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Tab. 1 Blasting vibration safety allowable standards (Ex-

cerpt)
B A SRV IR B v/
(cmes ™)
PR X 52 5 | 10 Ho<y<

/<<10 Hz 50 Hz />50 Hz

— i R ) 1.5~2.0 2.0~2.5  2.5~30
Tor FEE Y 2.5~3.5 3.5~4.5  4.2~5.0
— i EA S 0.1~0.2 0.2~0.3  0.3~0.5
7K T R% 1 7~8 8~10 10~15

A2 3 g 1E 10~12 12~15 15~20
IIE:STE] 15~18 18~25 20~30

Y28 1 AT UL, B 11 4 2 3 B R A B 4 4 3h A7
2R 10T B R 3R PR Sy o AR Bl B4 AE A
T I PR ok G e A R S R . (B R 4
FLAE ) (GB 6722—2014) "7 J& B Xof 45 1 far 481 B o2
0 [ 1, 5t 2% o o A 2B T AR SR AR B, AR R
SR, U ORI R R L og R ek e 3k T
R4 2, T e W0 i U8 T vo AR 3, DR O P o
TR B A PR (E A5 b .
w9 A7 ol s o Ok T 20 T S 3 5 R A A R B B R
FLYE) (CII/T 202—2013)" LA K s 5 A v ok 17 6
T8 A2 30 B AT 2548 R AP BOR KL ) (DIB/T 15-120—
2017 )"V CHl R DR AP DX DN A A A T R R )
(DGJ 32/TJ 181—2015)"" ¥ HiL 5 I 11 L 18 22 3 4%
P B 22 42 Fo 0 i KR N 2.5 em /s, 52 B (il T i %
3 39 T I3 S Y T B, — B E 2.0 em/s B
o 10 2.5 cm/s BHR 3l 38 2 (AR AR ok FI B 0 2 4
FURE 07 ELIZ R0 B B A H A 2 50 Ak (L R R
X PN 8 B T B R FLRE ) (DGT 32/TT 181—
2015)"* 2% SCUEBA v B AR 45 1, TR 966 - K 14 R A AR
B E 29 15 em /s, (0 K )2 504 F 78 22 Al E X
B, — MBEU 4 R AON 10 8 3 e 45 i B, ) 3R 3
B 4 ) B IR 2~4 em/s.
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2013) " X - 52 38 4 B A1 SR TR 3 (FTAE R

LRI BRI 2 T O WL A R AR R A R
IRBRAB a4 2 7w .

K2 (BRIBBTRIITE)(GB 50868—2013) ™ # E K9 = F IR 5hi% B F18 (%1% : mm/s)
Tab. 2 Three kinds of vibration velocity thresholds specified in Standard for allowable vibration of building engineering

(GB 50868—2013 )" (Unit: mm/s)

22 3 i 4% FT ke 0 4IR v 45 Bt T SR 5 it L
HEF YA 00 2% 45 T HET b T 2% 45 T FE fith ik o0 14 1 FET b
1~100 Hz 1~10Hz 50 Hz 100 Hz 1~100 Hz 1~10 Hz 50 Hz 100 Hz 1~100 Hz 1~10 Hz 50 Hz

Tolb AR S et iy 10 5 10 125 12 6 12 15 24 12 24

JEAE SR 5 2 5 7 6 3 6 8 12 5 12
R sl i B R
PO E ARERNA L 2.5 1 2.5 3 3 1.5 3 4 6 3 6
AR T 2 42 T
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(1) Z AL A1, 2E 45 T 28 4k 2 for 2% 4T
R b o 2% R 5 4, L ASE R iR Bl BE E O A
L% AR R IX 6] o 1~100 Hz, [A B} % 58 T 454
AN TS ASE P 5 T < 235 4 T J22 o A

(2) A48 F 22 30 o 2K, 12 B X 28 SR T 4k 3h
SR X AR, R ) SR 6T 8 5 I 4 R B AR B
FRAE SR /& T 20 2 /% o HL R R 7 F 4 S0 102 e it
f 5 b o g A, T 3C A A 20 R T K I 0 Ak B
T 8%

(3) 5 75 i 2 hy i Bof 5 oo o fir 28, EL & IR0 41
By, RHRE A9 3 Bl 1~100 Hz AR %) 1~50 Hzo

(4) #0 He A T (R il 2 2 HL R ) (GB 6722—
2014) %7 AZ X T 28 38 A 28 0 it T 47 28 90 o Bz A1)
P 2 7 B PR /MR £
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i ff 3% 5 LB T 2R = B Y G B ) Gn ek o B
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oL, 48 s 4 HL A AR 2 AH 56 B e 48 kit T b i B B
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A 57 Ry A S PR B0 KR 2 A7 3~5 mm/s” %M
FE T 5 S AH G E BRAE KBS L 7E SEBR TR
LB T (H A B R T 45 M R Bh 2 A i
P S

b 35 TR ) o o 00 A 1) R R B
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e i foF 05 AR B B AT — S AR R P

