated which meet the particle stability and indicated that the mattress is a stable
hydraulic structure in comparison with the riprap. Therefore the required median diameter of riprap is
three times higher than that of mattress. Contrarily, this study also analyzed that resisting power of
mattress to shear stress is three times higher than that of riprap on the same size.

keywords : mattress revetment, critical and allowable shear stress, Shields coefficient, filling—

rocks median diameter, particle stability
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Note : R, = Radius of Curvature
W = Width of Water Surface

Ro/W = 4.824ky.* — 33.781kps® + 90.054kys”

kps = Ratio of Shear Stress on Outer Bank to Average Shear Stress

—114.856k,s+ 64.566
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note : Hydraulic Laboratory Engineering Research Center, Colorado State University

Fig. 2. Effect of Curve in Water Course upon Shear Stress Acting on Outer Bank
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Fig. 3. Shields Parameter as a Function of Shear Reynolds Number for Mattress
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Table 1. Critical and Allowable Shear Stress for Rock Sizes in Natural and Trapezoidal Channel

Rock Shear Stress(Z=2.0) Shear Stress(2=3.0) Shear Stress(Z=12.0)
Type Fill Critical Allowable Critical Allowable Critical Allowable
dsp (m) r(kgmd) | 7,(k¢md) | T.(kgmd) | 7,(kg/m?) | T.(k¢md) | T,(kg/m?)
0.060 82 99 11.2 135 13.8 165
0.085 115 138 15.7 189 19.3 232
0.100 135 16.2 184 2.1 226 271
0.110 148 178 20.2 242 248 29.8
0.120 16.1 19.3 219 26.3 27.0 324
0.125 16.8 20.1 22.8 274 28.1 337
(I:\I;;Eilj 0.150 20.0 24.0 27.2 32.7 335 40.2
0.190 25.0 30.0 342 41.0 42.1 505
0.200 26.3 315 359 431 44.2 53.1
0.225 29.4 352 402 483 496 595
0.250 324 389 445 534 549 65.8
0.275 35.4 425 4838 586 60.2 722
0.300 384 46.1 53.1 63.7 65.4 785
0.060 8.1 9.7 11.2 13.4 138 166
0.085 11.3 136 156 18.7 19.3 232
0.100 13.3 159 18.2 219 226 271
0.110 145 174 20.0 24.0 248 29.8
0.120 158 19.0 217 26.1 27.0 32.4
. 0.125 16.4 19.7 22.6 27.1 28.0 337
T?ﬁgﬁgle‘ial 0.150 196 235 2.9 32.3 334 40.1
0.190 245 29.4 338 406 42.0 50.4
0.200 25.8 309 355 426 44.1 52.9
0.225 28.8 346 39.8 477 49.4 59.3
0.250 318 382 44.0 52.8 54.7 65.6
0.275 34.8 417 482 579 59.9 719
0.300 377 453 52.4 62.9 65.1 782

note : Side Slope(1V: ZH)
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Fig. 5a. Critical and Allowable Shear Stress for Rock Sizes in Natural Channel(Z=3.0)
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Fig. 5b. Critical and Allowable Shear Stress for Rock Sizes in Trapezoidal Channel(Z=3.0)
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Table 2. Critical Shear Stress vs Rock Sizes for Riprap & Mattress in Natural and Trapezoidal Channel

Ciliieail Revetment Rock Sizes dg,(m)
Type Sst}fsrs Side slope Z=2.0 Side slope Z=3.0 Side slope Z=12.0
7.(kg/ m’) Riprap Mattress Riprap Mattress Riprap Mattress
5 0.107 0.036 0.077 0.026 0.062 0.021
10 0.216 0.073 0.156 0.052 0.126 0.042
Natural 20 0.447 0.150 0.322 0.108 0.260 0.087
Channel
30 0.687 0.231 0.493 0.166 0.398 0.134
40 0.931 0.313 0.667 0.224 0538 0.181
5 0.109 0.037 0.078 0.026 0.063 0.021
ol 10 0.220 0.074 0.157 0.053 0.129 0.042
Trapezoida 20 0.456 0.153 0.325 0.109 0.266 0.087
Channel
30 0.701 0.236 0.499 0.167 0.407 0.134
40 0.951 0.319 0.675 0.227 0.549 0.181

BAE 29 20084 2H

145




0.8

0.7

3.050

3.040

*

Riprap u

Mattress --x--R./M.

Filling Rocks Median Dia., dso(m)

Note : R. = Riprap Revetment
M. = Mattress Revetment

3.030

3.020

Rock Sizes Ratio (R./M.)

2.970
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
Critical Shear Stress, T .(kg/m?)
Fig. 6a. Critical Shear Stress vs Rock Sizes for Riprap & Mattress in Natural Channel(Z=3.0)
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