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1. THE GLENO DAM-BREAK |

On the morning of December 1st, 1923 the Gleno dam suddenly collapsed, abom
40 days after the first complete reservoir filling. Nearly 4.5 x 10° m3 of water was
released. As the subsequent technical examinations proved, the collapse was

oo , —eacnseges | triggered by water seepage at the interface between the masonry base and the
o ; j . overlying structure. The effects of the flood propagation along the downstream river

satasananinges were catastrophic. The flood wave took about 45 minutes to flush the nearly 21 km

long valley downstream of the dam as far as Darfo, killing nearly 400 people. The
flood destroyed three villages, five power stations, and finally a high number of
bl and elevation views of the Gleno dam (modified from ANIDEL 1653, isolated buildings and factories. This failure is the only historical case of dam-break
According to an eyewitness, the collapse of the dam buttresses was very rapid | cgised by structural deficiencies that has occurred in Italy. As a result, it has deeply

and happened in three stages. The eleventh spur fell first along with the two

arches resting on it, causing a breach whose width can be estimated to be influenced the evolution of Italian regulations regarding dam design. However, in

about 14 m. Shortly after the spur numbers 8 to 12 fell widening the breach to

48 m. Eventually, also the spurs numbered from 4 to 7 fell causing an overall | Spite Of its relevance, this event has never been characterized from an hydrauIiC/ Gy

The Gleno dam a few days before the failure and the

final breach width of 80 m (see solid lines 1, 2 and 3 of overlying Figure). .
standpoint.
remains of the dam with the breach a few days after

The emptying time of the reservoir was estimated to be 12—15 minutes

2. NUMERICAL MODELLING OF RESERVOIR EMPTYING AND FLOOD PROPAGATION |
s

ince the breach evolution is reasonably well identified, we have evaluated the outflow hydrograph\
by simulating the reservoir emptying. Although the outflow process following a dam break presents
strongly 3-dimensional features in the neighbourhood of the breach, an effective approximation of

the process is obtained by using 2-D SWE (Shallow Water Equations), according to the assumption

of hydrostatic pressure distribution in the vertical. SWEs were solved using a numerical code

anlementing the MacCormack finite difference scheme. /
U +E,+F, =S On the left, 2D Shallow Water Equations (SWE) written in a conservative vectorial form. S, is the
h uh vh bed slope and S; the friction slope.
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n2uvu? +v2 n2va/u? +v2  Below, governing equations for MacCormack method (e.g., Fennema & Chaudhry, 1986)
S=]gh(Sex —Sg) | Sk = WIE ’ Sfy = WIE This numerical scheme is second-order accurate, explicit and shock-capturing. It is based on a

gh(Sy, —Sy) two steps predictor-corrector methodology. In order to dampen the oscillations typical of a
centered second order sheme, the artificial viscosity coefficient has been introduced.
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—— Scenario A

To model the flood propagation in the valley, we have adopted a
1D schematisation of SWE, suggested by the valley geometry
with respect to the involved discharges. The classical
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formulation of SWE presents some problems when the | i
bathymetry of natural valleys is irregular. Therefore, an
accurate eStimate Of the termS SO and |2 iS ardUOUS. |n Order tO ,(A\Stz:(;\;griei‘e;r;%rf(;altlgyp/)r:eezrg,r:;glnugfg ;)r:‘i\r/]v?;(zgsg::‘gcs)within the lake after the collapse and discharge hydrograph at the breach for the cases of sudden failure
overcome these difficulties, Capart et al. (2003) proposed an ”
' ' : " X2 i ions in i : S HER N A
approximate evaluation of the pressure force acting on wetted eyt eted o secionl ar e o charge e =
¥ Q indicates the distance along the thal d t the ti iable: g is th el
ateral and bottom boundary surface. I follows a modified form | (3 (o, |+, 2] eIt e ose P
ith t to the f f dthe t f -prismaticity where h is th G g s
f SWE i which the geometicsource tem s witen'n e e et e e Sl
lvergence 1orm. pottom siope ana non-prismatiCity efects are C Ty ox
glo] |Onger considered geOmetriC fOfCing termS, as Usual, but are . Explicit updating algorithm according to the finite volume framework for the
cr s mioygn AU 6 f ) pat's, discretized variable Ui (uniform over the i-cell Axi) where the superscript n denotes
tranSferred W|th|n the mOmentum ﬂUX. SWE have been SOlved oY A% oy Ty A8 the n-time step, while f i+ 1/2 are the intercell numerical fluxes g !

with a finite volume approach. The adopted numerical scheme o | |
. h k- t . d bl f d I th t Q,,-qQr-S +40i+1 (A\ _ ‘\nﬂ‘z) Introdt_Jcmg tr_le Fr_oude number Fr and the celerity c, the
IS SNOCK-Capturing ana capable Of dealing with continuous numerical estimation of the flux vector components Q*
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transcritical transitions. It exactly preserves the static condition e R Chatacteristio and compatiblty equations, according
' - : I =S 00 g i | |
even on irregular topographies (C-property). Nevertheless, this I . (2003, malding e of the PFP upwind scheme suggesed
scheme requires a very fine computational mesh in the a2 g AP gy LSl -y EEa ] by Braschi and Gallati (1992).
presence of a steep water surface slope combined with steep v -2l O s QL g, o, [« S5 et o -t
bathymetry. e e I L e e e i AL e T
Frie= (V7 Vi) /e + ) Discharge (a), water level (b; (gﬁ)d average flow
velocity (c) time series computed at some selected
Cross-sections
(v The numerical propagation of the Gleno dam-break wave along the whole valley was accomplished using a non-uniform mesh having 1337 cross-sections A

v" The 1D shallow water mathematical model, even if based on restrictive hypotheses, is capable of reproducing the main macro-scale hydraulic characteristics of the event.
v" The adopted numerical scheme proves to be an effective and robust tool, but requires a very fine mesh in the presence of steep slopes.

v" The dynamics and timing of the failure was very well reconstructed, along with the extent of the water flooding along the valley

Q/ This unique test case is made available to the scientific community at the web site: http://www.ing.unibs.it/~idraulica/gleno_testcase.htm. Y,
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