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Experimental Investigation of Aeroelastic Behavior of a Shallow I1-Shaped Bridge

Deck during Construction Stage
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ABSTRACT: In this study, the aeroelastic behavior of a shallow II-shaped deck section of a long-  Review History:

span cable-supported bridge was experimentally investigated in both completed and construction-stage  Received: Jul. 31, 2025
configurations using an elastically mounted sectional model in a wind tunnel. During the construction  Revised: Apr. 11, 2026

stage, the deck functions as a cantilever system with reduced effective stiffness and modified boundary  Accepted: Jun. 21, 2026
conditions, which can significantly affect its aeroelastic stability. The scaled model was allowed to Available Online: Aug. 04, 2026
oscillate in two degrees of freedom, namely vertical translation and torsional rotation. Wind tunnel
tests were conducted within a wind velocity range of 3.27 to 7.72 m/s and under various initial angles
of attack.The primary objective was to evaluate the influence of structural configuration changes on
the static divergence threshold and dynamic oscillation amplitudes. The results indicated that, in the
construction-stage condition, static torsional and vertical responses increased by approximately 6% and
10%, respectively, compared with the completed configuration. Furthermore, the dynamic oscillation
amplitudes in torsion and vertical motion increased by about 8.5% and 5.5%, respectively. In certain ~ Torsional Divergence
angles of attack, the onset of instability occurred at lower wind velocities during the construction stage,
indicating a shift in the aeroelastic stability boundary due to stiffness reduction and altered boundary
conditions. The findings demonstrate that direct extrapolation of the completed-state aeroelastic
behavior to the construction stage may result in unconservative stability evaluation. Therefore, dedicated
aeroelastic modeling is recommended to ensure safe design of long-span bridges during erection stages.
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1- Introduction

Wind-induced aeroelastic instability is one of the
governing design criteria for long-span bridges[1]. Bridge
decks with shallow II-shaped sections are particularly
sensitive to aerodynamic excitation due to their geometric
characteristics and relatively low torsional stiffness[2]. The
aeroelastic response of such decks depends on the interaction
between aerodynamic forces, structural stiffness, damping,
and boundary conditions[3].Although many studies have
investigated the aeroelastic behavior of completed bridges[4],
the construction stage has received less attention[5]. During
construction, the structural system may experience reduced
stiffness, asymmetric support conditions, and temporary
mass distribution, which can significantly affect aeroelastic
stability[6].

In this study, the aeroelastic behavior of a shallow

[I-section bridge deck is experimentally investigated in a
wind tunnel using an elastic sectional model. Two structural
states are considered: the complete bridge configuration
and the under-construction configuration. The objective
is to evaluate how structural changes during construction

*Corresponding author’s email: Mehdiizakmohammadi76@gmail.

influence torsional response, vertical response, and oscillation
amplitudes under different wind speeds and angles of attack.

2- Experimental Methodology

Wind tunnel tests were conducted using an elastic
sectional model representing a shallow Il-section bridge
deck. Two structural configurations were examined, as
illustrated in Figl.

The experiments were performed at five angles of attack

a=(0°, £3°, £6°)

and wind speeds ranging from

U=3.27 m/s to 7.72 m/s

The aerodynamic loading is related to the dynamic
pressure

e (1)
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Fig. 1. Elastic sectional model configurations: complete
bridge and under construction bridge.

where p is the air density and V is the wind velocity.
The lift force and pitching moment acting on the bridge
deck can be expressed as

M =%pVZBZCM ()

L :lszBch A3)

2

where B is the deck width, and C,; and C,, are the lift
and pitching moment coefficients.

Assuming linear structural behavior, the static responses
are given by

2
h zlpV—BCL (4)
2 K,
2np2
e
4

where /1 is the vertical displacement, @ is the torsional
rotation, and K, and K, denote the vertical and torsional
stiffness, respectively. The measured responses included
torsional rotation, vertical displacement, and oscillation
amplitudes in both directions. The overall experimental
uncertainty was estimated to be approximately +3%.

