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Abstract

The determination of the compression layer thickness of pile foundations has a significant impact
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on the calculation results of pile settlement. Current design codes typically adopt the stress ratio
method to determine the compression thickness, where the selection of the stress ratio a is singular
and lacks theoretical guidance. Taking the settlement calculation of a pile foundation in deep clayey
soil layers in a coastal site as an example, this study demonstrates that using two different stress
ratio a values of 0.1 or 0.2 specified in the codes leads to considerable discrepancies in the com-
pression layer thickness and settlement, failing to account for the influence of in-situ clay structures.
A new method for determining the compression thickness based on clayey soil structures is pro-
posed: the over consolidation ratio (OCR) is used to characterize the structural strength of clayey
soil stratum, which can be obtained through cone penetration tests (CPT). The OCR is then employed
to determine the stress ratio a for clayey soil stratum. This approach can effectively consider the
influence of structural characteristics of clayey soils with different geological origins on the com-
pression layer thickness, making it applicable for pile settlement calculations in coastal areas with
deep clayey soil stratum.
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Table 1. Values of stress ratio « in different codes
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Figure 1. Engineering geological profile
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Figure 2. Pile foundation layout schematic (Unit: cm)
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Figure 3. Stress vs. depth diagram
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Table 2. Compression layer thickness & settlement under two different stress ratio values
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Figure 4. Determination of pstr by compression tests and the test data
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Table 3. Summary of correlation equations between undrained shear strength (Su) and penetration resistance (ps)

e 3. THEKIBSREE SuMEL RN S ps RANC 2R

25525 Su/Mpa ps X [E]/Mpa & X YN W S
Su=0.0308 ps + 0.004 0.1~1.5 NS A — i E[15]
Su=0.0537 ps + 0.002 0.1~1.0 L T R VY B [16]

Su = 0.0696 ps + 0.0027 0.3~1.2 K. T L AR AL[17]
Su=0.0344 ps + 0.009 0.192~0.761 SR HE X BLIYRE[18]
Su=10.0433 ps + 0.0014 0.2~0.6 BN 7t DRYNTH KA BE e [19]

Table 4. Recommended values of Nc and applicable soil types
F A NEVEREERA L&

HESL B ) R 28 Ne TRIE 7 AN A ST SCHR
12 EEZmE, (REBEHmREEL) Stark ££[20]
17 R, (FiT) Kjekstad ££[21]
11~19 B, (FiT) Lunne ££[22]
15 LHERNE, (BHFFT) Cai %[23]

LA CPT 3005 JE b A FE 4 5 P 4 L A 0 T
1) AR R PR 1y VS E R 11— BRI (S, o)

2)ﬁﬁu#ﬁ%@ﬁﬂaﬁ%%i%ﬁﬁmﬁﬂﬁﬁ&,ﬁﬁﬁ%iﬁ*%ﬁﬁ@J@ﬁ:
3) (S, /0% ) (S, /00 ) IRARK(L0) I 5% 1 OCR;

DOI: 10.12677/hjce.2025.149246 2298 TARTH


https://doi.org/10.12677/hjce.2025.149246

HE, MEX

4) R4+ = OCR Wi NI o AR ESZEE, # OCR> 1 (g5 +), %M /7 ik E a=OCR—1;
# OCR=1(IEW @4 1), HHB%ZE LIRSS %5 OCR<1(REL 1), VTN AMGHREENZE 1)
JECHR,  [FI R R ] 4 BT

FEERNZ, CPT MMtk 2 A meEtE, Hlin: CPT W&AGMMIREM, MBAESHR&
CPTU i 53 N2 A LB 7K s 0 BEAR A 1 2 40 2Rk FE AR T 03 — A o M i S B0 A 1
200 o0 W XK 2 2 mmHE R 2 OCR HUKGE, KZHAL A He 5 TRF & M X RF i 28 0 s e
AL, FERLHZ AT VPG HIE s AR R AR e 1) e, BRI AR VR X TR R B R,
WA WU E, SECEEEEERKT T W LGRS A R, ERE BB, VR
S LRI S AR R BE A CPT i B = A SR 8y, x4 “M s 7 AT REH IR N E R AR . EIR A
Jir D108 T e S e s 4 2 T e e A 1k

