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Section 1 

General Requirements

A. Application, Scope 

1. Application 

These guidelines apply to sailing yachts which are to be 
built in accordance with the TP52 Class Rules, under 
the condition that the yacht is at all times employed 
exclusively under the conditions for which she has been 
designed, constructed and approved for and that she is  
handled correctly in terms of good seamanship. 

Should other Rules apply to the certification of the 
yacht (e.g. Class Rules, relevant ISO Standards, Off-
shore Special Regulations by ISAF) and definitions or 
requirements contradict with the ones in these Guide-
lines, clarification is to be sought by the designer, boat 
yard, owner et al. 

2.  Scope 

2.1  The Guidelines envisage primarily structural 
integrity of yacht’s hull including structural compo-
nents listed in 3.2. Any note in this Guideline address-
ing issues other than structural integrity is to be con-
sidered as recommendation or guidance to designer, 
builder, owner, et al. 

2.2   The requirements of these Guidelines do not 
substitute the independent judgment of professional 
designers. This is particularly valid for those aspects 
not addressed in these Guidelines and for which the 
designers are solely responsible.  

3.  Scope of plan approval 

3.1  Objectives 

Essential assessments for structural integrity of hull 
structures include the review of strength and stiffness 
of primary hull structural members based on review-
ing relevant design drawings and documentation. 

Implications on structural integrity based on actual 
construction performance, skills and methods will not 
be considered. It will be presumed that design and 
construction are of “best practice”.  

Material manufacturer instructions shall be followed 
but are in general not subject on plan review assess-
ments.  

3.2 Default scope and depth of review 

The yacht’s structure is being exposed to quasi static 
and quasi dynamic sea loads and/or other operational 
loads as per Guideline’s definition.  

Indicative list of typical components included in plan 
review: 

- Hull: Hull shell, deck shell, primary girders and 
stiffeners, frames, ring frames, bulkheads, decks, 
soles, stern and transom, joining of components, 
global and local reinforcements.  

- Rudder incl. shaft, shaft bearings and their struc-
tural integration. 

- Keel: Keel arrangement, keel bulb, keel fin and 
its structural attachment to hull; hull structure in 
way of keel attachment  

- Structural attachments of primary structural 
members as listed above 

4. Operating category 

The scantlings of hull primary structural members apply 
to operating in open seas without restriction. 

B.  Documents for Approval 

1.  General requirements 

1.1  All documents have to be submitted to GL in 
German or English language. 

1.2  The drawings shall contain all data necessary 
for assessment and approval. Where deemed neces-
sary, calculations and descriptions of the yacht's ele-
ments are to be submitted. Any non-standard symbols 
used are to be explained in a key list. All documents 
shall show the project name, drawing and revision 
number. 

1.3  Submitted calculations shall contain all nec-
essary information concerning reference documents, 
literature and other sources. The calculations have to 
be compiled in a way which allows identifying and 
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checking all steps. Handwritten, easily readable 
documents are acceptable. Where appropriate, results 
of calculations shall be presented in graphic form. A 
written conclusion shall be provided. 

1.4  GL reserve the right to inquire additional 
documentation if the submitted is insufficient for an 
assessment of the yacht or essential parts thereof. This 
may especially be the case for components related to 
new developments and/or which have not been tested 
on board to a sufficient extent. 

2.  Guidance for submission of documents 

2.1  Upon request the list of required documents 
to be submitted will be provided by GL. 

2.2 Drawings shall be submitted in pdf format in 
general. The documents to be submitted for Plan Ap-
proval are listed below. For the purpose of submis-
sion, GL provides a digital platform called GLOBE.  

2.2.1 General Information 
- List of submitted drawings (title, dwg.no., date of 

latest revision) 

- General Arrangement, Deck Plan, Sail Plan 

- Technical specification (main dimensions, dis-
placement, etc.) – 
“GL_ISAF_Plan_Review_Data.XLS” 

- Material specifications – 
“GL_ISAF_Plan_Review_Data.XLS” 

2.2.2 Structural components of the hull 
- Structural members of the hull shown in side 

view, plan view and cross sections (bulkheads, 
frames, floors etc.) 

- Hull and deck 

- Bonding of structural components 

- Hull to deck joint 

2.2.3 Keel construction 
- Keel geometry, weight and centre of gravity 

- Section of the keel root and positioning of keel 
bolts or accordingly 

- Position of root and bolts relative to the keel 
floors 

- Area of keel-hull connection, pos. include flange 

- Material specification of keel, -bolts and diameter 

- Anchoring of bolts in the keel 

- Typical keel foil sections  

- Specification of welding (if applicable) 

If the keel is not a bolted keel, documents are to be 
submitted accordingly, to a similar depth of detailing. 

2.2.4 Rudder construction 
- Geometry of rudder 

- Blade sections 

- Dimensions of the rudder stock specification 

- Rudder stock tube and weight-carrying bearing 

- Position of rudder bearings 

- Specification of rudder bearings (dimensions, ma-
terial, maximum working loads) 

- Bearing seats 

- Integration of stock in rudder body 

C. Definitions 

1.  Principal dimensions 

All principle dimensions are measured at displacement 
D. 

1.1 Scantling length L 

In accordance with the TP Class rules the scantling 
length is L = 15.85 m. 

1.2 Beam BWL 

The beam BWL in [m] is the maximum breadth of the 

craft measured from one shell outer edge to the other at 
the design waterline. 
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Note: For round bilge, the outer limit of chine is considered at the point where a tangent at 50° from the horizontal 
is tangent o the hull 

 

 

Fig. 1.1 

 

 

I - Part 3 
GL  20101 

General Requirements  Chapter 8
Page 1–3

 



1.3 Depth H 

The depth H in [m] is the vertical distance between the 
canoe body bottom and the sheer point measured at the 
side of the craft halfway along LWL, as in Fig. 1.1 The 

sheer point is the point between hull and deck where a 
tangent at 45 degrees can be rested. 

1.4 Draught T 

The draught T in [m] is the vertical distance between the 
flotation plane of the craft in the ready to operate condi-
tion and the bottom edge of the keel. 

1.5 Freeboard Fb 

The freeboard is the minimum distance between the 
flotation plane and the upper edge of the gunwale or an 
opening in the hull without a watertight closure.  

1.6 Speed v 

For the structural design of the hull a design speed of 

 knLv 120.3 =⋅=  

has to be adopted.  

For the calculation of the rudder forces a design speed 
of 

 knLv 145.3 =⋅=  

has to be adopted.  

1.7 Displacement D 

The displacement D in [t] is the weight of the craft in 
the "Fully loaded ready- for- use condition" as defined 
in ISO 8666. 

1.8  Definition “Hull“ 

1.8.1  General 

The hull of a vessel in the terms of these guidelines is 
the floatation body up to a 45° tangent on the deck sheer 
line. 

1.8.2 Bottom areas 

The bottom pressure area is defined up to 200 mm 
above waterline (WL). 

1.8.3  Side areas 

The extent of the side pressure area, which includes the 
transom, is part of the hull not considered as belonging 
to the bottom area. 

1.9 Definition “Deck” 

Deck areas are parts of the deck exposed to weather and 
where persons are liable to walk. Cockpit bottom, -side 
and –top and coachroof side areas are included. 

2 Coordinate System 

For the description of the yacht’s geometry the fixed, 
right-handed coordinate system 0, x, y, z as defined on 
Fig. 1.1 is introduced. The origin of the system is situ-
ated at the aft end of L, at centreline and on the moulded 
baseline on the yachts keel. The x-axis points in longi-
tudinal direction of the yacht positive forward, the y-
axis positive to port and the z-axis positive upwards. 
Angular motions are considered positive in a clockwise 
direction about three axes. 

3 Computational software 

3.1 General 

In order to increase the flexibility in the structural 
design of yachts, GL also accepts direct calculations 
using computational software. The aim of such analy-
ses should be the proof of equivalence of a design 
with the rule requirements. 

3.2 General programs 

The choice of computational software according to the 
"State of the Art" is free. The programs may be 
checked by GL through comparative calculations with 
predefined test examples. A generally valid approval 
for a computer program is, however, not given by GL. 
GL reserve the right to refuse to use computational 
software for some applications. 

For such calculations, the structural model, boundary 
conditions, load cases and applicable material allow-
ables (strength, strain) are to be agreed upon with GL. 
Calculation documents are to be submitted including 
input and output. During the examination it may prove 
necessary that GL perform independent comparative 
calculations.  
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Section 2 

Design Loads 

A. General 

In the following design pressure formulae will be speci-
fied. Related allowable stresses and strains are given in 
Section 3, C 3.7.  

