ERVE S W AR E I IR FROP E L Vol. 47 No. 4
2025 48 A Journal of Civil and Environmental Engineering Aug. 2025

DOI: 10. 11835/j. issn. 2096-6717. 2023. 073

KT 25 SRR Y TR I BT X R ik

B A ERESE REAR
(AdBXF¥ LRI EFKR, & 211189)

B E.FMACARAEHNTEROELARNERX , EKFFTEERATAES BN EZALL, K
ARG IR IBAT A RN F AR Y R LA F R AR A K 2 M AR &) A B AR AR
TR, RE—FBZAEEHY SWAEE T F BL EAEMAE — e g, AN K-
Mo Ee g hRE, AT OpenSees F & & 3t B AR @ id 5w RTER R X
z#ﬂﬁiﬁﬂ’é’aﬁ%’\éﬂ%aﬁﬂﬂt iR A T R AR, FIB, TRk AL T RIS o
B 2o, OleEmBRERERNE > EX RERXRESAMHAN, EREAN, ZEET
X il R B AR A RO, R A Ewr\f HARAEF 1B, A K T A R B 3 A
ﬁ#ﬁfxiﬁ ATHAEETE BEEANKEZRERY TI0OA T HMERARE, EEEITE T B
KA F Rk Tt N B e ElasticPP A4 4 4
KB AREM FMARAE AR L, ZREEAN , BE LT
FESZES:TU366.2 ifﬁk’l‘m,g\ﬁE:A M EHS:2096-6717(2025)04-0121-10

Modeling method of floating column foot node based on multi-
spring model

ZHAN Xin, QIU Hongxing, LU Weijie
(College of Civil Engineering, Southeast University, Nanjing 211189, P. R. China)

Abstract: Floating shelf is a typical structural form of column base in traditional timber construction, and the
timber column is prone to swinging under horizontal load. The rocking behaviour of timber columns shows that
the floating column base joints have semi-rigid characteristics, which plays an important role in resisting the
lateral load and maintaining the overall stability of timber structures. In this paper, a modelling method of
rocking wood column base joints is proposed. A row of axial springs is arranged at the column base to simulate
the stress state of the contact interface between the column base and the foundation stone. The corresponding
numerical model is established based on the OpenSees platform. The validity of themodelling method is verified
by comparing with the refined finite element model and the experimental data in a large number of related
literatures. At the same time, some factors affecting themodelling method are analyzed, including the contact
stiffness, distribution mode, spring number and constitutive material of the column spring. The results show

that the modelling method is relatively insensitive to the contact stiffness. It is suggested that the calculated
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compression depth of the timber column is the radius of the timber column to determine the contact stiffness of

each spring element. The three distribution modes are applicable to the modelling method, and the number of

spring units should not be less than 10. For wooden columns with a high axial compression ratio, the ElasticPP

material constitutive considering the spring element entering plasticity should be adopted in the modeling

process.

Keywords: wood structure; floating wooden column; column foot node; multi-spring mode; spring element

e 5 2 R B R AR 25 0 iy |l SR, R A 38 R TR
il T A Z P BGE B EAAS A T R 1Y A
JEIY A AR RS 5 R 2 A A AR R P
MRHE b BB 52 B ) ge7 48 4R I R A SE A i 2
B, O, A RS R AL T R R A2 RS L AR
Wl 5 IR S K A AR A%, 5 R TOUA 15 ) i 2808 1
UM J1 O R A B A Y A E o R R )
HLHI -

b [ RO 5T 20 T A I SRR SO
A A5 JEE 5 v RS URE BE VR T TE A K R T I
JEERH S AIF 5 v T2 2 R A M O S W
VA AN T oA O B . BEE DR AR A, AR D
38 R R LS B A 0 AT T R A A 4R R
56, G TR BAE I s B 2 W

LB B AT A T A p i R
5B 5E TRN J 2E R R R S O T . 7R R S A Y
D5 T, B 48 A A O3 3 X AR A A A R A 4
i3I BT TR ) AT 48 A AR e L X A B ST
1 B 1) 52 W 5 2% 7 10 S5O A D R 3 1 A2 ) AR JE
FRAEHEAT TAF 5T, QT AR S 1A T A 1Y
AR ARG DL o FE 1 2E AR D T B AR Al SR R L AT
Ze A R B R T -1 AR 5 FR T AL S T A
4K BT A A -5 AR Y 4 o B B8 A AU Tanahashi
SEUUFN Ono S512E G 3 56 B0 AN A R 2 e B E
PR T AR S ST R A AR A

H AT X T BT 5 5 B AT AS JE 4, A A IR R
g TR P [R) R G F VR H AT A YT A A BB A BT AR R
BB BE 22 BORE 91O T T A A T A B A
P, 22X B R AT KA Y ST R N RS 4 A A
B T A58 780 T A7 0F 53 43 B, R A8 A 0L 48 SR A R T
(BRSNS g e N N S D E S R VA 2 A ]
ARITBIARL . ¢ T IF MR AE I S 2 & ) 2 i
AU AR A ZR R MR R 0 R LG TR & 5 S
B, T BOR R AE A IR 15 ) B AT I S e s A
50 T ) B RON A B S O Y S
AR Y N AR R R AR R AR T S F R A B
RO o PR, 5 B B AR e O T TR A
R R A A A A SR A

