
Steel and Composite Structures, Vol. 24, No. 5 (2017) 615-633 
DOI: https://doi.org/10.12989/scs.2017.24.5.615 

Copyright © 2017 Techno-Press, Ltd. 
http://www.techno-press.org/?journal=scs&subpage=6                                      ISSN: 1229-9367 (Print), 1598-6233 (Online) 

 
1. Introduction 

 
Welded tubular structures are very common in offshore 

jacket platforms. In these structures, steel tubes with 
circular hollow section are connected together through 
penetration weld to form a tubular joint. Both high stress 
concentration and welding residual stresses exist along the 
weld toe in a tubular joint to cause the region around the 
weld toe to be much brittle. Investigation on stress 
concentration at the weld toe in a tubular joint has been 
carried out for decades, and some reports in this field were 
still found recently (Liu et al. 2016, Yang et al. 2016). 
When a tubular joint is subjected to cyclic loading produced 
by wind and seawater wave, fatigue crack occurs after some 
loading cycles. Many studies in the fatigue assessment of 
welded tubular joints in the literature based on experimental 
tests and corresponding theoretical methods were reported 
(Chiew et al. 2004, 2009, Shao and Cao 2005, Fathi and 
Aghakouchak 2007, Mashiri and Zhao 2010, Hanji et al. 
2014, Jia et al. 2016). Some researchers (Lee et al. 2005, 
Borges et al. 2012, Shen and Choo 2012, Jiki and Agber 
2014, Liu et al. 2016, Yagi et al. 2017) presented numerical 
simulation on cracked tubular joints by using FEM or BEM. 
Jia (2014) investigated the effect of post weld treatment on 
cracking of beam-column connections, and it was found 
that the fatigue behavior of beam-column connections was 
improved efficiently after  post weld treatment. 
Thandavamoorthy (2004) evaluated the reserve capacity of 
fatigue damaged internally ring stiffened tubular joints, and 
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an analytical method was given for assessing such reserve 
capacity. 

For a tubular joint containing a fatigue crack, some 
static tests were carried out to investigate its failure process. 
Zerbst et al. (2002) studied the fracture behavior of a 
welded tubular T-joint with a surface crack at the weld toe 
through static test. It aims to provide a reliable and accurate 
assessment on the integrity of cracked tubular joints. The 
experimental result shows a plastic rather than brittle failure 
occurs for the specimen. However, this work cannot provide 
regularity of conclusions because only one specimen was 
tested. A detailed study on the residual static strength of 
high strength steel tubular joints with fatigue crack was 
conducted by Talei-Faz et al. (2004). It was found that the 
load carrying capacity of the high strength steel tubular 
joints was not severely hampered by relatively large 
cracked sections. However, this study still recommends to 
conduct a larger number of tests so as to establish a more 
definitive pattern. 

Although the above research studies on the static 
strength of cracked tubular joints were conducted, there are 
still some insufficiency in them. In the research work 
reported by Zerbst et al. (2002), the geometry of the tested 
specimens was same although the crack sizes in the 
specimens were different. In the reported study by Taler-Faz 
et al. (2004), the specimens in the experimental test were 
made of high strength material. However, carbon steel is 
more commonly used in the offshore jacket platforms. Lie 
et al. (Lie and Yang 2009a, b, Lie et al. 2009) then carried 
out both experimental test and numerical simulation to 
evaluate the fracture failure of square tubular joints. In their 
experimental tests, the cracks of all the specimens were 
produced from fatigue test. Bjork et al. (2008) assessed the 
subzero fracture of welded square tubular K-joint at 
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different low temperatures, and it was found that initial 
ductile tearing led to brittle failure at low temperatures. 
However, tubular joints with circular hollow section rather 
than square hollow section are more widely used in offshore 
jacket platforms. The static behavior of concrete-filled 
circular tubular joints with initial fatigue crack was also 
investigated through experimental test (Cui and Shao 2015). 
Qian and Li (2013) presented approach for assessing the 
resistance of cracked steel plates. Thereafter, they evaluated 
the static behavior of tubular joints based on elastic-plastic 
energy release rate and material fracture resistance 
respectively (Qian et al. 2013, Zhang and Qian 2013). 

Based on the above considerations, this study aims to 
investigate the effect of fatigue crack on the static failure of 
circular tubular joints under tension. The tested tubular 
joints are made of carbon steel materials and the cracks in 

 
 

Fig. 1 A typical circular tubular T-joint 
 
 

 
 

these tubular joints are produced from fatigue tests of the 
tubular T-joints under tensile loading cycles. 
 
 
2. Setup and preparation of experimental test 

 
2.1 Specimens 
 
The specimens in the experimental tests are circular 

hollow section tubular T-joints. A typical circular tubular T- 
joint is shown in Fig. 1. A brace member is welded onto the 
outer surface of a chord member by using penetration weld. 
After welding, the weld quality is checked through 
ultrasonic technique to ensure that there is no initial defect 
such as crack along the weld toe. Some normalized 
parameters, which are generally used to denote the 
geometry of a tubular joint such as , ,  and , are also 
defined in Fig. 1. Overall three groups of specimens are 
designed as tabulated in Table 1. In each group, four 
specimens with same dimensions are fabricated. One of 
specimens with same dimensions are fabricated. One of 
them is used to study the static strength without crack, and 
the other three specimens are designed to experience fatigue 
test firstly to produce fatigue crack at the weld toe. Then, 
the three specimens are tested statically to study the failure 
process and the fracture behavior. From the comparison 
between static performance of both the un-cracked and the 
cracked specimens, the deterioration of the static strength of 
the cracked tubular T-joints can be evaluated. 

