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CURVES OF STATICAL STABILITY FOR VARYING 
CONDITIONS OF STABILITY

1. Curve of statical stability for a ship in a stable 
 condition

A ship is in a stable condition of stability if, when heeled by an 
external force in still water to a small angle of inclination, it 
returns to the upright when the force is removed.

Consider the ship shown being progressively inclined from the 
upright. 

Figure 1

KM - KG = GM; which is positive.

GZ is zero.
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Figure 2

The ship is now heeled by an external force to a small angle of 
inclination.

GZ is positive, which will act to right the ship when the force is 
removed.

A typical curve of statical stability for a stable ship will be as 
shown. Figures 1 and 2 are related to the curve as indicated.
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Curve of statical stability for a STABLE SHIP
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STABLE SHIP (2)

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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stiff & tender ships

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.530

										KG		7.530				stiff ship

		Displ. (t)		33000						GM		2.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.31		2.58		3.77		4.84		6.52		7.42

		GZ		0.35		0.78		0.99		1.15		1.10		0.57

		Use values below to create the curve										Pick a value to suit curve shape

				Enter data into cell						KM		9.530

										KG		9.130				Tender ship

		Displ. (t)		33000						GM		0.400

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.59		3.12		4.57		5.87		7.91		8.99

		GZ		0.07		0.24		0.19		0.12		-0.29		-1.00

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		stiff		0.00		0.35		0.78		0.99		1.15		1.20		1.10		0.90		0.57

		tender		0.00		0.07		0.24		0.24		0.12		-0.05		-0.29		-0.60		-1.00
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STABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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S.11 - EXAMPLE 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24		-0.71
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S.11 - SAQ 1

						SECTION 11 - USING ALMAR

		SAQ 1

		MV Almar completes loading with a displacement of 28000 t with a KG corrected for free surfaces of

		9.12 m. The KM for the loaded displacement is 9.46 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.700

										KG		9.380

		Displ. (t)		20000						GM		0.320

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.69		3.45		5.30		6.90		8.38		8.28

		KG*Sin Heel		1.63		3.21		4.69		6.03		8.12		9.24

		GZ		0.06		0.24		0.61		0.87		0.26		-0.96

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.06		0.24		0.61		0.87		0.7		0.26		-0.38		-0.96
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TUTORIAL 1 KN'A' Q.4b

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4b

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65

		DISCH		-683.00		4.96		-3387.68

		DISCH		-568.00		6.66		-3782.88

		LOAD		400.00		1.46		584.00

		LOAD		400.00		1.46		584.00

		LOAD		76.00		0.60		45.60						DISPL		KM

								0.00		Higher		value		13657.00		8.39

		FSM's						146.00		Mean		value		13500.00		8.397

		FINAL		13500.00		7.692		103839.59		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.705

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.60		2.63		3.85		4.94		5.89		6.66		7.43

		GZ		0.15		0.36		0.73		0.96		0.84		0.42		-0.30

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.36		0.73		0.96		0.84		0.42		-0.30

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.5

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 5

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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GZ CURVES (KNA)WITH KG&fse  

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.1

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 1

				Enter data into cell						KM		9.300

										KG		8.820

		Displ. (t)		9500						GM		0.480

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.08		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.2

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 2

				Enter data into cell						KM		8.260

										KG		7.800

		Displ. (t)		14000						GM		0.460

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.74		2.98		4.55		5.85		6.68		7		7.1

		KG*Sin Heel		1.62		2.67		3.90		5.01		5.98		6.75		7.53

		GZ		0.12		0.31		0.65		0.84		0.70		0.25		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.08		0.31		0.65		0.84		0.70		0.25		-0.43

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.4a

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4a

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65				Enter data sheet to obtain hydrostatic

		DISCH		-683.00		4.96		-3387.68				particulars

		DISCH		-568.00		6.66		-3782.88						DISPL		KM

		LOAD		876.00		4.33		3793.08		Higher		value		13657.00		8.39

		FSM's						7080.00		Mean		value		13500.00		8.397

		FINAL		13500.00		8.397		113353.07		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.75		2.87		4.20		5.40		6.43		7.27		8.11

		GZ		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.4a

		



GZ

Heel (deg)

GZ (m)

Question 4a



TUTORIAL 1 KN'A' Q.3

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 3

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		8260.00		8.94		73844.40

		LOAD		300.00		4.40		1320.00				Enter data sheet to obtain hydrostatic

		LOAD		860.00		6.62		5693.20				particulars

		LOAD		700.00		3.42		2394.00						DISPL		KM

		DISCH		-120.00		2.46		-295.20		Higher		value		10076.00		8.98

		FSM's								Mean		value		10000.00		9.008

		FINAL		10000.00		8.296		82956.40		Lower		value		9857.00		9.06

				KM		9.008

				GM		0.712

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.86		3.23		4.83		6.22		7.07		7.4		7.3

		KG*Sin Heel		1.72		2.84		4.15		5.33		6.35		7.18		8.01

		GZ		0.14		0.39		0.68		0.89		0.72		0.22		-0.71

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.39		0.68		0.89		0.72		0.22		-0.71

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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LOADING EXERCISE

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

												Enter data sheet to obtain hydrostatic

												particulars

														DISPL		KM

										Higher		value		10516.00		8.86

				DISPL		KG				Mean		value		10424.00		8.885

		FINAL		10424.00		5.797				Lower		value		10296.00		8.92

				KM		8.885

				GM		3.088

		Determine KN values

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		10500.00		1.83		3.19		4.79		6.18		7.02		7.35		7.27

		Mean values		10424.00		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		Lower value		10000.00		1.86		3.23		4.83		6.22		7.07		7.40		7.30

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		KG*Sin Heel		1.21		1.98		2.90		3.73		4.44		5.02		5.60

		GZ		0.63		1.21		1.90		2.46		2.59		2.34		1.68

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.54		1.21		1.90		2.46		2.59		2.34

