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Riprap sizing for overtopping flow in open channel
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Abstract

Riprap is a hydraulic structure which is normally used for erosion protection of other hydraulic
structures such as embankments, levees, weirs and open channel. This experimental study was intended
to determine a guide for estimating riprap size subjected to overtopping flow. Four uniformly graded sizes
of local riprap material with nominal size of 12.7, 19.1, 38.1 and 50.8 mm, 3 riprap slopes at 2%, 5% and
10% and 3 riprap transport rates per water flow rate were used in this investigation. 23 cases and 66 data
sets of experiment were performed in a rectangular flume of 0.60x17x0.75 m. in Coastal Hydraulic
Laboratory, Department of Water Resources Engineering, Chulalongkorn University. The study results
indicated that the riprap size at the threshold related to 3 major parameters consisting of riprap layer
slope, water flow rate, and riprap’s angle of repose. It was found that the riprap size increased linearly

with the threshold flow rate, and also increased gradually with the slope and riprap’s angle of repose. In
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addition to the study results, an equation as a guide for preliminarily determining riprap size from

parameters concerned was proposed.
Keywords: physical model, hydraulic, overtopping flow, riprap, open channel
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(uniform size) asudu (layen tiedesfunmsinmziesimiondwmususfiauiosminnszuaiviondy
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Usyuey 85 ans/Aui Iﬂ8&ﬂé‘]’al,wua‘ﬁaaﬂﬂiﬁa%ﬂqﬁuﬁﬂqugﬂau (Abt et al. 2008) AIUANNAATU 2%, 5%
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fanduiailddnviduiuunsingesnelutssmalne dnaunashiaue 4 wuie Saumueun (nominal
size) 1 12.7, 19.1, 38.1 uaw 50.8 3. (0.5, 0.75, 1.5 waw 2 i muaiy) Tnsaesuausnldanmsdavuiaiiu
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F/UUUWNNTIEY (funnel method) BE1911M3§11 ASTM D6393 (ASTM, 2014) weilds1susuanuaiatiu (tilting box
method) fesUit 2 (a) wsnlsifigunsniuasirdesinsruusanaaeufiusuialvgld Tnsaufiufidlildseduuas
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A13197 2 AauTRAnINIEn YUl

AMUIUIA (1) AUE9IUNE (Apparent S.G.) YUNTIA, @ (29A)
12.7 2.70 50
19.1 2.71 52
38.1 2.74 55
50.8 2.74 63
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Run Size g q, Run Size q q,
Slope 3 5 Slope 3 5
No. (mm) (m~/s/m) (m/s/m) No. (mm) (m~/s/m) (m/s/m)
1 12.7 2% 0.094667 | 0.00000017 23 0.00000032
2 0.00000024 24 0.138167 | 0.00000048
3 0.00000023 25 0.00000057
4 0.122000 | 0.00000054 26 5% 0.055833 | 0.00000028
5 0.00000073 27 0.00000036
6 0.00000064 28 0.00000020
7 5% 0.030833 | 0.00000008 29 0.066333 | 0.00000086
8 0.00000007 30 0.00000067
9 0.00000007 31 0.00000064
10 0.037000 | 0.00000025 32 0.080167 | 0.00000148
11 0.00000026 33 0.00000187
12 0.00000026 34 0.00000179
13 0.051667 | 0.00000149 35 19.1 10% 0.025000 | 0.00000011
14 0.00000146 36 0.00000010
15 0.00000167 37 0.00000010
16 10% 0.016000 | 0.00000027 38 0.033167 | 0.00000080
17 0.00000034 39 0.00000083
18 0.00000029 a0 0.00000076
19 0.025000 | 0.00000451 a1 0.041000 | 0.00000480
20 0.00000528 a2 0.00000563
21 0.00000451 a3 0.00000456
22 19.1 2% 0.122833 | 0.00000030 a4 38.1 5% 0.109667 | 0.00000011
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Run | Size Sope 3q qu Run | Size Stope 3q qu
No. | (mm) (m™/s/m) (m™/s/m) No. | (mm) (m™/s/m) (m’/s/m)
a5 0.00000011 57 0.00000213
a6 0.00000012 58 0.00000202
ar 0.128833 | 0.00000020 59 50.8 10% 0.101500 | 0.00000020
a8 0.00000020 60 0.00000025
a9 0.00000017 61 0.00000025
50 0.143333 | 0.00000077 62 0.117167 | 0.00000055
51 0.00000086 63 0.00000068
52 0.00000094 64 0.136000 | 0.00000176
53 10% 0.071333 | 0.00000009 65 0.00000217
54 0.00000030 66 0.00000209
55 0.00000021
56 0.093833 | 0.00000132
GI'I‘J’N‘ﬁ 4 ﬂ'wLLasaumié’mm’ﬁlwamﬂm?{au
wefiuile  awevioni gy (m’7/s/m) aums g, =C(q—q,)" R2