B. Lateral Design Pressures 

1 Bottom design pressure Pb 

The bottom design pressure Pb is to be the greater of the 

bottom impact pressure Pb1 or the bottom sea pressure 

for displacement mode Pb2.  

1.1 Bottom impact pressure Pb1 in [kPa] 

 ( )b1 cg L ar
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1.1) 
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is the position ratio where x in [m] is the distance from 
the aft end of  L 
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1.1.3 Design area reduction factor kar 
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1.1.4 Reference area Ar 

 
WLr BLA ⋅⋅= 45.0  in [m²] 

1.1.5 Design area Ad in [m2] 

– for plating it is the area of the panel not to be 

taken greater than 2.5 times b2 where b is the 
short panel span  

– for stiffeners it is the stiffener length l times the 
stiffener spacing not to be taken less than 0.33 

times l2 

1.2 Bottom sea pressure Pb2 in [kPa] 

 ( ) Larcb kkLTP ⋅⋅⋅+⋅⋅= 23.0376.112
 

Pb2,min = 10  ⋅  H 

H = see Section A C.1.3 

kL, kar  = see 1.1.2, 1.1.3 

Tc = canoe body draught in [m] not to be taken 

less than 

Tc min = 0.062 ⋅ L – 0.26 
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2  Side design pressure for sailing craft PsS in 

[kPa] 

 ( ) LarcsS kkLTP ⋅⋅⋅+⋅⋅= 23.0214.7  

PsS,min = 5  ⋅  H 

Tc = canoe body draught in [m] not to be taken 

less than 

Tc min = 0.062 ⋅ L – 0.26 

3 Deck design pressure Pd in [kPa] 

  35.511.0 +⋅= LPd
 

4 Design pressure for watertight bulkheads 
pbh in [kPa] 

  bh zp = 10 h⋅
 

hz = vertical distance from centre of bulkhead plate 

or stiffener to the top of the bulkhead in [m] 

C. Design Loads for Keel and Keel At-
tachments 

1. General 

The structure of the ballast keel and also the yacht’s 
bottom and floor structure in way of the keel attach-
ment must be able to withstand the structural loadings 
described below. All relevant structural components 
of such an assembly have to be assessed, at multiple 
locations, if necessary (e.g. keel fin, etc.). 

2. Design loads 

The following cases may be assessed separately for 
the purpose of deriving scantling requirements. 

2.1 Transversal keel load, LC1 

For the determination of structural response on keel 
design forces Fy, relevant values of mk, occurring at 

pertinent CoG, shall be taken to assess structural aspects 
at different locations, e.g. keel root, half span of fin or 
bulb attachment. 

Fy = 1.2 ⋅ mk ⋅ g   [kN] 

mk  mass of the keel  [t] 

g  gravitational acceleration  [m/s2] 

2.2 Vertical keel load, LC2 

For the determination of structural response, the vertical 
design force is acting upwards on the bulb bottom, in 
line with total keel CoG. 

Fz = 1.1 ⋅ g ⋅ (D - mk)   [kN] 

2.3 Grounding keel load, LC3 

For the determination of structural response, the design 

forces are applied to the foremost tip of the keel bulb. 

Fx = 1.32 ⋅ g ⋅ (D - mk)  [kN] 

Fy = 0.45 ⋅  Fz 

D. Rudder Loads 

1. General 

 

This paragraph is typically applicable for high aspect 
ratio spade rudders mounted behind the keel, with its 
upper edge close to the hull.  

It is assumed that the main dimensioning force is the 
resultant hydrodynamic lift force occurring at the 
design speed. Still, a rudder and its associated compo-
nents and other affected structures have to cope with a 
minor drag force. For typical rudder shapes and ar-
rangements the following methodology covers moder-
ate astern speed.  

2. Rudder loads 

2.1 Rudder hydrodynamic side force 

The rudder force to be used for determining the compo-
nent scantlings is to be calculated in accordance with 
the following formula: 

 2
R 0C 174 v A [N]= ⋅ ⋅  

A = total surface area of rudder [m2] 

v0 = design speed 

 L⋅= 5.3   [kn] 

L = in accordance with Section 1 C.1.1 in [m] 

2.2 Torsional moment 

The torsional moment to be transmitted by the rudder 
and the shaft is to be calculated in accordance with the 
following formula: 

 R RQ C r [Nm]= ⋅  

r = xc – f [m], if the axis of rotation lies within 

  the rudder 

 = xc + f [m], if the axis of rotation is forward 

  of the rudder 

xc, f, rmin in [m] dependent on the type of rudder as in 

Fig. 2.1. 
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Fig. 2.1 

A = geometric lateral area of the rudder blade 

CoA = geometric centre of rudder blade 

CoE = hydrodynamic centre of effort 

b = mean span of the rudder blade 

c = averaged profile depth at CoA, CoE 

 = A/b 

r = distance between CoE and rudder shaft axis 

 = xc – f 

rmin = 0.1  ⋅  c 

xc = 0.3  ⋅  c   

 see Fig. 2.1 

f = lead of trailing edge fwd. of rudder axis 

t = distance between CoE and centre of lower 
bearing 

a = distance between bearing centres 

2.3 Rudder bearings 

The rudder force CR shall be distributed between the 

individual bearings according to the vertical position of 

the rudder's geometric centre of effort which can be 

assumed at the same height as the geometrical centre of 

the blade. 

The forces on the bearings are to be calculated as fol-
lows: 

Bearings of spade rudders: 

 Bearing force [ ]1 2 RB B C N= +  

 Bearing force [ ]R
2

C t
B N

a

⋅
=  
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Section 3

Design & Scantling Determination 

A. General for Composite Structures 

1.  Scope 

1.1  The following specifies requirements for 
design and construction of hulls for sailing yachts 
constructed from composite materials. The term com-
posite refers to fibre reinforced plastic (FRP) materials 
of single skin type or to FRP skins in conjunction with 
lightweight core materials, i.e. sandwich types.  

1.2  Different types of fibres and the multitude of 
fibre arrangements, as well as different core materials 
give rise to sophisticated laminate lay-ups of compo-
nents specifically designed for the loads expected. 
Strength and stiffness calculations for such structures 
require careful analysis. 

2.  Information to be provided 

For all structural composite materials used, the follow-
ing descriptions shall be provided. 

2.1 Fibre and resin materials 
- resin system, specific gravity 

Cured ply properties for: 

- fibre areal weight 

- fibre orientation 

- consolidation method and fibre volume fraction 

- thickness 

- defined direction of mechanical properties 

- longitudinal and transverse stiffness, in-plane 
shear stiffness 

- longitudinal, transverse ultimate tensile and com-
pressive strength, in-plane ultimate shear strength 

2.2 Core materials 
- type, manufacturer 

- nominal density 

- thickness 

- ultimate shear strength 

- compressive stiffness 

- shear stiffness 

2.3  Laminates 

For each structural component, the documentation 
must contain data covering: 

 

- laminate layup including listing of individual lay-
ers and their orientation vs. defined coordinate 
system 

- geometrical data about location, longitudinal and 
transverse span of panel  

- curvature of panel 

B.  Principles for Composite Structural 
Design 

1. General structural arrangement 

1.1  The hull structural arrangement shall consist 
of an effective strengthening system of bulkheads, 
web frames, longitudinal girders, etc. as well as trans-
verse and/or longitudinal frames or stiffeners. Longi-
tudinal stiffeners are to be supported by transverse 
web frames or transverse bulkheads. Transverse 
frames are to be supported by longitudinal girders or 
other longitudinal structural members. 

Where bulkheads, bunks, shelves, or other structurally 
effective interior components are laminated to the hull 
to provide structural support, they are generally to be 
bonded by laminate angles on both sides. 

1.2  Care is to be taken to ensure structural conti-
nuity and to avoid sharp corners and abrupt changes in 
section and shape. 

Where frames, beams and stiffeners are intercoastal at 
an intersecting member, the connections are to provide 
continuity of strength. 

1.3  Floors are to be fitted in line with transverse 
webs or transverse frames. Alternatively, floors may 
terminate at longitudinal girders which in turn are 
supported by deep web rings or transverse bulkheads. 
Floors or equivalent stiffeners are to be fitted in the 
area of the engine foundations, the rudder skeg and the 
propeller bracket, if applicable. For sailing yachts with 
short ballast keels, a reinforced floor at the leading 
and trailing edge of the keel is to be arranged. 
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1.4  Sailing craft shall have transverse bulkheads 
or equivalent structures in way of mast(s) in order to 
achieve adequate transverse rigidity. Transverse bulk-
heads or deep brackets are to be provided in way of 
chainplates. 

