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6 1.- Motivacion: Infra critica, fendmenos hidroclimaticos q
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infraetsructura
critica: Amenazas:
Los bienes y Desastres
servicios que naturales:
permitan el sano
funcionamiento Terremotos,
de la sociedad y crecidas,
la economia o incendios,

~ erupciones
Sistema volcanicas,
eléctrico,
Abastecimiento Terrorismo
agua potable,
Sistema de
transporte,
Tele-

comunicaciones =
etc.
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Cai et al. (2015). ENSO and greenhouse warming. Nature Climate Change 5(9):849-859.
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W tormentas
m explosiones

[ terremotos

W socavacion por crecidas

Causas de colapso

0 20 40 60 20
% Total de colapsos de puentes

Brandimarte, L., Paron, P. y Di Baldasarre, G. (2012) Bridge pier scour: A review of processes, measurements and
estimates. Environmental Engineering and Management Journal, 11(5). 975-989.
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Tadcaster Bridge colapsé en Navidad s

de 2016 durante una crecida con 200 |
T=100. 0 - - »
En UK, la socavacion se inspecciona
cada 6 anos. La ultima habia sido el
2013 y se inform: No Scouir.

29/07/2016
05/08/2016
12/08/2016
19/08/2016
26/08/2016

Puente Pitrufquén. Caudal peak T = 1
ano habia ocurrido el dia anterior.
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VNC=3, y1/a=3, D50=0.2 mm

Diseno contra socavacion en 3 5 4 A

. [a=0.05m
pasos: — b
4t -a=10m

Paso 1: Calcular el caudal de
diseno. Analisis de frecuencia,

Q00 g J
Paso 2: Calcular la velocidad.y 2;
profundidad para Q,,

Step 3: Calcular profundidad
“maxima” de socavacion ~2D,

0
' : % 5D DD 9 @ N N S oA Do
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Sheppard D, Melville B, Demir H. (2014) “Evaluation of Existing Equations for Local Scour at Bridge Piers”
Journal of Hydraulic Engineering 140(1):14-23.
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Elcrgen do randos soacines
Q,,, actua sobre el lecho
durante un tiempo “infinito” Zg :

g 40 -
En arenas (dgy = 0,1-1,0 mm)el S 50 'zggg
tiempo de equilibrio t,,~ 75 — g S\
200 dias (M & C 1999) : 13: I I I

s l

=» Poco realista!l 0-14-2 2-3 3-4 4-5 5-6 6-7 7-8
Duracién de una crecida (dias)

Probabilidad.de falla del puente Rio Biobio

no es igual a probabioidad de

_ (QMA =1000 m3/s, Q49 =16000 m?/s)
excedencia del Q,,

Melville B, & Chiew Y. (1999) Time scale for local scour at bridge piers. Journal of Hydraulic
Engineering, 125(1), 59-65.
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Modelos para evolucién de la socavacion (asumen Q = cte)

0.25

o
(¥ ]
T

0.15 g o

e
-

0.05

Dpfeiler=0,2 m
Ucr=0,32 mis
Um = 0,30 m/s

=6~ h/Dpfeiler =1,0
=&~ h/Dpfeiler =1,5
=8~ h/Dpfeiler = 2,0

MeRergebnisse &6

o o =
o —
=
——

el Zanke (1982)
Mia und Nago (2003) _

Oliveto und Hager (2001) _ _ _ o g-g-a-a-&&=— .

6 8 10 12 14 16
Zeit (Std)

0.25

0.2

0.15

0.18

.
e -
- g
-

-
- _
pol Rt =

Dey (1999)

Dpfeiler=0,2m
Ucr=0,32 mis
Um =0,30 m/s

=8~ h/Dpfeiler =1,0
=&~ h/Dpfeiler =1,5
=8- h/Dpfeiler = 2,0

1 L 1 L ]

8

1 1
10 12 14 16 18 20 22
Zeit (Std)

Link O. (2006) Untersuchung der Kolkung an einem schlanken zylindrischen Pfeiler in sandigem Boden. PhD

