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Abstract: In this study, 123 effective drilling holes in Urumgqi, Xinjiang. were selected from 841
drilling holes obtained during 2004 — 2015. The boreholes were below 30 m and recorded well.
Through the calculation of equivalent shear wave velocities at depths of 5—30 m, the regression
equation coefficients were separately obtained by linear fitting, square fitting, and cubic fitting.
By comparison, it was found that the fitting error of the three equations decreased with the in-
crease of depth, and the error of the cubic term was always less than those of the linear equation
and the square equation at the same depth. Therefore, in this paper, the cubic equation is sugges-

ted as an empirical formula to estimate the vs values of boreholes in Urumgqi area. By comparing
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the results with the results of Boore, it is shown that the equivalent shear wave velocity vs(d)

and vy, at different depths have regional differences. The research results in this paper can pro-

vide references for solving the v of boreholes with depths less than 30 m in Urumqi, Xinjiang.

Finally, the applicability of the three fitting formulas to Karamay is tested using borehole data in

Karamay from 2004 to 2015. It is found that the closer the depth is to 30 m, the smaller the er-

ror. Moreover, the linear model and the square model are relatively reliable, with an average er-

ror close to 0, and the boreholes at depths greater than 10 m are overestimated. The cubic model

features a relatively large error and its results are almost underestimated at all depths.

Keywords: Urumgqi in Xinjiang; Karamay city; vss 3 shear wave velocity of soil; borehole data
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Fig.1 Number distribution of boreholes at different depths
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Fig.2 Boreholes distribution in Urumqi
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Table 1 Linear fitting coefficients of boreholes in Urumgqi
d/m A SCER MR 2 KL Boorel ™l & R 4L
a b c a b o
5 0.575 8 0.819 2 0.055 1 - - -
6 0.501 7 0.847 8 0.050 3 - - -
7 0.456 2 0.863 7 0.046 4 - - -
8 0.413 6 0.878 1 0.044 2 - - -
9 0.360 1 0.896 7 0.042 3 - - -
10 0.313 1 0.913 2 0.040 3 0.042 1 1.029 2 0.071 3
11 0.261 4 0.9319 0.037 1 0.022 1 1.034 1 0.064 7
12 0.218 5 0.947 2 0.033 9 0.012 6 1.035 2 0.059 4
13 0.195 2 0.954 1 0.031 2 0.014 2 1.031 8 0.054 8
14 0.174 8 0.959 9 0.029 3 0.012 3 1.029 7 0.050 1
15 0.158 4 0.964 0 0.027 4 0.013 8 1.026 3 0.045 9
16 0.144 4 0.967 4 0.025 7 0.013 9 1.023 7 0.042 2
17 0.124 2 0.973 4 0.023 4 0.019 6 1.019 0 0.039 4
18 0.113 3 0.975 8 0.021 7 0.024 9 1.014 4 0.036 4
19 0.098 7 0.979 7 0.019 5 0.025 6 1.011 7 0.033 2
20 0.092 2 0.980 4 0.017 5 0.025 4 1.009 5 0.030 2
21 0.076 9 0.984 7 0.015 4 0.025 3 1.007 2 0.027 0
22 0.062 8 0.988 7 0.013 7 0.026 9 1.004 4 0.024 1
23 0.051 9 0.991 2 0.012 0 0.022 2 1.004 2 0.020 8
24 0.041 7 0.993 6 0.010 3 0.016 9 1.004 3 0.017 7
25 0.032 4 0.995 6 0.008 9 0.011 5 1.004 5 0.014 7
26 0.025 1 0.996 8 0.007 3 0.006 6 1.004 5 0.011 5
27 0.012 6 1.000 0 0.005 8 0.002 5 1.004 3 0.008 4
28 0.005 7 1.001 0 0.004 2 0.000 8 1.003 1 0.005 5
29 0.001 5 1.001 0 0.002 1 0.000 4 1.001 5 0.002 7
TE -2 AT $U A HH N I R
x2 LBEARFHHAZKEREMZAERBERE
Table 2 Fitting coefficients of square model and cubic model of boreholes in Urumgqi
o A R K A R
Co C C, o Co C, C, Cs -
5 5.331 0 —3.307 0 0.892 2 0.052 2 35.120 0 —41.890 0 17.510 0 —2.379 0 0.051 9
6 4.755 0 —2.819 0 0.787 8 0.048 0 34.390 0 —40.960 0 17.110 0 —2.3210 0.047 7
7 4.411 0 —2.526 0 0.724 0 0.044 5 32.480 0 —38.400 0 15.970 0 —2.154 0 0.044 2
8 4.258 0 —2.400 0 0.696 6 0.042 5 30.740 0 —36.060 0 14.930 0 —2.001 0 0.042 3
9 3.946 0 —2.144 0 0.642 7 0.040 8 29.700 0 —34.720 0 14.340 0 —1.916 0 0.040 6
10 3.567 0 —1.833 0 0.577 5 0.039 1 29.970 0 —35.070 0 14.490 0 —1.937 0 0.038 9
11 3.113 0 —1.463 0 0.501 4 0.036 1 36.420 0 —43.190 0 17.890 0 —2.409 0 0.035 7
12 2.473 0 —0.938 9 0.393 2 0.033 3 37.270 0 —44.360 0 18.410 0 —2.487 0 0.032 7
13 2.127 0 —0.656 2 0.334 5 0.030 8 36.810 0 —43.800 0 18.180 0 —2.456 0 0.030 1
14 1.917 0 —0.487 5 0.299 7 0.028 9 38.010 0 —45.280 0 18.790 0 —2.5370 0.028 1
15 1.598 0 —0.228 2 0.246 0 0.027 1 38.310 0 —45.630 0 18.920 0 —2.555 0 0.026 2
16 1.297 0 0.016 2 0.195 7 0.025 5 38.310 0 —45.640 0 18.920 0 —2.555 0 0.024 5
17 0.864 9 0.364 0 0.125 0 0.023 4 37.130 0 —44.220 0 18.350 0 —2.479 0 0.022 4
18 0.522 9 0.639 6 0.068 8 0.021 7 34.880 0 —41.470 0 17.240 0 —2.328 0 0.020 8
19 0.246 2 0.859 0 0.024 6 0.019 6 30.970 0 —36.690 0 15.290 0 —2.065 0 0.018 8
20 0.108 8 0.966 8 0.002 8 0.017 6 27.340 0 —32.240 0 13.470 0 —1.817 0 0.017 0
21 0.073 6 0.987 5  —0.000 6 0.015 4 25.030 0 —29.360 0 12.270 0 —1.651 0 0.014 8
22 0.045 0 1.003 0 —0.002 9 0.013 7 23.550 0 —27.500 0 11.490 0 —1.543 0 0.013 1
23 0.020 7 1.017 0 —0.005 1 0.012 0 21.290 0 —24.710 0 10.350 0 —1.386 0 0.011 5
24 —0.032 9 1.054 0  —0.012 2 0.010 4 18.520 0 —21.340 0 8.979 0 —1.201 0 0.009 9
25 —0.104 8 1.107 0 —0.022 4 0.008 9 16.000 0 —18.290 0 7.748 0 —1.0350 0.008 6
26 —0.144 0 1.133 0  —0.027 5 0.007 3 12.680 0 —14.270 0 6.130 0 —0.818 8 0.007 1
27 —0.182 6 1.157 0 —0.031 6 0.005 8 9.513 0 —10.470 0 4.605 0 —0.615 2 0.005 6
28 —0.139 0 1.118 0 —0.023 4 0.004 2 6.862 0 —7.261 0 3.312 0 —0.441 8 0.004 1
29 —0.083 7 1.070 0 —0.013 7 0.002 1 3.248 0 —2.910 0 1.568 0 —0.209 1 0.002 0