4. FHBFEBMA

K T e 447 2 )5 FE A 5 D7 vk ST T B e B o (A S DR o TR Vit X R P - 2
PEREHL 1, KZAE 30 LAWY, (S, /o) MTHSEATRA Skempton 245X, B

(Su/0w)  =011+0371, (13)

R EERE A, b AR 1 R MR RS 2 f B I fe 2, M3k E skt R 2R
H 76 g “PFHTHEVEHEIRFE 10 mm RFERIR, FERHER AR T . RiEXN13)[RIECZE L. 8
@t O @127 LHI(S, /0y ) 4179 0.161, 0214, 0.173, 0.158.

#ERFE F1g, /Mpa S, /kpa

00 05 10 15 20 25 30 35 40 45 50 ) 0 50 100 150 200 250 300
21 - . . .
» | i_; HIRTEE 2 | :m_?
23 | T —————ONERLIBENL 2T —— O
24 _— 2T —
25 | % BT
26 | 26 |
27 =27 |
28 } -28 |
29 F -29 |
-30 | 30 b
-31 | - 31 b
@RS R . @
€ -32 £ -
~ ~
] -33 w33 |
ol ol
35 | -35 F
36 | -36 |
-37 37 F
o e — a
38 | -38 |
-39 -39 |
-40 -40 | ®,
-41 —— - 41
O MFEME I
-42 42 |
-43 43
44 a4 —
-45 -45
(@) 9, (b) S,

DOI: 10.12677/hjce.2025.149246 2299 (0 N


https://doi.org/10.12677/hjce.2025.149246

HER, MEX

(8. /040)
08

0.0 0.2 04 0.6 1.0 1.2 14 1.6

21
. —_
23 ®
24 e
25 ——
T
26 p—
27
28
29
30
31
32 @
£
m 33
®
35
-36
37
.38 —
39
a0 | o
41}
42
43
44
45 — |

(©)S,/0,

Figure 6. Representative gc, Suand (Su/ovo) curves

6. BARUHESCPE 5 Jev Su &(Su/ﬂvol)lﬁﬂzi

Yyt 2 R SR T R th 2 an ] 6(a) s . iRFE(12) TR )2 S, A N 12, 13 211t
AR ILE 6(b)FTr. HE—P it EE E@(su /a'vo)JﬁL 6(c) 7

KA Q0) T FHbEm A R %+ 2 OCR, HAH m=1.0, &E P EEUEM LR, 521 OCR AT
B, XASEINES RS m T 24, IHHERN 7). SRR W: FEZE LM OCRTE 3.0 £, 454
PEIERCUT, HEENA 5m AL H@ZFELM OCRLE 10 A4, BTIEWRELE L, HOZEARBIH
JRZEE K+, OCR S5IRE Z 19 K& & 1455 OCR = —0.25Z — 8.575 (Z < —38.3 m). XL 5i%
Yy b2 2 - BRIy s 5 b 5 s R — B

K 7(b)%5 i T A4 OCR R IMIRL I HE o IR, Hd a=(OCR-1). 54k, B4 THINN 156
RCEH EN A Aol oo BEIRFERIZGHIZR, Aol ow < a HILETE AT LG . IXFEfE 1) 48
JEERKIREN 39.5m, 42 EE N 18.5m. YA s #%(4) 158 140 mm. D5 SRR, &%
F1 IR FL R 10 =M AR A DTRE 2 3R 157 mm (#18 £%). 122 mm (#23 £%). 140 mm (#24 1%), “FHME N
139.7 mm, HitEAEHHIT.

