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Abstract

In this study, the determined values of soil sampled from a southern city sub-railway were se-
lected as the tested objects (cohesive force, angle of internal friction values, water content, com-
pressibility, porosity and compression modulus and density of natural). And these values were
analyzed based on the theory of statistics to investigate their probability distribution patterns,
such as normal distribution, gamma distribution, Rayleigh distribution, Poisson distribution, and
Weibull distribution based on Kolmogorov test to obtain their optimal distribution. Afterwards, 4
sets of samples were randomly selected from the overall samples and the quantity of each group of
subsample was 30, 20, 10 and 6 respectively, and based on these extracted subsamples, analysis
was conducted to text whether these subsamples follow the same distribution function as their
parent samples. Based on these, ANNOV was used to analyze their consistence of the parameter
with that of the overall samples. The results show that the optimal distribution of water content is
normal distribution, the optimal distribution of natural density is Weibull distribution, the optim-
al distribution function of porosity is Gamma distribution, the internal friction angle does not
obey any of the above distribution, the optimal distribution of cohesion is Gamma distribution,
and the optimal distribution of compression modulus is Gamma distribution. In addition, when
the sample number is six, the seven indexes and total samples based on KS test result are not con-
sistent, the less the number of the sample will lead to a variety of distributed data model, which
lead to a deviation of soil physical parameter from their actual values. And when the sample is
greater than or equal to 10, the values of soil parameters based on statistical principle are stable.
The results of this study have certain reference and guiding value for determining the number of
test values of geotechnical samples in tunnel, slope, foundation pit and other engineering investi-
gations.
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T EEA B - TR TS AT 522 s 28 BRTIR, IR SCEREE RS T SR B Lk h %5
HOCRG SR AN A BEAZ A ) R 0 A AT DA R/ NFEA SR AT, A B TS B 3 X o AR 00 % S HER R I Al T
L RANR . FERPRTIF, 2T, REEAME. TRMESEZHEMNN, R0 5 UL F 4
THEFTRUE R AL, XA — 2 RS i@ Gt B 13 B 1) 1 2 Fe b (B = 5 S PR e i3 Lo,
RAE— B BRI T ER TR SR, [FR, BN RE AR 3 BOE A A E O SR
NS HE RSN, HEKE, HFNAR0ED, AR EBR S ZE & (R &5, 2016) [3],
M3 3TN 53 E S BR L0 PP b R AR R I S, IR 25 A0 50 TRR I 2 e MR By ok BORBRE
D] b 328 B A5 336 PR R AR IR T3 i AR 0 22 A PR AN 8 DR M ) i SO 5 T T

HAET, MG TE LAREARB eI N 828 TR EERRIFEARE N T =R
RiT 6 A4, HAPURIREARN DT 9 A, SRR SCHR[1]9C T “H0MVarE AU 6 (261 T 15 2L
PROIRRE AR /N A, FEARKOI 6 NIFRAEIEMN . BT BIRIRR w50, &3 € & AR R
LTS ARV S RO H T, R AR TR AT S E IR . Ht,
AR FE IR H R R 0 -k 7 TRDER SRR A AR, SRAGUTF B NTX 7 TR bR R AT AR K 20 A
BTG M, S AIBRARIX 7 BERFR SRTE IR0 IS aAn . SRl oA A o A BB R oA R
AT SHL, R RTR SRR R - K% A6 56 (Kolmogorovu-Sminov test, KS test)Xd iR o347 0l &
BT, FFaEd BN 7720, M ARIR bRt BE LA 4 ZH74F,  JF 20 8 il s A2 15
MNE SR — SR, SREEE T Z 0, Bl R TR EERER, RETEASEX
k2600 A1 S Hka e PRI o A T Sh nT FH R L S e b AR B A R AR AR
S5 R4

2. AR HZE

1) EADAG ME oA RS A SR oA FEAR 7K 53 A6 B WL SCHR[10]

2) MIJRBELERE R - HoKIg KA I

K TR R IR SEEFI R — JeKis RAGIG(KS  test) R 56 % P BT 3 B FR ARt AT A a6, EAATE 3R] WL Sk
[10].

