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1.0 INTRODUCTION & REVIEW OF STUDIES Table 1. Range of the data collected in the experimental study
Block ramps are a promising and cost-effective structure in river restoration projects. They are adopted in place - aanggloeataliowiaNpIbess opes:

Sl Parameter Unit

o ) . o . . . . 1V:5H 1V:7H 1V:9H
of traditional hydraulic structures because of their ability to sustain the morphological river continuity. Block Discharge (Q) T —omE o e
ramps are characterized with high turbulent flow on large roughness elements resulting in substantial energy Head at Bendmeter (Ah) m | 0.0037 —0.0753 10.0122 — 0.0919 | 0.0236 — 0.1209

0.0504 - 0.1223 | 0.0807 — 0.1625 | 0.1057 — 0.1859
0.0095 - 0.0565 | 0.0185 - 0.0728 | 0.0226 — 0.0591
0.016 - 0.025 0.016 - 0.025 0.016 - 0.025

0.042 - 0.100 0.042 - 0.100 0.042 - 0.100

dissipation. In practical applications, block ramps are generally made of boulders with mean diameter between
0.3 m and 1.5 m. Fig.1 shows a typical block ramp application. £/
Based on experimental study, Pagliara and Chiavaccini (2006a) have proposed a relation to compute the S
relative energy dissipation on smooth ramp and ramp with base material. Further the same authors (2006b) ’
also proposed a relation for computing the relative energy loss on block ramps with boulders in row and random &
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Yo 7.76 — 32.07 13.72 — 28.74 16.52 — 28.86

arrangements as given by Eq. (1). : _ A r e e : B 8 |Reynolds Number (Re) (x10%) | - 255 — 7.47 4.55—9.29 5.86 — 10.68
_ B  Y) , 1 B e A b e B Y e
AE . =| A+ (1 — A)e i (1 + — FF) (1) Fig.1. A typical Block Ramp Application (Rock Ramp Fishway) Fig.4. A typical block ramp in the 5.0 CONCLUSIONS:
- - on Goulburn River, Victoria (© ResearchGate) expermental flume B [ he existing relationships and parameters for energy dissipation
Where, AE = (EO — Et)’ EO - UpStream energy, EO = energy at the toe of ramp Et’ H= he|ght of the ramp, hC = critical depth of ﬂOW, [Hydraulics Lab., CED, IIT Roorkee] on block ramps were tested using the collected dataset and the
S = slope of the ramp; and A, B, C are coefficients, which depend on the scale roughness of the flow over the ramp. For h_ /d;,< 4.0 DATA ANALYSIS & RESULTS: congruities or variances found have been reported (Figs. 7 and 8).

2.5,A=0.33,B=-1.3,and C =-14.5; for 2.5 < h /d5, < 6.6, A= 0.25, B =-1.5, and C = -12; and for h, /ds, < 6.6, A=0.15,B =- Boulders of mean diameters 0.042m, 0.055m, 0.065m, 0.080m and 0.10M === A \o|ation (Eq. 3) is proposed for boulder spacing criteria and for
1.0, and C = -11.5. where, coefficients E and F are functions of arrangement and roughness of the boulders. For random were tested under varied spacing in staggered configuration over the three computing AE., for block ramps with boulders in staggered uniform
arrangement and rounded boulders (i.e., river stones), E = 0.6 and F = 13.3; for row arrangement and rounded boulders, E= 0.55 ramp slopes (fig.4). On steep slopes, the normal depth is less than the and NU Configﬁrations (within + 5% deviation margin). The Reynolds
and F = 10.5, and so forth. critical depth, so the flow profiles do not follow the general hydraulic no ranged from (2.55 to 10.68) x 10% with a distinct association with

asymptotes; there is a gradual dispersion of energy as flow tumble AE ; for each tested slope; Froude no ranged from 1.64 to 3.98 and
Ahmad et al., (2009) developed a relation for the estimation of energy loss for block ramps with staggered downstream on the ramp in a waveform profile due to the effect of localized | 40w correlation with AE .