A Sy — P RSB fk v L 22 o SR AR AT

N T S A HE SR TR AT T R B 12 0 45 A R A R
TR B BB B o 2R B A AR Oy i B — o A
15 3V 2 B B T U — o B il R L A
B PUHRE T, 1252 T3 7 1 5 1 i AR A TS A
FHAL . ABAE A & A7 S 3% 12 45 0 v, 76 12 ik 5 180 Ak A7
TE A B ALA I B ABREAG A4, BRI 1 1 5 i A AH Xt
AL 5 I HL B ol 5% 22 FH s AR 0 2w T R 4R
I AR e ol S T AR VR BE R B AT O . TR
e A AT A A A2 B A ] i 2K T B EE AR )
I, AT A A T RS i B T O 3 2k B9 AR IS 5 Al A 4
fik ST, SE S T 2 SR AR (HAE Sy R ZE b
BEZ VMR YRR R Bl f B RCR I, B 5 B
G A N IBIE X AT B S 85 5 Sl W R 5 e O R] 22
W, PRI ot 2 ik AR 3 5 SR F AT 5 pEOAE AT A A9
TR R AR

BB H P R T 2 S AR A 00 0 A AT AT
17 3, B H OpenSees B 1 6, LA K &AM &
SCHR A a5 B A TR AL ST I 5 43 A Gauss 43
Aii K2 Lobatto 43 Afi 3 Ff 43 A 45 2 Y A% I 5 1 22 98 3%
FEARY  550KE 41 A FR oo 455 Y K ial 96 25 SR XF L, 39 0iF 1%
HEAR Ty T B A U 5 — 20 ) 5 ) 22 g AR R A A
i BE 1 &8 40 DX 2R AT 40 B, A A A D 5 3 2 ik I
JIE 3 A B S AR M A R AS ) 5 S R A
2 AT R T

1 HRT R ZEERE

1.1 AR

£ OpenSees H #7144 A iR AL 4 8] 1(a)
Jios, EB R 3 A, AL AE Al A R AT AR B Mk
IS -l A7 422 fioh LT, 2 B B Al A ) SRR AR K TR
FE £ 5 M 85 5, PR O 220 g i A B R AR AR O L TR
OpenSees HREfilt £ 5 1T A A 28 B 44

P 1 () Ry A 3T 6 22 985 UM 20 BT S B U 2R
Bl o AR5 R H % & p-Delta &0 A 5P 32 5106
B LR FH BEAE 55 90 PE 254, 72 OpenSees " S T XF
N ) AR A £F dE PR oT AL L i 480 i =X 7R A TR
oAb i fin 155 1) A 2S00 e AL RS o R AR AR B 5 AR
JU -l 2 o S T LR AT R W 5 R R R )
K 1(e) s o K o 3 )2 v & A i 3 BT 5 0k



% 44

BE,F AT SRR TR SRS & 123

filt 1 2, SR F L 1(d) BT 19 ElasticPP #4 R4S 44, LA
R AT IS 5 Al A 422 ik 530 T AR AN . S LY
Rtk

20 i) 7 28 A 35 B s Bl PR A T I I AT A Y
SR M 2T AN Y A 5 2 0 1 iy 280K B T B0 I B
JEE 62 3 INF A B AR AR R LR R OR R TR R A T
B W Bl B )R F,=uN X RS54, W
Sh R A p BUR 0. 60 SRy BT Al A AT Y
PR B REE 25 R AR A I 3 % A A RS B T,
1E OpenSees 11 8 5 35 % & 1(e) 78 (1) Harding
MABEAKY o 2100 1) o 2 A 35 B B BE 4 ) FL I
o 5 SR TR 45 T 78 5 > 0] [ 7 48 00 T Bl BE 4 0 F,
B, T B 590 AT AT B P 4 LR AR 0 1 ) F
1 B8 AR AT R AL o I I 1) g A
B/NTWBNEEE I F,, W5 32 MR 2 Ak & A b
ARSI (h o NI

AREERE B

FEERI

T

[}
() A AT s AL

AF
D F
‘max *‘ .
0 > H
[l .
»

(c) HJE-mA (d) ElasticPP  (e) Harding # %}
2 fib A 1 RLA Y EN)

Bl1 AEHERTRSHEERR

Fig.1 Multi-spring model of wood column foot joint
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Fig.2 Spring element layout in uniform distribution mode
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Table 1 Integral point position and weight coefficient

corresponding to rectangular and circular sections
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Table 2 Wood column specimen information statistics
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and wood column inclination angle curves
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Table 3 Timber column specimen model and test peak load and displacement statistics
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Fig. 10 Monotonic loading curves and corresponding fitting deviation curve of DZJ multi-spring model under

different calculated compression depths
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Fig. 11 Monotonic loading curves and corresponding fitting deviation curve of DZJ multi-spring model

under different number of spring elements
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Fig. 12 Monotonic loading curve and corresponding
fitting deviation curve of multi-spring model under

different spring element constitutive
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