2. Constructional details 

2.1  Changes of thickness for a single-skin lami-
nate are to be made as gradually as possible and over a 
width which is, in general, not to be less than thirty 
times the difference in thickness. The connection 
between a single-skin laminate and a sandwich lami-
nate is to be carried out as gradually as possible over a 
width which is, in general, not to be less than three 
times the thickness of the sandwich core. 

2.2  Laminate edges and holes are to be sealed. 

2.3  In way of bolted connections and fittings, the 
sandwich core is to be replaced by e.g. inserts of high 
density foam, single-skin laminate. 

2.4  L-flange girders/ stiffeners/ frames need to be 
supported in sharp radii by wedges or other sufficiently 
designed arrangements.  

C. Scantlings 

1. General 

The subsequent requirements are applicable under the 
following conditions: 

− Loads and design pressures are of "maximum 
service loads" character. Possible reductions on 
particularly “rare loading” scenarios have not 
been implemented and yet should be handled case 
by case. 

− The following methodology typically applies to 
orthogonal structured components with a clear hi-
erarchy of structural members. Where this condi-
tion is not fulfilled, more comprehensive investi-
gations will have to apply, e.g. grillage analysis. 

− The orthogonal structured components are as-
sumed to have constant structural and material 
properties along their length, respectively. If this 
is not the case, the locations of highest bending 
moment and shear force can vary from the general 
assumptions within this section and thus need to 
be treated specifically (e.g. stiffener or girder with 
varying height or laminate). 

2. Given Frame by TP52 Class Rules 

Hull shell, deck and internal structure shall be made of 
FRP laminates complying with the following: 

(a) Fibres used shall have a fibre modulus less than 
260 GPa by JISR 7601 or 250 GPa by SACMA 
SRM 16, measured between 1000 and 6000 mi-

crostrain. 

(b) Individual laminate plies used for hull, deck or 
structural laminates shall be of a minimum of 100 
gram dry fibre weight. 

(c) Cores shall be of wood, plastic foam or (Meta) 
Aramid Fibre paper honeycomb coated with a 
heat resistant phenolic resin. Specifically the so 

called Para-Aramid Fibre honey-combs based on 
N636 paper are not permitted under this rule. 
Aluminium alloys of the 5000 and 6000 series, or 

steel or stainless steel alloys may be used for tap-
ping plates, backing plates, etc. 

(d) The cure process shall be based on applying ex-

ternal heat of less than 105 degrees Celsius. 

(e) Pressure applied at any time during construction 
shall be less than 1 Atmosphere. 

 Note: this shall not prevent the use of construction 
methods using clamps, mechanical fastenings, 

wrapping, winding, etc. 

(f) Commercially available stock materials like 
plates and tubes constructed in excess of the limits 

on temperature and pressure as specified in this 
rule may be used for small components, but their 
use has to be approved in writing by the TP52 
Chief Measurer. 

(g) Fastenings, like screws, rivets, bolts, nails, may 
be used if made of steel or stainless steel. 

(h) Chainplates, keel and rig related structural com-
ponents shall be made of FRP laminates, or steel, 
stainless steel, or aluminium alloys of the 5000 or 

6000 series. Builders shall provide upon request 
by a TP52 Measurer all relevant information on 
the materials and methods used to build the boat. 

Skin minimum requirements: 

(a) Hull shell Outer skin min dry fibre weight 

1.300 kg/m² 

(b) Hull shell Inner skin min dry fibre weight 

0.900 kg/m² 

(c) Deck Outer skin + Transom min dry fibre weight 
0.800 kg/m²  

(d) Deck Inner skin + Transom min dry fibre weight 
0.550 kg/m² 

Hull shell and deck core minimum requirements: 

(a) Hull shell forward of mast (J) and below 

WLP + 0.20 m: minimum core thickness: 25 mm, 

minimum weight: 3.25 kg/m2 

(b) Hull shell forward of mast (J) and above 

WLP + 0.20m: minimum core thickness: 25 mm, 

minimum weight: 2.4 kg/m2 

(c) Hull shell aft of mast (J), below WLP + 0.200 m 

up to stern section (at least 1.0 m behind the rud-
der position) and in mast area: minimum core 

thickness: 20 mm, minimum weight 1.6 kg/m2 
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(d) Hull shell aft of mast (J), above WLP + 0.200 m 

and stern section: minimum core thickness: 

20 mm, minimum weight 1.28 kg/m2 

(e) Deck (excl. cockpitsides & -front): minimum core 

thickness 20 mm, minimum weight 0.96 kg/m2 

(f) Cockpitsides & -front: minimum core thickness 

10 mm, minimum weight 0.48 kg/m2 

NOTE 1: 

The combination of minimum thickness and weight is 

put in place to allow flexibility in design on the cores. 
This mainly will open the door to diversity in the bow 

where in the slamming area the minimum set allows for 
choices like 130 kg foam at 25 mm, 96 kg Nomex at 
34 mm or 100 kg foam at 33 mm. Behind the mast the 

minima relate to 64 and 80 kg/m3 Nomex. The deck 

minima relate to 48kg/m3  Nomex. 

NOTE 2: 

– Cores may be tapered below the given limits and 

single skin areas are excluded from the minimum 
thicknesses as given. In that case the minimum 
weight of a single skin or “tapered core” panel 

shall be equal or exceed 1.5 times the surrounding 
panel weight. 

– Cores may be formed by several layers of core of 
equal density as given as the minimum, as long as 
the total core thickness corresponds with the 

minimum requirement.  

– Core dimension and density may vary from the 

given values but such a variation shall not result 
in a lighter solution than given in this rule as a 

minimum requirement. 

– In case a variation is sought that goes lighter on 
the given minimum core requirements, based on 

putting in place more internal structure than re-
quired with the given core values of this rule, such 
a variation shall solely be given Plan Approval if 

it results in at least an equal weight and vcg hull to 
the TP52 Rule minimum requirements option. The 
designer shall supply the calculations supporting 
the application. 

Note 3: 

Possibility of outer skin damage. Please note that the 

listed minimum deck skin weight requirements belong to 
the ISO standard which additionally requires a warning 
statement: “The outer skin of your boats is not designed 
to resist local damage from hitting hard/ sharp objects. 

If the outer skin is damaged, it shall be repaired imme-
diately.” 

Internal structure additional requirements:(a) One 
“semi watertight” full section bulkhead/ ringframe 

(closed up to 0.5m above WLP and above that plane of 
at least 0.1m width) required between 2.25 m and 

2.35 m from bow. One centreline drainhole allowed 
(with plug on lanyard in situ). 

No boat shall use any material having a density greater 

than that of lead (11.30 kg/dm3) as ballast in any form 

or location on or within the boat. 

 

Except for coating, filling and fairing materials the sole 
permitted material for the keel fin is steel or stainless 

steel and the permitted materials for the keel bulb are 
lead, antimony or it’s alloy’s (max 4%), steel and 
stainless steel. 

The basic construction of the keel fin shall be steel. 
Outside the fairbody it shall be solid steel. Holes or 
hollows other than manufacturing imperfections are not 

permitted. 

For design purposes the yield strength is not to be taken 

greater than 390 MPa. 

 

The rudder shall be made of FRP laminates complying 
with the following: 

Fibres used shall have a fibre modulus less than 260 
GPa by JISR 7601 or 250 GPa by SACMA SRM 16, 

measured between 1000 and 6000 microstrain. 

Cores shall be of plastic foam or (meta) aramid fibre 
paper honeycomb coated with a heat resistant phenolic 

resin. Aluminium alloys of the 5000 and 6000 series, or 
steel or stainless steel alloys may be used for tapping 
plates, backing plates, etc. 

The cure process shall be based on applying external 
heat of less than 135 degrees Celsius. 

