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R, fEE A TR g Bl ar s el
Z Al (2 Jk #&, 2012; Esfehanizadeh et al,
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JFEARRPREIRXE, N5 D, KX F T H Gibbs Fl Ho-
liz (1957) #2H.

N
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D, =210 (1)
L. o WA BT, A kPa,

Skempton (1986) W& T M 20 HE2E 40 4EALR
1) 80 AFEAR A AR 3& e H A< 48 [ 5 b IX 1 K B
FOMRGORE A IE [ 45 0 AT S S
XIS AY /N

N60

D =
r a+bo’

(2)

K. N, WEEBRBERE MR EE; o, b A
8,

HErE WA E 2 CA+ TREZERE)
(GB 50021—2001) #1 ASTM 45t (D1586 — 11)
KHNHAED,, WEI,

x®1 N5D Wx&R
Tab. 1 Relationship between N and sand density D,

D, N/

[ &b el [ 41 B
LIS 0~4

P <10
P 4~10

T 10 ~15
g 10 ~30

g 15~30
ioen . 30 ~50

A >30
e 2 >50

1.2 WEWLTHEER

WEEE Ve AP 4R 2 D RAS I Z —,
BEJe ey om e br, M2 TR ERES
B, WA BRI T, Ml LIRS JFR R
ANRE EHIE N R @ BIRTE R SN H AR H]
PREG TR AT SR BB JFCRBD A, R AT 2 8 55 U1K 56
HERAKS, BIPBMREZL, HEenH T —L&H
MAFRIH

—fN Ry, It o B EE N R AL
BRI, TORIEAR . 0P o 55, 80 5,
BEGIEE /N, WA VE R AR, W @ Bk, PRk
AU 85 S B B S TR ST N 5 o ZIRIY
KFR, HWNIMNF L 2EH X T R A5

( Dunham, 1954; Meyerhof, 1956; Peck et al,
1974; R/ANAK, 1995, HH22¥%E ) 2005; FH K,
2008 ; P HEF-4F, 20105 FBHkEE, 2012; FEF
4, 2013; AR, KINR, 2007), WLER2, M
T2 UAESE, AEHEX N S50+ o (KRS
HE—EES, i EEIX o KEE N Y36 A i b
K, TR X o fE N B3 RME/N, X R
TR eSS LR A . BUR 2 AT, A R
5. EHUERA G, MFTIRAME,

F2 NS5oMx=z®

Tab. 2  Relationship between N and sand friction angle ¢

W58 SCHk +2% FKFZR
5] IR ¢ =V12N +15
Dunham (1954) 2t B 4 [RR 0 ¢ =+/12N +20
L R0 f ¢ =V12N +25
Peck % (1974) — ©=0.3N+27
¢:{;N+2@7(4st1m
Meyerhof (1 aliygrfib
eyerhof (1956) Qe ¢:31—N+32,5 (N>10)
- e @ =14 IN +20.4 (H<15m)
VPR (1995 AL
/MR (1995) A ©=0.25N +26.5 (H>26m)
FE2IS4E (2005) *yb ©=0.28N+29.1
P& % & (2008) 5] IR ©=VI2N +17
ﬁ%:‘jll::\giz/:_(; (2013) E@'ﬁ‘//l‘ 1] =2.077N +20.29

FHTAE (2010) -
FRAE (2012) —

e=-0.21N+28.7

@ =0.36N +20.9

1.3 BRELWMEMNIRRIERE

YR, A Oy BRI (RPE FE h
) IEOL T B 0 R 7, iR R A
A0 T T L 355 BT P A 2R TR, 3k B Y R T B SA TE
OB 1T 55 2 3 3t T P 7 R S B B
Pt —2 Ry B AR AR K IR B, #e b AT
JCAMBRAT o B 88, DAL AE b 38 % 8 2 0 0 iy
HFEHIEZ —, (R TTMRYT RS Z RS, il
BTG . MRS R 5 S MG AL, % EEITT
MIBRHT SR B 5 2R B A ¢, B LSE B T/
R SPT 8 2 + 1 Jo M BR 4T 5 B ¢, . EIAP3E
BERHERIFENEEM ¢, WER, KHE (B0
TR ALY (JT) 240—1997) T N 5+
1) q, MOCER M E 5HARR, [FIET, 328000 8 1
ETHEAEFEBWE N LTORNT, AT G 2
SN F g, MR AT, XIS RS (2002), FIFL
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ZL5F (2010) AR 5 092 N ARG B 2 ol
SLTARFEFPEK PRI N 5 g, AT AR, W
%40

