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Strengthening of T moment of RHS joints
J. Szlendak and J. Brodka

Dr J. A. Packer, Associate Professor, University of Toronto

As the Authors are aware, various international researchers in addition to them-
selves have studied the behaviour of rectangular hollow section (RHS) welded
T-connections loaded by in-plane bending moments. Recently, earlier German
work on this topic was continued to investigate the influence of chord prestressing
on the joint strength.® In these experiments, a decrease in strength with increasing
chord compressive preload and decreasing width ratio f was found, resulting in
the following empirical reduction factor for joint capacity®

J(n)=12—(05/f)n ®

This appears to be at variance with the Authors’ observations that compressive
chord forces have a negligible influence on the failure load of joints. Further
experimentation on T-joints loaded by in-plane moments, with high levels of chord
prestress, both with and without chord stiffening, seems warranted.

15. The most popular means of strengthening and stiffening T-joints is to weld
a plate to the chord connecting flange; and research on the behaviour of this type
of connection, loaded by in-plane bending moments, has already been reported by
Korol et al.'® Their theoretical modelling also employed yield-line theory, but in a
more general form. Different failure mechanisms with corresponding solutions
were postulated, depending on whether the yield-line pattern on the chord face
was confined to the area covered by the stiffening plate or actually extended
beyond it, as shown in Fig. 11, and the stiffening plate thickness was not restricted
to 2 t,. An amalgamation of the experimental data obtained by the Authors with
that published by Korol et al.!%!! would be prudent, along with a comparison of
the respective yield-line solutions plus an evaluation of the succinct design re-
commendations, given by Korol et al.,'° for plate-stiffened RHS T-joints subject to
in-plane bending.

16. In their conclusions, the Authors allude to the International Institute of
Welding (IIW) recommendations®? for fillet weld sizes around RHS branch
members, whereby the throat thickness is recommended to be greater than or
equal to the branch member thickness for steels with yield stresses less than 350
N/mm?, but 1-2 times the thickness of the branch member wall for steels with yield
stress exceeding 350 N/mm?. These provisions would then guarantee that the
welds had a strength exceeding the base metal and would allow adequate deforma-
tion capacity for any type of loading. In practical structures, RHS wall thicknesses
of up to 127 mm are not uncommon and at the 350 N/mm? yield stress level (the
standard RHS grade in Canada, for example), huge multi-pass fillet welds would
be required, particularly if the branch member were inclined. In such cases, end-
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Fig. 11. Yield-line patterns considered by Korol et al.'®

preparation of the branch members with subsequent butt welding is advisable. In
RHS welded trusses, where the branch members are subjected to predominantly
axial loading and frequently over-sized for aesthetic reasons, such fillet weld size
recommendations are believed to be excessively conservative. Accordingly,
CIDECT (Comité International pour le Développement et I'Etude de 1a Construc-
tion Tubulaire) research into the weldment design for RHS connections was com-
missioned at the University of Toronto and less restrictive design rules for the fillet
weldments have now been proposed.!?

Dr Szlendak and Professor Brodka
In Table 1, the compressive preload reduction factor f(n)®° (equation (8)) is com-
pared with our test results for the unreinforced in-plane bending T moment
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Table 1
Test B n M(n #0) f(n)
specimen M(TO—)

no.

Ul 0-46 0-41 0-80 0-75
U2 0-50 0-41 0-80 0-79
U4 0-49 0-45 0-80 0-74
uUs 0-48 0-45 0-70 0-73
u7 0-72 0-24 0-93 1-03
U9 0-74 0-24 1-00 1-04
vl 0-73 0-42 0-94 091
U 13 0-73 0-42 0-89 0-91
U 14 071 0-23 0-93 1-04
U 16 0-72 0-24 0-93 1-03
U 18 0-97 0-40 0-89 099
U 20 0-99 0-40 0-80 1-00
U 21 0-97 0-21 0-83 1-09
U 22 0-97 0-2% 077 1-09
U 23 0-97 0-24 0-93 1-08
U 24 0-98 0-24 0-90 1-08
U 26 0-96 0-41 0-85 0-99
U 29 0-49 0-47 0-50 0-72
U 31 0-49 0-46 0-60 0-73
U 32 0-50 0-50 0-77 0-70
U 33 0-50 0-50 0-69 0-70
U 35 0-74 0-25 1-00 1-03
U 36 0-73 0-25 1-00 1-03
U 38 0-75 0-49 0-65 0-87
U 40 0-73 0-48 0-65 0-87
U 42 0-74 0-24 0-95 1-03
U 43 074 | 0-24 1-00 1-03
U 44 1-00 | 048 1-00 0-96
U 46 1-00 0-48 1-00 0-96
U 47 1-01 0-25 098 1-08
U 49 1-0t 0-24 0-97 1-08

joints.® This shows even more reduction in the strength of the joints than the
formula (8) suggests. However, such a phenomenon could be observed especially
for the ultimate strength of the joints. For the design strength, this influence is
much smaller. Moreover, as is mentioned in the Technical Note, for the strength-
ened joints this influence is technically small, even for the ultimate load. Dr
Packer’s suggestion to test these joints further with the high levels of the chord
prestress, i.e. n = 0-6/0-8 seems, therefore, to be warranted.

18. An analysis similar to the one reported by Korol et al.,}%!! that is, with the
yield-line pattern partially extended beyond the stiffening plate, has been shown
by Szlendak in his thesis.!* The different yield stress of the plate, as compared with
the chord, and its thickness have been studied. In the conclusions, a length for the
plate has been suggested which is considered to be sufficient. It is difficult to

723

Downl oaded from http://ftp. nowpublishers.com jpric/article-pdf/81/4/721/2695079/iicep_1986_470. pdf by guest o



DISCUSSION

Fig. 12. Longitudinal cross-section of the joint strengthened with a chord
flange plate

assume the yield-line model as shown in Fig. 11 to be a general case. The longitu-
dinal cross-section of the yield-line pattern would suggest that in the tension side
of the joint, the chord face wall is working together with the stiffening plate;
however, as is shown in Fig. 12, they tend to be working together on the compres-
sion side only. Moreover, it would probably be difficult to estimate from such a
model the yield strength of the joint for the almost equal or equal width ratio. This
1s possible when the model presented in the Technical Note is employed.

19. We agree with Dr Packer that for the large-sized RHS, especially with a
considerable wall thickness, butt welding may be the better solution. Even then,
however, the brittle fracture in the corners could be expected. For the plate stiffen-
ing, the designers should remember that the rotational capacity of such joints,
especially for f = 1, is much less than for the others discussed above. This is a
result of the much smaller flexibility of the plate, which should be thick enough to
ensure the required strengthening. The new CIDECT research into the weldment
design seems necessary.

20. We hope that Dr Packer’s and our comments may contribute to a better
understanding of the problem under discussion.
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