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		3		1.609

		20		1.21		3		3.640

		30		1.90		1		1.898

						SUM		7.146				Area =		0.468		m-r

												Required		0.055		m-r

		Area 0 to 40(X)										SHIP COMPLIES

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		4		2.145

		20		1.21		2		2.427

		30		1.90		4		7.590

		40		2.46		1		2.460

						SUM		14.622				Area =		0.851		m-r

												Required		0.09		m-r

		AREA 30 to 40(X)										SHIP COMPLIES

												Area =		0.383		m-r

												Required		0.03		m-r

												SHIP COMPLIES
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LOADING EXERCISE

		



GZ

Curve of statical stability



GZ CURVES (KN  A) WITH HYDROSTA

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A) WITH HYDROSTA

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN  A)WITH KG & FSC

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A)WITH KG & FSC

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN A INTERPOLATE)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r





GZ CURVES (KN A INTERPOLATE)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN TABLE A)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		9.190

										KG		8.820

		Displ. (t)		9500						GM		0.370

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.06		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		3		0.193

		20		0.26		3		0.790

		30		0.50		1		0.500

						SUM		1.483				Area =		0.097		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		4		0.257

		20		0.26		2		0.527

		30		0.50		4		2.000

		40		0.58		1		0.581

						SUM		3.364				Area =		0.196		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.099		m-r

												Required		0.03		m-r





GZ CURVES (KN TABLE A)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



CL2 JUN93 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r
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CL2 JUN93 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 JUN 93 Q3



CL2 DEC93 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.460

										KG		7.750

										GM		0.710

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		13000.00		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		Mean values		12800.00		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		Lower value		12500.00		1.78		3.03		4.63		5.98		6.83		7.18		7.18

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		KG*Sin Heel		1.61		2.65		3.88		4.98		5.94		6.71		7.49

		GZ		0.16		0.36		0.75		0.97		0.86		0.44		-0.32

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.12		0.36		0.75		0.97		0.86		0.44

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		3		0.370

		20		0.36		3		1.084

		30		0.75		1		0.749

						SUM		2.203				Area =		0.144		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		4		0.493

		20		0.36		2		0.723

		30		0.75		4		2.996

		40		0.97		1		0.968

						SUM		5.180				Area =		0.301		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.157		m-r

												Required		0.03		m-r
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CL2 DEC93 Q.2

		



GZ

CL2 DEC 93 Q2.



CL2 MAR95 Q2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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CL2 MAR95 Q2

		



GZ

HEEL (deg)

GZ (m)

CL 2 MAR 95 Q.2



CL2 NOV96 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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CL2 NOV96 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 NOV96 Q.3



CL2 JUN97 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.360

										KG		8.200

										GM		0.160

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14500.00		1.73		2.98		4.51		5.79		6.58		6.95		7.08

		Mean values		14115.00		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		Lower value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.03		0.18		0.44		0.57		0.38		-0.11		-0.83

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.03		0.18		0.44		0.57		0.38		-0.11

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		3		0.083

		20		0.18		3		0.526

		30		0.44		1		0.441

						SUM		1.050				Area =		0.069		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		4		0.111

		20		0.18		2		0.351

		30		0.44		4		1.763

		40		0.57		1		0.565

						SUM		2.791				Area =		0.162		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.094		m-r

												Required		0.03		m-r
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2. Curve of statical stability for a ship in a neutral 
condition of stability

A ship is in a neutral condition of stability if, when heeled by 
an external force in still water to a small angle of inclination, 
it comes to rest at some indeterminate angle of heel within 
small angles of inclination. 

Consider the ship shown being progressively inclined from the 
upright.

Figure 1

KM - KG = 0; GM = 0

GZ is zero.
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Bf
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Figure 2

The ship is now heeled by an external force to a small angle of  
inclination.

GZ is still zero.
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K

Bf

Wf

Figure 3

The ship is now heeled beyond small angles of heel.

GZ becomes positive and the curve now departs from the 
tangential line drawn from the origin. The initial transverse 
metacentre no longer applies to the ship since it is now heeled 
to a large angle.

A typical curve of statical stability for a ship in a neutral 
condition of stability will be as shown. Figures 1, 2 and 3 are 
related to the curve as indicated.
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Note

Since GM = 0, the x-axis of the graph is also the tangent along 
which the GZ curve initially follows.

Curve of statical stability for a NEUTRAL CONDITION ship
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NEUTRAL SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.01		0.10		0.24		0.25		0.1		-0.10
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Curve of statical stability for a NEUTRAL CONDITION ship



STABLE SHIP 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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stiff & tender ships

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.530

										KG		7.530				stiff ship

		Displ. (t)		33000						GM		2.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.31		2.58		3.77		4.84		6.52		7.42

		GZ		0.35		0.78		0.99		1.15		1.10		0.57

		Use values below to create the curve										Pick a value to suit curve shape

				Enter data into cell						KM		9.530

										KG		9.130				Tender ship

		Displ. (t)		33000						GM		0.400

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.59		3.12		4.57		5.87		7.91		8.99

		GZ		0.07		0.24		0.19		0.12		-0.29		-1.00

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		stiff		0.00		0.35		0.78		0.99		1.15		1.20		1.10		0.90		0.57

		tender		0.00		0.07		0.24		0.24		0.12		-0.05		-0.29		-0.60		-1.00
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STABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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S.11 - EXAMPLE 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24		-0.71
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S.11 - SAQ 1

						SECTION 11 - USING ALMAR

		SAQ 1

		MV Almar completes loading with a displacement of 28000 t with a KG corrected for free surfaces of

		9.12 m. The KM for the loaded displacement is 9.46 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.700

										KG		9.380

		Displ. (t)		20000						GM		0.320

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.69		3.45		5.30		6.90		8.38		8.28

		KG*Sin Heel		1.63		3.21		4.69		6.03		8.12		9.24

		GZ		0.06		0.24		0.61		0.87		0.26		-0.96

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.06		0.24		0.61		0.87		0.7		0.26		-0.38		-0.96
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TUTORIAL 1 KN'A' Q.4b

