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Abstract. Inthe analysis of steel frame, the bearing capacity of jointsisthe basic mechanical property.
With reference to the component method proposed in the Eurocode 3 (EC3) specification, based on
the characteristic of transmitting force in each component of the outer shell joints, the bearing
capacity of T-stub connection is controlled by the component with the smallest bearing capacity. The
calculation method and flow of the bearing capacity of the outer shell joints were put forward, and
compared with the experimentally obtained bending moments. This method is in line with
engineering design, and is easy to be applied in practice.

Introduction

Beam-column joints are important parts of steel frame structures. Different connection forms have
significant influences on the seismic performance of astructure[1]. In the 70s-80s, the United States,
Japan, and other countries tested alarge number of joints, and welded joints became the main form of
beam-column connection in steel frames. However, the Northridge and Kobe earthquakes showed
that these beam-column welded joints did not form plastic hinges on the beam to dissipate earthquake
energy as expected, instead of a great degree of brittle fracture [2,3]. The traditional steel frame
beam-column joints did not withstand the earthquake test. This raised concerns among civil
engineers.

In order to avoid the adverse effects of heat-affected zones because of welding, improve the
seismic performance of traditional joints, as well as speed up the assembly, the outer shell joint of
rectangular tubular columns and H-stub beams, which is connected by T-stub and high strength bolts,
IS proposed, as shown in Figure 1.
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Figure 1. Schematic diagram of outer-shell joint

At present, there have been alot of research results on rectangular tubular column and H-shaped
beam, however, few tests were conducted as a new type of outer shell joint [4]. And the existing
studies were not comprehensive. Hence, further theoretical analysis is required. In this study, the
calculation method of ultimate bearing capacity was proposed, and its result was compared with
existing test results[5]. These results can be applied to the structural analysis of the overall, providing
references for the structure design.
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Calculation of bearing capacity

Under the action of vertical load on the beam end, the bending moment can be transformed into the
horizontal force couple F; acting on the upper and lower flanges of the beam, if the bending capacity
of the beam web was assumed to be ignored. On the basis of the force transferring path of components,
the possible failure modes of the node areaas follows: (1) bending damage of the beam end, (2) shear
failure of high strength bolts on the beam flange, (3) tensile failure of T-stub web, (4) local tensile
failure of the T-stub flange, (5) bolts failure between the T-stub flange and the column wall under the
combined action of shear and tension, (6) local tensile failure of the column flange, and (7) shear
failure of the steel tubular column web in the core region of thejoint.
Bearing capacity of joint. Thejoint includesthe beam flange and high-strength bolts, the T-stub web,
the T-stub flange, and the column wall, in which the minimum tensile strength F; isconsidered asthe
bearing capacity.

Bearing capacity of beam flange. According to material mechanics, the yield bearing capacity of
the beam flange F; can be expressed as Equation 1:

Ft,b = fy(bf - nbd)tf @)

Wheref,istheyield strength of the beam flange, by isthe width of the beam flange, nyisthe number
of high strength bolts of the beam flange section, d is the diameter of the high strength bolt, and t; is
the thickness of the beam flange.

Bearing capacity of dliding surface between the T-stub web and the beam flange. After
pre-tension was applied to the bolts according to the design value, the loads were transferred between
the two components based on friction, and the bearing capacity was calculated using Equation 3 of
GB50017-2003 [6]:

Fo =09n.nP" n 2)

Where n; isthe number of friction surfaces, u isthe anti-sliding coefficient of the friction surface,
P isthe pre-tension of each high strength bolt.

Bearing capacity of high strength bolts. 1) Bearing capacity of high strength bolts in beam
flange:

d? ..
Fope =1, pT fvb n, 3

Where n is the number of shear surfaces, f,° is the desi gn value of the shear strength of bolts.

2) Bearing capacity of high strength bolts in column flange: The high-strength bolts of the
column wall were subjected to shear force between the friction surfaces and the tensile force in the
bolt axis direction. According to the provisions of the Code for Design of Steel Structure[6], bearing
capacity can be derived as the following:

F., =0.8nP" (1- L) (4)
* 0.9m'n, nP

WhereV isthe vertical shear force at the beam end, m’ isthe total number of high strength bolts on
the column flange, and n.is the high-strength bolt numbers of the column flange of the tensile zone.
The meaning of other parameters are the same as mentioned previously.

Bearing capacity of T-shaped web. The bearing capacity of the T-shaped web is controlled by the
cross-section weakened by the bolt holes. Assuming that the beam web and the stiffening rib of the
T-section steel bear all shear force, the tensile capacity of the T-shaped web is only considered, as
shown in Equation 5:

Ft,tw = (hw - ntd)ttw fy,tw ®)
Where by, is the width of the T-stub web, n; is the number of high-strength bolts on the T-shaped
web section, d is the diameter of the bolt hole, t is the thickness of the T-shaped web, and f,,,iSthe
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yield strength of the T-shaped web.

Bearing capacity of T-stub flange. The beneficial influence of stiffening ribs on the tensile
strength of the T-stub flange was ignored. Based on the tensile bearing capacity analysis of the
T-shaped flange, three failure modes of the T-stub flange were observed: tensile yield, ssmultaneous
damage of the T-shaped flange and bolts, and tensile failure of high-strength bolts [7]. The failure
modes were mainly determined by the relative strength of the T-shaped flange and tensile bolts. The
bearing capacity of the T-shaped flange F was determined by the minimum values F4, F,, and F3 of
the above three failure modes, and it was cal culated according to Equation 6:

|4|v| 2M _ +n3Q F U
Fo={F.F,.F} = M ¥ Fio g gp- ny (6)
’I‘ m m+n p

Where My is the resistance moment when the T-shaped flange yielded, My is the resistance
moment when the T-shaped flange and bolts yielded at the same time, > Fy, is the total tensile
capacity of the four tension bolts on the T-shaped flange, Y Fn,.=4%0.8P, mis the distance between
the center of the bolt hole and the plastic hinge formed at the T-shaped flange, and n is the distance
from the bolt hole center to the edge of T-shaped flange.

