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Abstract

:

As the shipbuilding industry has emerged from an extended recession, orders for high-value-added ships, such as LNG and ultra-large container ships, are increasing. For ultra-large container ships, high-strength, thick materials are applied. Because the possibility of brittle fracture increases owing to the application of thick steel plates, the related regulations of the International Association of Classification Societies have been strengthened to prevent brittle fracture. To secure brittle fracture stability, it is necessary to secure crack arrest toughness (    K   c a    ) through large ESSO experiments or to secure a crack arrest temperature (CAT) value. Because large-scale experiments require considerable costs and efforts, efforts have increased to examine brittle fracture stability through small-scale tests. In the present study, a technology was developed to predict CAT with small specimens. The CAT prediction formula developed with small specimens makes it possible to accurately predict CAT using data obtained through large-scale experiments.






Keywords:


brittle crack arrest; fracture toughness; CAT (crack arrest temperature); thick steel plate; brittle fracture; small-scale test












1. Introduction


With the extended recession in the shipbuilding industry, shipbuilders have focused on ships that require high levels of added value and technology, and efforts have been made to build safer ships. Recently, orders for ships have increased as the shipbuilding industry has emerged from a recession; representative ships include LNG carriers and ultra-large container ships. In particular, the size of container ships has increased, reaching 24,800 TEU (twenty-foot equivalent units) as of 2023. To build such ultra-large container ships, steel plates with a yield strength of 460 MPa and a thickness of 80~100 mm are applied to the superstructure of ships [1,2,3,4]. For container ships, high-strength, thick steel plates are applied to the superstructure, owing to their structural characteristics. As the size of structures increases, the demand for thick steel plates increases, along with the range of applied steel plates. Most steel plates utilized in conventional shipbuilding have a thickness of less than 50 mm, resulting in a low awareness of the risk of unstable fracture caused by increased thickness. However, with the increasing size of ships, the thickness of applied steel plates has rapidly increased, along with the increased risk of unstable fracture. Therefore, many studies have been conducted to ensure fracture safety [5,6,7,8,9,10,11,12,13,14,15,16]. In addition, steel with a high level of brittle crack arrest performance (brittle crack arrest steel (BCA steel)) has recently been developed by domestic and overseas steelmakers to prevent unstable fractures that may occur in thick plates [17]. Along with the development of the new steel, referred to as BCA, the classification societies of each country, including the International Association of Classification Societies (IACS), have enacted guidelines and rules to secure the brittle fracture safety of thick materials [13,14,15,16,17,18,19,20]. The development of BCA steel, mainly for application in ultra-large container ships, is an issue that has attracted global attention. The IACS also enacted a unified requirement for internationally approved BCA design [21] and defined BCA steel for H/C and U/D in terms of crack arrest toughness (    K   c a    ) or crack arrest temperature (CAT). Recently, research has been conducted on unstable fracture safety for high-strength steel plates with a thickness of 80 mm or higher [22,23]. In Japan, active research has been conducted on brittle crack arrest characteristics for thick steel plates [23,24]. In Europe, groups including the Norwegian–German Classification Society have conducted research on brittle crack occurrence characteristics [12]. In Korea, research has been conducted since 2006, when the unstable fracture safety problem of large container ships was internationally raised, and many performance data have been reported [22,23,24]. Studies on unstable fractures have mostly been conducted to evaluate the brittle crack arrest characteristics of the weld zone of thick steel plates through large fracture tests. According to research conducted in Japan, brittle crack arrest is difficult in the weld zone of steel plates with a thickness of 65 mm or higher [9,10], and the Japan Classification Society revised related regulations to strengthen fracture safety in March 2009 [25]. However, the reported research result considered only the influence of the thickness in evaluating fracture toughness, and the influence of other factors on the welding process was not evaluated. To evaluate the unstable fracture safety of thick materials,     K   c a     or CAT values must be derived through large-scale experiments, such as ESSO experiments. When the rules stipulated by the IACS are satisfied, the materials can be applied to ultra-large container ships. The IACS unified requirement requires a     K   c a     value of 8000 N/mm1.5 or higher at −10 ℃ for a thickness of up to 100 mm to achieve sufficient brittle crack arrest performance [26]. In addition, brittle crack arrest at −10 ℃ must be observed in a CAT experiment. However, to derive     K   c a     and CAT, fracture toughness must be evaluated with large specimens. Because such evaluation requires considerable cost and time, it is difficult in related industries. Previously, research was conducted to predict CAT through small-scale NRL experiments [5,14,27]. Wisener derived a formula for predicting CAT, considering the influence of the thickness and strength of the applied steel [5,28,29]. Because applying the formula to the latest steel is difficult, a novel prediction formula is required [14].



