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Débit d’échange calculé explicitement à partir des variables du modèle 1D

Hauteur d’eau du modèle 2D servant de condition limite du 1D
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Axe d’écoulement orienté par le bâti

Axe d’écoulement orienté par le lit mineur

Zone bâtie empêchant les écoulements
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






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−

(
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[
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F ∗1 =
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F2,L − F2,R + (∆S0)LR = 0 Q*+* R
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2
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2
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)

R

+ (∆S0)LR = 0
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2
g
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h
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2
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h
(S)
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h
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∆S0

)n+1/2

i−1/2
−

∆t
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λ3F2,i−1 − λ1F2,i + λ1λ3 (F1,i − F1,i−1)
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(
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2
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=

(
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(
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(
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(
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λ3 − λ1
∆S0

)n+1/2

i+1/2

=

λ3

(

φhu2 +
1

2
gφh2

)

i

− λ1
(

φhu2 +
1

2
gφh2

)

i+1

+

λ1λ3
[

(φhu)i+1 − (φhu)i
]

+

λ1

[

−gφ(0)LR
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z
(0)
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zbi+1
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)

+
1

2
g
(

h
(0)
LR

)2
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+
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+
1

2
g
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h
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]
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(λ3 − λ1)
(

F ∗2 +
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λ3 − λ1
∆S0

)n+1/2
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=

λ3

(

φhu2 +
1

2
gφh2

)

i

− λ1
(

φhu2 +
1

2
gφh2

)

i+1

+

(λ3 + λ1)

[

−g (φh)(2)LR

(

zbi
− zbi−1

)

+
1

2
g
(

h
(2)
LR

)2

(φi − φi−1)

]

+

λ1

[

−gφ(0)LR

(

z
(0)
LR −

zbi+1
+ zbi

2

)

(

zbi+1
− zbi

)

+
1

2
g
(

h
(0)
LR

)2

(φi+1 − φi)
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F ∗2 +
λ3

λ3 − λ1
∆S0

)n+1/2

i−1/2
=

(

F ∗2 +
λ1

λ3 − λ1
∆S0

)n+1/2
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0 = λ1

[

q (ui − ui+1) +
1

2
g
[

(

φh2
)

i
−

(

φh2
)

i+1

]

]

+ (λ3 + λ1)

[

−g (φh)(2)LR

(

zbi
− zbi−1

)

+
1

2
g
(

h
(2)
LR

)2

(φi − φi−1)

]

+ λ1

[

−gφ(0)LR

(

z
(0)
LR −

zbi+1
+ zbi

2

)

(

zbi+1
− zbi

)

+
1

2
g
(

h
(0)
LR

)2

(φi+1 − φi)

]

= !>I@

-5 EC8JK;L;5< q (ui − ui+1) M;5N = !>I@ J;E KOCPJECNN:75 = ! "@A 75 79<:C5< H

0 = −g (φh)(2)LR

(

zbi
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)

+
1

2
g
(

h
(2)
LR

)2

(φi − φi−1) = !>"@

&5 JCF< M756 C5 6756KFEC QFC H

(φh)
(2)
LR = 0 = !>R@

(

h
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LR
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= 0 = !> @

'OC5NC89KC MCN G;E:;9KCN S KO:5<CET;6C ;U;5< V<V MV<CE8:5VA KC NUN<W8C = !RI@ JCF<

NOV6E:EC H

F ∗1 =
1

λ3 − λ1
[F2,L − F2,R − λ1F1,L + λ3F1,R]

+
1

λ3 − λ1

[

1

2
g (φR − φL)

(

h
(0)
LR

)2

− gφ(0)LR (zbR
− zbL

)

(

z
(0)
LR −

zbR
+ zbL

2

)]

= !>4;@

F ∗2 =
1

λ3 − λ1
[λ3F2,L − λ1F2,R − λ1λ3 (F1,L − F1,R)] = !>49@

F ∗3 = v (F ∗1 − F1,A) + F3,A = !>46@

7X φ
(0)
LRA z

(0)
LR C< h

(0)
LR N75< MVY5:N J;E = ! R@!
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NFE KO[UJ7<[WNC MOF5C 75MC JE7GC5;5< MC 6[;QFC 6CKKFKC MC J;E< C< MO;F<EC MC

KO:5<CET;6C 675N:MVEVC! *K 67EECNJ75M M756 ;F ZFP M;5N K; \75C :5<CE8VM:;:EC

MOV<;< 675N<;5<! '; 8V<[7M7K7]:C ;FP G7KF8CN Y5:N 5V6CNN:<C MC MV<CE8:5CE KCN

ZFP S KO:5<CET;6C C5<EC MCFP 8;:KKCN MC 6;K6FKA  !"! S <E;GCEN K; M:N675<:5F:<V
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5678 9:;;: <=7: 5>?;6; 9=78;67;@ A:8 ?BC6;D=78 5:8 ECF G !HIJ 7: K:CL:7; 5=79

K68 M;N: C;DAD8?:8 K=CN ;=C;:8 A:8 9=7OPCN6;D=78 5>=75:8! %CDL67; A6 9=7OPCN6;D=7

5>=75:8 :; A6 K=8D;D=7 N:A6;DL: 5: A6 <=7: 5>?;6; 9=78;67; K6N N6KK=N; Q A>D7;:NR69:@

9D7B 968 K:CL:7; M;N: D5:7;DO?8 GL=DN SDPCN:  !HJ!

':8 9=7OPCN6;D=78 0T :; 0I 9=NN:8K=75:7; 6C N?PDU: ;=NN:7;D:A@ A:8 9=7OPCV

N6;D=78 0" :; 0 6C N?PDU: 9ND;DBC: :; A6 9=7OPCN6;D=7 0W 6C N?PDU: ECLD6A!

'6 5?;:NUD76;D=7 5:8 9?A?ND;?8 5>=75:8 λ∗1 :; λ∗3 5678 A6 <=7: 5>?;6; 9=78;67;

:8; 7?9:886DN: K=CN 5?;:NUD7:N A6 9=7OPCN6;D=7! ':8 D7L6ND67;8 5: #D:U677 8=7;

C;DAD8?8 A: A=7P 5: 9X6BC: 96N69;?ND8;DBC: K=CN 5?;:NUD7:N A6 LD;:88: 5: A>?9=CA:V

U:7; u∗ :; A6 9?A?ND;? 5:8 =75:8 5: KN:88D=7 c∗ 5678 A6 <=7: D7;:NU?5D6DN: 5>?;6;

9=78;67; Y

{

u∗ + 2c∗ = uL + 2cL
u∗ − 2c∗ = uR − 2cR

G !HHJ

)X?=NDBC:U:7;@ DA 9=7LD:7; 5: KN:75N: :7 9=UK;: A:8 ;:NU:8 8=CN9: 5678 A: 8Z8V

;[U: 5>?BC6;D=78 G !HHJ U6D8 A>:FK?ND:79: U=7;N: BC: A>=7 K:C; A:8 7?PADP:N Q

9: 8;65:! '=N8 5: A6 O76AD86;D=7 5C KN?8:7; U?U=DN:@ DA 6 ?;? UD8 :7 ?LD5:79:

BC: A6 KND8: :7 9=UK;: 5:8 ;:NU:8 8=CN9: 5678 A6 R=NUCA6;D=7 5:8 D7L6ND67;8 5:

#D:U677 :8; 7?9:886DN: K=CN A6 U=5?AD86;D=7 5: 9:N;6D78 N?PDU:8 K:NU67:7;8 6C

7DL:6C 5: A6 ADUD;: 5: A6 <=7: D7=756\A:! '6 KND8: :7 9=UK;: 5:8 ;:NU:8 8=CN9:

D7EC: 7=;6UU:7; 8CN A: 96A9CA 5: A6 LD;:88: 5: A>?9=CA:U:7; u∗ 5678 A6 <=7:

D7;:NU?5D6DN: :; 7?9:88D;: 5: N?6AD8:N 9:N;6D7:8 N:9X:N9X:8 9=UKA?U:7;6DN:8 K=CN

:8;DU:N A6 L6A:CN 5:8 L6ND6\A:8 Q A>D7;:NR69:! '6 N?8=AC;D=7 5: G !HHJ 5=77: Y







u∗ =
uL + uR

2
+ cL − cR

c∗ =
uL − uR

4
+
cL + cR

2

G !H4J

':8 9?A?ND;?8 5>=75:8 λ∗1 :; λ∗3 8=7; 5=79 ?P6A:8 Q Y

{

λ∗1 = u∗ − c∗
λ∗3 = u∗ + c∗

G !H3J

'>XZK=;X[8: 5: 5:CF =75:8 5: N6N?R69;D=7 8?K6N67; C7: <=7: D7;:NU?5D6DN:

5>?;6; 9=78;67; 5:8 ?;6;8 P6C9X: :; 5N=D; 5C KN=\A[U: 5: #D:U677 5=D; M;N:

L?NDO?:! ,678 A: 968 =] DA Z 6 C7 9X=9 :7;N: A>?;6; P6C9X: :; A>?;6; D7;:NU?5D6DN:

Gλ1,L > λ∗1J =C :7;N: A>?;6; 5N=D; :; A>?;6; D7;:NU?5D6DN: Gλ3,R < λ∗3J@ A6 LD;:88: cs
5: KN=K6P6;D=7 5C 9X=9 5=D; M;N: :8;DU?:! -7 :^:;@ 5678 C7: ;:AA: 9=7OPCN6;D=7

5>=75:@ A:8 9?A?ND;?8 8=7; :7 N?6AD;? ?P6A: Q A6 LD;:88: 5: KN=K6P;D=7 5C 9X=9! '6

9?A?ND;? 5C 9X=9 :8; 6A=N8 5?;:NUD7?: :7 C;DAD867; A:8 N:A6;D=78 5: 86C; 5: #67_D7:V

`CP=7D=;! /=CN A: 968 5>C7 9X=9 :7;N: A>?;6; P6C9X: :; A>?;6; D7;:NU?5D6DN:@ =7

=\;D:7; Y

cs =
F ∗1 − F1,L
U
∗

1 − U1,L
=
h∗u∗ − hLuL

h∗ − hL
G !Ha6J

cs =
F2,L − F ∗2
U2,L − U∗2

=
hLu

2
L +

1
2gh

2
L − h∗u∗2 − 1

2gh
∗2

hLuL − h∗u∗
G !Ha\J
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.78 97:; <=:>?@AB8 C7:D7B? E?F7 :?@G@8<78 @B9@H<F7II7B?* &A:?7JA@8 8@ h∗ = hL

A: 8@ hLuL = h∗u∗ GK:B7 978 JAFI:G>?@AB8 78? @B9<?7FI@B<7 L G7 8AGD7:F :?@G@87

>GAF8 GK>:?F7 JAFI:G>?@AB*

.> MAIC>F>@8AB 97 λ∗1N λ
∗
3N λ1,L 7? λ3,R C7FI7? 97 9<?7FI@B7F G> MABOP:F>?@AB

9KAB97 7? C>F MAB8<=:7B? G> JAFI:G>?@AB Q 7ICGAR7F CA:F 78?@I7F G7 S:; Q ?F>D7F8

G> 9@8MAB?@B:@?< @B@?@>G7* 1>B8 G7 M>8 9K:B F<P@I7 MF@?@=:7N G> JAFI:G>?@AB MG>88@=:7

"..! 78? M7GG7 7ICGAR<7 T

λ1,L > 0

{

F1 = F1,L
F2 = F2,L

!U

λ1,L < 0 Vλ∗1 > 0











F1 =
1

λ3 − λ1
[λ3F1,L − λ1F1,R − λ1λ3 (zL − zR)]

F2 =
1

λ3 − λ1
[λ3F2,L − λ1F2,R − λ1λ3 (F1,L − F1,R)]

!W

λ∗1 < 0 Vλ∗3 > 0

{

F1 = F ∗1
F2 = F ∗2

!X

λ∗3 < 0 Vλ3,R > 0











F1 =
1

λ3 − λ1
[λ3F1,L − λ1F1,R − λ1λ3 (zL − zR)]

F2 =
1

λ3 − λ1
[λ3F2,L − λ1F2,R − λ1λ3 (F1,L − F1,R)]

!)

