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6.1 Standard Sizes

The Yokohama Pneumatic Rubber Fenders are available in the following sizes, which 

are generally expressed in terms of diameter by length.

6. SIZES AND PERFORMANCES

Fig.6-1  φ4500×9000L -P80 Yokohama Pneumatic Rubber Fenders

Fig.6-2  Standard Sizes of Yokohama Pneumatic Rubber Fender
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6.2 Performance Table

6.2.1 Pneumatic 50 (Metric)

Table 6-1(a)  Pneumatic 50 Standard Sizes

Nominal Size

(kNm) (kNm) (kN) (kPa) (kPa) (kPa) (kg) (kg) (kg) (kg) (kg)

Weight of Net Type (TypeⅠ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(TypeⅡ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)

R p

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

6

8

17

32

45

63

102

153

191

308

663

943

1175

1814

3067

4752

6473

22

25

45

73

88

131

200

250

290

405

902

1090

1460

1870

2560

3940

4790

110

120

150

200

220

320

350

530

580

960

1240

1850

1710

2570

4660

5390

6990

30

30

40

80

140

190

200

350

440

640

910

1160

1270

1910

3300

3520

5190

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

64

74

137

182

257

297

427

579

639

875

1381

2019

1884

3015

5257

5747

7984

132

126

135

122

132

126

130

132

128

128

137

148

130

146

158

146

154

-

-

-

-

-

-

-

-

-

-

175

175

175

175

175

175

175

200

200

200

200

200

200

200

200

200

200

250

250

250

250

250

250

250

20

22

37

51

57

68

-

-

-

-

-

-

-

-

-

-

-

32

36

55

98

113

156

240

290

330

465

1080

1320

1840

2250

3060

Table 6-1(b)  Pneumatic 50 Popular Non Standard Sizes

Nominal Size

(kNm) (kNm) (kN) (kPa) (kPa) (kPa) (kg) (kg) (kg) (kg) (kg)

Weight of Net Type (TypeⅠ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(TypeⅡ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)

R p

50

50

50

50

50

50

50

50

50

50

50

400 × 1500

600 × 1200

800 × 1200

1200 × 1800

1350 × 3500

1500 × 2500

2000 × 3000

2000 × 4500

2500 × 7700

3300 × 8600

4500 × 6400

6

10

16

55

152

123

255

418

1350

2443

3238

87

93

116

262

641

464

727

1188

2951

4138

3796

151

132

122

122

141

126

122

137

157

154

133

-

-

-

-

-

-

-

-

175

175

175

200

200

200

200

200

200

200

200

250

250

250

23

28

48

123

255

221

367

480

1370

2220

3400

240

310

600

440

900

1200

3020

3710

3900

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

33

39

58

148

295

261

427

540

1600

2720

Note: 1. Figures on the table comply with requirements of ISO17357.
          2. Weight of fender body and net may vary ±10%.
          3. Special sizes are available upon request.

3300 × 10600

4500 × 12000

-

-

-

-

-
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6.2.2 Pneumatic 80 (Metric)

Table 6-2(a)  Pneumatic 80 Standard Sizes

Nominal Size

(kNm) (kNm) (kN) (kPa) (kPa) (kPa) (kg) (kg) (kg) (kg) (kg)

Weight of Net Type (TypeⅠ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(TypeⅡ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)

R p

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

8

11

24

45

63

88

142

214

267

430

925

1317

1640

2532

4281

6633

9037

24

27

47

76

92

135

205

277

316

413

1010

1230

1720

2200

3030

4380

5330

110

120

150

200

220

320

350

530

580

970

1250

1860

1720

2580

4660

5440

7030

30

30

40

80

140

190

200

350

440

690

910

1170

1280

1990

3300

3580

5230

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

85

98

180

239

338

390

561

761

840

1150

1815

2653

2476

3961

6907

7551

10490

174

166

177

160

174

166

170

174

168

168

180

195

171

191

208

192

202

-

-

-

-

-

-

-

-

-

-

230

230

230

230

230

230

230

250

250

250

250

250

250

250

250

250

250

300

300

300

300

300

300

300

20

22

37

51

57

68

-

-

-

-

-

-

-

-

-

-

-

34

38

57

101

117

160

245

317

356

473

1190

1460

2090

2570

3520

Table 6-2(b)  Pneumatic 80 Popular Non Standard Sizes

Nominal Size

(kNm) (kNm) (kN) (kPa) (kPa) (kPa) (kg) (kg) (kg) (kg) (kg)

Weight of Net Type (TypeⅠ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(Type Ⅱ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)

R p

80

80

80

80

80

80

80

80

80

80

80

400 × 1500

600 × 1200

800 × 1200

1200 × 1800

1350 × 3500

1500 × 2500

2000 × 3000

2000 × 4500

2500 × 7700

3300 × 8600

4500 × 6400

9

14

23

77

213

171

356

584

1884

3410

4518

114

122

153

344

842

610

955

1560

3876

5437

4988

199

174

160

160

185

166

160

179

206

202

174

-

-

-

-

-

-

-

-

230

230

230

250

250

250

250

250

250

250

250

300

300

300

24

30

50

127

261

244

375

488

1550

2620

3760

-

-

240

310

600

440

900

1210

3030

3710

3910

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

34

41

60

152

301

284

435

548

1780

3110

Note: 1. Figures on the table comply with requirements of ISO17357.
          2. Weight of fender body and net may vary ±10%.
          3. Special sizes are available upon request.

