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Fig. 1- Defination of geometic parameters ofinclined piers and pilecape in presence of upstream sill
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Fig. 3- Approaching flow visualization to inclined piers for different geometries of pile group and top installation
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Fig. 4- Temporal variation of maximum scour depth for different geometries of pile group and top installation level of
pile cap Z/D=0
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Fig. 5- Temporal variation of maximum scour depth for different geometries of pile group and top installation level of
pile cap Z/D=1

¥5



e Wl dlayl Gl CawdUl Slkwl b AR kT dxlllae

Ot 555500 pand glaslad (gl VIFY 4 s s
Gos slabaxd (g, Soslail polie lawsie XY (glameds
Slwl Gl saiol an o slank) ;o Swio]
Ao, YA LYS o ¥ b YY sogamme 0 cud i 4 Cawalll
Lo oo gralS bl o el ay cos
polie bugio 55 VXY a0 YV 5l lageds il il
205859 a2 slagle; yo (Swso] Gee (gladax
B Y. sogamme 50 cud b dr Cawoll Slw] |l el
o= alwl faon Cdl 4 Cans 0o > YO B YA 4 YY

D9 0

S e (Swsol ladasd Gas polie dulhs

o s gl ZID=Y pads yus (6,105 o
sle,bd g VXY slageds Siolyl e /AD (Tpe/D) geois pon
Lwgie ol lois < /AQ 5 +/QY (/D) pa—is (o
sl o (SKiwso] Ges labasd 5,505l polie
Sl (ABBs YV« 5 84) Vx5 ¥x\ T (UUD) s o
LY o8 L FY sogoome 10 el p 4 Cewoll &bl
P e A VY glagad il jo g aoje YA
cdl 4 Cand a0 T YA S FY LB FY sogue

e Sl Gl 8 Ly sl e el il (g,

. Tp/D=0 85,

dp/D=0.57 2x2, TpoD=0 85, dp/D=0.57

- NS 2x3, TpcD=085, dp/D=057 US 2x3. Tpo/D=0.85, dp/D=0.57

p, e NS 2x2, TpoD=142, dp/D=0.57 ——US 2x2. TpcD=142, dp/D=0.57

04 ¥~ NS 2x3, TpcD=142, dp/D=0.57 ——US 2x3. TpoD=142, dpD=0.57

- / —+—N§ 2x2, TpcD=085, dp/D=0.85 US 2x2, TpoD=085, dp/D=0.85

—— NS 2x3, Tpo/D=0.85, dpD=085 ——US 2x3. TpcD=085, dp/D=0.85

—=—N§ 2x2, TpcD=142, dp/D=0.85 US 2x2, TpoD=142, dp/D=0.85

0.0 NS 23, TpoD=142, gpD=085 | —US 2x3, TpoD=142, dpD=0.85
0.0E+00 4.0E+04 8.0E+04 1.2E+05 1.6E+05 2.0E+05

Lyl pid 33 gowing ) aliSes dwsid gl p Mgi slabod 2Slus Gos Gl drwsi —F S
(CowdVl BLwll g diliw] oy Sl iy a3 US g NS).Z/ID=Y g pawr (515,15 omanss 3155

Fig. 6- Temporal variation of maximum scour depth for different geometries of pile group and top installation level of
pile cap Z/D=2
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Fig. 7- Temporal variation of maximum scour depth for different geometries of pile group and top installation level of
pile cap Z/D=3
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Fig. 8- Temporal variation of maximum scour depth for different geometries of pile group and top installation level of
pile cap Z/D=4
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Fig. 10- Comparison of maximum scour depth for non-sill and upstream sill condition at relative pile diameter of
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Fig. 12- Topography of final scour depth at top installation of pile cap Z/D=1 for relative pile cap thickness of 1.42,
relative pile diameter of 0.85 and piles arrangement of 2*3: a) None sill condition and b) upstream sill
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Fig. 13- Topography of final scour depth at top installation of pile cap Z/D=2 for relative pile cap thickness of 1.42,
relative pile diameter of 0.85 and piles arrangement of 2*3: a) None sill condition and b) upstream sill
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Extended Abstract

Intorduction

Bridges are one of the main components of the transportation. One of the main causes of bridges failure,
especially during flood times, is the development of scour depth near and below the pier and its
foundation. Therefore, protecting the pier from scouring is an important issue in the safety of bridges at
design stage (Richardson & Davis, 2001). Regarding to the importance of scour around the bridge piers,
many studies have been conducted on understanding of governing process and estimation of the scour
depth around bridge pier. Although many literatures have been documented for single pier but due to
geotechnical and economical reasons, multiple-pile bridge piers and complex piers have become popular in
bridge design and have attracted interest of researchers (Ataie-Ashtiani and Beheshti 2010).

Due to the importance of reduction of scour around the bridges, different countermeasures have been
introduced and evaluated in the literature. In general, the countermeasures against pier scour are broadly
classified into two categories: (1) flow-altering countermeasures, and (2) bed-armoring countermeasures
(Tafarojnoruz et al., 2012). The scour process is expected to become particularly complicated around
inclined bridge piers that based on a pile cap supported by array of piles, due to the interaction of the flow
hydrodynamic with all the geometric elements. Therefore, more research is needed on scour morphology
and countermeasures. the aim of this study is to investigate the effect of upstream sill location on local
scour dimension around inclined bridge pier in case of buried and exposed pile cap with different
thickness, pile diameters and arrangements.