3) R HIE

P 1 ONRHARBEIE AR S Fe bR e A5 R, Bz R TR AR R 4 RN 0.25, HobRHEZE A 0.03,
A5 RHON 11.07%, S/KEN 26.60%, FrdEZzEN 1.46%, A5 RZHON 5.51%, KIRZE AN 1.98 glem?,
FrfEZE N 0.02 glem®, 853 RN 1.13%, FLBRFE N 0.75, rdEZAN 0.04, 255 REON 4.70%, P EEEf
N 15.41°, FRAEZEN 3.06°, A RECN 19.85%, 4t E N 15.41 MPa, FrifE% N 3.06 MPa, &5 AR5
N 19.85%, K511 N 48.90 kPa, FrifEZE N 8.57 MPa, ZBF RH AN 17.53%. sz, LFiR 7 Hidstst,
PIEEHFAE . IR RS E AR /A EUIEER, SKE . R ERIFLB R B HERUN.

Table 1. Physical and mechanical indices of soil in subway of Changzhou
F 1. BMNEREREYIE I F AR E LS R

VT mmsm wkeon  EE gy WERRELREEE R
PHME 0.25 26.60 1.98 0.75 15.41 15.41 48.90
Pk 2 0.03 1.46 0.02 0.04 3.06 3.06 8.57

A 5 RE 11.07 5.51 1.13 4.70 19.85 19.85 17.53
REA % 74 74 92 92 39 74 39
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Figure 1. Probability density function curve of the physical indices of the soil (a) compression coefficient; (b)
moisture content; (c) natural density; (d) porosity; (e) internal friction angle; (f) compression modulus; (g) cohesion
1 24 7 TRIER R B E R Hhk: ) E4ARE, () AKE; () RAEBE; d) fLBEE; ) W
EEfA; () E4RE; (g) #ERH

Nt AT 7 HRFR AR A R E, A FUNTE LR Al B AEBY T KS K36 T k4R
PRAEANF 70 AT R T AR, RIS SR InE 2 PR, miza&nl s, Lk 7 Wiaherh, BrNEEEE AL,
Hop oA id i EXIRMIEZS A« 0 7347 LS B 7R A, AR A e B8 AR S IR 2R
R0 v WO A L ) A A T AR SR A R, O T R R e M A R O IR 0 A
ERERMAIES M, RIRNE LRI AT AR AT, SUBR SRR AT R BN 7345, P EES
AR LSBT —Fh A, AR A S AT S AT, s G B e e 2 A R BRI 23

Table 2. Distribution test results of seven types of physical indices of soil based on KS test

= 2. 8 7 YRS FR T B KS ISR

Pt JE40 Z 3 K FIREE fLpE P BB A itV SRR
& 0.056 0.729 0.057 0.910 0 0.928 0.063
i 0.038 0.616 0.053 0.954 0 0.975 0.137
HIEEIN 0 0 0 0 0 0.881 0
T A 0 0 0 0 0 0 0