The steel materials used in the steel tubes are all Q235B 
which is a steel material widely used in China. After fabri- 
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Table 1 Geometrical parameters of T-joint specimens 

Group Specimen D (mm) T (mm) L (mm) l (mm)    

CTJ180 

CTJ180-1 180 8 2000 400 0.739 11.25 0.75 

CTJ180-2 180 8 2000 400 0.739 11.25 0.75 

CTJ180-3 180 8 2000 400 0.739 11.25 0.75 

CTJ180-4 180 8 2000 400 0.739 11.25 0.75 

CTJ219 

CTJ219A-1 219 6 2000 400 0.493 18.25 1 

CTJ219A-2 219 6 2000 400 0.493 18.25 1 

CTJ219B-1 219 6 2000 400 0.493 18.25 1 

CTJ219B-2 219 6 2000 400 0.493 18.25 1 

CTJ159 

CTJ159A-1 159 8 2000 300 0.28 9.9 0.75 

CTJ159B-1 159 8 2000 300 0.28 9.9 0.75 

CTJ159B-2 159 8 2000 300 0.28 9.9 0.75 

CTJ159B-3 159 8 2000 300 0.28 9.9 0.75 

 

Fig. 2 Coupon test specimens (dimensions in mm) 
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Table 2 Material properties (steel Q235B) 

Specimen 
Yield strength 

(MPa) 
Tensile strength 

(MPa) 
Elongation 

(%) 

CTJ180 389.5 591.9 24.5 

CTJ219A 322.0 594.3 25.0 

CTJ219B 290.2 585.5 25.5 

CTJ159A 349.1 626.2 28.0 

CTJ159B 321.0 669.8 30.5 
 

 
 
cation of the specimens, the material properties of the 
braces and the chords are measured from uni-axial tensile 
tests for the coupons as shown in Fig. 2. The yield strength, 
the tensile strength and the elongation percentage of the 
steel materials are listed in Table 2. It should be noted that 
the specimens in the group CTJ219 and CTJ159 are 
classified into two types based on their slightly different 
material properties from experimental measurements. 

 
2.2 Test rig 
 
Both fatigue and static tests are carried out in the test rig 

as shown in Fig. 3. The chord is hinged at its both ends by 
connecting to the supports with pins. Axial load is applied 
to the brace end of the T-joint through the test rig with a 
loading magnitude of 500 kN and a maximum displacement 
of 75 mm. The maximum frequency in the sinusoidal cyclic 
loading that the test rig can produce is 20 Hz. During the 
test, the applied axial load as well as the displacement at the 
brace end is recorded automatically from the data 
acquisition system. 

 
2.3 Hot spot stress measurement 
 
In the fatigue test, the location of the crack is 

determined by the peak stress around the weld toe. The 
stress along the weld toe is generally called hot spot stress, 
which is very important in evaluating the fatigue life of 
welded tubular structures, and its distribution along the 
weld toe is mainly influenced by the joint’s geometry, such 
as the values of parameters  and . It has been investigated 
that the peak hot spot stress may be located at different 
positions when the geometry of a tubular T-joint is changing 
(Shao 2007). 

In the definition on the hot spot stress around the weld 
 
 

toe, the stress component perpendicular to the weld is at 
present accepted by many design guidelines such as IIW 
(1999) and CIDCET (Wardenier et al. 2008). This definition 
is widely used in the fatigue design for welded tubular 
structures. To monitor the crack development, the location 
of the peak hot spot stress is necessary to be determined 
before the fatigue test. As all of the four specimens in each 
group as listed in Table 1 have the same geometry, the hot 
spot stress distribution is assumed reasonably to be almost 
same although the difference of the weld size may produce 
slight influence on such stress distribution. Therefore, one 
specimen in each group is selected to measure the hot spot 
stress distribution before fatigue test. 

It is well known that the stress is generally calculated 
from the strain measured from strain gauge placed on the 
specimen. However, the strain gauge cannot be placed 
directly at the weld toe because the weld surface and the 
chord surface are not located in a same plane. To overcome 
this problem, the strain gauge can be arranged in a region 
close to the weld toe, and this region is called “extra-
polation region” as shown in Fig. 4. The extrapolation 
region is determined by the geometry of the tubular joint. In 
CIDCET (Wardenier et al. 2008), the specified extrapola-
tion region for a circular tubular joint is listed in Table 3. R 
and r in Table 3 are the radii of the chord and the brace 
respectively. For a circular tubular joint, CIDCET 
(Wardenier et al. 2008) recommends to calculate the hot 
spot stress at the weld toe by using linear extrapolation 
method, i.e., two strain gauges perpendicular to the weld toe 
can be placed in the extrapolation region. Huang (2002) 
verified the accuracy of the linear extrapolation method for 
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Fig. 4 Extrapolation region 
 
 

 
(a) View of tested specimen (b) Pinned connection at support 

Fig. 3 Test rig 
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Table 3 Extrapolation region for circular tubular joints 

From 
weld toe 

Chord Brace 

Saddle Crown Saddle Crown 

Lr,min * 0.4T 0.4T 0.4t 0.4t 

Lr,max ** 0.09R RTrt4.0  rt65.0  rt65.0
 

Note: *Minimum value of Lr,min is 4 mm 
** Maximum value of Lr,max is Lr,min+0.6t 

 
 

 

Fig. 5 Placement of strain gauges 
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Fig. 6 Hot spot stress distribution around weld toe 
 
 

measuring the hot spot stress around the weld toe for 
circular tubular T-joints through finite element investiga-
tion. 

For each specimen, eight locations with an interval of 
45° around the weld toe are selected to place strain gauges 
in the extrapolation region as shown in Fig. 5. Before 

 
 

fatigue tests, an axial tension of 20 MPa is applied at the 
brace end of each specimen, and the hot spot stress 
distribution around the weld toe is calculated from the 
measured strain values, and the result is shown in Fig. 6. 
The detailed method for calculating the hot spot stress 
around the weld toe from the measured strains in the 
extrapolation region was introduced by Shao (2005). The 
location of 0° in Fig. 6 is the crown and 90° refers to a 
position located at the saddle. Obviously, 180° and 270° are 
the other crown and the other saddle positions respectively. 
The maximum and the minimum magnitudes in the cyclic 
loading for each specimen, together with the loading 
frequency, are summarized in Table 4. 

The tested results show that the maximum hot spot 
stresses for the specimens in the groups of CTJ159 and 
CTJ180 are all located at 180° while such position for 
specimens in the group of CTJ219 is located at 90°. The 
above results indicate that the fatigue cracks for the 
specimens in the groups of CTJ159 and CTJ180 are 
expected to initiate at the crown while the saddle is the 
expected initiation position of the fatigue cracks for the 
specimens in the group of CTJ219. It is noted here that the 
location of the peak stress at the weld toe of a tubular T-
joint was proved to be possibly located at crown or saddle 
based on the joint’s geometry (Shao 2007) although 
previous static tests on cracked tubular T-joints were all 
assumed that the fatigue crack was located at the saddle 
position. 