λ3,R < 0

{

F1 = F1,R
F2 = F2,R

!Y

Z)*[\]

.78 S:; Q GK@B?7FJ>M7 Z)*[\] A^?7B:8 C>F F<8AG:?@AB 97 G> C>F?@7 MAB87FD>?@D7 978

<=:>?@AB8 7? GK<?>? >: 9<^:? 9: C>8 97 ?7IC8 C7FI7??7B? G7 M>GM:G 97 GK<?>?
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9>B8 G7 MA97 ,`W1 > <?< MAB87FD<7 9>B8 ,`UW1* (GG7 MAB8@8?7 Q F<8A:9F7 >B>a
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dφq

dt
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√

q2 + r2
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√
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r Z)*[U^]
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dt
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√
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√
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89:; <=>? @AABCBDE F D@ D@>G?H> 8? DIE;9HD?C?:= J χ ≈ b K D? >@L9: ML8>@HDBNH? ?A=

@D9>A EG@D F D@ M@H=?H> 8I?@H J Rh ≃ h+
2@:A D? ;@A 8?A C@BDD?A O2P D? C<C? >@BA9::?C?:= Q?H= <=>? R@B= Q9H> D@ 8E=?>S

CB:@=B9: 8H >@L9: ML8>@HDBNH? Q9H> D? ;@D;HD 8?A R>9==?C?:=A 8@:A D@ 8B>?;=B9:

=>@:AT?>A@D? @H ;@:@D O2+ ): >?T@:;M?P Q9H> D?A R>9==?C?:=A 8@:A D@ 8B>?;=B9:

D9:GB=H8B:@D?P DIMLQ9=MUA? h≪ b ?A= F Q>B9>B R@HAA?+ ): ?V?=P D?A C@BDD?A O2 A9:=

H=BDBAE?A Q9H> C98EDBA?> 8?A ;M?:@HW 8IE;9HD?C?:= 8? R@BXD? D@>G?H>P D? QE>BCU=>?

C9HBDDE :? Q?H= QDHA <=>? @AABCBDE F D@ ABCQD? D@>G?H> 8? DIE;9HD?C?:=+ &D ;9:TB?:=

@D9>A 8? =?:B> ;9CQ=? 8H ;9:=@;= ?:=>? DI?@H ?= D?A Q@>9BA 8H ;@:@D O2+ %9H> D@

Q>BA? ?: ;9CQ=? 8?A R>9==?C?:=A 8@:A D@ 8B>?;=B9: D9:GB=H8B:@D? AH> D?A C@BDD?A

O2P D? >@L9: ML8>@HDBNH? Q>?:8 89:; DI?WQ>?AAB9: AHBT@:=? J

Rh =
bh

b+ 2max (h; zb2D
− zb1D

)
Y*+Z*[

/? >@L9: ML8>@HDBNH? Rh E=@:= 8E=?>CB:E Q9H> DI?:A?CXD? 8?A C@BDD?A 8? ;@D;HDP

BD ?A= @D9>A Q9AABXD? 8? >EA9H8>? D?A ENH@=B9:A 8BVE>?:=B?DD?A 9>8B:@B>?A >EGBAA@:=

D?A R>9==?C?:=A+

 !"!# $%&'()*+', -.& %/)0*+',& -+1%2.,*+.((.& '2-+,0+2.&

2@:A =9HA D?A ;@AP D@ Q>BA? ?: ;9CQ=? 8?A =?>C?A 8? R>9==?C?:= >?TB?:= F

>EA9H8>? H:? ENH@=B9: 8BVE>?:=B?DD? 9>8B:@B>? 8? D@ R9>C? J

df

dt
= −αf Y*+Z\[

9] f = q 9H f = r+ "?==? ENH@=B9: ?A= ENHBT@D?:=? F J

df

f
= −αdt Y*+Z^[

"?==? >?D@=B9: ?A= B:=EG>E? AH> D? Q@A 8? =?CQA J

ˆ fn+1

fn

1

f
df =

ˆ tn+1

tn

−αdt Y*+ZZ[

/@ >EA9DH=B9: @:@DL=BNH? 8? ;?==? ENH@=B9: 89::? J

[ln f ]
fn+1

fn = −α∆t
ln fn+1 − ln fn = −α∆t

ln

(

fn+1

fn

)

= −α∆t

fn+1

fn
= exp (−α∆t)

fn+1 = fn exp (−α∆t) Y*+Z_[
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α2D = g

√

q2 + r2

K2h7/3
 !"#$%

&'() *+, -./**+, 012 '3 4'3,+)5+ *6+78)+,,/'3 9( α2D 8'() *+ 4.*4(* 9+, :)';;+<

-+3;, 9.3, *. 9/)+4;/'3 ;).3,5+),.*+ .( 4.3.*" &'() *. 9/)+4;/'3 *'3=/;(9/3.*+2

'3 . >

α = g

√

q2 + r2

K2h7/3

(

b

b+2max(h;zb2D
−zb1D )

)1/3
 !"?@%

&'() 4A.B(+ -./**+ 9+ 4.*4(*2 /* +,; .*'), 8',,/C*+ 96/3;D=)+) *+, ;+)-+, 9+ :)';<
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4., 96(3+ -./**+ F12 *+ 5+4;+() 9+, 5.)/.C*+, U
n,c

+,; ;).3,:')-D 8.) *6+78)+,,/'3

,(/5.3;+ >

hn,f = hn,c
 !"?0%

qn,f = qn,c exp



−g

√

(qn,c)
2
+ (rn,c)

2

K2 (hn,c)
7/3

∆t


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 !"?F%
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√
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2
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2
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
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.0(&.()

H+ ,'*5+() 9+ I/+-.33 9D5+*'88D 8)D4D9+--+3; 8+)-+; *+ 4.*4(* 9+, J(7

K ;).5+), *+, /3;+):.4+, +7;D)/+()+,2  !"! *+, /3;+):.4+, ,D8.).3; 9+(7 -./**+, 9+

4.*4(* F1 '( 9+(7 -./**+, 9+ 4.*4(* 01" H+, J(7 +3;)+ (3+ -./**+ 01 +; *. -./**+
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94 8ECF4CD 9G4EC IKF QFQ 2IKRDIKFQ41 O JE J3MK4 9G4EC F8QID3SC4 5TI3D U3MCD4

 !.<7! *4FF4 94DK3VD4 41F 2EJ2CJQ4 4K 2I603KEKF J41 QSCEF3IK1 94 2IK14DTEF3IK 94

JE 6E114 4F 94 JE SCEKF3FQ 94 6ICT464KF 4K DQM364 H4D6EK4KF W
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dx
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5 !..7

5 !.:7 41F 9312DQF31Q4 O JGE394 9GCK 128Q6E 9G#CJ4D 4YHJ323F4 4F DQ1IJC4 94 HDI284

4K HDI284 O HEDF3D 94 JE 8ECF4CD 9G4EC 641CDQ4 O JGETEJ! ZCDEKF 241 4YHQD34K241;

J4 DQM364 9GQ2ICJ464KF QFE3F 4K 4[4F \CT3EJ! (J EHHEDE]F SC4 HICD CK 2I4^234KF 94

+FD32_J4D K = 90m1/3 s−1 J41 J3MK41 9G4EC F8QID3SC41 HE114KF HED JE SCE13 FIFEJ3FQ

941 HI3KF1 94 641CD41 ECY 0I3F41 9G4DD4CD1 HDV1! %ICD J4 9Q03F Q = 60 l s−1; JE
2ICD04 K4 2IDD41HIK9 HE1 HICD CK4 TEJ4CD 5HICD x = 4, 54m7! (J 41F DEHH4JQ SC4

J4 6I9CJ4 O 6E1SC4 SC3 DVMJ4 J4 9Q03F 9EK1 J4 2EKEJ 41F HDQ231 O 5% HDV1! -41

J3MK41 9G4EC F8QID3SC41 HICD J41 9Q03F1 63KIDQ1 4F 6E`IDQ1 1IKF HDQ14KFQ41 HED J41

LMCD41 ,!.E 4F ,!.0 4K EKK4Y4 ,! %ICD J4 2I4^234KF 94 +FD32_J4D K = 90m1/3 s−1;
JE J3MK4 9G4EC F8QID3SC4 HICD J4 9Q03F 63KIDQ HE114 HED JG4K1460J4 941 HI3KF1

94 641CD41 ECY 0I3F41 9G4DD4CD1 HDV1! -E TEJ4CD 94 JE DCMI13FQ HICD J4 2EKEJ

O KC K = 90m1/3 s−1 14DE 9IK2 2IK14DTQ4 HICD JG4K1460J4 941 2EJ2CJ1 4F 941

6I9QJ31EF3IK1 SC3 1C3T4KF!

 !"!"!" #$%&'()*+,$% - .*)/*,%'0 1 2.)3

-41 HEDHE3KM1 CF3J31Q1 HICD FEH3114D J4 2EKEJ 51CD J4 RIK9 4F J41 0ID917 IKF HICD

9364K13IK 50 cm×20 cm×5 cm 5TI3D U3MCD4  !.?7! -41 HEDHE3KM1 KGQFEKF HE1 2EDa

DQ1 9EK1 JE 93D42F3IK 8ID3bIKFEJ4; J4 KI60D4 9G3KF4D142F3IK1 4KFD4 94CY HEDHE3KM1

HED CK3FQ 94 JIKMC4CD 9QH4K9 94 JE 6EK3VD4 9IKF 241 94DK34D1 1IKF 3K1FEJJQ1!