AT IR 0 0.652 0.164 0.436 0 0.616 0

32. FRAKRSEAY

3.2.1. FHETEEFS BRI

PNl N 1155 T o N K 7 B EE = iy 0N TP w8 2 el o N AT e N SR F T N A G N
T KS KR oAk e DA SCHR[2] BT HE I FE AR, (HAESERs TR, Z TH. @S2 MEERR
SO, REANHCE AR R DA B SCHR[2) Rl e I EBURE S, BhAh, TERCNRIREARBEERL B RAR RIS
SR ZFEARZOT FAR B ST B R Z A5 (3], ik, AWFAPE 3.1 Salh Bit—2 0
BT T ANEFREBCRAE T 7 TUER R oA S A S LA R RS, FOPIRI T 1) DR 1 BT RO 7 DU EE
BARAEARREA, BT MatLab R 1) BEAT Lk B i & 75 S AR FE AR 23 (8] 43 B BEHLARE . ShAEE05 50 R
30 /M. 20 N 10 NAT 6 AN, FRDUIE N FREARSE], BATREARE 5 NPT 2) 78 iR
BT O7 20T, IR IRAEEOCR AT, & PAT ICRE I B8 AR 1) S 35 11 72 37 (P < 0.05) FHAR i 35 1t 7
P <0.01). % 3 ATHEARLS A8 300 20, 10 A1 6 B4k 7 T ER4EAR-T3ME, HiZRATH, TF
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AHor 5179 304 20 AT 10 I, 7 WUHRESTEIE IR L B E AR R E V2R, Rl 7 IUEARE I
REETREARCOR A AT, B 7 BHRAR AR T REA R, FIRNZ T REA SRS 2000 7 TUE bR RER 1 14
SCMMESRRR, (HATRALCOY 6 i, LARFLERE BEVEN AL 7 AL, 245 R 2 KA A N 155
T 6 I, FrARIRSE R AT REIF A RE S L AR SEPRIALBR I . 28 BPTR, BLAR 1 PO A ELAR B
IS8 (B A RARREAR S (], 4 FFEARECH 30, 20 F1 10 B, AR SR8 FR E A S B S AARE A2 (8] ) S IME
HPHEALCN 6 I, LARFLE AR A BEACR L S E .

Table 3. Distribution test results of seven types of physical indices of soil based on KS test
2 3. TEMFFREHE T L0 7 ERERE

R RARE HIKE PR AT FLBRE W EERE S IR HEIIE
0.24 £0.03Aa 26.39+154Aa 1.66+0.02Aa 0.75+0.04Aa 1530+2.85Aa 4.48+0.86Aa 49.72+9.10Aa
0.25+0.03Aa 26.31+174Aa 198+0.02Aa 0.74+0.03Aa 1526+2.88Aa 7.06+0.70Aa 4893 +8.94Aa

30 0.25+0.03Aa 26.49+135Aa 1.98+0.02Aa 0.75+0.04Aa 1483 +236Aa 7.32+1.10Aa 48.33+9.26Aa
0.25+0.03Aa 26.61+1.54Aa 198+0.02Aa 0.75+0.03Aa 1576 £3.42Aa 7.34+0.99Aa 48.30 £ 8.69Aa
0.25+0.02Aa 26.79+1.42Aa 195+0.18Aa 0.75+0.04Aa 1530+2.85Aa 7.40*1.15Aa 49.97 +£8.74Aa
0.25+0.03Aa 26.68+1.48Aa 199%0.02Aa 0.75+0.04Aa 1535*2.81Aa 6.91+0.69Aa 46.00 +6.90Aa
0.25+0.03Aa 26.55+146Aa 198+0.0l1Aa 0.76+0.03Aa 1560+341Aa 7.24+0.87Aa 50.55*9.90Aa

20 0.25+0.04Aa 26.88+1.40Aa 1.98+0.02Aa 0.76 +0.04Aa 1550 +3.42Aa 7.24+0.66Aa 48.45+ 10.90Aa
0.25+0.02Aa 26.72+1.49Aa 198+0.03Aa 0.75+0.03Aa 1559+3.69Aa 7.17+0.64Aa 52.50 * 8.46Aa
0.26 £0.02Aa 27.09+1.49Aa 199+0.02Aa 0.75+0.03Aa 16.39+3.98Aa 7.43+1.19Aa 49.75+10.23Aa
0.24 £0.04Aa 26.51+2.15Aa 2.00%0.02Aa 0.75+0.03Aa 16.19+3.49Aa 6.77+0.18Aa 44.1+16.82Aa
0.26 £0.02Aa 26.85+1.14Aa 1.99+0.02Aa 0.76 + 0.03Aa 142+ 0.92Aa 7.20+0.83Aa 51.90+9.18Aa