TR i X A 2 2 TR F 45 1(OCR < 1) Z A5 [L1] ) FH BR AT H (LR 2 IR (>10 m) 11
TR E TS B BRI X K2 B+ OCR 4 0.6, il X %2 K%+ OCR v 0.93, ¥ ANRIELE .
AR SCHE BT, A XAE T B R TTRR I B 1 T H LB I R g 5 AR A 75 2 1S [ 2 S B
Uik

DOI: 10.12677/hjce.2025.149246 2300 TARTH


https://doi.org/10.12677/hjce.2025.149246

HE, MEX

OCR RAtk
00 05 10 15 20 25 30 35 2 00 02 0.4 06 08 10
21 i , : . - - <
2 N
— ,
22 —_ ] ,
23 o — B /’ 3
/
24 24 -
| /
25 | 25 ,
26 -26 | /

=
=

30

£ £
~ ~
33 33
B < Y

34 ?
35 -35 p—
-36 i» -36

37 F | -37

-38

-39

40 |
41 ©;

I
|
1
!
PO HERENTELRSRE | ——
|
!

43

" (Ao ! 6.0) |
a=(0OCR-1)

a8 | 44

-45 -45
(a) OCR (b) Ac / 6, a

Figure 7. The OCR, « and determination of the compression layer thickness
7.0CR\ a AREHRBREHE

5. £ ERE

1) IHEUR SR X R TR SR 40 R R ST R, R4 2 LR AZo AT
W REER E. AT REE M XA TR, B TR o BUER RG2S R R
Bk LB L, WU 0 I 5 (0 R 7 TR R 1 5T 2 R % 1 DA R s g

2) ACSCHEH T — AN B R B R T . TERERE TR SR AR CPT 04 th
12 OCR, TEUETHI BLRIE (8)RFH OCR Wi N A1t o FURSHEIERE . IX by i: R FRSHT, 7T L% S
VI X S 7 2 5 A S P B

3) HRTE M TR AT R KB LM LHRIE (S, [0, )  WAJUHEAE CPT Bt AHEAHLBISRIE S,
FRFCEARE TS5y, B TR E Y 5 B L PR CR AL TAE . A4, Bt BLIITI 230 R AL W
A A 75 R O 2 (1 TR S AT B

SE K
[1]1 REE, KRR, ariar, 25 WL X+ TREER]. P EY LRS54, 2002(5): 98-100, 104.
[2] FE4EZE. ORI IS B SR DT R R FE (0], B TR 544K, 2016, 33(10): 33-38, 89.

[3] BWI&, Dok, M4, & EESEREHE CFG HEE A LA T 545 25 Hr[)]. #iE2EiR, 2015,
37(1): 69-76.
[4] A IIIFBE. DGJ08-11-2018 i i I FERE T IISE[S]. il Pkl iat, 2019.

DOI: 10.12677/hjce.2025.149246 2301 (0 N


https://doi.org/10.12677/hjce.2025.149246

HER, MEX

(5]
(6]
(7]

(8]
(9]

[10]

[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]

[23]

A N IR B #1350, JGI94-2008 FAFIATE Kt AMVE[S]. At H B a3 Tk H AR #E, 2008.
HRgk R TRESER A IR 57T /A 7). TB10106-2023 ki TREHbSE AL FH A FE[S]. dbat: H E4E H iR 4k, 2023,

Mesri, G. and Castro, A. (1987) Ca/Cc Concept and KO during Secondary Compression. Journal of Geotechnical Engi-
neering, 113, 230-247. https://doi.org/10.1061/(asce)0733-9410(1987)113:3(230)

Bjerrum, L. (1967) Engineering Geology of Norwegian Normally-Consolidated Marine Clays as Related to Settlements
of Buildings. Géotechnique, 17, 83-118. https://doi.org/10.1680/geot.1967.17.2.83

Chang, M.F. (1991) Interpretation of Overconsolidation Ratio from in Situ Tests in Recent Clay Deposits in Singapore
and Malaysia. Canadian Geotechnical Journal, 28, 210-225. https://doi.org/10.1139/t91-028

Jamiolkowski, M., Ladd, C., Germaine, J., et al. (1987) New Developments in Field and Laboratory Testing of Soils.
Proceeding of the 11th International Conference on Soil Mechanics and Foundation Engineering, San Francisco, 12-16
August 1985, 13-44.

