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Abstract - Inspection in metal joining is a very important process. Nondestructive testing namely Visual Testing (VT) is one 
of the most often uses to approve the joining product. This research shows the procedure to simply make the VT training 
specimens which contain various types of weld discontinuities. The benefit is to achieve the identical VT training workpiece 
and save cost. The first step is to make a steel prototype specimen which is included of seventypes of the welding 
discontinuity which are crack, undercut, porosity, excessive reinforcement, incomplete penetration, root concavity and 
excessive root penetration. In addition the discontinuity sizes are designed to relate to the criteria of the reject and accept of 
various well-known codes and standards in order to proper for understanding of the decision making under various code and 
standard criteria. After that the metal prototype is used as a master pattern to make a silicone mold.  Furthermore the silicone 
mold were used to cast the resin specimen. Two types of resin PC600 resin and Epoxy resin 500AB were selected to 
compare their physical and mechanical properties.  It was found that the epoxy resin 500AB is more appropriate than PC 600 
due to its non-shrink and very low distortion. The Advantage of the resin specimen is not only cheap and identical but also 
no rust and light weight. 
 
Index Terms - Visual testing, Non-destructive testing, Resin workpiece. 
 
I. INTRODUCTION 
 
Inspection of welding quality and non-destructive 
testing is important and very demanding in the 
industry for example in petrochemical industry, 
aviation industry, large structure industry. Under the 
mentioned application, ASNT SNT-TC-1A is one of 
the most commonly used standards for personnel 
certification. There are several methods of non-
destructive testing available nowadays: Visual testing 
(VT) Penetrant testing (PT), Magnetic particle testing 
(MT), Ultrasonic testing (UT), Radiation testing 
Radiographic testing (RT), Eddy current testing (ET), 
and Acoustic emission (AE) testing [1]. Personnel 
certification of Non-destructive testing requires the 
knowledge, ability, experience of the certification 
authority including tools and test pieces which 
requiring expensive cost orders. Typical 
discontinuities on the test specimens for use in 
personnel certification are cracks, porosity, 
incomplete fusion, incomplete penetration, undercut, 
etc.  There are several ways to create a discontinuity 
on the surface, such as the use of copper wires with a 
diameter of about 1 mm. and a length of 10-30 mm. 
before cover pass in submerged arc welding (SAW) 
based on the principle of melting point and the rate of 
cooling of different materials between iron and 
copper which found cracks in the group and not 
visible by knack eyes as well as thesize and length 
cannot be controlled [2].   Shielded metal arc welding 
(SMAW) with a cast iron wire also can create a crack 
at the surface. [3]. Cracking on the test specimen not 
only builds on the surface to certify the non-
destructive personnel  by VT [4] , PT and MT [5] but 
also make in subsurface to certify RT [6,7,9] and UT 
personnel  [7,8,10]. 

As mentioned above, VT is the most common and 
widely used method as it is the first method of 
detecting discontinuities occurring at the surface. It 
can be decided immediately whether to accept the 
weld for further testing or reject immediately. The 
testing of the test equipment is very necessary 
nowadays even though there is a way to create a 
discontinuous surface on the test specimen but the 
test pieces are not appropriate and enough to certify a 
large number of people at once because the specimen 
is very expensive and the materials used are too 
heavy to be transported. Creating the specimen with 
resin to reduce weight and ease of movement is one 
way to solve such problems but the problem of 
casting difficulty, the color of the workpiece, the 
distortion after casting, and the size of the workpiece 
unappropriated were still found [4]. This research is 
improving the making of surface discontinuity from 
previous research [2-10] and creating it on the plate 
and pipe prototype. The size of the discontinuity lies 
between the acceptance and the reject of the standard. 
This can be help to train the personnel to understand 
thewell-known the reference codes which are ASME 
B31.1 / B31.3 / Sec VIII / API 1104 / AWS D1.1. In 
this research the procedure to make a mold to cast the 
resin specimen will be explained. Two types of the 
resin will be compare in term of their physical and 
mechanical properties. 
 
