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Introduction

A hydraulic structure is a device designed to retain, regulate, or control the flow of water. The
most common type of hydraulic structures are weirs. Weirs are overflow structures that stretch
across an open channel of water, and are meant to alter the channel’s flow characteristics making
it easier to measure the volumetric rate of water flow. The Piano Key Weir (PKW), a type of
Labyrinth weir is a hydraulically attractive option to linear overflow weirs, increasing the unit
discharge for similar heads and spillway widths (Anderson, 2011). Together with its high
discharge capacity for low heads, this geometry makes these weirs interesting in dam (Laugier,
2007). Discharge passing capacity of piano key weir is higher than that of labyrinth weir for same
condition (Anderson and Tullis, 2013). In PKW type A, the upstream and downstream overhangs
are existence, and if PK weir without downstream, upstream or both overhangs, it is B, C and D
respectively (Lemperier and Quamane, 2003).

Anytime an engineered structure like a weir structure is placed in a river environment, the
possibility exists that it will encounter debris. The impact of this debris on a structure is an
important aspect of the design (Pagliara and Carnacina, 2010). Historically, debris accumulation
on bridge piers and hydroelectric dams has been among the chief concerns associated with river
debris. As the amount of debris builds on an object, the force it exerts on the object can result in
catastrophic failure and it reduces the flow, resulting in the buildup of a backwater and greatly
reducing the efficiency of energy conversion.

Due to the geometric properties and low flow head of PK weir, floating debris obstruction can
occur in this structure. As shown in Fig.1, fundamental parameters on a PKW are including:
height of PK-Weir P, total width of PK-Weir W, inlet key width W;, outlet key width W,, length
of PKW B, PK weir footprint length By, upstream (outlet key) overhang lengths B,, downstream
(inlet key) overhang lengths B;, weir wall thickness T, and flow discharge Q. In this research the
effect of floating debris on PK weir obstruction investigated experimentally. The geometry of
PKW and debris parameter was studied.

Model Specifications

The experiments were performed at the flume at hydraulic and water structure study
laboratory of water engineering department of Shahid Bahonar University of Kerman, Kerman,
Iran. The flume was 8.0 m long, 0.80 m wide and 0.40 m high. The Piano Key Weir (PKW),
Piano Key Weir with Parapet walls (PKWP) and Piano Key Weir with Parapet walls (PKWPN)
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and nose were used in this research (see Figure 2). The PKW models used in this study were
made of glass with 4mm thickness, and also their width of the inlet and outlet keys is 15 and 10
cm, respectively.

The geometric parameter of PKW is listed in table 1. The woody pieces with different size and shape
used for simulation of debris. In this study at various discharge conditions, 20 to 33 trunks and
rootstocks were released randomly at upstream of the flume with a 2 m distance from the PKW. A
dimensionless parameter is proposed to interpret the experimental measurements.

Figure 1- 3D sketch of a PKW and main geometric parameters

Table 1- Geometrical characteristics of experimented PKW models

Symbol model Meaning Dimensi
ons
(cm)
B,=B; Inlet key overhang length and Outlet 12
key overhang length
By footprint length 30
B Upstream-downstream length of the 54
PKW
B = By+ Bi+B,
P height of PK-Weir 25
L Crest length 399
T, Wall thickness 0.4
Wi Inlet key width 15
W, Outlet key width 12
R Length of the nose 6
Pp height of Parapet walls 15

Figure 2- Overview photos of modified PKWPN
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Results and Discussion

The studies realized on the PK Weir for verifying the effect of debris in the hydraulic performance
showed that the PKWP and PKWPN produced 7.5% and 5.9 % higher discharge efficiency (higher Cd
values)comparatively. To investigate the blockage in these weirs, the likelihood of collection (IT) has
been used. Here, IT is equal to the ratio of trapped elements to the number of supplied elements. A data

analysis of the trunk tests showed that, trunks consistently passed (IT = 0) for % < 0.2 and the

probability of trunk blockage is one (i.e., IT= 1) for% > 1. Eq. 1 has been proposed for determining the
blocking probability of debris rootstock conditions.

P =3.396(2) — 0.474; R? =0.904 for 0.16 < < 0.44 )

In equation (1) for less and more values, the blocking probability is 1 and 0, respectively.

Figure 5- A view of blockage the rootstock in PKW

Conclusions
Based on the experimental measurement, the following conclusions are drawn:

1- The blocking probability in addition to the debris type (trunk and rootstock) has a direct relationship
with the debris diameter and length. Also, the results of this study showed that the debris diameter
ratio to its length is an effective parameter on the obstruction.

2- PKWPN has the least sensitivity to the likelihood of collection.

3- The blockage location is different and depends on water depth on the weir, and the debris diameter
and type, but the exit key entrance section is the most critical point in terms of obstruction and most
of the debris were blocked in this section.
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