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Fig. 1 Relative position map of road and wall
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Fig.2 Intelligent vibration monitoring system
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Fig.4 Peak vibration velocity diagram of survey line 1 and time history curve of typical vibration velocity
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Fig. 5 Peak vibration velocity diagram of survey line 2 and time history curve of typical vibration velocity
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Fig. 6 Peak vibration velocity diagram of survey line 3 and time history curve of typical vibration velocity
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Fig.7 Computational mechanics model of wall vibration
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Fig. 10 The location of each research particle of the wall

V, Magnitude
+8.140X 107
+7462X10°
+6.783X10°
+6.105X10°
+5427X10°
+47748 X107
+4.070X10°
+3:302X10°
2713K10°
+2:035X 107
+1357X10°
+6.783 X 10
+0.000X 10

(a) =0.02 s

V, Magnitude
+3.624X 107
+3322X10°
4302010
+2718X10°
+2.416X107%
+2.114X10%
+1812X 10
+1.510X 10
+1208X 107
+9:061 X 10°
+6.040X10°
+3:020X10;
+0.000X 10

(c) =0.5849 s

I 3 3 BE A KRB 5 1=0.4325 s (ULIE 11(b))
TR AR S 1) 38 O SR AT e B RT DU L I T bR
HE BRI B s R KN, (H R Bl 3R AR 0y 1) S
SN G B K 5 =0.5849 s B (ILE 11(c)),
I E 28 B R T 3 58 4 A Bk Bl
AL, HH 398 358 I 30 1) o008 14 I oy 8 380 ¥ 3 K
1=0.826 s I} (VLIE 11(d) ) , =404 30 30 126 I 35k dc i
A7, I B A1 2l 88 3K 8 A

AN TR) e i Z DI 355 DG 348 2810 T0558 ) 11 i 2y 3o i 0
{ELTBOR B frome BE G 450047 b T2 1) 728 A 45 2R 2 [
12 7R

V, Magnitude
+} 273X 103

OOOOOOOOOO

(b) £=0.4325 5

ST A LAY

OOOOOOOOOOOOD

(d) 1=0.826 5

LT A ] e 220 3 35k A1 B = T

Fig. 11 Cloud picture of wall vibration velocity at different time

38 10 12 [ s 5 4 2 AS [R) 4 40 28 ey R A U
DU A [ i TR B0 fo 45 SR 20 A 2 L, 2 22 0 47 3
P=800 kPa it ( ULl 12(a) ), M 3uk 5% J5S 356 21 3uk 1% Tt
EBIT ), fopy JE U/ G S K AE Z=0~1.8 m i # &b,
Soov B R BN 7R Z=1.8~3.0 m i E A,
Seev BRI b IR S B B K e Can i 11 4R B
S 3T N = B T TR SR B ot s WA NV = N0
me RS ), FLBE & 4 47 5 o B A V=20 km/h %]

V=50 km/h R Bi 3 K, frpy 15 871 K, (H AR K R
BB/ T 1, U B I8 00 A 3l o R O 1A R A Ik
B RSB 5 24 42 R fr S P=900 kPa it (WL 12(h))
Sovy Pt 155 BE T 1IN 1G K, 2 B N V=40 km/h
M V=50 km/h i} , 53 B 7E Z=2.4 m F1 Z=1.8 m fii
BEAL fopy KT L, U0 B B A A AT 30 B O B i
Bl R A% N AR A B 5 Y R A o P=
1000 kPa if (WL 12(¢)) , fopy BEAS KT 1, H fop I £&

T G R T AR, Ul T I G G e R
18 AS BT 18 I, R 2R 8005 B K 2 R A 3 P=
1100 kPa B (UL 12(d) ), fopy IR T 1, VLB FE R 31
A 3 8 V=20 km/h ] V=50 km/h i & 4 i
b oy I A SR I R R OR RN o BB R
D B AT DA B AT B R Y 3G, k8% T S AR B
[0 G NE i o NI 371 3 G ITAL T
Kl 12(a) ~(d) AT, frpy AL 7E 1.02~1.77 Z 1], 5 8
Sy 5200 B A — 3

ik X b B 12 o AR 4 far A 800 kPa #] 1100
kPa L K %238 M 20 km/h 2] 50 km/h B B frpy B9 72 10
PR LUK B, 76 2R3 T B8O AR B S 0 BB 4 4
A7 3R () AN OB 184 10 388 BT AL 2 T 3 KL (H Y
R A RNAT Tk T /NI BT R Bl R 4 s
PR UNEE N e S B R e B2 S 8
I Bl TR AR I A S — € AEAE TR Y iR Bl R Ak