12.7 s, 2% 0.049 g, =0.0003(q —0.049)"**%° 0.9394

12.7 3131, 5% 0.023 g, = 0.0063(q —0.023)***° 0.9967

12.7 s, 10% 0.012 g, =0.1275(q —0.012)****° 0.9961

19.1 wy. 2% 0.062 g, =0.0002(q — 0_062)2-3295 0.9421

19.1 w. 5% 0.035 g, =0.0026(q—0.035)**"* 0.9519

19.1 a. 10% 0.021 g, =0.0319(q —0.021)**** 0.9643

38.1 U 5% 0.082 g, =0.0004(q - 0.082)2'3235 0.7978

38.1 3. 10% 0.058 g, = 0.0042(q —0.058)"*** 0.8981

50.4 3. 10% 0.079 g, =0.0013(q - 0_079)2-2976 0.9748
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D,vsq, - 2% ---5% ——10% D, vs Slope I:‘oqn
0.06 ya il 0.06 7 7 7 - (m’/s/m)
P - : : /, /
/ K 7 . Ve e 0,020
0.05 A & o 0.05 L A
// ot L= 7 I /,/ Lol e 0.040
.04 / s A = - - e
_ 0.0 A @ o _ 0.04 o_.-" & |7 _m - - -0.060
£ y - e T st - e /,.
= 0.03 el = 0.03 —— ——F — —0.080
2 d L Q == A4
P demT et e == 0100
002 /“ b ¥ Dy, .., = 0.390g,- 0.006 002 - - * - e
’ - ‘ o —.-0.120
0.01 /‘/‘. * Dy, = 0422, + 0.004 0.01 i S .4 L4
L Dy 0 = 0.557g, + 0.007 —--0.140
0.00 = 0.00
0.00 0.02 004 006 008 0.10 0.12 0.14 0.16 0% 2% 4% 6% 8% 10% 12%
4, (cu.m/s/m) Slope
(a) (b)

sUAWN 4 Anuduiusserheneiiuiugnsmsiva (a) wagsenirsmnaiuiuanuaindu (b)

Ainevinnuduiuseninnadiududasinisivausnindeuseguil 4 @) Teuuldndudunsausiu
pssfimNaatueIiy Auanuduiussenineruiafiuduanuatndunuguil 4 (b) dadnsinsinausninden
wanssdutusnsnslnaiviiiy (so q) Tnewuindutuiivlduduiudomuanduanasilidewdonld
Furunalvgtuinnlnenainsiesildduaunisi (1)

fsanueiiufugansaifsudestumuauautfmemenm fadueudiusauseningnmns
Ivausniadoutunruaindunazvunafiuaunsodiadoyunssiaiaiald Tinseidsaunisd (2) Ssaseuduiug
iileunaiinszsitadeiferingnsnsivadulsiunsegisnsd duanuainduuiugumssihdudsiunssoeg
dintudornumadudivtiutudy shnsndutrsaumadieildnsiumienvuafiuiislaednadaunisi (3)

o

el q, Wi O, BResnsInIsvagegauasmeainlaiiazeeniuudeniuiniuis

g, = tan ¢(S 002 —1) (1)
D
=|tang—| 0.05—-0.02—=22— ||S™%% —tan 2)
%o ¢ 0.0254 ?
D, =1.27|(q, +tan$)s° — tan $]+0.0635 3)

d3UNan15AY

¥
a a

nsfnwmauefufisitiadosnmlumeahdanddafindonfiuidresihainanias 20-10% neld
nsli¥anfufisnelulssmaiidnvunasiianodis 0.5 81 2 th audufumnegreliosasaivesmuniiu uaed
nsivauuulvadiusiilasaine meuvuiiaesmeninniwamans wuindl 3 Jadevdnlaun dasnsivagegaves
a1 auainduiosh wazyunssi Tnetladesnsnisinausdunssednansinas Yadunrmaiatusauivygm

N59IwlsHunsIagnallaINuANLFUNUSIINAY 3 Tadensaunisn (3)
AnRNssuUsENA

nsfnwiilasuyuaanyunsiTeantuniaine ds wavveuamamIsdwazidmininIeiv ANy
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Heyanuwalinlglunside

foyanwal e i
D, YA m
q gnsnsiviasioniienuning m’/s/m
o SnsmisluaitfaniioninGuadeufineniasaunts m’/s/m
e 5mwmilwaqqqmawnfﬂL%ﬁ%aamLUULﬁaﬂmmﬂﬁu‘ﬁq m’/s/m
a. Shsmainnvenindasinasdemienuning m’/s/m
S arwanaturedassaiiaiiudi m/m
¢ yamssiafiliaIngeUdueuaedy (titting box method) degree
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