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1 Inleiding

I/'9<<&0::/!"'8:&"/'*TTHU()))'.4'!<<&'RVAU1VV'"/'VW'X'1";J-'YS!&:3;.#4' ./'7"-'@:!"&
9:/'7"-'C<<&-4#7&.8!"/!'M/!"&N<"@'Z;:/'[CMZ\'7"-'4:$"/]"&@./04K&<8"#-'^A-""/4-:%.;.-".-_
3.-0"9<"&!+'1VV'9<"&-' ./' 7"-' 9"&;"/0!"' 9:/' !.-' K&<8"#-' 9"&9<;0:#-.9.-".-"/' 3.-`' !"N"' N.8/
0"&.#7-'<K'7"-'</-].@@";"/'9:/'&"@"/&"0";4'9<<&'4-""/%"4-<&-./0"/+'I/'&";:-."'7."&$""'7""J-
1VV'7"-'VW' 9"&N<#7-' ""/' ::/-:;' ::/93;;"/!"']"&@N::$7"!"/' -"' 9"&&.#7-"/' 9<<&' 7"-' ./
()))'3.-0"9<"&!"']"&@'</!"&'K&<8"#-'^A-""/4-:%.;.-".-_+

1"' $"-' 1VV' <9"&""/0"@<$"/' ]"&@N::$7"!"/' N.8/' ./' ^M9"&""/@<$4-' /&' 1VVU()))_
<$4#7&"9"/' "/' 9:4-0";"0!`' !"' %"0";".!"/!"' %&."J' %.8' !"N"' <9"&""/@<$4-' .4' 0"!:-""&!' (
<@-<%"&'())*'"/'7""J-':;4'@"/$"&@'a6b)*D((H+

1"'<K0"!&:0"/']"&@N::$7"!"/'%"4-::/'3.-c

*+' C"&!"&"'3.-]"&@./0'9:/'!"'4-&<<$4/";7".!4$"-./0"/'!."'!<<&',+'!"'23/4-'%.8'!"'dO1
N.8/'9"&&.#7-'./'""/'4#7::;$<!";'[$"-./0'$"-'W1a'[;:4"&\e'(1e'7<&.N</-::;'"/'9"&-.@::;\e
"/'9"&0";.8@./0'9:/'!"N"'$"-./0"/'$"-'&"43;-:-"/'9:/'9<&.0'8::&'%.8'VW'3.-0"9<"&!"'=>?
%"&"@"/./0"/+' 1"' 3.-' -"' ]"&@"/' 4.-3:-."4' %"-&"JJ"/' 4-&<$./0' <9"&' ""/' 9;:@' %"!' "/
4-&<$./0' <9"&' ""/' :J4-:K+' 1"' $""-&"43;-:-"/' 9:/' 1"' 23/4-' N.8/' ./' !.0.-:;"' 9<&$
9:4-0";"0!' ./' ""/' ::/-:;'$""-J.;"4+'1"' #!_4'$"-' J.;"4']:&"/' &""!4' ./' 7"-' %"N.-' 9:/'VW
"9"/:;4' ""/' 0;<%:;"' %"4#7&.89./0' 9:/' !"' ./7<3!' 9:/' !"' J.;"4e' "/' @3//"/' ./' 7"-
</!"&7:9.0"'K&<8"#-']<&!"/'0"%&3.@-+'MK'%:4.4'9:/'!"'$""-4"&."4']<&!"/'-.8!0"$.!!";!"
]::&!"/' 9:/' !"' 4-&<<$4/";7".!' %"&"@"/!' ./' !.9"&4"' K3/-"/' ./' 9"&-.@:;"/e' :;4$"!"' !"
4-:/!::&!:J].8@./0' 9:/' !"N"' 4-&<<$4/";7"!"/+' 1"N"' 0&<<-7"!"/' ]<&!"/' 4:$"/' $"-
&"43;-:-"/' 9:/' <9"&""/@<$4-.0"' =>?' %"&"@"/./0"/' ./' J.03&"/' 0"K;<-' "/' </!"&;./0
9"&0";"@"/+' M<@' ]<&!"/' <K' %:4.4' 9:/' !"' $"-./0"/' -3&%3;"/-."U./-"/4.-".-"/
%"K::;!+C<<&-4c'/:!"&"'3.-]"&@./0'9:/'$"-./0"/'./'7"-'VW'4#7::;$<!";',E**'fC:/'!"&
V"&JJe'*TGGg+'Y"-'%"-&"J-'7."&'!"'7<&.N</-:;"' 4-&<<$4/";7".!'9hh&e'%<9"/'"/' :#7-"&' ""/
!&"$K";'$"-'9<<&U'"/':#7-"&-:;3!'</!"&'""/'7";;./0'9:/':#7-"&""/9<;0"/4'*cH'"/'*c(+'1"
4-&<<$4/";7"!"/' N.8/' !"4-.8!4' 0"$"-"/' $"-' K.-<-%3.N"/`' !"' <<&4K&</@";.8@"' :J;"N./0"/
N.8/'/."-'$""&'%"4#7.@%::&'$::&'./'7"-'&:KK<&-',E**'N.8/'!"'$""-]::&!"/'./'9"&-.@:;"/
:JN</!"&;.8@' 3.-0"N"-+' 1"' $""-]::&!"/' [!.-' N.8/' -.8!0"$.!!";!"' ]::&!"/\' ]<&!"/
:J0";"N"/' "/' 4:$"/'$"-' &"43;-:-"/' 9:/' <9"&""/@<$4-.0"'=>?' %"&"@"/./0"/' ./' J.03&"/
0"K;<-'"/'</!"&;./0'9"&0";"@"/+