Tr e, A5 S BN BT £ vl S5k IR 30 52 e ) B3 S -5 R o A

783

13
1.2F ——7p=30km/h

—a— =20 km /h
—A— =40 km /h

o531
LOr - p=20km/n
0ol o V=30km/h
: —A— =40 km /h
—v— V=50 km /h
0.8t
_O07F
&
0.6
0.5Ff
04}
0.3 1 1 1 1
0.6 12 1.8 2.4 3.0
Z/m
(a) P=800 kPa
LSt e y=20km/h
L4l —e—V=30km/h
. —a— V=40 km/h
13 —v—V=50km/h
12}
E11
1.0t
09}
0.8
0.7 1 1 1 1
0.6 12 1.8 24 3.0
Z/m
(c) P=1000 kPa

K12

0.6 1.2 1.8 2.4 3.0

Z/m
(b) P=900 kPa
181 s p=20km/h
17— 7=30km/h

—A— V=40 km /h
L6 —¥—PV=50km/h

0.6 1.2 1.8 2.4 3.0
Z/m
(d) P=1100 kPa

R [ B fop 25

Fig. 12 fipy results at different elevations

G A R AN B E
T AT T S T 0 3R BT R e BTG K, HL R
TR AT R, frop 1 LB 2 K
—=— P=800 kPa

0.8r  —e—P=900 kPa

—A— P=1000 kPa
—v— P=1100 kPa

0.6
504
<
0.2
0.0 /\-/
025 0 - 2
v/ (km * h")
(a) ZEATHAT AT ACIHI R
(a) The influence of vehicle loads on ACI
13

Fig. 13

3 3ok XoF P 13 BT 75 4 A ) 42 0 28 17 A [m) 42 R
TEOLT ACT 45 0 8 & PR, 24 4 40 2% 1oy [ 2 A 1
LT (UL 13 (a) ), Bl G 4 3 19 35, & 2067 T 1Y)
ACI R H /N e, A 4 P=1100 kPa %1%
BLF L ACT H PR 3G K 35, 10 I B 22 49 28 o
A ST 388 358 A1 20 A A% A8 A5 B B 5 24 A e
FE MAE G0N (UL 13(b) ), Bl 2 2 40 48 a7 1Y) S 7 14
I, 4% 5T ACT 2 B0 H RR 2l 3 K 1 fa 35, A0 Y
V=20 km/h 15 T , ACT H BT W/ (1) 15 0, 1

FE XCACT Ry 4 3k 5% T3 3.0 m 47 & 5 W 4%
0.6 m o7 B 1 3R 3l iR R AL frpy 2 250 AR 43K
FIARTR 238 T F ACTZS AL 45 S 18 13 flrw .

—=—y=20km/h
08r  —e—p=30km/h
—4—p=40km /h
—~v—p=50km/h

0%OO 900 1000 1100
P/ kPa
(b) ZEAAT BB X ACTHIRZ I
(b) The influence of vehicle running speeds on ACI

AN TE) Z 3 5 48 Amf X ACT Y 52 11

Influence of different vehicle speeds and loads on ACI

YRS 1Y B 6 4 0 e ) 0, S IR 3l R A
RS

il b X ACTAY 3 A i LU 52 , X 4iR 30 A
RIS 1 b = P B W AR A A A e R T A A
4.2.2 KFF @R RBAE S H

T S A58 K F- D7 i DTS AT B Sk A R S ) I
T 128 Ui 07 B, AR RC{E S 2R T e MR T 5 5, IR 8
R WA L 4 AT Bl R 8 ) A Ak 4 2R 1A
14 JfF 7R



784 & oz T B % % 36 &
0.054 0.054
_ —=—}=50km/h _ | —=—}=50km/h
~0.048 e ﬂ;g ﬂ flﬁ 0048 il o)t
. —A—]= . —4—J=30km/h
g 0.042 —}=20km/h g 0.042 ~/=20km/h
Z0.036 J0.036
% 0.030 & 0.030
4 0.024 9 0.024
¥ 0.018 F #0.018
0.012 i ; X A ¢ . . . X X
0.0 0.6 12 1.8 24 3.0 0'0120.0 0.6 12 1.8 24 3.0
WS R A S / m WHER SRR / m
(a) P=800 kPa (b) P=900 kPa