R3 NS¢ HXER
Tab.3 Relationship between N and unconfined

compressive strength ¢,

N/ <2 2~4 4~8 8§ ~15 15 ~30 >30

q./kPa <25 25~50 50~100 100 ~200 200 ~400 >400

x4 AREKEWEN T ¢, HEBAN
Tab. 4 Empirical formula for N and unconfined compressive

strength ¢, of different cement piles

WEECEk s KHRH NAEIE
q, =6.8N+20 (1=7d)
s 4, =8.0N+150 (1=14 d)
(2304; IKIEIWHE ¢, =10. 0N +270 (¢=28 d) FREIE

q, =8.3N+365 (1=60 d)
q, =6.0N +445 (1=90 d)

HIFLLLSE §TTEKE L
(2010) LA HEHEAE

o AR

q, =0.003 4N* +0.003 SN +0.172 1 —

1.4 BMELHERES

JEGiE e R AR R S8, R
FHBUZ R BORE 5 IR 48, 9547 A5G = 9k
AR H], HRSEBORE AT E IR, AR
TAER K, AWK, i SPT EH )2 3R
WA J2 0 B R AR T S8 T S5 i, TR b o
FW CBIER) (CFHEE, KRR, 2007) g5 T
T — e SR B LA R MR SE T 2 N 5 R
gikie By ZIRICHR, HET, FREWA»EET
FPIREE A SPT B T N 5 Ey ALK
N (ZE/0NVAT, 2008), WLEES,
1.5 fhEMEREN

U F R ) AR M R Y AR T, R A XS
M SESERN R 11, S (8 VT i L 5 R T 4 R 0 (B
(VEERSSE, 2013), FE R4S A TR
BRAR L AHE, R SPT Wi e IR A &
RS, eEMNEEERET, st
¥t LAREEE 5, SPT PR +)2 713K 100 m ¥,
I AMR , FORRAF, (CRUHEIER )
(GB 50007—2011) rhes iy N5+ ZivE 1
WFARIE AR £, AR RIZEK6, 7,

x5 NSEMXFR

Tab. 5 Relationship between N and compressive modulus E

583k B R R +2% ESE NEIE
Schultze Fl1 Menzenbach (1961) — b Eg =0.49N +7. 1 —
i apestyik =40y R LI . W Eq =0.276N +10.22 —
R AR Z BB i, #t Eg =1.04N +4. 89 —
1t E4 =0.903 96N +2. 770 03

S 7 A = <15

HETS (2010) [ Bt E, =0.708 55N +1.762 87 FREIE

A ) Wt Eq =0.402 3N +2.904 8

S (2012) AR it Es =0.561 3N +3.896 5 -

/AL (2008) — AR e E, =0.011 5N? +0.335N +3 FHABIE

\ ey Eg =4.8N*# e
FRIM (1995) iR I D B, =1, 06N0 7S 105 R SBIE

e Eg P00 MPa; H NFRESIATREE, H<15m B RER)ZE, H>15m BEHEZ .

*o6 NSwtyf xR
Tab. 6  Relationship between N and standard value

of sand foundation bearing capacity f,

fi/kPa
N/if it k. Hw
10 180 140
15 250 180
30 340 250
50 500 340

x®7 NSFEMELS BXR
Tab.7 Relationship between N and standard value

of bearing capacity of viscous soil foundation f,

Ny 3 05 7 9 11 13 15 17
S/ kPa

19 21 23
105 145 190 235 280 325 370 430 515 600 680

[ A2 K JH Terzaghi %5 (1948) AAHEHb
SR IIAREE £,



F3 P4, [ YA ARIE BT AR IR Z B 5 585
X TR IE Al A - 400 - -
350 |- —— L
f=12N (3) 2 300 ——%ea
X TS AR § 250 e
fi =15N (4) ;é 200 IEEIQ%
1.6 fHEBYIE = - Bl
N RN V, H MR TR h AT R ) ©
SERSER R SR (EMBUEBGHLE)  (GB ) . .
0 10 20 30 40 50