50011—2010)ﬂm6&&ULEW@E@*$’JJA\@L
TP, BIK T 6 & (5 8 R LR ) 3 X 9 45 44
AT EHAT IR BT o B B 8 K R 2 % 4
F 3 B S 0P 0 R IR, nT LS R DX I A B
VE S % 2h 3B 9 B {8 . AR 4R (b ) b 7R R R )
(GB/T 17742—2020) B9 AH 3¢ B 2 + 5 i X Ml & 7K
- 6 R B BE Ry 2~4 em/s. B % & B 5k L K op il
fof 25 b B B R S AR MRS AE AR 25 00 i M e R
g5 th T Hb e K OP 1) I Bl R BR A, PRt O i R
Hb'ﬂzj‘j%%o
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(1) BRCUH FIS F B  B 3 B o 25 8 T & X
MR B B R = 5 RR G A fe K IR Bl R R
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W HHLE T 10~30 Hz 89 3 [, ifi o o for 28 —
M JE T AR AR B, XM AR T 10 Hz 4R s kA
K AE

(2) 7 [ B B AR 45 T 358l AN B0 A R 4y BE
E A B A 25 H b T 38t 1 % B 1
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Tab. 3 Maximum allowable PPV values for transient vibrations to prevent structural damage

[10]

FLAE Tof ZX I AW Bl / He g4 5 & B RAE/ (mmes™")
Tolk 5 b AE B 45 4 50
HHE TR A it 40
; " I Tk 45 H 30
Eurocode 3 (CEN 1993) ST A B s ) g 2
et 10
T8Ik A ey SR 4
0~10 20
10~50 TL- Tk 2544 20~40
50~100 40~50
German Standard DIN 0~10 0
4150-3 (DIN 1999) 10750 et 1o
50~100 15~20
0~10 3
10~50 RO T S AR A 3~8
50~100 8~10
s (551 1993 T SR € 4 (0 M 50 -
A B A TR B R  AHRT  P d BR R NE 50,48
B b TR B 2
Swiss Standard SN640312 10—30 FERI AN M R TR B ,‘i%%ﬁ‘(%éi@mw%%ii b 17.78
(SNV 1992) BN SR
R HEFT R R AEAR A A Sk 3% A Sy ) A 12.7
ot % s Al W AU 7 S ST 7.62
WA R B B S 25.4~38.1
. Bl AR e P R B 10.16~12.7
AASHTO L1990) 7 PR W/AURE et S 5.08~7.62
3 s ) 2.54
AR T AR A ST E
2 T EMRBh IR i+ E ik AR R

T AR SCHE RAE TR 30 % PP Ik O,
BARB 57k 0 2 554 O S o B EH T s R
HEAYSCHRL 250, i AL g o5 B o T RBIRUR
R 1R

e @

WM

1 RERRER

Fig.1 Calculation model diagram
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FIHI P& 75 T b 22 (C R0) 00 b 3R 00 i A (s
NEIE BT ) o BOX R T S5 R g ) L DL M

(1) 50 [ 38 58 B AR A8 M R 4544 1 R ST
FE e HRUHh T 5 A8 R 1) B RE Y 7R R BE AR A b B
g =N e ST

(2) B JE 1 B« 4 B e SR F 2 i 5 R BH e
BEAY

QRS H: RS HS W RLPUE RS
B, 100 25 H SRR BUR T C30 TR BE 1 S5, B i 1 A
4 30 GPa, % [ 4 2500 kg/m*, JHFA L M 0.3; +
AR FH R IR PR A AR Y | TR 56 - 45 40 SR FH PR AR AR

(4) A R 43 < SR F 32 BT S 400 25 4, S 1T BT
K53 AR oo SR (IR 3l i REAE AR AR, RS R
N TE KA 1/10.

(S F&M - th T R IR E I ff gk, i &1
Shy 249 DO A 0 TS )RR R R RIS TR R O
5.

(6) T 525 % LR I3 38 0 o = A ir 4
B — DU N 4 Ry E ) 9 01 A b R g 5 55 b i
T H R TFFZ BN S 25 0 9135 & 25 49 4 3R i
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2R i) A AN AR CA B A 280 25 J5 1, 10 X T 47 B L 5it
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XG5 AG 2 A BEAT VR, JC AR JE NS A 32 ) s
WA 7 AT AR SCET IS 2R X R IR BE 25
M BEATRESE , th T IR BE L 25 A BT o BEAR A, 3 T
SR AE 1B I ool A7 280N B9 AR E — AR/, R IR BE
- 2 R A A A Sy 2 R A R R R
W, A SCAVLIE i Ml R B - 25 ) A R IR gl R S A
IOE A7 I 7 O AR, A TR W e A e DR 1 7 i S
REVFIRSIE L o