 

Non structural internal components may be made of any 

of the permitted materials for hull shell, deck and inter-
nal structures, as well as of aluminium alloys of the 
5000 and 6000 series, steel and stainless steel and cop-

per and its alloys. Construction techniques shall follow 
the requirements for hull shell, deck and internal struc-
tures. Commercially available stock components con-

structed of other materials as specified in this rule may 
be used if their use is approved in writing by the TP52 

Chief Measurer. 1 

3. Composite structures 

3.1 Elasto-mechanical properties of laminated 
structures 

3.1.1 Nomenclature 

ψ = mass content of reinforcing material in a lami-
nate 

–––––––––––––– 
1 Clauses in italic style are extracts from the TP52 Rules 
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ϕ = volume content of reinforcement material in a 
laminate 

E11 = Young’s modulus of a single ply with unidirec-

tional fibres, parallel to fibres 

E22 = Young’s modulus of a single ply with unidirec-

tional fibres, perpendicular to fibres 

ν12, ν21 =  Poisson’s ratios of a single ply 

G12 = shear modulus of a single ply 

ρf = specific gravity of fibre material 

ρm = specific gravity of matrix material 

EfL = Young’s modulus of fibre in fibre direction 

EfT = Young’s modulus of fibre transverse to fibre 

direction 

Em = Young’s modulus of matrix 

νf12 = Poisson’s ratio of fibre 

νm = Poisson’s ratio of resin 

Gm = shear modulus of the matrix 

Gf = shear modulus of the fibre 

Ex = Young’s modulus of a ply, multiply or laminate 

in x-direction of global laminate co-ordinate 
system 

Ey = Young’s modulus of a ply, multiply or laminate 

in y-direction of global laminate co-ordinate 
system 

Gxy = shear modulus of a ply, multiply or laminate in 

xy-direction of global laminate co-ordinate sys-
tem 

Θ = angle of inclination/transformation from local 
ply coordinate system (1, 2 coordinates) to 
global laminate coordinate system (x, y coordi-
nates), see Fig. 3.1 

laminate = is a general expression for a structural 
unity, a composition of structural fibres, 
laid down in a polymer matrix. A laminate 
may contain a sandwich core or other con-
stituents for achieving certain mechanical 
purposes. 

layer types: 

ply = In the definition of these Rules, a ply is 
one laminated layer containing fibre rein-
forcements aligned in one direction only 

(unidirectional) or one layer of isotropic or 

quasi-isotropic material (chopped strand mat 
(CSM) 

multiply = A multiply is consisting of a limited num-
ber of plies of different alignments (e.g. 
laminated fabrics, such as bi-axial, tri-
axial, quad-axial, in woven or stiched ar-
rangement, or as pre-preg). 

Q

Q

2

1

X
Y

 

Fig. 3.1  Local single ply and global laminate 
coordinate systems 

3.1.2 Basic single ply analysis 

3.1.2.1 Fibre content by volume 

The fibre volume fraction of a laminate is determined 
by the formula: 

 

( ) f

m

1

ψ
ϕ =

ρ
ψ + − ψ ⋅

ρ
 

The thickness ti,ply of a single ply is then derived as: 

 

i
i,ply fi

f i m

11
t m ( )

− ψ
= ⋅ +

ρ ψ ⋅ρ
 

mfi = single ply areal weight of fibre reinforcements 

ψi = fibre mass fraction of single ply 

3.1.2.2 Basic ply stiffness properties 

A single unidirectional laminated ply consists of long 
fibres, oriented in one direction, embedded in a poly-
meric matrix. Typical fibre materials are E-glass, ara-
mid or carbon. Representative material properties of 
fibre and matrix materials can be found in Table 1.1. 

The following values are derived for plies containing 
unidirectional fibres. From those, the properties of mul-
tiaxially aligned laminated plies may be derived. CSM's 
are considered separately in 3.1.2.3. 

a) Longitudinal Young´s modulus: 

 11 fL mE E (1 ) E= ϕ⋅ + − ϕ ⋅   

b) Transverse Young´s modulus: 

 
2

m
22 2

1.25 mm
2

fT m

E 1 0.85
E

E1 (1 )
E (1 )

+ ⋅ϕ
= ⋅

− ν − ϕ + ϕ⋅
⋅ − ν
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c) Poisson's ratios: 

 12 f12 m(1 )ν = ϕ⋅ν + − ϕ ⋅ν   

 22
21 12

11

E

E
ν = ν ⋅  

d) Shear modulus: 

 
0.8

12 m
1.25 m

f12

1 0.8
G G

G
(1 )

G

+ ⋅ϕ
= ⋅

− ϕ + ⋅ϕ

 

 m
m

m

E
G

2 (1 )
=

⋅ + ν
 

3.1.2.3 Stiffness properties of chopped strand mat 

The Young’s modulus of a CSM laminate can be calcu-
lated as: 

 CSM 11 22

3 5
E E E

8 8
= ⋅ + ⋅  

 CSM
CSM

CSM

E
G

2 (1 )
=

⋅ + ν
  

with E11 and E22 determined like for a basic single uni-

directional layer with fibre volume content appropriate 
for CSM. 

 

Table 1.1 Constituent materials properties 

Fibres Matrices  

E-Glass Aramid HS Carbon HM Carbon 1 Polyester Epoxy 

Specific gravity [g/cm3] 2.54 1.44 1.74 1.81 1.2 1.2 

parallel to 

fibres 
[MPa] 73000 124000 230000 392000  

Young’s 

 

Modulus 
perpendicular 

to fibres 
[MPa] 73000 6900 28000 15000 

3000 3600 

Shear Modulus [MPa] 30000 2800 50000 28600 1140 1330 

Poisson’s ratio − 0.18 0.36 0.23 0.20 0.316 0.35 

1   Consider max Young's modulus given in 3.1.2.2 
  
 
3.1.3 Single ply stiffness 

The representative stiffness values for a single ply that 
is part of a multiply fabric or a laminate is derived in 
three steps. Firstly the stiffness matrix Q is computed 
for each ply from its engineering constants in the local 
coordinate system (ref. 3.1.3.1). In a second step, the 
stiffness matrix Q is transformed to the global coordi-
nate system, resulting in the transformed stiffness ma-
trix Q´ (ref. 3.1.3.2). From this, the engineering con-
stants of each ply in the global laminate coordinate 
system are determined in a third step (see 3.1.4).  

3.1.3.1 Stiffness matrix of single ply in local coordi-
nate system 

The components of the stiffness matrix are determined 
for an orthotropic ply, which is part of a non-woven or 
woven fabric and are calculated as follows: 

 11

12 21

E
Q11

(1 )
=

− ν ⋅ν
 

 21 11

12 21

E
Q12

(1 )

ν ⋅
=

− ν ⋅ν
 

 22

12 21

E
Q22

(1 )
=

− ν ⋅ν
 

 12Q33 G a= ⋅  

 Q21 Q12=   

Q = Stiffness matrix of orthotropic layer in local 
ply coordinate system 

a = 1.0 for a non-woven fabric 

 = 1.2 for satin (1×8 or 1×6) weave style fabrics 

 = 1.5 for twill (2×2, 3×1, 4×4) weave style fab-
rics 

 = 2.0 for plain (1×1) weave style fabrics 

Stiffness matrix components Q for chopped strand mat 
(CSM) are to be derived using the above equations, too, 
where: 

E11 = E22 = ECSM 

ν12 = ν21  = 0.28 

G12 = GCSM 
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3.1.3.2 Angle transformation for single unidirec-
tional ply stiffness’s to global coordinate sys-
tem 

The following formulae are used to transform elasto-
mechanical properties found in 3.1.3.1 for a unidirec-
tional laminated ply in the local 1, 2 coordinate system 
to the global x, y coordinate system by an in-plane polar 

transformation of angle "Θ". 

4

2 2 4

Q11' Q11 cos 2 (Q12 2 Q33)

sin cos Q22 sin

= ⋅ Θ + ⋅ + ⋅

⋅ Θ ⋅ Θ + ⋅ Θ
 

4

2 2 4

Q22 ' Q11 sin 2 (Q12 2 Q33)

sin cos Q22 cos

= ⋅ Θ + ⋅ + ⋅

⋅ Θ ⋅ Θ + ⋅ Θ
 

3

3

Q23' Q32 ' (Q22 Q12 2 Q33) cos sin

(Q11 Q12 2 Q33) cos sin

= = − − ⋅ ⋅ Θ ⋅ Θ

− − − ⋅ Θ ⋅ Θ
 

3

3

Q13' Q31' (Q22 Q12 2 Q33) cos sin

(Q11 Q12 2 Q33) cos sin

= = − − ⋅ ⋅ Θ⋅ Θ

− − − ⋅ Θ ⋅ Θ
 

2 2

4 4

Q12 ' (Q11 Q22 4 Q33) sin cos

Q12 (sin cos )

= + − ⋅ ⋅ Θ ⋅ Θ

+ ⋅ Θ + Θ
 

2 2

4 4

Q33' (Q11 Q22 2 Q12 2 Q33) sin cos

Q33 (sin cos )

= + − ⋅ − ⋅ ⋅ Θ ⋅ Θ

+ ⋅ Θ + Θ
 

 Q21' = Q12'  

 Θ = Angle of transformation 

 Q' = Transformed stiffness matrix of orthotropic 
layer in global coordinate system 

3.1.4 Stiffness properties of a single or multiply 
layer 

The multiply is a layer, which is treated as laminate 
with a distinct number of plies (e.g. woven, stitched or 
pre-pregged; bi-axial, tri-axial or quad-axial arrange-
ment) and is considered to be one layer of fabric used to 
build up a laminate 

The stiffness properties of this single or multiply layer 
will be determined by Classical Laminate Theory with 
the exception that coupling effects causing out-of plane 
deformations are restrained.  

