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Dynamic Characteristics and Wind Resistance of Concrete Encasement

Process of Long-Span Stiff Skeleton Arch Bridge”
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Abstract  The study on dynamic characteristics and wind-resistance performance of concrete encasement
stage of arch bridge with stiff skeleton has great guidance for its construction. Tian’ e Longtan Bridge
serves as the research model here. With the aid of FEM software MIDAS/Civil, three-dimensional finite
element models of Tian’e Longtan Bridge are set up. Then, the change laws of natural frequency and
wind resistance performance of the bridge in different construction stages under three different working
platform conditions is investigated. The results show that the lateral frequency of the bridge shows a
monotonically upward trend in the process of encasing concrete, while the vertical frequency is decreased
first and then increased, and the phenomenon of veering will occur. the wind resistance performance is
increased first, then decreased and finally increased again. The wind resistance is also affected by the
number of working platforms. The more working platform there are, the weaker the lateral wind resist-

ance of the structure.
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(a) Construction of main arch
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(b)  Element model of main arch
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Fig.1 Tian’e Longtan Bridge
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(a) Two working platforms setting
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(b) Four working platforms setting
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(c) Eight working platforms setting
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Fig.2 Working platform setting when pouring arch ring concrete

2 HNEE

2.1 SERSH

Bl 3Ca) 4 T 2.4.8 TAETH &4 T . A it
TR BEAT DU B A AR AR A A i 2R X B A
2 WA AR R ES 1~4 By AR MR ATt £k
HAE 1.3 Br2 s 2 ik sh . 28 2.4 B o w25
2.7 LA 26 T8 1 iR sl AR L Bl R AR 1 5E
SR G R A S TE T [ Y R [ IR 0.05Hz ZE A7
X UL L TR BE 1 OB 5 B2 BRI RE R 3, 1R 5E £
P9 155 280 X 225 4 7 A ) B2 W) SR, 45 4 AR T 32 4
o T I A TOUAR 1 B A B8 SR, R S5 i 4
T s I i T AR O A R B 4 R ) R 7R b
LR BE T B b, S5 A R B R SR TR iy

AL AE R AR T T 0 1 0 25 A B 4 8 o ey
AL B A A B SO0 AR T AR B R B B

0.55
l/"‘*l\ ‘7I\. i;:.f_t‘t’—l"
90 == < Y
050 ¢ 2\2\; ’ ){: ot
—X= a A
045 & NP = 2
—=— 2 TfEH
040 - gl
N —o— 4Tk
T o35 [ —a— g TIEH
K030 \'Zi:i: o
025 | g _y—§—0-1
020 W‘-‘
015 g—g— 28— —‘::;BH;.‘ o
ool oy
01 23 45/ 78 91011 12 1314 15 16 17 18/49 20

JRAR B Bt T JEAR R TR B

(a) ZFORIE AR A PF T B3R AL

(a)Frequency variation under three different construction methods
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Fig.3 Variation curves of natural frequency in different
construction stages
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(a)9th vibration mode when pouring to the 3rd section of the web plate
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) 10th vibration mode when pouring to the 3rd section of the web plate

g MOASIC axd o

-;W B "n
A TN

) MOASKiA oy lé

—

(a) PESL B AT 4 5 BeHE 58 9 B PR 2

(a)9th vibration mode when pouring to the 4th section of the web plate
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) 10th vibration mode when pouring to the 4th section of the web plate
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(a)9th vibration mode when pouring to the 5th section of the web plate
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Fig.4 The 9th and 10th order mode shapes

LA L AR ARER 3 1 Bet L5 9 Bl
Xt R AR S 50 10 B S BT e 2 A B 3R
REARES 4 5 BEIS L5 9 I R I X B L R S
55 10 B AL A X R 2. TE AR R BR BRI 2 X R
PR AL — TR JE LB IR it 2 Ul SRR S Y
PR B A R 0 R A T R
MR AEBEHUERE 5 19 BN, A OC RO B 5 SR T
J52 o8 T e 2R R0 o o e 2 b R AT 4 2 kY 7 A A 2

HUEFRA W5 7= A 8 AR B4, B A8 A 1 4k 26
Al 2 45 M WS 7E RS IS TR AE B Ak (A5
P 15 38 O, B AR LB RE FE WIS L (A5 4k 2h M R AL
PR, 5 B TR R ok B I 28 O A kA B
RN B FEBERE B AT E R MR R
JEHERR 09 TR AT AR AR A% 2 R 52 B ) A
T il A T 5 5 A P R A S AR 4 L 5 T
F22 WA 0.1Hz 5 0.01Hz I}, A — 5 23 H B &



90 g J1 %

TR B

2023 45 21 &

IR RS S LR AR A R P RS S B
HBEAE S5 44 4 5 B IR 3l b 2R SN R 2 LI
W I Sl 0 10 g T LR R AR X A RE B D
WA —E A W A N IR B R.

3 mXERE

K5 20t T AN [R) T AR T A [R] it T By B A A 1]
e XA A T AR 10 e RS S 19 O 45 ) A 1) o2
P RAE T 45 R A 1) 17 AU 28 T B IR RE )
XA~ B AN S5 R A G L 3 5 A5 R A 1)
WA oA <. i S R LA Y Rl A i T o A Y
17 A A B 5T X BE O AN 2 B9 A Ak B0 i AR L T 2
Wi 8 SRR AR R AR TIOR3 B £ 4T L BEXURE 7 Je
o PR B i PR A 8 SRS A 8 T BE A
PRI/ T 45 K 10 T BE 364 5 B RO, Rt B R OR
LERPUANE BE B AP 4 i 78 B SRR Al I 8T BE X
P T3 S DR T 45 A0 TR 1) 6 5, 255 R L S5 H 1Y
HERHTIPE REIZ AP T Bt 08 SR T9UA I, 78 T BEL XU A
FHIEAAAS L AE i 35 80T A 2032 20 08O L WY B2 3 7
ARSI L, BT XURE O R L B e T AR
B, fe IR A T 245 4 BB IR XUART B/ EL Y 2 B
55 5 f5e 28 1R S5 A Y T AT L L AR RL B T 1Y 25
BT BE AR X B 5.

110

—— 2T AR
4T AETH
— 8TAEM

o
S
T

w
S
T

0
S
T

-
=]
T

13 7] B KA (mm)

n f=x)
(=] <
¥4
7
AL
X
s
e
\
NG
/"/
/
/

Py B (N T TN S S N S T A N
01 234 5/ 7 8 9 1011 121314 15 16 17 18/10 20
BAAFE AN T ER ERORIE TSI

PR 5 R el e T 80 T B 88 1] b R RL RS TR
Fig.5 Graph of maximum transverse displacement under

lateral static wind load
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