3300 × 10600

4500 × 12000

-

-

-
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6.2.3 Pneumatic 50 (U.S. Customary)

Table 6-3(a)  Pneumatic 50 Standard Sizes

Nominal Size

(kips) (kips) (kips) (kips/ft2) (psi) (psi) (lbs) (lbs) (lbs) (lbs) (lbs)

Weight of Net Type (Type Ⅰ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(Type Ⅱ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)(ft × ft)

R p

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

4.4

5.9

12.5

23.6

33.2

46.5

75.3

113

141

227

489

696

867

1339

2264

3507

4777

49

55

99

161

194

289

441

551

639

893

1989

2403

3219

4123

5645

8688

10562

243

265

331

441

485

706

772

1169

1279

2117

2734

4079

3771

5667

10275

11885

15413

66

66

88

176

309

419

441

772

970

1411

2007

2558

2800

4212

7277

7762

11444

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

1.6× 3

2 × 3

2.3 × 5

3 × 5

3 × 7

4 × 7

4.4 × 8

5 × 10

5.6 × 10

7 × 12

8 × 13

8 × 18

11 × 15

11 × 21

11 × 35

15 × 30

15 × 40

14.4

16.7

30.8

41.0

57.8

66.8

96.1

130

144

197

311

454

424

678

1183

1293

1796

2.72

2.59

2.78

2.51

2.72

2.59

2.67

2.72

2.63

2.63

2.82

3.04

2.67

3.00

3.25

3.00

3.17

-

-

-

-

-

-

-

-

-

-

25.4

25.4

25.4

25.4

25.4

25.4

25.4

29.0

29.0

29.0

29.0

29.0

29.0

29.0

29.0

29.0

29.0

36.3

36.3

36.3

36.3

36.3

36.3

36.3

44

49

82

112

126

150

71

79

121

216

249

344

529

639

728

1025

2381

2911

4057

4961

6747

Table 6-3(b)  Pneumatic 50 Popular Non Standard Sizes

Nominal Size

(kips) (kips) (kips) (kips/ft2) (psi) (psi) (lbs) (lbs) (lbs) (lbs) (lbs)

Weight of Net Type (TypeⅠ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(Type Ⅱ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)(ft × ft)

R p

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7.3

4.4

7.4

11.8

40.6

112

90.8

188

309

996

1803

2390

51

62

10

271

562

487

809

1058

3021

4895

7497

529

684

1323

970

1985

2646

6659

8181

8600

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

400 × 1500

600 × 1200

800 × 1200

1200 × 1800

1350 × 3500

1500 × 2500

2000 × 3000

2000 × 4500

2500 × 7700

3300 × 8600

4500 × 6400

1.3 × 5

2 × 4

2.6 × 4

4 × 6

4.4 × 12

5 × 8

7 × 10

7 × 15

8 × 25

11 × 28

15 × 21

19.6

20.9

26.1

59.0

144

104

164

267

664

931

854

3.11

2.72

2.51

2.51

2.90

2.59

2.51

2.82

3.23

3.17

2.74

-

-

-

-

-

-

-

-

25.4

25.4

25.4

29.0

29.0

29.0

29.0

29.0

29.0

29.0

29.0

36.3

36.3

36.3

73

86

128

326

650

576

942

1191

3528

5998

Note: 1. Figures on the table comply with requirements of ISO17357.
          2. Weight of fender body and net may vary ±10%.
          3. Special sizes are available upon request.

3300 × 10600

4500 × 12000

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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6.2.4 Pneumatic 80 (U.S. Customary)

Table 6-4(a)  Pneumatic 80 Standard Sizes

Nominal Size

(kips) (kips) (kips) (kips/ft2) (psi) (psi) (lbs) (lbs) (lbs) (lbs) (lbs)

Weight of Net Type (Type Ⅰ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(Type Ⅱ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)(ft × ft)

R p

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

5.9

8.1

17.7

33.2

46.5

64.9

105

158

197

317

683

972

1210

1869

3160

4896

6670

53

60

104

168

203

298

452

611

697

911

2227

2712

3793

4851

6681

9658

11753

243

265

331

441

485

706

772

1169

1279

2139

2756

4101

3793

5689

10275

11995

15501

66

66

88

176

309

419

441

772

970

1521

2007

2580

2822

4388

7277

7894

11532

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

1.6 × 3

2 × 3

2.3 × 5

3 × 5

3 × 7

4 × 7

4.4 × 8

5 × 10

5.6 × 10

7 × 12

8 × 13

8 × 18

11 × 15

11 × 21

11 × 35

15 × 30

15 × 40

19.1

22.1

40.5

53.8

76.1

87.8

126

171

189

259

408

597

557

891

1554

1699

2360

3.58

3.41

3.64

3.29

3.58

3.41

3.50

3.58

3.46

3.46

3.70

4.01

3.52

3.93

4.28

3.95

4.16

-

-

-

-

-

-

-

-

-

-

33.4

33.4

33.4

33.4

33.4

33.4

33.4

36.3

36.3

36.3

36.3

36.3

36.3

36.3

36.3

36.3

36.3

43.5

43.5

43.5

43.5

43.5

43.5

43.5

44

49

82

112

126

150

-

-

-

-

-

-

-

-

-

-

-

75

84

126

223

258

353

540

699

785

1043

2624

3219

4608

5667

7762

-　
-　

Table 6-4(b)  Pneumatic 80 Popular Non Standard Sizes

Nominal Size

(kips) (kips) (kips) (kips/ft2) (psi) (psi) (lbs) (lbs) (lbs) (lbs) (lbs)

Weight of Net Type (Type Ⅰ)

Approx. Weight of Net
Initial

Internal

Pressure

Guaranteed

Energy

Absorption

GEA

Reaction

Force 

at GEA

Hull

Pressure

at GEA

Safety

Valve

Setting

pressure

Testing

Pressure

Weight

of

Sling

Type

(Type Ⅱ)

Approx.