Thesis. Technische Universitat Darmstadt. Heft 136. ISBN: 3-936146-15-2.
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a) Analisis dimensional: f(lu,p,uef,h,g, ds,pS,D,t, z)=0
Uy, =U—U,

h D l/left y4 —0
d 'd’ d d

f(Re',Fr "o,

D*=(Re?/(Fr2/p)) = ((212)/v)" d.
Py = Fr(p) ™ =u, Nk,
U*=2(ueft/ds)(D/ds )_2 =ueft/(D2/2ds) =ueft/zR

/%= Z(Z/ds)(D/ds )_2 = Z/(Dz/ZdS) =z/z,

f(D*aFrdap'adﬁadgaU*az*jzo Z*:f(FrdaU*)

S S
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b) De la definicion de trabajo, W:

2
W oL Tyl Ty °C pU woc if’

0 u/uy<1.0

3 _
vy o [, 5ds 5‘{1 wfis 21.0

. D?
Normalizando con: Up = x/,O gds t.= d
U
sef

3 3
e 1 [ U t u u
WHoc | ™ = - §dt = "l I\ Sdt
o tc(“Rj jo (Dz/st)(”Rj

Fr*te s dr 7%= f(Fr,,U*)

Bagnold (1966); Lai et al. (2009); Oliveto & Hager (2002); Guo (2014)
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Para relacionar Z* con W* se adopta una funcidén exponencial de 3
parametros:

/* = & (1 —e 2 s )

. . Lond 3 uef
Asumiendo: W* = jo Fr, o dt

Zp

La tasa de socavacion es:

dZ * \ _ -, W3
T — CIC‘zC‘3W (€3 -1) €< 2 )
lend 3
s B sl | ¢, jFrd3 i) odt
dZ Uu tend U [ Zp
— =Fr” L 5ecqce, IFrd3 T5dt| e
dt Zp K Zp ]

C1, C2 y C3 cambian con el sedimento
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h
30
honeycomb ubsS
e matrix = - tailgate [
(Ag‘ " —3 K—D#15¢em / \
inlet 2 :
difusor f ‘l
pump
R — [ 1 ot
PLC VFD motor

VY
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Propiedad Cantidad

Ps [kg/m?3] 2650
dso [Mm] 0.36
o, [-] 1.45
u, [m/s] 0.32

U, [M/s] 0.16
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] . i ¢, W €3
Calibracion de paramteros Z*z | l-e( ’ )
- 120 X - . : : - 90-A2
= 90 = 75
@ 60 - ' - - A 60 L - ' - -
0 2000 4000 6000 8000 1000 0 2000 4000 6000 8000 10000
t [min] t [min]
8x10_3
L L LIRS U T | LIRS | A @' ') L L o
s- ¢; = 0.00748336,¢,=0.09694 . ¢c; = 0.3804 ]
N 4T -
2 - -
ol | | A il o, " | | |
10° 10 10° 107 10” 10° 10" 10° 10° 10"
W*

=>»Notar que la relacion entre Z* y W* es unica!
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Socavacion después de crecidas:

x10°
7 .
Eq. (10)
6L O Scrics B B
+  Series C
*  Series D
5 | . -
4 |- |
3 [ |
2 |- -
] |- -
1 1 L
10" 10" 10 10 10 10

z computed [cm]

P

18
[ ]
e  Lopezelal (2014)
16} , v
o This study
o
*
1t °
121
10}
8t
§ [ ]
B .
4+
2 -
0 7 | | 1 | 1 |
0 4 6 8 10 12 14 16 18

z measured [cm]

=»Para un mismo W*, pueden encontrarse hidrogramas equivalentes,

incluso con Q=cte.