 
 

3. Fatigue test and results 
 

In the groups of CTJ180 and CTJ159 listed in Table 1, 
three specimens in each group are selected for carrying out 
both fatigue and static tests. The remaining one in each 
group is used to conduct only static test for comparing the 
difference in static strength. In the group of CTJ219, 
specimens CTJ219A-1, CTJ219A-2 and CTJ219B-1 are 
selected for conducting fatigue and static tests while 
specimen CTJ219-B2 is selected for conducting only static 
test. All the fatigue tests are conducted by using the 
instrument as shown in Fig. 3(a). The average value, the 
amplitude and the frequency of the cyclic loading, as well 
as the loading cycles, can be monitored and recorded 
simultaneously during the fatigue tests. 

The cyclic loading in the fatigue tests is sinusoidal as 
 
 

Table 4 Results of fatigue test 

Specimen Max. load (kN) Min. load (kN) Frequency (HZ) Loading cycle (104) Crack location

CTJ180-1 125 30 3.0 2.60 Crown 

CTJ180-2 97 10 3.0 19.46 Crown 

CTJ180-3 97 10 3.0 20.03 Crown 

CTJ219A-1 40 10 3.0 19.29 Saddle 

CTJ219A-2 40 10 3.0 20.70 Saddle 

CTJ219B-1 40 10 3.0 19.89 Saddle 

CTJ159A-1 38 5 2.5 27.3 Crown 

CTJ159B-1 38 5 2.5 14.03 Crown 

CTJ159B-2 38 5 2.5 13.05 Crown 
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shown in Figs. 7(a)-(c) for the specimens in the group 
CTJ159, CTJ219 and CTJ180 respectively. As mentioned 
previously and illustrated in Fig. 3, each specimen during 
the fatigue test is pinned at both ends of the chord. Diameter 
difference between the pin and the hole in the supports 
exists for the ease of connection between them, which 
produces a small clearance between the pin and the hole. 
Such gap can cause oscillation of the specimen and big 
noise during the fatigue tests. To avoid such phenomenon, 
the minimum amplitude of the cyclic loading is set to be a 
little bigger than zero to ensure that the specimen is always 
in a tensile state and the pin cannot move apart from the 
edge of the hole. The maximum amplitude of the cyclic 
loading is designed to produce hot spot stress at the weld 
toe which is in linear and elastic stage and close to the yield 
stress of the steel materials. Such loading design can ensure 
the fatigue tests to be completed quickly. Finally, the 
loading frequency is not very low to ensure that the fatigue 
tests are not conducted in a long time. Meanwhile, the 
loading frequency is not very high to ensure that the test rig 
has no strong vibration during the fatigue tests. 

The crack development during the fatigue test is 
monitored by using crack gauge as shown in Fig. 8. The 
crack gauge measures the depth of the fatigue crack located 
at the weld toe based on alternate current potential drop 
(ACPD) technique, and such technique was introduced in 
details by Huang (2002) and Shao and Cao (2005). The 
accuracy of the crack depth measured by the crack gauge is 

 
 

Fig. 8 Crack gauge for measuring crack depth and length
 
 
in a range of 0.1 mm. The loading cycles and the position 
of the fatigue crack for each specimen in the fatigue test are 
summarized in Table 4. The location of the fatigue crack, 
the crack depth a and the crack length 2c of all specimens 
are illustrated in Figs. 9(a)-(h). It is noted here that the 
crack depth of specimen CTJ219A-2 is very minor (only 0.9 
mm) although this specimen also experiences a large 
number of loading cycles. The possible reason for no crack 
propagation in specimen CTJ219A-2 may be due to the 
initiation of another small fatigue crack at the other crown 
position during the fatigue test. However, the development 
of the second crack is not monitored during the fatigue test 
because it is not expected to initiate at this position. The 
initiation of the second crack may prevent the development 
of the crack. 
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From Table 4 and Figs. 9(a)-(h), it is found that the 

previous prediction on the crack locations for all the 
specimens is coincident with the experimental observations. 
Specimen CTJ180-1, which has a lower number of loading 
cycles at failure, is designed to be subjected to a larger 
loading amplitude range. The numbers of loading cycles 
after fatigue tests are found to be much similar for the 
specimens subjected to same loading cycles in each group. 
In addition, the fatigue crack in specimen CTJ180-1 already 
penetrates the chord wall. For other specimens, all the 
cracks do not penetrate the chord wall after the fatigue tests, 
i.e., all of them are surface cracks. 

 
 

4. Static test and results 
 
4.1 Loading process and measurement 
 
The static tests are also carried out in the test rig as 

shown in Fig. 3. For the specimens with and without fatigue 
crack, they are subjected to tensile load at the brace end till 
failure. During the test, an LVDT is placed at the bottom of 
the mid-span for the chord to measure the displacement as 
shown in Fig. 10. The displacement at the brace end is 
recorded automatically during the test by data acquisition 
system. The difference between the above two displace- 

(a) CTJ180-1 (b) CTJ180-3 
 

 

 

(c) CTJ219A-1 (d) CTJ219A-2 
 

 

 

(e) CTJ219B-1 (f) CTJ159A-1 
 

 

 

(g) CTJ159B-1 (h) CTJ159B-2 

Fig. 9 Details of fatigue crack 
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Fig. 10 LVDT at the bottom of the chord 
 
 

ments is defined as the deformation of the chord, and it also 
refers to the joint’s ovalisation. Such definition is accept-
able because the tension of the brace is much smaller 
compared to the radial deformation of the chord since the 
axial stiffness of the brace is generally much bigger than the 
radial stiffness of the chord. 

For the specimens with fatigue crack, the crack 
development during the static test is also recorded by using 
the crack gauge. The crack gauge can measure the crack 
depth along the weld toe to monitor the development of the 
crack shape. The opening displacement of the crack mouth 
(CMOD) is observed and measured by using an electron 
magnifier with a measuring accuracy of 0.1 mm. 

In the elastic stage, the load is applied to the specimen 
in a loading increment of 5 kN/min. After plastic deforma-
tion initiates, which can be observed from the load-
displacement curve, the load is applied in a displacement 
increment of 2 mm/min till failure. 