50011—2010) FiE THT N X0 4 M= A H0 1)
BITEs . FE TR vy Bl DLAE R R A (M,
W, 2019), WA EIZ0 N — AR,
S Ve WARK, “HAFE—EMHEXER (BB
MIAE, 2012), [ P27 2 3 ok Xk 80 37 S 5 a0k 7
B M8 T N~V %A (E8 T,
2016), W8,

x8 NSV, HWXZR

Tab. 8 Relationship between N and shear wave velocity Vg

Ee/ES 3l ZHAK +3%
b Vs =85. 90N*3% W+
REL Vg =114. 82N 27 Wkt
ikl Vg = 120. 80N 275 Wt
TP A Vg =69. IN** w+
L Vs =159. 6N 284 w4+
e ] Vs =98. 787N 22483 W
- Vs =99N WA+
8 Vs =9N** Wt
v Vs =91N" 2% w1
Vs =100N** e
Vg =8ON-* Fitk+
II7R Vg =80N WAL
Vg =60NO3 ¥
Vs =50N"3 WREP A1
A Vs =100N* % Bkt
Vs =80N"F Wikt

W8 AT LUEH, £HIX NV, LRFA
Vi =aN' X—FRE0EX, HARRMIX  KlF £
a, b AR, REFFH BRI LN~V K
2, Bt N~V ERIFTHEE (F1),
M1 AR, N~V g B B X 2%
Stk SRR AT AR S M AR A A s
TR A 6, PRICR 256 20 304N 35 58 — b X
) Vg B, HRER A M X 9 2564 5K

PRV BN S BA i -30em™)

A1 MIMRELR A £ N 5 V, % &3t
Fig. 1

number of strikes NV and the shear wave velocity of sand

Comparison of the relationship between the

Vs in different regions in China and over the world

1.7 e LEN

20 20 70 AR, E N AMERTIE TAER G
JE AR N AR A bR e, it 40 £
SRR, SPT VE R F A 04— Fp A7 ik H
WA (BEE, 2013)

CREFHEBGTIEY  (GB 50011—2010) %
FH N 1R R 00 A B S A8 A, A 58 BB IR
HANN

N, =N,B[1In(0.6d, +1.5) -0.1d,] ./3/p.
(d, <20 m) (5)

Ky N AP BTE BUlG FE ; N, bR D B
H; d, WA bR vfE ST ATIRE, AR m; d,
JHRIRAE, BARLR my p, AERLE R, Y
AINTF 3 B R, BRI 3,

1964 4 H A 15 #1752 /5, Seed Fl Idriss 55
(1971) BB T WAk Ry 1 A0 5 1 0 AR Ak
SREEAETT . WA R IR AT RRIBIIR A, Seed
faifb e AW & R (E 5, 2018), Youd Al
Idriss (2001) 3232 [ [ 58 15 T A58 oo Fi s
KRG TR BT B, B T ook Y 1R Ak 5 ik
WO 21 e v E PR LA B AR i
I AR T, % R R T R )
YERF=AE MBI R 1 CSR 577 AL BT 75 BT 1 g
CRR #4170 Es, 41153 A9 CSR > CRR B, H|
JRAT L, L Z 24 CSR < CRR W, Wi g AF
b3, Hodr CSR Hi Seed fj4bIE45 1, CRR W LA
J A5 A A i F
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Rauch (1998) %51 T 4l wb SPT BYHL AL
TR,

) 1 (N 50 1
CRR7A5_34—(N1)60 135 [10(N, ), +45]% 200
(6)

K (N) o~ EE KT 100 kPa [F) B g 2
60% bR B IEH, ZAXETT (V) g <
30 BURE L, AR (V) > 30, @l b ¥ Al o %
S, AeRAEBRARSE
1.8 ¥4 SPT BY KL A

M ESCHIAN AT LLE t SPT M 2, #4E
faj o, (HAESE PR TR h IR fEAE LA 2 > F %
[F)

