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Summary 

Mignano dam on Arda river (province of Piacenza, river Po 
valley, Italy) is a large gravity mass concrete dam built in 
1926-1933, 341 m long and 55 m high, with a total volume of 
230.000 m3. The dam is subjected from several years to water 
level restrictions until the finish of some rehabilitation works 
(now completed) finalized to reach the complete dam 
efficiency, safety and the maximum utilization of the 
reservoir (14 Mm3) by the Concessionaire, “Consorzio Bacini 
Piacentini di Levante”, now “Consorzio di Bonifica di 
Piacenza”, mainly for agricultural use (irrigation of the Arda 
valley) and also for drinking-water use. 
Mignano dam rehabilitation required: 
- an exhaustive hydrological study to define the design 

discharge (800 m3/s, T=1000 years) for the overfall 
spillway extension and new stilling basin; 

- physical modeling (1:40 geometric scale, according to 
Froude similarity) to check the hydraulic behavior of the 
designed structures. 

Some cases of damage experienced on spillways chute and 
stilling basins (e.g.: Malpaso, Tarbela and Karnafuli dams), 
operating under flood conditions, showed that conventional 
design methods proposed in literature had been correctly 
applied but they were not sufficient to avoid damages in the 
linings [1], [2]. So, Mignano dam physical modeling was 
focused on stilling basin concrete slabs stability design 
criteria, measuring directly forces and pressures (using force 
and pressure transducers) acting on the slabs at the bottom of 
the stilling basin in the hydraulic jump region. Tests were 
performed for 24 hours duration, corresponding to a 
prototype flood duration of about 6 days to evaluate the 
temporal evolution of the highest uplift forces acting on the 
lining. The experimental results allowed to define a design 
criteria of the equivalent thickness that should be assigned to 
the concrete slabs to assure the stability of the lining in the 
stilling basin. 

General features of the dam 

Structure 
The Mignano dam, built up in the period 1926-1933, is a 
solid gravity structure in plum concrete (total volume 
230.000 m3), with slightly curved axis (radius 500 m) and a 

spillway in the central part (Figure 1).  
 

 

Figure 1: plan view of Mignano dam until 1997 [3] 
 
Main geometric data are: height of the crest (el. 342.00 m 
a.s.l.) above deepest point of foundation 64.00 m, above 
downstream riverbed 51.00 m, average length of the crest 
341.00 m, upstream face slope 0.05, downstream face slope 
0.80. The total free height above maximum water level 
(340.50 m a.s.l.) is 1.50 m, while the net free height is 
1.00 m. 
 

 

Figure 2: main cross section until 1997 [3] 
 
Spillway 
The spillway lies in the center of the dam crest. Originally it 
was composed by an overflow sill (40 m long) controlled by 
four sluice gates adjacent to a set of four Gregotti type self-
leveling syphons. In 1950 the spillway crest elevation was 



raised from 335.80 m a.s.l. to 337.80 m a.s.l., while shypons’ 
sill from 338.50 m a.s.l. to 340.50 m a.s.l. 
Under "Mignano dam rehabilitation - Project Executive - 1st 
batch" at the end of the 90’s some works interested the 
spillway. 
In summary, in 1998 we proceeded to the demolition and 
reconstruction of the existing bridge on the four existing sills 
(n. 1 to n. 4), the removal of the corresponding four sluice 
gates, the demolition of the Gregotti type syphons and the 
subsequent creation of two additional sills (n. 5 and n. 6), 
10.50 m long, with the crest at the same elevation (337.80 m 
a.s.l.) of the four existing sills. With the maximum water level 
in the reservoir (340.50 m a.s.l.), the discharge of the spillway 
in the configuration of six free sills could reach the value of 
589 m3/s. 
 
Intermediate outlet 
Two 1700 mm diameter steel pipes crossing the dam at 
elevation 294.00 m a.s.l., at the same level of the bottom 
outlet, form the intermediate outlet. The pipes are bent 
upwards along the upstream face (Figure 3), always 
embedded in the concrete; the inlet sill is at elevation 
313.07 m a.s.l.. The upstream control is by 1.70×1.70 m 
sluice gates with operation from the crest; the downstream 
control is by Johnson needle valves. One of the two pipes is 
used by 1957 to feed the small hydropower plant (called "ex-
Unicem", now demolished) placed at the foot of the dam. The 
intermediate outlet discharge is equal to 32.2 m3/s with 
maximum water level in the reservoir (340.50 m a.s.l.). 
 