1328

ok TR ¥ iR 2019 4
30 30 30
o ’%*??I'F‘EHL%HEE?’
— B 7
o [
28| T =UdE 4 2.8 28}

226} Za6} 226
= 0 =
2.4} 24} 24}
230 25 24 26 28 230 22 24 26 28 A
1g(vgs) 1g(vg10)
(a) (b)
3.0 3.0 3.0
0 LEARFFIIHLFLEHE 55 ) '%E,?li%ﬁi%ﬂLiﬂEﬁ
— MG AR
—
_-__j‘/—rﬂj é&
2.8} 2.8} 2.8}
226} Za6} 226}
= 0 0
2.4} 24} 244
230 20 24 26 28 230 22 24 26 28 A0 22 24 26 238
18(vsz0) 1g(ve:s5) lg(vss)
(d) (e) (H
B4 RAEAREA=ZFERZERFR
Fig.4 Comparison between the results of three models at different depths
12 e 6 40
— A#la — G REUC,
“““ M{;%%&b e A RHC) %ﬁwﬁi\
+  BMaaB sk St — WA EHC, 30t
Lol o REbEHL v RHC g
: .l o RMC B
%é&C L 20
3 |
osf © 10}
2 L
% “ : % o
4]:[0.6- \ 1 1+ dn — ?%{C p
= = 10 p----- B A HC, i
of — B SHC, &
e N B HERMC, o
04} A B 201 4 igg%jﬁ%
& ° Thchns
X o wo| 5 RcCERS
2l o ‘s
02} OO - ¢
Y ) A0F g S
é O
g 10 20 0 10 20 0 % 10 20 30
VR /m m: E/m RE/m
(a) LR VAR TR (c) IR
A5 7\13]75*’221_ %éi&mfi?iﬁtﬁé%‘