Thus, the bending extension coupling effects of the 
single or multiply will be neglected here by forcing the 
coupling matrix "B" to be zero. This simulates the mul-
tiply to be symmetrical. 

Following the classical laminate theory the ABDL ma-
trix is the stiffness matrix of the multiply (Index "L" for 
"layer") and will lead to the engineering constants of the 
multiply. 

The individual matrices are calculated as follows:  

Extension matrix AL: 

n

L i i
i=1

A11 = Q11' t⋅∑  

n

L i i
i=1

A12 =A21= Q12' t⋅∑  

n

L i i
i=1

A13 =A31= Q13' t⋅∑  

n

L i i
i=1

A22 = Q22' t⋅∑  

n

L i i
i=1

A23 =A32= Q23' t⋅∑  

n

L i i
i=1

A33 = Q33' t⋅∑  

Bending extension matrix BL: 

All forced to be zero: 

L L L L L L L

L L

B11 = B12 = B13 = B21 = B22 = B23 = B31

= B32 = B33 = 0
 

Bending matrix D: 

( )
n

3 3
L i i i-1

i=1

1
D11 = Q11' z - z

3
⋅∑  

( )
n

3 3
L i i i-1

i=1

1
D12 = D21 = Q12' z - z

3
⋅∑  

( )
n

3 3
L i i i-1

i=1

1
D13 = D31 = Q13' z - z

3
⋅∑  

( )
n

3 3
L i i i-1

i=1

1
D22 = Q22' z - z

3
⋅∑  

( )
n

3 3
L i i i-1

i=1

1
D23 = D32 = Q23' z - z

3
⋅∑  

( )
n

3 3
L i i i-1

i=1

1
D33 = Q33' z - z

3
⋅∑  

i = 1

2

3

4

5

6

n

zo
z1 z2 z3

zn

z6
z5

z4

t/2

t/2

y

z

x

 

Fig. 3.2 Ply definitions 

Resulting in the ABDL matrix: 
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L L L

L L L

L L L

L L L L

L L L

L L L

A11 A12 A13 0 0 0

A21 A22 A23 0 0 0

A31 A32 A33 0 0 0 A B
=

0 0 0 D11 D12 D13 B D

0 0 0 D21 D22 D23

0 0 0 D31 D32 D33

 
 
 
   
   

  
 
 
    

and the inverse ABDL matrix 

L L L

L L L
-1

L L L

L L L L L

L L L

L L L

a11 a12 a13 0 0 0

a21 a22 a23 0 0 0

a31 a32 a33 0 0 0 a b A B
= =

0 0 0 d11 d12 d13 b d B D

0 0 0 d21 d22 d23

0 0 0 d31 d32 d33

 
 
 
     
     

    
 
 
  

 

The engineering constants for the multiply layer are: 

 
x

1
E =

t a11⋅
; 

 
y

1
E =

t a22⋅
; 

 
xy

1
G =

t a33⋅
; 

 11

12

a

a
xy −=ν  

The following layer stiffness values will be used for 
buckling analysis in 3.5.2: 

 

L
L

L

A11
Q11'

t
=  

 

L
L

L

A12
Q12'

t
=  

 

L
L

L

A22
Q22'

t
=  

 

L
L

L

A33
Q33'

t
=  

 L LQ21' Q'12=  

tL = thickness of single or multiply layer 

3.1.5 Laminate stiffness 

3.1.5.1 Single skin laminates 

A single skin laminate is consisting of a total of n lami-
nated layers, where the index i stands for a particular 
layer of this compound. The following is also valid for 
determining the properties of sandwich skins each: The 
following areas are to be of single skin construction 

– keel root area 

– major penetrations of the hull (e.g. for "Saildrive" 
propulsion units) 

a) The mean laminate engineering constants and the 
thickness of a laminate are: 

 Ex,laminate
xi i

i

E t

t

⋅∑
=

∑
;     Ey,laminate

yi i

i

E t

t

⋅∑
=

∑
    

Gxy,laminate

xyi i

i

G t

t

⋅∑
=

∑
; tlaminate it= ∑  

Exi,yi; Gxy,I =   engineering constants of layer  

ti  =   thickness of layer  

These mean values should only be used for in-plane 
assessments or for very homogeneous layups: 

b) Neutral axis z of an unsymmetrical laminate, 
measured vs. a reference axis: 

 

i i i

i i

E t z
z

E t

⋅ ⋅∑
=

⋅∑  

Ei = Young´s modulus layer in relevant direction 

zi = distance of layer centroid from reference axis 

Note that the neutral axes of a laminate can be dissimi-
lar in different directions. 

c) Flexural stiffness EI of a single skin laminate per 
unit width: 

 

3
2i

i i i

t
EI E ( t e )

12
= ⋅ + ⋅∑

 

ei = distance of layer centriod from neutral axis of 
laminate 

Note that the flexural stiffness of a laminate can be 
dissimilar in different directions. 

d) The in-plane shear stiffness GAu of a single skin 

laminate per unit width: 

 u i iGA G t= ⋅∑  

If the shear stiffness per unit width is not applicable but 
the shear stiffness of a whole plate, the relevant plate 
width needs to be accounted for additionally. 

 i iGA G t w= ⋅ ⋅∑  

w = plate width 

3.1.5.2 Sandwich laminates 

In the sense of this methodology, “sandwich” is consid-
ered to be an effective structural arrangement of materi-
als with significantly different stiffness characteristics, 
where however the sandwich core shall have a sufficient 
amount of shear stiffness to allow for simplifications 
made in elemental beam theory. 

Thus, the flexural and in-plane shear stiffness of a 
sandwich laminate is calculated like for single skin 
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laminates, taking into account the core as an elementary 
layer with its particular thickness and modulus. 

3.1.6 Beam analysis 

Beams are structural elements that are mainly subjected 

to bending moments and also to shear forces when 

loaded laterally. In general, the associated plating con-
tributes to stiffness and strength. Stiffeners, frames and 

girders can be considered as beams in this sense.  

The following assumptions imply that the beams per-
form "plane bending", i.e. that the neutral axis of the 
beam with associated plating is parallel to the axis about 
which the assembly bends; the beam assembly is sym-
metrical about the axis which is perpendicular to the 
plating. 

3.1.6.1 Effective width of plating 

The following approach provides an indication about 
the effective width of plating. This is based on the as-
sumption that the associated plating has near-quasi-
isotropic in-plane properties. It may be adopted for 
reasonably balanced in-plane stiffness laminates. 

The effective width of plating weff is taken as being 

dependant on the ratio L1/w solely. The width of plating 

to account for when determining the beams stiffness can 
be taken from Fig. 3.3 as a fraction of w. 

L1 is the length between zero bending moments of a 

beam between supports and is determined as follows: 

L1 = unsupported span for beams with hinged end 

supports 

 = 0.4 – times the unsupported span for beam with 
ends fixed 

w = plate width 
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Fig. 3.3 Effective width of plating 

Additionally the beams foot width "wf" can be added to 
weff, see Fig. 3.4. 

wf

 

Fig. 3.4 Typical top hat stiffener 

The calculated effective width shall not be taken greater 
than the load width.  

3.1.6.2 Flexural stiffness 

 2
i i i iEI E (I S e )= ⋅ + ⋅∑  

Ei = tensile modulus of element 

Ii = specific moment of inertia of element 

ei = distance of element’s centroid from neutral axis 
of assembly 

Si = cross sectional area of element 

3.1.6.3 Shear stiffness 

For determining the shear stiffness of a beam assembly, 
usually only the shear webs are accounted for. 

 i i iGA G t h= ⋅ ⋅∑  

ti = web thickness 

hi = height of web measured perpendicular to asso-

ciated plating 

G = in-plane shear modulus of element 

3.2 Laterally loaded plates 

3.2.1 Applicability 

In the following the structural design requirements for 
laterally loaded shells and plates are given. Lateral load-
ing is usually caused by static or dynamic sea or water 
pressure (slamming) of hull shells, decks, superstruc-
ture, watertight bulkheads, tank walls etc. 

The methodology presented in the following is covering 
flat or slightly curved panels of generally square or 
rectangular geometry with different boundary condi-
tions. Other geometries (e.g. triangular or trapezoid 
styled) require an equivalent approach. 

Plates considered here are generally laminated as single 
skin or sandwich panels.  

It is recommended that elasto-mechanical properties of 
inner and outer sandwich skin do not differ signifi-
cantly. This is to avoid secondary effects, such as super-
imposed twist or bending in plates. 

The following approaches are featuring the ideas and the 

background of the "plate theory". Membrane effects oc-
curring due to curved shells are treated with a linear reduc-
tion coefficient. Further contribution, like calculated using 

other methods or FEA, will generally not be accepted. 