10 0.25+0.03Aa 27.86+1.02Aa 198+0.02Aa 0.75+0.04Aa 151+0.99Aa 7.12+0.99Aa 48.5*10.72Aa
0.25+0.03Aa 26.70+1.14Aa 198+0.03Aa  0.76 + 0.03Aa 148+ 1.03Aa  6.81+0.65Aa 50.2 +12.44Aa
0.25+0.01Aa 26.62+1.30Aa 198+0.02Aa 0.74+0.03Aa 148 +6.98Aa 7.31+0.67Aa 50.4 +10.35Aa
0.24+0.03Aa 27.02+1.62Aa 1.97+0.02Aa 0.75+0.03ABa 16.32+4.85Aa 6.7+0.93Aa  46.67 = 4.50Aa
0.27 £0.03Aa 26.77+1.13Aa 1.98+0.02Aa 0.73+0.03Ba  16.18+3.91Aa 7.21+1.59Aa 54.83+7.81Aa

6 0.24 £0.03Aa 26.38+1.67Aa 1.99+0.02Aa 0.75+0.04ABa 14.83+0.75Aa 7.14+0.72Aa 48.83+10.01Aa
0.24+0.03Aa 26.97 +1.66Aa 1.99+0.02Aa 0.77+0.03Aa  17.45+6.55Aa 7.00+0.82Aa 48.67 + 10.48Aa
0.27+0.03Aa 26.03+1.52Aa 2.00+0.01Aa 0.73+0.02Ba 14.83+1.17Aa 7.18+0.25Aa 50.17 +7.96Aa

E: RPFEA—FIARFE/ NG FEERIRTE 0.05 KT FRIEEEZR, ARG FEERIRE 0.01 KT FREEEZER.

3.2.2. FHEYIERERS BN

AL 3.2.1 FAY T T FREARBO LAk 7 TR ARE I RENA, A WITEZ AL B3 — 0 i TR
AHOF PIELFEAR A BOSE, B AR TAE$(30. 60+ 10 Al 6)HIFAT FRE(E (S AN FATREA) 2 HIARN 2.6
WEG, EET K-S Rk, A& FRHMEAEANFE AR NG, BE REATRAEARE S
A PS54 E AL BEAR 2 P38, DA A A A [ RE 500] L Ad 7 TR B4R b o A S 8k e YRR 2,
K2 pos, Horb, B@AIESS MG RES TREE, O vinSamil e eSS FREE, (o) imn
AT E LS TR, (d) A AT S AR, (@) AT R A S TR R . SR B B2 R
WIS 7 AW, K, (@), (0)AIE)T 7 h—4H, ©F@)r 7 hn—4. HE 2(a). 1 2(b)
I 2(e) AT 50, 7 WUVNERAEAR T, BREEBE M AL, HoR 6 Meabrith & UL BEAE A4 30, 20 #1110 I,
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Figure 2. Relationship between goodness of fitting degree and num-
ber of sampling for the physical indices of the soil (a) normal distri-
bution, (b) Gamma distribution, (c) Poisson distribution, (d) Rayleigh
distribution, (e) Weibull distribution. Note: Degree of fittingness
larger than 0.05 indicates that the indices follow the corresponding
probability distribution functions

E 2 k7 IBRIERU A RESEEN KR () ESSH.
(b) MBHH. (c) AN, (d) HAISH. () BRI,
E: SUMAMEAXT 0.05 B, MRABEGRFAERESHEE

4, &g

AT TER I GE v 22 PR B U5 Bk R T 42 R o A 7 IOV EE TS S AR BRI IR 2 AT AT U
T, 3RS LR AEAR BARTE LA A . M A BRI  IERA A AEAT R AR K A S EL
BEMIAA K-S test X BRI AT AP EEBEAT THEE,  JFAE kAL BB RN 7 30, AR bR
BEHLIHI 4 25 (REAL A8 S A TATIRE), I M BT 7 FE A 75 IS S AR AR — B R 0 A
SRR T 2, R LR TR R E RS, A TR S O MR A S R e R R
EIRwEFILIAR LU Sk

1) STHRbRF, BRABEEMAIS, HA 6 Fiorfi ik B MR IERS A 05y 40 A LR A /R 93 AT
HILE AL AT R B AR . oy, e AR O & K B 0 B B N IS0 A, RN Bt o A
HNBATREE, FUBEER ORGSR AN e 4 A 8 1) doe D0 73 B O I S o A, A BERE A AR B A A —
A0 o
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