L ocal tensile bearing capacity of the column flange. According to the local tensile plastic hinge
line model of the column flange, on the condition of cooperative work between the outer shell and the
column flange, the plastic bending moment on the plastic hinge line of the unit length is
Mp="f,(ter+tb)?/4, where ter is the thickness of the column flange, t, is the thickness of the outer shell,
and fyis the yield strength of the column [8]. Then, the local tensile bearing capacity of the column
flange Fy is calculated by Equation 7:

F, :4’Mp(2Y;W+2X;H) ™

Where Wis the horizontal spacing of bolts, X is the vertical distance from the outside horizontal
yield lineto the nearest bolt hole, Y isthe horizontal distance from the outside vertical yield lineto the
bolt hole, and H is the vertical spacing of bolts.

After the bearing strength of each component was determined, the bearing capacity of thejoint Fy
was controlled by the minimum value, as shown in Equation 8:

IFtb f,(b; - n,d)t,
| ,
,Ft,bf =0.9n,nP" n,

|

|

i y ®)

F,;=minjF, =08nP" (1- ————)
-,- 0.9m'n, nP

= (hw - I'TIj)ttw.I:y,tw

IFttf (F F F )mln

i FL =4 M (2Y+W 2xY+H)
Bearing capacity of outer shell joint. The bearing capacity takes the minimum value of the bearing
capacity of al components. So the calculation of the bending capacity of the outer-shell joint is

calculated by Equation 9:

=F,;(h+t,) 9
Where F; is the bearing capacity of the joint, h, and t, are the section height of the beam and
thickness of the T-shaped web, respectively.
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Calculation of shear strength of joint area. According to the symmetry of the joints, the right side
was considered for analysis, and the internal force analysis diagram is shown in Figure 2. The
horizontal shear force of the steel tube column V; was cal culated using Equation 10:

V,=2F,- R, (h+t,)/H (10)
Where F;, is the horizontal load of the beam flange, hyis the beam section height, and H is the
distance from the inflection point of the column to the beam flange.

When the web of the steel tube columnin thejoint areayield, the shear forceVy is calculated using
Equation 11 [9]:

V, = At (11)
y y
When A is the sectional area of the steel tube column web and zy is the shear stress of the steel
tube web at yielding.

-

Ty

In:
Figure 2. Internal force analysis diagram of joint area.

We take the steel tubular joint as an example and let the horizontal shear force in the joint areaV,
be equal to the yield shear force of the steel tube column web V. Then, the horizontal load of beam
flange Fy is:

2 2
F o= A%WH,/fy—sW (12)
Y J3(2H - hy- t,,)

If the shear capacity of the steel tubular jointsis higher than the bending capacity, that is, Fy>Fy;,
then the bending failure occursfirst. Therefore, the bearing capacity of the joint isin accordance with
the seismic design requirements of “strong shear and weak bending” and vice versa.

Comparison between theoretical and experimental values of bearing capacity.The bearing
capacity M,y is calculated according to the above calculation process and compared with the test

results M;,¢[5] of two group specimens, as shown in Table 1.
Table 1. Comparison between theoretical calculations and experimental values.

Bearing F; [kN] Calculate  Experimental M,/
capacity Ft,v Mj u Mj e M

Ft,b Fl,bf Ft,bc Fl,bt Ft,lw Ft,n‘ Ft,cf [kN-m] [kN-m] e

Group A 313 270 374 385 422 446 512 4732 129.6 156 0.83

Group B 481 665 841 570 568 631 908 7157  275.83 245 112

It is seen from Table 1 that in group A, the bearing capacity is controlled by the friction Fip
between the high-strength bolts and the beam flange. However, after the friction between the
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connecting plates is overcome, the bolts and plates continue to bear the load. Based on the calculated
result, the failure mode of thejoint was ultimately controlled by the tensile strength of the beam flange
Fip, and the shear strength of the joint area satisfied the design requirements of ““strong shear and
weak bend” that is, Frv>F;. In Group B, the smallest ultimate tensile strength is the beam flange F,
which was only second to the tensile strength of the T-stub web F; v, and the horizontal shear strength
aso satisfied Fy\>Fy;.

The ratio of the calculated and experimental values of each group was 0.83 and 1.12 respectively,
indicating good agreement. The results of group A were lower than the experimental values,
illustrating that the theoretical calculation results are reliable. For group B, brittle fracture occurred in
the T-stub web when the plasticity of the beam flange was not fully developed. However, the bearing
capacity values of the theoretical and experimental resultswere still relatively close. Therefore, under
the premise of guaranteeing the processing quality, the mastery of the basic information on the
specimen can be used to make a preliminary judgment on the failure mode and bearing capacity of the
joint.

Conclusions

The bending bearing capacity of fully bolted outer shell joint connected by T-stub is influenced by
different components. It is necessary to comprehensively anayze the stress conditions of each
component, so as to obtain a more readlistic bending moment of joint. The calculation method and
procedure of bearing capacity of the outer shell joints were proposed. The theoretica calculated
ultimate bending moments were compared with test results, indicating good agreement. Under the
premise of guaranteeing the processing quality, the bearing capacity of joints can be judged if the
basic information of the specimens can be mastered.
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