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Abstract. Anchor bolts have been used to attach the steel structure of concrete and transfer load 
into the concrete. Anchor bolts in concrete are to withstand the shear force as they connect steel 
beams to the reinforced concrete foundations. The research was carried out to increase the 
understanding and investigating the performance of anchor bolts Pigtail since there is a lack of 
research on the bolt and to compare it with anchor bolts J which have been widely used by the 
industry. According to the methodology, testing the tensile load was used in this research to get a 
maximum load capacity of the anchor bolt in concrete. The sample was embedded in concrete 
cylinders of 75mm radius and 300mm height. Depths of embedment were 200mm, 230mm, and 
260mm. The Universal Testing Machine, UTM was used to test the strength of tensile.  12 samples 
were used, each type and depth used two samples to get the average value using concrete grade 30. 
The samples underwent the process of curing for 28 days. The anchor bolts J used a 40mm bending 
radius and the length of hook was 100mm. Anchor bolts pigtail also used the 10 bending radius with 
depth of 8mm that have been compressed using 16mm radius rigs with a load of 500kN. Results of 
the research showed the depth of 260mm for Pigtail almost the same with J 60.529kN and 53.628kN 
and anchor bolts J were 75.557kN and 76.332kN.  Difference of the values was not too far vary 
when compared with the 200mm and 230mm depths. Each comparison showed the ability of each 
bolt and anchor bolt failure occurred. Performance of the anchor bolts pigtail can be used on a 
structure or a higher load at an embedment of 260mm. Embedment of 200mm and 230mm can be 
used on a lighter load if steel material saving is a priority in every usage. 

1 Introduction 
J anchor bolt has been widely used for construction 
industry today. However, Pigtail anchor bolts had less 
exposure and use in the construction industry. Normally 
Pigtails anchor bolts were used as a connection between 
the structures. The problem which always occurred is 
that J anchor bolt is difficult to install in the 
reinforcement bar due to its shape. Furthermore, lack of 
research has been done to prove that Pigtail anchor bolts 
may be used as the same function as J anchor bolts.  

The objective of this research is to investigate the 
performance of Pigtail and J anchor bolts embedded in 
normal concrete under tensile load test. Next objective is 
to find out the optimum of embedment and investigate 
the type of failure that occurs until maximum load is 
achieved. 

1.1 Scope of study 

In this study, all the tests were using Universal Testing 
Machine (UTM). This research used two types of bolt 
systems which were Pigtail and J anchor bolts. The tests 

were limited to tensile load only for Pigtail and J as the 
anchor bolt in concrete. The embedment length of 
anchor bolts samples J1A, J2A, P1A and P2A in the 
concrete was 200mm. Next samples, J1B, J2B, P1B and 
P2B were 230mm embedded in the concrete. Next 
samples, J1C, J2C, P1C and P2C were embedded 
260mm in the concrete. All samples were using the same 
dimensions of concrete cylinders which were 75mm in 
radius and 300mm in height. These concrete were going 
through the curing process of 28 days. Concrete plate 
was supported by a platform with dimensions of 150mm 
x 150mm x 300mm when tested using the UTM. The 
plate design platform and anchor bolt tensile capacity 
were based on BS 5950-1: 2000. 

1.2 J anchor bolt, L anchor bolt and pigtail 
anchor bolt 

Bolt anchors J and L are always used in the 
constructions. 180° and 90° bending by the end of each 
of the components aim to transfer load from upper 
structure to the lower structure. The anchor positions 
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must be coordinated with the reinforcement due to large 
constructions area and making it easy for installation at 
the construction site so that errors can be reduced [15]. A 
common problem during site installation there is. This is 
a critical job and is often done by skilled labour [6]. 
After that, it is not guaranteed that we can use after the 
installation is done because in the process of hardening 
the concrete, there is a possibility of movement or 
vibration in the anchor bolts in which to anchor the 
resulting movement. If bolt size or design does not 
follow the specifications after the concrete is harden, it 
needs to be re-issued in order to replace with the new 
anchor bolt [14]. Several types of anchors Cast-in-place 
are hex headed, L-bolt, J-bolt and bolt Welded headed 
(see Fig.1) [9] 
  

 

Fig. 1. a) Hex headed bolt b) L-bolt c) J-bolt d) Welded headed 
bolt 

  
Pigtail anchor is with 10 bends in the concrete. 