(+' C"&!"&"'</-].@@";./0'"/'-<"K:44./0'9:/'""/'%.8'VW'./'</-].@@";./0'N.8/!'-&:/4K<&-U'"/
4#7:!"$<!";' ./' ""/' 9"&-&:0./040"%."!' %"/"!"/4-&<<$4' 9:/' ""/' !&"$K";+' 1"' 9"&!"&"
</-].@@";./0'%"-&"J-'7."&'7"-'3.-]"&@"/'9:/'!"'::/%"9";./0"/'!."'N.8/'0"!::/'./'&:KK<&-
i(GD)' fVWe' 1VVe' ()))g' /:$";.8@c' .$K;"$"/-:-."' 9:/' !"' </-].@@";./0' 9:/' !"
0&"/4;::0' ::/' !"' %<!"$' 9:/:J' 7"-' ^&":--:#7$"/-' K<./-_' 9:/' !"' 4-&<$./0e' "/
.$K;"$"/-:-."'9:/';"/0-"U'"/'%&""!-"U"JJ"#-"/+'Y"-'<K-&"!"/'9:/'^/"0:-."9"'"&<4."_']<&!-
</!"&9:/0"/'!<<&'<9"&0:/0'<K'""/':/!"&"'4#7"$:-.4:-."+'Y"-'::/0"K:4-"'$<!";']<&!-'<K
!"'4.-3:-."'9:/'!"':J4-:Ke'N<:;4'</!"&N<#7-'!<<&',+' !"'23/4-' [N."' 7."&9<<&\e' -<"0"K:4-+
1::&%.8' ]<&!-' N<]";' 0"%&3.@' 0"$::@-' 9:/' !"' &"43;-:-"/' 9:/' !"' $"-./0"/' :;4' 9:/' !"
&"43;-:-"/'9:/'=>?'%"&"@"/./0"/'9<<&'!"':J4-:K+



Rekenregels steenbestortingen: Q3107 december 2001
stromingsbelasting en transportmodel