 

4.2 Charpy test 
 

As fatigue crack is located at the weld toe in some 
specimens, it is necessary to evaluate if the fracture 
toughness of the steel materials is satisfied with the 
corresponding specifications (National Standard of the 
People’s Republic of China 2007). After the static tests, a 
tube segment cut from the chord in each specimen is used 

 
 

to fabricate the coupon for Charpy test. The size of the 
coupon is 10 mm  5 mm  55 mm (width  height  
length) for the specimens in the group of CTJ219 and 10 
mm  7.5 mm 55 mm for the specimens in the groups of 
CTJ159 and CTJ180, as shown in Fig. 11(a). The fractured 
section of the specimens after impacting tests is shown in 
Fig. 11(b), and it is found that the fractured section of the 
specimens in the group of CTJ180 is smooth and bright 
with very little residual deformation. For the specimens in 
the groups of CTJ219 and CTJ159, the fractured section is 
relatively dark and coarse, which indicates that plastic 
deformation occurs during the impacting tests. 

The impact energy of the specimens is listed in Table 5. 
It is clear that the impact energy for the specimens in the 
group of CTJ180 is lower than 34 J (the specified minimum 
value in the corresponding design code (National Standard 
of the People’s Republic of China 2007). For the specimens 
in the groups of CTJ219 and CTJ159, the impact energy is 
satisfied with the specified value. 

 
4.3 Inclination angle of surface crack 
 
After the static tests, the crack surface is opened, and the 

crack propagating angle , also called the inclination angle 
of the crack surface as shown in Fig. 12, is also measured. 

 
 

Table 5 Results from Charpy test 

Specimen Test temperature (°C) Impact energy (J) 

CTJ159-1 

20 

78 

CTJ159-2 68 

CTJ159-3 82 

CTJ180-1 

20 

10 

CTJ180-2 32 

CTJ180-3 10 

CTJ219-1 

20 

50 

CTJ219-2 50 

CTJ219-3 50 

 

 

(a) Before test 

 

 

 

 

  

(b) After test 

Fig. 11 Specimens in Charpy test 
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Fig. 12 Inclination angle of a crack in a tubular joint 
 
 

Table 6 Measured inclination angles of crack surface 

Group Specimen  (o) Averaged  (o) Position  (o)

CTJ180 

CTJ180-1 5.0 

5.75 Crown 5.75CTJ180-2 * 

CTJ180-3 6.5 

CTJ219 

CTJ219A-1 38.0 

37.75 Saddle 8.2CTJ219A-2 * 

CTJ219B-1 37.5 

CTJ159 

CTJ159A-1 13.5 

14.5 Crown 14.5CTJ159B-1 14.0 

CTJ159B-2 16.0 
 

Note: *inclination angle is not measured 
 
 
In Fig. 12,  is the angle between the vertical direction 

and the direction of the line passing through the weld toe 
and the centroid of the chord’s cross section.  is the angle 
between the vertical direction and the direction of the line 
passing through the weld toe and the actual crack surface. 
The inclination angle of the fatigue crack  is then 
calculated from the following equation 

 

   (1)
 

The measured results of the inclination angle of the 
crack surface for all the cracked specimens are summarized 
in Table 6. It can be seen from the measured results that the 
inclination angle of the crack surface is influenced by the 
brace-to-chord diameter ratio . For a tubular T-joint with a 
bigger value of , the inclination angle is smaller. 

The inclination angles for the cracked specimens 
indicate that previous modelling technique for the surface 
crack in tubular joints by some researchers (Borges 

 
 

et al. 2012, Lee et al. 2005) is not absolutely accurate since 
it is assumed  = 0° in their studies. However, the 
maximum value of  for all the specimens is about 15°. In 
previous study (Shao 2005), the effect of the inclination 
angle on the stress intensity factor was investigated, and it 
was found that the stress intensity factor of the surface 
crack with an inclination angle of 15° in a tubular joint has 
a difference of less than 10% compared to the result of the 
surface crack perpendicular to the chord surface. Hence, 
such effect is minor when the inclination angle is less than 
15°. 

 
4.4 Failure mode 
 
4.4.1 Uncracked specimens 
The failure modes of the specimens without fatigue 

crack (CTJ159B-3, CTJ180-4, CTJ219-B2) are shown in 
Figs. 13(a)-(c) respectively. For the three uncracked 
specimens, the final failure modes are all plastic yielding 
around the weld toe. However, the failure mechanism is not 
absolutely same for each specimen. Specimen CTJ180-4, 
which has a big value of  (0.739), has a clear residual 
flexural deformation of the chord after the static test as 
shown in Fig. 13(a), which implies that this specimen 
behaves much like a bending beam for the chord. When the 
value of  is smaller, such as the specimens CTJ159B-3 ( 
= 0.28) and CTJ219B-2 ( = 0.493), local plastic failure 
around the weld toe on the chord surface is the dominant 
failure mode as shown in Figs. 13(b) and (c). In this case, 
the flexural deformation of the chord is relatively smaller, 
and the ovalization of the chord in the brace/chord 
connection region is much clear. 

In overall, for the tubular T-joints without fatigue crack, 
no fracture failure occurs when they are subjected to axial 
tensile load at the brace end, and plastic failure becomes the 
main failure mechanism although such plasticity may 
appear in different forms when the geometry of the joints is 
different. 

 
4.4.2 Specimens with fatigue crack 

in group of CTJ180 
For the specimen CTJ180-1, the maximum stress at the 

weld toe in the cyclic loading exceeds the yield strength of 
the steel material, and hence the fatigue crack propagates 
very fast. After the fatigue test, it is found that the crack 
already penetrates the chord wall. In the static test, the 
specimen is suddenly fractured in the chord and the crack 
propagates very fast along its two ends when the load 
exceeds a critical value. The final failure mode is shown in 
Fig. 14(a). For the other two specimens CTJ180-2 and 

 
 




 Crack surface

 
(a) CTJ180-4 (b) CTJ159B-3 (c) CTJ219B-2 

Fig. 13 Failure mode of uncracked specimens 
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CTJ180-3, the cracks are not penetrating through the entire 
chord wall after the fatigue tests. In the static tests, the two 
specimens are also suddenly fractured at critical loads, and 
the final failure modes of the two specimens are shown in 
Figs. 14(b) and (c). 

