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Abstract: By studying the propagation pattern of seismic waves in a single soil layer and between different soil
layers, a calculation method for apparent wave velocity based on the shear wave velocity of rock/soil layers was
proposed. A simplified calculation formula of the apparent wave velocity for multiple soil layers was also
developed for the engineering application convenience. For a homogeneous soil layer, the apparent wave velocity
at a certain point on the ground is only related to the focal depth, to epicenter distance and to shear wave velocity,
then the apparent wave velocity is always greater than the shear wave velocity. Using the apparent wave velocity

at the midpoint of the structure instead of the apparent wave velocity obtained at its two ends can avoid the
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influence of the different lengths of the structure in all directions, the calculation is simple and the error can be
ignored. In the depth range of the source, the thickness of Earth Crust is usually much larger than that of the
overburden layer. The equivalent shear-wave velocity of multiple soil layers is close to the shear wave velocity of
the rock layer where the source is located, and the site category has little effect on the apparent wave velocity. The
results of the calculation examples show that the error of the simplified calculation method for the apparent wave
velocity of multiple soil layers is generally within 5% of the numerical solution of the apparent wave velocity
equation. According to the maximum value of internal force effect coefficients of 95% components to determine
the amplification factor of the seismic traveling wave effect can avoid the abnormal increase of the traveling wave
effect caused by the internal force of a little components being too small. The analytical results of Xiamen New
Airport show that: after considering the multi-support seismic excitation, the change of the total shear force at the
terminal structure bottom is very small; although the mean value of internal forces for frame columns, for steel
pipe columns supporting roof and for long-span roof members decrease, the internal forces of some structural

members can increase about 5%~10%.
Key words: super-long structure; focal depth; epicenter distance; apparent wave velocity; multiple support

excitation; seismic response
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Table 1 Relationship between wave velocity ratio and
weathering degree of bedrock
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Table 2 Shear wave velocity of site overburden
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Table 3 Relative error ¢ of Midpoint apparent wave velocity

vy and Endpoint apparent wave velocity vi2,
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T 6=05, —vaD)/vag x 100%.

13 WRKEAELEZEREE

2 PAL A BIA R R A, 2k
WIS . BOBRER LLBGE v AT o; 48R, LA
W v~ B gy SREEATHE, MR DAL HE R
B 2 pros. m R mY g, Nt A
a; AR LS WA A @ 454 2 LEAE T BT D) 3k
Vg 5 v Z LG, Bl

cosq; Vs
=— 6]
COSjyr1  Vsiti
7&&‘@;\
l //< Qi + 2+l
?BUEVS,- =i
% e
K2 AHAR LR (R AL o
Fig. 2 Illustration of seismic wave propagation
between adjacent soil layers
S8 SCHT SN T AL IE Ay vy 35 IS P
virds X (4) MK (5) w4
w1 Vsivl _ Vsi :v;pp ©)

WP oSy COSQ;
X (6) A%, UHLRE AR LR 2 R A
P ia,  HRHRR R B kAR o, (H% 2
(AP R FF AL
14 ZEEIKEHE
MR MNERR AL, TEFTZA L
2, UG SRR RO IS N, b AR I A
FREg ALKl 3 fros, HE W IR A, DL
vo VIR TSR AR, 2 AR D )t
J2, AR S AT, ST S AR R AR
JEL BRI BN @iy v, REFNEHE C Rl



Ji 51

T %
+0.000
C %
Y

w4 g,

?Eiiﬂivsi f/ j:_JZE':l ......
kv, // +)22
ﬁﬁvsl/v +)21

3 ZhRMRRBAE RN E
Fig. 3 Propagation path illustration of seismic wave
through multi-soil layers

T2 LR R AR, BoeE )R 1
KRB A v, IR (6) ATAT 3, MU

app’
IR O R R C S, W2 R AR
Vo1 Vgi Vsn
Vapp = = ~ T s,
COS@; COSq; COS @y
= 1,2’3’... N

()

Z": D; _ Z D;cosa;
o7 ana; = \/1-cos’e;
= (7) w50, MR P AT B 2 AL AR
B ] HAESE 1 L2 LR 1 S o) o

n

D;k;cosa B
S JT=(gcosan)
L, k=vg/va,i=1,2,3,---,n. tHTkD;>0,
i=1,2,3,---,n, B @) WIH, %M N %
T-cosay LA R, T B VRS R Sk
SRAGFAE % F1 5E ay IR
N T AN RN, T RRTRESR
DL - R TR R, SR A RE (i
FHUERA T P A, T R
SEHL O S R R 2 R e, Wk 4 BT
e Horfr, VR 52 R EE N 400 m,
JEREGE—HL 150 m, HU5EE RN 30 km.