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4b

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65

		DISCH		-683.00		4.96		-3387.68

		DISCH		-568.00		6.66		-3782.88

		LOAD		400.00		1.46		584.00

		LOAD		400.00		1.46		584.00

		LOAD		76.00		0.60		45.60						DISPL		KM

								0.00		Higher		value		13657.00		8.39

		FSM's						146.00		Mean		value		13500.00		8.397

		FINAL		13500.00		7.692		103839.59		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.705

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.60		2.63		3.85		4.94		5.89		6.66		7.43

		GZ		0.15		0.36		0.73		0.96		0.84		0.42		-0.30

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.36		0.73		0.96		0.84		0.42		-0.30

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.5

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 5

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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GZ CURVES (KNA)WITH KG&fse  

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.1

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 1

				Enter data into cell						KM		9.300

										KG		8.820

		Displ. (t)		9500						GM		0.480

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.08		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.2

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 2

				Enter data into cell						KM		8.260

										KG		7.800

		Displ. (t)		14000						GM		0.460

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.74		2.98		4.55		5.85		6.68		7		7.1

		KG*Sin Heel		1.62		2.67		3.90		5.01		5.98		6.75		7.53

		GZ		0.12		0.31		0.65		0.84		0.70		0.25		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.08		0.31		0.65		0.84		0.70		0.25		-0.43

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.4a

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4a

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65				Enter data sheet to obtain hydrostatic

		DISCH		-683.00		4.96		-3387.68				particulars

		DISCH		-568.00		6.66		-3782.88						DISPL		KM

		LOAD		876.00		4.33		3793.08		Higher		value		13657.00		8.39

		FSM's						7080.00		Mean		value		13500.00		8.397

		FINAL		13500.00		8.397		113353.07		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.75		2.87		4.20		5.40		6.43		7.27		8.11

		GZ		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.3

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 3

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		8260.00		8.94		73844.40

		LOAD		300.00		4.40		1320.00				Enter data sheet to obtain hydrostatic

		LOAD		860.00		6.62		5693.20				particulars

		LOAD		700.00		3.42		2394.00						DISPL		KM

		DISCH		-120.00		2.46		-295.20		Higher		value		10076.00		8.98

		FSM's								Mean		value		10000.00		9.008

		FINAL		10000.00		8.296		82956.40		Lower		value		9857.00		9.06

				KM		9.008

				GM		0.712

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.86		3.23		4.83		6.22		7.07		7.4		7.3

		KG*Sin Heel		1.72		2.84		4.15		5.33		6.35		7.18		8.01

		GZ		0.14		0.39		0.68		0.89		0.72		0.22		-0.71

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.39		0.68		0.89		0.72		0.22		-0.71

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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LOADING EXERCISE

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

												Enter data sheet to obtain hydrostatic

												particulars

														DISPL		KM

										Higher		value		10516.00		8.86

				DISPL		KG				Mean		value		10424.00		8.885

		FINAL		10424.00		5.797				Lower		value		10296.00		8.92

				KM		8.885

				GM		3.088

		Determine KN values

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		10500.00		1.83		3.19		4.79		6.18		7.02		7.35		7.27

		Mean values		10424.00		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		Lower value		10000.00		1.86		3.23		4.83		6.22		7.07		7.40		7.30

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		KG*Sin Heel		1.21		1.98		2.90		3.73		4.44		5.02		5.60

		GZ		0.63		1.21		1.90		2.46		2.59		2.34		1.68

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.54		1.21		1.90		2.46		2.59		2.34

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		3		1.609

		20		1.21		3		3.640

		30		1.90		1		1.898

						SUM		7.146				Area =		0.468		m-r

												Required		0.055		m-r

		Area 0 to 40(X)										SHIP COMPLIES

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		4		2.145

		20		1.21		2		2.427

		30		1.90		4		7.590

		40		2.46		1		2.460

						SUM		14.622				Area =		0.851		m-r

												Required		0.09		m-r

		AREA 30 to 40(X)										SHIP COMPLIES

												Area =		0.383		m-r

												Required		0.03		m-r

												SHIP COMPLIES
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LOADING EXERCISE

		



GZ

Curve of statical stability



GZ CURVES (KN  A) WITH HYDROSTA

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A) WITH HYDROSTA

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN  A)WITH KG & FSC

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A)WITH KG & FSC

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN A INTERPOLATE)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r





GZ CURVES (KN A INTERPOLATE)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN TABLE A)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		9.190

										KG		8.820

		Displ. (t)		9500						GM		0.370

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.06		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		3		0.193

		20		0.26		3		0.790

		30		0.50		1		0.500

						SUM		1.483				Area =		0.097		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		4		0.257

		20		0.26		2		0.527

		30		0.50		4		2.000

		40		0.58		1		0.581

						SUM		3.364				Area =		0.196		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.099		m-r

												Required		0.03		m-r





GZ CURVES (KN TABLE A)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



CL2 JUN93 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r
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CL2 JUN93 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 JUN 93 Q3



CL2 DEC93 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.460

										KG		7.750

										GM		0.710

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		13000.00		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		Mean values		12800.00		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		Lower value		12500.00		1.78		3.03		4.63		5.98		6.83		7.18		7.18

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		KG*Sin Heel		1.61		2.65		3.88		4.98		5.94		6.71		7.49

		GZ		0.16		0.36		0.75		0.97		0.86		0.44		-0.32

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.12		0.36		0.75		0.97		0.86		0.44

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		3		0.370

		20		0.36		3		1.084

		30		0.75		1		0.749

						SUM		2.203				Area =		0.144		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		4		0.493

		20		0.36		2		0.723

		30		0.75		4		2.996

		40		0.97		1		0.968

						SUM		5.180				Area =		0.301		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.157		m-r

												Required		0.03		m-r
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CL2 DEC93 Q.2

		



GZ

CL2 DEC 93 Q2.