Pigtail anchor bolt has a unique design, which gradually 
increases the depth of each groove to increase the length 
of the flexible anchor. The front of the anchor line 
allows transferring the pressure on the entire length. The 
gradient is positive that anchors are in high friction with 
the bend on the anchor (see Fig 2) [21] 
 

 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Anchor bolt of J and pigtail 

 

2 Experimental Work 

Tensile strength test has been used in this experiment to 
obtain the capacity of load for the anchor bolts. 

 

2.1. Samples Preparation 

Pigtail Anchor bolts were made of reinforcement bar 
Y12. The diameters of the bolts were 12mm or 16mm [3, 
11]. Preparation of the pigtail anchor bolts using a 
compression machine to form bending was as shown in 
Fig.3. The reinforcement bar Y12 was placed between 
the reinforcement rigs to be compressed with 500KN. 
The rig was made of 16mm diameter bars which were 
16mm bars between each bending. Bonding connections 
on the rig had been ensured to have no movement or 
failure during compression. Fig.4 shows the rig and 
pigtail anchor bolt formed after the compression was 
completed. 
 

 

Fig. 3. Compression on bar 
 

 

Fig. 4. Anchor bolt Pigtail and rig 
 

Samples of the pigtail anchor bolts which have 10 
bending with 16mm of diameter and also the distance at 
the end of pigtail anchor bolts from the original position 
was 50mm. All samples were following the same 
distance to avoid the negative impact on the results. The 
radius of the J hook or curve of each sample was 40mm 
and the length of the hook to the J anchor bolt all 
designed with 100mm in each anchor bolt and was set to 
the same length [3]. Table 1 shows the embedment of 
anchor bolts which have been used in this research. The 
symbol of J is for J-Bolt and P is for Pigtail. Symbol A, 
B and C is for depth 200, 230 and 260mm. Symbol 1 and 
2 to show sample 1 and 2. 
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Table 1. Embedment J and Pigtail. 

 

Sample 

Embedment 
Depth (mm) 

 
Sample 

Embedment 
Depth(mm) 

  

200   230 260 200 230 260 

J1A √    P1A √    

J2A √    P2A √    

J1B   √  P1B   √  
J2B   √  P2B   √  
J1C   √ P1C   √ 
J2C   √ P2C   √ 

2.2 Cast-in-place  

The concrete formwork was using polyvinyl chloride 
(PVC) with a diameter of 150mm and pre-cut the mould 
to make it easier in the process of removing the concrete 
from the PVC. Fig.5 shows the harden concrete in a 
cylindrical mould. DOE mix design methods were used 
to measure the exact amount of cement, fine aggregate, 
coarse aggregate and water in this experiment. Concrete 
mix design was to achieve a compressive strength of 
30N /mm2 in 28 days and the design of slump was 
between 30mm to 60mm. The volume of concrete cubes 
was 0.1 mm3 each and concrete anchor bolts for the 
sample was 5.3 mm³ each. The curing process has been 
carried out and the water level was ensured at the same 
level as the concrete cylinder to prevent corrosion of the 
anchor bolt as it will affect the performance of the bolt 
[4]. 
 