Fender

Body

Weight Chain
Net

Wire
Net

Synthetic
Fiber Net

EDiameter × Length

(mm × mm)(ft × ft)

R p

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

11.6

6.6

10.3

17.0

56.8

157

126

263

431

1391

2517

3335

53

66

110

280

576

538

827

1076

3418

5777

8291

-　
-　

529

684

1323

970

1985

2668

6681

8181

8622

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

400 × 1500

600 × 1200

800 × 1200

1200 × 1800

1350 × 3500

1500 × 2500

2000 × 3000

2000 × 4500

2500 × 7700

3300 × 8600

4500 × 6400

1.3 × 5

2 × 4

2.6 × 4

4 × 6

4.4 × 12

5 × 8

7 × 10

7 × 15

8 × 25

11 × 28

15 × 21

25.7

27.5

34.4

77.4

189

137

215

351

872

1223

1122

4.09

3.58

3.29

3.29

3.81

3.41

3.29

3.68

4.24

4.16

3.58

-

-

-

-

-

-

-

-

33.4

33.4

33.4

36.3

36.3

36.3

36.3

36.3

36.3

36.3

36.3

43.5

43.5

43.5

75

90

132

335

664

626

959

1208

3925

6858

-　
Note: 1. Figures on the table comply with requirements of ISO17357.
          2. Weight of fender body and net may vary ±10%.
          3. Special sizes are available upon request.

3300 × 10600

4500 × 12000

S
IZ

E
S

 A
N

D
 

P
E

R
F

O
R

M
A

N
C

E
S



YOKOHAMA FLOATING FENDERS PNEUMATIC 50 & 8028

(U.S.Customary)

6.2.5 Light-Weight

(U.S.Customary)

(U.S.Customary)

6.2.6 Low-Pressure

6.2.7 Hydro-Pneumatic

S
IZ

E
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Nominal size

Guaranteed
Energy

Absorption
GEA

Initial
Internal

Pressure

Reaction
Force at

GEA

Hull
Pressure
at GEA

Weight of
Sling Type
（Type Ⅱ）

Testing 
Pressure

80

80

500 × 1000

1000 × 1500

8

45

85

239

174

160

250

250

24

65

EDiameter × Length

(mm × mm) (kNm)(kPa) (kN) (kPa) (kPa) (kPa)

R p

Nominal size

Guaranteed
Energy

Absorption
GEA

Initial
Internal

Pressure

Reaction
Force at

GEA

Hull
Pressure
at GEA

Weight of
Sling Type
（Type Ⅱ）

Testing 
Pressure

11.6

11.6

500 × 1000

1000 × 1500

1.6 × 3
3 × 5

5.9

33.2

19.1

53.8

3.58

3.29

36.3

36.3

53

143

EDiameter × Length

(mm × mm)(ft × ft) (ft-kips)(psi) (kips) (kips/ft2) (psi) (lbs)

R p

Nominal size

Guaranteed
Energy

Absorption
GEA

Initial
Internal

Pressure

Reaction
Force at

GEA

Hull
Pressure
at GEA

Weight of
Sling Type
（Type Ⅱ）

Testing 
Pressure

10

10

2500 × 9100 676

1565

1901

3439

88

89

40

40

1190

1930

EDiameter × Length

(mm × mm) (kNm)(kPa) (kN) (kPa) (kPa) (kPa)

R p

Nominal size Weight of
Body

Initial
Internal

Pressure

50

50

50

50

50

50

50

2000 × 6000

2500 × 9100

3300 × 6500

3300 × 8600

  3300 × 10600

4500 × 9000

  4500 × 12000

1000

2200

3000

3600

4100

5810

7680

Diameter × Length

(mm × mm) (kg)(kPa)

Nominal size Weight of
Body

Initial
Internal

Pressure

7.3

7.3

7.3

7.3

7.3

7.3

7.3

7 × 20

8 × 30

11 × 21

11 × 28

11 × 35

15 × 30

15 × 40

2000 × 6000

2500 × 9100

3300 × 6500

3300 × 8600

  3300 × 10600

4500 × 9000

  4500 × 12000

2205

4851

6615

7938

9041

12811

16934

Diameter × Length

(mm × mm)(ft × ft) (lbs)(psi)

Nominal size

Guaranteed
Energy

Absorption
GEA

Initial
Internal

Pressure

Reaction
Force at

GEA

Hull
Pressure
at GEA

Safety
Valve

Setting
Pressure

Weight of
Sling Type
（Type Ⅱ）

Testing 
Pressure

1.5

1.5

2500 × 91008 × 30

11 × 42

499

1155

427.7

773.8

1.81

1.83

5.8

5.8

2624

4366

EDiameter × Length

(mm × mm)(ft × ft) (ft-kips)(psi) (kips) (kips/ft2) (psi)

-

-

(psi) (lbs)

R p

3300 × 12700

3300 × 12700
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6.3 Safety Design and Pressure Requirements

6.3.1 Over-compression

The guaranteed energy absorption of Yokohama Pneumatic Rubber Fenders is the energy 

absorption at 60% deflection. This figure should be observed in engineering design and in 

actual operation. However, even if the fender is accidentally over-deflected beyond this 

guaranteed value, the Yokohama Pneumatic Rubber Fender has a wide safety margin as 

shown in Fig.6-4 and Table 6-5 below. These curves and table express the capacity for 

energy absorption and reaction force until the time of ultimate deflection when the 

deflection of fender reach the largest diameter of mouthpiece metal parts. This is shown 

by using the guaranteed energy absorption and reaction force as the index value of 1. 