3- Results and Discussion

The aeroelastic responses obtained from the wind
tunnel experiments are presented in Fig2 Fig3 and Fig4.The
comparison of torsional rotations for the two configurations is
shown in Fig 5 .The results indicate that the under-construction
configuration exhibits larger torsional rotations than the
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b) Deck torsional angle (o =-3°) ¢) Deck torsional angle (o =-6°)

a)Deck torsional angle (o0 =+3°)

d)Deck torsional angle (¢ =+6°) €) Deck torsional angle (o =0°)

Fig. 2. Comparison of torsional rotation for the two
structural configurations.

a) Deck vertical displacement (a =0°) b) Deck vertical displacement (a =+3°) ¢) Deck vertical displacement (o =-3°)

d) Deck vertical displacement (@ =6°)

¢) Deck vertical displacement (o =+6°)

Fig. 3. Comparison of vertical displacement for the two
structural configurations.

complete bridge configuration, particularly at higher wind
speeds. This behavior is mainly attributed to the reduction
in effective torsional stiffness and the change in boundary
conditions during construction.

The vertical displacement results are presented in Fig3
Similar to the torsional response, the under-construction
configuration generally shows larger vertical displacements
over the tested wind speed range, confirming that the
temporary structural system is more susceptible to
aerodynamic excitation.

The torsional oscillation amplitudes are compared in
Fig4The experimental results demonstrate that the oscillation
amplitude in the wunder-construction configuration is
approximately 8.5% larger than that of the complete bridge
configuration. This increase indicates stronger aeroelastic
coupling due to reduced stiffness and modified structural
constraints.

The influence of the angle of attack is also significant.
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a)Deck torsional angle (o =-6°) b)Deck torsional angle (a =-3°) c¢)Deck torsional angle (0. =+6°)

d)Deck torsional angle (a0 =0°) e)Deck torsional angle (o =+3°)

Fig. 4. Comparison of torsional oscillation amplitudes.

Variations in aerodynamic coefficients near the instability
region cause noticeable changes in structural response. As
wind speed increases, aerodynamic energy transfer to the
structure intensifies, leading to a gradual growth in oscillation
amplitude and possible development of limit cycle oscillations
(LCO). the results highlight that the aeroelastic stability of
the bridge deck evolves throughout the construction process.
Structural modifications during construction alter stiffness
distribution and boundary conditions, thereby shifting the
aeroelastic stability boundary.

4- Conclusions

This study experimentally investigated the aeroelastic
behavior of a shallow Il-section bridge deck in two
structural states: the complete bridge configuration and the
under-construction configuration.Wind tunnel tests were
conducted at five angles of attack (0°, +3°, £6°) and wind
speeds between 3.27 and 7.72 m/s.The results show that the
under-construction configuration exhibits larger aeroelastic

responses than the complete bridge. In the static response,
torsional rotation and vertical displacement increased by
approximately 6% and 10%, respectively. In the dynamic
response, torsional and vertical oscillation amplitudes
increased by about 8.5% and 5.5%, respectively. In addition,
the onset of instability occurred at lower wind speeds in the
under-construction configuration, indicating a reduction
in the aeroelastic stability margin during construction.
Therefore, aeroelastic evaluation should consider multiple
structural stages during bridge construction rather than only
the final bridge configuration in order to ensure adequate
safety against wind-induced instabilities.
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Fig. 1. View of the wind tunnel used in this research.
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Fig. 2. Schematic of the deck fabricated in this research.
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Fig. 3. Elastic model section in the wind tunnel.
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Table 1. Dimensions of the II-section fabricated at K.N. Toosi University of Technology laboratory.
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OIS PRE I (1) Capalhd s jluio
ob Cee Y
oo olul v
0010 L i 9 O i CB )

oy



Y+ 5 OVY doio VF+0 Jlo oF oyl DA ¢3S pral (lpos puodine &y it

ol ojle (piomy s byl ol o Slinl Jols el

Dy g0

K,0=M ®)

il o Cond 4 ) Ojge 4 Glom gl onlpl

1 o/ *B’C
gL 'BC, )
2 K,
ol ol ce g jedome b oy gl ded e i dlaly )l
Ol ] canlite plun (pdomn (B b (woSae Ojguar 9 Wb o0
iz Fuoly (il el Slgy o cilo dls o 5 dory (B LialS
)94» o)'lm
Dgdse Ol 25 Sype 4y s9y8 @SB obuls (lp (e