 

Fig. 5. Bolt embedded in Concrete Cylinder 

2.3 Pull-out test  

Universal Testing Machine has been designed to perform 
various types of tests or experiments on tensile or 
compressive experiments or tests. Tests were conducted 
at Jamilus Research Centre. The sample was placed  
between the top and bottom and it was attached to the 
holder at the bottom and the upper parts. First test started 
with sample J200 and ensured that the jaws must grip 
tightly for a perfect performance [7]. The machine began 
to draw a graph of the tensile load until it reached the 
maximum capacity of the sample. The machine was 
stopped and the results were recorded in the computer. 
 

 

3 Results and Discussions 
The average results for the compression test for 7 days 
and 28 days were 28.5Mpa and 30.8Mpa which has 
achieved grade 30 as the scope of this research. Pull-out 
tests were carried out by using the Universal Testing 
Machine (UTM) to measure the strength of the bond 
between J and Pigtail in normal concrete. Results data is 
shown in Table 2 and fig. 6 for pigtail anchor bolt while 
the bolt anchors J in table 3 and figure 7. Load was 
increased gradually to achieve maximum value until 
failure occurred. Each depth has two samples to get an 
average value of the maximum tensile load. Based on the 
average result, 200mm embedment reached the lowest 
maximum value at 37.89kN. The highest average 
reading was 56.94kN with a depth of 260mm. The 
results showed that the higher the embedment, the higher 
maximum capacity achieved until failure occurred on the 
samples. This was because the bond between the anchor 
bolt and the concrete depended on the surface area or the 
length of the anchor. The elongation length was also one 
of the factors in order to achieve maximum value [5]. If 
the elongation was increased but no load was imposed as 
seen on bolt anchors P230B, jaws of the universal testing 
machine (UTM) and  rig were loosen during start up. 
Next, the test was continued with a 4mm elongation until 
maximum tensile load was reached. The value of 
elongation of 200A and 200B were the highest because 
of the extension of the original position between the 
concrete and the anchor has a weak bonding with a depth 
of 200mm and length of anchor bolts the lowest length 
of 220mm [10]. The factors affecting the strength of 
tensile load were the adhesion concrete to anchor bolts 
and the friction force between concrete and anchor 
bolts[20]. 

Table 2. Result Load Tensile on Pigtail Anchor Bolt. 

Sample Embedment 
(mm) 

Length 
of 
anchor 
bolt 
(mm) 

Maximum 
load (kN) 

Average 
Maximum 
load (kN) 

Elongation 
(mm) 

P1A 200 220 28.134 37.89 14.276 
P2A 200 220 47.642 14.269 
P1B 230 250 45.05  5.397 
P2B 230 250 37.746 41.40 12.875 
P1C 260 280 60.529  6.242 
P2C 260 280 53.628 56.94 8.239 
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Fig. 6. Pullout test for Pigtail 
 

Sample J2B with an embedment of 230mm with 
360mm length of anchor has the highest maximum 
tensile load which was 80.642kN and the lowest 
maximum value for sample J2A embedment of 200mm 
was 68.12kN. Based on the expected results of 
embedment depth of 260mm, which will achieve the 
highest result, otherwise, the embedment of 230mm is 
the highest maximum tensile load. This was  due to the 
260mm steel failure which occurred and more load was 
distributed to the steel. Based on Fig.7 it shows that the 
range of the maximum tensile load does not differ too 
much. Furthermore, based on the average of the 
maximum load for each depth of 200mm, 230mm and 
260mm the difference was insignificant and the adhesion 
and friction forces were almost the same [7]. In 
conclusion, the average value of the maximum load, the 
depth of 230mm is the optimal depth between 200mm 
and 260mm with the use of reinforcement bar Y12 in the 
concrete cylinder. 

Table 3. Result Load Tensile on J Anchor Bolt. 