(1) #AERT N Z 200 B 58 o &,
VERULM R O =0, B R IR 2 4 Z R I R 1y 52, )
A R —E R 2E

(2) RH Nt LS8, 465 v, TEFhe
+ifk, REZRMMBELE AN, HIAFAE X
PEZE, BIANTE R N AKSE v i), NH20 i, 15
FHEMXES+ vV, =275.3 m/s, HAMXA+ V,
=215.0 m/s, EFEHXHEP+ Vo =193.7 m/s, HJH
BHIXE HAHIX Vi 122 60.3 m/s, SEEHIX
25 81.6 m/s, ZElAK, BIE NI SPT £
B O 2l FH Y, DR 45 b X 4 A AR AR AR,
Wiz R ], A HL X SPT 4256 28 SR F2 AR PE AR
XD 4 % 9 A 50 TR s i, HAT EE X
Ve, TR AEAE R R, B A0 SRR F HoAd b X SPT
AN E AKX E SRS AR KR
W, GERATEE,

BEXTEE —A~ )@, [ AN B T A Y
BIEWE, FCREAT AN Ui, X 58 A )
M, ARSCEACE PR TR R N B £ S
BF, R AR H X6 R A 28 3 28 5K, 3XRE AT LA sk
B DX 2 S 52
2 WA NAEIETT %

2.1 HTRKALEIE

ST A RORARTE 0.1 ~0.05 mm P A4 FIHS
Yimb, MHE R R TR I B Bk, BT
P oxm, AR T bim R B B0 Nl 15, TR
Kb+ BEATE N >15 0, HAREHECN .

]W:B+%{N—B) (7)
K. NARKIEMBFR . 4R ibr s 4G N
RRIE S B bR DL A
2.2 MKEEE
CREFUBIEILRM BT RVE)  (GBY 7—89) A%
—Jei [ B fih R 056 251 (ISOPT -1, 1988) ¢
1 SPT i g FLRE UL J2 Skempton (1986) 441 Hi F#¢
X (8) HATEFFREMRIE, Hi2%sHHRKEIE
FHORR, WER9, HETHEER - &) Z 02
Skempton (1986) $&H B IE ik .
N' =a,N (8)

A NG REBIERMR G o WK
EIE AR,

R HREERHY

Tab. 9 Rod length correction factor

a,

L/m
GBJ 7—89 ISOPT -1 (1988) Skempton (1986)

=3 1. 00 0.77 0.75

6 0.92 0.92 0.85

9 0. 86 0.97 0.95

12 0.81 0.99 1.00

15 0.77 1.00 1.00

18 0.73 1.00 1.00

21 0.70 1.00 1.00

(SRR BT RNE) (GBI 7—89) HlE
ML K3 ~21 m B, SETEAFREBIE, FREILE
RR o, (HRIETA WIS EAE, o ML
3R/, L BB IERRSI R 21 m, BHTFL>
21 m B, $RFF R G0 O 5 B R 2 £,
RS, feEitR O Rk, SPT EAEH, 2B
— J [ B i 3R 56 2518 (ISOPT — 1, 1988) #ExF
B SPT 50 HL A2 A1 Skempton (1986)  #B J& Jk T it
PP B BISIE R «,, o, B L ARG K, 2 H
X2 MBEIETEE, M L>10 m B, REEHTHEK
BIE, SR M s e, 2 L <10 m B,
BEZE L BN, AREERZEWEHH A, L>10 m J5#4
TR,

HTPAFEBIE T ESEN o, 5 L AEEE R
ARl FIGERAT 1987 4EL 14T T SPT FHF%
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FRE RS S, X ALER 60 m, XRS5 RE
% 3 G A7 & PR N, B o, BB L B934 KW
R,

H AR 27 38 0 — S MR I e 40 10 114 1% 32 J 3L
ST KPR B 120 m K AR TS K i 4T
NI OLAALRS, ST N AR IE
A (IHEEE, 1986) .

N' = (1.06 -0.003L) N (L=20m) (9)

K, NOHBIER AR EHEG LA (A,
m) .

