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Abstract

The piers can be placed on the spillway crest to hold the sluice gate for controlling
the flow or support a service bridge. In addition, these piers to be placed on spillway
body provide air entry to prevent negative pressure on the crest and eliminate the
risk of cavitation. However, piers and abutments reduce the flow section area and it
may cause increasing in reservoir water level. This contraction in the section varies
depending on the thickness of the piers besides shape of the cross section. There are
some theoretical methods in literature to calculate reduce in effective length of crest.
In this study, experimental studies have been done on circular and square section
bridge legs in laboratory environment. The results obtained from the studies showed
that there are serious differences between experimental and theoretical calculations.

Keywords: abutments, bridge Piers, net crest length, Ogee Spillway

Introduction

Bridges are one of the most important hydraulic structures of civil engineering. The
piers are not only used to support the bridges built on rivers, but are also used to
support the bridges to provide transportation on the dam bodies built in valley.
Services bridges are built top level of the spillways. The columns used for
supporting the sluice gate work as bridge piers when water pass between them, gates
are open. When planning the reservoir capacity in dams, the effect of piers on flow
should be considered.

The bridge piers built on river and the piers built on spillway work in different
manner for hydraulically. While water has a speed before and after the piers in river,
the velocity of water at the upstream side of pier on the spillway is generally
considered zero. Since the bridge and abutments are in the flow area during the
lifetime, they are exposed to the structure to ground effect. For this reason, there are
many parameters affecting the hydraulic design of the bridge piers. These
parameters are flow regime at upstream and downstream side, shape and size of the
piers. Therefore, there are several studies conducted for each parameter. In the case
of water level rise in reservoir after sudden rainfall, discharge between piers must be
calculated accurately in order to transfer excessive water to downstream effectively.
The most important study explaining the effect of the bridge piers on the cross
sectional area of flow was performed at by USBR Laboratories. USBR explained
reduction in effective crest length depending on the number of piers and piers shape
by formulas in report published as name of Design of Small Dams in 1987.

Today, researches are mostly focused on scour at the bottom of piers. Also, several
studies have been carried out to prevent or minimize the deterioration caused by
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flow or the different factors. The researcher (Yarnell, 1934) investigated the effect
of pier geometry and maximum scour depth. This study is among the first studies on
piers shape. Some researchers (Barbhuiya and Dey 2003), conducted studies on
different piers shape. In the study rectangular, half cylindrical and cylindrical pier
sections are used. They measured velocity components around piers, turbulence
magnitude and kinetic energy. The researchers (Khosnorejad and friends 2012) also
studied on local scour around bridge piers.

In this study, experimental studies carried out on an ogee spillway containing piers
at top level of crest. It is believed to that piers support a service bridges. The effect
of these piers on the flow area and effective crest length of flow was investigated.
The results obtained from experiments were compared with results calculated from
formulas in the literature.

Materials and Methods

In ogee type spillways, the optimum discharge is obtained when the shape of the
crest is close to the ideal form. The shape of the crest is determined by the total head
over ogee spillway (H), the slope of upstream face (0) and crest height (P) of the
spillway body (Figure 1). Discharge (Q) over the spillway is calculated by following
Formula-1;

Q=CsL+H: (1)

Where; Q is discharge (m®s), C is discharge Coefficient, L is effective Length of
Crest (m), H is total head over the spillway (m).

: H
Ogee Crest
Flow Direction P
Q:L*CO*HO3/2
/

Figure 1. General view of ogee spillway

The ogee spillway used in this study has 30 cm crest length (L=30 cm) and 28 cm
crest height (P=28 cm). (Figure 2.)
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Figure 2. Dimension of ogee spillway used in experiments and actual view of ogee
spillway

Piers and abutments placed on spillway cause contraction in flow section reduce the
effective crest length and caused reduction in discharge compared with the free flow
without piers. Net length of crest is calculated by Formula-2 given below (USBR
1987).

