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Some of the common types of plate-to-rectangular HSS welded connections 
are shown in Figure 1. The available strength of type (a) is relatively low, but 
option (b) – although being a difficult fabrication detail – is double that of 
option (a). If the orientation of the branch plate is optional, the transverse 
direction is preferable as the available strength of option (d) is generally much 
greater than option (a). 
 
The transverse plate connection is also used as a representation of a wide-
flange beam-to-HSS column moment connection. The moment in the beam 
can be considered to produce a force couple in the two beam flanges, hence 
the moment capacity of such a beam-to-column connection can be 
conservatively computed as the available strength of one plate-to-HSS 
connection multiplied by the distance between the centers of the upper and 
lower flanges. The compression flange (plate) connection should be chosen 
as this potentially involves consideration of additional limit states involving 
failure of the HSS column side walls. 
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2. LOCAL YIELDING OF THE BRANCH PLATE. 
 
This limit state, wherein parts of the branch plate yield (and hence fail) 
prematurely (see Figure 2) at a load less than the gross area multiplied by the 
yield stress, is caused principally by the flexibility of the base (HSS face) to 
which the plate is attached, rendering only part of the plate width as 
“effective”. This plate-to-HSS “effective width” phenomenon was studied in the 
late 1970s/early 1980s and is encapsulated in the IIW (1989) 
recommendations. This limit state is possible for any β ratio and, in AISC 
(2010) terminology, is given by 
 

Rn = [10/(B/t)] Fy t Bp      ≤  Fyp tp Bp 
Equation (K1-7) 

 
or 
 

Rn = 10Fy t2 β                 ≤  Fyp tp Bp 
Equation (K1-7A) 

 

Figure 1: Types of plate-to-HSS connections 

LIMIT STATES 
 
The possible limit states for transverse plate-to-HSS welded connections are as follows, with reference to particular equations in the AISC 
Specification (AISC, 2010): 
 
1. PLASTIFICATION OF THE HSS CONNECTING FACE. 
 
The available strength for this limit state can be determined by a rectilinear yield line pattern, which will be analogous to a HSS-to-HSS 90o T- 
connection with a branch of low Hb, as given by AISC 360-10 Table K2.2.  This limit state is possible for any branch plate-to-HSS width ratio, β, 
below 1.0.  Hence, 
 

Rn = Fy t2 [ 2η/(1-β) + 4/(1-β)0.5 ] Qf 
Equation (K2-7) 

 
where η = tp/B. Since η will be a small value, one can approximate Eqn. (K2-7) by the following, 
 

Rn ≥ Fy t2 [ 4/(1-β)0.5 ] Qf 
Equation (K2-7A) 

 
Although a yield line solution is a theoretical upper bound, it is valid only for small deflections and neglects substantial membrane forces and 
strain hardening that serve to provide an ultimate capacity far in excess of the plastic mechanism solution. Thus, the maximum resistance factor 
(φ=1.0) is associated with a yield line solution because the latter principally serves to restrict deformations and is a very conservative predictor of 
ultimate capacity. 
 
 
 

 

Figure 2: A heavily welded, tension-loaded, transverse 
branch plate connection (with B=1.0 and high β/t) 
demonstrating local failure of the branch plate. The 
parts of the plate width that are effective are 
illustrated by the two outer brown regions where the 
white-wash has flaked off. 
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of the plate).  Plastification of the HSS connecting face has hence been included as a viable limit state for transverse plate-to-HSS connections in 
very recent international design recommendations (e.g. CIDECT Design Guide No. 3 (Packer et al. (2009) and ISO (2013)), albeit with a 
modernized Qf function. Moreover, the Plastification of the HSS connecting face check will be included as a limit state check for such connections 
in the forthcoming AISC Specification (AISC, 2016). 
 
 
3. SHEAR YIELDING (PUNCHING) OF THE HSS CONNECTING FACE. 
 
Transverse punching shear is a possible failure mode around any local load point . The available strength can be computed as the von Mises 
shear yield stress (rounded to 0.6Fy) multiplied by the shear area (HSS thickness multiplied by the punching shear length). The punching shear 
length may be less than the footprint perimeter around the transverse plate because of the “effective width” phenomenon also taking place in the 
HSS connecting face. Allowing for this transverse effective width, Bep , and discounting the presence of any possible fillet weld leg size, the Shear 
yielding (punching) available strength is given by 
 

Rn = 0.6Fy t(2tp + 2Bep ),              where  Bep = 10Bp /(B/t)  ≤  Bp 
Equation (K1-8) 

 

or 
 

Rn = Fy t2 (12β + 1.2tp/t),             subject to Bep ≤ Bp             
Equation (K1-8A) 

 

along a short dispersed load length directly beneath the branch plate. If the load is dispersed from an initial bearing length to the bottom of the 
HSS corner radius (analogous to dispersion to the k-line in a W-section), at a dispersion slope of 2.5:1, then the total available yield strength for 
the two webs is 

Rn = 2Fy t (5k + tp ),         where k = outside corner radius 
Equation (K1-9) and (J10-2) 

 