WL | Delft Hydraulics 1 – 2

1"']"&@N::$7"!"/'N.8/'./'!"'K"&.<!"'<@-<%"&'U'/<9"$%"&'())*'3.-0"9<"&!+'1"']"&@N::$U
7"!"/' 0"/<"$!' </!"&' K3/-' *' N.8/' 9"&&.#7-' !<<&' Y+R+a+' j:0"&4e' >+?+' A3&S:!.' "/' d+Y+2+
j</0";./0' [K&<8"#-' ;".!"&\' "/' 0"&:KK<&-""&!' ./' Y<<J!4-3@' (+' 1"']"&@N::$7"!"/' 0"/<"$!
</!"&'K3/-'('N.8/'9"&&.#7-'!<<&'=+'A-<;@"&'"/'Y+j+'C"&7".8'"/'0"&:KK<&-""&!'./'Y<<J!4-3@'B+
1"'J<&$3;"&./0"/'9:/'7"-'4#7:!"$<!";'N.8/'./'%.8;:0"'a'</!"&0"%&:#7-+

1"' 3.-0"9<"&!"' ]"&@N::$7"!"/' 4;3.-"/' /:3]' ::/' %.8' 7"-' ]"&@' !:-' ./' 7"-' @:!"&' 9:/
!<";43%4.!."'RVA'./'())*'.4'3.-0"9<"&!'[K&<8"#-'i(TBBe'N."'!"'%"-&"JJ"/!"'&:KK<&-:0"\+'Y"-
3.-"./!";.8@"' !<";' 9:/' :;;"' 0"/<"$!"' ]"&@N::$7"!"/' .4' -]""k&;".c' [.\' 7"-' 9"&!"&
</!"&%<3]"/' 9:/' !"' $"-7<!"' <$' !"' !S/:$.4#7"' 4-&<$./04%";:4-./0' <K' ""/' 0&:/3;:.&"
9"&!"!.0./0' -"' %"&"@"/"/' $"-' %"73;K' 9:/' ""/' /3$"&."@' $<!";' $"-' @U"K4.;</
-3&%3;"/-."$<!";;"&./0' [!<<&' $.!!";' 9:/' 9"&0";.8@./0' 9:/' 4-&<$./04$"-./0"/' $"-
4-&<$./04%"&"@"/./0"/\e'"/'[..\'7"-'9"&!"&'</-].@@";"/'9:/'""/'</-]"&K$"-7<!."@'9<<&'!"
-<K;::0'9:/'""/'0&:/3;:.&"'9"&!"!.0./0'<K'%:4.4'9:/'""/'4#7:!"J3/#-."'[-&:/4K<&-$<!";\+



Rekenregels steenbestortingen: Q3107 december 2001
stromingsbelasting en transportmodel

WL | Delft Hydraulics 2 – 1

2 Stromingsbelasting
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2.1 Metingen De Gunst

2.1.1 Beschrijving van het schaalmodel De Gunst en het CFX rekenmodel
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2.1.3 Vergelijking metingen met berekeningen
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2.2 Metingen in model M711

2.2.1 Beschrijving van het schaalmodel M711 en het CFX rekenmodel
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2.2.2 Stroomsnelheidsmetingen
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2.2.3 Vergelijking metingen met berekeningen
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3.2 Verschijnselen bij een afstap en schade bij experimenten
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3.2.2 Onderzochte situatie

1<<&'1"'23/4-'[*TTT\'N.8/'./'""/'4#7::;$<!";'"LK"&.$"/-"/'3.-0"9<"&!'$"-'""/':J4-:K+'1"
-&:/4K<&-$<!";;"&./0' N:;' ]<&!"/' 0"-<"-4-' ::/' !"' #</!.-."4' -.8!"/4' "/' &"43;-:-"/' 9:/' !."
"LK"&.$"/-"/'9<<&' N<9"&' 7"-' %"-&"J-' !"' 4.-3:-."' %"/"!"/4-&<<$4' 9:/' 7"-' &":--:#7$"/-K3/-
9:/'!"':J4-:K'<J'%:#@]:&!UJ:#./0'4-"K+'I/'>.033&'B+*'.4'!"'#</J.03&:-."']""&0"0"9"/+