The objective is to determine plate stresses and strains 

from bending moments and shear forces caused by lateral 
pressure. The problem of an all-side supported panel will 
effectively be reduced to a unit beam strip, by using ap-
propriate coefficients. The evaluation of stresses/strains 

is focussing on the spot where the maximum bending 

stress/strain occurs and a spot where the maximum 

through-thickness shear stress/ strain occurs. Further to 

that, a correction is incorporated to allow the use of 
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orthotropic material and plate properties and the applica-
tion to sandwich construction. 

If not explicitly mentioned, unit consistent variables are 
to be used. 

3.2.2 Parameters 

Laminated plates are to be characterised by the follow-
ing parameters: 

3.2.2.1 Structural parameters 

EIx =
   

panel
 

bending stiffness in panels global x-

direction (about panels global y-direction 

EIy =  panel
 

bending stiffness in panels global y-

direction (about panels global x-direction 

tc =  thickness of sandwich core  

zi = distance from a certain location of the neutral 

axis in bending  

These values are calculated in 3.1.5. 

3.2.2.2 Geometrical parameters 

sx = unsupported span in global x-direction 

sy = unsupported span in global y-direction  

Boundary conditions: all edges fixed or all edges simply 
supported 

3.2.2.3 Load details and design pressures 

Lateral design pressures acc. to relevant GL Rules and 
Guidelines. 

3.2.2.4 Geometric aspect ratio arg 

 

x
g

y

s
ar

s
=

 

3.2.2.5 Effective aspect ratio 

For orthotropic panel properties with EIx not equal EIy, 

the geometrical aspect ratio arg needs to be corrected: 

 

y
4corr g

x

EI
ar ar

EI
= ⋅

 

For the purpose of further calculations, the corrected 
aspect ratio arcorr has to be related to the span of the 

panel that is considered to be effective to take up the 
major bending and shear loads (see 3.2.1) and will be 
called "effective span seff": 

arcorr is > 1, then areff = arcorr.  

Thus, the panel effective span seff (direction of main 

load take-up) runs in x-direction. 

arcorr is < 1, then areff = 1/arcorr 

Thus, the panel effective span seff (direction of main 

load take-up) runs in y-direction.  

3.2.2.6 Edge support boundary conditions and cor-
rections 

Generally, panels which are continuous over their sup-
porting structure can be assumed providing a fixed edge 
boundary condition, whereas panels e.g. butting against 
a sandwich panel will be considered with edge condition 
"simply supported". Similar considerations should be 
carried out for great variations in neighbouring panel 
sizes. 

In specific cases, hull chine’s or other sudden changes in 

geometry may be considered being a boundary as well.  
Should a chine be considered presenting one edge of a 

panel, the angle of the chine ω shall be close to 90° to 

allow for such assumption, see Fig. 3.5. Should the angle 

be greater than 90°, the panel span taken for panel calcula-
tions needs to be increased virtually, using the characteris-
tic correction factors described below.  

The panel span which is delimited by a chine has to be 
multiplied by the correction factor cs: 

sx/y =  corrected panel span 

 = cs ⋅ sc 

cs = correction factor 

sc = panel span 

 

Fig. 3.5 Corrected span 
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Fig. 3.6 Panel span correction factor sc dependant 

on chine angle 
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This correction is particularly applicable for equidistant 
spacings of panels, i.e. for panels on both sides of ves-
sel’s chined centreline without the existence of a centre-
line girder, e.g. where the panels are delimited by off-
centre longitudinals. For determination of sc see        

Fig. 3.6. 

3.2.2.7 Plate curvature 

Curvature will only be considered if the plate is curved 
in the direction of the effective span seff, see Fig. 3.7. 

Plate curvature correction coefficient: 














⋅−=

eff

c
s

h
r 515.1  

where: 

1.003.0 <<
effs

h
 

and: 

rc,min = 0.65 

seff

h

 

Fig. 3.7 Plate curvature 

3.2.3 Maximum bending moment, shear force and 
lateral deflection of panel 

As mentioned in 3.2.1, the calculation is being reduced 
to the assessment of a panel strip of one unit width (e.g. 
1 mm). 

 

Table 1.2 Effective aspect ratio

For all edges simply supported 

areff 1 1.2 1.4 1.6 1.8 2 3 4 5  

β 0.2874 0.3762 0.453 0.5172 0.5688 0.6102 0.7134 0.741 0.7476 0.75 

α 0.0444 0.0616 0.077 0.0906 0.1017 0.111 0.1335 0.14 0.1417 0.1421 

γ 0.42 0.455 0.478 0.491 0.499 0.503 0.505 0.502 0.501 0.5 

For all edges fixed 

areff 1 1.2 1.4 1.6 1.8 2  

β 0.3078 0.3834 0.4356 0.468 0.4872 0.4974 0,5 

α 0.0138 0.0188 0.0226 0.0251 0.0267 0.0277 0,0284 

γ 0.42 0.455 0.478 0.491 0.499 0.503 0,5 
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3.2.3.1 Maximum bending moment 

c

effd

b r
sp

M ⋅
⋅⋅

=−
6

2

max

β
 

β = see Table 1.2 

pd = lateral design pressure on associated plating 
according to 1. 

seff = effective panel span 

rc = curvature correction coefficient 

3.2.3.2 Maximum reaction shear force 

effdq spF ⋅⋅=− γmax
 

γ = see Table 1.2 

pd = lateral design pressure on associated plating 
according to 1. 

seff = effective panel span 

 

3.2.3.3 Maximum lateral deflection 

eff

effd

EI

sp
z

⋅

⋅⋅
=

12

4

max

α
 

α = see Table 1.2  

pd = lateral design pressure on associated plating 
according to 1.  

seff = effective panel span 

EIeff = plate bending stiffness relevant for the 
direction of the effective panel span 

3.2.3.4 Plate theory coefficients 

3.2.4 Determination of laminate strains and 
stresses 

3.2.4.1 Laminate strains 

The structural performance of a laterally loaded plate is 
characterised by the occurring strains in the laminate 
using the following approach.  

Resulting strains at a distance of zi from the plate's 

neutral axis: 

 b max i
i

eff

M z

EI

− ⋅
ε =  

The maximum strains through bending moments usually 
emerge at the outer surfaces of a composite. Hence, for 
evaluating the maximum strains, use the maximum 
distances from the neutral axis at each side of the plate. 

The calculated strains may not exceed the allowable 
defined in 3.7. Apart from the pure bending strains, 

stability issues such as skin wrinkling need to be con-
sidered, relate to 3.5. 

3.2.4.2 Determination of core shear stresses in 
sandwich laminates 

Whereas with solid coreless laminates, the through-
thickness interlaminar stress is rarely a design criterion, 
it is so for most of the lower density/strength cores of a 
typical sandwich. The core has to transmit the through-
thickness shear forces. A certain contribution by the 
skins is assumed.  

Core shear stress is calculated as being: 

 
q max

c
s1 s2

c

F

t t
t

2 2

−
τ =

+ +

 

Fq-max = see 3.2.3.2 

tc = core thickness 

ts1, ts2 = skin thickness of skins 

The calculated stresses may not exceed the allowable 
defined in 3.7. 

3.3 Laterally loaded beams 

3.3.1 Applicability 

The following approach can be used for laterally loaded 
beams, stiffeners, frames and girders, with or without 
associated plating attached. These structural members 
are usually part of an orthogonal structural system of a 
vessel. In well found cases, curvature effects may be 
taken into account in a similar way as shown for panels, 
see Fig. 3.8. 

Typically, the beams consist of a web designed to carry 
the shear force and two flanges to carry the bending 
load, both generated by lateral pressure.  

The web may be attached vertically or inclined to the 
attached shell (only the structural height times the 
thickness as effective shear area is to be considered). 
One flange is usually presented by a certain amount of 
attached plating (see effective width) and possible addi-
tional pads beneath the web. The other flange is pre-
sented by the "capping" of the beam. 

Beams should be designed in a way that the transfer of 
loads is fibre dominant. In general this will require shear 
webs to consist of +/-45° layers of laminate, whereas 
the flanges consist of a certain number of 0° plies. 
However, it shall be taken into account that shear loads 
can be transferred from the flange into the web. 

The following approaches are featuring the partly sim-
plified "Classical Laminate Theory" and the simple 
"Beam Theory". 
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The objective is to determine beam stresses and strains 
from bending moments and shear forces caused by lat-
eral pressure on the associated plating. The computa-
tional model is presented by a simple beam with appro-
priate support conditions.  

