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Study on the typical damage characteristics of the Archery Tower of the
Deshengmen and the influence of typical damage on the
mechanical behavior of the frame

ZHU Yuhua', XU Mu', HE Junxiao’, YANG Wenyi’, WANG Xiangjin®
(1. School of Architecture and Urban Planning, Beijing University of Civil Engineering and Architecture, Beijing 100044, China;
2. School of Civil and Transportation Engineering, Beijing University of Civil Engineering and Architecture, Beijing 100044, China)

Abstract; After thousands of years, the Archery Tower of the Deshengmen has been damaged in different degrees
and types. Through the investigation of the damages, the number, proportion and distribution of the damage types
have been summarized and the causes of the typical damage characteristics and its influence on the mechanical
performance of the wooden frame have been analyzed. In order to explore the influence of the typical damage
characteristics on the mechanical behavior, the comparative analysis on the influence of pulling-out of tenon on the
mechanical behavior of the wooden frame is made, and the FEM of the standard frame and the frame in the state of
pulling-out of tenon are established. Results show that the damages are mainly concentrated in the column frame
layer and the beam frame layer. The damage of the column frame layer is mainly manifested by cracking and
inclination. The typical damage of beam frame layer mainly includes pulling-out of the tenon and horizontal crack of
wooden beam. Besides, the moment-rotation angle curve of joint has obvious asymmetry. The failure state of the

joint is the tearing failure of the cross grain at the variable section of the tenon. When the amount of pulling-out of
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the tenon is numerical, the amount of pulling-out of the tenon has no obvious effect on the flexural bearing capacity
of the frame. When the amount of pulling-out of the tenon increases to a certain level, the flexural bearing capacity
of the beam frame will decrease significantly, and the positive peak bearing capacity will decrease significantly
relative to the negative loading. The positive decrease rate is 16% ~ 18%, and the negative decrease rate is
9% ~15%. The study results can provide important references for the safety protection and repair of traditional
wooden structures.

Key words: Archery Tower of the Deshengmen; typical damage characteristics ; pulling-out of the tenon; crack of

wooden beam; mechanical behavior
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Fig. 1 Photo of the Archery Tower of the Deshengmen
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Fig.4 Detection results of the column frame stress wave Fig.5 Deformation analysis of the column frame
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Table 1  Statistics of damages of column frame layer
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Fig.6 Distribution of damages of column frame layer
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Table 5 Comparison of the maximum bending moment of the beam frame

WA 7R % PMEFR/ mm
Bzt 0 5 10 100 150 200
M. /(kN - m) 48.58 48.15 48.05 40.62 39.96 39.53
M. /(kN - m) 48.58 49.53 49.25 44.22 42.24 41.22
8 /% — -0.9 -1.1 -16.6 -18.0 -18.9
8 /% — +1.9 +1.4 -9.1 -13.2 -15.3
5 #it

T AT R SRR A T ARAS A, A5 3 T A R ) R BR BRI RS T SRR AR X S5 4 32 )
PERERYSZ IR, 75 DL R 4518

1) T BRI 5 G T 40T, P T AR AR 2R 0 G 40 S LA P A 2 SRR HEZ R
FERIN IR ARE, Herp 1 AR ST AR, 2 Ab S AR A R HUE T I, PR AR B R R
POERPRIRRE, P A7 8 AT 2L, 5 Ak ME |9 Ab R ufiif)

2) PR T E ARG SRR RS B N B 2, SR MG R LA L, He— P I R K, A, AL
S B =R 1 S BB S ALK ) e N 2 3% 1 DI A OB [ P = WY N2y VA By S = 7 N 5 7 B e A0
JL AL Bt P TR RS |, FEAE AR BEE T R AR ERA A 7 A 5 = Ay 8 T 2 3 B 1T e A 5 2B

3 ) 38 3 AN RIS AR B 1) — MR AE 2R R B AT, 2 30 M 4R M B EL A/ NS 1 s SR M X S 7k 38 0 TE A 5
M), A R 0 38— S R B, 5 A B X AR SR 3 7 5 i 8 3, — AV HE S 174 e (AR 2 7 1 BB R
1E [ W AEL AR A 7 AR 67 ) ) B RA 8, TE 1) B FERAL T 16% ~ 18% , T 1] R FERAETF 9% ~ 15% , A SCAUAL L
TR R R T AT SR S X SO A A S R 1 A2 AR T ISR B 055
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