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Optimization algorithm for calibration of elastic membrane binding force and
instrument comprehensive deformation based on Python

LIU Yanhua
(Jiangsu Province Hydrogeological and Engineering Geological Survey Brigade, Huai’an 223005, Jiangsu, China)

[ Abstract] Pressuremeter test is an important in-situ testing method in geotechnical engineering investigation, while the two cal-
ibration tests of elastic membrane binding force and instrument comprehensive deformation are very important. However, traditional
calibration methods rely on manual operations and use inaccurate empirical models, which have many limitations. Based on Python,
this study optimizes the calibration algorithms for the two tests of pressuremeter test, constructing a linear least squares model for in-
strument comprehensive deformation calibration and a nonlinear cubic polynomial least squares model for elastic membrane binding
force calibration. The analysis shows that the slope calculation of the instrument comprehensive deformation calibration model is reas-
onable, with uniformly distributed residuals; the cubic polynomial model has an excellent fitting effect on elastic membrane binding
force calibration, and regularization is introduced to mitigate overfitting. The research indicates that Python has obvious advantages in
pressuremeter test data processing, and the accuracy of pressuremeter test results can be improved using the optimized algorithms.

[ Key words] Python programming; elastic membrane binding force; instrument comprehensive deformation; optimization al-

gorithm; pressuremeter test
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of instrument comprehensive deformation
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Fig.2 Calibration curves of elastic membrane binding force fitted by different functions
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Tab.1 Measured pipe water level displacement values s,,
(cm) and corresponding elastic membrane
binding force P; (kPa)

Ees S P, P. P, P, Py
1 29 27.8 34.8 34.5 26.5 27.7
2 7.0 452 46.4 46.6 45.7 453
3 10.1 52.8 524 52.3 53.1 52.8
4 11.7 56 54.9 547 56 55.8
5 127 57.6 56.4 56.2 57.5 57.5
6 13.7 59 57.9 57.6 59 59
7 14.7 60.3 59.2 58.9 60.4 60.4
8 15.7 61.5 60.5 60.2 61.7 61.7
9 16.8 62.9 61.9 61.5 63 63.1
10 182 64.5 63.5 63.1 64.6 64.7
11 20.5 67 66 65.7 67 67.2
12 238 70.1 69.3 69.1 70 70.2
13 282 73.4 73.3 732 73.6 73.7

14 33.7 77.3 71.7 71.9 71.5 71.5
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Sm/cm
0 5 10 15 20 25 30 35
L4r —— R
12} —IRZIIA
: —e— =R Z I
£ 10} —e— IR 21K
=
ﬂ‘:tK 0.8
hui
)
= 06
® 04+
02+
0 & ¥ =

E4 AREIEHMZEFRESEN P BEENHRESNT
Fig. 4 Absolute error analysis of P; values between
different fitting curve equations and visual measurements

2N, FRA b AR RIS, BB e RBRZIEAE T,
d WIZTR W R T RS 1 o 3 A 0 A ] B O A 22

Sp/cm
0 5 10 15 20 25 30 35
3.0 ——FERRER
—s— RIS

25¢F +:7}b\§l)ﬁ:—tt
o —— Uk Z T
S 20+
n
oo1st
=
jusag
<10t

0.5

0

B5 ARMEGHETESEN PHEENRES T
Fig. 5 Relative error analysis of P; values between
different fitting curve equations and visual measurements

A BOCR AT L (WL B 3), I 454 5% 25 20 A I
(WLIE 4), =k 20 B R B AR, HAE LA R
L3RG LA RS 22 TR S T

ARt A5 B EN (ALC) MR 52 2% B PPAl 41t T
AREATBE, HAEUN: AIC = 2k—21n(L), Hirp
k BT SRR L TSR A, 2T 5% 25 iR
IEA A B, AT 1R85 22 A ME3R 2% JE pR SR FY
B3], 235, Bk AIC {8 31.32, —IRZ T
) AIC {H 32.04, =k 251 AIC {H 8.43, lUIRZ
T AIC fH-6.60. M AIC EHIK7, A8 PUIR £ 50
A AIC {E /DN, (H % S S PR T RS R (4 & 24
PRSI RREME, IR TP A RIAELE A R i
HE, BERELRIERT S 0 R AFHLE, CHAFEXS R
i