 

Figure 3: section along intermediate outlet until 1997 [3] 
 
Bottom outlet 
This consists of two 1700 mm diameter steel pipes with axes 
at elevation 294.00 m a.s.l., embedded in the concrete in the 
central part of the dam (Figure 4). The upstream control is by 
1.70×1.70 m sluice gates with operation from the crest; the 
downstream control is by Johnson needle valves. The bottom 

outlet discharge is equal to 67.8 m3/s with maximum water 
level in the reservoir (340.50 m a.s.l.). 
 

 

Figure 4: bottom outlet, longitudinal section [3] 
 
Original protection at the downstream foot 
From the construction, the downstream foot of the dam was 
protected (in the spillway length) by a small “flip bucket”, 
while the transition to the downstream riverbed was achieved 
through a series of concrete steps with vertical steel stubs in 
order to reduce the energy of incident flow coming from 
spillway sills. 

Last Mignano dam rehabilitation works 

"Mignano dam rehabilitation - Project Executive – 2nd 
batch" (October 2004) included the following works: 
- lengthening of the spillway to release the discharge 

referred to 1000 years return period (Q1000 = 800 m3/s); 
- construction of the new bridge spans above the new 

spillway sills n. 7 and n. 8; 
- construction of the new stilling basin designed for the 

millennial discharge; 
- arrangement of dam crest with new waterproofing and 

other auxiliary works; 
- construction of a new access tunnel to lower inspection 

gallery, with its access road. 
 
Hydrological analysis 
At the dam site, the extension of the river catchment area is 
87.20 km2, the length of the riverbed 14 km, the average 
altitude 748 meters a.s.l., while maximum elevation is 
Menegosa mount (1355 m a.s.l.). 
In the past, some studies and official technical notes were 
expressed by River Po Hydrographic Office (eng. L. Cati and 
eng. L. Ciarmatori, using Gumbel and Fuller-Coutagne 
distribution) and by University of Pavia (prof. eng. U. 
Moisello, using P.O.T.-Peak Over Threshold method). 
The evaluation of the peak flow discharge was performed 
using the statistical distributions of literature: Gumbel (EV1), 
Maione-Gumbel (M.G.), Generalized Extreme Value 
(G.E.V.), and also the regionalization model adopted by the 
River Po Basin Authority, where the peak flow is function of 
the morphological and rainfall characteristics of the river 
catchment (Figure 5 and Figure 6). Models’ calibration was 
performed using the time series of annual maximum peak 
flood discharge recorded from 1931 to 1997 (64 years of 



observations). 
By applying the methods indicated above has been carried out 
the estimation of the peak flow discharge for different values 
of return period. 
Looking at the results (Table I), and in particular those 
relating to T=1000 years, is known as the values obtained are 
significantly different from each other: vary from a minimum 
of 456 m3/s (Gumbel) to a maximum of 803 m3/s 
(regionalization model River Po Basin Authority). 
 

 

Figure 5: representation of the experimental values in the 
Gumbel distribution probabilistic-paper 

 

 

Figure 6: comparison between the different probability 
distributions considered in the study and the 
observed values 

 

TABLE 1: ESTIMATED PEAK FLOOD DISCHARGES FOR 

DIFFERENT VALUES OF RETURN PERIOD 

T 
(years) 

Gumbel 
(m3/s) 

G.E.V. 
(m3/s) 

M.G. 
(m3/s) 

R.PoB.A. 
(m3/s) 

Average 
(m3/s) 

100 325 365 382 672 436 
200 365 446 421 708 485 
500 417 576 471 754 555 
1000 456 695 507 803 615 

 
The Italian government surveillance on dams (Servizio 
Nazionale Dighe), heard the National Hydrographic Office 
(Servizio Idrografico e Mareografico Nazionale) in Parma, 
decided to adopt the value of 800 m3/s as a suitable and 
conservative value of peak flow discharge to be taken in the 
design of the new stilling basin and in the lenghthening of the 
spillway. 
 