Fig.5

Variation trend of coefficients of different models along the depth



941 % 555 e R R S HIX vs, BT BES 1329
3.0 3.0 3.0
0 LB RSFHEEFLAIE = 0 LE A EFLEGE A O Ly B AR g FLEE i
— &G Vi — &G Ay
------ — g / e Z YL V =)
| ----ZRUG y | ----=RUG ¢ |
S [P Boore 4 5 ] - Boore#h ¢ 28
226 226 226
20 20 20
24} ) 24} 24}
2 /‘f) : L . 2 t -’ /. L . 2.2 — . :
'22.0 22 2.4 2.6 2.8 '22.0 22 2.4 2.6 2.8 '22.0 22 2.4 2.6 2.8
1g(vgi0) 1g(vyis) lg(vyi7)
(@) (b) ©
3.0 3.0 3.0
0 SEATF LR & 0 SEAFMHFLEGE S 0 SEAFMHFLEGE S
— sl — st — i
'''' - IRWE e IR
| | ---- =G | -~ - Z G
28 28f o Boore%: &t 28f o Boore: &t
226 226 226
L0 L0 L0
24} 24} 24}
2'%.0 2;2 2I.4 2;6 2.8 2'%.0 2;2 2I.4 2;6 2.8 2'%.0 22 2I.4 2;6 2.8
1g(vs20) lg(vs:s) 1g(vs2s)
(d) (e) (®
B 6 RERALREF Boore #5 £ b4k
Fig.6 Comparison between the results of different models and Boore™

W AD A SO O T AL | R R A =
YA RS 58 A7 AR T B AL 00 B9 T 5% 22 1 o
28 BTS2 Y 1 X 1R 25 PR 2251 T3 3.,

MIEL 8 FE 3 43 B 44 0 XoF T 5 S 35 45 T 43l L
Vsso BTN, = YA T A A o4 22 50— YRR TR T 4 A
BRI, IF Hoak 22 B ot e Aok . fETR)E 10 m DA
T AR LP-#8 H BLARA BE G, R R R 2R 1
IR A X T (R O ME AL (AR TR E R T 10 m
DIl 7 2 0 o B e i B R X IR U T BT D) 3 A
XN OC R BA BRI . XS T e i 4K
TR AL g0 BT , A SC 10T U2 455 3] 4 2 1 A 200 4 Oy
AR,

4 it

AR SCHE T 1 B R S A LR E R T 30 m
) 123 DA R AL WF5E T 5~30 m A [F] I B 19 °F

KPP v (d) I vy BT B2 PR X —
YRASE TR 0 X8 28— RS TR, 43 ) 45 s T AS ) O B A 46
BT YW TE vs (d) F vy 1 AH A AL 4 0] 15 2R 5,
FH T AR SCBLFL A 423k B OB R S R ST, IR
AR A S SR AR T Boore 3T € M
] L X FLECHE 75 20 A [m] T 45 SR X = A
T (R A 0 2 0T FE 0 BT & B = YR RS R 7R RS [ I B Ak
(18 o 2 BB /N T[] % B ) 2 e A 80— y S AR
PR A SR = A B A — AR R b al LA B i
R T BB LB 50 R RS B 30 m (L
LA vs P2 S IF HA SR B E X R
AT DL Ay S i i DX 1% b 2 Dl DG R T D0 R 3 b 4y 2K
G ).

ARSCAERI R 841 AN EhfLrP R ER T 30 m H
FLA PRANEL LSRR 2 4 (5 B FLA 123 4, 5
v A 7/NF 760 m/s . 4% I8 35 [ NEHRP # 5



1330 o= T OB ¥ W 2019 4¢
3.0 7 3.0 3.0
O FERIFK LTI 2 / O BRI LR O I LR
—— LA 7 — GG —— LA
— il Y — / — sl
I B 5 gl -
E 26 ;3 2.6
o0 =
24+ 2.4+

2'220 2..2 2..4 2:6 2.8 2'22.0 2.‘2

1 I 2 /' I I I
24 2.6 2.8 22.0 22 24 2.6 2.8

1g(vss) lg(‘.’sm) 1g(vsis)
(a) (b) (©
3.0 3.0 3.0
o SERIILR AN FLAEE m o TERLIRK AL FLAEE m o ShIIR TR FLAE S
LRl LS LS
7S
2.8F 28F 2.8 _"'-:W\ﬁlﬁ
226 226 226
L0 L0 L0
24} 24} 24F
2'22.0 - 2..2 2..4 2;6 2.8 2'22.0 ‘2.I2 2I.4 2;6 2.8 2'22.0 22 ZI.4 2;6 2.8
18(vs5) 18(vs,s) 1g(vszg)
(d (e) ®

B 7 = APARA A L AR AR T 4E 3L 6% 1 R

Fig.7 Application of three models to drilling in Karamay

x3 BREBRNREHNERT vo MK EMIREE

Table 3 Residuals and standard deviations of vs; in Karamay predicted by three models

YT R BT

A b2 T HRE e T bl 2
5 -+0.014 9 0.040 8 -+0.012 7 0.038 9 —+0.022 0 0.044 2
10 —0.001 3 0.026 0 —0.004 7 0.030 8 —0.017 5 0.032 0
15 -+0.003 5 0.018 7 -+0.001 7 0.021 3 —0.012 6 0.021 1
20 -+0.003 5 0.017 2 -+0.003 5 0.017 2 —0.009 1 0.018 9
25 —+0.001 7 0.009 0 —+0.002 9 0.009 2 —+0.005 6 0.010 2
28 -+0.000 8 0.003 7 -+0.001 6 0.003 8 —0.002 7 0.004 2
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