Pizarro A, Ettmer B, Manfreda S, Rojas A & Link, O. (2017) “Dimensionless, Effective Flow Work for Estimation
of Pier Scour caused by Flood Waves”. Journal of Hydraulic Engineering. 143(7):1-7.
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a b
( )]00 - ( )]25 i
100+
~ 75 ~
2 2 75
Qi 501 @Y
50t
25 ' - - w25 - - -
0 100 200 300 400 0 900 1800 2700
t {min) { (min)
() (d)
0.10¢ 0.187¢
0.08+ ‘“/»- ''''''' -‘"’
0.12 *
=) 0.06} = ) —— DFW model
g 0.04 5_: g I B Zanke(1982)
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Link O, Castillo C, Pizarro A, Rojas A, Ettmer B, Escauriaza C & Manfreda S. (2017) “A model of bridge pier
scour during flood waves”. Journal of Hydraulic Research, 55(3):310-323.
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clear incipient bed load entrainment into “NL T 3 e
water motion o suspension o @ ®
o -~ ® ¥\ - - -
—_ o _
. —
L4 o —t ® - [m]
o — ® -
>4 B x o L * = Chabert & Engeldinger
oL o ° ° xx_ 5 g (1956)
o L¢ o - o= ox xx x » Tarapore (1962) o
&l X d— o -— -5 °
oo ®om T o - ol %ol o 4 Shen et al. (1966)
% '%*x*‘ ol —x - & .
- W T B o =, | - = x Hancu (1971)
34 X - =
s %}(E%ﬂ A= - 2 - .
gor oL . g - White (1975)
g)e .;ﬁ oY k. a N N
3 T ?i 3 ',E’)‘A“‘: 2 N x Basak et al. (1977)
B x o « Jain & Fischer (1979)
X X X §
Lo dRoY XX . .
?o o Jain & Fischer (1980)
8 o Zanke (1982)
<><><>
< .
© = Melville (1984)
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u/u,

Ettmer B, Orth F & Link O. (2015) Live-bed scour at bridge piers in a lightweight Polystyrene bed. Journal of
Hydraulic Engineering 141(9):1-10.
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3.- Un modelo mas cercano a la fisica q

El desafio es extender el modelo para aplicarlo en casos
reales:

EI:I T T T T T T T T T
w S0 .
"l
E
= 40F -
s
=
o 30 .
ED 1 1 1 1 1 1 1
a 10 20 30 40 a0 B0 /0 gl S0 100
Tiempo (horas)
1""1' T I T T T T T T T
*
£ 12k -
- *
R o 1
= » "'"!1" " M
L] *
S fat M ‘\f i
* *
| * **lnf 1 1 1 1 1 1 1
a 10 20 40 40 a0 kO /0 gl 80 100

Tiempao (haras)

Crecida en el rio Carampangue. Tesis MSc M. Garcia (en desarrollo).



Las formulas de
socavacion tienen
aplicabilidad
restringida a casos
idealizados.
Aparecen
dificultades en caso
de cepas
compuestas, cepas
complejas, cepas
giradas y también
para grupos de
cepas.
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u . hood Dt2)=0 “The use of laboratory flumes in
S s oty shs 85 ds P> Dot 2) developing-dccurate predictors of
scour depth at full-scale piers is
h D u,t = limited due _to scale effects that
' ' ' ef i \
fIRe, Fr',p",—,—,—, =0 may.produce greater scour depths
ds ds ds ds at'the laboratory than at actual

piers in rivers” (Ettema et al.
1998)

Ettema et al.(1998) Scale Effect in Pier Scour Experiment. J. of Hydraulic Engrg. 124(6):639-642.

Ettema et al. (2006) Similitude of Large-Scale Turbulence in Experiments on Local Scour at Cylinders. J. of
Hydraulic Engrg. 132(1):33-40.

Cheng et al. (2016) Scaling Analysis of Pier-Scouring Processes. J. of Engrg Mechanics. DOI: 10.1061/(ASCE)
EM.1943-7889.0001107
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pr=(w (P21 =((p'5) ")
Fr, = Fr'(p') _05_“ef/W

U*:2(u t/d, )(D/d =u t/(Dz/Zd :ueft/ZR

=(z/d.)(D]d:)" =2/ D

b

h D - u,
f D*aFrdap'a_ _9U*>Z* =() W*OCIO Fl”d3 f§dt
d. d Zp
a,W*3

Z*=aqe

Pizarro A, Ettmer B, Manfreda S, Rojas A & Link, O. (2017) “Dimensionless, Effective Flow Work for Estimation
of Pier Scour caused by Flood Waves”. Journal of Hydraulic Engineering. 143(7):1-7.

