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Figure 6 Base plate and clamping bars for manufacturing double-V butt joints: a) design drawing, b) 
photograph of the final assembly. 
 

 
 

Figure 7 Pipe-in-sheet support fixture. 
 

Table 2 Welds made 

Weld 
ID 

Sheet 
Thickness, 

mm Joint Type Flaw Type 

1 15 Double-V butt None 

2 15 Double-V butt None 

3 15 Double-V butt None 

4 15 Double-V butt 
Embedded Al discs (1x2mm, 1x3mm, 1x4mm, 
1x8mm) 

5 15 Double-V butt 
Embedded Al discs (2x2mm, 2x3mm, 2x4mm, 
2x8mm) 

6 15 Double-V butt 
Embedded Al discs (5x2mm, 5x3mm, 5x4mm, 
5x8mm) 

7 15 Double-V butt Cold weld 

8 15 Double-V butt Cold weld 

9 15 Double-V butt Cold weld 
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Weld 
ID 

Sheet 
Thickness, 

mm Joint Type Flaw Type 
10 15 T-joint None (and for machining vertical notches) 

11 15 T-joint Embedded Al discs (5x2x2mm, 5x2x3mm, 
5x2x4mm, 5x2x8mm) 

12 15 T-joint Partially embedded 25mm Al discs (4x2x5 different 
depths) 

13 15 T-joint 2 x cold welds 

14 15 Cruciform None 

15 15 Cruciform Embedded 2mm Al disc 

16 15 Cruciform Embedded 3mm Al disc 

17 15 Cruciform Embedded 4mm Al disc 

18 15 Cruciform Embedded 8mm Al disc 

19 15 Cruciform Partially embedded 25mm Al disc (Depth A) 

20 15 Cruciform Partially embedded 25mm Al disc (Depth B) 

21 15 Cruciform Partially embedded 25mm Al disc (Depth C) 

22 15 Cruciform Partially embedded 25mm Al disc (Depth D) 

23 15 Cruciform Partially embedded 25mm Al disc (Depth E) 

24 15 Cruciform 1 x cold weld 

25 15 Pipe-in-sheet None (and for machining vertical notches) 

26 15 Pipe-in-sheet None 

27 15 Pipe-in-sheet None 

28 15 Pipe-in-sheet 
Embedded Al discs (4x2mm, 4x3mm, 4x4mm, 
4x8mm) 

29 15 Pipe-in-sheet Embedded 2mm Al disc 

30 15 Pipe-in-sheet Embedded 3mm Al disc 

31 15 Pipe-in-sheet Embedded 4mm Al disc 

32 15 Pipe-in-sheet Embedded 8mm Al disc 

33 15 Pipe-in-sheet 
Partially embedded 25mm Al discs (2x5 different 
depths) 

34 15 Pipe-in-sheet Partially embedded 25mm Al disc (Depth A) 

35 15 Pipe-in-sheet Partially embedded 25mm Al disc (Depth B) 

36 15 Pipe-in-sheet Partially embedded 25mm Al disc (Depth C) 

37 15 Pipe-in-sheet Partially embedded 25mm Al disc (Depth D) 

38 15 Pipe-in-sheet Partially embedded 25mm Al disc (Depth E) 

39 15 Pipe-in-sheet Cold weld 

40 15 Pipe-in-sheet Cold weld 

41 25 Double-V butt None 

42 25 Double-V butt None 

43 25 Double-V butt None 

44 25 Double-V butt 
Embedded Al discs (1x2mm, 1x4mm, 1x8mm, 
1x15mm) 

45 25 Double-V butt 
Embedded Al discs (2x2mm, 2x4mm, 2x8mm, 
2x15mm) 

46 25 Double-V butt 
Embedded Al discs (5x2mm, 5x3mm, 5x4mm, 
5x8mm, 5x15mm) 

47 25 Double-V butt Cold weld 

48 25 Double-V butt Cold weld 

49 25 Double-V butt Cold weld 

50 25 T-joint None (and for machining vertical notches) 



Weld 
ID 

Sheet 
Thickness, 

mm Joint Type Flaw Type 
51 25 T-joint Embedded Al discs (5x2x2mm, 5x2x3mm, 

5x2x4mm, 5x2x8mm, 5x2x15mm) 
52 25 T-joint Partially embedded 25mm Al discs (4x2x5 different 

depths) 
53 25 T-joint 2 x cold welds 

54 25 Cruciform None 

55 25 Cruciform Embedded 2mm Al disc 

56 25 Cruciform Embedded 4mm Al disc 

57 25 Cruciform Embedded 8mm Al disc 

58 25 Cruciform Embedded 15mm Al disc 

59 25 Cruciform Partially embedded 25mm Al disc (Depth A) 