The figures and table show the wide safety margin of our pneumatic fenders in absorbing 

energy and low reaction force. 

With Safety Valve (SV):

Energy Absorption (Index)

Reaction Force (Index)

Internal Pressure (kPa)

DEF (%)

Without Safety Valve (SV):

Energy Absorption (Index)

Reaction Force (Index)

Internal Pressure (kPa)

DEF (%)

1.0

1.0

146

60 (%)

1.3

1.2

175

65 (%)

1.6

1.2

175

70 (%)

2.0

1.2

175

75 (%)

2.3

1.2

175

80 (%)

1.0

1.0

146

60 (%)

1.3

1.2

175

65 (%)

1.7

1.5

215

70 (%)

2.1

2.0

274

75 (%)

2.7

2.6

367

80 (%)

Table 6-5  Safety Design at Over-compression

At Guaranteed
Energy

Absorption

At Safety Valve
Operating Point

(Approx)
－ －

At Deflection
Iimited by Mouthpiece

Metal (Approx.)

Fig.6-4  Safety Design at Over-compression

Note: 1. Table shows study results based on a φ3300 × 6500L pneumatic 50 fender.
          2. They are studied based on the condition that air release capacity of the safety valve is not exceeded.
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6.3.2 Endurable Pressure at 0% and 60% Deflection

Minimum endurable pressure, the safety valve pressure and the test pressure for each 

size of Pneumatic 50 and Pneumatic 80 are shown below. 

Table 6-6 Pressure Requirements (Pneumatic 50) 

Internal pressure
Nominal size

Minimum endurable pressure Safety-valve

 pressure 

setting

(kPa)

Test pressure

at 0%

deflection

(kPa)

at 0%
deflection

(kPa)

at 60%
deflection

(kPa)

at 0%
deflection

(kPa)

at 60%
deflection

(kPa)

Diameter × Length

(mm × mm)

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

50

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

132

126

135

122

132

126

130

132

128

128

137

148

130

146

158

146

154

300

300

300

300

300

300

300

300

300

300

350

350

350

350

350

350

350

462

441

473

427

462

441

455

462

448

448

480

518

455

511

553

511

539

-

-

-

-

-

-

-

-

-

-

175

175

175

175

175

175

175

200

200

200

200

200

200

200

200

200

200

250

250

250

250

250

250

250

Table 6-7 Pressure Requirements (Pneumatic 80) 

Internal pressure
Nominal size

Minimum endurable pressure Safety-valve

 pressure 

setting

(kPa)

Test pressure

at 0%

deflection

(kPa)

at 0%
deflection

(kPa)

at 60%
deflection

(kPa)

at 0%
deflection

(kPa)

at 60%
deflection

(kPa)

Diameter × Length

(mm × mm)

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

500 × 1000

600 × 1000

700 × 1500

1000 × 1500

1000 × 2000

1200 × 2000

1350 × 2500

1500 × 3000

1700 × 3000

2000 × 3500

2500 × 4000

2500 × 5500

3300 × 4500

3300 × 6500

4500 × 9000

174

166

177

160

174

166

170

174

168

168

180

195

171

191

208

192

202

480

480

480

480

480

480

480

480

480

480

560

560

560

560

560

560

560

609

581

620

560

609

581

595

609

588

588

630

683

599

669

728

672

707

-

-

-

-

-

-

-

-

-

-

230

230

230

230

230

230

230

250

250

250

250

250

250

250

250

250

250

300

300

300

300

300

300

300

3300 × 10600

4500 × 12000

3300 × 10600

4500 × 12000
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The minimum endurable pressures at 0% compression and 60% compression are the 

most important parameter in the design of a pneumatic fender. Therefore, more than 

twenty prototype fenders have been burst to establish the design standard to keep this 

pressure strength for all Yokohama Pneumatic Rubber Fenders.

(a) Burst test at 0% deflection (b) Burst test at 60% deflection

Fig.6-5  Burst Tests for Yokohama Pneumatic Rubber Fender
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6.4 Fender Compression Speed

Performance requirements of reaction force and energy absorption for Yokohama 

Pneumatic Rubber Fenders are basically evaluated for static conditions with a constant 

slow compression speed of 0.001m/s. However, during actual ship berthing operations, 

the Yokohama Pneumatic Rubber Fenders are dynamically compressed at speeds over 

0.05m/s. The Fig.6-6 below shows the effect of compression speed at 60% deflection 

against the static rated values on reaction force and energy absorption. The reaction force 

and energy absorption increase together with compression rate. In actual ship berthing 

conditions those values are about 20% higher compared to those of static compression.

6.5 Temperature Effect

The performance of Yokohama Pneumatic Rubber Fenders is engineered based on air 

pressure. Therefore, the performance of the fenders is stable relative to temperature 

variations when the initial internal pressure is set to be the specified pressure. 