U'=L-2+(N=K,+Ky)=H, 2

Where L is effective crest length in free ogee spillway, L’ is net length of crest, N is
number of piers, Kp is pier contraction coefficient, Ka is abutment contraction
coefficient, He is total head over on ogee spillway.

Pier contraction coefficient (Kp) is affected by shape and thickness of the pier,
design head over on the ogee spillway (Hd) and approach velocity (Va). In the
situation where the water pass over the ogee with design head (Had), pier contraction
coefficients (Kp) can be taken as below:

For square-nosed piers with rounded corners, Kp=0.02

For round-nosed piers, Kp=0.01

For pointed-nose piers, Kp=0.00

Abutment contraction coefficient (Ka) is affected by shape of the abutment, the
angle between wall of abutment and axis of the flow, relation between radius of
abutment (r) and design head (Hq) and approach velocity (Va). In the situation where
the water pass over the ogee with design head (Hd), abutment contraction
coefficients (Ka) can be taken as below:

For square abutments with headwall at 90° to direction of flow, Ka=0.20

For rounded abutments with head wall at 90° to direction of flow when 0.15* Hg<r
<0.5* Hy, Ka=0.10

For rounded abutments where r > 0.5* Hq and head wall is placed to direction of
flow not more than angle of 45°, Ka=0.00

Experimental Setup

Ogee spillway has P=28 height is placed on an open channel which is 650 cm long,
30 cm wide and 50 cm high. The flow on the channel is provided by two pumps
with 7.5 kW connected parallel to the system. Two pumps provide discharge in a
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range from 0 It/s to 40 It/sn. Discharge is adapted by a frequency convector which
connected to pumps. Discharge is measured by an electromagnetic flow meter which
placed on the main pipe. The pumps take water from Reservoir-1 send to Reservoir-
2. After reaching a certain level in Reservoir-2, water pass to channel and reach
Reservoir-1 again. In this way, the system operates in recirculation (Figure 3.).

Reservoir-2

Reservoir-1

Figure 3. Open channel system used in experiments

Results and Discussion

In the experimental study, experiments were carried out on the ogee spillway for
free flow without piers firstly. The effect of the piers on the net crest length (L") was
investigated by comparing data obtained from the free flow and flow with piers. 3
piers were used in each of the experiment sets. Total head (He) and corresponding
discharge (Q) values were measured. Total head was measured by limnimetre.
Approach velocity of water to upstream side of piers was accepted Va=0 m/s.
Therefore, the energy height of approach velocity Ha=0 m. The set of experiments
are listed and shown below with Figure 4.

| ATWT

a) 3 Circular Piers with D=1 cm b) 3 Square Piers with B=1 cm
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¢) 3 Circular Piers with D=1 cm d) 3 Square Piers with B=1 cm
Figure 4. Experimental setups

All data obtained from 5 experimental setups are shown in Figure 5. When circular
and square cross sectional piers with a width of 1 cm and 2 cm are compared, the
piers have circular cross section have more efficient discharge (Q) release at same
total head (He) more than square cross section piers. This is an expected result.

Free Flow
3 Circular pier D=1 cm

3 Square Pier B=1 cm

Disch 'a_[ge-Q[Ih‘ﬂ
=

3 Cicular Pier D=2 cm

w
|

3 Square Pier B=2 cm

] i T T T T T 1
] 2 4 6 8 10 12
Total Head-H, (m)

Figure 5. Data obtained from piers have different sizes and cross-sections

However, the discharges (Q) values are calculated by Formula-2 (USBR 1987) with
same total heads in the experimental setup for each sets (Figure 7 + Figure 10), there
is 10%-15% percent of difference occurs between theoretical and experimental
discharges.