Sample Embedment 
(mm) 

Length 
(mm) 

Maximum 
load (kN) 

Average 
maximum 
load 

Elongation 
(mm) 

J1A 200 360 74.237 71.18 14.53 
J2A 200 360 68.124 15.63 

J1B 230 390 71.761  13.65 
J2B 230 390 80.462 76.11 13.50 
J1C 260 420 74.557  21.56 
J2C 260 420 76.332 75.45 27.00 

 

 
 

Fig. 7. Pullout test for J 

 
Table 4. Comparison Pigtail with  J Anchor Bolt 

 
Table 4 shows the comparison between Pigtail and J 
anchor bolts. The difference of the maximum tensile load 
for an embedment of 200mm and 230mm for each type of 
anchor bolt that is very significant to 200mm pigtail anchor 
bolt are 28.134 kN and 47.642 kN, while the J are 
74.237kN and 68.124 kN. Embedment of 230mm anchor 
bolts for pigtail are 45.05 kN and 37.746 kN, while the J 
about 71.761 kN and 80.462 kN. These results indicated 
that anchor bolt J is better than the Pigtail because the 
design of the hook of J anchor bolt increases the ability of 
cling in the concrete[19]. Furthermore, the friction force is 
also increased because the length of the anchor bolt 
embedment in J is more than in the Pigtail. 

Embedment of 260mm for Pigtail was almost the 
same with J, maximum load for Pigtail were 60.529 kN 
and 53.628 kN. Anchor bolts J maximum tensile load 
were 75.557 kN and 76.332 kN. This was because the 
highest friction and the highest bonding of the anchor bolt 
with J260 was 420mm length of the anchor [2]. The 
difference was not too far vary from the embedment of 
200mm and 230mm. Each performance indicated the 
ability of each anchor bolt according to the type and 
embedment. 

Results of this study can be divided into three types. 
Fig 8 shows the failures that occurred. Steel failure 
happened to anchor bolt J2A, J1B, J2B, J1C, J2C. It 
shows all the samples of type J, a strong bond in the 
concrete due to cracks or failure did not occur in this 
sample. This was because the load distribution was 
focused on the steel until failure occurred. Failure 
blowout occurred on sample P1A, J1A, P1C, P2C. The 
failure occurred because the dimensions were limited and 
load distribution were also focused on the tip of the 
anchor bolt interiors or the end of the anchor bolt cracks 
begin to occur on the concrete samples. Finally, splitting 
failure occurred in sample P2A, P1B and P2B also 
because the end of anchor bolt was positioned close to the 
edge of the concrete and showed the load spread evenly 
until failure occurred in the axis indicating the failure was 
torn in two. Fig 8 shows the common failure in this 
research. 

 
 
 

Sample Embedment 

(mm) 

Length 

(mm) 

Maximum 

load (kN) 

Sample Embedment 

(mm) 

Length  

(mm) 

Maximum 

load (kN) 

P1A 200 220 28.134 J1A 200 360 74.237 

P2A 200 220 47.642 J2A 200 360 68.124 

P1B 230 250 45.05 J1B 230 390 71.761 

P2B 230 250 37.746 J2B 230 390 80.462 

P1C 260 280 60.529 J1C 260 420 74.557 

P2C 260 280 53.628 J2C 260 420 76.332 
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Fig. 8. Types of failure 

4 Conclusions 

J anchor bolt is widely used in the industry for 
connecting the structures as precast structure or 
industrial building system. It is very difficult to be 
installed in a confined space and needed so much of a 
skilled labour.  Pigtail is a new design but lack of 
research for this type of anchor bolt design. This 
research has been done to compare the maximum tensile 
load, optimum embedment and types of failure for both 
type of bolts. 

It can be concluded, the larger the surface area, the 
higher maximum tensile load achieved. Friction force 
was increased between concrete and anchor. Effect from 
the result for sample P230 was the holder or grip of 
UTM was loosen and load did not work until elongation 
reached 4mm. Every test for the next research is to 
ensure the grip is tight and replace with a new grip to 
show perfect result.  

Recommendation from this research is to increase the 
bending of Pigtail to get hook ability to increase 
maximum tensile load. Besides, increasing the area or 
volume of samples to get cone failure and adding new 
design to compare both of these performances. 
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