Figure 4: A tension-loaded, transverse 
branch plate connection exhibiting 
three failure mechanisms: 
(i) Plastification of the HSS face; 
(ii) Punching shear of the HSS 
connecting face; (iii) Local yielding of 
HSS side walls 

 

It is interesting, at this stage, to compare the simple solutions for the above 
two limit states. Assuming that the HSS normal stress effect is negligible 
(Qf = 1.0), non-dimensional connection available strengths from Equations 
(K2-7) and (K1-7) are plotted in Figure 3 as a function of the branch plate-
to-HSS width ratio, β. It can be seen that Plastification of the HSS 
connecting face never governs, and for this reason it was omitted as a limit 
state check in international design recommendations for transverse plate-to-
HSS connections in the 20th century (e.g. Packer et al. (1992), Packer and 
Henderson (1997)) and also in Table K1.2 of AISC 360 (2010), since the 
latter was based on these CIDECT/IIW recommendations. 
 
Later, as more interest in the influence of the HSS normal stress level on 
the connection strength developed (represented by the function Qf), it 
became apparent that it was theoretically possible for the Plastification of 
the HSS connecting face limit state to govern, if Qf <1.0 and β and B/tp had 
particular values. The separation of the actual resistances for the two failure 
modes shown in Figure 3 is even greater because of the different resistance 
factors assigned (φ=1.0 for HSS plastification, and φ=0.95 for local yielding 

 
 

A simplification of Eqn. (K1-8A) would be Rn ≥ 12Fy t2 β which, if plotted on Figure 3, would lie above 
the Local yielding of the branch plate line, for all β. Both Eqns. (K1-7A) and (K1-8A) have upper limit 
caps and both are assigned the same resistance factor of φ=0.95, and it can be shown that (K1-8A) 
will not control for normal parameter combinations, such as Fyp = Fy and tp ~ t. This limit state of Shear 
yielding (punching) also has to be physically possible and the branch plate must be able to pull out a 
patch of the HSS connecting face, thus the branch plate width Bp must be ≤ (B – 2t). The limit state has 
also been observed, in laboratory experiments, to often occur in conjunction with flexure of the HSS 
connecting face (see Figure 4); thus, a combined failure mode – consisting of both Plastification of the 
HSS face + Shear yielding (punching) of the HSS connecting face – has been mooted. Davies and 
Packer (1982) derived a solution for such a combined failure mechanism but it was too complex for 
routine design and design recommendations have opted instead for discrete individual limit state 
checks. Importantly though, Davies and Packer (1982) showed that the formulation to capture Local 
yielding of the branch plate, Eqn. (K1-7), represented a lower bound to both their combined 
plastification-and-punching mechanism as well as experimental results, further substantiating the 
discussion above regarding these three failure modes. 
 
 4. LOCAL YIELDING OF HSS SIDE WALLS.  
 
This limit state, shown in Figure 4, can occur with the branch plate loaded in either tension or 
compression when β is close to 1.0.  It is manifested by yielding of the two HSS side walls, or webs,  
 

Figure 3: Interaction between Plastification of the HSS 
face and Local yielding of the branch plate, for transverse 
plate-to-rectangular HSS connections 
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5. LOCAL CRIPPLING OF HSS SIDE WALLS. 
 
This limit state, pertaining to branch compression load only, covers buckling failure of 
the two side walls when β is close to 1.0.  For a single concentrated force, 
corresponding to a plate-to-HSS T-connection, the available strength differs from 
international HSS connection recommendations and is adapted by AISC from the web 
local crippling expression for a W-section web: 
 

Rn = 1.6t2 [1 + 3tp/(H – 3t)] [EFy ]0.5 Qf  
Equation (K1-10) and (J10-4) 

 
Similarly, for a pair of concentrated forces, corresponding to a plate-to-HSS Cross- 
(or X-) connection (see Figure 5), the available strength differs from international 
HSS connection recommendations and is adapted by AISC from the web local 
buckling expression for a W-section web: 
 

Rn = [48t3 /(H – 3t)] [EFy ]0.5 Qf  
Equation (K1-11) and (J10-8) 

 
 
 

 
Figure 5: Buckling of HSS side walls under 
transverse compression 

 LIMITS OF APPLICABILITY  
 
Table K1.2A of AISC 360-10 gives a range of validity for a number of geometric and mechanical properties for which all of Table K1.2 would be 
valid. All limits would not apply to all the limit states in Table K1.2. For transverse plate connections, Eqns. (K1-7) and (K1-8), corresponding to 
Limit States 2 and 3 above, contain effective width terms which have been derived from research – predominantly experimental – in which the 
wall slenderness limits (B/t and H/t ≤ 35) and width ratio (1.0 ≥ Bp /B ≥ 0.25) represented the bounds of the test data at the time. Similarly, the 
mechanical property limitations also represented the limits of test evidence for Limit States 2 and 3, at the time.  As noted previously, Limit State 
1 is a generic analytical solution. Limit State 4 is very similar to international recommendations and is fundamental to most steel design 
standards. Limit State 5 available strength expressions (and their associated resistance factors) are borrowed from W-section limit states given in 
Chapter J of AISC-360; these formulas are quite different to all former and current international HSS recommendations and thus arguably not 
restricted by HSS test data bounds given in Table K1.2A. 
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