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The e�ect of support springs in ends welded gap
hollow YT-joint

Abstract
This paper presents an analysis on the e�ect of support
springs in an ends circular hollow sections welded into a
YT joint. The overall behavior and failure of the joint were
characterized under axial compression of the lap brace. Two
joint failure modes were identi�ed: chord wall plasti�cation
(Mode A) and cross-sectional chord buckling (Mode F) in
the region below the lap brace. The system was modeled
with and without support springs using the numerical �nite
element program Ansys. Model results were compared with
experimental data in terms of principal stress in the joint in-
tersection. The �nite element model without support springs
proved to be more accurate than that with support springs.
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1 INTRODUCTION

One of the reasons that steel structures are used more frequently in buildings nowadays is
that their manufacturing process presents several economic advantages. In this context, the
increasing worldwide demand for hollow structural steel sections must be pointed out; these
structural sections have provided many buildings with an elegant and modern look. Thus, one
of the factors that determine the cost of steel structures is the manufacturing of standardized
hollow sections.

The most common hollow sections have square (SHS-Square Hollow Sections), rectangular
(RHS-Rectangular Hollow Sections), or circular cros sections (CHS-Circular Hollow Sections).
They are made of highly resistant steel, with a yield stress of around 350 MPa. One of the
companies that manufacture this material in Brazil is Vallourec & Mannesmann Tubes, or
V&M do Brasil S.A. (formerly Mannesmann S.A.). It was founded in 1953 at the request of
the Brazilian government, to meet the growing demand of their domestic oil industry.

In this work, we study the strength of connection joints for tubular steel frames as a
function of gap length between the lap and through braces of YT-joints. This work extends
earlier studies of tubular joints that focused on experimental tests [4], theoretical analyses using
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NOMENCLATURE
A i cross sectional area of memberi � i � 0; 1; 2; 3� ;
E modulus of elasticity;
E t modulus of elasticity tangent;
M 0 bending moment in the chord member;
N i axial force applied to memberi � i � 0; 1; 2; 3� ;
N �

i joint design resistance expressed in terms of axial load in member i;
N0P pre-stressing axial force on the chord;
W0 elastic section modulus of memberi � i � 0; 1; 2; 3� ;
di external diameter of circular hollow section for memberi � i � 0; 1; 2; 3� ;
e nodding eccentricity for a connection;
f y yield stress;
f yi yield stress of memberi � i � 0; 1; 2; 3� ;
f 0P pre-stress in chord;
f � n� � function which incorporates the chord pre-stress in the joint resistance equation;
g gap between the bracings members of a K, N or KT joint, at the face of the chord;
g� gap divided by chord wall thickness;
n� f 0P

f y 0
� N 0P

A 0 �f y 0
� M 0

W 0 �f y 0

t i thickness of hollow section memberi � i � 0; 1; 2; 3� ;
� diameter ratio between bracing on chord;

� � d1
d0

; d1
b0

; bi
b0

T, Y and X
� � d1 � d2

2�d0
; d1 � d2

2�b0
; b1 � b2 � h1 � h2

4�b0
K and N

 ratio of the chord’s half diameter to its thickness;
� poisson’s ratio
� included angle between bracing memberi � i � 0; 1; 2; 3� and the chord;
� maximum speci�c proportionality strain;
f stress;
f lp maximum proportionality stress;
f r maximum resistance stress;
f 1 principal stress 1;
f 2 principal stress 2;
f y yield strength;

the Finite Element Method [1, 2, 4], and analytical work aimed at developing mathematical
expressions of the joint strength [6].

The �rst stage of this study characterizes the behavior of welded joints constructed from
structural hollow sections under the criteria suggested by [3, 7, 8, 11]. On this basis, we created
a prototype YT joint by welding circular hollow sections. The second stage involved mechanical
testing of this prototype. The experimental program tested four YT joints to analyze their
behavior, failure modes, displacements, and stress distribution. The third stage of this study
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employed the Ansys program to model the hollow joints as an assembly of \shell" elements.
Numerical �nite element models using Ansys, with and without support springs, were compared
with the experimental data in terms of principal stress in the joint intersection.

A great deal of experimental research has been done on welded hollow sections to explore
the various possible failure modes in such systems. The results depend on the joint type, load
conditions, and many other geometrical parameters. There are several formulations describing
the failure modes; some derive from theoretical studies, while others are merely empirical
models.

2 CALCULATION OF CONNECTION RESISTANCE

The YT joint prototype design uses the methodology presented by Wardenier et al. [11] and
Packer and Henderson [7].

The Fig. 1 shows forces general scheme using as a limit the maximum capacity of the
vertical brace member of the YT joint and the bending moment due the eccentricity was not
considered [9, 10].

Figure 1 Forces general scheme of YT joint.

Table 1 shows the geometric characteristics of the VMB 250 circular hollow sections used
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in the YT joint. The nominal physical proprieties yield stress ( f y ) are equal 250 MPa.

Table 1 Physical and geometrical characteristics.