From Figs. 15(a)-(c), it can be found that the crack 
surfaces of the specimens CTJ180-1 and CTJ180-3 can be 
divided into two types: a dark and smooth surface produced 
from the fatigue test, and a bright and rough surface caused 
by brittle fracture. No clear ductile shear crack surface is 
found from the observations. For specimen CTJ180-2, the 
crack surface is not observed because the crack surface is 
very rough. 

 
 

 
 

 
 
However, it should be noted that all of the specimens in 

the group of CTJ180 experience large plastic deformation in 
the chord before final fracture because large residual 
deformation of the chord is observed after the static test, 
which implies that the cracked specimens in the group of 
CTJ180 still have a large capacity of plastic deformation in 
the chord before final fracture. 

 
4.4.3 Specimens with fatigue crack 

in group of CTJ219 
In the three specimens of the group of CTJ219, 

specimen CTJ219A-2 has a very small crack depth 
compared to the other two specimens, and the crack depth 

 
 

 
(a) CTJ180-1 (b) CTJ180-2 (c) CTJ180-3 

Fig. 14 Failure mode of cracked specimens in group CTJ180 

(a) CTJ180-1 (b) CTJ180-2 
 

(c) CTJ180-3 

Fig. 15 Crack surfaces of the specimens in group CTJ180 

 
(a) CTJ219A-1 (b) CTJ219A-2 (c) CTJ219B-1 

Fig. 16 Failure modes of the spcimens in group CTJ219 
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of specimen CTJ219B-1 is smaller than that of specimen 
CTJ219A-1. During the static test, it is found that specimen 
CTJ219A-2 experiences a very large plastic deformation in 
the chord while no clear crack propagation is observed, as 
shown in Fig. 16(b). For specimen CTJ219A-1, the crack is 
propagating continuously during the loading process till it 
penetrates the chord wall as shown in Fig. 16(a). It is also 
observed from Fig. 16(a) that the chord ovalisation of the 
specimen is already very clear when the crack penetrates 
the chord wall. The failure mode of specimen CTJ219B-1 is 
observed from Fig. 16(c), in which it is clear that both the 
chord ovalisation and the chord’s bending deformation are 
very big after the static test. However, it is measured from 
the crack gauge that the crack does not penetrate the chord 
wall although it propagates to a large depth. 

After the static tests, specimens CTJ219A-1 and 
CTJ219B-1 are splitted into two parts along the crack 
surface at the weld toe to observe the crack propagating 
process. The crack development in the two specimens can 
be seen in Figs. 17(a) and (c). Because only a small crack 
with much minor depth is located in specimen CTJ219A-2 
and no crack propagation is monitored during the static test, 
specimen CTJ219A-2 cannot be splitted just from tensile 
loading at the brace end. However, it can be found from 
Fig. 17(b) that only a slight opening of the crack mouth is 
observed after the static test. 

It is clear that the crack propagation of the specimens in 
the group of CTJ219 (except CTJ219A-2) is much different 
with the crack development of the specimens in the group 
of CTJ180. As seen from Fig. 17(a), the crack surface of 
specimen CTJ219A-1 during the static test includes three 
different sections: fatigue crack surface, ductile crack 
surface and brittle crack surface. The fatigue crack surface 
is dark and smooth, and it is produced during fatigue test 
before the static test. The ductile crack surface, which is 
also relatively smooth and bright, is produced during the 
static test before final sudden fracture failure. The brittle 
crack surface is produced suddenly after the load is 
increased to a critical value. The sudden fracture causes the 

 
 

brittle crack surface to be rough and bright. In specimen 
CTJ219B-1, the fatigue crack also propagates in the 
thickness direction of the chord wall during the static test. 
However, no brittle failure occurs in this specimen before 
the test is finished, which may be due to the smaller crack 
depth compared to specimen CTJ219A-1. After the static 
test, the specimen is loaded till the fatigue crack is splitted 
into two separate surfaces suddenly as shown in Fig. 17(c). 
The final crack in Fig. 17(c) is clearly consisted of three 
surfaces: fatigue crack surface, ductile crack surface and 
brittle crack surface. Similarly, the fatigue crack surface and 
the ductile crack are produced in the fatigue test and in the 
static test respectively. The brittle crack surface, not 
produced in the static test, is generated artificially after the 
static test. 

Based on the above analyses, it is found that good 
plasticity is assured for the specimens in the group of 
CTJ219 during the static test. Ductile crack development 
exists in both specimens of CTJ219A-1 and CT219-B1. 

 
4.4.4 Specimens with fatigue crack 

in group of CTJ159 
The final failure modes of the specimens in the group of 

CTJ159 are illustrated in Figs. 18(a)-(c). For specimen 
CTJ159A-1, both local ovalisation and bending deformation 
of the chord are quite big as shown in Fig. 18(a). When the 
load is increased to a critical value, a brittle fracture occurs 
suddenly. Similar failure process occurs for the other two 
specimens as shown in Fig. 18(b) and (c). 

From the careful observation for the crack surfaces of 
the three specimens, as shown in Figs. 19(a)-(c), the crack 
surface includes two clear parts: fatigue crack surface and 
brittle crack surface. Although the toughness of the steel 
materials is satisfied with the specification in Chinese code 
(National Standard of the People’s Republic of China 
2007), these specimens also show a final brittle fracture 
failure, which is different with the observations for the 
specimens in the group of CTJ219. This may be caused by 
the geometry of the specimens. The brace-to-chord diameter 

 
 

(a) CTJ219A-1 

 
 

(b) CTJ219A-2 (c) CTJ219B-1 

Fig. 17 Crack surfaces of the specimens in group CTJ219 
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ratio  is the only different geometrical parameter in the 
specimens between the groups of CTJ219 and CTJ159. A 
smaller value of β definitely causes more severe stress 
concentration at the weld toe in a tubular T-joint. As tri-
axial stress state exists easily in a region with high stress 
gradient caused by severe stress concentration, such stress 
state causes the material to become much more brittle, and 
thus it is more sensitive for the T-joint to lose its loading 
carrying capacity in fracture failure. 