The percent of discharge difference between theoretical and experimental studies is
around 11% in the square cross sectional piers. This differences increased percent of
15% in the circular cross sections. This is due to the fact that the piers with circular
cross section are efficient in discharge, but the theoretical calculation cannot
calculate this efficiency well enough.
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3 Circular Piers D=1 cm
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Figure 7. Comparison of experimental and theoretical calculation of discharges for
3 circular piers having D=1 cm diameter

3 Square Piers B=1 cm
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Figure 8. Comparison of experimental and theoretical calculation of discharges for
3 square piers having B= 1 cm size of edge
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Figure 9. Comparison of experimental and theoretical calculation of discharges for
3 circular piers having D=2 cm diameter
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Figure 10. Comparison of experimental and theoretical calculation of discharges for
3 square piers having B= 2 cm size of edge

Conclusions

In this study, an ogee crested spillway was used in the laboratory and bridge piers
were placed on it and experimental studies were done for 5 different conditions. The
results obtained from experimental studies were compared with the theoretical

calculations. This comparison shows that the theoretical calculations give discharge
values under estimated than in real life.
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Appendix-Data obtained from experimental setups
FREE FLOW 3 CIRCULAR 3 SOQUARE 3 CICULAR 3 SQUARE
H. O He 0 He O H. 0O H. O
1 152 110 |1 220 176 |1 129 072|1 163 075|1 096 041
2 228 198 |2 295 276 | 2 230 179| 2 227 16 |2 246 170
3 276 268 |3 321 311 |3 236 188| 3 287 229 |3 257 179
4 337 357 |4 420 481 | 4 300 273| 4 351 315|4 325 264
5 384 448 |5 503 650 |5 361 368|5 422 427 |5 405 377
6 423 520 |6 552 754 |6 410 4516 47 515|6 456 457
7 470 611 |7 612 886 | 7 454 529| 7 513 594 |7 505 540
8 503 679 |8 636 939 |8 495 606| 8 522 6.06 |8 545 6.13
9 541 767 |9 664 1008 9 532 688| 9 556 6759 590 6.97
10 584 864 |1 683 1059|10 564 755|10 588 745 |1 6.24 7.70
11 6.09 927 |1 710 112811 598 829|11 622 82 |1 6.59 842
12 623 966 | 1 752 1238|12 6.17 873|12 654 886 |1 6.78 8.83
13 638 1002 |1 790 1345|13 6.34 911|13 668 92 |1 7.00 9.30
14 650 1034 |1 824 1442|14 646 942 |14 684 955|1 731 10.0
15 6.63 1069 | 1 858 1539|115 6.61 978 |15 715 103 |1 748 104
16 6.75 1100 1 8.90 16.40|16 6.71 100|116 7.34 107 |1 7.70 10.9
17 690 1140(1 930 1775|117 686 103|17 75 111|1 790 114
18 735 1253 |1 9.68 1885|118 6.96 106|18 766 115|1 8.04 117
19 745 12901 982 1935|19 711 110|19 787 121 |1 835 127
20 758 1329 |2 998 1985|20 732 115|20 816 128 |2 859 131
21 7.70 1367 |2 103 2092|21 752 120|21 832 133 |2 893 141
22 7.80 1392 22 773 126|22 883 147 |2 915 146
23 7.90 14.23 23 795 131|23 904 153 |2 936 152
24 8.00 14.53 24 814 13624 925 158 |2 955 158
25 8.10 14.83 25 849 14625 944 164 |2 976 16.3
26 8.20 15.11 26 883 155|26 964 17 |2 995 169
27 8.28 15.39 27 905 16.2|27 982 175|2 101 175
28 8.37 15.68 28 925 16.8|28 100 181 |2 103 181
29 8.46 1596 29 961 17929 101 186 |2 105 186
30 856 16.27 30 9.80 184 |30 105 19.7|3 108 19.1
31 8.64 16.56 31 100 189|31 108 20.7 |3 11.0 196
32 872 1681 32 101 195 3 111 202
33 8.81 17.09 33 103 200
34 889 17.39
35 9.00 17.64
36 9.15 18.19
37 931 18.72
38 9.47 19.25
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