In case the scantlings are constant over the full length of 
the beam, it is sufficient to evaluate stresses and strains, 
respectively, through 

− bending moment and shear force at the end of the 
beam for a support condition "ends fixed" 

− bending moment at the centre of the beam and 
shear effects at the end of the beam for a support 
condition "ends simply supported" 

Laminated beams may have a great variety of section 
shapes. Generally it is recommended to use symmetrical 
or near-symmetrical section shapes, as unsymmetrical 
shapes are subjected to superimposed secondary effects 
such as transverse bending or a twisting of the beam 
(flange). This makes a more refined analysis necessary 
than offered below.  

Note 

Due to the resulting transverse bending moment occur-

ring in the flange, L-section beams with common width 
to height ratio show up to 2-times the calculated 
strains/stresses compared to calculated using the below 
approach. Measures shall be taken to reduce the strains 

by increasing the flange scantlings, or mounting tipping 
brackets along the beam. 

If not explicitly mentioned, use consistent unit vari-
ables. 

Laminated beams including their associated plating are 
to be characterised by the following parameters: 

3.3.2 Parameters 

3.3.2.1 Structural parameters 

The following parameters have been determined in 
3.1.6: 

EI
 

=
 

beam bending stiffness including associated 
plating 

GA = shear stiffness of webs 

zi = distance from a certain location within the 

beam to the neutral axis in bending 

weff = effective width of plating 

3.3.2.2 Geometrical parameters 

l  = unsupported length of the beam  

w = load width w 

Boundary condition (all edges fixed or all edges simply 
supported) 

3.3.2.3 Load details 

For panel design pressures see Section 2. 

3.3.2.4 Beam curvature correction 

Curvature correction coefficient: 









⋅−=
l

h
rcb 515.1  

Where: 

for: 1.003.0 <<
l

h
 

and: 

rcb,min = 0.65 

l

h

 

Fig. 3.8 Beam curvature definitions 

3.3.3 Maximum bending moment, shear force and 
lateral deflection of beam 

3.3.3.1 Maximum bending moment 

b

cbd
b

c

rwp
M

⋅⋅⋅
=−

2

max

l
 

pd = lateral design pressure on associated plating 
according to C 1. 

w = load width 

l  = length of beam between supports 

rcb = beam curvature reduction factor see 3.3.2.4 

cb  = boundary condition coefficient  

 = 12 for fixed end supports  

 = 8 for simply supported 
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3.3.3.2 Maximum reaction shear force 

The maximum shear force typically occurs at the 
boundaries:  

2
max

wp
F d

q

⋅⋅
=−

l
 

pd = lateral design pressure on associated plating 
according to 1. 

w = load width 

l  = length of beam between supports 

3.3.3.3 Maximum lateral deflection 

The maximum lateral deflection of a beam is typically 
observed half way along the beam, considering that both 
ends have similar end support conditions and the beam 
has constant structural section and material properties 
along its length: 

EI

cwp
z dd

⋅

⋅⋅⋅
=

384

4

max

l
 

pd = lateral design pressure on associated plating 
according to 1. 

w = load width 

l  = length of beam between supports 

cd = boundary condition coefficient  

 = 1 for fixed end supports  

 = 5 for simply supported 

3.3.4 Beam construction notes 

3.3.4.1 In general, the bonding laminate (if not integral 
with the shear web) of a shear web needs to have the 
same shear stiffness/strength as the web. The lap of the 
bonding has to be large enough to transmit in-plane 
shear forces. It is important to place the bonding tapes 
using the specified fibre orientations throughout, see 
Fig. 3.9. 

 

Fig. 3. 9 Bonding of a beam to adjacent structure 

This is not only applicable to the bond between the 
beam and the associated plate but also to the bond be-
tween the beam and the next higher hierarchical mem-
ber in structure, which it is supported by. 

3.3.4.2 The requirement for a sufficient amount of 
shear buckling stiffness of web laminates may lead to 
the inclusion of stabilising measures for webs (e.g. 
sandwich web or foam filled). If webs are of single skin 
style, the web height may not exceed 30-times the web 
thickness or the thickness needs to be greater than 1/30 
of the web height to prevent shear buckling. 

3.3.4.3 In special cases it may be required to replace 
the core of the associated plate with a higher strength/ 
stiffness shear tie. 

3.3.4.4 Web laminates necessary to carry the shear 

loads should in general continue across the capping 

laminate and be interspersed with the capping laminate. 

3.4 Determination of laminate strains and 
stresses 

3.4.1 General 

The structural performance of a laterally loaded beam is 

characterised by the occurring strains in the laminate. 
The maximum bending strains usually emerge at the 

most external areas of the composite. The most critical 
shear loading can usually be found in the shear webs. 

3.4.2 Strains and stresses 

3.4.2.1 In-plane uniaxial strains 

Resulting bending strains at a distance of ei from the 

beam’s neutral axis: 

 

b max i
i

M e

EI

− ⋅
ε =

 

For evaluating the maximum strains, the maximum dis-

tances ei from the neutral axis at each side of the beam are 

to be used. Due to special configurations, materials or 

geometries it might be necessary to calculate the strains at 

other characteristic locations along the beam. 

The calculated strains may not exceed the allowable 
defined in 3.7.1. 

3.4.2.2 In-plane shear strains in webs 

 

q max
s

F

GA

−
γ =

 

The calculated strains may not exceed the allowable 
defined in 3.7.1. 
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3.5 Stability considerations 

3.5.1 Skin wrinkling of sandwich skins 

Skin wrinkling of sandwich skins may be critical espe-
cially in cases where a sandwich panel is subjected to 
bending so that one skin is in compression. Depending 
on the stiffness of the laminate in the relevant direction 
and on the supporting properties of the core, the follow-
ing approach is used to assess strains above which skin 
wrinkling is expected: 

 

3
x cc c

sw crit

x

(E E G )1

2 E
−

⋅ ⋅
ε = ⋅

   

Ex = laminate Young´s modulus in direction of 

compression 

Ecc = core´s Young´s modulus in compression  

Gc = core´s shear modulus 

The strains determined this way shall be at least 2.5 
times greater than the general allowable defined in 
3.7.1. 

3.5.2 Buckling of orthotropic plates under uniax-
ial membrane loads 

3.5.2.1 Considerations and limitations 

The buckling of sandwich panels needs to be considered 

for global in-plane compression and in-plane shear. 

The following methodology is based on simplified clas-
sical laminate theory, i.e. only valid for laminate plates 
(sandwich or single skin) which are well balanced 
through thickness. Only sandwich laminates with skin 

in-plane tensile stiffness (E  t) difference of no more 
than 20% in each direction x or y may be considered 
this way: 

 

x os os

x is is

E t
0.8 1.2

E t

−

−

⋅
≤ ≤

⋅
 

and: 

 
y os os

y is

E t
0.8 1.2

E t

− ⋅
≤ ≤

⋅
 

where "os" and "is" are indices for "outer skin" and 
"inner skin". 

Also, all edges need to be supported. There is no im-
plementation for the possibility to calculate plates with 
one free edge. 

This condition presumes that there will be no or only 
minor coupling between in-plane and out-of-plane ef-
fects. 

3.5.2.2 Critical buckling strain 

For arbitrary boundary conditions the critical membrane 
strain of an orthotropic plate that leads to buckling is: 

 

2

B crit x

a mean tot

1
k D11 D22

E t b
−

−

π 
ε = ⋅ ⋅ ⋅ ⋅ 

⋅  
  

Ea-mean = mean Young’s modulus in load direction 

(a) of full laminate (incl. core)  

ttot = total thickness of full laminate (incl. core) 

b = plate width perpendicular to load direction 

a = plate width parallel to load direction 

kx = buckling coefficient: 

 = h( ) qα + ⋅β    

q = boundary condition adjustment factor 

 = 2 for unloaded edges simply supported 

 = 2.36  for unloaded edges clamped  

h ( )α  = see Fig. 3.10 

α  = modified aspect ratio: 

 = 4
a D22

b D11
⋅  

β = "Seydel" orthotropic parameter: 

 = 
D12 2 D33

D11 D22

+ ⋅

⋅
 

Coefficients from the laminate’s bending matrix D: 

 

n
' 3 3
Li i i 1

i 1

1
D11 Q11 (z z )

3
−

=
= ⋅ −∑   

 

n
' 3 3
Li i i 1

i 1

1
D12 Q12 (z z )

3
−

=
= ⋅ −∑  

 

n
' 3 3
Li i i 1

i 1

1
D22 Q22 (z z )

3
−

=
= ⋅ −∑  

 

n
' 3 3
Li i i 1

i 1

1
D33 Q33 (z z )

3
−

=
= ⋅ −∑  

Index "i" stands for each particular layer of a total of "n" 
layers of a laminate. 