Link O, Castillo C, Pizarro A, Rojas A, Ettmer B, Escauriaza C & Manfreda S. (2017) “A model of bridge pier
scour during flood waves”. Journal of Hydraulic Research, 55(3):310-323.
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s - * « px D
Hipéthesis: L*¥=f| W* D* —
Similitud: ZZ* = XW* — ﬂ‘D* — ﬂD/ds =
4 2 3/2 q 1/2
u D '
Escala temporal: ), ‘= t.p b4 P s,m — 1—4;% 7»3{27»1{2
u D p’ d e S P
ef,m p p S,p

Link O, Henriquez S y Ettmer B (2017) Physical scale modelling of bridge pier scour caused by flood waves. 37t
IAHR World Conference. Kuala Lumpur, Malasia.
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— 0

D B _ \\\
Canal1 0150 14 gfﬂé P 0w .

Canal2 0.046 0.4 T'
Canal3 0.030 0.3 e - ~ )

‘o p—

5 Series con 17.experimentos:

d p D*
(mm) (t/m?3) S1:igual sedimento, Q no estacionario
Arena 1 0.36 ¢ 2.65 9  82: grena vs polyst, agua clara y lecho vivo
Arena 2 0.74 265 18
S3: arena vs polyst, Q cte hasta socavacion
Arena 3 0.80 2.65 21 de equilibrio
Arena 4 1.60 2.65 40 _ S
S4: Intensidades de flujo distintas para
Acetal 260 1.39 41

probar escala temporal

Polystyrene 2.74 1.04 20 o -
S5: distintos D/d para cuantificar efectos de

escala
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Serie S1 y S2: Caudal variable

100 . 100 100

0 v
— N = 901
_
0 0 0
2500 7500 7500 22500 1250 2500
time [s] time [s] time [s]
600 3000
60l —S11 —S2-3
—81-2 _ %00 _2000| —S24 //
— 40 ot i
20 200 1000
2500 7500 7500 22500 1250 2500
time [s] time [s] time [s]
Agua clara, Agua clara, Lecho vivo,

Solo arena arena v/s polystyrene arena v/s polystyrene



Parametro del

flujo: W*
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2 2
=1 =1
N N
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0 1 2 3 0 1000 2000 3000
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2 2
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NOF © 523
‘ - S2-4
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0 200 400 600 0 1000W* [ ]2000 3000
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Q cte hasta socavacion de equilibrio
2.0r
" [ | @
| Y .
© D*=40
o of o = S3-1
o S$3-2
0.5 ° 8§3-3
- §3-4
0.0 1 | ]
10 10° 10° 10°

W* [-]
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Escala temporal: El origen de grandss sokucianes

3

§3-3 vs S4-3

S53-3vs 534
& e $3-3 vs S4-4
| S4-1vs S4-3 |
S4-1vs S3-4
S4-1vs S4-4 ]
S4-2 vs S4-3
S4-2 vs S4-3
v §4-2vs S4-4 ]
1{]1 0° 107 10" 10° 10’ 10° 10°

t obs

<] 4 U O =
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" Efectos de escala en modelos distorsionando ds/D £ ergon 40 randes oluctanes

3.0 T T ¥ ¥ . " b2 ! T T T T T T —T
2 gl Sheppard et al. (2004) |
| —Lee & Sturm (2009)
2.6 A D*=9, W* = 3000 .
o D* =20, W*= 3000
= = D* =40, W* = 10000
2.2 i
50 i
N
1.8 i
1+ [/ 7 g
14F“E - Z %N NN S A -
1.2 L
10’ 10° 10°
D/d_[]

Sheppard, D. M., Odeh, M., & Glasser, T. (2004). Large scale clear-water local pier scour experiments. Journal
of Hydraulic Engineering, 130(10), 957-963.

Lee, S. O., & Sturm, T. W. (2009). Effect of sediment size scaling on physical modeling of bridge pier scour.
Journal of Hydraulic Engineering, 135(10), 793-802.
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