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Quantitative analysis of damage to airport taxiway bridges based on structural
response parameters
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Betjing 100086, China)

Abstract: To efficiently analyze the safe passage capacity of taxiway bridges under damage conditions and investigate their
response parameters under different damage scenarios, this paper adopts a numerical simulation method to es-
tablish an aircraft—taxiway bridge coupled vibration damage model and conducts experimental analysis for eval-
uating the safety load—bearing mechanical performance of taxiway bridges. According to relevant specifications,
for different damage types of taxiway bridges (overall damage, bearing damage and local cracks), the overall
stiffness damage degree is quantified as 5%, 10%, 15%, 20% and 25%, and the bearing stiffness damage degree
is quantified as 20%, 40%, 60%, 80% and 100%. Based on the position of prestressed tendons, five crack
depths of 20, 40, 60, 80 and 100 mm are set to quantify crack damage. Combining the loading effects of different
aircraft types, this study investigates two response parameters of taxiway bridges (frequency and mid—span de-
flection) under various working conditions to verify the feasibility of damage grading, and perform related safety
load -bearing capacity analysis of taxiway bridges. The results show that the variations of frequency and mid -
span deflection of taxiway bridges under different damage types (overall damage, bearing damage and local
cracks) are all clearly correlated with the damage degree, and different damage types significantly affect the
structural response of taxiway bridges.
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Fig.1 Actual photograph of the taxiway bridge
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Fig.2 Local bearing diagram of the taxiway bridge
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Fig.3 Mesh division diagram of the taxiway bridge superstructure
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Tab.1 Frequency and mode shape contour plots of the taxiway bridge

model
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Fig4 Configuration diagram of the main landing gear
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Tab.2 Loading result diagram at mid—span for different aircraft

types
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Tab.3 Overall technical condition evaluation level of the

bridge under aircraft loading
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Tab.4 Frequency of the taxiway bridge under different stiffness

damage degrees of overall damage
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Tab.6 Technical condition evaluation level of major components of

the bridge under aircraft loading
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Fig.5 Structural response of the taxiway bridge under different

stiffness damage degrees of overall damage
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Tab.5 Mid-span deflection of the taxiway bridge under different

stiffness damage degrees of overall damage
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Fig.6 Damage area of mid—span bearing
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Tab.7 Frequency of the taxiway bridge under different damage

degrees of bearing damage
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Tab.8 Mid-span deflection of the taxiway bridge under different

damage degrees of bearing damage
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Fig.7 Structural response of the taxiway bridge under different

damage degrees of bearing damage
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Fig.8 Simulation diagram of 2 mm crack at mid-span
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Tab.9 Frequency of the taxiway bridge under different crack depths
Hz
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Fig.9 Frequency variation of the taxiway bridge under different

crack depths
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Fig.10 Mid-span deflection variation under different crack depths

(1) 32 i AL WA T TE A b R ES MRS AR, X i 47 38
Pr b ER45H 5 S e R LA S T V1 73 98 , B
S22 5 SRR G BN I TIE Y H 82 T 1E

(2)E T 3 FPHLBAE RN A9 ML 17 38 Al
HAERL, A3 T TRl — LB AR [R5 RIS [R] B AL AE [R]
— LR AT A AS R e L S0 SRR, TRALAT
A, R SR AT, B R B O, B Y

(3) 38 2k BB 07 53 9, NG5 J32 it — 2P it Ak
T AT PR AN SR ATIRI o X T A543
A TIEA NI BRI Ry 25% I, T AT T AR R
fi% 12.74%~12.95% , 5 H ¢ B 38 i 32.28%~33.33%,
WATIEN O JCIE % AT o X T 3 7, 25 5 4
PR BEAE 80% LANET, WA TIE MR AL T R it O IR 3
MW TIEAF LT IE R AT 2SS e P
it 80%MT, Y B AT B MR IR I |5 rhbe FE IRIG Y
MG WATIEN A REIE R 1817,

(4) MR W A7 TE AT OO, 7 7 O o 8, TE T AT A AT
PR 5 ROR IR B R GE , S5 R W] TE & 24t
TREET , AT IE M Sl A e 35 3015 O S4B AR i 1
S 7 o M EETRIE R 100 mm B, A TIENF 204
HRENEBRAT N R4S

(F#% 59 W)



Fa4 1

SPFPE L - T AL 7 0 T T R P 2 AR AR 5

- 59 —

DXL U v it o DG T b I 37 o 25 78 S o e R A
SE PR o AROR H DO 7 Al B RE AL Y M i
MR Z, A R AT R W AL LAY
Oy A Bk e 0 B VR DX R R At B8t ) R XU B 4
5 R A SRR A

B3k :

[1] GUO M, LU Y, YU W B, et al. Permafrost change and its engineering
effects under climate change and airport construction scenarios in
NorthEast China[J]. Transportation Geotechnics, 2023, 43: 101117.

(2] ZEAHE. 3R KN AR VR + b H IR S 0 Y BB R (D). 22 M
NG R, 2022,

[3] Z B Z4EH L X EGE K BTG SO TS [D]. K P E
R, 2019.

(4] BEE, B B, D 5S4 L X MUK S H TR
153 ATI]. H T B K 22440, 2023, 41(5): 34-41.

[5] BEE 2 %D B B X SRR 1 i ESR E  i)2
SEWFEI]. T E R F2 4, 2020, 38(1): 49-53.

[6] E VL. RHLSIT AN MR L bR KW PERTFE (D). K
He: P ERATRE, 2018.