II. THEORIES 
 
2.1 WELDING DISCONTINUITIES AND 
ACCEPTANCE CRITERIA [11, 12] 
A discontinuity is an interruption of a typical 
structure, such as in homogeneity in the mechanical, 
metallurgical or physical characteristics of a material. 
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A discontinuity is not necessarily a defect, but all 
defects are discontinuities. The evaluation and 
disposition of welds, component, and systems for 
power piping and petrochemical piping as well as 
infrastructure are delineated in procedures written 
from the requirements of different codes, standards, 
and specifications. 
 
Structure welds may reference American Welding 
Society (AWS) D1.1. Nuclear power plants are 
inspected to American Society of Mechanical 
Engineer (ASME) Section XI, while piping welds 
frequently are evaluated and dispositioned to ASME 
B31.1, B31.3, Section III, or American Petroleum 
Institute (API) STD 650 and 1104. 
 
2.1.1 Infrastructure – AWS d1.1 
Structural welding acceptance criteria typically 
includes: 

 the weld and base metal have no crack; 
 thorough fusion exists between weld metal 

and base metal; 
 all craters are filled to the full cross section 

of the welds; 
 the sum of diameters of porosity in fillet 

weld does not exceed 3/8 in. in any linear 
inch of weld and shall not exceed ¾ in. in 
any 12 in. length of weld; 

 groove welds shall have no elongated 
porosity whose major dimension lies 
approximately parallel to the weld axis; 

 fillet welds in any single continuous weld 
shall be permitted to under run the nominal 
fillet size required by 1/16 in. without 
correction provided that the undersize weld 
does not exceed 10% of the length of the 
weld; 

 And undercut is less than 1/32 in. 
 
2.1.2 Petrochemical – ASME B31.1, B31.3, API 
STD 650, 1104 
ASME and API weld acceptance criteria are similar. 
The following weld conditions are typically 
unacceptable: 

 alignment and reinforcement exceeding the 
code allowance; 

 and alignment criteria and limits are given in 
various figures. 

 Some limits for dimensional criteria are: 
 weld transition exceeding a 3-to-1 taper for 

butt welds; 
 the shape and size of fillet and socket welds; 
 any crack or linear discontinuities; 
 undercut greater than 1/32 in. deep, or that 

encroaches on minimum wall thickness; 
 lack of fusion; 
 incomplete penetration; 
 And Arc strikes. 

 

2.2 MAKING WELD DISCONTINUITY [12] 
Welding, the process of joining member together by 
applying enough heat to melt and fuse the material, 
result in a number of discontinuities apparent during 
visual examination. Porosity, cracks, slag, incomplete 
fusion, incomplete penetration, undercut, arc strikes, 
and overlapare the discontinuities that may appear on 
a completed weldment. Porosity, as in the casting 
process, is the result of gases emanating from the 
molten weld pool that are trapped during the freezing 
of the metal. Solidification cracking is most likely to 
occur in compositions, which result in a wide 
freezing temperature range. In steels this is 
commonly created by a higher than normal content of 
carbon and impurity elements such as Sulphur. 
Fusion is the melting and mixing of weld metal and 
base metal, or previous weld layers. If complete 
fusion does not occur, a linear indication may be 
evident between weld beads or between the weld 
bead and the base metal. Penetration is the term used 
to define the degree to which the weld metal has 
entered the weld joint. Penetration is important for 
determining if the opposite side of the weldment is 
accessible to the inspector. A weld root that is at least 
as high as the base metal that blends smoothly with 
the base metal will evidence the correct amount of 
penetration. Inadequate penetration occurs when the 
weld root is less than specified for a joint.Undercut 
is caused by failure of the weld metal to low into the 
reduce area vacated by the melting base metal. This 
creates a notch type discontinuity at the transition 
between weld and base material or weld toe. 
 
