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Vibration of Tayan Bridge’s Hanger in West
Kalimantan, Indonesia

Made Suangga, Prasetyo Eko Junianto

Abstract: In November 2015, vibration has been detected at
hangers of Tayan steel arch bridge just before its opening for
public. The vibrations occurred at certain wind speed in the first
asymmetric torsional mode. Vibration on the hanger is a
phenomenon that often occurs especially if the hanger is
I-shaped. There are 3 possible reason of the vibration including
Vortex Induced Vibration (VIV), Galloping and Flutter.

To investigate the phenomena, a finite element analysis of the
hanger was conducted by considering the effect of the axial force
to the natural frequency of the hanger. The results of the
analysis obtained in the form of the natural frequency of the
structure in the first asymmetric torsional mode then compared
with the frequency of vortex vibrations. It was found that the
natural frequency of the structure corresponds to the vortex
vibration frequency, and therefore, the hanger vibrated because
of Vortex Induced Vibration (VIV).

Several alternative solutions to increase Vortex Induced
Vibration (VIV) wind speed were considered including
improving the shape of the hanger and increasing the hanger’s
stiffness by using cable struts.

Index Terms: steel arch bridge, hanger, aerodynamic, vortex
induced vibration, natural frequency.

I. INTRODUCTION

The Tayan Bridge is located 112 km from the city of
Pontianak, on the South Link of Kalimantan, which connects
West Kalimantan and Central Kalimantan Provinces. The
total length of the bridge is 1,420 m with 11 m width. The
approach bridge consists of a simple composite steel girder
bridges with a span of 40 m. The main bridge is steel arch
bridge with the main span of 200 m and vertical clearance of
13 m. The full shoring method was adopted for construction
of the main bridge.

The Tayan Steel Arch Bridge has 35 hangers at one side with
the length varies from 0.90 m to 26.80 m as shown in figure
2. The shape of the hanger is Web Flange (WF) with size of
450x150x12x15.
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Figure 1 Tayan Steel Arch Bridge
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Figure 2. Hanger of Tayan Steel Arch Bridge

When the shoring removed, during final preparation for
opening, an excessive vibration at hangers has been sought
several times especially when the wind blew at certain speed
level. To investigate the vibration, an anemometer was
installed at the bridge to record both wind speed and wind
direction from November 28, 2015 to December 8, 2015.
On December 1, 2015, a significant wind speed was recorded
from 14:54 PM to 14:57 PM with wind speed ranging from
7.2 m/s to 7.6 m/s and the wind direction was between
W-NW. No vibration on hangers has been found.

On December 2, 2015, two significant wind speeds were
recorded from 17:13 PM to 18:28 PM, which were 6.3 m/s
and 11.2 m/s and the wind direction was between W-SW.
Visually, no vibration on Hanger H-1 to H-5 and hanger
H-31 to H-35 has been found. Small vibration has been
detected at hanger H-6 to H-10 and hanger H-26 to H-30, and
excessive vibration was found at hanger H-11 to H-25 in first
asymmetric torsional mode.

On December 6, 2015, other significant wind speeds were
recorded from 14:15 PM to 15:11 PM with the magnitude of
6.3 m/s and 12.1 m/s and the wind direction was between
W-SW. Another significant wind speeds were recorded from
17:24 PM to 17:35 PM with wind speed of 6.7 m/s and 7.2
m/s and the wind direction was between W-SW. Visually,
there were no vibration on Hanger H-1 to H-5 and hanger
H-31 to H-35 that can be observed. Small vibration was
detected at hanger H-6 to H-10 and hanger H-26 to H-30, and
excessive vibration was found at hanger H-11 to H-25 in first
asymmetric torsional mode.

Based on the filed observations and wind speed recording, it
can be concluded that the excessive vibration mode was the
first asymmetric torsional, at wind speed between 8.9 m/s to
11.2 m/s with wind direction between W and SW (a.= 15°) as
shown in figure 3.
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Figure 3. Direction of wind to the hanger

There are 3 possible reason of the hanger vibration,
including Vortex Induced Vibration (VIV), Galloping and
Flutter [2].

II. THEORY

A. Vortex Induced Vibrations (VIV)

When a field of fluid flow both water and air moves
through an object, then the flow pattern will be disrupted
from its original condition and adjusted to its new
equilibrium condition. Separation of vortex flow through an
object is called vortex shedding. The separation of flow
highly depends on the speed of flow through the object At low
flow velocities, flow separation occurs smoothly without
local vortices (vortex), while at high flow speeds, the flow
field that occurs causes the formation of vortex formation to
form a mess with certain patterns [1] [3].

N, =S8, Lg (1)
b

The frequency of vortex shedding, symbolized as N, is
proportional to the speed of the wind (U) that occurs and is
inversely proportional to the dimensions of the structure
perpendicular to the wind flow (L,). The constant S; is called
the Strouhal Number. This value obtained is based on the
cross-sectional shape of the structure or by the wind tunnel
test.