CL2 MAR95 Q2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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CL2 MAR95 Q2

		



GZ

HEEL (deg)

GZ (m)

CL 2 MAR 95 Q.2



CL2 NOV96 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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CL2 NOV96 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 NOV96 Q.3



CL2 JUN97 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.360

										KG		8.200

										GM		0.160

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14500.00		1.73		2.98		4.51		5.79		6.58		6.95		7.08

		Mean values		14115.00		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		Lower value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.03		0.18		0.44		0.57		0.38		-0.11		-0.83

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.03		0.18		0.44		0.57		0.38		-0.11

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		3		0.083

		20		0.18		3		0.526

		30		0.44		1		0.441

						SUM		1.050				Area =		0.069		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		4		0.111

		20		0.18		2		0.351

		30		0.44		4		1.763

		40		0.57		1		0.565

						SUM		2.791				Area =		0.162		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.094		m-r

												Required		0.03		m-r
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3. Curve of statical stability for a ship in an unstable 
condition

A ship is in an unstable condition if, when heeled by an 
external force in still water to a small angle, it continues to 
heel further when the external force is removed. 

Consider the ship shown being progressively inclined from the 
upright.

Figure 1

KM - KG = GM; which is a negative value.

GZ is zero.

B

M

G

K
Wf

Bf
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Figure 2

The ship is now heeled by an external force to a small angle of  
inclination whereby the line of action of the buoyancy force 
(Bf) still passes through the initial transverse metacentre (M).

GZ is negative; it represents a capsizing lever.

(If the external force is now removed the ship would continue 
to heel further over!)

Z      G

M

B1

Bf

Wf
K
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B2

G

M

θLOLL

K

Bf

Wf

Figure 3

The ship continues to heel over until B attains a position 
vertically below G as shown. It is now that the ship comes to 
rest at an angle of loll.

When lying at an angle of loll:

GZ is zero.

The angle of loll is a large angle of heel since the line of action 
of the buoyancy force (Bf) is no longer passing through the 
initial transverse metacentre (M).
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B
3

G      Z

M

K

Wf

Bf

Figure 4

If the ship is heeled further by an external force B moves 
outboard of G.

GZ is now positive which will act to right the ship back to the 
angle of loll.

A typical curve of statical stability for a ship in an unstable 
condition of stability will be as shown. Figures 1, 2, 3 and 4 are 
related to the curve as indicated.
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Note

Since GM is negative, the tangent along which the GZ curve 
initially follows runs below the base. As the vessel heels over to 
larger angles of inclination the GZ curve departs from the 
tangent and where it crosses the base is the angle of loll 
(approximately 11° in this case). In theory this could be to the 
port or the starboard side since G is assumed to be on the 
centre-line whereby port and starboard moments are equal.

Curve of statical stability for an UNSTABLE ship
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UNSTABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		-0.00		0.10		0.19		0.21		0.153		0.07		-0.0361
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Curve of statical stability for an UNSTABLE ship



NEUTRAL SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.01		0.10		0.24		0.25		0.1		-0.10





NEUTRAL SHIP

		



GZ

Heel (deg.)

GZ 
(m)

Curve of statical stability for a NEUTRAL CONDITION ship



STABLE SHIP 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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stiff & tender ships

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.530

										KG		7.530				stiff ship

		Displ. (t)		33000						GM		2.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.31		2.58		3.77		4.84		6.52		7.42

		GZ		0.35		0.78		0.99		1.15		1.10		0.57

		Use values below to create the curve										Pick a value to suit curve shape

				Enter data into cell						KM		9.530

										KG		9.130				Tender ship

		Displ. (t)		33000						GM		0.400

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.59		3.12		4.57		5.87		7.91		8.99

		GZ		0.07		0.24		0.19		0.12		-0.29		-1.00

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		stiff		0.00		0.35		0.78		0.99		1.15		1.20		1.10		0.90		0.57

		tender		0.00		0.07		0.24		0.24		0.12		-0.05		-0.29		-0.60		-1.00
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STABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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S.11 - EXAMPLE 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24		-0.71
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S.11 - SAQ 1

						SECTION 11 - USING ALMAR

		SAQ 1

		MV Almar completes loading with a displacement of 28000 t with a KG corrected for free surfaces of

		9.12 m. The KM for the loaded displacement is 9.46 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.700

										KG		9.380

		Displ. (t)		20000						GM		0.320

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.69		3.45		5.30		6.90		8.38		8.28

		KG*Sin Heel		1.63		3.21		4.69		6.03		8.12		9.24

		GZ		0.06		0.24		0.61		0.87		0.26		-0.96

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.06		0.24		0.61		0.87		0.7		0.26		-0.38		-0.96
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TUTORIAL 1 KN'A' Q.4b

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4b

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65

		DISCH		-683.00		4.96		-3387.68

		DISCH		-568.00		6.66		-3782.88

		LOAD		400.00		1.46		584.00

		LOAD		400.00		1.46		584.00

		LOAD		76.00		0.60		45.60						DISPL		KM

								0.00		Higher		value		13657.00		8.39

		FSM's						146.00		Mean		value		13500.00		8.397

		FINAL		13500.00		7.692		103839.59		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.705

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.60		2.63		3.85		4.94		5.89		6.66		7.43

		GZ		0.15		0.36		0.73		0.96		0.84		0.42		-0.30

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.36		0.73		0.96		0.84		0.42		-0.30

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.5

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 5

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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GZ CURVES (KNA)WITH KG&fse  

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.1

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 1

				Enter data into cell						KM		9.300

										KG		8.820

		Displ. (t)		9500						GM		0.480

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.08		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.2

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 2

				Enter data into cell						KM		8.260

										KG		7.800

		Displ. (t)		14000						GM		0.460

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.74		2.98		4.55		5.85		6.68		7		7.1

		KG*Sin Heel		1.62		2.67		3.90		5.01		5.98		6.75		7.53

		GZ		0.12		0.31		0.65		0.84		0.70		0.25		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.08		0.31		0.65		0.84		0.70		0.25		-0.43