In this study, an attempt was made to predict CAT through a small-scale test, which is required to stably build ultra-large container ships. To this end, the brittle fracture toughness of the applied steel was evaluated by performing a CAT experiment with large specimens. The nil ductility transition temperature (NDTT) was derived with NRL specimens, which are small, and its correlation with the CAT derived through a large-scale experiment was identified. In addition, a technology to predict the CAT value derived through a large-scale experiment utilizing a small-scale NRL test was developed.




2. Manufacturing of Fracture Toughness Test Specimens


Owing to the structural characteristics of container ships, hatch side coaming, which is the superstructure, is subjected to the largest load, as demonstrated in Figure 1; thus, high-strength, thick steel plates are applied. Because the possibility of brittle fracture increases in thick materials, brittle crack arrest toughness is mainly examined with large-scale experiments. Figure 2 illustrates the steel types applied to large container ships and their maximum thickness by container ship size.



The     K   c a     and CAT values required by the IACS for each thickness are also presented. When the steel thickness is 80 mm or higher, more than 8000 N/mm1.5 is required at −10 ℃ and a CAT value of −10 ℃ or less. These     K   c a     and CAT values can be obtained through large-scale experiments. Generally, the     K   c a     is calculated with Equation (1). Table 1 and Table 2 present the chemical composition and mechanical properties of the specimens utilized in this study. We utilized 460 MPa steel for shipbuilding. It has isometric particles with a grain size of 20 μm through the hot rolling process at approximately 1150 °C. The steel utilized in the experiment meets the basic properties required by the IACS.


       K  c a   =  σ g    π    C a        2 B   π    C a    tan   π    C a    2 B             



(1)




where σg (P/Bt) is the applied gross stress (N/mm2), P is the applied load (N), B is the specimen width (mm), and t is the specimen thickness (mm).




3. Experimental Procedure


3.1. Large-Scale Brittle Crack Arrest Test Methods


Brittle crack arrest toughness can be secured by evaluating     K   c a     and CAT. Large-scale ESSO tests of brittle crack arrest toughness have recently been widely conducted under temperature gradient conditions [27,28]. For CAT evaluation, an experiment was performed by facilitating the occurrence of brittle cracks by randomly developing a brittle area with electron beam welding (EBW) and local temperature gradient (LTG). The specimens utilized in the experiment are presented in Figure 3a. The entire thickness was utilized for the specimens, and the width and length were both set to 500 mm. To generate cracks, a fine notch of approximately 0.14 mm was inserted. To prevent the occurrence of shear lip from affecting brittle crack arrest, specimens with side grooves on the surface were applied, as demonstrated in Figure 3b. The characteristics of the conventional CAT experimental method are summarized in Figure 4. In the CAT experiment, a uniform temperature was distributed across the specimen as a target temperature, and the arrest of brittle cracks after propagation for a certain distance was determined.     K   c a     and CAT have the same meaning as the material’s mechanical properties. However,     K   c a     is based on the K value, while CAT is based on the temperature. The methods of experimenting by facilitating the occurrence of brittle cracks via the random development of a brittle area with EBW and LTG and the generation of cracks with dummy plates were utilized. The EBW method may affect crack propagation/arrest as defects occur during the EBW process. Therefore, in this study, we performed the CAT experiment with LTG—which requires no preprocessing—to evaluate brittle crack arrest toughness.




3.2. Small-Scale Brittle Crack Arrest Test Method


To predict the brittle crack arrest toughness using large specimens in a small-scale test, the NDTT value was derived with NRL specimens, as presented in Figure 5. The experiment was performed following ASTM E208-06 [29], and it was repeated twice in the −65 to −130 °C temperature range. The standard drop-weight test conditions are shown in Table 3 [29]. In this study, a P-2 type specimen was used to evaluate the NDTT. The weight of the hammer utilized in the experiment was 43 kg, and the falling height was 0.95 m. An energy of 400 kgfm was applied. The temperature that resulted in no break in the two repeated experiments was defined as the NDTT.