Experimental Setup and procedure

The scour experiments for the present study were carried out at the hydraulic and physical hydraulic
modeling lab of the University of Guilan, Rasht, Iran, using a rectangular recirculation flume that was 8.4
m long, 0.89 m wide and 1 m deep. The walls and bed of the flume were made of glass and iron panels,
respectively. In order to supply the flow rate, a centrifuge pump, which can provide a flow rate of up to 70
I/s was used. The bridge pier consists of two rectangular piers with 2.5 and 3.5 cm dimensions which
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mounted at an angle of 28 degrees on a pile cap with 10 cm width, 16 cm length, 3 and 5cm thickness
which placed on an array of 2x2 and 2x3 piles with different diameters. The experiments were performed
for relative flow depth (y/D) 6.42, relative pile cap levels (Z/D) 0, 1, 2, 3, 4, relative pile diameter levels
(do/D) 0.57 and 0.85 in clear water conditions. The bed sill consists of a Plexiglas with thickness of 0.06
m, width of 0.89 m and height of 0.3 m which was mounted vertically at the upstream of pile cap.

The sediments used in this study had a uniform diameter of 0.7 mm made to avoided effects of sediment
coarseness as. A recess section, 1.5 m long and 0.3 m deep, was filled with uniform sand. To ensure that
the flow developed before reaching the bridge pier, its location was chosen 5 meters from the entrance.
The experimental campaign of the present study was run in clear-water, near-threshold conditions. Based
on the estimation of U, the U/U. ratio was kept at a value of 0.95 in all experiments. An experiment was
first performed for 72 hours with relative velocity (U/U¢) of 0.95 and temporal evolution of the maximum
scour depth at front of pier was measured using a point gauge with an accuracy of + 0.1 mm to estimate
equilibrium time scour depth. Comparison of the results showed that after 24 hours from the beginning of
the experiment, the scour depth variations became less than 5% of the pier diameter. Therefore, the
equilibrium time for all experiments was considered 24 hours in each experiment, scour depth values were
frequently collected for 7 hours. A further point was taken on the next day (, corresponding to a duration of
25 hours. At this duration, the topography of the scour hole was surveyed using a laser distance sensor
with an accuracy of £1 mm. A total of 72 runs was performed under different geometric values of the pile
cap Tpe, the pile diameter d,, the number of piles in a row N, the elevation of the pile cap Z for none sill and
upstream sill conditions.

Results and Discussion

Comparison of results showed that for Z/D=0, the value of average scour depth in non-dimensional times
(Ut/D) 3x10* and 105(60 and 220 minutes) for dp/D=0.57 and d,/D=0.85, installation of upstream sill
reduced scour depth in range of 27.5 to 38 and 34.5 to 32 percent, respectively. Comparisons showed that
by increasing top level installation of pile cap from Z/D=0 to Z/D =1, the mean reduction of scour depth by
upstream sill at references times was in range of 29 to 47 percent in comparison with no sill condition.
Comparison of results for Z/D=2 showed that by installation of upstream sill the temporal scour depth
decreased in range of 28 to 47 percent. Experimental observation showed that as approaching flow could
pass through pile array, increase of pile cap thickness and pile diameter, reduced performance of upstream
sill on reduction of scour depth due to contracting down flow, which pass over beneath of the pile cap.

By increasing top level installation of the pile cap to Z/D=3, installation of the sills reduced the temporal
sour depth at reference time in range of 29 to 46 percent. Comparison of results indicated that at the
relative pile cap thickness of 0.85, increase the diameter and number of the piles did not noticeable effect
on performance of upstream sill but by increase the relative pile cap thickness to 1.42, any change of pile
arrangement and increase of pile diameter led to change performance of upstream sill. Trend of curves of
temporal variation of scour depth for Z/D=4 are similar to for Z/D=3. At that top-level installation of the
pile cap, performance of upstream sill on reduction of scour depth was in range of 36-45 percent.
Comparison of the results for pile cap installation level of Z/D=0 showed that the installation of upstream
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sill reduced the mean value of the maximum scour depth at different thickness of pile cap and pile
geometries in range of 23- 25 percent approximately. For Z/D=1, the upstream sill leads to decrease the
maximum scour depth on average 27-33 percent, approximately. For Z/D=2, the upstream sill leads to
decrease the maximum scour depth on average 28-36 percent, approximately. By increase the top
installation of pile cape to Z/D=3 and 4, the upstream sill leads to decrease the maximum scour depth on
average 33-37 and 36-38 percent, approximately.

Conclusion

By construction of bridges in rivers, the pattern of approaching flow changes in the vicinity of structures
and local scour occurs. In case of insufficient level of pile caps during the design and construction period,
the bridge will be failed especially during the flood event. In this research, the effect of the upstream sill on
time development and maximum scour depth around inclined bridge pier group was investigated for
different pile cap thicknesses, top level installation of pile caps, array and diameter of piles.

Comparison of the results indicated that at the level of Z/D =0, by installation of sill at upstream of pile
cap, the maximum scour depth decreases 24.5 percent. At the top installation of pile cap of Z/D =1, the
maximum scour depth decreases 29 percent of sill installation location at upstream of pile cap. At the level
of Z/D =2, by installation of sill at upstream of pile cap, the maximum scour depth decreases 32.5 percent.
At the top installation of pile cap of Z/D =3, the maximum scour depth decreases 35 percent of sill
installation location at upstream of pile cap. At the level of Z/D=4, by installation of sill at upstream of pile
cap, the maximum scour depth decreases 36.8 percent. Comparison of results indicated that installation of
upstream sill length of scour hole decreased 26 percent approximately. However, width of scour hole
increased 2-3 times of corresponding scour width of non-sill conditions.

Keyword: Complex Piers, Pile Array, Scour, Sill, Top-level Installation of Pile Cap.
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