0.0 0.6 1.2 1.8 24 3.0

RS A SRS / m
(c) P=1000 kPa

0'01%.0 0.6 12 1.8 2.4 3.0

IRBE R ATHEES / m
(d) P=1100 kPa

PR 14 Suldies o e IR B 3 e {72 fR ML

Fig. 14 Variation law of vibration velocity peak of wall particle

3 ok OF A AULRS AR R AT 3 B RN, & LR Y iR
By U (I % D AL A R SO ], T i 2 i TR S 1Y
H, i Bl 2R W (A R o Y 4R B 2 e S 1000
kPa Fl1 1100 kPa i , 5 25 9% V5 $5 3T 037 ¥ o1 a5 9 9 3
I U R 24 R o 2 A AR AR UHE 0.03 em /s Y 440
AT AR T 900 kPa B, 2 1 AR UE vy b 30 05 25 4 1Y &
AV, AT 3 B I A5 A 40 km/h AT 5 24 7240

3 17 #8900 kPa I, B X 75 4 k47 42 B 20 IE B

A

5 WISKSBEMABRINEEIEERRD
xXER

Ty 28 B0 32 28 38 IR 2 52 ) 1 S B W 0 ok R e
SIS R E e NIRRT 7 R G | B ok i OZ N (R R 2

To0ER DA K v # Jy ) b s i AR B 45 5 i AT R 4R L K
f%ﬁﬂ?ﬂ%”’“{mﬂ*ﬂﬁ%%ﬂu 1 F4 AR B ¥R 2l 1 46 JL A
B B9 53 B o AR A B3 15 5 DL R AL 25 R 4y
BT, AT LA b 39 J57 50 5 32 0 AR Sy R AE A F s e 3
SRR O ) b R . X R R R S A R
Ik 35 TS 5 Sl 35 DY 8 S5 A A1 2 T JRE U T 114 OC R AT
5T 53 Br , 388 2o A T 2 22 T 1) I 3 G 3R, LA L
I R38R DV S T A 194 A1 ) 3 R Ok ¢ I Sk TR 1) ik Bl
HE . LARADLEE J o BE 58 N 25, 20 0l 0 A 7 4 4 3

fif 24 800, 900, 1000 #1 1100 kPa 1# % F & BF 5% &
(A 4R T DG 2R o IR I 8 -5 IO 174 A5 401 4 3&%11[1151
15 B .

P15 v V7 Sk 3k 35k T3 I i A1 2 B8 U5 VO
303580 DV T AR B e

L 15 A LLE Y BLA i A Ot R AR 4y
%24 0.89,0.93,0.93F10.93, 54K 12(a) B, Y4
o7y 800 kPa B, 0 35k I A Hh BB W 1) % Bl ik
RIS, DR AT DA B 1, B 5 2 50 480 A 1 38 K, 3%
B 7E = R 7 1) 0 iR S R 50N 3% B L, HLTE
IR AT 308 3588 6 30 7R T8 J5 o, 4% 50 S 2 WA {1 1
ARG o0 25 HUA i AR DG M R B K

[ HF, Ry T 0 — 2 56 I 3R 335 IV 35 5 1003 7 405 T
B A E IR SO T AR LR G R L 2 G B
AR X B R IR BN S T RS . R
Pa I K 12 Fh T 00, O 26— 1-17,1-27,1-3°
(3l 5% T 350 ) AT £ — ik 2-17, 2-27, 2-37 (I 1% i 3
FEAFP T00 T A A R s 5 5 DL il 26 = 3-17
A 3-270F A TP T I8 JEC 3 R TS A B sh A 5 ik
TR AT, Ge it o Hr s SR B 16 F s .

il 3k (] 16 AT LAt PR 37 S 000 08 355 6 350 AR T 35
PR a5 5 Z IRl R FEAEAE — o I DG &R, HLZ 1 AH
KRB R=0.92, 337 5200 B 55 H0E B0 25 51 4%
PG M G RBOEAR — 30, i — 25 UL TR 25 R