4. Results and Discussion


4.1. Large-Scale Brittle Crack Arrest Test Results


Figure 6 presents the size and geometry of the LTG specimen utilized in the CAT experiment. The size of the specimen was 500 mm (length) × 500 mm (width) × 100 mm (thickness), and a notch of 0.14 mm was inserted to generate brittle cracks. In addition, the influence of the shear lip that may affect brittle crack arrest was removed by inserting a side groove with a depth of approximately 10 mm on both sides of the specimen surface. The CAT experiment of the LTG type was performed by forcibly developing a brittle area by generating a temperature gradient in the 150 mm section in the notch direction. To measure the temperature of the specimen, thermocouples were installed at 50 mm intervals, as demonstrated in Figure 7. The experimental temperature was maintained within ±2 °C of the set temperature. Liquid nitrogen was utilized for cooling. A temperature gradient was generated, and the temperature was managed by attaching a cooling chamber and adjusting the amount of liquid nitrogen. For the section beyond 150 mm, when the target temperature was reached, the temperature was maintained for at least [10 + (0.1 × thickness)] min to secure a uniform temperature distribution in the thickness direction. An impact load was then applied to the front end of the notch to generate brittle cracks. The experimental temperature must be accurately controlled in the 150~350 mm (0.3~0.7 W) range to stop the propagation of brittle cracks. In this section, we evaluate brittle crack arrest performance, and the CAT is determined. In addition, it is necessary to stop the propagation of cracks in the 0.3~0.7 W range to obtain an effective value in the experiment [30]. Meanwhile, the stress applied to the specimen and the initial crack length are important parameters in the CAT evaluation experiment. The CAT value varies depending on the initial crack length and applied load. In ship design, the yield strength and material coefficient of each steel type are considered in setting design stress [6,7]. However, in this study, we determined design stress with two-thirds specific material yield stress [8] to utilize a more conservative approach. For the steel with a yield stress of 460 MPa utilized in this study, 307 MPa was applied as design stress [31].



Generally, CAT is determined via two to three experiments. An experiment is performed under a target temperature −5 °C if the propagation of cracks stops at the target temperature and under a target temperature +5 °C if the propagation of cracks does not stop at the target temperature to set the final range of CAT. Figure 8 presents the samples used in the CAT experiment in this study with their fracture surface and temperature profiles. The CAT experiment of the LTG type was performed with three to four large-scale tests for six different types of charge and the same YP460 grade steel. The experimental results are summarized in Table 4. The six types of specimens achieved similar performance, with slight differences in tensile strength and yield strength within the standard, as presented in Table 4. CAT was judged to be at −45 °C < CAT ≤ −30 °C. There was a slight difference in CAT depending on the steel charge, but it is judged that the difference is insignificant. The CAT experiment was performed under the same load conditions, and the experimental temperature was adjusted according to the performance of the steel. The steel utilized in this study met the IACS performance requirement.




4.2. Estimate of Brittle Crack Arrest Temperature (CAT) with Small-Scale Specimens


To predict CAT, an NRL experiment was performed at 5 °C intervals in the −65 °C to −130 °C temperature range on the surface and at the center of six types of YP460 steel. The experimental results are presented in Table 5. The NRL experiment was performed following ASTM E208 and repeated twice. There was a difference in the thickness direction because the specimens utilized in this experiment had a thickness of 100 mm. Overall, the surface had a lower NDTT than the center. Figure 9 presents the results of the NRL experiment for which NDTT was −85 °C. All cases where break and no break were mixed in the two repeated experiments were considered to fail, and the temperature that exhibited no break in the two repeated experiments was set as the NDTT. For all specimens, the NDTT value was derived under the same conditions. The CAT test using large-scale specimens and NRL testing using small-scale specimens have something in common in deriving the temperature at which brittle crack arrest occurs. Therefore, we attempted to predict the CAT value derived through a large-scale experiment based on the NRL experimental results. In the CAT experiment, a brittle crack was initiated using impact load and arrest after applying design stress. The NRL experiment was conducted to determine the brittle crack arrest temperature after initiation by impact load. Although there is a difference in the size of the test specimens, both tests were conducted to derive the brittle crack arrest temperature. Therefore, we attempted to derive the CAT value using the small-scale test results.



Large-scale tests are required to obtain the CAT value. Because large-scale experiments require considerable cost and time, an attempt was made to derive the CAT value with a simple method. Previously research has been conducted to predict CAT through NRL experimentation [5,14,27], predicting the CAT value according Equation (1). In the equation, [NDTT + 10 °C] was derived for 124 MPa steel with a thickness of 25 mm. Equation (2) [5,14,27] was completed considering various steel types and thicknesses.


  CAT = [ NDTT +    10    ° C ] +     l n σ   0.046   − 105   + [ 153 ·     B − 5       1   13     − 190 ]  



(2)




where NDTT is the nil-ductility transition temperature,   σ   is the yield strength, and B is the specimen thickness.