Description of the works 
"Mignano dam rehabilitation - Project Executive – 2nd 
batch" in March 2003 included the following works: 
- Lengthening of the existing spillway through the 

construction of two new sills in the left (Figure 7) with 
net length of 21.0 m, shaped according to a Creager 
profile with design head equal to 1.7 m. 

 

 
 

 

Figure 7: above, view from downstream (before works); 
below, rendering of the spillway lengthening after 
works (last two sills on the right in the figure) 

 
- Construction of the new bridge spans above the new 

spillway sills n. 7 and n. 8, using the same typology 
adopted in 1998 for the other six bridge spans; 

- Construction of the new stilling basin, of rectangular 
plan shape, in reinforced concrete, 80 m wide, 45 m 



long (Figure 8 and Figure 9), with bottom elevation at 
290.00 m a.s.l., equipped, at the extreme downstream, of 
a wall partially overflowing (L=50 m, spillway crest 
elevation=293.95 m a.s.l.), in order to obtain an 
hydraulic jump stable and well driven back to the foot of 
the dam with reference to the millenary peak flood 
discharge. Sides of the stilling basin are delimited by 
two walls in reinforced concrete which ensure the 
control of the maximum water height (8 m above the 
bottom) with a free height of 2 m. The lining of the 
bottom of the stilling basins is provided with reinforced 
concrete slabs of dimensions 4×8 m, with the largest 
dimension directed parallel to the river bed direction, 
and an increasing thickness from 1.05 m (downstream) 
to 2.90 m (upstream). 

 

 

Figure 8: plan view of the middle part of the dam (red color: 
projected works) 

 

 

Figure 9: longitudinal section A-A along the center-line of 
the new stilling basin (red color: projected works) 

 
The design, verified on physical model, was made to 
withstand the dynamic actions resulting from pressure 
pulsations which are generated in correspondence of the 
hydraulic jump, characterized by peak values which may 

even reach the order of magnitude of the kinetic height 
referred to the supercritical incident flow. The forces 
acting on the slabs, recorded during tests on physical 
model, are of such magnitude as to be able to ensure 
slabs’ stability simply by weight varying their thickness. 
The design thickness of the slabs is greater than the 
minimum thickness "in order to ensure a proper safety 
factor" as expressly required by the Superior Council of 
Public Works (Consiglio Superiore dei Lavori Pubblici) 
in Vote No. 323 of 18.12.2003. The safety coefficient 
adopted is always above 10%. 
Immediately downstream of the main stilling basin is 
located an "auxiliary" stilling basin (bottom elevation 
287.00 m a.s.l.), 50 m wide, 25 m long, equipped with 
baffle blocks with trapezoidal section (2.2 m wide, 
2.0 m high, distance of 2.0 m) and an end sill with crest 
elevation at 289.00 m a.s.l. (Figure 8). The return of the 
flow in the natural riverbed is obtained with boulders 
linked with stainless-steel wire ropes protection, 20 m 
long, 60 m wide, that altimetrically connects the end sill 
of the downstream stilling basin with the natural 
riverbed located at an average elevation of 287.00 m 
a.s.l.. 

- Execution of a final support structure of the slope, in the 
left bank at the foot of the dam, consists of a bulkhead of 
micropiles anchored with 5 or 6 orders of multistrand 
steel tie rods (Figure 10). In front of the bulkhead has 
been realized a wall in reinforced concrete, which 
constitutes the left side of the new stilling basin, in order 
to completely isolate the area of the hydraulic jump from 
the bulkhead and its drain. Upon the recommendation of 
the Superior Council of Public Works the bulkhead has 
been designed in accordance with the Ordinance P.C.M. 
n. 3274 of 20.03.2003, thus taking into account the new 
seismic classification. 

 

 

Figure 10: front view of the slope reinforcement with 
reinforced-concrete micropiles, anchored with five-
six orders of permanent rock anchorage. 

 



- Construction of the new wall of the right bank of the 
stilling basin and construction of a driveway to the 
building that houses the Johnson needle valve to control 
the intermediate and bottom outlet, with some new 
technical locals available. 

- Construction of a new access tunnel to lower inspection 
dam’s gallery, with its access road, because the existing 
access has been rendered unusable by the construction 
of the stilling basin. 