FIER M T A E T R R R ek A
BT B IR S0 1 A o AL 1 A RE B 1A M 25
Fay, N+ 2 R P R — A B CEE AN R . Eit,
Z: [P I A BT AR BT ALK 3 il o3 S 2,
KRS HME LR

T3 8k, 25 B B SRR AR A b T 45 A (N i A
T ) AN FRVER T 42 5 B M D00 e, DA T 7 2 5 )
F2 0 F8 AR 0 FLHE AT 2 A P IR, b G 48 T b R A0 AR
B

F4 MELHHESH

Tab. 4 Calculation parameters of four kinds of soil

W/ SYIE/ IR

B (kgm™®) (ms™')
Yt 1 (leij; /s) 1600 100 0.45
B 1l (150 m/:’;ﬁi%o m/s) 1700 200 0.42
Bl (250 m/stﬁfiwo m/s) 1800 400 0-40
i IV i 2000 600  0.35

(500 m/s<<¢,<<800 m/s)

T R ey RS UI

DRI, 7415 DAl 45 44 5 J32 M i 45 K ) )
PR BRI JT T, AR TS T S5 AL 1 b 3R ik A 28R
Y2 A E A

3.1 Mt TEMREHR

TR B A B B T N T
5 K %% 1) IR 20 R 5 H A RN AR A B A KR
P BEAT S T Bl E 2 MR e R &
Je 45 35 B 8 V/F LA I I XoF 7 14 4R S R A b 4R 5 3
JE R L

AR SO AR E T, L m* VR EE L 3 m =
Ab E TR, e 5L A BE R A Y 0 8 KR B
BN 10 m(C ), FF RN 3 mo A S0 AR ifE
T B ARE S Ry 1A Tk He B, PR Al T R
TERRE T B0 LAt L B i — 20 ARkt
A AR T AT RS R R 5 s .

x5 ARBHHMTEIN ETATH TEERRIRIEE (B4 :cm/s)

Tab. 5 Maximum vibration velocity of underground structures under different site soil types and

working conditions(Unit:cm/s)

1 i IS5 M2 IV 23 1

T B TS S R Rz
B % g *’;jﬁ R ?;ﬁf BB ?ﬁ; e BB ?;; e

)5 )5 > x>z
b v T 00 1.02  8.74X107° 1.18 8.27X107° 1.32 7.79X<10° 1.45 6.79%X10°
b S 2m’ 1.13  1.11X10°* 1.29 9.75X10° 1.53 8.37x10° 1.61 7.99x10°

{ VAN .

o 3m’ 1.68 2.75X107* 2.61 3.23x10°* 273 3.91xX10°* 294 3.23x10°*
ok 5m 1.11  1.02x107* 1.51 1.08X10* 1.80 1.00X107* 2.01 1.02x10°*
e 7m 1.53  2.39X107* 1.59 1.42x10* 2.16 2.56X107* 2.73 3.01x10°*
— 24, FEY N3 m 117 1.23X107° 207 2.02X107°  2.24 278X10°" 248 2.87x10°"
- 2, EE3ImA6E6m  1.74  2.89X107" 214 2.38X10" 284 4.14xX107" 214 2.32x10°*
R il B A 1.19  1.26X107* 1.25 9.61x10° 1.49 8.08x10° 1.58 7.86Xx10°
Vi =) B B . ;
s A5 D AR 0.34  5.22X107° 0.41 4.67x<10° 0.63 3.71X10° 0.81 3.18X10°°
= 5 5 I 5 = 5
TR X2 o it 1.09  9.98X10 1.33  9.84X10 7 1.58  8.42X10 , 1.33  5.19X10 7
X2 XL i 1.16  1.20X10°* 1.27 9.68X10° 1.49 8.33x10° 1.27 4.82X10°
5m 047 6.77X10° 054 6.21X107° 0.77 3.14X10° 054 1.34X10°
LT 25 R HE R ) ) ) )
7m 0.32  5.19X10° 0.38 4.48x10° 0.54 2.27X10° 0.38 1.02X10°
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2 08 B IR B 0 R R AR BR A N — B 1.0~
15X 10, A SC & R AR 57 #b U BRAE 1.0 10 *4E
R A BR B AR, BN Sk b R 45 R 0 e K R AR K
FTizWMEE RBE KBS XEANRT L
.

i3 5 59 )5 PRI A BT A5 40 & 2 s o0 R sl
S| RPN Z F G R MLk, M2 K&ES
I

(1) 12 A B 4r , — 5 1 BH 2 R /0N, T 4
Sl BE M FE R D 5 — T, R b R S5 R
(ST R N S O S et A1 o A S s o o
J2 S A R, S A 1 AR T BN S A 1 P g B
N