53 Tr HE, A5 S A 206 U 48 T B IR Sl 1 B0 35 9500 5 400E A 785
0.018k y=atbx 0040 y=atbx n
' R=0.88731 ) R=0.93108
a=0.00275+1.13185 . 0.0351 4=-0.0058 4 1.52444 .
0.016F 3=0.49388+58. 67957 b=1.32005+72.11574
o A ~ 0.0301 =
7 0.014f . g s
g . £ 0.025 e
o L 3 " 2, - " a
J0012F  a . f = .
N . T 0.020F e g
ootof —, " g
" 0.015F  u"
0.008 -
1 1 1 1 0 0
0012 0016 0020 0024 0028 0.032 8012 0016 0020 0024 0028 0.032
V,/ (cm*s") V,/(cm*s")
(a) P=800 kPa (b) P=900 kPa
0.08 prre 0.09 i -
007} R*=0.92805 & 008 R*=0.92465 7
a=—0.01298+1.59043 7 a=-0.00785+1.79267
0.06F 5-1.93138+60.44389 =~ 007} b-1.86308+£61.39152
— [] 3 u = n "
7005 LI J 006 5
£ L £ -
S 0.04} - S 005 i
- e o L
N 0.03f e N 0.04f N
n- ol * -
0.02} " 003 =
0‘01 L 1 1 1 L L 1 0‘02 L L 1
0.015 0.020 0.025 0.030 0.035 0.040 0.045 0015 0025 0035 0045  0.055
V,/ (cm*s") V,/(cm*s")
(c) P=1000 kPa (d) P=1100 kPa
BEI15  3nk 335 G 30 45 T ) A 40041 38 O 2R
Fig. 15 Simulated vibration velocity relationship between bottom and top of wall
o yatbx - 0T B, 2 1 BRAR B BOR N o B A LG A A
: R=0.92237 ,
a=-0.00546+ 1.24952 Ao LA B A7 Bl 33 32 %) 8 0, Snl 358 B e I ) 3 R &R
005L b=1.41742+61.94779
o B fopy B Z 3G K, 4R BN R BN W S frpy AR TE 1.02~
g 0.04f . " 1.77 Z (8], 5 B0 37 S I B (H BE A — 2, 3 3k X AN (]
Soosl v A HU AT B T 19 ACTREAT A7, & X 4 B0 5
> AR Y MR S R R O A A R T A
0.02f Ia .
M.

0.010 0.015 0.020 0.025 0.030 0.035 0.040
V,/ (cm *s")

P16 duldish i 3 5 B0 ) 20 I 2 G AR
Fig. 16 Measured vibration velocity relationship between

bottom and top of wall

B4 T P LA B R S 5 () B T 7 2238 R 3
JAly T S it G R T8 ) Jo i i 2 3 R Ay S A A —
YL AE LA G AR o

6 % it

(1) 3 3 %t 30 37 S5 00 50408 30647 0 B % 3R, %J@
R BAT IR, I A 00350 3 O I ¥ e i
Y N G EENEE ) 1.08~2.21;ﬁ§zjﬁj‘1%[§1@)§12|§
Sy AU 0~40 Hz, £ #E 5~25 Hz R 8l 2
DI AT R 2 R =, o 40 3 s 9 3 T 4

(2) 455 K6 J5T o5 4 400 238 b 1 28 3 R 8l = 4y

(3) 3 b BB (400 485 SR 014 0 A, b A T 4 i
BB 20T B R A I O R 0 kAT R
LA, e B335 D0 38 A0 T30 1) 4R 3l ok 138 0L ol 6 A
% ZBR B B A 0.89~0.93, 1 B 37 52 i % 20 155
SR A P R B 0.92, F B AR AT I8 B A9 IR
BT 4 BUIR SR T JHC R 8 0 T90 S 1) 4 5 A7 AR —
JE 2 DG &R, SN 5 B B 0L 45 SR AT DL AR B
EPSIE .

(4) 20 55 B2 400 45 SR 3 2 W A1 42 S04 30 5% i
Tl R AR B T e IR,
TR R B2 A AR B sl L B
TR R BB 77 % L X R A 900 kPa ) 4R 5
A7 B T TSI B 43 9 5 7 A 4K 900 kPa (1 7 4
IO 5 1 FLAT 3 5 BB A 40 km/h LR TR B, 24 2544
75 A IR BRI I, 7 214 LA 45 ) d5 i A 1 4 3 ik
JE AR Sy o/ BIR o 00 o o o



786 " s T B % M %36 &
XIE Weiping, ZHANG Hui, HE Wei. Field measure-
& ik ment for vehicle induced vibration of a multi-story 3-D
bus station[J]. Journal of Vibration and Shock, 2020,
(1] PhIREEE . bk 5 22 4R Bl X6 B35 52 ] (1% 100 0 40F 58 R 0l 39(13) : 238-245.