FE LR PAERY SRR T, YR T AR
INTHeE VAT o [ B curve fit BRECK AR R
B BARIEATLE, DT O s S AR T
] (5% 255 AR R /e X FARZR MR/ — R T,
K H Levenberg-Marquardt 1650, BB ELE A5
B~ WRA RS B T R

AL M/ N ek b, bR R EUR /ML P
WL S5 A RUAR G s, U B P, (B 22 ] R iR 225 7

LB S(B) = Y L (Pi= f (s, Horh B P AT

SRR . TER RS (50:8) = ax sh T p=(a, b),
IR ZI S (50:8) = ax s +bX s, +cH f=(a, b,
c), AL

TERE— YGRS, A2tk i/ — A R 4l
HRTSEAGTHE p oA — BB AL, IRJ5 S8
7/;%%&,3“1 =6+ ABio E%ﬁiAﬂk ] 3 1o R il — A2
PR 2, % B I A5 1 A ik
FIBREE T B BRI

Levenberg-Marquardt 572 76 B3 A G R 1)



486 EZ N S T 5 S 2026 AR5 4 1]
NI R N 1£ Python fUHH, TR AR b A BN 5 5

Ao g AHER] LEA B, HOTER T = O (s B) 19B;
FEANE i AN e P AR TR TN A X 5 7 S S B
B, FE R R AT B WIS R 0, VB S
M ms r IR ZE W, re=y— f(s0: B, Hi y
I P, ROUEINEL 1) B, f(s,os B) ARG T SEL B, 145
Y P, WL T30 ) £ 5 A, W BEJE R, S — AR
brie, HFERIEIRENAT R, 2 4, 58/ ), Bk ER
AR, 2 A BRI N R T
K mem B AR R

KA LR M FEA AR B MIAB, BN AR UGEAR
B SHCE i, I AT B S8, 45 B
PR s(B) AN, 2 R SR
3.3 =R ZAXBEREAS AT

TE =R Z I B P, (s,) = as® +bs® +csp+d
PG AR, Sk A T A GENIE . TEfEZ:
oA TA L2 EREr) =k 2484, L2 0F
WAk AR R eRECR 3G in— A~ IE WAL T, 12550 A 7Y
SOV T LA A, H R HlRI A S50 BB, kit
G T AR B LA

WA L2 IENRAY B bR R %L, 2T IE R 1kt
A B B AR R EOE

Loss = Z (y,- - (asfm +bsS +CSpi+ d))2 +
/l(a2+b2+c2+d2) 10

T (S, ) REE AL 2 W IENESAL, i iR
PSR S IR 22 S HORL,

17512 2% (MSE ) I - S A5 R0 P00 (15 LS
Z )P i 25 R B, DAY A LA OR8N
Ul RN (BB T LS, M RE . Hat
AT

1 n
MSE:_ ,'_A,'Z (11)
n;(y )

e n IREARKCR v, WA i FEAS I LS 9,00
i AREA AR . BT AR RIS L, T
TR B MR b B O LSS R 25 5

X T EAREARM IR 2 : ¢, =y, — i, NEGIE TR
ZARI, RV IR e = (i =307 XTPTAREARR

227 IR Y 0i= 90, A T I BRRE AR B,
TEOPH . MR UREAKLR o, 3517 iR 22 A

HEJT .

ML 6 AL S IE N4 S50 4 BUER /N, -3
B iR AR . T T DU A X A A S B8 2 R A
55, BIRIRRAS AU WAL 58U . (BREE 2 B0 K,
SRR R 25 T, SR KA A {5 1
AT S EL M L it 5, BRI TR B, TCvA AR
TR RRAE, T 2R PLA

500 F
2 400
&
z% 300
B
= 200
oy
B
100
—— PR iR
0 1 1 1 1 1
0 200 400 600 800 1000
IENE S0

6 ZREDHRERENUSHSFHHFTIRENKR
Fig. 6 Relationship between regularization parameters and
mean squared error of cubic polynomial model