(2)XF U 28 4 A E 47 28 L iy 8115 43 B, BUIR
BE A AR AV R 1.0 10 iF X R Y 3R B
BE A4S 45 2 b Hh SR UF T Ml Ak A Sk 2 A 1 Ik B0
HEMRME: I 22+ 1.12 cm/s, 1 224 +
1.45 cm/s, M 253 s + 1.55 em/s, IV 26 3 41 +
1.75 cm/s o

(3) LA B F5 45 383 /1 H i (ki 0 2858
SR AP AR BAL) (CII/T 202—2013)" " 44
I BRE 2.5 em/so AT DL Ml 3 o ot i 20 I
T H T 25 K 1Y 5 S 2 20, FAS R 2B AR A 1
) BR AR

0.0004

Model Polynomial
Adj.R-Square | 0.98689
Value Standard error
B Intereept | 9.62697x 10°| 1.17408% 10
0.0003 - B Bl |-1.73787x107 251424x10°
B B2 [1.66695x10°| 1.23584x10°

)
1 0.0002
i\}_!

—n— H{ELER
— MEER
0.00011
0.0000 : : : '
0. 0.5 1.0 1.5 2.0
PRBNHEE / (cm's™)
(@) T2t
(a) Class soil type |
0.0004 |_Model Polynomial
Adj.R-Square 0.9885
Value Standard error
B Intercept | 5.60067x 10| 9.69417 x 10°
B Bl -3.81993 X 10| 1.46589%10°
0.0003 B B2 543551?10" 5A037zs>;10‘

54 —n— W R
if;i‘ 0.0002F P &LER

0.0001F

0.0000 : - - - . ;
0. 0.5 1.0 15 2.0 2.5 3.0
PRENEE / (cm's™)
(b) 1K+
(b) Class soil type II

0.00051 -
Model Polynomial
Adj.R-Square | 097197
Value Standard error
0.0004 B Intercept | 6.1947x10° | 3.21316x10”
B Bl -1.09257 X 107| 4.15264%10°
B B2 8.44883x10” | 1.21158X10”
., 0.0003
5 +
= —m-= ﬁﬁéu%
& — g R
0.0002
0.0001
00000 1 1 1 1 1 I
0.0 0.5 1.0 1.5 2.0 2.5 3.0
RBPHESE / (cm's™)
(c) MIKFth+
(c) Class soil type I1I
0.0004 Model Polynomial
AdjR-Square | 0.93222
Value Standard error
B Intercept |1.3869410° | 3.58382x10° u
0.0003 1 B Bl |3.30485x10°] 4.73543x10°
B B2

5.05399x10°| 1.38885X I.V

-
1 0.0002}
i\’—!

0.0001F
00000 1 1 L 1 1 J
0.0 0.5 1.0 1.5 2.0 2.5 3.0
PREHEE / (cm-s)
(@) Vit
(d) Class soil type IV

Pl 2 S [) d7 3 - 255 590 B g 445 4 3 ok 5 05 K R0 A%
KFRUA ML

Fig. 2 Fitting curve of relationship between vibration veloci-

ty and maximum tensile strain of underground struc-

ture under different site soil types
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Tab. 6 Maximum vibration velocity of underground structure and corresponding vibration velocity of
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Safety evaluation method for vibration of rectangular underground
concrete structure under strong surface impact load

WANG Guo-bo', YIN Yao', CEN Xin-zin', XIE Wei-ping®, JI Shan’, QIE Jia-lin’
(1.College of Civil Engineering and Architecture, Wenzhou University, Wenzhou 325035, China;
2.School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China;
3.China Construction Third Engineering Bureau Group South China Co. Ltd., Guangzhou 510600, China)

Abstract: Concrete underground structure is widely used in engineering practice, but its vibration safety evaluation method under
surface strong impact load needs to be improved. The existing vibration safety evaluation methods at home and abroad are summa-
rized in the paper. The parameter analysis of key influencing factors, including the volume, height, number, location of the impact
block, and the form and depth of the underground structure, is carried out based on the existing numerical methods. A simple and
practical vibration safety evaluation method for rectangular concrete underground structures under different site types is proposed.
The results show that the evaluation indexes of vibration safety of underground structures in different codes are quite different, and
most of them lack theoretical basis because they are based on blasting engineering or some statistical data. The site soil type has a
significant impact on the vibration safety of underground structures. Therefore, the corresponding vibration safety threshold of the
underground structure must be recommended according to the site soil type. The vibration velocity of underground structure has a
good linear relationship with the vibration velocity of corresponding surface points. Therefore, when it is not easy to obtain the vi-

bration velocity of underground structure, the vibration velocity of corresponding surface points can be used for safety evaluation.
Key words: underground structure; impact load; vibration velocity; safety evaluation
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