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.4a

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4a

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65				Enter data sheet to obtain hydrostatic

		DISCH		-683.00		4.96		-3387.68				particulars

		DISCH		-568.00		6.66		-3782.88						DISPL		KM

		LOAD		876.00		4.33		3793.08		Higher		value		13657.00		8.39

		FSM's						7080.00		Mean		value		13500.00		8.397

		FINAL		13500.00		8.397		113353.07		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.75		2.87		4.20		5.40		6.43		7.27		8.11

		GZ		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.3

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 3

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		8260.00		8.94		73844.40

		LOAD		300.00		4.40		1320.00				Enter data sheet to obtain hydrostatic

		LOAD		860.00		6.62		5693.20				particulars

		LOAD		700.00		3.42		2394.00						DISPL		KM

		DISCH		-120.00		2.46		-295.20		Higher		value		10076.00		8.98

		FSM's								Mean		value		10000.00		9.008

		FINAL		10000.00		8.296		82956.40		Lower		value		9857.00		9.06

				KM		9.008

				GM		0.712

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.86		3.23		4.83		6.22		7.07		7.4		7.3

		KG*Sin Heel		1.72		2.84		4.15		5.33		6.35		7.18		8.01

		GZ		0.14		0.39		0.68		0.89		0.72		0.22		-0.71

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.39		0.68		0.89		0.72		0.22		-0.71

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.3

		



GZ

Heel (deg)

GZ (m)

Question 3



LOADING EXERCISE

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

												Enter data sheet to obtain hydrostatic

												particulars

														DISPL		KM

										Higher		value		10516.00		8.86

				DISPL		KG				Mean		value		10424.00		8.885

		FINAL		10424.00		5.797				Lower		value		10296.00		8.92

				KM		8.885

				GM		3.088

		Determine KN values

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		10500.00		1.83		3.19		4.79		6.18		7.02		7.35		7.27

		Mean values		10424.00		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		Lower value		10000.00		1.86		3.23		4.83		6.22		7.07		7.40		7.30

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		KG*Sin Heel		1.21		1.98		2.90		3.73		4.44		5.02		5.60

		GZ		0.63		1.21		1.90		2.46		2.59		2.34		1.68

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.54		1.21		1.90		2.46		2.59		2.34

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		3		1.609

		20		1.21		3		3.640

		30		1.90		1		1.898

						SUM		7.146				Area =		0.468		m-r

												Required		0.055		m-r

		Area 0 to 40(X)										SHIP COMPLIES

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		4		2.145

		20		1.21		2		2.427

		30		1.90		4		7.590

		40		2.46		1		2.460

						SUM		14.622				Area =		0.851		m-r

												Required		0.09		m-r

		AREA 30 to 40(X)										SHIP COMPLIES

												Area =		0.383		m-r

												Required		0.03		m-r

												SHIP COMPLIES
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LOADING EXERCISE

		



GZ

Curve of statical stability



GZ CURVES (KN  A) WITH HYDROSTA

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A) WITH HYDROSTA

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN  A)WITH KG & FSC

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A)WITH KG & FSC

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN A INTERPOLATE)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r





GZ CURVES (KN A INTERPOLATE)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN TABLE A)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		9.190

										KG		8.820

		Displ. (t)		9500						GM		0.370

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.06		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		3		0.193

		20		0.26		3		0.790

		30		0.50		1		0.500

						SUM		1.483				Area =		0.097		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		4		0.257

		20		0.26		2		0.527

		30		0.50		4		2.000

		40		0.58		1		0.581

						SUM		3.364				Area =		0.196		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.099		m-r

												Required		0.03		m-r





GZ CURVES (KN TABLE A)
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CL2 JUN93 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r



&A



CL2 JUN93 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 JUN 93 Q3



CL2 DEC93 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.460

										KG		7.750

										GM		0.710

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		13000.00		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		Mean values		12800.00		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		Lower value		12500.00		1.78		3.03		4.63		5.98		6.83		7.18		7.18

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		KG*Sin Heel		1.61		2.65		3.88		4.98		5.94		6.71		7.49

		GZ		0.16		0.36		0.75		0.97		0.86		0.44		-0.32

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.12		0.36		0.75		0.97		0.86		0.44

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		3		0.370

		20		0.36		3		1.084

		30		0.75		1		0.749

						SUM		2.203				Area =		0.144		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		4		0.493

		20		0.36		2		0.723

		30		0.75		4		2.996

		40		0.97		1		0.968

						SUM		5.180				Area =		0.301		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.157		m-r

												Required		0.03		m-r
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CL2 DEC93 Q.2

		



GZ

CL2 DEC 93 Q2.



CL2 MAR95 Q2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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CL2 MAR95 Q2

		



GZ

HEEL (deg)

GZ (m)

CL 2 MAR 95 Q.2



CL2 NOV96 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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CL2 JUN97 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.360

										KG		8.200

										GM		0.160

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14500.00		1.73		2.98		4.51		5.79		6.58		6.95		7.08

		Mean values		14115.00		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		Lower value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.03		0.18		0.44		0.57		0.38		-0.11		-0.83

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.03		0.18		0.44		0.57		0.38		-0.11

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		3		0.083

		20		0.18		3		0.526

		30		0.44		1		0.441

						SUM		1.050				Area =		0.069		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		4		0.111

		20		0.18		2		0.351

		30		0.44		4		1.763

		40		0.57		1		0.565

						SUM		2.791				Area =		0.162		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.094		m-r

												Required		0.03		m-r
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4. Curve of statical stability for a ship that is listed

When a ship is listed the centre of gravity of the ship is off the 
centre-line to port or starboard by a distance we have termed 
GGH.

Figure 1

Consider the ship shown that has G off the centre-line to 
starboard that is initially in the upright condition.

GGH represents a capsizing lever;  a negative value of GZ.

G           
GH
B

The ship will start to list over.
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Figure 2

As the ship lists over the capsizing lever caused by G being off 
the centre-line becomes less and less.