 
4.5 Crack development 
 
The crack development is monitored by using crack 

gauge in the static test. For the specimens in the group of 
CTJ180, the measured crack developments for specimens 
CTJ180-1 and CTJ180-3 are shown in Figs. 20(a) and (b) 

 
 

 
 

respectively. For specimen CTJ180-2, the measured data is 
lost and the crack development is hence not provided here. 
As the fatigue crack in specimen CTJ180-1 already 
penetrates the chord wall, the crack’s propagation is mainly 
towards its two tips as shown in Fig. 20(a). It is different 
from previous reported studies (Talei-Faz et al. 2004, Zerbst 
et al. 2002) because the cracks in the specimens were all 
surface cracks. In the thickness direction of the chord wall, 
the crack seems to propagate slowly. As mentioned 
previously, the measurement of the crack depth is based on 
an ACPD (alternate current potential drop) technique. When 
the crack penetrates the chord wall, the measured crack 
depth is not accurate, and thus the crack propagation in Fig. 
20(a) cannot be used reliably in evaluating the crack 
development in the thickness direction of the chord wall. 
However, the crack propagation at the two tips can be 

(a) CTJ159A-1 (b) CTJ159B-1 
 

(c) CTJ159B-2 

Fig. 18 Failure modes of the spcimens in group CTJ159 

(a) CTJ159A-1 (b) CTJ159B-1 
 

(c) CTJ159B-2 

Fig. 19 Crack surfaces of the specimens in group CTJ159 
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captured relatively accurately. For specimen CTJ180-3, the 
crack development is much different. The crack seems to 
propagate very slowly before curve L6 although the load is 
increased continuously. However, the crack propagates 
suddenly with a large increasing magnitude in the thickness 
direction of the chord wall from L6 to L7 although the 
increase of the applied load is minor, which indicates that a 
brittle rather than ductile fracture occurs. 

For the specimens in the group of CTJ219, the crack 
developments are illustrated in Figs. 21(a)-(c). Such crack 
 
 

 
 
developments are much different because all the cracks in 
the three specimens propagate steadily with a small 
increment of the crack depth during the static test. For 
specimen CTJ219A-2, the crack propagation in the depth is 
very slight due to the effect of the other shallow crack 
located in the opposite crown position. For the other two 
specimens, no brittle fracture failure occurs during the 
whole static tests since no sharp increase of the crack depth 
is observed in the crack development, which is coincident 
with the observations as shown in Figs. 17(a) and (c). 
 
 

 
(a) CTJ180-1 

 

 
(b) CTJ180-3 

Fig. 21 Crack development for specimens in group CTJ219 

(a) CTJ180-1 
 

 
(b) CTJ180-3 

Fig. 21 Crack development for specimens in group CTJ219 
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Generally, the crack developments of the three 

specimens in the group of CTJ159 are similar to those of 
the specimens in the group of CTJ180, as shown in Figs. 
22(a)-(c). There is a gradually propagating process before 
final fracture failure in the static tests. When the crack 
depth exceeds to a certain value, a fast crack propagation 
occurs with a minor increase of the load to show that a 

 
 

 
 

brittle fracture failure occurs along the crack tip (from L6 to 
L7 for specimen CTJ159A-1, from L5 to L6 for spcimen 
CTJ159B-2, and from L4 to L5 for specimen CTJ159B-1). 

 
4.6 Opening displacement of crack mouth (CMOD) 
 
The crack development can be also evaluated from the 

(c) CTJ219B-1 

Fig. 21 Continued 

 
(a) CTJ159A-1 

 

 
(b) CTJ159B-1 

 

(c) CTJ159B-2 

Fig. 22 Crack development for specimens in group CTJ159 
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CMOD-load curve for each specimen. For all the specimens 
in the static tests, the CMOD-load curves are plotted in 
Figs. 23(a)-(c). It should be noted here that CMOD in Figs. 
23(a)-(c) is the maximum value along the crack length. 
Generally, the CMOD-load curves can be classified into 
two principal stages: approximately linear stage and clearly 
nonlinear stage. In the approximately linear stage, the 
CMOD is increasing with the increase of the applied axial 
load, and the relationship between them is close to be linear. 
In this stage, the fatigue crack opens in a linear and elastic 
state, and hence the CMOD is proportional to the applied 
load. Plastic deformation only exists in a small region 
around the crack tip. With the increase of the applied load, 
the plastic region around the crack tip becomes larger, and 
the crack becomes blunted. In this case, the value of the 
CMOD increases quickly with relatively minor loading 
increment, and this stage is defined as the nonlinear stage. A 
blunted crack is much more feasible to propagate in a 
ductile form, and it occurs more easily when the toughness 
of the steel material is high and stress concentration is not 
much severe at the crack tip. 

According to the observations for the crack surfaces in 
the specimens as shown in Figs. 15, 17 and 19, ductile crack 
surface only exists in the specimens in the group of CTJ219 
while there is almost no evidence for a ductile crack surface 

 
 
in the specimens in the groups of CTJ180 and CTJ159. 
Such observations also support the CMOD-load curves of 
these specimens. In Figs. 23(a) and (c), it is clear that the 
CMOD almost increases in an upward direction in the 
nonlinear stage for the specimens in the groups of CTJ180 
and CTJ159, and a load drop can be found after the COMD 
is beyond a critical value. The above phenomenon implies 
that the CMOD increases sharply with almost no increase of 
the load. This situation occurs due to the brittle fracture 
failure because the specimens cannot sustain an increasing 
load at such state. However, the CMOD increases gradually 
with the increase of the load for the specimens in the group 
of CTJ219 as shown in Fig. 23(b), and there is no sharp 
increase of the CMOD within a slight loading increase. This 
phenomenon is caused by a ductile crack propagation rather 
than a brittle fracture failure process. The development of 
CMOD of specimens in group CTJ180 and CTJ159 in the 
second stage is much different with previous studies (Talei-
Faz et al. 2004, Zerbst et al. 2002) in which ductile tearing 
process of the surface cracks in the specimens were 
observed and measured. 

 
4.7 Load carrying capacity 
 
The load carrying capacity of a circular tubular joint, 
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Fig. 23 Opening displacement of crack mouth development 
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also called the static strength, can be determined from 
different methods. One method is based on the load-
displacement curve and the other method is on basis of the 
load-ovalisation curve. The determination on the load 
carrying capacity of a tubular joint from the load-displace-
ment curve is referred to a twice elastic compliance 
criterion as shown in Fig. 24. A straight line passing 
through a point at the load-displacement curve has an angle 

 
 

Fig. 24 Twice elastic compliance criterion 
 
 

to the vertical axis (load) of 1 and the tangential line in the 
linear stage of the curve has an angle to the vertical axis of 
2. If the two angles satisfy the following relationship 

 

21 tan2tan    (2)
 

Then the load carrying capacity of the tubular joint is 
determined from the corresponding load at the point on the 
load-displacement curve as shown in Fig. 24. 