x4 BRAHMEANSELREEE /km
Table 4 Building site category and rock/soil thickness

S ®)

e S S S = Hu5e
Lo 0.000 0.000 0.000 0.150  30.00
I 0.003 0.000 0.000 0.150  30.00
I 0.000 0.030 0.020 0.150  30.00
I 0.020 0.030 0.030 0.150  30.00
\Y 0.020 0.030 0.350 0.150  30.00

XHF 4 FR S LB, 50 5 R
B S MBEIRIRTE D BIAT it (8) 19X (6) 4T
AL

5 R A3 1) P AL Tk I R R R R R
A TS WL P 4 B B 4 Al %0 24 IR
FEREE (D=5 km) I}, EFEREH 30 km i [ A0
W E R BRIVES A E h ER /N T 20 km 10 ]
P IR NN, T~ b b R e e ) 22 S 1R
No TR VE R FE R (D=30 km) It}, 5P EEEL N
Ak PR AL I8 S T TR b 5 BY I () B R s Bl A R
PRIEOR, A0 28 A s 3 L SAS D310 A0 30 1)
M HE— D9 o AL 1) R BRAE A 3.80 kmis,
£2/3 limm | AU DR 7I P, B0 8

£
2
>§
hicS|
=
=
3.6 . . .
5 20 50 200
= HPES/km
(a) D=5 km
=
<
>§
)
g
»ENS
3 1 1 )
5 20 50 200
=P ES/km
(b) D=30 km

4 L T R R
Fig. 4 Relationship between apparent wave velocity and
epicentral distance and focal depth

15 ZEEVBRELITE

5 S B I 3 W RS 7 SR A L R Y B 2
P FioRs 2 SR 5 A R A D 38 5 1 Rt i
FAF TS EOE, RIEINBCE-45 5
IR EHR 2 LR TR -

n D,
Vs = ; 3 * Vsi ©
Z A (4), WAL )Z R Dy «
_ VD2 +S82_
Vapp = TVS (10)

0T KL (AL A B0, IR
REUIRTE D RSB S HEAFUEFLMIT, 5
L 2 SRS 2 B U S0, WL 4



52 T 2

&
HE

FHEIRZZ WK 5,

M5 ATAN, BRIV IR m iz (D=
5km, $=200 km) 155LAN, TLTFHIER R 2ZEA
L 5%, Htkar g, SRR A R S R
HUH BRI, HLY O ol 72, &5 7 Wi B 42
Ko T4,

x5 WREEEITESZREGTT (%)
Table 5 Error estimation of apparent wave velocity by
Simplified Calculation Method
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Table 7 Depth distribution of earthquake
sources within the region

R HGEANE A H(%) || RS Am HEAE 0 (%)
0~5 198 10.4 20~25 102 53
5~10 897 46.9 25~30 34 1.8
10~15 384 20.1 30LL Lk 14 0.7
15~20 284 14.8

*8 XEStENTFERARRERESH
Table 8 Depth distribution of earthquake sources with

®9 HXBIAE RS
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Table 13  Effect coefficients of base shear
force for the structure

MY/ (ks )

PRI T 17/°) 3 4 5

0 0.996 0.998 0.998
180 0.997 0.998 0.999
90 0.998 0.999 0.999
270 0.996 0.998 0.998
45 0.998 0.999 0.999
225 0.998 0.998 0.999
135 0.999 1.000 1.000
315 0.997 0.998 0.998
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Table 14 Effect coefficients of torsional ratios for
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W) MMy, /kms") AT A2 A3 A4 A5 A6

3.0 1.02 099 1.02 1.00 0.89 1.03
0 4.0 1.02 099 1.01 098 0.88 1.04
5.0 1.01 1.00 1.01 097 098 1.04
3.0 1.01 1.04 1.00 1.02 1.06 1.14
180 4.0 1.00 1.00 1.00 1.02 1.06 1.01
5.0 1.01 1.01 1.01 1.01 1.05 1.01
3.0 099 1.02 0.99 1.10 0.98 1.06
90 4.0 0.99 1.01 0.99 1.08 0.97 1.03
5.0 0.99 101 099 1.02 097 1.02
3.0 092 1.02 1.06 1.09 1.04 1.17
270 4.0 0.92 099 1.02 107 1.02 1.06
5.0 0.94 099 1.00 1.05 1.03 1.04
3.0 0.96 094 0.92 1.03 0.98 0.98
45 4.0 0.96 0.98 0.93 1.03 097 0.96
5.0 0.96 097 0.94 1.02 098 0.96
3.0 1.02 099 097 1.07 1.02 1.35
225 4.0 1.02 1.00 098 1.03 1.00 1.33
5.0 1.01 0.99 098 1.00 1.00 1.31
3.0 1.06 1.04 1.08 1.06 0.99 1.01
135 4.0 1.01 1.02 1.08 1.03 0.99 1.00
5.0 1.00 1.02 1.07 1.02 1.00 1.00
3.0 1.08 1.03 098 1.01 098 094
315 4.0 1.04 1.02 098 1.00 0.99 0.93
5.0 1.03 1.01 096 1.01 099 0.94
3.0 1.01 1.01 1.00 1.05 0.99 1.08
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Fig. 12 Distribution of shear force effect coefficient of frame
columns at 0°direction earthquake excitation
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Table 15 Effect coefficients of shear forces
for frame columns