(7] & & CRIEFEHEORTE 20k + X373 H v i i B9 [D). K
A p E R, 2022,

(8] XIFEME, MSChe, BRIk, 4. 4R R L X AL MO 18 SEOR B
R vR% A, 2015, 37(6): 1599-1610.

[91 TR, 5k 08, Sbei, 55 ARRE T 5T BR A RET 4R R 1 X HL
G B iR R A ], ARAS BT T EE RE, 2024, 20(3): 291~
303.

[10] ¢ JF. 7598 AL M 2247 R 4 M BE BE 1s hl Jy ¥ 58 D). >
Mz 2N R, 2023.

e e S A e e R S B

(L% 46 W)

SE

(1] EREAE R E. SO E R AL TR P RN H: 1B-
CA-2019-02 [Z]. b5 = R A A bl 2019.

[2] RS R, RS U R ACR B E MR MBI/
T 5074—2023[S]. dbst: o E R AT, 2023.

3] B 5, VAU, Bk 55, A DL AT EAT I AR 1) A5 8000 A T
BEAYHTL). REFEHOR 5 TR, 2022, 22(19): 8475-8480.

[4] BERE, TAM, ZM3 BT YRS IR M TER AT
WL, BHFHoR 5 T A2, 2022, 22(16): 6744-6751.

(5] FRTHE, TRUGE. AW T AT R O B B R
5T, 2021, 21(6): 2518-2524.

[6] MAZZEO M, DE DOMENICO D, QUARANTA G, et al. Automatic
modal identification of bridges based on free vibration response and
variational mode decomposition technique[J]. Engineering Structures,
2023, 280: 115665.

[71 TAROZZI M, PIGNAGNOLI G, BENEDETTI A. Identification of dam—
age—induced frequency decay on a large—scale model bridge[J]. Engi—
neering Structures, 2020, 221: 111039.

[8] ABEDIN M, DE CASO Y BASALO F J, KIANI N, et al. Bridge load

testing and damage evaluation using model updating method[J]. Engi—

[L11] siiiE e, AR, skiik R, 45, 38 I 98 BE X L3718 24 T kiR
BESRYEZRT]. P B AUES R R 222741, 2019, 51(4): 568-576.

[12] MAO Y C,LIG Y, MA W, et al. Field observation of permafrost degra—
dation under Mo’ he airport, Northeastern China from 2007 to 2016[J].
Cold Regions Science and Technology, 2019, 161: 43-50.

[13] BFwiE. KA4ZISALH 2 AR L X HOR AR, vk £, 1982,
4(3): 53-63.

[14] ZERRYI, SEAE. VR 43R BEARBUB T 5 X R FH A3 A (0], oKk -,
2004, 26(4): 377-383.

[15] MOHAMMED I, ZHOU Z F, Al C F. Evaluating the impact of tempera—
ture variations and subgrade reactions under traffic —load on airport
concrete pavement performancelJ]. Structures, 2024, 70: 107704.

[16] ZELLEE, sk, TIOK, 5. AT 35 RS X R L PRI A XL

SEmAL). FRRTR AR, 2025, 53(1): 1-4, 23.

[17] LIU X L, FU C W, LV C. Study on applicability of parallel perforated
ventilation subgrade to the runway in frozen soil regions|J]. Alexandria
Engineering Journal, 2025, 110: 168-185.

(18] AEINAT, AL, ] 9, 2. 3 2 40k 4 X o L M S TS e ml fe B
ARWFFIIR IR ER]]. vk 1, 2007, 29(4): 645-652.

[19] XL, Bk, B R, 5. FRAE X8 XA L X AR
BYRZMAT]. TR 22 (B TAR), 2019, 36(6): 621-627.

[20] siAeRe. v E AL 4R b o 23 VAl S 2R e TR B[ D], MR I
AAbMal R, 2022,

[21] B, FE, TR, & BEREERTRHE ). BT
4, 2022, 39(3): 37-39, 46.

[22] TAI B W, WU Q B, XU X M. Thermal and hydrological processes in
permafrost slope wetlands affect thermosyphon embankment stability[J].

Advances in Climate Change Research, 2024, 15(4): 680-694.
(wiEsit: " A)

e e T e e e e S

neering Structures, 2022, 252: 113648.

[9] TEl&lkE. TR LA TEF B RS A A5 (D). K
WAL kR, 2007.

[10] KRR, 4575, 2200k, 4. BT S50 & SOE B AR PG IFE
Br ek g RE 1)), A BEASEAHE, 2015, 32(2): 74-80.

[L1] T 3k, T2 Z0bK. ASHOAT RICTRUN; 7 1) S5 A0 Ar 28 — SR 7 737 R R 25 0]
AN ERASERHE, 2015, 32(11): 75-80.

[12] A R L I A2 . 2 BT A AR e S P AR s JT/
T 4—2019[S]. Jb5T: fhAE A RN E 288 iz 57, 2019.

[13] BA s, Sk 2= M. dbat: fb2s Tolk s At 2010.

[14] M A = EFRHL. TN E = E BRI A R]. )M T
M E z EFriL, 2020.

[15] o E R AT /. RN K I TR 4 38 1 35 B3 : ME/T
5004—2010[S]: 3t 5t: Hr E R HMIES ), 2010.

[17] hoe N RILFN E Sl B HiE. A PR FR 3 E: JTG 5120—2021
[S]. bzt A N RILFTE Al iz 4 de, 2019.
[18] RMKE, PhAEE, Wb, 45, shaAS M IR e + R 8 s 7
1. TR S, 2002(S1): 616-619.
(ALY 3 X AR 4% )