arrangements of boulders on base material within a £3% error limit as given by Eq. (2) for which R?=0.75: jumps(jr;lp_a_rt_e_d_ by the tumblmgﬂow reglme asshown |n Flgure5 - == A threshold boulder concentration was found to be in the range
- b o 0.22 — 0.25 for the tested configurations (0.08 < I < 0.32) was found
(B+CS)-¢ F 022 . . . _ . . .
AE  =| A+ (1 _ A)e H ol 14 | s (2) i % optimal for imparting efficient energy dissipation.
L ) 0.6+7.9(D,/h )T 0.80 - = Adaptive relations (Egs. 4 and 5) have been formulated and
x 0.78 proposed for computation of AE; on block ramps with staggered
In this equation, I varies from 0.074 to 0.21 and Dg/h: from 0.506 to 2.307. The values of coefficients A, B, and C will be t arrangement of boulders for both uniform and NU configurations. The
assigned as suggested by Pagliara and Chiavaccini (2006Db). . relation can be used satisfactorily within £ 5% error limits for the
Different studies have been conducted in order to determine a relationship between the energy dissipation and the R U - : range [ = 0.17 — 0.30 and 0.05 < h/H < 0.29.
characteristics of the ramp in various designs (Robinson et al. 1997, Pagliara and Chiavaccini 2004, 2006a, 2006b; Janisch and 0.72 - N - ' R POV S e NUNRRET N
Weichert, 2006; Pagliara et al., 2008; Ahmad et al., 2009; Oertel and Schlenkhoff, 2012). Schleiss and Dubois (1999) proposed a o0 - . 2" DR N ,;:gf s oo sl i 2006%)
relation to compute head loss for sheet or skimming flow in and over macro-roughness elements for both laminar and turbulent ! O ) ’ j ,.,-'“ Vb -- -= --  Omd E3dlakbom (NI
flows when the depth of water is significant with regard to the roughness factor. Fig.5. Variation of AE 5 along the ramp with Dy = 0.055m at Q = 0.025 m3/s (1V:5H) ”'; /:” ,..«--sfjs;/ : @
2.0 OBJECTIVES OF THE STUDY Relative energy dissipation (observed AE,) on ramp slope 1V:5H, 1V.7H A{f‘" ‘}" ]
NU configuration of the boulders has been so far not investigated by previous researchers. The study is primarily and 1V:9H for each respective boulder under varied concentrations and ;f‘ﬂg P :'f;”" _':;*:H
concentrated to simulate the effect of various permutations and combinations of macro-roughness boulders under _srpr)]acw;g, are plotted with respect to th? (hhc/H) ?S gllven Hn Iz.lgl:res 6a to 6c. S e 5id o}
mainly staggered arrangements, on varying ramp slopes under both uniform and non-uniform (NU) configurations in a 4 fg ott.s werle pres.etrrm]terd N (rjespec(:;clo the bou.der or(mjgltud;n.a spacmgfand //" 2 _—
wider range of test conditions (I, Dg, Q, S,, S,, etc) so as to ascertain the variation in resultant energy dissipation, which C:)Sn;: urlacn)t?or?scr;?(h\il\lgi o r?inhe;p. diss(?SZ’:ioSnpacf;ngnzp ceArI:(;n brimon;;n;;rerg L P
should reinforce in formulating adaptive design application of block ramps for stream restoration and related works. gu an patic Y- Jg9er= a8 e e e e S —
boulders tend to produce higher AEg; it may be noted that for some 08 7 i eomene® 08 10 000 065 0 015 0¥ 03 0%
3.0 EXPERIMENTS AND DATA PP S L . Jom configurations, boulder sizes of 0.080 m diameter produced slightly lower Fig.7. Comparison between AE,; (observed)  Fig-8. Comparison of AEz computed using
Experiments were carried out at the Hydraulics Laboratory of =1 H» — ] ;,.-.:L. energy dissipation as compared to that produced by the smaller-sized and AE g (calculated) as per Eq.(5) Eq. (5) &reI?tllolrIs by other investigators