Member
Hollow
Section Thickness Area

Elastic
resistant
modulus

Load

mm mm mm 2 mm 3 kN

Chord � 114.3 #6.02 2047.83 52677.51 N0 = - 70.39
N0P = 65.75

Lap brace � 73.0 #5.16 1099.73 17433.30 N1 = -137.00
Through

brace � 73.0 #5.16 1099.73 17433.30 N2 = 176.67

2.1 Validity limits

The YT joint meets all geometrical requirements described in the aforementioned references.

2.2 Calculations

A) YT joint parameters The YT joint parameters are given by Eq. (1) through Eq. (5):

� �
d1 � d2

2 � d0
; (1)

g� �
g
t0

; (2)

The stress on the chord,f 0P , depends most critically on the compressing stress.

n� �
f 0P

f y0
�

N0P

A0 � f y0
�

M 0

W0 � f y0
; (3)

f � n� � � 1:0 � 0:3 � n� � 0:3 � n�2 B 1 ; (4)

f � ; g � � �  0:2 � � 1 �
0:024�  1:2

1 � exp� 0:5�g� � 1:33� � ; (5)

B) Plastic failure of the chord face (Mode A) Vertical lap brace:

N �
1 �

f y0 � t2
0

sen� 1
� 1:8 � 10:2 �

d1

d0
� � f � ; g � � � f � n� � ; (6)

Diagonal through brace:
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N �
2 � N �

1 � �
sen� 1

sen� 2
� ; (7)

C) Punching shear failure of the chord face (Mode B) Vertical lap brace and diagonal

through brace are both given by Eq. (8):

N �
i �

f y0 � t0 � � � di”
3

� �
1 � sen� i

2 � sen2� i
� ; (8)

D) YT Joint Resistance The joint resistance is the lowest value obtained in items (B) and
(C) above.

Vertical lap brace:

N1

N �
1

@1; (9)

Diagonal through brace:

N2

N �
2

@1; (10)

Table 2 presents the results of the calculation.

Table 2 Results of the calculation procedure.

Joint parameters Acronym Calculation
Relation between diameters � 0.64
Relation between diameter and thickness  9.49
n� � stress~f y (compression) n� -0.14
Function of prestress on chord f � n� � 0.95
Resistance plastic failure of the chord face (Mode A) N �

1 � P l� 137.40 kN
Resistance punching shear failure of the chord face (Mode B) N �

1 � Pu� 199.27 kN
Lap brace use N1~N �

1 1.0
Resistance plastic failure of the chord face (Mode A) N �

2 � P l� 216.42 kN
Resistance punching shear failure of the chord face (Mode B) N �

2 � Pu� 404.16 kN
Through brace use N2~N �

2 0.82

3 EXPERIMENTAL PROGRAM

To study the joint, four prototypes constructed from seamless rolled tubes were manufactured
by V&M do Brasil. They were called pre-experiment, experiments I, II and III [9, 10].
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3.1 YT Joint Prototypes

The dimensions of the prototypes are shown in Fig. 2. The prototypes are �xed by four screws
at each end. They were loaded axially at the top of the lap brace.

Figure 2 YT joint prototype (mm).

3.2 Instrumentation for tests

In EXPERIMENTS I, II and III, sixteen 5mm electrical resistance KFG-5-120-C1-11 exten-
someters were used. Their positions are marked EER1 to EER16 in Fig. 3.

The EERs were placed on the prototype to measure longitudinal strain, drawing on the
work of Fung et al [5]. In EXPERIMENT III, 2 rosette gauges and 2 individual extensometers
were added (for a total of 24 EERs). Rosette 1 was composed of EER20, EER21 and EER22;
rosette 2 was composed of EER17, EER18 and EER19. EER23 and EER24 were placed at
the bases of the lap brace and through brace respectively.

Figure 3 Positioning of the extensometers on the YT joint prototype.

In EXPERIMENTS I, II and III, 19 manual reading displacement transducers (TD1 to
TD19) and two digital reading displacement transducers (TD20 and TD21) were placed on
the prototype as shown in Fig. 4.
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Figure 4 Positioning of the TDs on the YT joint prototype.

3.3 Experimental results

The testing methodology used was de�ned in three stages, as shown below:

� Stage I - Before starting the test, the prototype was subjected to a cycle of 10 loading
of approximately 20% of the estimated collapse loading for the connection, to minimize
friction and check the torque of the screws. Based on pre-test the loading was estimated
at 50kN. This level of loading is within the elastic limit of the material. The force was
applied in small increments and then it was done downloading.

� Stage II - During the test the speed of the actuator load was kept as slow and steady
as possible for both the case of loading and for unloading. The step load was previously
set depending on the stage supposed to loading. At each step of loading, when the pre
established loading was reached, expected time to stabilize the transducers and then did
the reading.

� Stage III - The prototype was loaded to the ultimate state, where the prototype did not
o�er more resistance, even after he reached the break. Then the prototype was unloaded.

Fig. 5 shows the overall strain of the prototype in EXPERIMENT III, characterized
by the development of failure Mode A. Fig. 6 shows a more detailed photograph of the
failure mechanism in Experiment II. Fig. 7 shows local buckling of the chord intersection,
characteristic of failure Mode F.
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