Fig.6-6  Compression Speed Effect on Performance for Yokohama Pneumatic Rubber Fenders
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0.9

0.8
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(a) Reaction force
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7. FENDER SELECTION

7.1 Ship-to-Ship

The fender selection procedure for ship-to-ship operations is outlined below. 

Two ship types, sizes and weather conditions such as Calm, Moderate and Rough are 

initially confirmed.

7.1.1 OCIMF Table Selection

Equivalent displacement coefficient; ''C'' is calculated, and fenders are selected tentatively 

by using the table in OCIMF Ship-to-Ship Transfer Guide; ''OCIMF Table Selection'', 

Table 7-1. In this case, initial internal pressure of the fender shall be 50kPa (Pneumatic 

50). The selections are designed based on Calm weather condition, therefore if the 

weather is confirmed as Calm, the fender system can be simply selected from the tables.

1,000

3,000

6,000

10,000

30,000

50,000

100,000

150,000

200,000

330,000

500,000

0.30

0.30

0.30

0.25

0.25

0.20

0.15

0.15

0.15

0.15

0.15

2.4

7.0

14.0

17.0

40.0

48.0

54.0

71.0

93.0

155.0

231.0

1.0 × 2.0

1.5 × 3.0

2.5 × 5.5

2.5 × 5.5

3.3 × 6.5

3.3 × 6.5

3.3 × 6.5

3.3 × 6.5

3.3 × 6.5

4.5 × 9.0

4.5 × 9.0

3 or more

〃
〃
〃

4 or more

〃
〃

5 or more

〃
4 or more

〃

Table 7-1  Quick Reference Guide to Fender Selection for STS Operations

Equivalent
Displacement
Coefficient (C)

Relative Velocity

Tonnes m/s Tonnes.m Diameter × Length (m) Quanitity

Berthing Energy

PETROLEUM

LIQUIFIED GAS

Suggested Fenders

1,000

3,000

5,000

8,000

20,000

40,000

80,000

0.30

0.30

0.30

0.25

0.25

0.20

0.15

4

12

24

25

61

74

78

1.0 × 2.0

1.5 × 3.0

2.0 × 3.5

2.0 × 3.5

3.3 × 4.5

3.3 × 4.5

3.3 × 4.5

3

3

3

3

3

4

4

Equivalent
Displacement
Coefficient (C)

Relative Velocity

Tonnes m/s Tonnes.m Diameter × Length (m) Quanitity

Berthing Energy Suggested Fenders

Notes: 1. ''Ship-to-Ship Transfer Guide (Petroleum), 4th edition, 2005, OCIMF''

            2. ''Ship-to-Ship Transfer Guide (Liquefied gases), 2nd edition, 1995, OCIMF''

            3. ''C'' is calculated as per equation;  

            4. If the C is between two coefficients, the fender size shall be selected for the larger coefficient. in the tables.

C=
DisplacementShipA　DisplacementShipB

DisplacementShipA　DisplacementShipB
2× ×

＋
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7.1.2  Berthing Energy Selection

Berthing energy of the two ships is then calculated; "Berthing Energy Selection". 

If energy absorption capacity of the tentative selected fender (Ef) is larger than the 

calculated berthing energy (E), it is confirmed that a suitable fender selection has been 

made. If the fender energy absorption capacity is less than the calculated berthing 

energy, the tentatively selected fender shall be upgraded.

7.1.3  Fender Selection procedure

Fender selection procedure for ship-to-ship operations is illustrated below. 

7.1.4  Equivalent Displacement Coefficient

The equivalent displacement coefficient will vary depending on each ship particulars 

and the type of Ship-to-Ship operation. The three types of Ship-to-Ship operations are 

described in Table 7-2 below.

Table 7-2  Quick Reference Guide to Fender Selection for STS Operations

(i)

(ii)

(iii)

Full-Full berthing

Ordinary lightering

Reverse lightering

Discharging ship; (Full)

Discharging ship; (Full)

Receiving ship; (Ballast)

Ship-A Larger Ship Ship-B Smaller Ship

Receiving ship (Full)

Receiving ship (Ballast)

Discharging ship (Full)

Fig.7-1  Fender Selection for Ship-to-Ship Usage

・WA・WB
WA　WB

OCIMF Table Selection Berthing Energy Selection

Equivalent Displacement Coefficient;

Max. Fender Energy Ef > Berthing Energy; E

Suitable Fender Selected

Berthing Energy ;

Fender Selection by C based on Table 7-1 or 

Table 7-2

(Max. Fender Energy Absorption; Ef) 

WA: Displacement of Ship-A

WB: Displacement of Ship-B

Ship Types, Ship Sizes and Conditions

Relative Approaching Velocity (V) determined from

Weather Conditions (Calm, Moderate, and Rough)

C=

WVA・WVB
WVA  WVB

WVAB=

WVA=WA・CmA,WVB=WB・CmB

2
＋

＋

WVAB・V 2E= Ce SF2
1

× ×

Fender to be upgraded

No

Yes
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It is obvious from Fig.7-2 below that ship s displacement at the ordinary lightering or the 

reverse lightering operation is smaller compared to that for the full-full berthing, 

however, at the worst condition when the two vessels are both almost full, the 

displacement become similar to condition of the full-full berthing and therefore the 

fender system should be selected considering the full-full berthing even in case of the 

ordinary lightering and the reverse lightering operation.