[3]

[4]

[6]

[7]

[10]

TR T (D], JE ot JEat3gim K, 2008.

SUN Xiaojing. Prediction of environment vibrations in-
duced by metro trains and mitigation measures analysis
[D]. Beijing: Beijing Jiaotong University,, 2008.

Bata Miloslav. Effects on buildings of vibrations caused
by traffic[ J]. Building Science, 1971, 6(4): 221-246.
LIU X R, KOUM M, LU Y M, et al. An experimen-
tal investigation on the shear mechanism of fatigue dam-
age in rock joints under pre-peak cyclic loading condition
[J1]. 2018, 106:
175-184.

KAWL, Euile, K, % MEEAT TR Y R RS
RS 2 M [J]. @ SNE M 224, 2018, 39(S1) .
291-296.

ZHU Liming, WANG Chenglong, LAN Tian, et al.

International Journal of Fatigue,

Vibration test and analysis of Nanjing Drum Tower
caused by metro operation[ J]. Journal of Building Struc-
tures, 2018, 39(S1): 291-296.

Tyoe, XU4ET . R S0 552 9 A R 3 e oY
RO K O R Ay B [T, W 5 PR sh 4], 2019, 39
(4): 1-6.

MA Meng, LIU Weining. Overview and key problem
analysis of the vibration influences on historic buildings
induced by moving trains in China[J]. Noise and Vibra-
tion Control, 2019, 39(4): 1-6.

Chikaaki Ueda. On distribution of traffic vibration in the
building under overhead railway bridges [J]. Transac-
tions of the Architectural Institute of Japan Summaries
of Technical Papers, 1965, 40: 375.

ERAL, IR AR SRR BN I BE e 1A R B R 0
M [T BRI AR EROHE IR, 1991(12) : 35-39.

WANG Jingli, SU Guangfeng. The environmental im-
pact of Jiaozhi Railway on Longmen Grottoes in Luoy~
ang [J]. Railway Standard Design Newsletter, 1991
(12): 35-39.

Lombaert G, Degrande G. The experimental validation
of a numerical model for the prediction of the vibrations
in the free field produced by road traffic [J]. Journal of
Sound and Vibration, 2003, 262(2): 309-331.

Fang Xinfeng, Li Dong. Field test and analysis for envi-
ronmental vibration induced by road traffic load[J]. Ap-
plied Mechanics and Materials, 2013, 482: 183-187.
BB, BRE, (T 1. 2R SRR 4 F i Bk )
ST [T]. PR 3h 5wk, 2020, 39(13): 238-245.

[11]

[12]

[14]

[16]

[17]

[18]

[19]

Hinzen K G. Subway-induced vibrations in cologne ca-
thedral [J]. Seismological Research Letters, 2014, 85
(3): 631-638.

Valaskova Veronika, Papan Daniel, Fricovd Jana. The-
oretical analysis of traffic seizmicity effect on important
historical building in modra town [J]. Procedia Earth
and Planetary Science, 2015, 15(1): 193-198.

MaM, Liu W N, Qian C Y, et al. Study of the train-in-
duced vibration impact on a historic Bell Tower above
two spatially overlapping metro lines[J]. Soil Dynamics
and Earthquake Engineering, 2016, 81(3): 58-74.

PG Er, TS0, TR, A B A B R T AR
P& 2y B o B Be 2 Al [T]. G £ TR AR, 2021,
43(5): 877-885.

SUN Pengchang, LU Wenbo, LEI Zhen, et al. Blast-
ing vibration response and control of high rock slopes of
thin mountain[J]. Chinese Journal of Geotechnical Engi-
neering, 2021, 43(5): 877-885.

R2AR, X RE, R, A MR T EAE R T2
AR 3 3y 73 T8 IR BBONE AN SR B Y R B a5 O
FlI) A a5 TR, 2020, 39(10) : 1945
1956.