- Arrangement of dam crest with new waterproofing and 
other auxiliary works (paving bituminous conglomerate 
of the road surface, improvement of the system for 
rainwater removal, replacement of the parapets, new 
lighting system). 

Physical model tests 

Some cases of damage experienced on spillways chute and 
stilling basins (e.g.: Malpaso, Tarbela and Karnafuli dams), 
operating under flood conditions, showed that conventional 
design methods proposed in literature had been correctly 
applied but they were not sufficient to avoid damages in the 
linings. 
In the last twenty years have been developed new criteria for 
analysis through physical modeling aimed at deepening the 
understanding of the phenomenon and to develop a criterion 
for designing concrete slabs at bottom based on the 
magnitude of lifting induced by pressure pulses associated 
with dissipative phenomena in the area of hydraulic jump. 
These criteria are based on the following considerations [4]: 
- the pulsating pressures may damage the joint seal of the 

slabs and, through these "unsealed" joints, extreme 
pressure values may propagate from the upper to the 
lower surface of the slabs [5]; 

- the instantaneous difference between the total pressure 
acting on the upper and lower surface of the slab can 
reach very high values [6]. The total force related to 
these pressures can exceed the weight of the slab and the 
anchor resistance (if present) [7]. 

In 2002 Prof. V. Fiorotto (Department of Civil Engineering, 
University of Trieste, Italy) was commissioned to perform a 
search by physical model of the overfall spillway and stilling 
basins provided by the final design, in order to verify the 
suitability of the spillway to evacuate the design peak flood 
discharge, of the stilling basins to contain the hydraulic jump 
and to provide information on the size to be assigned to the 
bottom protections and for the design of the side walls of the 
stilling basins. 
 
Description of the experimental apparatus 
The physical model of the dam and the related stilling basins 
has been realized in 1:40 geometric scale, according to the 
Froude similarity, fixed bottom riverbed, materializing a 
proper length of river Arda (500 m) up to a section of 
riverbed narrow characterized by certain conditions of current 

passage through the critical flow for each discharge value 
(Figure 11). 
Overfall spillways, stilling basins and the cross sections of the 
Arda river have been reproduced with wooden templates 
arranged on a slab at a height of about 1.5 m above the floor 
of the laboratory to create under the model an access area to 
the measurement instrumentation composed of pressure and 
load cells. The details such as bridge’s piles, side walls of the 
chute and baffle blocks were made of plastic or wood 
adequately treated. The sections were connected with filling 
of brick and concrete and finished with smoothed mortar 
(Figure 12). 
 

 

Figure 11: general overview of the physical model 
 

 

Figure 12: overall view of the two stilling basins 
 
The entrance of the water flow through the spillway occurred 
from a large volume reservoir (S=10 m2, V=30 m3) able to  
ensure the absence of wavy perturbations on the surface, thus 



ensuring an horizontal water surface. 
The measures on physical model involved the forces acting 
on the slabs at the bottom of the stilling basin and the 
pulsating pressure in correspondence of the side walls of the 
stilling basin. 
 
Scales of the model 
The work has been reproduced in 1:40 geometric scale, while 
the remaining scales (Table 2) can be obtained on the 
assumption that the motion, influenced mainly by 
gravitational and inertial forces, has the same Froude number 
in the prototype and in the model. 
 

TABLE 2: SCALES OF THE MODEL 

Quantity Symbol Scale 
Distances and heights λL 1:40 

Velocity λV=λL
1/2 1:6.32 

Time λT=λL/λV 1:6.32 
Discharges λQ=λL

2λV 1:10119 
Pressures λp=λL 1:40 

Forces on slabs λF=λL
3 1:64000 

 
With regard to the roughness of the stilling basin, being the 
localized head loss several orders of magnitude greater than 
those due to the roughness of the surfaces, it has been 
neglected in the experimentation. 
As to the downstream stilling basin, the presence of macro-
roughness, such as baffle-blocks, generates in the fluid 
dissipative phenomena related to the geometry of the flow 
field, with vortex generation of gravitational type. Expressing 
the pressure fluctuations in the height of the equivalent water 
column, their scale is represented by the geometric scale of 
the model, in accordance with Froude similarity. 
 