2.3 MANUFACTURE OF SILICONE PU 
MOLDS AND THERMOSETTING RESIN [13-
14] 
Thermosetting resins are characterized by a 
crosslinking reaction, which leads to the formation of 
a three-dimensional (3D) network structure. The 
greatest advantage of thermoset resins is that they are 
processed from a low molecular weight compound 
(resin) unlike the high molecular weight 
macromolecules in the case of thermoplastics. This is 
why thermoset-based products can be molded, in 
general, at a much lower temperature and pressure 
compared with thermoplastics. Another distinct 
characteristic of thermosetting resins is that their 
properties are not only dependent on the chemistry 
and molecular weight of the resin (as in the case of 
thermoplastics) but are also largely dependent on the 
crosslink density of the resin network. A wide range 
of properties can be achieved by simply adjusting the 
crosslink density of a network without changing the 
chemical structure. 
For the manufacture of silicone molds using models 
in a cast, a master model will be needed. This master 
model is produced via stereolithographic, selective 
laser sintering, or milling and is then cleaned and 
treated with a release agent. The gating and riser 
system is attached to the part and fixed in a mold box 
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with tape. Thereafter, the casting frame with the 
initial model is filled with the silicone mass. These 
are special impression materials which have a low 
viscosity and do not create air voids and air pores in 
the silicon molds. 
Due to the low shrinkage factor of the silicone masses 
(less than 0.1%), the dimensional accuracy of the 
functional models to be casted is ensured. For the 
subsequent casting process, the mostly transparent 
silicone is degassed at a pressure below 1 mbar in the 
vacuum casting unit and is then mixed with the cross-
linking agent. During degassing, the silicone can 
grow up to three times its volume, and this operation 
is completed when the foaming mixture collapses 
again. The degassed mixture is then poured into the 
mold box with as few air bubbles as possible under 
normal pressure. 
 
2.4 VISUAL TESTING METHOD [12,15] 
Visual testing is the observation of a test object, 
either directly with the eyes or indirectly using optical 
instruments, to evaluate the presence of surface 
anomalies and/or the object’s conformance to 
specification. Visual testing is usually the first 
nondestructive test method applied to an item. Visual 
test includes general, direct, and remote visual testing 
techniques. The visual examination process is to clear 
obstructions from the surface, provide adequate 
illumination, and observe. A prerequisite for 
competent visual testing of an object is knowledge of 
the component configuration and manufacturing 
processes by which it was made, of its service 
history, and of its potential failure modes, as well as 
related industry experience. Direct visual examination 
may usually be made when access is sufficient to 
place the eye within 24in (600 mm) of the surface to 
be examined and at an angle not less than 30 deg to 
the surface to be examined. Mirrors may be used to 
improve the angle of vision, and aids such as a 
magnifying lens may be used to assist examinations. 
Illumination (natural or supplemental white light) of 
the examination surface is required for the specific 
part, component, vessel, or section thereof being 
examined. The minimum light intensity shall be 100 
fc (1000 lx). The light intensity, natural or 
supplemental white light source, shall be measured 
with a white light meter prior to the examination or a 
verified light source shall be used. Verification of 
light sources is required to be demonstrated only one 
time, documented, and maintained on file 
 
III. EXPERMENTAL PROCEDURE 
 
3.1 PLATE AND PIPE STEEL PROTOTYPE 
MAKING 
In the design of metal test pieces for use as prototype 
is need to create a suitable size which all types of 
testing tool can be placed on the test site and there is 
a wide range of defects on the test specimen for 
certified visual testing person as well as easy to cast 

the resin. Therefore, the appropriate shape for the 
prototype is plate and pipe because it is the most 
common shape and most widely used. The shape and 
size of the steel plate and pipe prototype are as shown 
in Pic. 1. 
 