W yjr;j%jﬁz ;fu%gz %nﬁ%& Ty>105
TT) Vape KIS ) o fi, I AAHOSYayy e Py " )
3.0 1.456 1.087 1005 7.6
0 4.0 1.316 1.056 1003 5.0
5.0 1.240 1.039 1.002 33
3.0 1.275 1.066 1004 65
45 4.0 1.176 1.042 1001 40
5.0 1.128 1.030 1.000 2.6
3.0 1.197 1.044 0999 4.1
90 4.0 1,144 1.031 0999 22
5.0 1.116 1.024 0.998 1.3
3.0 1273 1.041 0999 37
135 4.0 1.191 1.028 0998 2.3
5.0 1.146 1.021 0.999 1.5
3.0 1.497 1.071 1004 7.0
180 4.0 1,349 1.042 1002 44
5.0 1.265 1.030 1.001 2.6
3.0 1.541 1.074 1010 85
225 4.0 1.389 1.051 1006 5.7
5.0 1.300 1.037 1.004 39
3.0 1.405 1.059 1007 69
270 4.0 1.282 1.043 1004 44
5.0 1.209 1.034 1.003 3.1
3.0 1.414 1.053 1003 52
315 4.0 1.303 1.036 1002 34
5.0 1.242 1.027 1.001 22
3.0 1.382 1.062 1004 62
PHEE 40 1.269 1.041 1002 39
5.0 1.206 1.030 1.001 2.5
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Fig. 13 Distribution of shear force effect coefficient greater

than 1.05 for frame columns at 0° direction
earthquake excitation
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Table 16 Effect coefficients of shear forces for Ui B ATV N T, TR N T BV E RS B 1 K.
supporting roof steel columns
* 17 FLETNEMWRY
. s 85 95%55 J) 5 i
W Y, ) jonets 35105 Table 17  Effect coefficients of shear forces
} IRL 2L ES EILES (S S (% for V-shaped columns
JIRVC) (m'S) By e B TISYoyy e AT, T /0
3.0 1.190 1.053 0.977 6.1 L 87 95% /) 5l
W G,/ IAES FAES AL Yv>1.05
B g A8 FAES
0 4.0 1.146 1.043 0987 52 SO (ks e . o)
ﬁ]'d ( ) ( ms ) EIji{ﬁ-’)/v,max EIj({EDSOA)‘}/V,maD( Tﬁjﬁ)’v
5.0 1.124 1.039 0.992 4.0 30 1070 017 0972 21
30 1.215 1.070 0.988 8.1 0 4.0 1.057 1.016 0.983 2.1
45 4.0 1.165 1.058 0.993 6.7 50 1,049 1018 0.989 21
5.0 1.133 1.047 0.996 5.0
3.0 1.043 1.028 0.973 3.6
30 127 1.070 0.993 88 45 4.0 1.035 1.024 0.983 3.6
90 4.0 1.191 1.055 0.997 6.3 50 1,030 Lo21 0.988 16
5.0 1.142 1.045 0.999 5.0
3.0 1.056 1.029 0.979 2.9
30 1197 1,035 0986 63 90 4.0 1.048 1.030 0.987 2.9
135 4.0 1.152 1.046 0.992 4.6 50 1044 1027 0.991 29
5.0 1.129 1.038 0.996 3.5
3.0 1.054 1.018 0.980 2.1
30 1.289 1031 0972 53 135 4.0 1.045 1.016 0.989 2.1
180 4.0 1.219 1.043 0.983 43 50 1038 1016 0.993 21
5.0 1.173 1.036 0.988 3.4
3.0 1.041 1.011 0.979 1.4
30 1190 1.060 0972 65 180 4.0 1.036 1.014 0.988 1.4
225 4.0 1.150 1.049 0.982 52 50 1031 1015 0.992 21
5.0 1.126 1.040 0.987 3.7
3.0 1.041 1.024 0.977 2.1
30 1.204 1.058 0.978 64 225 4.0 1.032 1.019 0.986 0.7
270 4.0 1.156 1.047 0.986 4.8 50 1,029 1017 0.991 07
5.0 1.121 1.038 0.990 3.4
3.0 1.059 1.033 0.979 4.3
30 1155 1.039 0976 39 270 4.0 1.045 1.031 0.986 2.1
315 4.0 1.125 1.033 0.985 2.6 50 1,037 1027 0.990 29
5.0 1.103 1.028 0.990 1.7
3.0 1.032 1.015 0.978 0.7
30 1.214 1.057 0980 635 35 40 1.030 1.017 0987 07
SPE 4.0 1.163 1.047 0.988 5.0 50 1,029 1018 0.992 07
5.0 1.131 1.039 0.992 3.7
3.0 1.049 1.022 0.977 2.4
SAAE 4.0 1.041 1.021 0.986 2.0
i1 1 5.0 1.036 1.020 0.991 2.1
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Fig. 15 Distribution of shear force effect coefficient greater