WU Duohua, LIU Yaqun, LI Haibo, et al. Shaking ta-
ble tests on dynamic amplification and failure mecha-
nism of layered rock slopes under seismic actions [J].
Chinese Journal of Rock Mechanics and Engineering,
2020, 39(10): 1945-1956.

LIHB, LIUY Q, LIU L B, et al. Numerical evalua-
tion of topographic effects on seismic response of single-
faced rock slopes[J]. Bulletin of Engineering Geology
and the Environment, 2019, 78(3): 1873-1891.
YANG G X, QISW, WUF Q, et al. Seismic amplifi-
cation of the anti-dip rock slope and deformation charac-
teristics: a large-scale shaking table test[J]. Soil Dy-
namics 2018, 115:
907-916.

AP, AW, BZE . BUIE 22 TR W LR S5 1 IR 3
Ry w8 O gy M LT R B 5 b i, 2021, 40 (15) -
263-270.

L1 Zheng, JIN Hao, ZHENG Jun. Analysis of local am~-

and Earthquake Engineering,

plification of masonry structure vibration caused by rail
transit [ J]. Journal of Vibration and Shock, 2021, 40
(15): 263-270.

T, BEH, EARE, S B0 S0 M I IR 5 s oc



33 Ir M, S5 o ST AT A0 RO TRl

2l 52 ) 1R B3 50 55 K AE o0 A 787

[20]

(23]

[26]

[27]

PR TR L ML [T). R 5 il
2014, 33(3): 35-40.
ZHENG Xin, TAO Xiaxin, WANG Futong, et al.
Mechanism of local amplification in attenuation of
ground vibration induced by rail traffic[ J]. Journal of Vi-
bration and Shock, 2014, 33(3): 35-40.

oy &, XNYET, X IE, L S2IR S X A8t 5
B9 3) J3 5 AR o A [T ], b 502838 K Aeos i, 2011,
35(1): 79-83.

LI Kefei, LIU Weining, LIU Weifeng, et al. Tests and
analysis of trafficcinduced vibration effects on surround-
ing historic buildings [J]. Journal of Beijing Jiaotong
University, 2011, 35(1): 79-83.

BRBL, SO, PR, R ITEUR T g bR 3
i BRI T]. Rl 5 ek, 2014, 33(14):
95-100.

GE Jiaqi, MA Botao, PANG Yutao, et al. Whole pro-
cess performance-based analysis on vibration of Humen
site induced by automobile running[J]. Journal of Vibra-

tion and Shock, 2014, 33(14): 95-100.

BEMAY T 5C 8 PR B % T B S R sE (D]
B + [ K2, 2020.

FAN Xingwei. Study on the influence of road traffic vi-
bration on Kaifeng ancient city wall [D]. Zhengzhou:
Henan University, 2020.

PEPLA LS 2 R T RAETF R GB
50868—2013[S]. Jtat: =3t i piat, 2013.
China Machinery Industry Federation. Standard for al-
lowable vibration of building engineering: GB 50868—
2013[ S]. Beijing: China Planning Press, 2013.

AR N R £ 5 R S 2R L Tt R AR Tl 4R
B ARMAL : GB/T 50452—2008[ S]. b5t : w57
Coll Bkt 2008.

Ministry of Housing and Urban-Rural Development of
the People’ s Republic of China. Technical specifica-
tions for protection of historic buildings against man-
made vibration: GB/T 50452—2008[ S]. Beijing: Chi-
na Architecture &. Building Press, 2008.

Technical Committee Schwingungsfragen in Bauwesen.
Vibrations in civil engineering: DIN 4150—1983 [S].
Berlin: Beuth Verlag GmbH, 1983.

Hinzen K G. Subway-induced vibrations in Cologne Ca-
thedral [J]. Seismological Research Letters, 2014, 85
(3): 631-638.

A . 58 8y ML st U T2 i
#t, 2005: 49-70.

BAO Shihua. Structural Dynamics [M]. Wuhan: Wu-

[28]

[29]

[30]

[31]

[32]

[33] ik

han University of Technology Press, 2005: 49-70.
T, R, 2R HE S Gk A B R84 AT 5 A
W] R TIRHE S Be 54, 2004, 14(3): 177-179.
WANG Lei, SONG Weiyuan, LI Ji. Analysis and dis-
cussion of the whiplash effect of frames[J]. Journal of
Heilongjiang Institute of Science and Technology,

2004, 14(3): 177-179.