GHZ is negative.

M

Z          GH 

B
1



LESSON 8 - GZ curves for different conditions 
of stability (MAR Rev. 14/11/03) 16

Figure 3

The ship will come to rest at an angle of list when B reaches a 
position vertically below the centre of gravity (GH).

GZ is zero.

G G
H

M

B2

θLIST
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Figure 4

If the ship is heeled beyond the angle of list by an external 
force the righting lever becomes positive to right the ship back 
to the listed position.

GZ is positive.

GH        Z               
G

M

B2

A typical curve of statical stability for a listed ship will be as 
shown. Figures 1, 2, 3 and 4 are related to the curve as 
indicated.
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Curve of statical stability for a LISTED ship
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Note

At 0° heel, the GZ value is negative by an amount equal to the 
distance that G is off the centre-line (GGH). This causes the 
base of the graph to be dropped vertically to coincide with the 
new origin - the green line being shown as the base of the 
graph. The initial GM used to produce the tangent to the curve 
at the origin is measured from the new base as shown.

The angle of list is identified as the point on the curve where it 
crosses the original base of the curve as shown.
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LISTED SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		-0.035		0.02		0.08		0.16		0.21		0.191		0.11		0.02		-0.07
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UNSTABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		-0.00		0.10		0.19		0.21		0.153		0.07		-0.0361
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NEUTRAL SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.01		0.10		0.24		0.25		0.1		-0.10
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STABLE SHIP 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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stiff & tender ships

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.530

										KG		7.530				stiff ship

		Displ. (t)		33000						GM		2.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.31		2.58		3.77		4.84		6.52		7.42

		GZ		0.35		0.78		0.99		1.15		1.10		0.57

		Use values below to create the curve										Pick a value to suit curve shape

				Enter data into cell						KM		9.530

										KG		9.130				Tender ship

		Displ. (t)		33000						GM		0.400

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.66		3.36		4.75		5.99		7.62		7.99

		KG*Sin Heel		1.59		3.12		4.57		5.87		7.91		8.99

		GZ		0.07		0.24		0.19		0.12		-0.29		-1.00

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		stiff		0.00		0.35		0.78		0.99		1.15		1.20		1.10		0.90		0.57

		tender		0.00		0.07		0.24		0.24		0.12		-0.05		-0.29		-0.60		-1.00
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STABLE SHIP

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24
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S.11 - EXAMPLE 1

						SECTION 11 - USING ALMAR

		EXAMPLE 1

		MV Almar completes loading with a displacement of 29000 t with a KG corrected for free surfaces of

		8.92 m. The KM for the loaded displacement is 9.36 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.360

										KG		8.920

		Displ. (t)		29000						GM		0.440

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.65		3.31		4.93		6.3		7.86		8.07

		KG*Sin Heel		1.55		3.05		4.46		5.73		7.72		8.78

		GZ		0.10		0.26		0.47		0.57		0.14		-0.71

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.10		0.26		0.47		0.57		0.42		0.14		-0.24		-0.71
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S.11 - SAQ 1

						SECTION 11 - USING ALMAR

		SAQ 1

		MV Almar completes loading with a displacement of 28000 t with a KG corrected for free surfaces of

		9.12 m. The KM for the loaded displacement is 9.46 m.

		Calculate the GZ values.

				Enter data into cell						KM		9.700

										KG		9.380

		Displ. (t)		20000						GM		0.320

		Using KN values calculate GZ values for specified angles of heel

		Heel		10		20		30		40		60		80

		KN		1.69		3.45		5.30		6.90		8.38		8.28

		KG*Sin Heel		1.63		3.21		4.69		6.03		8.12		9.24

		GZ		0.06		0.24		0.61		0.87		0.26		-0.96

		Use values below to create the curve										Pick a value to suit curve shape

		Heel		0		10		20		30		40		50		60		70		80

		GZ		0		0.06		0.24		0.61		0.87		0.7		0.26		-0.38		-0.96
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TUTORIAL 1 KN'A' Q.4b

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4b

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65

		DISCH		-683.00		4.96		-3387.68

		DISCH		-568.00		6.66		-3782.88

		LOAD		400.00		1.46		584.00

		LOAD		400.00		1.46		584.00

		LOAD		76.00		0.60		45.60						DISPL		KM

								0.00		Higher		value		13657.00		8.39

		FSM's						146.00		Mean		value		13500.00		8.397

		FINAL		13500.00		7.692		103839.59		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.705

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.60		2.63		3.85		4.94		5.89		6.66		7.43

		GZ		0.15		0.36		0.73		0.96		0.84		0.42		-0.30

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.36		0.73		0.96		0.84		0.42		-0.30

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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TUTORIAL 1 KN'A' Q.5

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 5

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.
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GZ CURVES (KNA)WITH KG&fse  

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

		Tank length		24.00				FSM's =		l x b x b x b x liquid density

		Tank breadth		16.00						12

		Sounding		8.00

		Density		0.82				FSM's		6717.44

		Mass (t)		2519.0

				Weight (t)		KG		Moments

		Initial Displ.		7000.0		8.36		58520.00

		LOAD		60.0		4.00		240.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-79.0		3.42		-270.18						DISPL		KM

		Liquid		2519.0		7.60		19144.70		Higher		value		9638.00		9.13

		FSM's						6717.44		Mean		value		9500.04		9.187

		FINAL		9500.0		8.879		84351.96		Lower		value		9420.00		9.22

				KM		9.187

				GM		0.308

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.85		3.04		4.44		5.71		6.80		7.69		8.58

		GZ		0.08		0.24		0.47		0.54		0.31		-0.24		-1.23

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.05		0.24		0.47		0.54		0.31		-0.24

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.