 
 

Pic.1 Shape and size of the pipe and plate prototype 
 

There are seven types of metal specimen: cracks, 
porosity, root concavity, incomplete penetration, 
excessive reinforcement and excessive root 
penetration. The size of discontinuity is as shown in 
Pic.2. 
 

 
Pic.2 Discontinuities size in each code and standard 

 
Welding process used to create defects in hot pass is 
SMAW and GTAW for root and cover pass using 
common carbon wire E7016 and ER70S-G 
respectively.  Welding current is between 90-120 
amps with voltage 10-15 volts for the GTAW and 20-
28 Volt for the SMAW with travel speed 6-12 cm / 
min. Joint preparation is v groove 30-45 deg with 2.0-
3.0 of root gap.Defect creation was started at root 
pass including root concavity which made like 
incomplete fusion at root pass, incorrect weld angle 
was performed then fine grinding to the desired size; 
Incomplete Penetration was based on the narrow 
gap of the root gap, incorrect angle and fast travel 
speed; excessive root penetration was made by 
requires an increase the welding current of 20-30 
ampere at the desire area and the vertical electrode 
angle was used. After root defect was completed, the 
cover pass defect have been performed including 
crack which created base on solidification crack 
theory by applied copper wire while welding; 
porosity was made by turn-off backing gas in GTAW 
while welding; undercut was created base on 
increasing welding current at desire area about 20 – 
30 ampere and machine at edge weld as well as tilt 
the welding electrode at an angle greater than would 
normally use and the last defect is excessive 
reinforcement which made base on lower travel 
speed at the desire area. The steel plate and pipe 
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prototype contain with various flaw are shown in Pic 
3. 

 
 

Pic.3Plate and pipe steel prototype 
 
3.2 SILICONEMOLD AND RESIN SPECIMEN 
MAKING 
After the prototype is finished, the workpiece are 
molded into twosilicone mold are as shown in Pic 4. 
The molting process starts with the selection of 
silicone to be used which RA-240 was used. Then 
clean the prototype and apply Vaseline at the 
workpiece for easy removal after resin was 
hardened.Then mix the silicone with a suitable 
hardener and mix well. Then pour on the workpiece 
using the paint brushat the area which need to 
keeping detail like defect area. Then wait for the 
scheduled time of about 6 hours and then remove the 
mold off from prototype. Plaster was used at external 
to increase the mold strength. 
 

 
 

Pic.4 Silicone mold 
 
After the mold is finished, the mold was used to 
create the resin specimen which made by resin pc 600 
and epoxy resin 500AB to be compared the quality. 
The first step is mixing the resin with suitable 
hardener and then apply the desire color by 
appropriate weight according to the resin will not be 
harden if applyingtoo much color. Stir the resin about 
5 to 10 minutes to release the air pocket in liquid 
resin and then pour into the mold and wait for resin to 
cure and demold part. The resin workpiece both pipe 
and plates are shown in Pic 6. 
 

 
Pic.5 Resin specimen 

3.3 VISUAL AND HARDNESS TEST 
Steel specimens and both resin type specimens were 
visual inspection and measured the defect size and 
length of the workpiece as well as the hardness and 
bending properties which was tested under a code-
and-standard environment using the v-wacgaugeand 
measuring tape. Thev-wac gauge is demonstrated in 
Pic. 6 and 7.First, Steel specimens were visual 
inspection and measured the defect size by v-wac 
gauge and kept the record. And then visual inspection 
and measured the defect size as well as length of the 
resin specimens by using the v-wac gauge and 
measuring tape respectively and kept the record. 
Finally, the hardness test as illustrated in Pic. 8 was 
performed to resin specimens for 4 point per piece 
and then kept the record. 
 

