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A Detailed Analysis of Strain Distribution and a Prediction of Crack Initiation Life

for Tubular T-Connections

by Koichiro Yoshida, Member
Makoto Takazawa, Member

Taiji Inui, Member
Kunihiro lida, Mewmber

Summary

The experimental analysis was performed to study fatigue lives of the tubular T-connections

with three types of welds, that is,

concave,

flat faced, and convex type of welds, and a

physical meaning about failure life of tubular connections is considered.
The computer program system using the finite element method is developed to analyze the

tubular connections.

In this system a nonlinear shell analysis program and a nonlinear solid

analysis program are combined by using zooming technique.

Very fine mesh subdivision is adopted to obtain accurate stress and strain distribution in
the vicinity of the weld toes, where the high strain concentration occurs.

The following results are obtained, from this study.

1) The region where the high strain concentration occurs is restricted to microscopic area

in the vicinity of the toe of the welds.

2) Plane strain approximation is approval for designer to analyze the tubular T-connections.
3) Multiaxial or biaxial strain criterion should be adopted to evaluate fatigue lives of

tubular connections.

4) A concept of minimum volume for fatigue damage is used to define effective strain.
Using this effective strain, crack initiation lives of the tested models can be predicted with

good accuracy.
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Table 1 T-type tubular connection specimens with ground welds

. . 1
. 2
Type Dimensions Material ) Load . Number
of was Fatigue of
- Chord Zif Remarks
Ground or Brace Applied R;n:e4) Spec.
. 3) 5 o
Welds DX T axt Chord Brace to Tested
Concave 500 X 12.7 200 X 6.4 SMSOR SM5OA the brace 102<H,<105 3 a
Flat do. do. do. do. do. 10 <¥ <103 3 a
Faced c
Convex do. do. do. do. do. 10 <Nc§}03 3 a
1) Dimensions in mm. D: Diameter of chord. T: Thickness of chord. d: Diameter of brace. t: Thickness of
brace.
2) Yield strength: 38‘7kg/mm2. Ultimate Strength: 58.8kg/mm2.
3) All the tests were carried out with the condition that load amplitudé was controlled to constant value.
Axial, tensile-to-compressive load was applied.
4) Np: visible crack initiation life.
a:

throat thickness is kept same.

T;M

unit:mm

The nominal profile and dimensions of ground welds at the transverse midsection are shown below, whose

Concave ~type

6.4 6.4
o >
10 <
8.
A ~N
) 5 V 3, & &/

Flat Faced-type

Convex—type
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Fig. 2 Variation of half surface crack length
with load cycling
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Fig. 4 Variation of strain amplitude with
load cycling
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Fig. 7 Distribution of circumferential stress
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along surface at transverse midsec-
tion (normal scales)
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Fig. 10 Distribution of longitudinal stress
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under the toe toward the center of
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