*41 3KF4D142F3IK1 H4CT4KF cFD4 O JGID3M3K4 94 FCD0CJ4K241 SC3 ECM64KF4KF JE DCa

MI13FQ EHHED4KF4 941 HEDHE3KM1! -41 2IKLMCDEF3IK1 CF3J31Q41 9EK1 JE 1C3F4 941

4YHQD34K241 H4CT4KF KQ24113F4D 3K93[QD4664KF 941 HEDHE3KM1 ID34KFQ1 4K JIKM IC

4K JEDM4! -4 2I4^234KF 94 DCMI13FQ E 9IK2 QFQ 2EJQ HICD J41 94CY 2IKLMCDEF3IK1!
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Mesure pour Q=15 l.s-1 ±5% Théorique Q=15 l.s-1 Critique - Q=15 l.s-1

Mesure pour Q=40 l.s-1 ±5% Théorique Q=40 l.s-1 Critique - Q=40 l.s-1

Mesure pour Q=60 l.s-1 ±5% Théorique Q=60 l.s-1 Critique - Q=60 l.s-1
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%>;6 =5@ 9>3H?;6842>3@ 782@834 23456I5326 :=;@25;6@ 4J:5@ 05 65IK45A534 0;

7>30E ;3 9>5B92534 05 +4629C=56 <F;2I8=534 5@4 98=9;=< L :86426 05 =8 7>6A;=842>3

01#23@4523 M/NO P

Keq =









∑

i

χi

∑

i

χi

K
3/2

i









2/3

Q !."R

-5 :<62AS465 A>;2==< 782@834 23456I5326 =8 T8;45;6 0158;E =5 9>5B92534 05 +4629CU

=56 <F;2I8=534 I8625 53 7>3942>3 05 =18D@92@@5! %>;6 4>;45@ =5@ 9>3H?;6842>3@E =8

7>6A;=842>3 Q !."R 8 :56A2@ 05 0<456A2356 =5 9>5B92534 05 +4629C=56 <F;2I8=534

:>;6 =5@ T8;45;6@ 0158; A232A8=5 54 A8V2A8=5 A5@;6<5@! -8 02W<65395 53465 =5@

I8=5;6@ 0<456A23<5@ :>;6 95@ 05;V T8;45;6@ 0158; <4834 46S@ 782D=5E =8 A>J5335

05@ T8;45;6@ A5@;6<5@ :>;6 9T8F;5 9>3H?;6842>3 8 <4< ;42=2@<5 :>;6 98=9;=56 =5

9>5B92534 05 +4629C=56 <F;2I8=534!

 !"!# $%&'( " ) *+,+- &(./+,01-+'&( +2(. 3%45&3(6(,/

%>;6 <I8=;56 =8 98:8924< 05 +X."Y L A>0<=2@56 ;3 <9>;=5A534 0<D>60834E

;35 @<625 015V:<625395@ :6<@534834 ;3 =24 A235;6 D>60< :86 05;V :=8235@ 0123>3U

0842>3 083@ =5@F;5==5@ 4683@24534 ;35 :86425 0; 0<D24 8 <4< 6<8=2@<5 QI>26 Z2?;65

 !"[R! +;6 ;35 =>3?;5;6 05 4mE ;3 =24 A235;6 659483?;=8265 8 <4< 8A<38?<! -5@

=86?5;6@ 0; =24 A235;6 @>34 7 cmE 17 cm 54 28 cm :>;6 05@ :6>7>305;6@ 65@:59U

42I5@ 05 10 cmE 10 cm 54 5 cm! %>;6 9T8F;5 9>3H?;6842>3E 02W<6534@ 0<D24@ >34

<4< 23G594<@ 53 8A>34 \ <I534;5==5A534 8I59 ;3 0<I56@>26 L =18I8= :>;6 ?8683426

;3 0<D>605A534 @;6 =153@5AD=5 0; =23<8265 0; =24 A235;6! -5@ T8;45;6@ 0158; >34

<4< A5@;6<5@ 53 02W<6534@ :>234@ 0; =23<8265! %86 82==5;6@E 05@ A5@;65@ 05 I245@@5

>34 <?8=5A534 <4< 6<8=2@<5@ :>;6 =5@ 9>3H?;6842>3 0<D>608345@!

*5@ A5@;65@ >34 <4< 6<8=2@<5@ @>24 8I59 ;3 4;D5 05 %24>4 Q:>;6 05@ T8;45;6@

0158; 782D=5@RE @>24 :86 A5@;65 8; ]>445;6! Y; 7824 05 =8 02B9;=4< :>;6 :>@242>3U

356 9>665945A534 =5 4;D5 05 %24>4 083@ =18V5 05 =1<9>;=5A534E 95@ A5@;65@ @>34

65=842I5A534 2A:6<92@5@! %86 82==5;6@E :>;6 =5@ A5@;65@ 8; ]>445;6E 2= <4824 65=8U

42I5A534 02B92=5 05 0<459456 9>665945A534 =5 :8@@8?5 0; ]>445;6 L ;35 8D@92@@5

0>33<5 54 05 65=5I56 =5 45A:@ 9>665@:>30834! -5@ A5@;65@ 05 I245@@5@ @>34 0>39

7>645A534 53489T<5@ 015665;6@ 02B92=5A534 F;8342H8D=5@!

%>;6 9T8F;5 9>3H?;6842>3E =8 9>A:8682@>3 05@ A>0<=2@842>3@ 8I59 =5@ =>?2U

925=@ +X."Y 54 +X"Y 5@4 6<8=2@<5! -5@ A>0<=2@842>3@ 9>A:86<5@ @>34 D8@<5@ @;6

=5@ A82==8?5@ :6<@534<@ 53 H?;65@ ^!.E ^!" 54 ^!/ 53 8335V5 ^! *5445 @<625 015VU

:<625395@ 0>24 :56A54465 05 I<62H56 F;5 =5 6842> 05@ I245@@5@ 083@ =5 =24 A235;6
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 !" #$%&'()!*+$% , -+* .+%/() 7 cm 0  1" #$%&'()!*+$% , -+* .+%/() 17 cm 0

 2" #$%&'()!*+$% , -+* .+%/() 28 cm 0

 !"#$% +,1" 2 #3456789:;34< 7:;=;<>?< @378 =9 <>8;? A 8?B:;=;64? C,



 !"! #$%&'(#)*#+ '&,-(+&#+ ./ 

#012345675 8294: *;6<4:4;6 =>=? K @m1/3 s−1A
"BC7DBE 5 l s−1 %=F <5 <2>53F;43 GH

"BC7DBE < 5 l s−1 82>53F;43 357:=6IJ?=435 @h = 10 cmA GH

"BC7DBE.K< 10 l s−1 82>53F;43 357:=6IJ?=435 @h = 10 cmA GH

"BC7DBE"K< 20 l s−1 82>53F;43 357:=6IJ?=435 @h = 10 cmA GC

"BC7DBEGK 40 l s−1 %=F <5 <2>53F;43 GC

 !"#$!%  !. L #012345675F 32=?4F25F 1;J3 ?= 7;6MIJ3=:4;6 N 7 cm O!

1=3 3=11;3: =J0 >4:5FF5F 56 ?4: D=P5J3 7;335F1;6< Q 75?J4 ;9F53>2 156<=6: ?5F

5012345675F!

 !"!#!$ %&'()*+,-.&' /0.- 1.'2*+ 7 cm3 45617

%;J3 75::5 7;6MIJ3=:4;6R J65 5012345675 F=6F 7;6:3S?5 =>=? = 2:2 32=?4F25 =M6

<T2>=?J53 ?= 7=1=74:2 <J D;<U?5 Q 35FFJV53 ?5F 5=J0 <29;3<25F 1J4FWJ5 ?5F <29;3X

<5D56:F 2:=456: ?;7=?4F2F J64WJ5D56: FJ3 ?5F <5J0 135D453F DU:35F <J :3;6Y;6!

-5F <4Z2356:5F 5012345675F 32=?4F25F F;6: 35I3;J125F <=6F ?5 :=9?5=J  !. !

-5F D5FJ35F <5 [=J:5J3F <T5=J 1;J3 ?T56F5D9?5 <5F 7;6MIJ3=:4;6F F;6: 132X

F56:25F Q ?T=66505 \!.! -5F 7;D1=3=4F;6F <5F ?4I65F <T5=J D;<2?4F25F =>57 ?5F

D5FJ35F 501234D56:=?5F 1;J3 ?5F 5012345675F "BC7DBE 5: "BC7DBE"K< F;6:

132F56:25F Q ?= MIJ35  !" @5: Q ?= MIJ35 \!G 56 =66505 \ 1;J3 ?5F =J:35F 50X

12345675FA! %;J3 ?T5012345675 F=6F <29;3<5D56: "BC7DBE R ?5F ?4I65F <T5=J

D;<2?4F25F 65 7;335F1;6<56: 1=F =J0 D5FJ35F 32=?4F25F! #6 5Z5:R ?= :J39J?5675

5F: ?= 7=JF5 1346741=?5 <5 ?= 153:5 <5 7[=3I5 ;9F53>25 <=6F ?= 1=3:45 32:32745 <5

?T27;J?5D56:! -5F ?;I4745?F <5 7=?7J? 65 1356=6: 1=F 56 7;D1:5 75 1[26;DU65R 4?

5F: ?;I4WJ5 WJ5 ?T;6 65 3513;<J4F5 1=F ?= 156:5 <5 ?= ?4I65 <T5=J ;9F53>25!

%;J3 ?5F 5012345675F <29;3<=6:5F @"BC7DBE <R "BC7DBE.K<R "BC7DBE"K<

5: "BC7DBEGKAR ?5F ?4I65F <T5=J F4DJ?25F F;6: 35?=:4>5D56: F4D4?=435F 1;J3 ?5F

<5J0 ?;I4745?F 5: 7;335F1;6<56: =J0 D5FJ35F 32=?4F25F @=J0 4D13274F4;6F 13UFA!

8=6F :;JF ?5F 7=FR ;6 35:3;J>5 WJ5 ?= 7;:5 <5 ?= FJ3]=75 ?4935 D;<2?4F25 =>57

+^"8 5F: 1?JF 9=FF5 WJ5 75??5 13;<J4:5 1=3 +^."8! -T=113;04D=:4;6 FJ3 ?5

3=V;6 [V<3=J?4WJ5 15J: _:35 46734D4625! %=3 =4??5J3FR ?T=9=4FF5D56: <5 ?= ?4I65

<T5=J D;<2?4F25 1=3 +^"8 FJ3 ?5F 50 135D453F 756:4DU:35F 5F: ?42 Q ?= 7;6<4:4;6

Q ?= ?4D4:5 =D;6:! #6 5Z5:R ?5 <294: J64:=435 Q ?= 7;6<4:4;6 ?4D4:5 =D;6: 5F:

FJ11;F2 J64];3D5 FJ3 :;J:5 ?= F57:4;6! -= [=J:5J3 <T5=J 2:=6: 1?JF 4D1;3:=6:5

<=6F ?5 ?4: D465J3R 75?= F5 :3=<J4: 1=3 J65 >4:5FF5 <T27;J?5D56: 1?JF ]=49?5 <=6F

?5 ?4: D465J3 WJ5 <=6F ?5 ?4: D=P5J3!

%;J3 ?5F 7;6MIJ3=:4;6F "BC7DBE < 5: "BC7DBE.K<R ?5F ?4I65F <T5=J D;X

<2?4F25F 65 7;335F1;6<56: 1=F =J0 D5FJ35F 32=?4F25F! -5F `J7:J=:4;6F <5 ?= FJ3X

]=75 ?4935 ;9F53>25F <J3=6: ?5F 5012345675F 15J>56: _:35 46734D4625F @>;43 a4IJ35

 !"G=A! #6 5Z5:R 75F ;6<J?=:4;6F <5 1?JF45J3F 756:4DU:35F <T=D1?4:J<5 F;6: ?425F

=J0 4332IJ?=34:2F <J 7=6=? <5 D5FJ35 WJ5 ?5F 7;<5F <5 7=?7J? 65 1356656: 1=F 56

7;D1:5!