60 25 Cruciform Partially embedded 25mm Al disc (Depth B) 

61 25 Cruciform Partially embedded 25mm Al disc (Depth C) 

62 25 Cruciform Partially embedded 25mm Al disc (Depth D) 

63 25 Cruciform Partially embedded 25mm Al disc (Depth E) 

64 25 Cruciform 1 x cold weld 

65 25 Pipe-in-sheet None 

66 25 Pipe-in-sheet None 

67 25 Pipe-in-sheet None 

68 25 Pipe-in-sheet Embedded Al discs (4x2mm, 4x3mm, 4x4mm, 
4x8mm) 

69 25 Pipe-in-sheet Embedded 2mm Al disc 

70 25 Pipe-in-sheet Embedded 3mm Al disc 

71 25 Pipe-in-sheet Embedded 4mm Al disc 

72 25 Pipe-in-sheet Embedded 8mm Al disc 

73 25 Pipe-in-sheet Partially embedded 25mm Al discs (2x5 different 
depths) 

74 25 Pipe-in-sheet Partially embedded 25mm Al disc (Depth A) 

75 25 Pipe-in-sheet Partially embedded 25mm Al disc (Depth B) 

76 25 Pipe-in-sheet Partially embedded 25mm Al disc (Depth C) 

77 25 Pipe-in-sheet Partially embedded 25mm Al disc (Depth D) 

78 25 Pipe-in-sheet Partially embedded 25mm Al disc (Depth E) 

79 25 Pipe-in-sheet Cold weld 

80 25 Pipe-in-sheet Cold weld 

81 40 Double-V butt None 

82 40 Double-V butt None 

83 40 Double-V butt None 

84 40 Double-V butt Embedded Al discs (1x2mm, 1x4mm, 1x8mm, 
1x25mm) 

85 40 Double-V butt Embedded Al discs (1x2mm, 1x4mm, 1x8mm, 
1x25mm) 

86 40 Double-V butt Embedded Al discs (3x2mm, 3x3mm, 3x4mm, 
3x8mm, 3x15mm, 3x25mm) 

87 40 Double-V butt Cold weld 

88 40 Double-V butt Cold weld 

89 40 Double-V butt Cold weld 

90 40 T-joint None (and for machining vertical notches) 

91 40 T-joint Embedded Al discs (4x2x2mm, 4x2x3mm, 
4x2x4mm, 4x2x8mm, 4x2x15mm, 4x2x25mm) 



Weld 
ID 

Sheet 
Thickness, 

mm Joint Type Flaw Type 
92 40 T-joint Partially embedded 25mm Al discs (4x2x5 different 

depths) 
93 40 T-joint 2 x cold welds 

94 40 Cruciform None 

95 40 Cruciform Embedded 2mm Al disc 

96 40 Cruciform Embedded 4mm Al disc 

97 40 Cruciform Embedded 8mm Al disc 

98 40 Cruciform Embedded 15mm Al disc 

99 40 Cruciform Partially embedded 25mm Al disc (Depth A) 

100 40 Cruciform Partially embedded 25mm Al disc (Depth B) 

101 40 Cruciform Partially embedded 25mm Al disc (Depth C) 

102 40 Cruciform Partially embedded 25mm Al disc (Depth D) 

103 40 Cruciform Partially embedded 25mm Al disc (Depth E) 

104 40 Cruciform 1 x cold weld 

105 40 Pipe-in-sheet None (and for machining vertical notches) 

106 40 Pipe-in-sheet None 

107 40 Pipe-in-sheet None 

108 40 Pipe-in-sheet Embedded Al discs (4x2mm, 4x3mm, 4x4mm, 
4x8mm) 

109 40 Pipe-in-sheet Embedded 2mm Al disc 

110 40 Pipe-in-sheet Embedded 4mm Al disc 

111 40 Pipe-in-sheet Embedded 8mm Al disc 

112 40 Pipe-in-sheet Embedded 15mm Al disc 

113 40 Pipe-in-sheet Partially embedded 25mm Al discs (2x5 different 
depths) 

114 40 Pipe-in-sheet Partially embedded 25mm Al disc (Depth A) 

115 40 Pipe-in-sheet Partially embedded 25mm Al disc (Depth B) 

116 40 Pipe-in-sheet Partially embedded 25mm Al disc (Depth C) 

117 40 Pipe-in-sheet Partially embedded 25mm Al disc (Depth D) 

118 40 Pipe-in-sheet Partially embedded 25mm Al disc (Depth E) 

119 40 Pipe-in-sheet Cold weld 

120 40 Pipe-in-sheet Cold weld 

 



 
 

Figure 8 Manufacturing pipe-in-sheet joints. 
 