For another definition from the load-ovalization curve, 
Lu’s limit (Lu et al. 1994) is used to determine the load 
carrying capacity of a tubular joint from an ovalisation of 
3% of the chord diameter. As the chord ovalization for some 
specimens in the static test is not very big, this definition is 
not selected in this study. Therefore, the twice elastic 
compliance criterion is used for determining the load 
carrying capacity of the tubular T-joints. 

The experimental results of the load-displacement 
curves for all the specimens are plotted in Figs. 25(a)-(c). 
For the specimens in the group of CTJ180 as shown in Fig. 
25(a), the load-displacement curves of the cracked 
specimens all have a peak point, and the load reduces due to 
brittle fracture after that point. For the uncracked specimen, 
there is no peak point on the load-displacement curve 
although a knee point exists to indicate the nonlinear stage. 

 
 

0 15 30 45 60 75 90
0

50

100

150

200

250

300

P
 (

kN
)

u (mm)

 CTJ180-4 (uncracked one)
 CTJ180-3
 CTJ180-2
 CTJ180-1

0 20 40 60 80 100 120 140
0

50

100

150

200

250

300

 

P
 (

kN
)

u (mm)

 CTJ219A-1
 CTJ219A-2
 CTJ219B-2 (uncracked one)
 CTJ219B-1

(a) Specimens in group CTJ180 (b) Specimens in group CTJ219 
 

0 10 20 30 40 50 60
0

30

60

90

120

150

180

P
 (

kN
)

u (mm)

 CTJ159A-1
 CTJ159B-1
 CTJ159B-2
 CTJ159B-3 (uncracked one)

(c) Specimens in group CTJ159 

Fig. 25 Load-displacement curves 

629



 
Yamin Wang, Yongbo Shao, Shengzhi Song and Dongping Yang 

For the specimens in the group of CTJ219 as shown in Fig. 
25(b), the load-displacement curves of both uncracked and 
cracked specimens have no peak points, and only knee 
points are found to be located at the curves, which proves 
that no brittle fracture occurs in the static tests. For the 
specimens in the group of CTJ159, it is found that there is 
also a load drop in the load-displacement curve for the 
cracked specimens. However, such load drop is relatively 
much minor and it occurs at a very large displacement. 

The loading drop after the peak value for the specimens 
in group CTJ180 as shown in Fig. 25(a) indicates that the 
through crack has effect on both failure load and failure 
mechanism, which is different from the reported conclu-
sions of previous studies (Talei-Faz et al. 2004, Zerbst et al. 
2002) that surface crack has very minor effect on the static 
strength and the failure of the specimens containing crack is 
dutile. 

According to the definition of the twice elastic 
compliance criterion on the load carrying capacity of a 
tubular joint, the load carrying capacities of all the 
specimens are generalized in Table 7. Pu and Pc in table 
represent the load carrying capacities of the specimens 
without and with fatigue crack respectively. For the 
specimens in the group of CTJ180, the load carrying 
capacities of all the cracked specimens decrease. However, 
the decreasing magnitude for specimen CTJ180-1 is much 
bigger because the fatigue crack already penetrates the 
chord wall. For the other two specimens, the decrease of the 
load carrying capacity is much slight, which implies that the 
surface crack has a minor influence on the static strength. 

 
 

 
 

For the specimens in the group of CTJ219, it is found that 
the decrease of the load carrying capacity for the cracked 
specimen CTJ219B-1 is also slight because such decrease is 
only 3.4%. For the cracked specimens, CTJ219A-1 and 
CTJ219A-2, the load carrying capacity has an increase 
rather than a decrease although there is a fatigue crack 
located at the weld toe. This abnormal phenomenon is 
produced due to the different material properties (mainly 
the yield strength) as listed in Table 2. The yield strength of 
the steel materials for specimens CTJ219A-1 and 
CTJ219A-2 is 322 MPa while such value for specimen 
CTJ219-B2 is 290.2 MPa. According to the presented 
equations in some design guidelines (IIW 1999, Wardenier 
et al. 2008), the static strength of tubular T-joints under 
axial loading is proportional to the yield strength of the steel 
materials. Based on this conclusion, the load carrying 
capacities of the specimens CTJ219A-1 and CTJ219A-2 are 
178.0 kN and 179.2 kN respectively if the yield strength of 
the two specimens are also 290.2 MPa. In this case, the 
static strengths of the two cracked specimens are almost 
same as that of the uncracked specimen CTJ219B-2 
although such values are still slightly bigger. The slight 
difference may be caused by other fabrication difference 
such as the weld size. In overall, it seems that the cracked 
specimens have very slight decrease in the load carrying 
capacity. Similarly, it is also found that the load carrying 
capacities of the cracked specimens CTJ159B-1 and 
CTJ159B-2 also have a slight decrease compared to the 
static strength of the uncracked specimen CTJ159B-3. A 
slightly bigger value of the load carrying capacity for 
 
 

 
 

Table 7 Results of static test 

Specimen Crack type Crack position
Load carrying capacity (kN) 