1"'<K'!"'dO'1";J-'3.-0"9<"&!"'K&<"9"/'7"%%"/'K;::-4'0"9</!"/'./'""/'4-&<<$0<<-'$"-'""/
%&""!-"'9:/')eF'$+'P&'N.8/'9"&4#7.;;"/!"'4<<&-"/'K&<"9"/'3.-0"9<"&!e']::&9:/' ./'!.-'@:!"&
:;;""/'!"'K&<"9"/'$"-'""/';<4'%"!'&";"9:/-'N.8/'["LK"&.$"/-"/'*U*'-b$'*UD\`+'6.8'!"'K&<"9"/
%"!&<"0'!"':J4-:K7<<0-"')e)GT'$e']:4'!"']:-"&!."K-"')e()'$' [!b7'm')eBFD\e' "/']"&!' ""/
4-:K40"].8N"' <K;<K"/!"' 4-&<<$4/";7".!' ./' ""/'K"&.<!"'9:/' (eE' 33&' -<-' ""/'$:L.$3$' 9:/
&3.$')eE'$b4'::/0"7<3!"/+
6"/"!"/4-&<<$4' 9:/' !"' :J4-:K' N.8/' 4-&<@"/' 9:/' 0"@;"3&!' $:-"&.::;' $"-' ""/' /<$./:;"
!.:$"-"&'1/'m')e)*)H'$'"/'""/'4-&<<@%&""!-"'9:/')e*'$'-<"0"K:4-+'1"'-<-:;"';"/0-"'4-&"@-"
N.#7'3.-'-<-'('$'%"/"!"/4-&<<$4'9:/'!"':J4-:K+'1"'4-"/"/'N.8/'::/0";"0!'./'""/';::0!.@-"'9:/
(+1/+'1"']::&!"'9:/'1/'.4'%"K::;!'"&9:/'3.-0::/!"'!:-'"&'./4-:%.;.-".-'<K-&""!-+

1"' "LK"&.$"/-"/' 7"%%"/' !"' 9<;0"/!"' 3.-@<$4-"/' 0"7:!+' d&:/4K<&-' 9:/' 4-"/"/' .4' ./' 7"-
$<!";'0"#</4-:-""&!'-<-'<K'""/':J4-:/!'9:/'*eG)'$e'!:-'].;'N"00"/'-<-'<K'""/':J4-:/!'9:/'(B
@""&' !"' :J4-:K7<<0-"' %"/"!"/4-&<<$4' 9:/' 7"-' ::/;.0K3/-+' I/' -<-::;' N.8/' </0"9""&' *))
4-""/-8"4' 9"&K;::-4-' [0"$.!!";!"' 9:/' D' K&<"9"/\+' I/' !"' 9<;0"/!"' -:%";' 4-::/' !"' ::/-:;;"/
9"&K;::-4-"'4-"/"/':;4'J3/#-."'9:/'!"'-.8!4-:K+

A-:K 3'[$b4\ --'[4\ =3$3;:-."9"
::/-:;
9"&K;::-4-"
4-"/"/

* )+BF *()) )
( )+F) *()) )
B )+FG *()) (
F )+D( *()) D
D )+DE *()) *)
G )+G* *()) (D
E )+GT *()) D)
H )+EF *()) *))

I/' </!"&4-::/!"' -:%";' 4-::-' !"' ;<#:-."' 9:/' !"' 9"&K;::-4-"' 4-"/"/' [9:@' G' .4' 7"-' ""&4-"' 9:@
%"/"!"/4-&<<$4'9:/'7"-'::/;.0K3/-\+

C:@ G E H T *) ** *( *B *F *D *G *E *H *T () (* d<-::;
? )e* )e( )eB )eF )eD )eG )eE )eH )eT *e) *e* *e( *eB *eF *eD *eG )e*U*eG
a:/-:; F () E *E ** E G H D D D * B F * B *)E

1"'$:L.$:;"'4#7:!"'.4'0"#</4-:-""&!'./'""/'4-&<<@'<K'[GeD'v'T\'{'!'[@"&/'<K'H'{'!\+
Y"-'::/;.0K3/-';:0'<K'</0"9""&'GeD'@""&'!"'!&"$K";7<<0-"'%"/"!"/4-&<<$4'9:/'!"':J4-:K+



Rekenregels steenbestortingen: Q3107 december 2001
stromingsbelasting en transportmodel

WL | Delft Hydraulics 3 – 6

3.3 Modelleren schadeniveau

3.3.1 Inleiding
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