 
 
Figure 9 Completed pipe-in-sheet joints. 



 
 
Figure 10 A 40mm thick double-V butt joint being manufactured. 

 
 
Figure 11 Completed double-V butt joints. 
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Figure 14 Double-V butt weld in HDPE sheet. 

 



 
 
Figure 15 An extrusion welded cruciform joint containing partially embedded flaws. 

 

 
 
Figure 16 Pipe-in-sheet weld. 



 

 
 
Figure 17 15mm and 25mm punch and die. 
 

 
 
Figure 18 2-8mm punch die. 
 
 
 



 
Figure 19 Removing the backing paper from an aluminium disc 

 

 
 

Figure 20 Insertion of 2mm aluminium disc on one side of V preparation. 
 

 
 

Figure 21 Aluminium disc adhered to side of V preparation. 
 



 
 
Figure 22 Example of double-V sample with aluminium discs in place and marked up ready 
for extrusion welding. 
 
 



 
Figure 23 25mm thick HDPE sheet assembled in cruciform/T-joint welding fixture. 
 
 



 
Figure 24 Tacking HDPE sheets together. 
 

 
 
Figure 25 Marking the extrusion weld width on the HDPE plate. 
 



 
 
Figure 26 Aluminium disc placed on sheet so that it is embedded 10mm into extrusion 
weld. 
 

 
 
Figure 27 A 0.15mm slitting wheel. 
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Figure 34 The ultrasonic A-scan from the plastic sheet in both the parent material and the weld using 
a 2MHz probe. 
 

 
 
Figure 35 The measured attenuation in relation to probe frequency. 
 

 
 
Figure 36 Dimensional parameters of a 1-D linear phased array. 
 



 
 

Figure 37 The pitch and the wavelength versus frequency for a fixed near field range (N=60mm). 
 

 
 
Figure 38 The pitch and the wavelength versus frequency for a fixed number of elements (n=32mm). 
 

  
(a)          (b) 

Figure 39 Beam plot; (a) 4MHz transducer with a beam angle of 69 degrees; (b) 2.25MHz transducer 
with a beam angle of 70 degrees. 
 
 
Table 3 The probe parameters for the project. 
 Fillet weld joints Butt weld joints 
 TJ1 TJ2 BW1 
Number of elements 16 32 32 
Frequency [MHz] 2.25 4 2.25 
Pitch [mm] 1.0 1.0 0.6 
 



 
Figure 40 Transducer BW1 mounted on a rexolite wedge. 
 

 
Figure 41 Transducer TJ1 
 

 
Figure 42 The 4MHz transducer TJ2. 
 



 
Figure 43 Basic Water wedge        Figure 44 Water wedge with sealing skirt and transducer 
 

         
 
Figure 45 Probe model on sheet fillet weld      Figure 46 Probe model on pipe in sheet fillet weld
  

 
Figure 47 Fillet weld water wedge assembly positioned on tank base fillet weld 
 



 
 
Figure 48 Compact fillet weld water wedge assembly 
 

 
Figure 49 Angled membrane water wedge 
 
 



 
Figure 50 Inspection technique for the double V butt welds. 
 
Table 4 Parameter settings for butt welds 
 15mm 25mm 40mm 
Start angle (°) 45 40 35 
Stop angle (°) 75 75 75 
Angle increment (°) 1 1 1 
Focus depth (mm) 15 25 40 
Standoff (mm) 5 17 33 
 

 
Figure 51 A possible inspection technique for the T-joints. 
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Figure 54 Signal from the weld cap on the internal surface of the plate. This is a geometrical feature 
that is present almost throughout the length of the weld. 
 

 
Figure 55 Signal from a lack-of-penetration (LOP) in the middle of the weld. 
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Table 5 PAUT inspection results 

Weld 
ID 

Sheet 
Thickness, 

mm Joint Type 

No 
Flaw 

Full discs (mm) 25mm discs at distance from root (mm) Cold 
Weld % 2 3 4 8 15 25 2 4 6 8 10 

2 15 Double-V butt NFF   

3 15 Double-V butt NFF   

6 15 Double-V butt   5  (5) 5  (5) 5  (5) 5  (5)   

8 15 Double-V butt   50 LORF 

9 15 Double-V butt   100 LORF 

10 15 T-joint NFF   

11 15 T-joint  6  (10) 7  (10) 7  (10) 9  (10)   