WREA, 59 SCle, 28, 45 . o T 3 e i 20 2 1) oy
PR B ATSE[T]. A 5 5 TR i, 2011, 30
(11): 2189-2195.

CHEN Ming, LU Wenbo, LI Peng, et al. Elevation
amplification effect of blasting vibration velocity in rock
slope[ J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2011, 30(11): 2189-2195.

FhA N BRI [ ] 5 M A M A R R L G B
AN ER R i BB BRAE - GB 1589—2004[S]. b
Ae P E AR AT, 2004,

General Administration of Quality Supervision, Inspec-
tion and Quarantine of the People’s Republic of China.
Limits of dimensions, axle load and masses of road vehi-
GB 1589—2004 [S].
Press, 2004.

B RG . 3 T R 2k i 2 Tl T AR U T 45
WA R4 Hr (D], B s A K%, 2015.

DONG Xupeng. Analysis of asphalt pavement respones

cles: Beijing: China Standards

under multiole wheel load based on material nonlinearity
[D]. Nanjing: Southeast University, 2015.
MW . B S BT 5 B (ML AR E ik
A NS AT, 1998 19-21.
HUANG Yangxian. Pavement Analysis and Design
[M]. Translated by Yu Dingxuan, Qi Cheng. Beijing:
China Communications Press, 1998 19-21.
7S OB T B TR 45 R B0 o B R R A T I
(D], FSH : FBHI K2, 2019,

ZHANG Tie.

SR, L b

P23 Bt

Dynamic response of highway asphalt
pavement structure and vehicle ride comfort analysis
[D]. Zhengzhou: Zhengzhou University, 2019.
FLAE L . 74 DA I A st bk bR AR E HERE SR (D] 22
M 22 MR, 2017,
KONG Dezheng. The study of seismic stability of the
rammed Great Wall in Hexi area [D]. Lanzhou: Lan-
zhou Jiaotong University, 2017.
RE L H A XS5 5 T
M AGE R, 2021.
ZHANG Heng. Experimental study on seismic perfor-

B [D]. M

mance of rammed earth walls in Gansu area[D]. Lan-

zhou: Lanzhou Jiaotong University, 2021.



788 £ I N - 7 55 36 &

Field measurement and numerical analysis of influence of traffic load on

vibration of Shuangjingzibao ancient city wall

QIAO Xiong', LIU Wen-gao', LUO Wei-bin’, NI Wei-lin', YANG Xin',
HUANG Jin-cong',LIU Jin-long'
(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Road Construction and Maintenance Technology, Materials and Equipment R&.D Center for Transportation Industry,
Lanzhou 730050, China)

Abstract: Due to the special structural materials, long history and rich cultural connotation of ancient buildings, their dynamic re-
sponse law under traffic vibration has become an important research content of ancient building safety. Aiming at the vibration eleva-
tion effect of the ancient city wall under the influence of road vehicles and the safety evaluation of the structure, based on the field
test of vibration characteristics under various working conditions and the theoretical analysis of vibration elevation response mecha-
nism, combined with the method of numerical simulation, and according to the corresponding safety criteria and allowable stan-
dards, the research is carried out. The results show that the main frequency range of vibration of the ancient city wall under the in-
fluence of road traffic load is 5~25 Hz, the vibration speed of the top of the wall is larger than that of the bottom, and the amplifica-
tion coefficient of the top is 1.08~2.21. The amplification effect of vibration is mainly affected by the load and speed of vehicles.
With the increase of simulated vehicle load and driving speed, the peak velocity amplification coefficient £, of the wall particle in-
creases, and the vibration amplification effect is obvious, fupy 1s between 1.02 and 1.77. The analysis of incremental ACI of fipy
shows that the effect of vehicle load on vibration elevation is greater than that of vehicle speed. By fitting the simulation results and
the field measured data, it is found that there is a certain linear relationship between the vibration velocity at the bottom and the top
of the wall under the excitation of traffic vibration. According to the field measured data and numerical simulation results, the safety
of the ancient earth wall is evaluated, and the anti-vibration measures of the ancient earth wall based on the traffic management of

passing vehicles are proposed.
Key words: ancient earth wall; traffic vibration; field test;numerical simulation;elevation amplification effect
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