FLzépVZBCL (v)

a W58 by o ol ol el 1y cops C, ol oS

Dgus g0 Mg 25 O j00

K,h=F, "

g o ol 35 o 4 W6 abuls am > o

2
poleV BC, ®)
2 K,

ey yodome b o @B bl & s e ol dkl) o)
ol b GBI gl BB (B (sl L g 4Bl il ol

o 3 edbdl)] 08 e clp (S slee Ly,

L @u

SgoVlgpl lagly b bipe IS cebbess ool

Dy o 39l Y Losgas b yiales] opl 5> 0 6 Sl

5 (Y) 0B obel il SauaVlgpnl gul byl gl
gy Klgi oo 35 (635 0)I8] Cushabpas jlinl (0) domg Al s

Ded ol )

SR _ (ﬁj +[5_yj +(§j )
R V y 0

:L‘)i ).3 4§

o S 03] SiwWly pl b R

beewV

B ooy

2 25 0

4 Cauws g pSoilul Cougadpis plaw oS sad o ol o
SasS il Joy o JolS Ly e0inyS o odotnlive glacdMis!
Baas SezuVlgpl cclogusl > ordoinlio @l culply ol
slalasjl (56 g 039 (54T Llpd 5 ojls (Do ) i I 50
i (8 S 0j1]

| sl (repeatability) mbs (6ydp)l S5 () Hshie:
oL 2ol dumlio g 05 bl )b G 5l i LG Ll 53 Lol
3l )1y8 sadapnle Cashipic 0dgaee )0 Wyl S5 oy MR &S 5l
ol 50513 slazel b 5 oyl Sl oS

SzoVlgpl gnly (655 Slho =5 =¥

b J:y uf*i‘-‘}‘ 2 odb g pSo;ll gl USWKp peowesapplle
3y (Sealiodgl y5lisS 5,8 ookl SemwVlgl by Lalg) 51 g

Rgdee Ol ) ©ype & adye ale

M, = % o~ BC, (¥)

C, 92y ghie (o0 ol Copw Vi JSo p o] o &8
ol (Solidg ] HglilS

o0VA



Y+ B OV doio VF0 Jlo oF oyl DA 093 €3S paol )y (it &yt

Jol adpefo

cals Jb o ad e (<

cswob il pmad dalgd ol iy le T 45 oud A L (gl aud yo Suilowd F UKD

Fig. 4. Schematic of the decks fabricated at K.N. Toosi University of Technology laboratory.
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Fig. 5. Comparison of experimental results for torsional angle response of the in-construction deck with the complete
bridge (O Symbol for static aeroelastic behavior - ® Symbol for dynamic aeroelastic response )
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Fig. 6. Percentage difference in torsional angle of the complete bridge and in-construction deck at different
angles of attack and speeds.
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Table 3. Comparison of static divergence speed for torsional angle of the in-construction deck and com-
plete bridge at various angles of attack.
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Fig. 7. Comparison of experimental results for vertical displacement of the in-construction deck with the
complete bridge ( 2 Symbol for static aeroelastic behavior -@ Symbol for dynamic aeroelastic response )
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Fig. 8. Percentage difference in vertical displacement of the complete bridge and in-construction deck at
different angles of attack and speeds
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Table 4. Comparison of maximum static vertical displacement speed of the in-construction deck and
complete bridge in the vertical displacement test
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Fig. 9. Results of torsional angle oscillation amplitude for the in-construction deck compared to the com-
plete bridge.
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Fig. 10. Percentage difference in torsional angle oscillation amplitude of the complete bridge and in-con-
struction deck at different angles of attack and speeds.

Foe (B (ol & plgie ) gpoge cpl & cuwl LSy b ]
sdalie (romen S Cond Calu daye 3 ojle (gGpe bulpd i
B g 02 gmie o gl Aol dles gl b 4 2550
Sl il o 3550 iy oile Sl 53 e gl SV Ly
el Gl (Seoladgpl bl Sl 4 3B Gl

Ngy o odbliie 0 (oiiomn dol5 lwg dleld gl )> a5 4igS lod
el Jb 3 b lp (V) J58 @B obnle logs aisls sl jlages
ol ialS 0l ce o Gil38l L oS | aslen

kel 9o ) adje @SB Gl ol Glie §E8> (b)) polates
P B ool e aely M as s wiln dsye 3 b g JolS
sl 0 1)) (1Y) US55 Giliseo alos (cbls; 5 s yus

