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Determination of ultimate bearing capacity of pile under static load
test based on cusp catastrophe model

YANG Jibao
(Shanghai Municipal Engineering Design and Research Institute (Group) Co. Ltd., Shanghai 200092, China)

Abstract: There are many analysis methods to determine the ultimate bearing capacity of single pile by using the
load-settlement curve obtained from the static load test, but so far, reasonable and theoretical calculation method to
solve the ultimate bearing capacity of single pile has not been found. Therefore, the cusp catastrophe model was
used to attempt to analyze the load-settlement curve obtained from the static load test so as to evaluate the ultimate
bearing capacity of single pile. Through using Matlab software to directly fit the load-settlement curve obtained
from the static load test with the evaluation standard of the sudden change characteristic value, the ultimate
bearing capacity of the single pile was determined. The results show that: (1) comparing and analyzing the widely
used methods for solving the cusp mutation model with the direct fitting method proposed in the present study, the
widely used solution methods have shortcomings such as instability and misjudgment, and the evaluation results
do not match the actual situation of static load tests. (2) The potential function obtained by direct fitting method is
characterized by uniqueness, primacy, and monotonicity, whose calculation results are consistent with the actual
situation of the static load test of the single pile. The dirrect fitting method solved the problems of instability and

misjudgment existing in the general solution method. Compared to the current pile detection code, the calculation
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results from direct fitting method are safer. The direct fitting method presented in this study provides a theoretical

basis for determining the ultimate bearing capacity of larger diameter piles under slow deformation conditions

using 0.05D of pile top settlement as the standard.

Keywords: cusp catastrophe model; pile static load test; load-settlement curve; ultimate bearing capacity;

stability evaluation of pile
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Fig.2 Q-5 curves of three samples by static load test
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Table 2 Calculation results of three samples by the widely used method
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EAH 1.7923 -0.203 7 -0.002 2 0.004 3 —47.59 405.60 3.580x10°
—— EtR et —4.565 3 52187 -1.426 6 0.1212 -8.91 11.87 —1.854x10°
EANE 1.008 8 0.950 3 —0.429 4 0.048 9 -9.46 21.35 5.535x10°
IR 1.540 9 0.582 4 —0.3522 0.043 9 -10.85 23.80 5.091x10°

M2 AT LLE Y, BEAS 1 AYEE JL s 28 00 DF ) 1)
25 R (EEE O R AR 5 i 300 00 ik R & 2B i IR 1 45
RAEF, 56+ Gy 20 PF R 245 3 R R AR IR, X 5
ORI 25 R A, B0 — MOR iR e TR AR AR A
ANFRRE VR 76505 LT 8T FEAE & AR TR 2.67 mm, AH
H 5 N far 8T JE BE & A 2.50 mm DT R AN AN 34
0.17 mm, 16 BH7E 55 JLAar 20 N JEHEAS TT BB & AR R

FEA 2 AL gy 40N SEAE VTR R A RAR R AR,
5z bE R ORI A AR, SEPRE DR RS L AT
FEME A 2.10 mm TR, AH EC 2B 7S 9far 0T B &k 2k
1.71 mm JTREAALIE TN 0.39 mm, ULHHTESE £k T
FEMEAN AT RE A AR o R i Ty, e O I
WETE AR 225 -+ Gy BRI R R AR B IR, HUR R AR
KUTKE, A5 Aar 26 T A DR AT R 38 B AT — Sy

B 5 AR ULRE R, T LU 4 o SR RE A A I e AR )
(JGJ 106—2014) ") 2z K EL #2 FEAE ) 0.05 DUL R 2 A BR
{ER A 2 FEAE AR PR 7 2, X 5 — MR Ak A3 Bl B &
AR RS SR AT

FEAR 3 7R 55 L g fr 2% T A & AR B IR G R, i AR
NG UG BT DU A AR AR 82 9™ K By SR& g
T, BT, 55 AR PS HE, T B R
o ME LA 5E o