(i) Full Covered Berthing

(ii) Ordinary lightering

Ship-A

Full-Loaded Full-Loaded

Ship-B

Ship-A

Discharging Ship Receiving Ship

Full-Loaded Ballast

Ship-B

VLCC oil

Ship-A

Discharging Ship Receiving Ship

Almost Full-Loaded

The worst condition

Almost Full-Loaded

Ship-B

VLCC oil

(iii) Reverse lightering

Ship-A

Receiving Ship Discharging Ship

Ballast Full-Loaded

Ship-B

VLCC
oil

Ship-A

Receiving Ship Discharging Ship

Almost Full-Loaded

The worst condition

Almost Full-Loaded

Ship-B

VLCC
oil

Fig.7-2  Equivalent Displacement Coefficient in Ship-to-Ship Operations
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7.1.5  Berthing Energy

The berthing energy needs to be calculated considering weather conditions, categorized 

by the three conditions Calm, Moderate and Rough, and the approaching velocities to 

calculate the berthing energy are assumed to be as shown in Table 7-3 and Fig.7-3. 

These are obtained from various industry references and standards. The three different 

weather conditions are defined by sea state and significant wave height as shown in 

Table 7-3. 

This table shows figures for tankers, but it can be applied to other kinds of ships, if their 

virtual weights correspond to those in the table.

Table 7-3 Relative Approaching Velocity for Each Weather Condition in STS Operations 

Less than 10,000

10,000－ 50,000

50,000－100,000

Over 100,000

Calm
Sea State:0-3

Wave Height (m):0-1.25
Sea State:4

Wave Height (m):1.25-2.5
Sea State:5

Wave Height (m):2.5-4.0

DWT 
RoughModerate

0.50 m/s

0.40 m/s

0.30 m/s

0.25 m/s

0.40  m/s

0.325 m/s

0.25  m/s

0.20  m/s

0.30 m/s

0.25 m/s

0.20 m/s

0.15 m/s

0.6

0.5

0.4

0.3

0.2

0.1

0

V
(m

/s
)

- 50,000 100,000 150,000 200,000

(DWT)
(a) Petroleum and others

250,000 300,000 350,000 400,000

Calm

Moderate

Rough

0.6

0.5

0.4

0.3

0.2

0.1

0.0

V
(m

/s
)

- 20,000 40,000 60,000 80,000

(GT)
(b) Liquefied Gases

100,000 120,000

Calm

Moderate

Rough

Fig.7-3  Relative Approaching Velocity Based on Weather Condition in STS Operations
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7.1.6  Safety factor

A safety factor (SF) value from 1.0 to 2.0 for the berthing energy shall be considered for 

abnormal berthing conditions.

 

7.1.7  Fender upgrade

When the fenders need to be upgraded, increasing the fender diameter is preferable. 

Increasing the length or initial internal pressure from pressure 50kPa to 80kPa is not 

recommended. If the length or internal pressure is increased, the reaction force and energy 

absorption are increased. However, the gradient of the curves become steeper without 

providing any significant increase in allowable compression capacity as shown in Fig.7-4. 

On the other hand, in the case of using a larger diameter fender keeping the pressure 

50kPa, the performance curves of the fenders have almost the same gradient, and the 

allowable compression capacity is increased. Therefore the larger diameter fender is 

preferable to keep safe stand-off distance between two ships during berthing and mooring.

7.1.8 Fender Selection Tables

Tables 7.4 through 7.9 show the fender selection tables for various kinds of tankers 

coming alongside lightering ships at three weather conditions; Calm, Moderate and 

Rough, for each ship size. In the tables, the berthing energy, equivalent displacement 

coefficient and suitable fender system for each case are indicated. This table shows 

figures for tankers, but it can be applied to other kinds of ships if their virtual weights 

correspond to those in the table.

In the tables, a safety factor SF=1.0 is used, but if a higher SF value is to be considered, 

the energy value is to be multiplied by the desired SF value and the fender selected 

according to the revised energy value.

Fig.7-4  Fender Performances relating to Size in Length and Diameter, and Initial Internal Pressure 

Increase Diameter

A

Best

Option

Curve Gradient

Effectiveness

Increase Length

C

Not Recommendable

Increase Pressure

B

Acceptable
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7.1.9  Fender Selection by Numerical Simulation for Two Ships Berthing and Mooring

Fender quantity and size will be determined by calculating the berthing energy, derived 

from the calculated virtual mass and the relative berthing speed between the two ships. 

In some cases large ship motions are induced by waves, wind and current. 

Consequently, excess loads are given to the fenders. In severe weather conditions, 

fenders used for ship berthing or ship mooring need to be selected after a more thorough 

investigation of the ship's motions under dynamic conditions. Furthermore, when two 

ships are moored together during STS operations, not only the fenders but also the 

system of mooring lines needs to be studied as it has the important role of keeping a 

proper standoff distance between the two ships.

The Yokohama Rubber Co., Ltd. developed the numerical simulation software IAMOS 

(Integrated Approach, Mooring and Operation Simulation for Ship/FPSO to Ship 

Operation), and will provide the analysis for customers on special request. Fig.7-5 

through 7-8 show details of the IAMOS process. 