K, MR, TR AR R A VA DX R T 45 B T [0). S S TR AR, 2017, 36(10):
2572-2579.

Ladd, C.C. and Foott, R. (1974) New Design Procedure for Stability of Soft Clays. Journal of the Geotechnical Engi-
neering Division, 100, 763-786. https://doi.org/10.1061/ajgeb6.0000066

Wroth, C.P. (1984) The Interpretation of in Situ Soil Tests. Géotechnique, 34, 449-489.
https://doi.org/10.1680/ge0t.1984.34.4.449

Larsson, R. (1980) Undrained Shear Strength in Stability Calculation of Embankments and Foundations on Soft Clays.
Canadian Geotechnical Journal, 17, 591-602. https://doi.org/10.1139/t80-066

(TREMBEFEM) wmEs. TRMBFMML 54 b5 FE S Tk H R, 2007: 205-216.

dimnk, EAAREAIINANLE 7 B AN ML, dbst: ob 5T it 1997: 68-69.

fig[A145, mRA, Tk F PRI e HOR M EAHEK BUBT SR BT FE[I]. 6 HE TF%, 2005(6): 1-4.
WM. F CPT M AN HE/K P8 3R I 2 50 AN [J]. = T AR, 1992(1): 27-33.

Z 57, XA, TINEIE R RS IR S AR BT VIR SR AR S T[], A L TREEIA, 1998(3): 48-50.

Stark, T. and Juhrend, J. (1990) Undrained Shear Strength from Cone Penetration Tests. Journal of Environmental Sci-
ences (China), 1, 327-330.

Kjekstad, O., Lunne, T. and Clausen, C.J.F. (1978) Comparison between in Situ Cone Resistance and Laboratory Strength
for Overconsolidated North Sea Clays. Marine Geotechnology, 3, 23-36. https://doi.org/10.1080/10641197809379792

Lunne, T. and Kleven, A. (1981) Role of CPT in North Sea Foundation Engineering. Proceedings of the Symposium on
Cone Penetration Testing and Experience, Amsterdam, 24 May 1981, 49-75.

Cai, G.J,, Liu, S.Y., Tong, L.Y. and Du, G.Y. (2010) Field Evaluation of Undrained Shear Strength from Piezocone
Penetration Tests in Soft Marine Clay. Marine Georesources & Geotechnology, 28, 143-153.
https://doi.org/10.1080/10641191003780906

DOI: 10.12677/hjce.2025.149246 2302 (0 N


https://doi.org/10.12677/hjce.2025.149246
https://doi.org/10.1061/(asce)0733-9410(1987)113:3(230)
https://doi.org/10.1680/geot.1967.17.2.83
https://doi.org/10.1139/t91-028
https://doi.org/10.1061/ajgeb6.0000066
https://doi.org/10.1680/geot.1984.34.4.449
https://doi.org/10.1139/t80-066
https://doi.org/10.1080/10641197809379792
https://doi.org/10.1080/10641191003780906

	沿海桩基黏性土地层压缩层厚度的确定
	——土层结构性的考虑
	摘  要
	关键词
	Determination of the Compression Layer Thickness of Pile Foundations in Coastal Clayey Soils
	—How to Consider Soil Structures
	Abstract
	Keywords
	1. 引言
	2. 应力比α取值对沉降计算的影响——一个算例
	2.1. 工程概况
	2.2. 沉降计算

	3. 应力比α及压缩层厚度确定
	3.1. 结构强度pstr及应力比α的确定
	3.2. 静力触探CPT确定OCR的方法

	4. 新方法的应用
	5. 结论与展望
	参考文献