As the wind speed increase, the value of vortex shedding
frequency will continue to increase up to certain conditions,
the N; frequency of vortex shedding will approach the natural
frequency of the structure so that resonance vibrations occur.
After vibrations due to vortex, the structure tends to continue
to vibrate due to the frequency of the N; vortex shedding will
be locked following the frequency of vibration rather than the
structure. This causes the structure to continue to vibrate
although the wind speed changes from the wind speed that
causes resonance. This condition is called a lock-in
phenomena.

B. Galloping

Dynamic instability due to galloping generally occurs in
structures with long and slender elements. The term
galloping is used to explain the large amplitude of vibrations
that occur in the normal direction from the direction of the
average wind velocity at lower frequencies than vibrations
due to vortex shedding [1] [3].

Galloping instability will occur if the following equation is
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fulfilled:

dc
L+C, =0 (2)
da
The above equation is used to check the occurrence of
galloping instability in a flexible structure. The equation is
called Glauert-Hartog Criterion [1].

C. Flutter
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Figure 4. Vortex Induced Vibration and Flutter
Instability

Flutter is a vibration condition that is self-feeding (enlarged
by itself) and when this aerodynamic vibration works
together with the movement of the structure itself, they could
have the potential to damage the structure. If the energy
received by the structure due to gusts of wind is greater than
the damping capacity of the structure, the amplitude of the
vibration of the structure will continue to increase. The
vibrations will further enlarge the aerodynamic force which
will cause self-exciting forces and self-exciting oscillation [1]
[3].

Vortex Induced Vibrations (VIV) only occurs at a certain
wind speed and as the wind speed increase, the vibrations
that occur will disappear, while the phenomenon of flutter
occurs at high speeds speed, the greater the wind speed, the
occurring vibration will also increase.

II1. RESULT

A. The frequency of Vortex Shedding

The frequency of vortex shedding (Ny), is calculated using
equation 1 where the vortex induced vibration wind speed (u)
is 8.2 m/s, the dimensions of the hanger in the direction of
perpendicular to the air flow (L) = 0.15 m and the Strouhal
number (S;) of H shaped hanger’s cross section is 0.12.

N 01232 712 H
0.15

The excessive vibration of hangers can be concluded to be
Vortex induced vibration if the natural frequency of the
hanger for first asymmetric torsion mode similar to the
frequency of vortex shedding
(Ny).
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B. Natural Frequency of Bridge’s Hanger

The natural frequency of the hanger is calculated for hanger
no 18 as shown in figure 4. The length of the hanger is 26.8
m with tension force of 470 kN.

Several formulas have been introduced to calculate the
natural frequency of the hanger. However, one of the
limitations of the formulas that calculates the torsional
frequency is that the formulas do not take the effect of the
tension load into account. The effect of tension load is
significant for Tayan Bridge’s hanger vibration since the
hangers in front of the parked truck did not vibrate, while the
other hangers vibrated.
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Figure 5. Parameter of Hanger no 18.

By using ANSYS software, the natural frequency of the
hanger can be calculated by taking into account the axial load
on the hanger. The finite element model of the hanger is
presented in figure 6. The result of natural frequency analysis
is presented in table 1.

Figure 6. Hanger Modelling

Table 1. Natural frequency of hanger no 18

Mode Mode Shape Natural(ll;lz’;quency
1 I°' Bending (x-dir) 1,5657
2 I°' Bending (y-dir) 3,2237
3 I* Torsion 3,2361
4 2" Bending (x-dir) 3,3887
5 3 Bending (x-dir) 5,5142
6 2" Torsion 7,2631

From table 1, it is found that the natural frequency of the
hanger for the second torsional mode is 7.2631 Hz. This
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natural frequency value is similar with the frequency of
vortex shedding calculated using equation 1, where N, is
7.12 Hz.

Therefore, it can be concluded that the vibration of Tayan
Bridge’s hanger is due to Vortex Induced Vibration.

C. The Effect of Tension Load to the Natural Frequency
of Hanger

To investigate the effect of tension load to the natural
frequency of the hanger, hanger no 18 was analyzed and
various tension loads were applied to the hanger. The result
of analysis conducted by using ANSY'S software is presented
in table 2 and figure 7.

From the results, it can be concluded that, the natural
frequency of the hanger will increase as the tension load
increases, except for the 1% torsional mode. The natural
frequency value for 1% torsional mode was relatively
constant.

This could explain why the hangers in front of the parked
truck did not vibrate, while the other hangers did.