K (9) C#HATAFR#E (JIS A1219—
2001) FPRH, 1B B AT SRR, Z LR
20 m AERFFRBIERM TR A, B L >20 m B A
HATEIE, L <20 m BPAMEIE, B L <20 m
IF, i A 47 % 4% 136 T 3 7R SR T A s b o 515 19
Wl R AR /N, T DL Z g, B Al E N e S bR T
R AT IR FE 8K SPT I, HEATHF KB IE 4
FHFH— SN,

2.3 LEBXEHBE

Gibbs Al Holtz (1957 ) #& = %l &b 48 w9k 47
SPT, = lmbAF 1) 8% 1) AU [ i i i) 1 7 T LA
PSR GR BE AL g I ) 25, MR A% & NI 36 25
B, BB EAEES (LEES) X SPT
SERAR KM X — 4510, (A LEE )
BIEEEN T ¥ 5 2 IR A EARNE (R
DA, 2014), Wi, JEkESMFZ 2 E &L T H
AT Z 420 EHE R B IEAR (Peck
et al, 1974; Seed et al, 1985; Skempion, 1986;
Liao, Whitman, 1986), ULZ 10, HpiEPr L H
A& Seed %5 (1985) LA K Liao Hl Whitman
(1986) $&HA AT,

2.4 BEEfEIE

EEPRME (ASTM D1586 —11) 48 [ SPT
B MARAE N BIAEME R ALY R — L2 P s iy N
AR AT IRE] 100% , {H 2 40 S AR [R] 15 & A
NG N AR5 ZBAHR 10% , Rl o A [R) 75 ke
REReEACR, JN AR HEAL B A JL R RE %
R T RREEN, EERABERESCEL E, & 3N .

Er = Emea/Elh() ( 10)

{b: E, VS EESCPRRER:; E,, VR R RER

#10 EBLENBEAR

Tab. 10 Overburden pressure correction formula

T BIEAER +2
Peck % (1974) N =0.771g | —2° —
o /1g/ft

Seed %5 (1985)

- Y. E s 2
Ve W, R
, 3

Skempton (1986) N 3 r o N MRy, IEH L

= 1.7 RS, HEE S

0.7 +0, Mkl -

Liao Fil Whitman _ 2.2
(1986) 1.2 +0,/P,

TE: 1 t/fi7>~100 kPa; Pa KSR (100 kPa); oy, WA AL
LHELES (kPa) .

95 [ 40 4l 1Y) RE B ORI 60% , T
L) Seed (1983), Skempton (1986) IJHILKF 60%
VB 345 Fh 7K 1 22 40 e B SCR I SE e, FR T AE
HBIEEAR RO N

E.

N'=N (11)
2.5 AREMEERERMS

CA+THREEIEY  (GB 50021—2001) A
FE T TS WAk R oAb % SR K Rl gy
AR L Xk, mAL AR,
SPUTE AT N AT IEIE, RS N X
TREPER A 5C R B IR R X N BT, Tk E
AP AN 2 SR, P R bR B S (R
1971 45 LAFT R [ KBl b IX 1) 6 YR K b 7= 14 52 )
WU ER L B i E 1Y, JERIFITEIE, BTLI7E
X B b X R AT WA ) 53 B JE 7 X N A TIE IE
IS N B 0 T BR AT R L R 4 A
M FRE Ty i, AR PR AE S 2 e s A g
IEULBGHEAT T IR 1E 2k % 18, ing=/NAT (2008 )
IR Kiz T RITLR WA R IR E T N 5%
GRS Z I A BT THF KRB IE, Atz
FZ s A 75 B AT A R AT RAB IE . R AR 3
T LT 2L SR XA BT — A AT 0E 1 5 (AT
FRRABIE, X AR #5720 50 22U 2 75 1718
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BN, AR, 76N B B R 2 ) 45 R
FEAEAR KR ZE

H AT ER 32 BLIE A6 R N 54780 £ W4k
IR I OLUEAT T R, 32 PR R B DS SR HH it
J& B Seed &7 1k 77 % AT WAL F B, e K 7D
T AR SR P AR B BT Y J) CSR 5 7 AW AR
RS BB N ) CRR AT LL#E, CSR 5 Hb 7% 1) 1
T 7P U o 3okt B R SRR E A G, 5 N Bk,
WAREEWIS, W CRR & N B3R, %EEH
SPT H g £ Rz N R S B Re P 2, 7 2004
XN #HEFTEIE RS 2 CRR 5 CSR #E17 L%,

R11 NEBEZRE

EEFRME (ASTM D1586 — 11) FIRRM bR #E (BS
EN ISO 22476 3. 2005) HAHR 46 1E R 0 W%
11, HEMBIEARXR.