 !" #$%&'()* +, )-./0(%(.

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Abscisse (m)

C
o

te
 d

e
 l

a
 s

u
rf

a
c
e
 l

ib
re

 (
m

)

Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D
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 2" #$%&'()*+) ,-.+/-0,34

 !"#$% +,1+ 2 #345676893: ;<9 =8>:<9 ;?<6@ 43;A=89A<9 <B ;<9 C6@B<@79 ;?<6@

4<9@7A<9 53@7 =6 D3:E>@76B83: F 08B 48:<@7 7 cm G,
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 !"#$%  !"1 2 '3456 789 :5489989 8; <54 =5;8>? 3>@ :5489989 8; <54 =3A8>? B6>?

<3 C6;DE>?3456; F -54 =5;8>? 7 cm G!

%6>? H:3<>8? <3 C3B3C54H 789 C6789 I ?8B?67>5?8 <3 :548998 78 <JHC6><8=8;4 73;9

<8 <54 =5;8>? 84 73;9 <8 <54 =3A8>?K <8 ?3456 789 :5489989 8; <54 =5;8>? 3>@ :5489989

8; <54 =3A8>? 599>9 789 =89>?89 3 H4H C6=B3?H I C8<>5 599> 78 <3 =67H<593456;

L:65? M5E>?8  !"1N! &43;4 76;;H89 <89 5=B?HC5956;9 9>? <89 =89>?89 78 :548998K

<89 ?34569 =67H<59H9 96;4 8; 37HO>3456; 3:8C C8>@ 6P98?:H9! (< 3BB3?3Q4 46>48R659

O>8 <3 :548998 78 <JHC6><8=8;4 8; <54 =5;8>? =67H<59H8 3:8C +S."T 894 46>A6>?9

9>BH?58>?8 I C8<<8 8; <54 =3A8>? L<8 ?3456 ?8948 9>BH?58>? I .N! -3 U3>48>? 7J83>

H43;4 ;HC89935?8=8;4 B<>9 5=B6?43;48 8; <54 =5;8>?K <8 48?=8 78 R?6448=8;4 V 894

=65;9 5=B6?43;4 L<3 U3>48>? 5;48?:8;3;4 3> 7H;6=5;348>? 78 LW!0XNN! *8 ?3456

48;7 :8?9 . O>3;7 <8 7HP54 3>E=8;48 73;9 <3 =89>?8 6Y <3 75ZH?8;C8 78 U3>48>?

7J83> 8;4?8 <8 <54 =5;8>? 84 <8 <54 =3A8>? 894 ?8<345:8=8;4 =65;9 5=B6?43;48 B6>?

<89 R6?489 U3>48>?9 7J83> LC6??89B6;73;4 I >; 7HP54 5=B6?43;4N! #; ?8:3;CU8K

+S"T C3<C><8 789 :5489989 8; <54 =5;8>? B<>9 R35P<89 O>J8; <54 =3A8>?K 3:8C >;

?3456 O>5 48;7 :8?9 0, 85 B6>? 789 7HP549 5=B6?43;49!

%6>? 789 7HP549 5=B6?43;49 L84 76;C B6>? 78 R6?489 U3>48>?9 7J83>NK <J8Z84 78

<3 B?H98;C8 7> <54 =5;8>? 9>? <3 :548998 789 HC6><8=8;49 894 75=5;>H ;643==8;4

O>3;7 <3 ?>E6954H 7> <54 =5;8>? 894 98;95P<8=8;4 <3 =[=8 O>8 B6>? <8 <54 =3A8>?!

(< 98=P<8 76;C O>8 <8 C6=B6?48=8;4 78 +S."T 9654 B<>9 C6UH?8;4 B>59O>8 <8 ?3456

48;7 :8?9 . B6>? <89 7HP549 R6?49! \6>48R659K <8 C6=B6?48=8;4 F 5;C6UH?8;4 G 78

+S"T B8>4 [4?8 8@B<5O>H B3? <3 =3;5]?8 76;4 894 5=B69H8 <3 C6;75456; I <3 <5=548

3=6;4 L7HP54 >;5435?8 >;5R6?=8 9>? <3 98C456;N!

-89 :5489989 =67H<59H89 84 =89>?H89 96;4 B?H98;4H89 73;9 <8 43P<83> ^!" 84
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#12345678912 :;<98 #12=98912 7>7? K @m1/3 s−1A
BC DEFCGB+= 25 l s−1 :;>H6I196 6HE87245?796H @h = 5 cmA +B

BC DEFCG!J= 30 l s−1 :;>H6I196 6HE87245?796H @h = 5 cmA + 

 !"#$!% +, K L *MN;69H2EHI 6;7?9I;HI N156 ?7 E12345678912 O 098 F92H56 17 cm P,

Q ?7 3456H R,+ H2 722HMH R, 0HI >98HIIHI F1=;?9I;HI I128 N?5I S79<?HI T5H EH??HI

FHI56;HIU H8 EH N156 ?VH2IHF<?H =HI =;<98I 8728 H2 ?98 F92H56 T5VH2 ?98 F7WH56 H8

N156 ?HI =H5M E1=HI =H E7?E5?, 0HI =9X;6H2EHI 1<IH6>;HI NH5>H28 Y86H HMN?9T5;HI

N76 ?H S798 T5H ?HI E1=HI =H E7?E5? S15629IIH28 ?7 >98HIIH F1ZH22;H I56 ?7 >H689[

E7?H =H ?V;E15?HFH28 7?16I T5H ?HI >7?H56I FHI56;HI I128 =HI >98HIIHI =H I56S7EH

@N59IT5H FHI56;HI 75 \188H56A, 0HI >98HIIHI HMN;69FH287?HI 128 ;8; 6HE7?E5?;HI,

0H =;<98 8187? 8672I98728 =72I ?H E727? H8 ?V]ZN18]^IH T5H ?H 67891 =HI >98HIIHI

F1ZH22HI I56 E]7T5H IHE8912 =V;E15?HFH28 HI8 ;47? 75 67891 =HI >98HIIHI FHI5[

6;HI @H2 I56S7EHA H2 ?98 F92H56 N76 67NN168 75M >98HIIHI H2 ?98 F7WH56 NH6FH88H28

=V;87<?96 ?H IZI8^FH I59>728 _







Q = V1D,recalcS1D + V2D,recalcS2D
V1D,recalc

V2D,recalc
=
V1D,mes

V2D,mes

1` Q HI8 ?H =;<98 8187?U Sk ?7 IHE8912 =H ?V;E15?HFH28 k 7>HE k = {1D ou 2D} a
Vk,mes 6HN6;IH28H ?7 >98HIIH FHI56;H H2 I56S7EH =H ?V;E15?HFH28 k H8 Vk,recalc

?7 >98HIIH F1ZH22H I56 ?7 IHE8912 =V;E15?HFH28, 07 6;I1?58912 =H EH IZI8^FH

NH6FH8 =H 6HE7?E5?H6 ?7 >98HIIH F1ZH22H @V1D,recalc H8 V2D,recalcA N156 E]7T5H

;E15?HFH28, 0HI >98HIIHI F1=;?9I;HI I128 7?16I H2 7=;T578912 7>HE ?HI >98HIIHI

F1ZH22HI HMN;69FH287?HI @>196 b9456H R,+ H2 722HMH RA,

 !"!#!" $%&'()*+,-%& . /-, 0-&1)* 17 cm 2 345607

0HI HMN;69H2EHI I56 ?H ?98 F92H56 =H  DEF =H ?764H 128 ;8; 6;7?9I;HI 7>HE 52

=;>H6I196 H2 N7619 F92EH =H +EF E1FFH E1286c?H 7>7? H8 N156 =HI =;<98I =H

25 l s−1 H8 30 l s−1, &76 79??H56IU ?H ?98 F92H56 2V;8798 N7I EH286; N76 67NN168 75

E727? =H FHI56H =5 S798 =HI =9FH2I912I =HI <69T5HI H8 N76N7924I, 0H ?98 F7WH56

H2 69>H 475E]H ;8798 H2 HXH8 F192I ?764H T5H ?H ?98 F7WH56 H2 69>H =6198H, 0HI

=9X;6H28HI HMN;69H2EHI 6;7?9I;HI I128 6H4615N;HI =72I ?H 87<?H75 +, K,

&156 ?HI F1=;?9I78912IU ?H =;<98 =VH286;H =5 F1=^?H E166HIN12=798 75 =;<98

HMN;69FH287? F7W16; =H +d @E166HIN12=728 Q ?7 F764H =VH66H56 =5 F1=5?H Q

F7IT5HIA, *2 HXH8U 52H N6HF9^6H I;69H =H F1=;?9I78912 7 ;8; 6;7?9I;H N156 ?H

=;<98 HMN;69FH287? F79I ?HI ?942HI =VH75 ;879H28 IZI8;F789T5HFH28 861N <7IIHI

N76 67NN168 75M ]758H56I =VH75 FHI56;HI,

0HI FHI56HI =H ]758H56I =VH75 I128 6H4615N;HI =72I ?H 87<?H75 R,! H2 72[

2HMH R, 07 E1FN7679I12 =HI ?942HI =VH75 F1=;?9I;HI 7>HE ?HI ]758H56I =VH75

FHI56;HI HI8 N6;IH28;H Q ?7 3456H +,BD N156 ?VHMN;69H2EH BC DEFCGB+= @H8 Q

?7 3456H R,K H2 722HMH R N156 ?VHMN;69H2EH BC DEFCG!J=A, '? 7NN767e8 T5H ?HI
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Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D en lit majeur

Cote de la surface libre modélisée avec SW2D en lit mineur

Cote de la surface libre modélisée avec SW12D

 !"#$%  !"1 2 -34567 896:; <=8>?37>67 6@ A:;@6;B7 896:; <67;B>67 C=;B ?96DC>E

B365F6 "G.1F<GH" 8!

-9:I:3776<65@ 86 ?: ?3456 896:; <=8>?37>6 C:B +J"K 7;B ?67 50 CB6<36B7 F65@3E

<L@B67 67@ ?3> M ?: F=583@3=5 M ?: ?3<3@6 :<=5@!
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123456 7859: ;<7=126=56 >56?54? 65462@15;54? A1:6 @96656 B:5 156 ;56:>56 5CA=>2D

;54?9156 >=9126=56E F51156 A><7:2?56 A9> .G HI =?94? ?<:?5J<26 A1:6 A><FK56 756

L915:>6 5CA=>2;54?9156 B:5 F51156 A><7:2?56 A9> .GHI, &9> 92115:>6E 156 F<?56 75

19 6:>J9F5 12@>5 ;<7=126=56 A9> .GHI 45 6<4? A96 156 ;M;56 A<:> :45 9@6F2665

7<44=5 6:2L94? B:5 18<4 F<4627N>5 19 F<?5 54 12? ;245:> <: 54 12? ;9O5:>, #56 72JD

J=>54F56 6<4? 9FF>:56 P A><C2;2?= 756 5C?>=;2?=6 7: F9491 ;<7=126= Q ?>97:2694?