Table 2. Effect of tension load to natural frequency of

hanger
Made Shape 1 1 . J\“ll_ll.l"ﬂ”"fﬂjflmg'.l’?ll:l. o XY -f
P=OKN | P=100 KN | P=200KN P=300kN | P=400 kN @ P=500 kKN | P=600 KN

1% Beudmg {x-dirh | 0.5057 [ 0.66704 | L1047 | 1.2964 | 14613 | 1.6082 17418 i
];' B:I]d‘.l;l_ﬂ {y=dir} | 30862 i 29288 | 3.0117 | 301l j 31703 | 3.2464 il 3.3205 i
T“Tomion | 2651 | 2957 | 3031 | 3 | 382 | 32 | adne
2% Bendmg (x-cr) | L6387 . L1377 | 23406 | 28855 | 51917 | 34696 3.7236 .
-3:" Bending \'l—\la‘.l_- S,IIE.T-_ .'«.93'_ 4. E'.'D 1 48577 j ;1515___ 56216 il .?.%JS i
3"-" Tomsion | -5. 1‘965 [ - | - | '-..0166 | -'.1-62'- . 'EEﬁ' '.1-#.‘.6 |

Matral Frequency (Hz}
T VR TR T I
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Tension Load (kM)
—o— 15t Bending (x-dir}

—b—= 15t Torsion
—&—3rd Bending (x-dir}

—@— 1st Bending {y-dir)
== 2t Bending (x-dir)
—t— Znd Torsion

Figure 7. Effect of tension load to natural frequency of
hanger

D. The Effect of Hanger’s Length to the Natural
Frequency of Hanger

To investigate the effect of hanger’s length to the natural
frequency of the hanger, the cross section of Tayan brideg’s
hanger, Web Flange (WF) with size of 450x150x12x15, was
analyzed with various hanger’s length. The result of analysis
using ANSY'S software is presented in table 3 and figure 7.
From the results, it can be concluded that, for the hanger that
has a length of 19.8 m or more, the natural frequency of the
hanger did not varies much.

This could explain why the vibration occur only at several
hangers.
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Table 3. The Effect of Hanger’s Length to the Natural
Frequency of Hanger

Mode Shaps Natural Frequency (Hz)
L=7.07T m L=1433m | L=1980m | L=2370m | L=26Md m | L=2680 m
1* Bending (x-dir) 10,706 26119 1. 3664 0.9551 079117 074694
1" Bending (y-dir) 88,242 14.924 7882 55168 45746 4320
1 Torsion 17.08 615947 1.14597 33601 30163 29193
2 Bending (x-din 29.264 71934 3,706 16302 L1808 20586
3 Bending (x-dir) 56,132 14,076 73869 51581 42734 4.0346
24 Tarston 41.829 13.633 R.7931 J.0108 62521 60401

Matural Frequency {Hz|

Hanger's Length (m)

—@— 15t Bending (x-dir)
—— 15t Torsion
—@— 3rd Bending {x-dir)

—#— 1st Bending {y-dir}
== 1nid Bending (x-dir)
—— Ind Tarsion

Figure 7. The Effect of Hanger’s Length to the Natural
Frequency of Hanger

E. The Effect of Hanger’s Stiffness to the Natural
Frequency of Hanger

To investigate the effect of hanger’s stiffness to the natural
frequency of the hanger, hanger no 18 was analyzed and
various EI values were applied to the hanger. The result of
analysis using ANSYS software is presented in table 4 and
figure 8.

From the results, it can be concluded that, the natural
frequency of the hanger will increase as the hanger’s stiffness
increases by an almost similar increment.

Table 4 The Effect of Hanger’s Stiffness to the Natural
Frequency of Hanger

Hanger's Stiffness (EI)
Made Shape b
Tt 50% 1% 1% 110% 120% 130%
1* Bending (x-dur} 06249 | 066808 | 0.70851 0.74654 078339 | 0.81823 | 0.851s84
1* Bending (y-dir) 36045 3884 40584 4.3201 4531 4754 49257
1" Tarston 14425 26111 27695 19193 3.0618 3.198 33286
2 Bending (x-dir) 1724 L8413 1953 2.0585 21591 22551 23472
3 Bending (x-din) 313756 16087 18276 10348 4231% 44197 46002
2™ Taorsion 5.0536 54025 5.7302 60401 6335 66167 G.BE6S
£
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Figure 8. The Effect of Hanger’s Stiffness to the
Natural Frequency of Hanger
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IV. SOLUTIONS

To overcome the excessive vibration of the hangers,
several alternative to increase Vortex Induced Vibration
(VIV) wind speed were considered and the alternatives can
be categorized into two groups. The first group is by
modifying the shape of existing WF and the second group is
by increasing the stiffness of the hanger by using cable struts
that connect the hangers.

A. Modification of hanger’s shape

Modification of hanger’s shape can be done by adding a
non- structural material to transform the hanger’s shape
from I-shape into rectangular, circle and hexagonal shapes,
as seen in figure 9.

