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Figure 1. Side view of the experimental flume used in the present study and its components.
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Table 1. Characteristic properties of the nanoclay material used in this research.
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Figure 3. Nanostructured materials used in this study.
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minutes and time interval of 7.5 minutes.

yeg



Oy 5od g cowld oyl

5 S35 08AY) s lee 51 AL
Gl s sk pl s S eslizal (Yo 8) ol an
wele A bl s alosT dales Oles s
Yoo OBLL O ll 2 s glal gl wb gl
545 el VIVE= AE i s e 5 36 5 2
33 Saiol Ges Sl i (Gialesl opl dsb s
Gloodls w axy L ad (g Seslul fal s
Gos 50 puni el A o3l ys Sepl odel Cowdas
ol 0les ey ol V5l 5S4 Saeii]
A Sdets b ilesl adr 5 s S s cele A
D3l Oloj o 4 bogise 13500 A3 plonil el

el ol 4;‘)‘ 0 Jb/\,i))

70
60

i

50
40
30 |

(e ko)

scour depth(mm)

20 |
10
0 Q 1 1

S5 08aY) st pabsl dsl 0be) s
i, Sl e 1y dalas Ol (Yred) O
Db S Sadol Ges 3 i &S LS
SHOA 50 il e b ) 51 530S el A S
wl hd o Jol 0l (0849) 5 5 Liske
o Sl s S1aS Lkizes WOT (Y0 5l S
PERIS I JEPIE F AN
SU 5 el odd Jool> Jale Olej b b
Jsb 3 oS wmadls el |y Jsles Oley (Yoo1)
EICRERNE R S S RIS
53 (1Y) ey o on 51 5S4 (Sas

S gde 50 ;;u J,”J.M;. OB 0.3\

0 500

1000

1500 2000 2500 3000

time(min) ol

Jolas 0l et gl Rl GIbl Kot Ol Gas Sl arw g -0 JSS
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Table 2. Maximum scour depth in base tests under steady and unsteady flow conditions.

MM) Ses ol Gos i

Maximum scour depth Bl 55 sde Ol r Ges s U‘w.? =2
Eile o o Cile - Froude number Flow depth Relative velocit Flow discharge
DBl Db Bl Ok (cm) y (I/s)
Unsteady flow Steady flow
- 37.60 0.27 45 0.93 4
325 44.03 0.28 8 0.92 8
374 49.50 0.29 10.3 0.92 12
43 58.03 0.31 121 0.93 16
47.4 64.50 0.33 13.2 0.94 20

(o s sl s LBl e 5 KL GOk o s Semd ol iy Ges Y s
Table 3. Maximum scour depth in main tests under steady and unsteady flow conditions.

Mm) Kol Gos iy

Maximum scour depth Sl 35 5k Ol Ges i ok (22
B ] _ Flow depth . : Flow discharge
SExb 2 oL - SELb ol - Froude number (cm) Relative velocity (Ifs)
Unsteady flow Steady flow
0 21.98 0.27 45 0.93 4
14 253 0.28 8 0.92 8
155 26.08 0.29 10.3 0.92 12
16.03 27.76 031 12.1 0.93 16
17.06 36.01 0.33 13.2 0.94 20

dals S 4 Sl oy 5 3o i s SOl it Ges RS Aoy —f g
Table 4. Percentage reduction of maximum scour depth in the presence of nanoclay materials compared to the

base results.

Stil Gas dndn EalS Ao

Percentage reduction of maximum scour depth Ol 35,5 305 Ok Ges e Ok 22
~ ~ Flow depth : . Flow discharge
SEwl e Ol SELb ol - Froude number (cm) Relative velocity (Ifs)
Unsteady flow Steady flow
- 4154 0.27 4.5 0.93 4
56.15 41.56 0.28 8 0.92 8
57.75 47.30 0.29 10.3 0.92 12
59.53 52.16 0.31 12.1 0.93 16
62.86 44.23 0.33 132 0.94 20
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Figure 6. Chart Time Chart The percentage of reduction in scour depth caused by the application of nanoclay

materials for unsteady flows.
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Figure 7. Time evolution of scour depth around the bridge pier for the base tests in unsteady flow condition.
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Figure 8. Time evolution of scour depth around the bridge pier for the main tests in unsteady flow conditions.
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Figure 10. A view of the scour hole protected by nano-clay.
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Abstract

Background and Objectives: One of the major topics in river engineering is design and
construction of the bridges. Beside their stability considerations, estimating the maximum depth of
scour in the vicinity of the pier is also very important. Scour is one of the most important reasons for
instability and ultimately the collapse of the bridges. While most of the previous researches on
bridge piers scour are mainly focused on steady flow conditions, in rivers and especially during
flood events, the flow is unsteady and the time variations of flow discharge could be rather fast and
rapid. The results of studies have shown that taking into account the unsteady flow would cause
more economic and realistic prediction for the maximum depth of scour around the bridge piers. So
far, many different methods have been used to protect piers of the bridges. In this research, a
non-structural and environmental friendly solution has been used to reduce the depth of the scour of
bridge piers in unsteady flow conditions.

Materials and Methods: So far, nanostructured materials have been used mainly for improving
concrete resistance behavior and earthen rural roads. In order to achieve the research objectives, the
combination of nanostructured materials, called Nano-clay was used in a flume bed around the
bridge piers. Several experiments for both steady and unsteady flow conditions were conducted on a
cylindrical pier with a diameter of 35 mm, in a channel with a 9.5 m length, height and width of
40 cm and a slope of 0.001. Experiments have been carried out in two different cases, with and
without the Nano clay materials on the channel bed. For simulating unsteady flow conditions, some
stepped triangular hydrographs with a time to peak of 7.5 minutes and peak flows of 8, 12, 16 and 20
liters per seconds were used in two different modes of with and without Nanostructure materials.

Results: The results of experiments in unsteady flow conditions indicated that with the presence of
nano-materials and with increasing the flow discharges, the maximum scouring depth around the bridge
piers reduces. It has been also shown that the maximum reduction of scour depth was nearly 62.86%
which was happened at maximum flow discharge of 20 lit/sec. In this particular flow discharge, the
maximum scour depth has been reduced from 47.4 mm to 18 mm. The minimum reduction of scour
depth was about 56.15% which was happened at the minimum flow discharge of 8 lit/sec.

Conclusion: The time evolution of scour around bridge pier has been studied and compared in both
cases, with and without presence of nano-materials. In the presence of nano-materials and for all
maximum discharges, it has been observed that the scouring process at initial time steps was similar
to the condition without nano-materials but with a sharper trend. The trend in later time steps has
experienced with the lower changes and finally has reached to a constant value.

Keywords: Bridge pier, Hydrograph, Nano-clay, Scour protection, Unsteady flow
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