Because 460 MPa steel with a thickness of 100 mm was applied, it was impossible to accurately predict CAT by applying the conventional prediction formula. Therefore, a novel prediction formula was developed based on the conventional formula. The NRL experimental results were utilized in the same way as in previous research. Because the steel was very thick, the NRL value differed depending on the thickness direction. Therefore, a novel CAT prediction formula was derived based on the values on the surface and at the center, as expressed in Equation (3). The part that considered the material and thickness in the conventional prediction formula was utilized as it was, and the [NDTT + 10 °C] part was modified to fit the current steel and thickness.


    C A T   e s t .   =       ( N D T T   s   +   N D T T   C   )   2   + 10   +     l n σ   0.046   − 105   + [ 153 ·     B − 5       1   13     − 190 ]  



(3)







Table 6 summarizes the CAT values predicted for six types of YP460 steel. The CAT values derived via the large-scale experimentation are in agreement with those derived through the NRL experiment, i.e., a small-scale test. Figure 10 presents the CAT values predicted via large-scale and small-scale NRL experiments. Overall, it is judged that the CAT value can be predicted with the developed formula despite slight differences.



Because the CAT value obtained through large-scale experiments can be predicted through the proposed NRL experiment, the proposed method is expected to be useful in deriving the CAT of thick materials.





5. Conclusions


In this study, we attempted to predict the crack arrest temperature (CAT) and the brittle crack arrest toughness of thick, high-strength steel plates for shipbuilding using small specimens such as NRL. In general, CAT was derived utilizing thick specimens with a width of 500 mm or higher, but it was predicted simply using small specimens, owing to the difficulty of the experiment. The results of this study are summarized as follows.




	(1)

	
When the brittle crack arrest toughness of YP460MPa steel with a thickness of 100 mm was evaluated, a CAT value of −10 °C or less, as required by the IACS, was obtained, and the requirements were met.




	(2)

	
When the NRL small-scale test was conducted on the surface and at the center, the surface’s toughness was higher than that at the center because the material did not have homogeneous properties in the thickness direction, owing to the nature of the thick material. The temperature difference was found to be approximately 30 °C.




	(3)

	
To apply the NDTT obtained from small NRL specimens to thick materials, a formula for predicting CAT was developed by deriving NDTT on the surface and at the center in the thickness direction. This prediction formula makes it possible to predict the CAT of thick materials, such as materials with a thickness of 100 mm, through NRL experiments.
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Abbreviations




	LNG
	Liquified natural gas



	TEU
	Twenty-foot equivalent units



	IACS
	International Association of Classification Societies



	BCA
	Brittle crack arrest steel



	H/C
	Hatch side coaming



	U/D
	Upper deck



	CAT
	Crack arrest temperature



	CATest.
	Estimated CAT



	NDTT
	Nil-ductility transition temperature



	NDTTs
	Surface NDTT



	NDTTc
	Center NDTT



	     K   c a     
	Brittle crack arrest toughness



	EBW
	Electron beam welding



	LTG
	Local temperature gradient



	ASTM
	American Society for Testing Materials
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Figure 1. The upper deck structure of a large container ship with a YP460 steel plate. 






Figure 1. The upper deck structure of a large container ship with a YP460 steel plate.



[image: Metals 14 00039 g001]







[image: Metals 14 00039 g002] 





Figure 2. Steel plate thickness and brittle crack arrestability requirement with an increase in container ship size. 
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Figure 3. Geometry of the brittle crack arrest test specimen and side groove shape. (a) Standard test specimen shape; (b) side groove shape. 
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Figure 4. Large-scale brittle crack arrest temperature (CAT) test methods. 
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Figure 5. Geometry of the nil-ductility transition temperature test specimen. 
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Figure 6. LTG type brittle crack arrest test specimen. 
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Figure 7. Temperature gradient profile under LTG embrittlement. 
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Figure 8. Brittle crack arrest temperature test with LGT type specimens. The blue dashed line show the brittle zone and red dashed line show the target temperature. 
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Figure 9. NRL test results of specimen No. 6 (Center). 
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Figure 10. Comparison of experimental brittle crack arrest temperature and estimated brittle crack arrest temperature. 
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Table 1. Chemical composition of the used steel plates.






Table 1. Chemical composition of the used steel plates.