12 15 T-joint   5  (5) 4  (6) 4  (5) 1  (3) 1  (4)  

13 15 T-joint   0   (2) 

25 15 Pipe-in-sheet    

27 15 Pipe-in-sheet    

28 15 Pipe-in-sheet  (4) (4) (4) (4)   

33 15 Pipe-in-sheet   (2) (2) (2) (2) (2)  

39 15 Pipe-in-sheet    

42 25 Double-V butt (1)   

43 25 Double-V butt (2)   

46 25 Double-V butt  5  (5) 5  (5) 5  (5) 5  (5) 5  (5)  

48 25 Double-V butt   100 LORF 

49 25 Double-V butt   100 LORF 

50 25 T-joint NFF   

51 25 T-joint  3  (5) 4  (5) 4  (5) 5  (5) 5  (5)  

52 25 T-joint   4  (4) 4  (4) 3  (3) 3  (3) 4  (4)  

53 25 T-joint   0   (2) 

65 25 Pipe-in-sheet    



Weld 
ID 

Sheet 
Thickness, 

mm Joint Type 

No 
Flaw 

Full discs (mm) 25mm discs at distance from root (mm) Cold 
Weld % 2 3 4 8 15 25 2 4 6 8 10 

67 25 Pipe-in-sheet    

68 25 Pipe-in-sheet  (4) (4) (4) (4)   

73 25 Pipe-in-sheet   (2) (2) (2) (2) (2)  

79 25 Pipe-in-sheet    

82 40 Double-V butt (3)   

83 40 Double-V butt (4)   

86 40 Double-V butt  3  (3) 3  (3) 3  (3) 3  (3) 3  (3) 3  (3)  

88 40 Double-V butt   100 LORF 

89 40 Double-V butt   100 LORF 

90 40 T-joint NFF   

91 40 T-joint  0  (3) 1  (3) 1  (3) 2  (4) 2  (3) 3  (3)  

92 40 T-joint   0  (0) 0  (0) 0  (0) 0  (0) 0  (0)  

93 40 T-joint   0   (2) 

105 40 Pipe-in-sheet    

107 40 Pipe-in-sheet    

108 40 Pipe-in-sheet  (4) (4) (4) (4)   

113 40 Pipe-in-sheet   (2) (2) (2) (2) (2)  

119 40 Pipe-in-sheet    

 
 Notes: 

(?)  = Number of artificial flaw inserts present in the joint. 
(?)  = Number of artificial flaw inserts detected. 

 (1) 100% Lack of Root Fusion plus 35mm of Lack of Weld 
 (2) 100% Lack of Root Fusion 
 (3) 100% Lack of Root Fusion plus 60mm Lack of Side wall Fusion 
 (4) 100% Lack of Root Fusion 
  



 
Figure 58 Typical scan of butt welded sample with no flaws. 
 

 
Figure 59 Typical scan of butt welded sample with discrete flaws. 
 

 
Figure 60 Typical scan of butt welded sample with cold weld flaw showing lack of root fusion. 
 
 

Lower Weld Cap
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Lower Weld Cap

Lack of Root Fusion



 
Figure 61 Typical scan of T-joint welded sample with no flaws. 
 

 
Figure 62 Typical scan of T-joint welded sample with discrete flaws. 

 
Figure 63 Typical scan of T-joint welded sample with 25mm flaws at varying distances from the root. 
 

 
Figure 64 Typical scan of T-joint welded sample with cold weld flaw showing no evidence of a cold 
weld. 
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25mm Flaws 



Figure 6
 
 

Figure 6
 

0

20

40

60

80

100

120

0

65 Percentag

66 Scanner C

50

6767

100100100

5

ge of discrete

Carriage with

84

100

10

Perce

e flaws detec

h preformed 

88

100

15

Flaw Size (m

entage o

cted in butt w

plastic wedg

20

mm)

of Flaws

welds and T-j

ge coupling m

100100

25

s Detect

joint welds 

material. 

30

ted

T‐Joint We

Butt Weld

 

elds

s



Figure 6
 

Figure 6
 
 

67 Scanner C

68 Three axi

Carriage with

s scanner w

h preformed 

ith suction cu

water trough

up mounting

h for probe cooupling. 



 
Figure 69 Final PolyTank scanner concept design for the base fillet weld. 
 