Q11'L, Q12'L, Q22'L and Q33'L are coefficients deter-

mined in 3.1.4. 
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zi are distances from ply surfaces to the laminate mid-
plane as depicted in Fig. 3.2. 

all edges clamped

all edges simply
supported

loaded edges
clamped,

unloaded egdes
simply suported

loaded edges
simply supported,
unloaded egdes

clamped

0 0,5 1 1,5 2 2,5 3 3,5
0
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4
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8
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10
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a
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Fig. 3.10  Simplified h (α)(α)(α)(α)  curves 

3.5.3 Buckling of orthotropic plates under in-
plane shear loads 

The general provisions 3.5.2.1 apply. 

3.5.3.1 Critical buckling strain 

For an all-sided simply supported orthotropic plate, the 
critical in-plane shear strain that leads to buckling is: 

2
34

B-crit S a b
a-mean tot

1
K D D

G t w

π 
γ = ⋅ ⋅ ⋅ ⋅ 

⋅  
 

a
b X,1

Y,2

t

t

 

Fig. 3.11  Nomenclature 

Ga-mean = mean in-plane shear modulus of full laminate 

ttot = total thickness of full laminate 

w = plate width a or b, see below 

kS = buckling coefficient, as per Fig. 3.12 

β = Seydel orthotropic parameter 

 = 
D12 + 2 D33

D11 D22

⋅

⋅
 

α = modified inverse aspect ratio 

 = 4
1 b D11

a D22
=

α
 

If  α ≤ 1, then 

w = b 

Da = D11 

Db = D22 

If  α > 1, then 

α = α  

w = a 

Da = D22 

Db = D11 

b = plate width in X,1 direction 

a = plate width in Y,2 direction 
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Fig. 3.12  Buckling coefficient ks 

3.6 Further considerations 

3.6.1 Through-thickness effects 

In general it is preferred to have a fibre-dominant load 
absorption in a composite structure, but in some cases it 
will be unavoidable that through thickness effects occur. 
Those structural details will be treated individually and 
case by case. 

3.6.2 Minimum shell thickness 

No particular algorithm has been implemented to de-
termine a minimum shell or skin thickness for hull lami-
nates. As global strength and stiffness criteria have been 
set, a remaining issue is that of a shell laminate being 
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prone to local forces or impact when docking, dry dock-
ing or from collision with floating or submerged debris. 
This subject will be handled individually. 

3.7 Allowable strains, safety factors and maxi-
mum deflections 

For fibre reinforced composite components, the 
“maximum strain criteria” is mainly used to assess the 
structural integrity. This criterion may solely be used 
in association with the provisions described and de-
fined so far.  

This criterion is providing an appropriate limit for 
fibre reinforced composites under the condition that 
the composite shows a fibre-dominant load transfer.  

These limits provide a sufficient margin over inter-
laminar micro cracking and fibre failure in all inplane 
directions. 

For adhesive bonds, the structural evaluation of sand-
wich cores and evaluation of stability criteria, safety 
factors are serving to achieve sufficient integrity. 
Further to that, a deflection criterion has to be ful-
filled. 

3.7.1 Limit laminate strains 

Maximum strain for laminates in axial ten-
sion/compression is to be: 

- Maximum allowable strain of 0.25 % for car-
bon laminates (accounts for standard modulus 
and high strength carbon fibres)  

- 0.35 % for E-glass laminates in tension and 

compression, respectively.  

GL reserves the right to inquire test certificates for 
tests on ultimate compressive strain, using ASTM D-
694. Tests need to be carried out at accredited, inde-
pendent laboratories. 

Maximum allowable in-plane shear strain is to be: 

- 0.45 %   (for carbon laminates) 

- 0.7 %   (for E-Glass laminates) 

3.7.2 Sandwich core safety factors 

      Safety factor of 2.5 vs. core shear failure (linear shear 
stress distribution over the core and each half of the 
skins). Basis are the GL approved values or the 
"msmv" (manufacturer specified minimum values) 
values for structural cores. 

3.7.3 Safety factors and limit deflections 

- Appropriate safety of skin/core bond. 

- Factor of 2.5 vs. panel buckling and 2.0 vs. 
skin wrinkling on the strains determined ac-
cording to 3.5. 

- Factor of 2.5 vs. ultimate shear strength in 
adhesive bond using well-proven structural 
adhesives. 

- Maximum permissible lateral deflections un-
der lateral load: 

o 1.5 % of effective panel span for 
single skin laminate panels 

o 1.0 % of effective panel span for 
sandwich panels 

o 0.5 % of unsupported span of a stiff-
ener or girder 

o 0.3 % of unsupported span of engine 
foundation 

3.8 Construction and design details 

3.8.1 Consequences of elasticity 

Unlike metals, fibre reinforced composites used for 
marine applications exhibit almost linear elastic behav-
iour to failure. This is as long as the structural response 
is fibre-dominated, which is preferred over a matrix 
dominant behaviour. Respecting this, composites show 
little or no yielding until failure. This aspect requires 
particular attention. Especially in structural details with 
occurring stress concentrations, consideration shall 
already be given in static strength analysis. In cases in 
which these concentrations are compensated appropri-
ately, fatigue will not be critical. This is valid for in-
plane loads with fibre dominated load absorption. How-
ever, through-thickness loading (especially shear and 
tension) cannot always be avoided and yet needs to be 
handled in an appropriately conservative way. "Inter-
cracking" or delamination caused by overloading, im-
pact or deficient structural design is considered to be the 
cause for subsequent failure of components and thus can 
be deemed as cause for fatigue with composites. 

3.8.2 Recommendations 

The following recommendations do not claim to be all-
inclusive and are subject to up-date/change/ amend-
ment: 

− In general, the basic laminate stacking sequence 
shall be homogeneous; preferably symmetrical 
and balanced, if not particular attention has to be 
paid to possible arising secondary affects.   

− A laminate should consist of plies aligned in at 
least 4 distinct directions (e.g. 0°, +/-45°, 90°), 
with not less than 10 % in each direction. Ply an-
gles should be aligned appropriately for major 
load direction(s). Exemptions are the following 
components/items: 

 − mainly in-plane shear loaded webs of girders, 
stiffeners, frames 
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 − local tape reinforcements 

− Grouping of plies with the same fibre direction 
should be avoided, but total thickness of these 
plies may not exceed 1.5 mm (typically for carbon 
laminates). 

− Not all parts are suitable for composites. Complex 
3-dimensional stress states may make suitable iso-
tropic materials a preferred choice (e.g. local fit-
tings). 

− Inaccessibility of composite components needs to 
be considered in design in terms of inspectability 
during production, in-service and after damage. 

3.8.3 Details 

All structural details are subject to examination by GL. 
In general the following provisions shall be observed. 

3.8.3.1 The occurrence of peeling effects, such as 
abrupt stiffness changes is to be minimized. Secondary 
bonding is always to be backfilled with suitably coved 
filler bed. 

 
3.8.3.2 For mechanical fastenings, a domination of 
fibre orientation in one direction of more than 40 % is 
not advisable. 

3.8.3.3 Core chamfers of sandwich laminates should 
not be steeper than 1:3 thickness/taper ratio. 

3.8.3.4 Exposed fibres and sandwich cores shall be 
sealed or clashed with laminate.  

3.8.3.5 In panels where there is a change from sand-
wich to single skin laminate (e.g. in hull to deck joints), 
the required single skin laminate is to be determined by 
the scantlings for the whole panel. 

3.8.3.6 Changes of thickness for a single-skin laminate 
are to be made as gradually as possible and over a width 
which is, in general, not to be less than thirty times the 
difference in thickness. 

3.8.3.7 The connection between a single-skin laminate 
and a sandwich laminate is to be carried out as gradually 
as possible over a width which is, in general, not to be 
less than three times the thickness of the sandwich core. 

4. Metal structures/ parts 

4.1 General 

For dimensioning of metallic keel arrangements see 
Section 2, C. 

4.2 Allowable stresses for metallic parts of the 
keel 

sall = slim ⋅ kmat ⋅ klc [N/mm2] 

slim = yield stress or 0.5 ⋅ ultimate stress, whichever 
is lower in accordance with EN ISO 6892-1 or 
similar 

for metals less than 300 mm from welding seams the me-
chanical properties in welded condition have to be used. 

kmat = 0.75 for ductile metals 

  0.75 ⋅ (0.0263 ⋅ ε + 0.474) for brittle metals 

ε = elongation at break  in accordance with EN ISO 

6892-1 or similar brittle metals have an ε ≤ 20 % 

klc = 0.80 for keel bolts for LC1 

  1.10 for keel bolts for LC2 and LC3 

  0.96 for keel elsewhere for LC1 

  1.10 for keel elsewhere for LC2 and LC3 
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