15 J92? B:5 156 F<472?2<46 12;2?56 9;<4? 5? 9L91 ;<72R54? 19 >=A9>?2?2<4 756 7=@2?6

54?>5 15 12? ;245:> 5? 15 12? ;9O5:>, #<;A?5 ?54: 756 2;A>=F262<46 6:> 15 F<5SD

F254? 75 >:3<62?=E 156 123456 7859: ;<7=126=56 >56?54? 4=94;<246 54 97=B:9?2<4

9L5F 156 ;56:>56 5CA=>2;54?9156,

056 ;56:>56 5CA=>2;54?9156 75 L2?56656 6<4? A>=654?=56 7946 15 ?9@159: T,! 54

9445C5 T, 09 F<;A9>926<4 756 L2?56656 ;<7=126=56 5? 756 L2?56656 ;56:>=56 56?

A>=654?=5 P 19 R3:>5 +,HU, 056 L2?56656 54 12? ;245:> ;<7=126=56 A9> 156 75:C

F<756 75 F91F:1 6<4? 6<:6D56?2;=56 Q 4=94;<246E .G HI A><7:2? 756 L2?56656

45??5;54? A1:6 A><FK56 756 L915:>6 <@65>L=56 B:5 .GHI, *4 >2L5 7><2?5E 156 75:C

1<32F2516 A><7:2654? 756 L2?56656 B:2 F<>>56A<4754? 9:C ;56:>56 5CA=>2;54?9156

9:C @<V?56 785>>5:>6 A>M? Q .GHI A><7:2? F5??5 J<26 756 L2?56656 A1:6 2;A<>?94?56

B:5 .G HI, *4 >2L5 39:FK5E 65:1 .GHI A><7:2? 756 L2?56656 B:2 F<>>56A<4754?

A<:> FK9B:5 7=@2? 9:C ;56:>56 5CA=>2;54?9156, &9> 92115:>6 5? F<4?>92>5;54? P

.GHIE 156 L2?56656 A><7:2?56 A9> .G HI 6<4? A1:6 J92@156 54 12? ;9O5:> B:854

12? ;245:> A<:> ?547>5 L5>6 :45 L2?5665 2754?2B:5 A<:> 15 7=@2? 75 30 l s−1, 05
F<;A<>?5;54? 5CA=>2;54?91 ;<4?>5 =3915;54? 756 L2?56656 A1:6 J<>?56 54 12?

;245:>E F5 B:2 L91275>92? A1:?W? 15 F<;A<>?5;54? 62;:1= A9> .G HI,

I946 19 ;=?K<7<1<325 75 .G HIE :45 :42B:5 ;92115 @272;5462<445115 ;<D

7=1265 19 >2L5 7><2?5 5? 19 >2L5 39:FK5 7: 12? ;245:>, 09 L2?5665 75 18=F<:15;54?

56? 7<4F 19 ;M;5 A<:> 156 75:C >2L56, 056 L2?56656 A><7:2?56 A9> .GHI A<:>

FK9B:5 >2L5 6<4? A5: 72X=>54?56 ;926 6<4? 1=3N>5;54? A1:6 J<>?56 54 >2L5 39:FK5E

F5 B:2 F<>>56A<47 9: F<;A<>?5;54? 5CA=>2;54?91,

089491Y65 7: >9?2< 756 L2?56656 Vlit mineur�Vlit majeur ;<4?>5 =3915;54? B:5

65:1 .G HI >=:662? P >5A><7:2>5 F<>>5F?5;54? 156 L915:>6 5? 19 ?54794F5 5CA=>2D

;54?915 ZL<2> [23:>5 T,\ 54 9445C5 T], .GHI A><7:2? 54 5X5? :4 F<;A<>?5;54?

F<4?>92>5 P F51:2 <@65>L= 1<>6 756 5CA=>254F56,
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9L5F 756 7=@2?6 75 10 l s−1E 20 l s−1 5? 40 l s−1, &<:> FK9B:5 7=@2?E :4 F<4?>W15

9L91 72X=>54? 9 =?= ;26 54 A19F5 75 ;942N>5 P 39>94?2> :4 7=@<>75;54? 6:>

185465;@15 7: 124=92>5 7: 12? ;245:>, 056 5CA=>254F56 >=9126=56 6<4? >53><:A=56

7946 15 ?9@159: +, \, 056 ;56:>56 75 L2?56656 <4? =?= J92?56 :42B:5;54? A<:>

156 7=@2?6 7510 l s−1 5?40 l s−1, *4 5X5?E A<:> 20 l s−1 156 ;56:>56 65 6<4? 9L=>=56

2;A<662@156 F9> 156 ^<??5:>6 45 >56?9254? A96 7946 15 12? ;9O5:>, 056 ;56:>56

48=?9254? 7<4F A96 >5A>=654?9?2L56 75 19 L2?5665 78:4 12? 54 A9>?2F:125>,

056 ;56:>56 75 K9:?5:> 7859: 6<4? 6Y4?K=?26=56 7946 15 ?9@159: T,+ 54 94D

45C5 T Q 156 123456 7859: ;<7=126=56 6<4? B:94? P 51156 F<;A9>=56 9:C ;56:>56
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 !" #$%&'()* +, )-./0(%(.

#12345678912 :;<98 #12=98912 7>7? K @m1/3 s−1A
"B"CDEBF G= 10 l s−1 :;>H6I196 6HD87245?796H

@h = 5 cmJ L = 13 cmA

K 

"B"CDEBF"G= 20 l s−1 :;>H6I196 6HD87245?796H

@h = 10 cmA

+L

"B"CDEBF!G= 40 l s−1 :;>H6I196 6HD87245?796H

@h = 5 cmA

+C

 !"#$!% +, L M *NO;69H2DHI 6;7?9I;HI O156 ?7 D12345678912 P 098 E92H56 28 cm Q,

HNO;69EH287?HI R ?7 3456H +,"S H8 R ?7 3456H T,C H2 722HNH T, 0HI ?942HI =UH75

E1=;?9I;HI 7>HD ?HI =H5N ?149D9H?I I128 I9E9?796HI O156 ?UH2IHE<?H =HI =;<98I HNO;V

69EH2875N, '? W 7 8158HX19I 52 =;D7?74H 7>HD ?HI >7?H56I HNO;69EH287?HI O156 ?HI

=;<98I =H 10 l s−1 H8 40 l s−1, 0H =;D7?74H O156 10 l s−1 ;8728 86YI X79<?H @92X;69H56

75 DH289EY86HA H8 529Z5HEH28 O156 ?U7<ID9IIH x = 1mJ 9? OH58 IUHNO?9Z5H6 O76

?HI [5D8578912I =H ?7 I56X7DH ?9<6H 1<IH6>;HI =56728 ?HI HNO;69H2DHI @>196 \9456H

+,"!DA,

0HI 67891I =HI >98HIIHI H2 ?98 E92H56 75N >98HIIHI H2 ?98 E7]H56 E1=;?9I; H8

HNO;69EH287? I128 O6;IH28;I R ?7 3456H +,^G, 0HI EHI56HI =H >98HIIHI I128 Z5728

R H??HI 6H4615O;HI =72I ?H 87<?H75 T,K H2 722HNH T H8 D1EO76;HI 75N >7?H56I

I9E5?;HI R ?7 3456H T,S H2 722HNH T,

0H 67891 E1=;?9I; O76 ._ ": D166HIO12= 75N >7?H56I HNO;69EH287?HI O156

?UH2IHE<?H =HI =;<98I, *2 6H>72D`HJ ?H D1=H =H D7?D5? ._": D7?D5?H 52 =;<98

Z59 D1a2D9=H 7>HD ?HI EHI56HI 529Z5HEH28 O156 40 l s−1, 0HI >98HIIHI I9E5?;HI

I128 Z5728 R H??HI I15IVHI89E;HI O76 67OO168 75N >7?H56I HNO;69EH287?HI, &76

79??H56IJ ?HI 8H2=72DHI 1<IH6>;HI O156 ?HI D12345678912I P 098 E92H56 7 cm Q H8

P 098 E92H56 17 cm Q I128 ;47?HEH28 1<IH6>;HI O156 DH88H D12345678912 b ._":

D7?D5?H =HI >98HIIHI H2 ?98 E92H56 O?5I X79<?HI Z5UH2 ?98 E7]H56 H8 DH R ?U92>H6IH

=H ._ ":,

 !"!#!$ %&'() *) +,-&./0,12

0HI =56;HI =H I9E5?78912 =HI ?149D9H?I ._": H8 ._ ": O156 ?HI D1234567V

8912I 6HD89?942HI I128 D1EO76;HI @>196 (7<?H75 +, CA, #1EEH O156 ?7 E1=;?9I7V

8912 =HI ;D15?HEH28I 6HD89?942HI 212 =;<16=728I @>196 .HD8912 +,",",!AJ ?H D1=H

=H D7?D5? ._ ": HI8 O?5I 67O9=H Z5H ._":, &156 ?UH2IHE<?H =HI D12345678912I

E1=;?9I;HIJ ?HI =H5N D1=HI X15629IIH28 =HI 6;I5?878I I9E9?796HI 7>HD 52 D1EO168HV

EH28 HNO;69EH287? 4;2;67?HEH28 E9H5N 6HO61=598 O76 ._ ":, 0H 4792 =H 8HEOI

HI8 D1EO69I H286H 1, 7 H8 10, 4 7>HD 52 4792 =U758728 O?5I 9EO168728 Z5H ?7 ?764H56

=5 ?98 E92H56 HI8 X79<?H =H>728 DH??H =5 ?98 E7]H56, ._ ": HI8 =12D O7689D5?9Y6HV

EH28 92=9Z5; O156 ?7 E1=;?9I78912 =U;D15?HEH28I 6HD89?942HI 7>HD =;<16=HEH28IJ

=72I ?7 EHI56H 1c 9? OH6EH8 =U1<8H296 =HI 6;I5?878I =H O6;D9I912 I9E9?796H R 52

D1=H <9=9EH2I9122H? H8 =;D69>728 E9H5N ?7 =9I869<58912 =HI >98HIIHI I56 ?7 IHD8912

H2 867>H6I O156 52 8HEOI =H D7?D5? E192=6H,
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01234 54 67819:;7<= >6? (:;7<

)@A3274=B4 -CD0 -C D0 tSW2D�tSW12D

DEFB8EG* HD* HI  IJ!