 
Figure 70 Final PolyTank scanner concept design for the side wall and pipe welds. 
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Plate  Wall thickness [mm] 15 25 40 

Probe Type 
1D 

Linear 
1D 

Linear 
1D 

Linear 
  Elements 64 64 64 
  Pitch [mm] 0.6 0.6 0.6 
  Gap [mm] 0.1 0.1 0.1 
  Frequency [MHz] 2.25 2.25 2.25 

Focal 
Law 

Sector  Angle [°] 30-70 55-83 45-83 
pulse-echo Apeture [No. els]    
  1st element    
  Focal depth [mm]    
Scan resolution [mm] 1 1 1 
Angle resolution [˚] 1 1 1 
Start [mm]      
Range [mm]      
Standoff [mm]    

 

 
Figure 74 Example of a BF joint inspection screen setup 
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Figure 77 Example of a T joint inspection screen setup. 
 

 
Figure 78 Example of the PolyTank water wedge and probe in use 
 



 
Figure 79 S-scan of Base-T1 fillet weld 
 
 

 
Figure 80 Scanning of sample Base-T1 
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Figure 81 Resultant scan of sample Base-T1 showing crack indication 
 
 

 
Figure 82 Scanning the base of sample Base-T1. 
 

Crack Signal



 
Figure 83 S-scan of tank base of sample Base-T1 showing possible indication of crack in remote fillet 
weld toe. 
 

Figure 84  Inspection of full tank sample T1 on site at Chemresist. 
 
Table 8 Summary of tanks inspected at Univar 
TANK OR  
EQUIPMENT 

MANUFACTURER DATE OF  
MAN OR  

CAPACI
TY 

PRODUCT GRP  
PLASTIC 

INSPECTION  
AND SERVICE 

Suspected Crack 
Indication 

Base Plate 
Edge 



NUMBER YEAR INST LITRES  
 

WL 2R 
 

CHEMRESIST 1.1 19
94 

20000 BATTERY 
ACID,  

*HDPE UNIVAR 
ENGINEERING 

WL 22 ALLIBERT 1.2 19
76 

8182 DEMIN (Phos) * UNIVAR 
ENGINEERING 

WL 23 CHEMRESIST 1.3 19
94 

20000 DEMIN (BA 
dilution m/c) 

* UNIVAR 
ENGINEERING 

 

 
Figure 85 Flat Tank Base (left) compared to Sloping Tank Base (right). 
 

 
Figure 86 Position of internal base and upper fillet weld plotted on tank WL23 wall. 
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Figure 87 Example scan of base weld of tank WL23 showing no defect indications. 
 

 
Figure 88 B-scan of a section of base weld of tank WL23 showing a lack of inter-wrap fusion at 
approximately 7.5mm wall thickness. 
 



 
Figure 89 Position of internal base and both fillet welds plotted on tank WL2R wall. 
 

 
Figure 90 Example scan of base weld of tank WL2R showing no defect indications. 
 

 
Figure 91 B-scan of a section of base weld of tank WL2R showing a lack of inter-wrap fusion at 
approximately 30mm wall thickness. 
 



Figure 92 Scan area of tank WL22. 
 

 
Figure 93 Example scan of tank wall of WL22 showing no reportable defects. 
 



 
Figure 94 Artificial crack insertion. 
 

 
Figure 95 Artificial cracks in Area 1 indicated by small white marks. 
 

 
Figure 96 Artificial cracks in Area 2 indicated by small white marks. 
 



 
Figure 97 Area 1 marked out for scanning. 
 

 
Figure 98 Area 2 marked out for scanning. 
 
Table 9 Summary of Blind Trial results 

Defect No. Inspection 
Area 

Weld Toe Defect Depth 
(mm) 

Distance from 
Datum (mm) 

Length (mm) 

1 1 Wall 24 70 120 
2 1 Wall 30 720 100 
3 1 Wall 25 1388 50 
4 2 Wall 30 515 75 
5 2 Wall 26 780 100 
6 2 Wall 30 1235 125 
7 1 Base 76 465 55 
8 1 Base 77 1145 25 
9 2 Base 82 280 30 
10 2 Base 79 1110 40 

 

 

Crack indication



Figure 99 Indication of defect number 1. 
 

 
Figure 100 Indication of defect number 2. 

 
Figure 101 Indication of defect number 3. 
 

 
Figure 102 Indication of defect numbers 4 and 5. 
 

 
Figure 103 Indication of defect number 6. 
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Figure 104 Indication of defect number 7. 
 

 
Figure 105 Indication of defect number 8. 
 

 
Figure 106 Indication of defect number 9. 
 

 
Figure 107 Indication of defect number 10. 
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Figure 108 Project Logo 
 



 
Figure 109 PolyTank flyer page 1 



 
Figure 110 PolyTank flyer page 2 



 
Figure 111 PolyTank banner 
 



 


