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Research on mechanical performance of bolt-column joint and stability
of its semi-rigid reticulated shell

/ Introduction

With the advancement of modem construction techniques and electronic
computing, single-layer reficulated shell has become widsly utilized m
lconic structures such as stadmms, termimals, and exhibition halls due to
it exceptional efficiency, reasomable load distibution, cost-
effectiveness, and visually appealng design. However, its application is
constrained by the assumption of either pinned or nigzid jomts, which
does not conform to the reality that most jomts in spatial stuctores

Fiz. 1. Basic paramatars of single-layar raticulated shell.
(Taking sizgle-layss reticulated doma and bolt-ball joint 25 izstenca)

Previous researches have focused on effect of strong-axis
bending stiffness of jomt on stability of reticulated shell In reality,
reticulated shells exhibit varying sensitivity to different types of jomt
stiffness, in which few scholars have explored n depth This study
proposes an inmovative modification to the OBC {original bolt-cohumn)
Jjomt by meorporating a single web, two flanges, and two additional
bolts, and this enhanced design is referred to as the IBC {mproved bolt-
colummn) joint. The mechanical behaviors of IBC joints under varous
loading conditions are determined, and a practical analytical model of
IBC joint is developed. Afterwards, based on the load-displacement and
moment-rotation  cwves of IBC joint obfained from npumerical
simmlation, the effect of different jomnt stiffness on the load-carrying of
single-layer cylindrical reticulated shells 15 fipured out. Ultimately, the
law i critical load and faihore mode of shells considering all stiffness of
IBC jomt is presented.
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Fig. 2 Cozfiguratios of OBC a=d IBC joints. /

ﬁoﬂga}dﬁbﬂlﬂiﬂgpﬂfme of joint has significant role on load-
canying capactty of smgle-layer reficulated shell However, upon
examining the cross section of cone part m Fig. 3, it can be observed
that the moment of mertia of cone is msufficient to withstand significant
bending moments. Consequently, OBC joint can be finther improved for
stroctural performance m cone head design.
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Fig. 3. Momsat-rotation carves of 0BC 22d IBC jeints ender pars bezding
abomt strong axis.

/ Practical analytical model for IBC joint
under strong axis bending
A three-parameter power model (as shown m Eq. (1)) is developed to
predict the moment-rotation relationship of IBC joint under pure strong
axis bending, using imitial stiffness Ej, ultimate moment M, and shape
parameter m.
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» Imitial stiffness K
The IBC joint is simplified as 2 spring model, as illustrated m Fig. 4. K
can be derived from Egs. (2).
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Fig. 4. Spring modal of I5C joint.

* Ulttmate moment A,

The ultimate moment Mu of the jomt for the first failure mode in Fig. 5
can be mathematically expressed as

M, = ff‘ijdf 3
Fegarding the second failure mode, the equation below provides M.
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Fig. 5. Failure modes of IBC jodnt. (famit: MPa) /

Fig. 3. Misss siress contenr diagram of criginal BC jednt at fadurs stzge. /

() Layout i) ssmetric view
Fig. & Dhstrative diagram of s single-layar cylizdrical reticulaied shell.
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Fig. 7. Semi-rigid mechanical modal _/
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Fig. B. Critical Joads of sealls considaring all stiffnass of B joint.

( Conclusion
(1) IBC joint exlubits a sigmificant improvement mn strong axis
bending performance compared to OBC jomt.

(2) All kinds of joint stiffness are enhanced in different levels with
the increase of flange thickness. In addition, the bending capacity of
IBC joint expenences a shight decrease or even an merease when
subjectad to a relatively small axial force.

(3) The proposed analytical model effectively captures the moment-
rotation relationships of IBC joint at a high level of accuracy.

(4) The rules in load-canying capacity are differently mfluenced by
varymg stiffness of IBC joint.
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