&A



GZ CURVES (KNA)WITH KG&fse  

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



TUTORIAL 1 KN'A' Q.1

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 1

				Enter data into cell						KM		9.300

										KG		8.820

		Displ. (t)		9500						GM		0.480

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.08		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.1

		



GZ

HEEL (deg)

GZ (m)

Question 1



TUTORIAL 1 KN'A' Q.2

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 2

				Enter data into cell						KM		8.260

										KG		7.800

		Displ. (t)		14000						GM		0.460

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.74		2.98		4.55		5.85		6.68		7		7.1

		KG*Sin Heel		1.62		2.67		3.90		5.01		5.98		6.75		7.53

		GZ		0.12		0.31		0.65		0.84		0.70		0.25		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.08		0.31		0.65		0.84		0.70		0.25		-0.43

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.2

		



GZ

Heel (deg)

GZ (m)

Question 2



TUTORIAL 1 KN'A' Q.4a

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 4a

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		14020.00		7.86		110197.20

		DISCH		-145.00		3.77		-546.65				Enter data sheet to obtain hydrostatic

		DISCH		-683.00		4.96		-3387.68				particulars

		DISCH		-568.00		6.66		-3782.88						DISPL		KM

		LOAD		876.00		4.33		3793.08		Higher		value		13657.00		8.39

		FSM's						7080.00		Mean		value		13500.00		8.397

		FINAL		13500.00		8.397		113353.07		Lower		value		13201.00		8.41

				KM		8.397

				GM		0.000

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.75		2.99		4.58		5.9		6.73		7.08		7.13

		KG*Sin Heel		1.75		2.87		4.20		5.40		6.43		7.27		8.11

		GZ		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.00		0.12		0.38		0.50		0.30		-0.19		-0.98

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.4a

		



GZ

Heel (deg)

GZ (m)

Question 4a



TUTORIAL 1 KN'A' Q.3

						CURVES OF STATICAL STABILITY: TUTORIAL SHEET 1

		Question 3

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		8260.00		8.94		73844.40

		LOAD		300.00		4.40		1320.00				Enter data sheet to obtain hydrostatic

		LOAD		860.00		6.62		5693.20				particulars

		LOAD		700.00		3.42		2394.00						DISPL		KM

		DISCH		-120.00		2.46		-295.20		Higher		value		10076.00		8.98

		FSM's								Mean		value		10000.00		9.008

		FINAL		10000.00		8.296		82956.40		Lower		value		9857.00		9.06

				KM		9.008

				GM		0.712

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.86		3.23		4.83		6.22		7.07		7.4		7.3

		KG*Sin Heel		1.72		2.84		4.15		5.33		6.35		7.18		8.01

		GZ		0.14		0.39		0.68		0.89		0.72		0.22		-0.71

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60		75

		GZ		0.00		0.12		0.39		0.68		0.89		0.72		0.22		-0.71

		Plot the curve of statical stability

		NOTE

		The GZ value for 10 degrees heel is only calculated for the purpose of using the EXCEL chart

		feature. When plotting the curve, only plot those values of GZ which are in the UPPER table.





TUTORIAL 1 KN'A' Q.3

		



GZ

Heel (deg)

GZ (m)

Question 3



LOADING EXERCISE

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

												Enter data sheet to obtain hydrostatic

												particulars

														DISPL		KM

										Higher		value		10516.00		8.86

				DISPL		KG				Mean		value		10424.00		8.885

		FINAL		10424.00		5.797				Lower		value		10296.00		8.92

				KM		8.885

				GM		3.088

		Determine KN values

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		10500.00		1.83		3.19		4.79		6.18		7.02		7.35		7.27

		Mean values		10424.00		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		Lower value		10000.00		1.86		3.23		4.83		6.22		7.07		7.40		7.30

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.835		3.196		4.796		6.186		7.028		7.358		7.275

		KG*Sin Heel		1.21		1.98		2.90		3.73		4.44		5.02		5.60

		GZ		0.63		1.21		1.90		2.46		2.59		2.34		1.68

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.54		1.21		1.90		2.46		2.59		2.34

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		3		1.609

		20		1.21		3		3.640

		30		1.90		1		1.898

						SUM		7.146				Area =		0.468		m-r

												Required		0.055		m-r

		Area 0 to 40(X)										SHIP COMPLIES

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.54		4		2.145

		20		1.21		2		2.427

		30		1.90		4		7.590

		40		2.46		1		2.460

						SUM		14.622				Area =		0.851		m-r

												Required		0.09		m-r

		AREA 30 to 40(X)										SHIP COMPLIES

												Area =		0.383		m-r

												Required		0.03		m-r

												SHIP COMPLIES



&A



LOADING EXERCISE

		



GZ

Curve of statical stability



GZ CURVES (KN  A) WITH HYDROSTA

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A) WITH HYDROSTA

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN  A)WITH KG & FSC

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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GZ CURVES (KN  A)WITH KG & FSC

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN A INTERPOLATE)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r





GZ CURVES (KN A INTERPOLATE)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



GZ CURVES (KN TABLE A)

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		9.190

										KG		8.820

		Displ. (t)		9500						GM		0.370

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.83		3.02		4.41		5.67		6.76		7.64		8.52

		GZ		0.10		0.26		0.50		0.58		0.35		-0.19		-1.17

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.06		0.26		0.50		0.58		0.35		-0.19

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		3		0.193

		20		0.26		3		0.790

		30		0.50		1		0.500

						SUM		1.483				Area =		0.097		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.06		4		0.257

		20		0.26		2		0.527

		30		0.50		4		2.000

		40		0.58		1		0.581

						SUM		3.364				Area =		0.196		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.099		m-r

												Required		0.03		m-r





GZ CURVES (KN TABLE A)

		



GZ

HEEL (deg)

GZ (m)

Curve of statical stability



CL2 JUN93 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.370

										KG		7.000

										GM		1.370

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Mean values		13750.00		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		Lower value		13500.00		1.75		2.99		4.58		5.90		6.73		7.08		7.13

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.745		2.985		4.565		5.875		6.705		7.040		7.115

		KG*Sin Heel		1.46		2.39		3.50		4.50		5.36		6.06		6.76

		GZ		0.29		0.59		1.07		1.38		1.34		0.98		0.35

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.24		0.59		1.07		1.38		1.34		0.98