Ui g JolS Ly ddpe o8 ool lugs diels M) 1oy ol
a BMB! ) Hlade 0gd o cdalie Hldged jl a5 el jlen sl 0l
WSS gyt )5 (2rgs BB (Swly by S pr g dlos sl
3 i 4 lace yw (S aS Canl 0= dles agl; 4 bgyye
uJS)}]ag M| )‘JJM Ll9) ﬂLu JLl &S ‘_Jl> ) ‘J.M))UA Ao yd Y. -)9»

oYo

5 Shise ORIPl G il 5 (B Ol 4 sl Conles
oble yuin calo Jlo p3 ojlo g ol b gl (o Coglis s )
colps 1 yuis el o agl i o Vlg ] oE05 5l 095 o
g g0 ddye 3 3)ly (Sealadgpl oo )3 s a5 5 (Sealtpdg
ojlo (piomg 350 b &S 25 S (s plee il & oK
bee Il (cdomy Gl dteld il aily (55698 LS o
o 390 5 192 ol om SteVlonl s Cast (36 i
Clw Ao ye o ol She e GEals daylyd cpl o il ddye
gl ax 3 g 00l S35 (5 MLL Ll yd & i 29 00 g0
Ol @ls ol 23,5 pbles i <ol Jls 3 5 Jol§ el s ol
SLL jye (025 3 1y 86 ity W15 o Lo o jo oS Amd e
S Jlac) Sty

aiye o8 olouls g diels (1)) U5 5 0050 polis ubul
o> sblyj (olos > cdlo alsyo )3 by g ol s 93 o 6
Jb ol b s oo Gl (palS (i) db casps Sl b 0l ) 2
PS8 p e w il pcsls Jb o b cdls o ey sl yolis



AY B AVY doao A0 Jlo oF o)led DA ¢S yuol las wdize & i

0° alax ayg; 3 o3 ok ulS 3 acds (0

o 3 & T 15 5 45,8 ads (o
a1 £ aasly 5 o5 ol iS5 4l (o 3% sitaale> aygly 5 o3 oo S 3 asds (o
405 "7‘1\\ 41 45
a .3 405 i .
= N . ’ o—————
Eass /N o 4 i e g 7
2 39 RN T 395 — 8 )
g 74 H == ~ B AR
g 38 = X\ g —— G $ ‘/" \'\f\*/‘
L = 5 e 4 ~
38 \\\ N 8% \‘\. £z
38
375 _ - 35
" 375
B 4 s 6 7 8 33
B 5 6 7 8 -
U(m/s) 4 5 6 7 8
Ufm/s) u(m/s)
6° cote ales iyl 5 o8 oaloul> LS 3 ands (2 6° iz ahen syl 0 ol ol oS a2l ()
PR 425
—
@ ~ @ e
405 N 5 N
T 4 boiss: = W 405 e IV ~ —m—frequency full bridge
£ — ] -~ E
=385 & ~— 3.9 e /
2 . g =g
55 \ g 385 == \:/—’-\
3 ass : —~ =
8 4 . —#—frequency under construction
= 38 e Rtk
a7s
165
37
3.65 3.55
35 45 55 65 75 85 3 35 45 5 55 6 7
U(m/s) Ufm/s)

JolS Ly w8 58 ol b Cllr Sl p3 by o3 alousle wilS 55 il gey U duang o )Y JS3

Fig. 11. Comparison of vertical displacement frequency amplitude results for the in-construction bridge
and the complete bridge.

25
Y 20
c
o
(4]
£ 15
el
(]
oo
S 10
c
(]
(%)
o
o 5
Q

0

el i o JalS Juadie o slouls el axds GSE3 wass

=l =0°
—— =+3°
—d— =-3°
a=+6°
—— 0=-6°
3 4 5 6 7 8
Velocity(m/s)

wilises 5l Gt g 5 dos (5Llg) 45 Cdlus Jlo 3 g JolS o ad e w58 aluls ylwgd diols YA sy Y JSC5

Fig. 12. Percentage difference in vertical deck displacement amplitude between the completed and under-
construction bridge models across various angles of attack and wind speeds.
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