W e — SR 1 TR 4 SR T O Y R AR E
ARV, W& 3(a) Fizs o X ke 3 MR LA 280 00 4%
JET L, R — e Mk BT B0 3 A REAR T3 45
5 TR SEBR TG ML AT

T B UL R, S FRIA T, 3 R AR bR R i 3R
IR M REL, DAEFR R £1g(24), 4 a,<0 B, ld =4,
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Fig.3 Evaluation results of two calculation methods
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322 HEWMARE
HAER AR E AN (12)—(19) 0 Ha, <0

T 1) A S SR A T B R Y ) (JGI 106—2014) ™ iy
BER (OBEIR 25k, FEAEAL B A 2 RS .

FEAR 2 (B0 AR5 T B 3% T R AE DR AR R
B, X 50 B 3 #2000 45 R AH AT 5 A BE 7E i 4%
BN 5 - Gy R AR A IR, 33 Ay B A B Ay [l 5
AN 11.6% I iESE o A BERR a2 R A il o 242
T AR R RS . R DU A AR B T G A R TR
A I8 B HE— G far 2T R Y S A%, IR ME E AR KT
800 mm, H2 i € G H% I A A I 4% AR B ) (JGI 106—
2014)“ 4% 0.05D (50 mm) “y B 3k i 5 3 4k Al B fir
A, FIE N 10402 kN, AR 4 28 A8 FH I A 22 g 28 AR A5
AU, XA VE R S5 5 R R M, B A A — G B
B[l 9 787 kN, P # #H2% 615 kN, 5825 B 1145 45 S0 Ny
Lh,

BEA 3 I EME A 5 L gt 2k kAR R S L 3156 L
FA R, — ELAL TR AR VIR R P K, R
W N 17.15, 23.25, 43.45 mm, K BEEEHE AR fR 2 A &
JE 0 R, B A TR T A R S e A2 T MR
AHA, FEAEE) faf [1] 55 R JLF Sy 0, Ud B A it 15 7 2 58

R3 INMERAHEEMSETESER
Table 3 Calculation results of three samples by the direct fitting method

A L SARCE- R a a as u (u) v (v 4 (D R
HRY 0.580 7 02139 0.000 6 8.660 0 3.690 0 5.56x10° 0.999 5
HEY 0.429 8 0.284 5 —0.001 1 —8.4200 —2.3400 —4.63x10° 0.999 4
FEA £V 0.4297 0.284 5 —0.001 1 —8.4200 —2.3400 —4.62x10° 0.999 6
YIRS 0.4727 0.268 6 —0.000 9 —8.9500 —2.7300 —=5.53x10° 0.999 7
HTR 0.642 8 02114 —0.000 2 —15.0400 —5.4200 —2.64x10" 0.999 2
ARG —-0.215 8 0.1752 —0.000 3 -9.6022 1.5975 -7.01x10° 0.999 8
HL —0.189 6 0.165 6 -0.000 2 -12.1629 1.6253 -1.43x10* 0.999 9
=) H\H —0.106 0 0.1383 0.000 1 11.8292 —-0.979 8 1.33x10* 0.999 6
EIIS 0.9910 -0.1818 0.003 1 -3.246 5 4.1877 2.00x10? 0.9729
ERRd 5.0740 —0.126 02 0.0113 -11.8354 15.549 6 —6.74x10° 0.938 5
EEVAY/1 1.804 6 -0.212 8 0.004 1 -3.3171 7.1247 1.08x10° 0.999 7
A3 FL 44131 -1.256 0 0.023 -8.2726 11.3259 -1.07x10° 0.969 5
A 43451 -12319 0.0227 -8.173 8 11.192 4 -9.88x10° 0.993 2
I 4.888 5 —1.404 3 0.024 6 —8.949 4 12.340 6 -1.62x10° 0.998 0

TE: A N RIZR AT E Rl R R T B A
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