 
Pic.6Demonstrated on pipe specimen 

 

 
Pic.7Demonstrated on plate specimen 

 

 
Pic.8 V-Wac gauge 

 

 
Pic.9 Hardness test tools 
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IV. RESULTS AND DISCUSSION 
 
4.1 VISUAL INSPECTION ON PROTOTYPE 
SPECIMEN 
Steel specimen was made completely in plate and 
pipe with seven discontinuities which are crack, 
undercut, porosity, excessive reinforcement, 
incomplete penetration, root concavity and excessive 
root penetration by theory of welding parameter and 
welding metallurgy. The discontinuities can be found 
clearly and sizes are same as rejected or accepted 
criteria from each code and standard. So, one 
specimen can be used for training or certifying at 
multiple code and standard that it is appropriate to be 
prototype for mold making and resin specimen 
making which using for new NDE examiner or 
experience inspector. 
 
4.2VISUAL INSPECTION ON RESIN 
SPECIMEN AND SILICON MOLD 
Silicone mold was made completely which the result 
is quite well. It can be used to make a resin specimen 
more than hundred times. No any defect was 
observed. 
 
PC600 resin and Epoxy resin 500AB were used to 
make the resin specimen which found PC600 resin is 
casting easy than Epoxy 500AB according to less 
viscosity and less time used to harden. As the reason, 
pc600 is not appropriate to use for keeping detail 
from cast resin specimen because it quite quick to 
harden and easy to distortion while it is hardening or 
curing. So, Epoxy 500AB is appropriate to use as 
casting resin because distortion is not occur while 
hardening or curing and can be keep all of detail 
according to use more time to cure and harden. As the 
reason, the disadvantage of epoxy 500 AB is using 
more time to cure and more viscosity with high air 
pocket inside liquid resin as well as expensive than 
PC 600 resin. The color of resin specimen also be 
recorded which found gray color is good to use as 
training specimen according to easy to see the 
discontinuity and less light deflect as well as it 
similar to the real condition on site work. 
 
4.3VISUAL INSPECTION OF DISCONTINUITY 
AND COMPARISON OF RESIN PROPERTIES 
The prototype discontinuity was visual inspected by 
knack eyes and v-wac gauge which found the size 
similar to resin specimen especially Epoxy resin 
500AB specimen but crack could not be measured 
according to size is random and too small. 
 
The discontinuity size between epoxy 500 AB resin 
and PC 600 resin is quite similar but PC 600 resin is 
too shrink than epoxy 500 AB especially in plate 
specimen according to the thickness of plate is more 
than pipe. Distortion also was observed for PC600 
resin as shown in Pic. 9 below. 

 
 

Pic.10Distortion of PC600 resin specimen 
 

 
 

Pic.11 Hardness test result 
 
Hardness test is performed on both resins to verify 
the mechanical properties which found the hardness 
of pc 600 resins more than epoxy 500 ab resin, the 
detail as shown in Pic. 10. However both of them can 
be used as training specimen properly. 
 
CONCLUSIONS 
 
This research shows the procedure to make the steel 
plate and pipe specimen which contain seven types of 
discontinuity in weld.  The flaw sizes are between the 
rejections and acceptations criteria in each code and 
standard for verifying the understanding the decision 
making of the trainee. Then the steel plate and pipe 
were selected to use as the prototype for making 
silicone molds. After that, the resin specimens which 
of type PC 600 resin and Epoxy resin 500AB were 
cast. The experimental results show that the Epoxy 
resin 500AB is appropriate to use as resin specimen 
making according to no shrinkage and very low 
distortion. Sizes and shape of the discontinuity are the 
same as the original steelprototype specimen sowing 
to using more time to cure and harden. However, its 
cost ismore expensive than PC 600 resin and appear 
high air pocket in the liquid resin while doing cast. 
The discontinuities generated are varied and clearly 
visible. It was found that Epoxy Resin 500AB resists 
shrinkage and bends very little or no twist while the 
PC600 resin shrinks and bends over.  The advantage 
of this research is to guide the procedure to save cost 
and make the several identical workpieces for VT 
training. 
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