4 g

B XL 40 55 ol B A 28 27 5 28 B 58 R i g
A )R H AT AR ), $2H Python 155 1R
SERRIILACTT 28, R R AR A | S AR B L
T4t

(DETHF/N RS RGBT R
E, RERTTR IR A, FRZEML A HYuE RE R
T o B/ At LA AR ARG AR A5 1 AR T 4K
o ORGSR AR SEBRAR I, by Je S i
TR IS EER I T IR

(2) b 24 5 e B R — Ik 2 I R4
A, SRR A A 2 R L, A BT,
7 R IR E . —IREWARAI R 1R AR s
JEELAT T3 Bt e 3 A8 AR, A FHARZe i e N~ feiiAtl
FroR AR P AT T T B I 22, 48 R 55 il
SEIMER

(3) 5 AIE N A AR X =k Zo o AL R 3170
b, 38 1 PR A SR 4, WA ROT AR R AR A%
Al GiR 2, wE et GG . SRS s
WL TR ) S AR 25 A AR T 23 O ik il LA R >
TR R A O 25 o

(4)Python 1 75 7€ 55 12 55 B4 Ab 24 b e 3
P, L5 10 pREICRIEE, S 1 B 2, b



K24 ZETF Python RYSEPEIRZTH ) SRR LR 5T R E U FIE DT

487

(X PEE NS -2 e 37y g =k B N U e g
Python 15 7 AJ USRS 808 A0 B A RUC%, AL T AT

BRI IR o
& % x
1] 2R, ™ A, SEZ 55 R L R 405 1],

(2]

(3]

(4]

[5]

(6]

[7]

(8]

TR %E, 2009, 37(11): 20-22,27. (LI F F, YAN Y,
WU G J. Research on monitoring system of the
pressuremeter test[J].
Surveying, 2009, 37(11): 20-22,27. (in Chinese))

R, SeEE, SRR, . XA RS AL
W5 Mo (0], T2 %2, 2012, 40(10): 5-9,15.
(XU L, CHAI S X, WEI H Z, et al. Study on in-situ

comprehensive testing for the residual soil of basalt[J].

Geotechnical Investigation &

Geotechnical Investigation & Surveying, 2012, 40(10):
5-9,15. (in Chinese))

USSR, INIAE, WA, 5 R e Bkt g2 h
BN [J]. AR ERIT, 2020, 41(S1): 67-71. (YOU S Q,
SUN H L, ZENG J G. Application of pressure meter test
in Guangzhou metro survey[J]. Pearl River, 2020,
41(S1): 67-71. (in Chinese))

B fi R 55 IR0 S0 5 ik R3O RIS
[J]. 7K SCHb 5t T F 3B 5T, 2001, 28(3): 38-40. (LUO J.
Deducing foundation’s bearing capacity and modulus
using pressurementer test’s data[J]. Hydrogeology &
Engineering Geology, 2001, 28(3): 38-40. (in Chinese))

Z 30 RIAAR. 55 ATE S T AR AL Y
B (1], #0015 5 TR 24, 1999, 18(1): 100-103.
(WU W, XU S L. The application of elastmeter to the
deep in-situ measurement of geotechnical engineering[J].
Chinese Journal of Rock Mechanics and Engineering,
1999, 18(1): 100-103. (in Chinese))

I MR R R T 55 R A AR
FBRIYIR [J]. 55 1%, 2015, 36(S1): 131-136. (SU
H, YANG S F, GU G R. Analysis of an elastoplastic
constitutive model of soil based on pressure meter test[J].
Rock and Soil Mechanics, 2015, 36(S1): 131-136. (in
Chinese))

FPPRER, IR K H sl SR 48 07 AR T S50
52007 (3] ARKIT, 2007, 38(1): 54-56. (SHU H Z,
HU S G. Measuring and testing of ground bearing
capacity and deformation parameter for a water power
station[J]. Yangtze River, 2007, 38(1): 54-56. (in
Chinese))

AR R, TR, . RIS L TR
B ). A1 0325 TR, 2004, 23(S1): 4442-

[9]

[10]

[11]

[12]

[13]

[14]

[15]