Instrumentation details 
During physical model tests has been used the following 
instrumentation [8]: 
- the inflow discharge was measured by an induction flow 

meter, with an instrumental accuracy lesser than 0.2% 
and significant digits of 0.1 ls-1; 

- the water surface elevation in the supply tank of the 
model was measured by level gauge; 

- for the measurement of the forces acting on the slabs, a 
special device was designed and inserted in the stilling 
basin bottom along the stilling basin center-line 
(Figure 13). It consists of an aluminum frame 1000 mm 
long, 500 mm wide, and 25 mm thick, with a central 
rectangular hollow, 10 mm deep. Inside the hollow, a 
movable aluminum slab (100×200 mm) 8 mm thick was 
cast with the upper face at the same level (up to O(10-5) 
m accuracy) of the stilling basin flume (Figure 14). 

The dimensions of the hollow were such as to leave a gap of 
about 2 mm along the slab sides. Through this gap the 
fluctuating pressure at the bottom of the hydraulic jump 

propagates in a 2 mm thin water layer under each slab. This 
propagation takes place with negligible friction effects in the 
reduction of the uplift pressures, according to the theoretical 
analysis as applied to real cases [5]; anyway, by neglecting 
friction dumping, a safer result is obtained. In the comparison 
between model and prototype conditions, the presence of 
different materials (aluminium in the model and concrete-
ground contact in the prototype) can induce differences in 
pressure propagation celerity; however, this effect is 
negligible, because the time microscale of the pulsating 
pressure λt, due to large scale eddies, is larger than the 
propagation time T, that is T/λt<<1, both in the prototype and 
in the model. 
 

 

Figure 13: view of the experimental installation 
 

 

Figure 14: experimental setup for measuring uplift forces 
 
In fact, the celerity of pressure propagation in the prototype 
ranges in O(102-103) ms-1, while the persistence time of the 
pulsating pressure is O(1) s [2], [9]; in comparison, for a slab 
with characteristic dimension of 10 m, the propagation time is 
O(10-1-10-2) s. 
The same happens in the model, where the pressure 
propagation celerity is O(103) ms-1, that is of the same order 
of magnitude of the prototype, while persistence time and slab 



dimensions are scaled according to the Froude similarity. By 
consequence, indicating with ξ (ξ<1) the model geometric 
scale, the propagation time T scales approximately with the 
slab dimensions lmodel/lprototype=ξ, while the turbulence time 
microscale scales with time tmodel/tprototype=ξ0.5, so that 
(T/λt)model<ξ0.5(T/λt)prototype<<1. 
For this reason, the model and the prototype behave similarly, 
that is, the pulsating pressures are not significantly damped 
and the resulting force due to uplift pressures can be 
computed by the average of the instantaneous pressures acting 
at the joints. 
The alignment of the upper face of the movable slab with the 
basin bottom is a crucial problem because even a small 
inaccuracy can alter the pressure field around the slab, thus 
inducing errors in the measured forces. For this reason, the 
movable slabs were fixed by means of three micrometrics 
regulation screws and a fixing screw, to a circular plate 
coupled to the force transducers (Figure 14). 
Bothe the movable slabs, the circular coupling plate and the 
joint (hollowed) were built in aluminium, as light as possible, 
compatible with the requirements of resistance and stiffness, 
to minimize the inertial effect on force measurement. 
Each force transducer (Figure 14) was placed in a rigid 
waterproof Perspex box, with 10 mm thick wall, fixed to the 
aluminium frame. The joint connecting the movable slabs to 
the force transducers have a diameter smaller than the hole in 
the frame to avoid friction effects on force measurement. As a 
consequence the water in the Perspex box is directly 
connected with the water film under the movable slabs. Thus 
a rigid waterproof container is needed, to prevent damping 
phenomena in underpressure propagation and vibration in 
force transducers, which are fixed to the box bottom. 
Force transducers TS100 of AEP Transducers with a 
sensitivity less than 0.1 N, and a response in time lesser then 
the microscale time of the pulsating forces were used. The 
choice of this type of force transducer was conditioned by the 
need of copying with measurement accuracy, hardware 
robustness compatible with use in large hydraulic models, 
waterproof sealing (IP 68) to operate in submerged 
conditions, and long duration dynamic applications. The 
signal was amplified and conditioned via TA4 analog 
transmitters (AEP Transducers), with frequency response of 
1 kHz. 
Five pressure taps, inserted on the basin bottom and aligned 
with the centre of each slab, have a diameter of 2 mm and 
were connected to the transducers by a rigid tube of 4 mm 
internal diameter. Pressure transducers of type Foxboro FPT 
adjusted in the range 0-70 kPa, with a response time (10-
90%) lesser than 1 ms, that is, lower than the microscale time 
of the pulsating pressure [10], were adopted. 
A computer was linked to the transducers via a 64 channel 
analog-digital board United Electronic Instruments PD2-MF-
64-400/14H. 
Sampling was performed by means of the Dasylite code by 
Dasytech USA, implemented on a Pentium II PC; data were 