P, .1 | 450 | | 450 |
| — /—

ra N0 7 -\ |

( | \

C YO
\ | J \\__ |7

.

Figure 9. Modification of hanger’s shape

The vortex induced vibration wind speed (U) can be
calculated by using equation 1 and by applying the Strouhal
Number for each shape. The result of analysis is presented in
table 5

Table 5. Vortex shedding wind speed for various shape

Hanger™s Strouhal | Hanger dimension Fortex shedding
Neo Skipe Number | perpendicular to wind wind speed
sy Jlow (Ly) m (m/s)
1 Rectangular 0.16 0.15 6.675
2 | Circle 0.2 0.45 16.02
3 | Hexagonal 0.16 Q.45 20.025

It can be concluded that changing the hanger’s shape from
I-shape to rectangular shape does not improve the
performance of the hanger to the vortex induced vibration,
while changing the hanger’s shape to circle and hexagonal
shapes could significantly improve to the vortex induced
vibration wind speed.

B. Modification of hanger’s stiffness using cable struts.

Hanger stiffness was increased by installing cable struts
connecting hangers so that the hanger’s stiffness can
increase. Two struts arrangements were considered, single
struts at the middle of hanger’s length and double struts at
0.25L and 0.75 L of hanger’s length as shown in figure 10.
The cable strut was modelled as a spring. By using ANSYS
software, the natural frequency of the hanger can be
calculated by taking into account the axial load on the
hanger. The finite element model of the hanger is presented
in figure 11 and figure 12. The result of natural frequency
analysis is presented in table 6.
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Figure 10. Modification of hanger’s stiffness using cable
struts

The stiffness of the cable struts was calculated using the
following equation:

E, A

_ Strut * “strut (3 )

strut
L

strut
Where the Modulus of Elasticity of cable strut, Eguy
=199.950 MPa; The length of cable strut is equal to the
distance between hangers Ly, =5 m, the diameter of the
cable strut, @, =0,6 in and the section area of the cable
struts, Ay = 0,0001387 m>.

_ BaaAra _ 5546613 kN.m

strut
From the calculation, it can be concluded that, the natural
frequency of the hanger will significantly increase as the
number of struts installed increases.

strut

Figure 11. Modelling of Hanger with single strut

TR ¥

20560 e

Figure 12. Modelling of Hanger with two struts

Table 6. The Effect of Cable struts to the Natural
Frequency of Hanger

Naiural Frequen 4]
Mode Shape i i
No cable strut 1 cable strut 2 cable struts
1** Bending (x-dir) 1.565 3.013 16.258
1t Bending (y-dir) 3223 3238 20218
1# Torsion 3.236 6.931 38.228
241 Bending (x-dir) 3.388 4.647 28.278
3 Bending (x-dir) 5514 7.267 42.618
26d Torsion 7.263 8.380 142.600
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The vortex induced vibration wind speed (U) can be
calculated using the new natural frequency for first
asymmetric torsional mode. The result of analysis is
presented in table 7.

Table 7. Vortex induced vibration wind speed according
to shape and number of struts

Hanger
Jat : Natural Fortex
Number of Sl dimension Fi of 1% | shedding wind
Shape of Hanger Number | perpendicular B A
cable strut (s 16 veind Fiose asypmmetric speed
Y f-LJ torsional (Hg) s}
WE - ariginal - 0.12 0.15 7.263 9,08
Rectangular - 0.16 0.13 7.263 6,68
Circle - 0.z 045 7263 16,02
Hexagonal & 0.16 045 7.263 20.03
W - original 1 strut 012 015 580 10,73
WT - original 2 strufs 012 015 142,600 178,25

C. The best alternative to improve Comparison of the
vortex induced vibration wind speed Vortex

By comparing the improvement of vortex induced
vibration wind speed by modifying the shape of existing WF
and by increasing the stiffness the hanger by cable struts, it
can be concluded that installing 2 struts to the hanger gives
the highest vortex induced vibration wind speed

V. CONCLUSIONS AND FUTURE SCOPE

D. Conclusions

Based on this study on Vibration of the Tayan Bridge’s
hanger, it can be concluded that:

a. The phenomenon that causes vibrations in the hanger of
the WF profile of the Tayan bridge is the result of Vortex
Induced Vibration (VIV).

b. Tension force significantly affects the natural frequency
value of hanger, and therefore, should not be neglected.

c. Installing 2 struts to the hanger gives the highest
improvement on vortex induced vibration wind speed.

d. The recommended solution is to use struts-cable on the
hanger so that the vortex speed increases.

E. Future Scope

Based on conclusions drawn from the results of data
analysis it is recommended to avoid the use of WF shape for
hanger due to its performance to Vortex Induced Vibration
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