4445. (SHI X F, WANG R, ZHANG J M, et al.
Application of pressuremeter tests in geotechnical
engineering[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004, 23(S1): 4442-4445. (in Chinese))
RERAE. 55 a0 Al 3 b B ) 6] B PR 2R B00 FHAIEAE [].
1 vg £ 3, 2014, 40(2): 99-100. (SONG H F. The
application research on lateral loading test to estimate
ground lateral reaction sub-grade coefficient[J]. Shanxi
Architecture, 2014, 40(2): 99-100. (in Chinese))
EFHA, B By, XU e, IR SE R (], A
J12% 5 TR, 2020, 39(S1): 2911-2919. (WANG T
L, CHEN P, LIU J L. Discussion on the pre-boring

pressuremeter test[J]. Chinese Journal of Rock
Mechanics and Engineering, 2020, 39(S1): 2911-2919.
(in Chinese))

BAERG, FRIEE . RS e i B S SR R4
KRR [J]. THRHEEE, 2013, 41(11): 27-31. (HUANG
J M, ZHENG X C. Key techniques for field implement
and precision control of pre-drilling pressuremeter
tests[J]. Geotechnical Investigation & Surveying, 2013,
41(11):27-31. (in Chinese))

TG 55 He i 7 40 ) - FUAT Sk b S5 B 4 v vy o
[31. # B /K iz, 2016, 16(6): 312-314. (LUO X 1I.
Application of pressuremeter test in geotechnical
investigation of Myanmar Thilawa Port[J]. China Water
Transport, 2016, 16(6): 312-314. (in Chinese))

REFL, AR, 55 IR PORHE B ) PC-1500 T2
F O[] B8R4 R, 1986(3): 43-45. (ZHU Y Q,
ZHAO Z L. PC-1500
pressuremeter test data sorting[J]. Site Investigation
Science and Technology, 1986(3): 43-45. (in Chinese))
i HL AT, PM-1A B 55 H A 5 24 T ) 2 G
I £ P PR BSOS B R S0 [0, i i S e
3% (HL /), 2012(26): 1-2. (XU K, ZHENG F T. Power

function model of elastic membrane binding force

calculation program for

calibration curve for PM-1A pressuremeter and its
application example[J]. Theoretical Research in Urban
Construction(electronic version), 2012(26): 1-2. (in
Chinese))

Y. Excel VBA 2 UL ZE /R £ 75 55 R i S0 K b
BEAR T [9]. (PG SR, 2012, 38(36): 287-288. (Al X
B. On application of Excel VBA and Bezier curve in data
treatment of lateral pressure test[J]. Shanxi Architecture,
2012, 38(36): 287-288. (in Chinese))

Wik H 1: 2025-04-08


https://doi.org/10.3969/j.issn.1000-3665.2001.03.010
https://doi.org/10.3969/j.issn.1000-3665.2001.03.010
https://doi.org/10.3969/j.issn.1000-3665.2001.03.010
https://doi.org/10.16285/j.rsm.2015.S1.022
https://doi.org/10.16285/j.rsm.2015.S1.022
https://doi.org/10.3969/j.issn.1001-4179.2007.01.021
https://doi.org/10.3969/j.issn.1001-4179.2007.01.021
https://doi.org/10.3969/j.issn.1006-2106.2013.11.018
https://doi.org/10.3969/j.issn.1006-2106.2013.11.018
https://doi.org/10.3969/j.issn.1006-2106.2013.11.018
https://doi.org/10.13719/j.cnki.cn14-1279/tu.2014.02.055
https://doi.org/10.13719/j.cnki.cn14-1279/tu.2014.02.055
https://doi.org/10.13719/j.cnki.cn14-1279/tu.2014.02.055
https://doi.org/10.3969/j.issn.1009-6825.2012.36.164
https://doi.org/10.3969/j.issn.1009-6825.2012.36.164

	0 引言
	1 旁压试验率定原理与数据采集方法
	2 仪器综合变形率定模型
	2.1 仪器综合变形率定最小二乘法原理
	2.2 仪器综合变形模型结果分析

	3 弹性膜约束力率定模型构建与验证
	3.1 拟合函数模型对比与选择
	3.2 三次多项式模型算法实现
	3.3 三次多项式模型优化分析

	4 结论
	参考文献