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		3		0.714

		20		0.59		3		1.773

		30		1.07		1		1.065

						SUM		3.551				Area =		0.232		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.24		4		0.952

		20		0.59		2		1.182

		30		1.07		4		4.260

		40		1.38		1		1.375

						SUM		7.769				Area =		0.452		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.220		m-r

												Required		0.03		m-r
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CL2 JUN93 Q.3

		



GZ

HEEL (deg)

GZ (m)

CL2 JUN 93 Q3



CL2 DEC93 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.460

										KG		7.750

										GM		0.710

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		13000.00		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		Mean values		12800.00		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		Lower value		12500.00		1.78		3.03		4.63		5.98		6.83		7.18		7.18

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.774		3.012		4.624		5.950		6.800		7.156		7.168

		KG*Sin Heel		1.61		2.65		3.88		4.98		5.94		6.71		7.49

		GZ		0.16		0.36		0.75		0.97		0.86		0.44		-0.32

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.12		0.36		0.75		0.97		0.86		0.44

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		3		0.370

		20		0.36		3		1.084

		30		0.75		1		0.749

						SUM		2.203				Area =		0.144		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.12		4		0.493

		20		0.36		2		0.723

		30		0.75		4		2.996

		40		0.97		1		0.968

						SUM		5.180				Area =		0.301		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.157		m-r

												Required		0.03		m-r
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CL2 DEC93 Q.2

		



GZ

CL2 DEC 93 Q2.



CL2 MAR95 Q2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		12000.00		7.66		91920.00

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH		-500.00		3.42		-1710.00						DISPL		KM

		DISCH						0.00		Higher		value		11625.00		8.63

		FSM's						2400.00		Mean		value		11500.00		8.652

		FINAL		11500.00		8.053		92610.00		Lower		value		11402.00		8.67

				KM		8.652

				GM		0.599

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.93		3.28		4.91		6.25		7.11		7.45		7.35

		KG*Sin Heel		1.67		2.75		4.03		5.18		6.17		6.97		7.78

		GZ		0.26		0.53		0.88		1.07		0.94		0.48		-0.43

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.10		0.53		0.88		1.07		0.94		0.48

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		3		0.312

		20		0.53		3		1.577

		30		0.88		1		0.883

						SUM		2.773				Area =		0.181		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.10		4		0.416

		20		0.53		2		1.051

		30		0.88		4		3.534

		40		1.07		1		1.074

						SUM		6.075				Area =		0.353		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.172		m-r

												Required		0.03		m-r
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CL2 NOV96 Q.3

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell

				Weight (t)		KG		Moments

		Initial Displ.		13000.00		8.20		106600.0

		LOAD						0.00				Enter data sheet to obtain hydrostatic

		LOAD						0.00				particulars

		DISCH						0.00						DISPL		KM

		DISCH						0.00		Higher		value		13201.00		8.41

		FSM's								Mean		value		13000.00		8.428

		FINAL		13000.00		8.200		106600.0		Lower		value		12975.00		8.43

				KM		8.428

				GM		0.228

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.77		3.00		4.62		5.93		6.78		7.14		7.16

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.07		0.20		0.52		0.66		0.50		0.04		-0.76

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.04		0.20		0.52		0.66		0.50		0.04

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		3		0.119

		20		0.20		3		0.586

		30		0.52		1		0.520

						SUM		1.225				Area =		0.080		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.04		4		0.158

		20		0.20		2		0.391

		30		0.52		4		2.080

		40		0.66		1		0.659

						SUM		3.288				Area =		0.191		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.111		m-r

												Required		0.03		m-r
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CL2 JUN97 Q.2

		GZ CURVES						PRODUCING CURVES USING KN VALUES

				Enter data into cell						KM		8.360

										KG		8.200

										GM		0.160

		Enter Tabulated KN values A

				DISPL. (t)		12		20		30		40		50		60		75

		Higher value		14500.00		1.73		2.98		4.51		5.79		6.58		6.95		7.08

		Mean values		14115.00		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		Lower value		14000.00		1.74		2.98		4.55		5.85		6.68		7.00		7.10

		Using KN values calculate GZ values for specified angles of heel

		Heel		12		20		30		40		50		60		75

		KN		1.738		2.980		4.541		5.836		6.657		6.989		7.095

		KG*Sin Heel		1.70		2.80		4.10		5.27		6.28		7.10		7.92

		GZ		0.03		0.18		0.44		0.57		0.38		-0.11		-0.83

		Using:		GZ =		GM x Sine Heel				Calculate the GZ value for 10 degrees heel and enter

										into table below:

		Heel		0		10		20		30		40		50		60

		GZ		0.00		0.03		0.18		0.44		0.57		0.38		-0.11

		Plot the curve of statical stability

		Calculate areas under the curve using Simpson's Rules

		Area 0 to 30

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		3		0.083

		20		0.18		3		0.526

		30		0.44		1		0.441

						SUM		1.050				Area =		0.069		m-r

												Required		0.055		m-r

		Area 0 to 40(X)

		Heel		GZ		SM		Area Fn.

		0		0.00		1		0.000

		10		0.03		4		0.111

		20		0.18		2		0.351

		30		0.44		4		1.763

		40		0.57		1		0.565

						SUM		2.791				Area =		0.162		m-r

												Required		0.155		m-r

		AREA 30 to 40(X)

												Area =		0.094		m-r

												Required		0.03		m-r
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LESSON 8 - GZ curves for different conditions 
of stability (MAR Rev. 14/11/03) 19

The curves for LOLL and LIST are easily confused since they 
look similar. It must be remembered that:

In a lolled situation:

Initial GM is negative - the ship being in an unstable 
condition.

The angle of loll could be to either side, port or starboard.

The ship will loll even if the port and starboard listing 
moments are equal.

In a listed situation:

Initial GM is positive - the ship is in a stable condition.

The angle of list will be to the same side that G is off the 
centre-line.
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