Department of Civil Engineering, Indian Institute of Technology L] _ J! | J boulders of 0.055m or 0.065 m diameter. There is negligible effect of [ with DB2 |
Roorkee, Roorkee on a rectangular ramp of flume width 0-3.0 Hencysont Wl & 1 a1 the 0.10 m size boulders, on the energy dissipation. g inversely varies with I e = 0.86 2S +D.)(S.+D.)y| T (3)
m at slopes (S) 1V:4H, 1V:5H, 1V:7/H and 1V:9H. Semi- [, and indicated that lesser values yielded higher energy loss with boulders TN RSNy TR
hemispherical blocks with diameters ranging between 0.042 m of 0.042m diameter and a reverse case was observed with the larger-sized h
to 0.10 m, representing boulders with protruding part eqlfal to boulders of 0.065m and 0.080 m. AE ; =—-0.151-1.826 q +1-386(F)+1-411(\I1) """ (4)
half the diameter, were placed on the rough ramp bed (Fig.2). - = — . = _
The rough bed composed of a uniform layer of river bed g, e | | el L. | EEEIE icmmel 4B oL, xa,exp| ——2 | (5)
pebbles of mean diameter d;, = 0.018 m. W RS ot ey B Cren |2 W meseeem| ] e ¥4 grmyes a, + F(hC / H)
: : SPETIPT Fig.2. Experimental set-up of the study I B ML COAVAR) g Coge v L o3 Tor . o B
3.1 Configuration and distribution of macro-roughness boulders . et e, | hﬁi‘;ﬁ 3 SRR ¥ Yo Table 2. Summary of Experimental test results on Boulder Block Ramps
In the present study, the staggered pattern in uniform and non—uniform G: < '2:' — — e : :L-.}_ w2 " Parameter 1V:5H 1V:7H 1V:9H
arrangement of boulders along the L-section of the ramp flume has =% . oot - S " . r 0.08 — 0.32 0.14 — 0.29 0.19 - 0.29
been investigated as depicted in Fig. 3. The boulders were placed on . g _-— h.H 0.048 - 0.125 0.111-0.190 | 0.179 - 0.261
the block ramp in various concentrations (') under varied longitudinal ' R " S EE e S IR T T S AE g 0.726 — 0.927 0.742-0.833 | 0.671-0.769
spacing (S,) and transverse spacing (S,) in staggered arrangement Fig.6. Variation of AE  for Dg = 0.055 m in uniform & non-uniform configurations on ramp slopes: e 5 Vil o e e (1 e st T el (130 fape oot i
over the base material. A set of uniform spacing of boulders were (a) 1V:5H, (b) 1V:7H, and (c) 1V:9H ' - — P q'f _) 9
examined followed by non-uniform spacing (in terms of longitudinal Subjective examinations show that the relative energy dissipation decreases as the | °! r coefficient a, | coefficienta, | coefficienta, | R®
spacing s, and transverse spacing s, ). ] 5 slope gets flatter. If the upper limits of the AE ; are taken for each slope, then it can be 1 |017-0.19 0.110 0.053 0.064 0.98
32 Data characteristics Fig.3. Non-Uniform arrangement of boulders concluded that there_ is an overall 1Q % increase in the energy d|3$|patlop when 2 10.20-0.21 0.020 0.834 0.332 0.99
. . : : : . . boulders are placed in staggered configurations over the block ramp. Also, this scale 3 |0.22-0.24 0.051 0.323 0.207 0.96
The experimental dataset for various configurations of block ramps investigated in the present study were . . . o -
. . . . . seemed to amplify with decrease in slope as was marked by a 14 % increase for the 4 |0.25-0.26 0.074 0.173 0.140 0.98
recorded for various flow conditions. The experiments entailed a range of flows with Reynolds number of _ .
. . . . 1V:9H slope. The overall summary of the test results are presented in Table 2. 5 [0.27-0.30 0.012 1.616 0.530 0.99
25,500 to 106,800 under 3 ramp slopes with varied boulder spacing and arrangement covering S,./Dgz = 1.0 to
4.0 (as shown in Table 1). /" | ACKNOWLEDGEMENTS
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