DEFB8EG*5 *KF *L LJ 

DEFB8EG I5 *L! FK MJ 

DEFB8EGDI5 HHH L* FJI

DEFB8EG!I MI   L HJF

DE FB8EGD*5 D I MD DJH

DE FB8EGKI5 DDM MM DJH

DEDMB8EG I5  !F FD DJI

DEDMB8EGDI5  FM  IK  JF

DEDMB8EG!I5 DIH   !  JM

 !"#$!% *+ M N 01234 54 9: 67819:;7<= A<12 946 B<=OP12:;7<=6 Q /7; 87=412

7 cm RJ Q /7; 87=412 17 cm R 4; Q /7; 87=412 28 cm R+

 !"!# $%&'( ) * +,-.(/

/46 5<8:7=46 5S3;1546 A<12 946T1496 -C D0 A<122: U;24 1;79763 3;:=; 249:;7V

W484=; 3;4=516J 946 :@46 5S3B<19484=;6 A27W793P736 A2364=;4=; X B4;;4 3BY4994 546

67=1<67;36 5S:8A97;154 A916 <1 8<7=6 P2:=546 8:76 A<1W:=; :W<72 1= 2Z94 78A<2V

;:=; 612 9: 23A:2;7;7<= 546 3B<19484=;6+ $O= 5S3W:9142 946 B:A:B7;36 54 -C D0 X

P3242 946 3B<19484=;6 67=141@J 1=4 63274 5S4@A3274=B46 84;;:=; 4= [41 546 B<1546

: 3;3 23:97634+ 041@ B<=OP12:;7<=6 <=; 3;3 23:976346 A<12 946T149946 546 B<1546 X

:=P94 52<7; <=; 3;3 78A9:=;36 5:=6 94 B:=:9 54 846124 4; 612 946T149946 1= 3B<194V

84=; 53\<25:=; <] =<= : 3;3 78A<63+ %<12 946 B<=OP12:;7<=6 =<= 53\<25:=;46J

641946 946 Y:1;4126 5S4:1 <=; 3;3 84612346 :9<26 T14 946 W7;46646 <=; 3P:9484=;

3;3 84612346 A<12 946 :1;246 B<=OP12:;7<=6+

/46 8:799:P46 23:97636 A<12 946 8<53976:;7<=6 6<=; A2364=;36 X 9: OP124 "+ 

4= :==4@4 " ^ A<12 -CD0J 94 8:799:P4 Q : R 46; B4917 54 23_324=B4+ %<12 B4;;4

63274 5S4@A3274=B46J 9: _<284 546 B<=OP12:;7<=6 78A<64 5S1;797642 1= 8:799:P4

1=75784=67<==49 5<=; 946 7=;42_:B46 4=;24 B42;:7=46 8:79946 54 B:9B19 =4 6<=; A:6

:97P=346 :W4B 9: 64B;7<= 4= ;2:W426 54 9S3B<19484=;+ %<12 B<==:`;24 9: W:9412

5S1=4 W:27:\94 A<12 1=4 :\6B7664 B12W797P=4 5<==34J 79 46; =3B466:724 54 A24=524

4= B<8A;4 9: W:9412 6781934 5:=6 A91674126 B4991946+ .= 93P42 \7:76 612 946 23619V

;:;6 A41; U;24 7=;2<517; A:2 9: 83;Y<54 54 B:9B19 54 9: B<;4 A<12 1=4 :\6B7664

B12W797P=4 5<==34+

 !"!#!$ %&'()*+,-.&' / %&*012 3 45 +,66+&7892 : ;457<

/46 5784=67<=6 546 B<1546 7=6;:9936 5:=6 94 B:=:9 54 846124 6<=; A2364=V

;346 9S:==4@4 "+K+ %<12 B4;;4 B<=OP12:;7<=J ;2<76 4@A3274=B46 <=; 3;3 23:976346 a

1=4 6:=6 53\<25484=; 4; 541@ 53\<25:=;46+ /46 B:2:B;3276;7T146 54 BY:T14 4@V

A3274=B4 6<=; 24P2<1A346 5:=6 94 ;:\94:1 *+ L+ /46 8461246 54 9: W7;4664 54

9S3B<19484=; =S<=; 3;3 23:976346 T14 A<12 9S4@A3274=B4 KELIBEG*5+ )= 4b4;J
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 !" #$%&'()!*+$% , #$(-./ 0 12 )!33)$4

567/ 8

 9" :7*!+; -( -75)$56.<.%* 3$() ;! 5$%&4

'()!*+$% , #$(-./ 0 12 )!33)$567/ 8

 5" #$%&'()!*+$% , #$(-./ 0 12 7;$+'%7/ 8  -" :7*!+; -( -75)$56.<.%* 3$() ;! 5$%&4

'()!*+$% , #$(-./ 0 12 7;$+'%7/ 8=

 !"#$%  !0. 1 *23456789:23; <267 =8 7>8=:;89:23 ?@ =8 ;>7:@ A 0BC26?@; D!

<267 =E@F<>7:@3C@ 0GHICGJ0I?K =@; L299@67; 3@ 7@;98:@39 <8; ?83; 63 ;@6= =:9K

@M<NCO839 8:3;: ?E2P9@3:7 63@ Q8=@67 ?@ Q:9@;;@ <87 =:9! -@; M@;67@; ?@ O869@67;

?E@86 <267 =E@3;@MP=@ ?@; C23456789:23; ;239 7@5726<>@; ?83; =@ 98P=@86 *!.

@3 833@F@ *! -8 C2M<878:;23 ?@; =:53@; ?E@86 M2?>=:;>@; @9 ?@; Q8=@67; @F<>7:B

M@398=@; @;9 <7>;@39>@ R =8 4567@  !0" @9 R =8 4567@ *!/ @3 833@F@ *! %267 =8

C23456789:23 ;83; ?>P27?@M@39K =8 =:53@ ?E@86 M2?>=:;>@ <87 +S."T 7@<72?6:9

=@; O869@67; ?E@86 M@;67>@; R =E@FC@<9:23 ?6 <2:39 ?@ M@;67@ U! #3 7@Q83CO@K

+S"T 7@<72?6:9 =8 V27M@ 5>3>78=@ ?6 <724=K 9269 @3 ;67@;9:M839 3@99@M@39 =@;

C29@; ?E86 M2:3; .CM! #3 @W@9K +S"T 3@ 7>6;;:9 <8; R 7@;;6X@7 =E:39>578=:9> ?@;

@86F ?>P27?>@; 86 3:Q@86 ?@ =8 <7@M:Y7@ ;>7:@ ?@ C26?@; Z@397@ =@; <2:39; ?@

M@;67@; * @9 [\! ,6 3:Q@86 ?@ =E@F978?2; ?6 C26?@K 63@ 7@O86;;@ ?@ =8 =:53@

?E@86 @3978]3@ ?@; ?>P27?@M@39; ;6<<=>M@398:7@; Q@7; =@ =:9 M8^@67 :39@7M>B

?:8:7@ @9 8Q8= ZQ2:7 _:567@  !008\! ,:3;:K @3 8Q8= ?6 ?@73:@7 C26?@K =@; @86F ?@

?>P27?@M@39 7@92673@39 Q@7; =@ C838=K 865M@39839 =8 =:53@ ?E@86 ZQ2:7 _:567@

 !0"8\! %267 @F<=:`6@7 =@ V8:9 `6@ +S"T 3@ <87Q:@33@ <8; R 7@;;6X@7 =E@3;@MP=@

?@; @86F ?>P27?>@;K =EOX<29OY;@ `6@ =@ M8:==85@ 69:=:;> >98:9 972< 43 Z63@ ?:B
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 !"! #$%&'(#)*#+ '&,-(+&#+ ./0

*12345678912 :;<98 *12=98912 7>7? K @m1/3 s−1A
BCDEFCG 5 l s−1 %7H =I =;>I6H196 J.

BCDEFCG = 5 l s−1 :;>I6H196 6IF87245?796I @h = 10 cmA J.

BCDEFCGBE= 30 l s−1 :;>I6H196 6IF87245?796I @h = 5 cmA J.

 !"#$!%  !.D K #LM;69I2FIH 6;7?9H;IH M156 ?7 F12345678912 N *15=IH O DE 

67MM61FP;H Q!

R792I =I S79??IH M156 FP7T5I ?98 M156 +U": F1286I 52I 529T5I S79??I M76 ?98

M156 +U.":A 7 ;8; 7>72F;I! V2I H9S5?78912 =I F1SM7679H12 7 ;8; 6;7?9H;I 7>IF

+U": M156 ?WILM;69I2FI BCDEFCG I2 589?9H728 H869F8ISI28 ?I SXSI S79??74I

T5I M156 +U.": @FI S79??74I IH8 ?I S79??74I N < QA @>196 Y9456I *!.< I2 72Z

2ILI *A! -IH S79??IH .: H128 6ISM?7F;IH M76 =IH S79??IH ": I8 ?IH S79??IH ":
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Q = 15 l s−1 Q = 40 l s−1 Q = 60 l s−1
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Mesure pour Q=15 l.s-1 ±5% Théorique Q=14.25 l s-1 Critique - Q=14.25 l s-1

Mesure pour Q=40 l.s-1 ±5% Théorique Q=38 l s-1 Critique - Q=38 l s-1

Mesure pour Q=60 l.s-1 ±5% Théorique Q=57 l s-1 Critique - Q=57 l s-1
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Mesure pour Q=15 l.s-1 ±5% Théorique Q=15.8 l s-1 Critique - Q=15.8 l s-1

Mesure pour Q=40 l.s-1 ±5% Théorique Q=42 l s-1 Critique - Q=42 l s-1

Mesure pour Q=60 l.s-1 ±5% Théorique Q=61.2 l s-1 Critique - Q=61.2 l s-1
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Q = 15 l s−1 Q = 40 l s−1
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 ;<8=<<3 79: >=? >0@ >AB >=? >0@ >AB

CDCC EDF -D" -DC ,,DG ,,D- ,,D.

CD-C ED. EDF ED- ,CDF ,,D" ,,DC

,D"C EDE -DC EDF ,,DE ,"D, ,,DH

,D-C .DH ED" ED, ,CDG ,CDH ,CDE

"D"C .DE EDH EDG HDF ,CD" ,CDC

"D-C ID- .DC IDH FDH HDI HD"

GD"C GDH ID" ID, -D- FD, -DH

GDI. "D- GDC "DH ED, EDI EDG
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Q = 15 l s−1 Q = 30 l s−1 Q = 45 l s−1
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CDCC .DG EDC .D- -DE FD. FD, ,CDE ,,DI ,,DC

CD.C EDG ED- ED. FDI FDH FD- ,,D- ,"DG ,"DC

,DCC .DE ED, .DH -DF FDI FD, ,CDF ,,DI ,,D,

,D.C .DG .DE .D. -D, -D- -DI ,CD" ,CDF ,CD.

"DCC IDI IDF IDE ED" EDE EDI FDF HDI HD,

"D.C ID, ID. IDG .DH EDI ED" HD, HDE HDI

"DFF GDG GDE GD. IDH .D" .D, -DF FD" FDC
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Théorique Q=14.25 l.s-1
Critique - Q=14.25 l.s-1
Mesure pour Q=15 l.s-1 ±5%
Théorique Q=28.5 l.s-1
Critique - Q=28.5 l.s-1
Mesure pour Q=30 l.s-1 ±5%
Théorique Q=42.75 l.s-1
Critique - Q=42.75 l.s-1
Mesure pour Q=45 l.s-1 ±5%
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Théorique Q=14.25l s-1

Critique - Q=14.25l s-1

Mesure pour Q=15 l.s-1 ±5%

Théorique Q=38l s-1

Critique - Q=38l s-1

Mesure pour Q=40 l.s-1 ±5%
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Théorique Q=15.3 l.s-1
Critique - Q=15.3 l.s-1
Mesure pour Q=15 l.s-1 ±5%
Théorique Q=31.5 l.s-1
Critique - Q=31.5 l.s-1
Mesure pour Q=30 l.s-1 ±5%
Théorique Q=47.25 l.s-1
Critique - Q=47.25 l.s-1
Mesure pour Q=45 l.s-1 ±5%
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Théorique Q=15.75l s-1

Critique - Q=15.75l s-1

Mesure pour Q=15 l.s-1 ±5%

Théorique Q=42l s-1

Critique - Q=42l s-1

Mesure pour Q=40 l.s-1 ±5%
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Q = 15 l s−1 Q = 40 l s−1

 !"#$"% &'$!" ()*+  !"#$"% &'$!" ()*+

,-.)/..$ (*+ 0/1 0!2 034 0/1 0!2 034

5655 768 769 76: ;68 ;6< ;69

5688 769 76< 76< =6; ;67 ;6:

5699 76: 769 769 =6> ;6> ;68

5677 <6; 76? 765 =67 ;65 =6=

56== <6< <67 <67 =67 ;68 =6;

?6?5 96; <6? <65 >6? =67 >6;

?6:8 <65 <68 <6? >67 =6? >6;

?6<9 967 96= 96> >69 >6; >6>

?6>7 969 967 96< 767 76; 76=

?6;= 96: 96< 969 76: 76> 76<

8685 :6= 965 :6; 76< 76= 76>

 !" #$%&'()!*+$% ,-% .$%'/

Q = 15 l s−1 Q = 30 l s−1

 !"#$"% &'$!" ()*+  !"#$"% &'$!" ()*+

,-.)/..$ (*+ 0/1 0!2 034 0/1 0!2 034

5655 769 767 76< =6; ;68 ;6?