than 1.05 for supporting roof steel columns at 0°direction

earthquake excitation
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Fig. 16 Distribution of axial force effect coefficients of steel
roof components at 0°direction earthquake excitation
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Table 18 Effect coefficients of axial forces for large span
steel roof components
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3.0 1287 1.057 0.985 6.4

0 40 1229 1.048 0.991 52
5.0 1.188 1.041 0.994 42

3.0 1316 1.059 0.988 63

45 4.0 1.248 1.047 0.992 49
5.0 1.205 1.040 0.995 3.8

3.0 1.286 1.057 0.991 6.5
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5.0 1.184 1.038 0.997 3.8

3.0 1.324 1.058 0.994 6.9

135 4.0 1.253 1.047 0.997 53
5.0 1.205 1.039 0.998 4.1

3.0 1.485 1.061 0.986 6.5

180 4.0 1.366 1.047 0.991 49
5.0 1.292 1.039 0.994 3.9

3.0 1.395 1.067 0.988 72

225 4.0 1.305 1.055 0.993 59
5.0 1.246 1.046 0.995 4.8

3.0 1.360 1.057 0.990 6.1

270 4.0 1.266 1.046 0.993 48
5.0 1.207 1.038 0.995 37

3.0 1211 1.036 0.983 39

315 4.0 1.167 1.030 0.989 31
5.0 1.138 1.026 0.992 2.1

3.0 1.333 1.057 0.988 62

SR 40 1258 1.046 0.993 49
5.0 1.208 1.039 0.995 38

0.995, i W 2 FEAT I 250N I )= 55 AT b g A B
AN, B KA AT 1,485, 95% J= o AT 1F 4l
Ji5m ZE I 0 4 1.057. 1.046 F1 1.039,

i 5 A LB 3 8 TR T IS TR o
4.7 FmFREFEES

T2 S AT RN e K S5 R,
WK, MRS . A T kD
BB AT I 2050 1. 5 i 28 500 K 5 | A o) 4 A &5 )
FEAE AT A D ZERBOR, A SCERR 5 95% 14
A 9 03 52 e 2R K ) e R AR AR S b RR AT I R TEOKR
FREG URIEBIT S5 i e A bE . U0 IX — i
EHE B, A BT E . s A AER
I n AR T NN ) 5 R B 2 .

7E 0°77 [n] BigBear SR I, 1 T Bt 1 &5
Ry HE BT (1) BY ) 52 0 3 550 15 ) 0 ) R 32 19 OC &R
17 Pros. HE 17 0] 50, HEZAEEEEHT
IR IIA KT 1.0, B 352 R 505 /A4 F
RIRREWYOE /A, B 50w 240 1.0 2=
ORI E 35 A7 T 4 21 R H % BAIR (n=<<0.3) 17T
i, BYJisgm RECNT 1.0 WAEREEZ T35 3%
Wi RECRT 1.0 M8 . XRW], Ui R E
JITCARJEAR KIS, BIAEAT PN AR B, AT
BONATSR AN R o

20
« 3km/s
Z16f ’ — =10
3 05 kTP 2 R K
=
D L W
=
=N
0.4 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0

FFEFI Ry
17 0°J7 [l Kb R= Sl I HE AT BY ) 52 R 2
MR 2R ¢ &R

Fig. 17 Relationship between shear force effect coefficient
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direction earthquake excitation
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