stored in hard disk to perform further computations. 
For the measurement of floating quantities is necessary to 
define two parameters: the frequency of data acquisition and 
the duration of acquisitions. The sampling, carried through 
the Dasylab-v. 6.00.03, occurred with a frequency of data 
acquisition in accordance with the Nyquist criterion 
(frequency at least equal to twice the bandwidth of the 
signal). From the analysis of the power spectra of the forces 
and pressures can be seen that the bandwidth of the signal is 
about 100 Hz; for the acquisitions, a sampling frequency of 
300 Hz was therefore chosen. 
 
Experimental results 
The experiments carried out on physical model for different 
values of discharge showed the following results for the 
maximum discharge value (Qdesign=800 m3/s): 
- the hydraulic jump is placed at the base of the spillway 

(Figure 15), while for decreasing values of flow rate the 
hydraulic jump tends to move upstream on the dam’s 
chute; 

- the water surface in the main stilling basin rises to an 
elevation of 298.00 m a.s.l., with a water height of 8 m 
above the bottom; 

- the water flow along upstream weir, at the end of the 
main stilling basin, is well distributed without 
singularities or abnormal concentrations of flow; 

- at the end of the “auxiliary” stilling basin the flow is 
returned in the river bed in critical conditions, i.e. 
minimum energy conditions, along a weir 50 meters 
long, approximately equal to that of the riverbed width. 

 

 

Figure 15: overall view of the stilling basins (Q=800 m3/s). 
 
For each discharge value were performed: level 
measurements in upstream reservoir, for the definition of the 
Q-h relation, force measurements on the slabs and pressure 
measurements along the side walls of the main stilling basin. 
Furthermore, water height in some significant points along the 
side walls of the stilling basin was measured. 
With regard to the time of acquisition, being stochastic 
processes, it is not possible to define a maximum value of 



force or pressure useful for designing, since with increasing 
acquisition time there is a gradual increase of the maximum 
value. 
However, you can define a value sufficiently conservative, 
through acquisitions extended for a significantly longer than 
the persistence of flooding event. 
In the present case were used acquisition times of about 24 
hours in the model which correspond, in the prototype scale, 
to a persistence time of the maximum peak flood discharge of 
about one week! 
The next Figure 16 shows the trend of the maximum force, as 
extracted from the data acquired for the force transducer 1 
during the test with the maximum discharge (800 m3/s), in 
order to observe the progress of such random maximum 
values. 
 

 

Figure 16: maximum forces as extracted from data acquired 
by the force transducer 1 (Qdesign=800 m3/s). 

 

 

 

 

 

 
Figure 15: effects of run time on compression and traction 

forces acting on the five slabs (n. 1 upstream, n. 5 
downstream) 

 
For reasons of statistical nature the maximum values of the 
forces were then sorted in ascending (Figure 15), giving rise 
to a distribution of frequency, indicated, as usual in literature, 
by the persistence time. 
From the figures above you can note that pressure and force 
distributions increase with the run time, so that it is very 
difficult to define a possible upper limit. Moreover, the 
positive forces (compression) are larger than the negative 
ones (traction) and the maximum values of force and pressure 
decrease, increasing the distance from the jump toe (Table 3). 
These maximum values measured on a 24 hours run time are 
equal to 10-11 times the standard deviation, according to 
literature’s results. 
In summary form, the Table 3 presents the maximum values 
of the forces acting on the five slabs, recorded for the total 