5688 769 76> 767 ;6? ;69 ;6:

5699 76: 76< 769 ;6? ;69 ;6:

5677 76? 76: 768 =6= ;6? ;65

56== <6; 76? 765 =6< =6; =6>

?6?5 <68 <69 <6: >6> =68 =65

?6:8 96; <68 <6? >67 =65 >6=

?6<9 965 968 96? 767 76; 76=

?6>7 96? 969 96: <6; 768 76?

?6;= 96? 96: 968 76? 767 769

8685 86; :6? :65 96> <65 96;

 0" #$%&'()!*+$% ,-% .!)'-/

 !"#$!% ,@: A 0$."%$. &$ B!"#$"%. &'$!" %C!D/.C$. E3"% D! )31FG"%!#/31

H ?IJ% K@



 !"! # $ % &$ '()*+&, -./

 !"!# $%&'() *+(,-

0.04

0.05

0.06

0.07

0.08

0.09

0.10

-0.1 0.4 0.9 1.4 1.9

Abscisse (m)

H
a
u

te
u

r 
d

'e
a
u

 (
m

)

Théorique Q=14.25 l.s-1

Critique - Q=14.25 l.s-1

Mesure pour Q=15 l.s-1 ±5%
Théorique Q=28.5 l.s-1

Critique - Q=28.5 l.s-1

Mesure pour Q=30 l.s-1 ±5%
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Théorique Q=28.5l/s

Mesure pour Q=15 l.s-1 ±5%

Mesure pour Q=30 l.s-1 ±5%

Critique - Q=14.25l/s

Critique - Q=28.5l/s
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Théorique Q=15.3 l.s-1

Critique - Q=15.3 l.s-1

Mesure pour Q=15 l.s-1 ±5%
Théorique Q=31.5 l.s-1

Critique - Q=31.5 l.s-1

Mesure pour Q=30 l.s-1 ±5%
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Théorique Q=15.75l/s

Théorique Q=31.5l/s

Mesure pour Q=15 l.s-1 ±5%

Mesure pour Q=30 l.s-1 ±5%

Critique - Q=15.75l/s

Critique - Q=31.5l/s
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Hauteur d'eau modélisée avec SW12D

Hauteur d'eau mesurée pour Q=15 l s-1 ±5%
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Hauteur d'eau mesurée pour Q=60 l s-1 ±5%
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Hauteur d'eau modélisée avec SW12D en faisant l'approximation Rh=h
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Hauteur d'eau mesurée pour Q=40 l s-1 ±5%
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Hauteur d'eau mesurée pour Q=30 l.s-1 ±5%
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 !" #$%&'()*+,$% -.,+ /,%0() 7 cm1

 !"!# $%&'(%& )% *+',%'(& )-%+'

+4567558 9:; zmin zmax zmoy

<=< 2>=" 2>=? 2>=>

<=?@ 2A=3 2>=> 2>="

2=< 2A=2 2A=A 2A="

2=@ 2"=? 2"=B 2"=C

"=< 22=2 22=A 22="

"=@ 22=< 22=" 22=2

A=< 3=A 3=@ 3=>

A=@ C=" C=@ C=>

>=< @=C ?=A ?=<

 !" #$%&'()*+) ,-./0-12

+4567558 9:; zmin zmax zmoy

2=< 2A=2 2A=" 2A="

"=< 2A=< 2A=2 2A=2

A=< 2"=< 2"=2 2"=2

>=< 2"=" 2"=A 2"=A

 3" #$%&'()*+) ,-./0-124

+4567558 9:; zmin zmax zmoy

2=< 2>=B 2>=3 2>=3

"=< 2>=@ 2>=C 2>=?

A=< 2A=@ 2A=C 2A=?

>=< 2A=@ 2A=C 2A=?

 +" #$%&'()*+) ,-./0-1564

+4567558 9:; zmin zmax zmoy

2=< 2?=C 2C=< 2?=B

"=< 2?=@ 2?=3 2?=C

A=< 2@=@ 2@=3 2@=C

>=< 2@=A 2@=? 2@=@

 4" #$%&'()*+) ,-./0-1,64

+4567558 9:; zmin zmax zmoy

2=< 23=< 23=@ 23=A

"=< 2B=3 23=? 23="

A=< 2C=@ 2B=A 2C=3

>=< 2@=B 2?=2 2?=<

 )" #$%&'()*+) ,-./0-176

 !"#$!%  !2 D /85EF85 G8 HIEJ8EF5 GK8IE 9cm; FLIM75L85 NOEF MI 6OPQREFIJ7OP
S "T.:C U!



 !" #$$%&% '( )*+,% "

 !"!" #$%&'( )*'+,

0.125

0.130

0.135

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Abscisse (m)

C
o

te
 d

e
 l

a
 s

u
rf

a
c
e
 l

ib
re

 (
m

)

Cote de la surface libre mesurée (m)
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Cote de la surface libre mesurée (m)
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Cote de la surface libre modélisée avec SW12D
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Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D

Cote de la surface libre modélisée avec SW12D
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 !"!# $%&'(%& )% *+,%&&%&

56789989 :89;<=89 >; 7;?8 @8 A67B7 Cms−1D
.67 :6E8;< .67 :>F8;<

@G CcmD 5 @5 @G CcmD 5 @5

HIJ HIKH HIHH" HIL HI4K HIHH4

HI4 HI"K HIHHK HI4 HI"K HIHHK

Vmoy HI4" HIHH4 Vmoy HI"3 HIHH4

 !" #$%&'()*+) ,-./0-123

56789989 :89;<=89 >; MB778;< Cms−1D
.67 :6E8;< .67 :>F8;<

.BEN;8;< O 3m .BEN;8;< O 3m
7 CsD 5 @5 7 CsD 5 @5

LIP3 HIKL HIH2" LIJ2 HIKK HIH2"

LIP3 HIKL HIH2" QI"P HIK2 HIH2"

LI4P HIKQ HIH2" QIJP HI4J HIH2"

QIKK HIKH HIH2"

Vmoy HIKL HIH2" Vmoy HIK2 HIH2"

 4" #$%&'()*+) ,-./0-1563

56789989 :89;<=89 >; MB778;< Cms−1D
.67 :6E8;< .67 :>F8;<

.BEN;8;< O 3m .BEN;8;< O 3m
7 CsD 5 @5 7 CsD 5 @5

PIHL HIP3 HIH2K PIH3 HIP3 HIH2K

PI" HIPJ HIH2K KIPQ HILL HIH2P

KI3L HILH HIH2K KI32 HIL2 HIH2K

PI2 HIP3 HIH2K

PIJL HIP2 HIH24

KI3J HILH HIH2K

PIP" HIPK HIH24

PI24 HIPJ HIH2K

KIPL HILL HIH2P

KI3Q HILH HIH2K

PILP HIP4 HIH24

Vmoy HIP3" HIH2K Vmoy HIPJ3 HIH2K

 +" #$%&'()*+) ,-./0-1,63
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Vit. SW12D - lit majeur
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Vit. Moy. - lit mineur

Vit. SW2D - lit mineur

Vit. SW12D - lit mineur
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Vit. SW2D - lit majeur

Vit. SW12D - lit majeur
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 !" #$%&'()*+,$% -.,+ /,%0() 17 cm1

 !"!# $%&'(%& )% *+',%'(& )-%+'

+5678669 :;< zmin :7;< zmax :7;< zmoy :7;<

2=> 24=? 24=@ 24=4

A=> 24=2 24=? 24="

A=4 24=2 24=" 24=A

"=> 2?=B 2?=C 2?=@

"=4 2?=> 2?=" 2?=A

?=> 2A=4 2A=3 2A=@

 !" #$%&'()*+) ,-./01-2,34

+5678669 :;< zmin :7;< zmax :7;< zmoy :7;<

2=> 2B=? 2B=B 2B=4

A=> 24=3 2B=" 2B=2

A=4 24=C 2B=2 2B=>

"=> 24=" 24=B 24=?

"=4 2?=3 24=2 24=>

?=> 2"=" 2"=4 2"=?
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Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D

Cote de la surface libre modélisée avec SW12D
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 !"!" #$%&'$% ($ )*+$%%$%

56789989 :89;<=89 >; ?@778;< Ams−1B
.67 :>C8;< D *6E8 (>;FG8 .67 :6H8;< .67 :>C8;< D *6E8 I<@678

.@HJ;8;< K 3m .@HJ;8;< K 3m .@HJ;8;< K 3m
7 AsB 5 L5 7 AsB 5 L5 7 AsB 5 L5

MNOM PNM4 PNP2Q QNMM PNRR PNP2M RNPM PNMP PNP2"

QN3" PNR2 PNP2Q QN"M PNR3 PNP2M MN2P PNM3 PNP2Q

MN"2 PNMR PNP2Q QNSM PNRO PNP2Q RN2P PNQ3 PNP2"

MN4P PNM" PNP2" QN4" PNR" PNP2Q RNMR PNQR PNP2O

MN"Q PNMR PNP2Q QNMP PNR4 PNP2M RN23 PNQS PNP2"

MNQO PNMM PNP2" MN2" PNMS PNP2Q MNM4 PNMQ PNP2"

MN2P PNM3 PNP2Q QNMQ PNRR PNP2M MNOS PNM4 PNP2Q

MNRR PNM" PNP2" RNOM PNQS PNP2"

RN3" PNQ" PNP2O

Vmoy PNMR PNPQM Vmoy PNRQ PNPQM Vmoy PNMP PNPSQ

 !" #$%&'()*+) ,-./01-2,34

56789989 :89;<=89 >; ?@778;< Ams−1B

.67 :>C8;< D *6E8 (>;FG8 .67 :6H8;< .67 :>C8;< D *6E8 I<@678

.@HJ;8;< K 3m .@HJ;8;< K 3m .@HJ;8;< K 3m
7 AsB 5 L5 7 AsB 5 L5 7 AsB 5 L5

QNQQ PNRS PNP2M QNMR PNRR PNP2M MN"" PNMR PNP2Q

QN"S PNRS PNP2M QNMO PNRR PNP2M MNO" PNM4 PNP2Q

MNPP PNRP PNP2Q QNQ3 PNR4 PNP2M MN"2 PNMR PNP2Q

MNQ PNMR PNP2" QNRR PNRQ PNP2M MNOQ PNM4 PNP2Q

QN3R PNRP PNP2Q QNP" PN4Q PNP2R MNPR PNM3 PNP2Q

QNS4 PNRO PNP2Q QNQ4 PNR4 PNP2M QNQ3 PNR4 PNP2M

QN43 PNR" PNP2Q QN34 PNRP PNP2Q

QNSS PNR2 PNP2Q QNS2 PNRO PNP2Q

QN32 PNR2 PNP2Q QN4O PNRQ PNP2Q

QNM" PNRR PNP2M

QNMP PNR4 PNP2M

Vmoy PNR" PNPMR Vmoy PNR4 PNP4P Vmoy PNRP PNPRS

 5" #$%&'()*+) ,-./01-2674
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 !" #$%&'()*+,$% -.,+ /,%0() 28 cm1

 !"!# $%&'(%& )% *+',%'(& )-%+'

 !"#$""% &'( zmin &#'( zmax &#'( zmoy &#'(

)*+ ,*- ,*, ,*.