	
Material

	
Chemical Composition (Mass, %)




	
C

	
Si

	
Mn

	
Cu

	
P

	
S






	
YP460

	
≤0.1

	
≤0.5

	
≤2.0

	
≤0.02

	
≤0.02

	
≤0.01











 





Table 2. Mechanical properties of YP460 steel.
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	Material
	Thickness (mm)
	Yield Strength (MPa)
	Tensile Strength (MPa)
	Elongation (%)
	Charpy Impact Energy (J, −40 °C)





	YP460
	100 mm
	497
	610
	22
	270 (transverse)










 





Table 3. Standard drop-weight test conditions [29].
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	Type of Specimen
	Specimen Size, mm
	Span,

mm
	Deflection Stop, mm
	Yield Strength Level, MPa
	Drop-Weight Energy for a Given Yield Strength Level, J





	P-1
	25.4/89/356
	305
	7.6
	210~340

340~480

480~620

620~760
	800

1100

1350

1650



	P-2
	19/51/127
	102
	1.5
	210~410

410~620

620~830

830~1030
	350

400

450

550



	P-3
	15.9/51/127
	102
	1.9
	210~410

410~620

620~830

830~1030
	350

400

450

550










 





Table 4. Summary of crack arrest temperature test results.
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Specimen No.

	
Thickness

(mm)

	
Crack Arrest Temperature Test




	
Applied Stress

(MPa)

	
Test Temp.

(°C)

	
Crack Arrest Length

	
CAT






	
1-1

	
100

	
307

	
−25

	
Arrest (170 mm)

	
−35 °C < CAT ≤ −30 °C




	
1-2

	
−30

	
Arrest (180 mm)




	
1-3

	
−35

	
Fracture (500 mm)




	
2-1

	
100

	
307

	
−25

	
Arrest (180 mm)

	
−35 °C < CAT ≤ −30 °C




	
2-2

	
−30

	
Arrest (185 mm)




	
2-3

	
−35

	
Fracture (500 mm)




	
3-1

	
100

	
307

	
−25

	
Arrest (160 mm)

	
−35 °C < CAT ≤ −30 °C




	
3-2

	
−30

	
Arrest (155 mm)




	
3-3

	
−35

	
Fracture (500 mm)




	
4-1

	
100

	
307

	
−40

	
Arrest (161 mm)

	
−45 °C < CAT ≤ −40 °C




	
4-2

	
−45

	
Arrest (212 mm)




	
4-3

	
−45

	
Fracture (500 mm)




	
5-1

	
100

	
307

	
−35

	
Arrest (182 mm)

	
−45 °C < CAT ≤ −40 °C




	
5-2

	
−40

	
Arrest (207 mm)




	
5-3

	
−40

	
Arrest (239 mm)




	
5-4

	
−45

	
Fracture (500 mm)




	
6-1

	
100

	
307

	
−35

	
Arrest (229 mm)

	
−45 °C < CAT ≤ −40 °C




	
6-2

	
−40

	
Arrest (303 mm)




	
6-3

	
−40

	
Arrest (303 mm)




	
6-4

	
−45

	
Fracture (500 mm)
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No.

	
Strength

	
Test Positions

	
NRL Test Temperature and Results (℃)

	
NDTT

(°C)




	
YP

	
TS

	
−65

	
−70

	
−75

	
−80

	
−85

	
−90

	
−95

	
−100

	
−105

	
−110

	
−115

	
−120

	
−125

	
−130






	
1

	
493

	
607

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	
−95




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	




	
C

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	

	

	
−65




	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	

	




	
2

	
496

	
609

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	
−95




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	




	
C

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	
−75




	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	




	
3

	
491

	
603

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	
−100




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	




	
C

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	

	
−75




	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	




	
4

	
498

	
607

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	
−100




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	




	
C

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	

	
−75




	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	




	
5

	
504

	
614

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
−125




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤




	
C

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	

	
−80




	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	




	
6

	
495

	
604

	
S

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	
−110




	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	




	
C

	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	

	
−85




	
◐

	
◐

	
◐

	
◐

	
◐

	
⬤

	
⬤

	

	

	

	

	

	

	








S: Surface, C: Center ◐: No break; ⬤: break.













 





Table 6. Summary of estimated brittle crack arrest temperature.
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	Specimen

No.
	Thick.

(mm)
	Applied Stress, σ

(MPa)
	Surface NDTT(S)

(°C)
	Center NDTT(C)

(°C)
	(NDTT(S) + NDTT(C))/2

(°C)
	CATexp.

(°C)
	CATest.

(°C)





	1
	100
	307
	−95
	−65
	−80
	−30
	−20.7



	2
	100
	307
	−95
	−75
	−85
	−30
	−29.4



	3
	100
	307
	−100
	−75
	−87.5
	−30
	−29.9



	4
	100
	307
	−125
	−80
	−102.5
	−40
	−37.34



	5
	100
	307
	−125
	−80
	−102.5
	−45
	−37.4



	6
	100
	307
	−110
	−85
	−97.5
	−40
	−39.8
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