Fig.7-5  Fender Selection by Numerical Simulation (IAMOS) for Ship-to-Ship Usage

Fig.7-6 Numerical Simulation for Two Ships Berthing and Mooring (IAMOS)
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(b) Mooring during Operation
(a) at Berthing(a) at Berthing

(b) Mooring during OperationWaves

Hydrodynamic forces

Ship A
(VLCC)

Hydrodynamic forces

Ship A
Ship B

Wind Waves

Current

Fenders

Mooring Iines

Fig.7-7  Applicable Conditions for Two Ships (IAMOS)

Fig.7-8  Animation Display Results for Two Ships (IAMOS)

(a) Two-Ships Berthing

(b) Two-Ships Mooring
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7.2 Ship-to-Jetty 

The selection of a pneumatic fender system (sizes and installation methods) for a jetty is 

determined based on several design parameters for each ship berthing and mooring 

condition. 

7.2.1 Fender Selection for Berthing and Mooring of Ships

Ship size and condition, as well as berthing velocity are at first determined. 

Then berthing energy "E" is calculated, and a fender is selected based on the berthing 

energy requirement. 

A safety factor (SF) value from 1.0 to 2.0 for the berthing energy shall be considered for 

abnormal berthing conditions. Fender selection procedure for ship-to-jetty operations is 

illustrated as Fig.7-9 below.

Fig.7-9  Fender Selection for Ship-to-Jetty Usage
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7.2.2 Berthing Energy Tables

Tables 7-11 through 7-17 show the berthing energy for various kinds of ships and sizes 

at different approaching speeds corresponding to Calm, Moderate and Rough weather 

conditions as shown in Table 7-10. 

In the tables, a safety factor SF=1.0 is used, and if a higher SF value is to be considered, 

the energy value is to be multiplied by the desired SF.

Table 7-10 shows figures for tankers, but it can be applied to other kinds of ships, if their 

virtual weights correspond to those in the table. 

Table 7-10 Berthing Velocity for Ship-to-Jetty Operations

Less than 10,000

10,000－ 50,000

50,000－100,000

Over 100,000

Calm

Calm condition Moderate condition Rough condition

DWT RoughModerate

0.40 m/s －
0.30 m/s －
0.20 m/s －
0.20 m/s －

0.18 － 0.30 m/s

0.15 － 0.25 m/s

0.12 － 0.18 m/s

0.12 － 0.18 m/s

－ 0.15 m/s

－ 0.12 m/s

－ 0.10 m/s

－ 0.10 m/s

Table 7-11 Berthing Energy for Oil Tanker (kNm)

0.10 0.12 0.15 0.18 0.20 0.25 0.30 0.40

7.1

13.7

20.1

26.4

32.7

38.8

51.1

62.8

75.0

92.4

121

150

179

235

297

362

454

561

663

821

1,077

1,332

1,582

1,735

1,934

10.3

19.8

29.0

38.1

47.0

55.9

73.5

90.5

108

133

175

216

257

338

427

521

653

807

955

1,183

1,550

1,918

2,278

2,498

2,785

16.0

30.9

45.2

59.5

73.5

87.4

115

141

169

208

273

338

402

528

668

814

1,021

1,262

1,492

1,848

2,423

2,996

3,560

3,903

4,351

23.1

44.4

65.1

85.6

106

126

165

204

243

299

394

486

579

760

961

1,171

1,470

1,817

2,149

2,661

3,488

4,315

5,126

5,620

6,265

28.5

54.9

80.4

106

131

155

204

251

300

370

486

600

714

939

1,187

1,446

1,815

2,243

2,653

3,285

4,307

5,327

6,328

6,939

7,735

44.5

85.7

126

165

204

243

319

393

469

578

759

938

1,116

1,466

1,855

2,260

2,836

3,505

4,146

5,132

6,729

8,323

9,888

10,842

12,086

64.1

123

181

238

294

350

460

566

675

832

1,093

1,350

1,607

2,112

2,671

3,254

4,083

5,047

5,970

7,391

9,690

11,985

14,239

15,612

17,404

114

219

322

423

523

621

817

1,005

1,201

1,479

1,944

2,401

2,857

3,754

4,748

5,785

7,259

8,972

10,613

13,139

17,227

21,307

25,313

27,755

30,940

1,000

2,000

3,000

4,000

5,000

6,000

8,000

10,000

12,000

15,000

20,000

25,000

30,000

40,000

50,000

60,000

80,000

100,000

120,000

150,000

200,000

250,000

300,000

330,000

370,000

2,849

5,486

8,042

10,573

13,064

15,533

20,427

25,136

30,013

36,966

48,590

60,017

71,427

93,856

118,692

144,622

181,483

224,293

265,315

328,475

430,676

532,685

632,829

693,880

773,508

DWT

V (m/s)

VW (T)
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Calm condition Moderate condition Rough condition

Table 7-13 Berthing Energy for Bulk Carrier (kNm)