/*+ ,*+ ,*0 ,*/

1*+ ,*/ ,*2 ,*1

0*+ ,*+ ,*/ ,*)+

 !" #$%&'()*+) ,-./,0-1234

 !"#$""% &'( zmin &#'( zmax &#'( zmoy &#'(

)*+ )-*2 )-*. )-*3

/*+ )-*- )-*. )-*3

1*+ )-*2 )-*. )-*-

0*+ )-*- )-*. )-*3+

 5" #$%&'()*+) ,-./,0-1,34

 !"#$""% &'( zmin &#'( zmax &#'( zmoy &#'(

)*+ )2*, )-*1 )-*)

/*+ )2*. )-*) )2*,

1*+ )0*. )2*/ )2*+

0*+ )1*2 )1*. )1*-2

 +" #$%&'()*+) ,-./,0-1634
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Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D

Cote de la surface libre modélisée avec SW12D
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Cote de la surface libre mesurée (m)

Cote de la surface libre modélisée avec SW2D

Cote de la surface libre modélisée avec SW12D
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 !"!# $%&'(%& )% *+,%&&%&

56789989 :89;<=89 >; ?@778;< Ams−1B

.67 :>C8;< .67 :6D8;<

.@DE;8;< F 3m .@DE;8;< F 3m
7 AsB 5 G5 7 AsB 5 G5

43H2I 3H2J 3H344 KHLK 3HLM 3H344

44H3J 3H2N 3H344 JHMI 3HL4 3H344

43HMM 3H2K 3H344 JHK4 3HL4 3H344

44HML 3H2M 3H344 KHJK 3HLL 3H344

43H34 3HL3 3H344

43H4K 3H2J 3H344

43H3K 3HL3 3H344

Vmoy 3H2K 3H34N Vmoy 3HL4 3H3""

 !" #$%&'()*+) ,-./,0-1234

56789989 :89;<=89 >; ?@778;< Ams−1B

.67 :>C8;< .67 :6D8;<

.@DE;8;< F 3m .@DE;8;< F 3m
7 AsB 5 G5 7 AsB 5 G5

"HI" 3HMM 3H34I "HMN 3HM" 3H34I

"H"L 3HMK 3H34I "H24 3HN4 3H34M

"H3N 3HN" 3H34M LHJM 3HNM 3H34M

"H4M 3HN2 3H34M "HLK 3HMK 3H34I

LHI 3HKM 3H34K "HI" 3HMM 3H34I

"H4M 3HN2 3H34M

LHJI 3HNM 3H34M

LHJM 3HNM 3H34M

" 3HNI 3H34M

Vmoy 3HNL 3H42M Vmoy 3HN2 3H3"L

 5" #$%&'()*+) ,-./,0-1634
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SW12D - Lit min
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 !"#$%"& α  !"#$%"& β  !"#$%"& γ

' (s) * +* ' (s) * +* ' (s) * +*

,-./ .-00 .-..1 2-3/ .-02 .-.04 2-/0 .-02 .-.02

,-55 .-00 .-..1 2-25 .-04 .-.03 2-./ .-06 .-.06

1-,6 .-00 .-..1 2-4/ .-04 .-.04 2-54 .-02 .-.02

6-14 .-0/ .-.00 2-/1 .-02 .-.04 2-54 .-02 .-.02

6-22 .-0/ .-.00 2-/1 .-02 .-.04 2-54 .-02 .-.02

6-22 .-0/ .-.00 4-,2 .-06 .-.06

6-,0 .-0/ .-.00 2-/0 .-02 .-.02

6-33 .-0/ .-.05 2-.2 .-06 .-.06

2-30 .-02 .-.04

Vmoy .-05 .-.0. Vmoy .-04 .-.04 Vmoy .-02 .-.02
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 !"#$%"& χ  !"#$%"& φ  !"#$%"& ι  !"#$%"& η

' (s) * +* ' (s) * +* ' (s) * +* ' (s) * +*

4-/6 .-0, .-.50 3-14 .-50 .-.54 4-0, .-0, .-.55 4-01 .-0, .-..3

4-54 .-0, .-.55 3-30 .-5/ .-./. 4-55 .-0, .-.55 4-0, .-0, .-..3

4-54 .-0, .-.55 3-4. .-55 .-.5, 4-33 .-01 .-.50 4-10 .-06 .-../

4-5, .-0, .-.55 3-65 .-50 .-.56 4-/3 .-0, .-.50 4-,3 .-06 .-../

4-21 .-01 .-.0, 3-24 .-55 .-.56 4-04 .-0, .-.5/ 2-.2 .-02 .-../

4-2. .-01 .-.5. 4-05 .-5. .-.5/ 4-33 .-01 .-.50 4-2, .-06 .-..3

4-4. .-01 .-.5. 4-13 .-06 .-.01 4-.6 .-5. .-.5/ 4-2/ .-01 .-..3

3-,6 .-5. .-.53 4-54 .-0, .-.55 4-,3 .-06 .-../

4-54 .-0, .-.55 4-51 .-0, .-.55 4-64 .-06 .-../

Vmoy .-0, .-.50 Vmoy .-50 .-.52 Vmoy .-0, .-.55 Vmoy .-06 .-..3
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 !"#$%"& δ  !"#$%"& ǫ  !"#$%"& ϕ

' (s) * +* ' (s) * +* ' (s) * +*

,-./ .-01 .-./2 ,-13 .-00 .-.04 1-.2 .-0. .-.0/

,-15 .-00 .-.04 1-12 .-64 .-.0. 2-.. .-65 .-.65

1-00 .-63 .-.00 ,-/, .-0/ .-./6 1-/1 .-63 .-.06

1-13 .-64 .-.0. 1-,, .-64 .-.06 1-04 .-63 .-.00

,-36 .-0. .-.01 ,-1/ .-00 .-.03 2-.3 .-62 .-.65

,-12 .-00 .-.04 ,-45 .-06 .-.01 1-44 .-65 .-.64

1-01 .-63 .-.00 ,-3, .-0. .-.01 1-., .-0. .-.0,

1-46 .-65 .-.64 2-54 .-61 .-.6, 2-,. .-62 .-.61

1-1. .-64 .-.0. 1-,5 .-64 .-.0.

Vmoy .-0. .-.0, Vmoy .-0. .-.0, Vmoy .-64 .-.0.
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 !" #$%&'(  !" #!)&'(

" *s+ , -, " *s+ , -,

./01 2/3. 2/23. 1/14 2/35 2/202

./66 2/3. 2/231 ./62 2/3. 2/231

./2. 2/34 2/234 ./32 2/3. 2/234

./.0 2/31 2/236 ./74 2/3. 2/231

./42 2/31 2/236 ./3. 2/3. 2/23.

./35 2/3. 2/23. ./.8 2/31 2/236

1/84 2/34 2/234 ./17 2/31 2/231

1/76 2/38 2/203 1/54 2/34 2/235

./2. 2/34 2/234

Vmoy 2/3. 2/23. Vmoy 2/3. 2/23.
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" *s+ , -, " *s+ , -,

7/83 2/01 2/274 6/8. 2/02 2/206

7/86 2/01 2/274 1/22 2/02 2/206

7/84 2/01 2/27. 6/.1 2/03 2/204

7/56 2/0. 2/278 6/.0 2/03 2/205

7/55 2/0. 2/275 1/12 2/35 2/202

7/51 2/0. 2/278 1/66 2/35 2/202

7/41 2/0. 2/263 ./70 2/3. 2/23.

7/82 2/01 2/275 ./01 2/3. 2/23.

7/48 2/0. 2/262 1/.. 2/34 2/238

Vmoy 2/0. 2/275 Vmoy 2/35 2/203
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 !" #$%&'(  !" #!)&'(

" *s+ , -, " *s+ , -,

./01 0/20 0/023 ./34 0/51 0/025

./34 0/51 0/025 4/.0 0/22 0/021

./.3 0/56 0/020 3/17 0/2. 0/037

4/83 0/22 0/026 4/32 0/23 0/035

8/58 0/58 0/058 3/7. 0/27 0/045

8/34 0/58 0/058 4/.7 0/22 0/026

8/51 0/58 0/058 8/.3 0/5. 0/05.

./72 0/57 0/051 7/3. 0/54 0/052

8/53 0/58 0/057

Vmoy 0/56 0/020 Vmoy 0/20 0/028
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,#+, 516/." $!1-!+, 7,%! +38./83" 0#+" .# $.#/+! 06/+&+0#,/&+9 :1#+0 '!" #$$%&;/2#<

,/&+" "&+, /+-#./0!"= /. !", >#/, #$$!. #1; 2&04.!" )* ? '#"/!%" &1 #1; 2&04.!" @*9

*#+" .! $%!2/!% '#"= .!" ,%#+">!%," 0! 51#+,/,3 0! 2&1-!2!+, "&+, ,&1,!>&/" +38./83"9

A&1% .# 2&03./"#,/&+ @* 0!" 3'&1.!2!+," !+ %/-/4%!= 1+ 2#/..#8! $%3'/" 01 ./, 2/+!1%

0&/, 7,%! %3#./"3 $&1% 1+! $%/"! !+ '&2$,! '&%%!',! 0! "# ,&$&8%#$(/!9  ! 2#/..#8!

!", 0&+' '&2$&"3 0! 2#/..!" 0! $!,/,! ,#/..! !, .! $#" 0! ,!2$" 0! '#.'1. 0&/, 0&+'
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!, 0! 51#+,/,3 0! 2&1-!2!+,9 D! >&%2#./"2! $!%2!, 1+! %301',/&+ '&+"/03%#B.! 01

+&2B%! 0! 2#/..!"= !+ '&2$#%#/"&+ ? 1+ 2#/..#8! @* '.#""/51!= !, $#% '&+"351!+, 0!
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%3!..! &+, 3,3 %3#./"3" #-!' 1+ 2&04.! @* '.#""/51! !, FG)@*9  6#$$%&'(! $%&$&"3!
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