(N1>60:NCNCECBCRCS (12>

A, Cy R EEIMEIERE, —M R Liao
1 Whitman (1986) FI A AZ; €, Nk E &
B IEREG ¢ AMLERBIEREG ¢ MK
BIERE; Co WA TTREENL T RIBIEREL,
AR N 252k E AME E A kT
IE (AR, 2005), (2 H FTE A AT 5T
KB IE RS A, 5RHERSEALH
THBIEZRNZ K, 3k L [n) & i FF ST

Tab. 11  Correction coefficient NV
[ENAEES B AL BIERE IENRIEN
E[{ > J J‘\‘
fikde Lt IR Cy 1.5~1.0 3 Wﬁl\ SPT *H?él‘i H:‘&
e H B Cy 0.7~1.2
i e L. 31 hESZENEXE
He )] pHE .o~ 1.
- ' CAETRMEZEMIEY (GB 50021—2001) F1
BiflEAE 65 ~115 mm Cy 1.0 o e
) EEFRME (ASTM DI1586 — 11) #5E (1i% 45 WL 3
LB 150 mm c 1.05 , s .
T ' 12, DN A] AR Hh 3 o 15 45 A 5 3
AL EAR mm C . S L N N N N
AL 200 ' b TFRRMEREACIEN, o 0 I 12 T 1 2% 780 1 RE B
fric <3m G 0.7 FAAR, Seed % (1985) 4 THE, EEA
fric B G 0 LV R B 5 (0 ARG, HLBRT
Pk 4-6m C 0.85 1 Pilcon B\ T 4 10 4B 19 Rl £ 1 A
fric 6~10m Cr 0.95 [A] , M 60% , N T F %K Pilcon Fl A1 25004 HY
URS 10~30 m Cr 1.0 BB 55 R 50% F 45% , DAAS[A] Fh 25 ) e
WEETE RN s 1.0 T AT BORE IR 22 5 0 JLRE, 7950 T P28 N Y
W VAR LR B Co L1~1.3 FCME, W13,
R 12 GBI ASTM #FRIEE R~
Tab. 12 SPT equipment dimension of GB and ASTM
% TR ALY (=g iiA T ER
pisvil} F Fﬁi/kg L /mm KE/mm AME/mm WA/mm KE/mm JJOME/(°)  JEE/mm /mm
AT
HiE  Pileon 4 ©63.5 760 >500 50 35 50 ~76 18 ~20 1.6 42.0
HLIR
ok
o 63.5 760 457 ~762 50. 8 34.9 25 ~50 16 ~23 2.54 41.2
N3

3.2 HESZE N HEHXME
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Tab. 13  Chinese and American standard conversion formula
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Influence Factors of Standard Penetration Test in China and Over the World

LU Kunyu, LI Zhaoyan, YUAN Xiaoming, ZHANG Siyu

(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanic ,
China Earthquake Administration, Harbin 150080, Heilongjiang, China)

Abstract

With the rapid advancement of the “One Belt, One Road” strategy, more and more Chinese companies
went out to participate in the construction of foreign infrastructure projects. At present, the biggest engineering
problem encountered by Chinese companies in the construction of foreign infrastructures is that the technical
standards used in China and over the world are not consistent. This paper took the standard penetration test as the
research object, and synthesized the existing research results, then analyzed and compared the applicable scope,
correction method, test equipment, and the correlation of the standard penetration test of the domestic and inter-
national standard penetration test. The results show that domestic and international standard test is widely used,
can be used to estimate soil related parameters and evaluate sand liquefaction, however the empirical relationship
between soil parameters is different in China and over the world. The correction of the standard number of hits
has a water table correction, rod length correction, overburden pressure correction, energy correction, differ-
ent national standard penetration number correction methods. When the standard number of strokes is small, the
difference between the number of standard strokes in each country is small. In actual engineering, the differences
between them can be ignored.

Keywords: standard penetration test; correction method; energy transmission; European and American

standards; shear wave velocity