(Pu ‒ Pc)/ Pu 
Pu Pc 

CTJ180-1 Through crack crown — 186.0 14.1% 

CTJ180-2 Surface crack crown — 215.4 0.5% 

CTJ180-3 Surface crack crown — 207.2 4.3% 

CTJ180-4 — — 216.5 — — 

CTJ219A-1 Surface saddle — 197.4 -13.3% 

CTJ219A-2 Surface saddle — 198.8 -13.9% 

CTJ219B-1 Surface saddle — 168.3 3.4% 

CTJ219B-2 — — 174.2 — — 

CTJ159A-1 Surface crown — 130.1 -3.2% 

CTJ159B-1 Surface crown — 124.2 1.5% 

CTJ159B-2 Surface crown — 124.9 0.9% 

CTJ159B-3 — — 126.1 — — 

Table 8 Load carrying capacities from tested and predicted results 

Specimen Puncrack (kN) FAR AR
crackP (kN) Test

crackP (kN)   %100 Test
crack

AR
crack

Test
crack PPP  

CTJ180-1 216.5 0.832 180.1 186.02 3.18% 

CTJ180-3 216.5 0.920 199.025 207.24 3.96% 

CTJ219B-1 174.2 0.935 162.83 174.22 6.54% 

CTJ159B-1 126.1 0.897 113.05 124.16 11.11% 

CTJ159B-2 126.1 0.915 115.31 124.91 7.69% 
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cracked specimen CTJ159A-1 compared to the uncracked 
specimen CTJ159B-3 is also caused by the different 
material properties of the steels. By using the same 
equivalent method after reducing the yield strength of the 
steel material, the static strength of the cracked specimen 
CTJ159A-1 is 119.7 kN. In this case, the load carrying 
capacity of cracked specimen CTJ159A-1 is decreased by 
5.1% compared to the corresponding value of the uncracked 
specimen CTJ159B-3. 

Based on the above analyses, it is found that a surface 
crack in a tubular T-joint seems to have a slight influence on 
the load carrying capacity. However, the effect of a 
penetration crack on the load carrying capacity of a tubular 
T-joint is remarkable and it cannot be neglected. 

In theory, the residual strength of a cracked tubular joint 
was reported to be estimated from an area reduction factor 
FAR in the literature (HSE 2002, BS7910 2013). In this 
method, the load carrying capacity of a cracked tubular 
joint, Pcrack, is calculated from the following equation 

 

uncrackARcrack PFP   (3)
 

where Puncrack is the load carrying capacity of the 
corresponding uncracked tubular joint. 

FAR, as reported in HSE (2002) and BS7910 (2013), is 
expressed as follow 
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Where Acrack is the area of the fatigue crack.  
Qβ in Eq. (4) is calculated from the following equation 
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The tested static strengths of the specimens in the 
groups of CTJ180, CTJB219 and CTJ159B are used to 
evaluate the reliability of the above theory, and the tested 
results together with the predicted results from the above 
equations are listed in Table 8. 

It is found from Table 8 that Eqs. (3)-(5) generally 
provides conservative estimation for the load carrying 
capacity of the cracked specimens because the predicted 
results are lower than the tested results. The relative error 
between the predicted and the tested results is less than 10% 
for most cracked specimens except specimen CTJ159B-1. It 
seems that the accuracy of Eqs. (3)-(5) is higher when 
parameter  has a bigger value. With the decrease of , the 
predicted result becomes more conservative. 

 
4.8 Discussion on influence of fatigue crack 

on integrity of cracked tubular joints 
 
Although the influence of the surface crack on the load 

carry capacity is minor for the specimens in the static tests, 
cautions are still necessary to be taken when the safety 
evaluation for cracked tubular T-joints is carried out due to 
the following several reasons: (1) The load carrying 
capacities of the cracked specimens are determined from the 

load-displacement curve based on the twice elastic 
compliance criterion. It is found that the points 
corresponding to the load carrying capacity in the load-
displacement curves for the specimens in the group of 
CTJ180 are located at a position before the load decreasing 
stage, which implies that the specimens may fail suddenly 
after the static strength. The determined load carrying 
capacity cannot be used to predict the final failure mode of 
these specimens. Once these specimens are suffered from a 
surcharge loading, there is no potential strength for the joint 
to sustain such surcharge load. (2) The materials of the 
specimens in the group of CTJ180 have lower toughness, 
and it seems that such low toughness causes brittle fracture 
failure of the cracked specimens. Therefore, the toughness 
of the steel material is also an important factor necessary to 
be considered. As the materials of the specimens are all 
carbon steel with a relatively good toughness, the failure 
process of tubular T-joints made of high strength steels is 
important to be investigated because high strength steels 
generally have lower toughness. (3) It seems that the joint’s 
geometry also has an influence on the final failure mode 
based on the observations of the different crack surfaces for 
the specimens in the groups of CTJ219 and CTJ159 even all 
of these specimens have satisfied toughness. (4) Although 
the surface crack seems to have slight effect on the static 
strength of tubular T-joints, it has really remarkable effect 
on the fatigue life. Once a fatigue crack initiates, the tubular 
joint may be fail in a short servicing time due to the fast 
propagation of such fatigue crack. 

Another point stated here is the scaling issue of the 
specimens. Due to the limitation of the test rig, reduced-
scale specimens were tested in this study. In the tubular 
structures used in offshore platform, the thickness of the 
steel tube is much bigger. The thickness of the steel tube has 
influence on the failure mechanism of welded tubular joints 
from the following two aspects: (1) The fracture toughness 
of the steel material is related to the thickness of the tube. 
The fracture toughness of the steel material is only steady 
when the wall thickness of the steel tube is bigger than a 
critical value. However, such critical thickness is dependent 
on the types of steel materials, and corresponding tests are 
necessary to determine such value. (2) When the thickness 
of the steel tube is bigger, residual stress at the weld may 
become severe. Large residual stress is harmful to the 
fracture toughness of the steel materials. Due to the above 
reasons, more tests on full-scale tubular joints are necessary 
to be carried out in the future to observe if similar results 
and conclusions are obtained. 

 
 

5. Conclusions 
 
Based on static tests on circular tubular T-joints with 

fatigue crack, the following conclusions can be obtained: 
 

(1) The geometry of a tubular T-joint influences the 
location of the peak hot spot stress, and thus it 
influences the location of the fatigue crack 
initiation. Additionally, the geometry of a tubular 
T-joint also influences the propagating direction of 
the crack surface. 
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(2) When the fatigue crack does not penetrate the 
chord wall and the crack depth ratio of a/T is less 
than 0.67, it has slight effect on the load carrying 
capacity of a circular tubular T-joint made of 
carbon steel. However, a through crack has a very 
remarkable effect. 

(3) The toughness of the steel materials and the brace-
to-chord ratio () of tubular T-joints have 
disadvantageous effect on the crack propagation 
because nearly no ductile crack surface is observed 
from the final crack surface. 

(4) The specimens tested in this study are reduced-
scale ones, and full-scale specimens are 
recommended to be tested in future research work 
because the fracture toughness of a welded thick 
tube wall is different and it may produce influence 
on the failure mode of cracked tubular T-joints. 
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