duration of the experiment; also shows the values of the 
equivalent thicknesses (minimum and design value) required 
for the stability of the lining. 
For the definition of the thickness to be assigned to the slabs 
is however advisable to impose a safety factor taking into 
account, however, the degree of safety already implicit in the 
adoption of a millenary design discharge, as well as the 
duration of the experiment for the definition of the maximum 
pulsations when compared to prototype. In fact, these two 
parameters represent themselves, implicitly, safety 
coefficients. With this evaluation, the further safety factor can 
be chosen quite close to unity; in this case the safety factor is 
always greater than 10%. 
 
TABLE 3: MAXIMUM MEASURED FORCES (TRACTION OR 

COMPRESSION) AND THICKNESS TO BE ASSIGNED 

TO THE SLABS FOR THE DESIGN DISCHARGE 

(800 M3/S) 

 Slab 
n. 

Max. 
force 
(t) 

Min. 
thickness 

(m) 

Design 
thickness 

(m) 
Upstream 1 125.0 2.60 2.90 

 2 78.7 1.70 2.90 
 3 83.8 1.80 2.00 
 4 70.3 1.50 1.65 

Downstream 5 32.0 0.70 1.05 
 
The absolute values of the maximum pressure fluctuations 
measured at the base of the side walls of the upstream stilling 
basin are of the same order of magnitude along both sides; 
consequently the vortex induced by the particular asymmetric 
conformation of the outlet of the upstream stilling basin does 
not induce particularly differentiated stresses, compared to 
those that would occur in a stilling basin of a conventional 
type. 
Since the maximum pulsation pressure reaches values of 
about 10 m of water column, this stress was considered 
between stresses actions in the design of the side walls of the 
upstream stilling basin, particularly with reference to left side 
wall which allow to completely isolate the final support 
structure of the slope (with related drains!) from pressure 
pulsations which characterize the developing of the hydraulic 
jump. 
 
Model tests conclusion 
The tests carried out on physical model showed the proper 
functioning of the two stilling basins: the hydraulic jump, also 
for the maximum flood discharge coming from the spillway , 
is always confined within the upstream stilling basin and 
slightly drowned. 
The maximum values of the mean water height measured in 
the upstream stilling basin are equal to those theoretically 
evaluated; the further rise of the side walls was dictated only 
by the need to contain the superelevation of the free surface 

due to the wave motion consequent to the dissipative process. 
Moreover, it is observed the proper functioning of the 
downstream stilling basin and in particular of the baffle-
blocks, which localize the greater rate of the dissipative 
process upstream of the blocks. At the exit from the stilling 
basin, the water flow is uniformly distributed to the width of 
50 m (approximately the width of the riverbed), in critical 
conditions, then the minimum specific energy. This condition 
corresponds to an energy level of the flow lower than the 
natural one without the dam. 

Conclusion 

This paper presented the case of Mignano dam on the river 
Arda as an example of dam subjected from several years to 
water level restrictions until the finish of some rehabilitation 
works (now completed!). 
The last dam rehabilitation design required: 
- an exhaustive hydrological study, by applying the latest 

methods of statistical analysis, to define the design 
discharge (800 m3/s, T=1000 years) for the overfall 
spillway extension and new stilling basin; 

- physical modeling (1:40 geometric scale, according to 
Froude similarity) to check the hydraulic behavior of the 
designed structures, and in particular of protections at the 
bottom of the stilling basin. 

Physical modeling was focused on stilling basin concrete 
slabs stability design criteria, measuring directly forces and 
pressures (using force and pressure transducers) acting on the 
slabs at the bottom of the stilling basin in the hydraulic jump 
region. Tests were performed for 24 hours duration, 
corresponding to a prototype flood duration of about 6 days 
to evaluate the temporal evolution of the highest uplift forces 
acting on the lining. The experimental results allowed to 
define a design criteria of the equivalent thickness that have 
been assigned to the concrete slabs to assure the stability of 
the lining in the stilling basin (without anchors). 
Mignano dam represents one of the most significant example 
of rehabilitation on existing large dam in Italy, obtained using 
the most advanced technical and scientific knowledge about 
hydrology, physical modelling and hydraulic design. 
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