0.10 0.12 0.15 0.18 0.20 0.25 0.30 0.40

6.9

13.2

19.4

25.4

31.3

37.1

48.7

59.8

71.0

88.0

115

142

168

221

270

329

424

523

620

766

1,003

1,235

1,467

9.9

19.0

27.9

36.6

45.0

53.5

70.1

86.2

102

127

166

204

243

318

389

474

610

754

893

1,102

1,444

1,779

2,113

15.5

29.8

43.6

57.1

70.4

83.6

109

135

160

198

259

319

379

497

608

740

953

1,178

1,396

1,722

2,256

2,779

3,301

22.3

42.9

62.7

82.2

101

120

158

194

230

285

373

459

546

715

876

1,066

1,373

1,696

2,010

2,480

3,249

4,002

4,754

27.6

52.9

77.4

102

125

149

195

239

284

352

461

567

674

883

1,081

1,316

1,695

2,094

2,481

3,062

4,011

4,941

5,869

43.1

82.7

121

159

195

232

304

374

444

550

720

886

1,053

1,380

1,690

2,056

2,648

3,271

3,877

4,784

6,267

7,720

9,171

62.0

119

174

228

281

334

438

539

639

792

1,036

1,276

1,516

1,987

2,433

2,961

3,814

4,711

5,583

6,890

9,024

11,116

13,206

110

212

310

406

500

594

779

957

1,136

1,407

1,842

2,269

2,696

3,533

4,326

5,264

6,780

8,375

9,925

12,248

16,043

19,762

23,477

1,000

2,000

3,000

4,000

5,000

6,000

8,000

10,000

12,000

15,000

20,000

25,000

30,000

40,000

50,000

60,000

80,000

100,000

120,000

150,000

200,000

250,000

300,000

2,757

5,290

7,743

10,154

12,508

14,859

19,464

23,936

28,403

35,185

46,054

56,728

67,389

88,325

108,145

131,611

169,503

209,372

248,131

306,202

401,077

494,051

586,918

DWT

V (m/s)

VW (T)

Table 7-12 Berthing Energy for Gas Carrier (kNm)

0.10 0.12 0.15 0.18 0.20 0.25 0.30 0.40

11.0

20.5

29.2

37.6

45.5

53.5

69.0

84.0

98.6

120

154

188

220

273

324

373

465

554

16.0

29.5

42.0

54.1

65.5

77.0

99.3

121

142

173

222

270

317

394

467

537

669

797

25.1

46.0

65.7

84.5

102

120

155

189

222

270

347

422

496

615

730

839

1,045

1,246

36.1

66.3

94.5

122

147

173

223

272

319

388

500

608

714

886

1,051

1,208

1,505

1,794

44.5

81.8

117

150

182

214

276

336

394

479

617

751

881

1,094

1,297

1,491

1,858

2,215

69.6

128

182

235

284

334

431

525

616

749

964

1,173

1,377

1,709

2,027

2,330

2,904

3,461

100

184

263

338

409

481

621

756

887

1,078

1,388

1,689

1,983

2,461

2,919

3,355

4,181

4,983

178

327

467

601

728

855

1,103

1,344

1,578

1,917

2,467

3,003

3,525

4,375

5,189

5,965

7,433

8,859

1,000

2,000

3,000

4,000

5,000

6,000

8,000

10,000

12,000

15,000

20,000

25,000

30,000

40,000

50,000

60,000

80,000

100,000

4,454

8,183

11,672

15,031

18,191

21,384

27,586

33,604

39,440

47,921

61,687

75,086

88,121

109,372

129,723

149,117

185,834

221,472

GT

V (m/s)

VW (T)
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Calm condition Moderate condition Rough condition

Table 7-15 Berthing Energy for Container Ship (kNm)

0.10 0.12 0.15 0.18 0.20 0.25 0.30 0.40

45.7

51.7

64.3

77.0

95.3

126

156

186

247

315

364

467

569

65.8

74.5

92.6

111

137

181

225

268

356

454

524

673

820

103

116

145

173

214

283

352

419

556

709

819

1,051

1,281

148

168

208

249

309

408

506

603

801

1,021

1,179

1,514

1,845

183

207

257

308

381

504

625

745

988

1,260

1,456

1,869

2,278

286

323

402

481

596

787

977

1,164

1,544

1,969

2,275

2,921

3,559

411

466

579

693

858

1,133

1,406

1,676

2,224

2,836

3,276

4,206

5,125

731

828

1,029

1,231

1,525

2,015

2,500

2,980

3,954

5,042

5,824

7,477

9,110

7,000

8,000

10,000

12,000

15,000

20,000

25,000

30,000

40,000

50,000

60,000

80,000

100,000

18,273

20,699

25,734

30,782

38,115

50,376

62,504

74,489

98,838

126,047

145,611

186,920

227,756

DWT

V (m/s)

VW (T)

Table 7-14 Berthing Energy for General Cargo Ship (kNm)

0.10 0.12 0.15 0.18 0.20 0.25 0.30 0.40

7.3

14.2

21.0

27.7

34.3

40.9

53.9

66.8

79.7

98.8

131

162

193

254

316

10.5

20.4

30.2

39.8

49.4

58.9

77.6

96

115

142

188

233

278

366

454

16.4

31.9

47.2

62.2

77.1

92.0

121

150

179

222

294

364

434

572

710

23.6

45.9

68.0

89.6

111

132

175

216

258

320

423

523

624

824

1,022

29.1

56.7

83.9

111

137

164

216

267

319

395

522

646

771

1,018

1,262

45.4

88.6

131

173

214

256

337

417

498

617

816

1,010

1,205

1,590

1,972

65.4

128

189

249

309

368

485

601

718

889

1,175

1,454

1,735

2,290

2,840

116

227

336

443

549

654

862

1,069

1,276

1,581

2,089

2,585

3,084

4,071

5,048

1,000

2,000

3,000

4,000

5,000

6,000

8,000

10,000

12,000

15,000

20,000

25,000

30,000

40,000

50,000

2,908

5,672

8,395

11,065

13,714

16,356

21,558

26,715

31,894

39,514

52,221

64,629

77,090

101,768

126,208

DWT

V (m/s)

VW (T)
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