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(1) 

INTRODUCTION 

The stresses set up in the various structural member.s are determined for the three 
cases of loading defined under section 2.3., and a check is made to ensure that 
there is a sufficient safety coefficient v in respect of the critical stresses, 
considering the following three possible causes of failure : 

- exceeding the elastic limit ; 

exceeding the critical crippling or buckling load 

- exceeding the limit of endurance to fatigue. 

l 

The ouality of the steels used must be stated and th~ physical properties, chemical 
composition and welding qualities must be guaranteed by the manufacturer of the 
~aterial. ! 

I 

i 
The oermissible stresses for the materials used are determined as stipulated in 
clauses 3.2., 3.3., 3.u. and 3.6. hereunder, with reference to the critical stresses 
for the material. 

These critical stresses are those which correspond either to the elastic limit 
(which in practice, involves establishing the stressjcorresponding to a critical 
limit for elongation), or to the critical stress forlcrippling or buckling, or, 
in the case of fatigue, to the stress for which the Jrobability of survival, under 
tests, is 90 %. 

The stresses in the structural members shall be calculated on the basis of the 
different cases of loading envisaged under section 2.3. by applying conventional 
strength of materials calculation procedures. 

The sections of metal to be considered shall be the gross sections (i.e. without 
deducting the areas of holes) for all parts which are subjected to cOO!Oression 
loads (1), and the net sections (i.e. with the areas of holes deducted/ for all 
parts subjected to tensile loads. 

In the case of a member subjected to bending, a half-net section sl'>OIJ~j :e assumed, 
taking the net section in parts under tension and the gross section;~ :arts under 
cCJTipression. To simplify the calculations, however, one may use eit~~r ~~~ section 
modulus of the net section or the section modulus CorQPuted for ~~e ~~.•--~t section, 
using as centre of gravity of the section that of the gross sectiOl'l. 

The area of the hales shall be included in the cross-sectional 3:~a :r., ,.,.en they 
are filled by a rivet or a bolt . 

• 
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3.1. 

3.1. l_. 

3. l. l. l. 

THE CHOICE Of STEEL QUALITIES 

The verifications required in the design rules for the safety of the structure 
against yielding, instability and fatigue failure do not guarantee safety against 
brittle fracture. 

In order to obtain sufficient safety against brittle fracture, a steel Quality 
has to be chosen depending on the conditions influencing brittle fracture. 

The most important influences on the sensitivity to brittle fracture in steel struc­
tures are: 

A. Combined effect of longitudinal residual tensile stresses with tensile stresses 
from dead load. 

I 

8. Thickne$s of the member. 

C. Influenfe of cold. 
i 

Influences1A, 8, and Care valued with points. The reQUired steel quality depends 
on the suniof these points. 

ASSfSSME~T OF THE FACTORS WHICH INFLUENCE 
BRITTLE FRACTURE 

3 
1 
l 

In the fol~owing, influences A, 8, and C in paragraph 3.1. are described and 
Quantified; 

INFLUENCE A COMBINED EFFECT OF LONGITUDINAL RESIDUAL TENSILE 
STRESSES WITH STRESSES FROM DEAD WEIGHT 

Oa = permissible tensile stress with 
respect to the elastic limit, 
loading case I. 

JG= tensile stress from permanent 
load, e.g. from dead weight 

ZA = assessing coefficient for 
influence A 

Equations for lines I, II and III in 
figure 3. l. l. L 

Line I : no welds, or only transverse 
welds 

valid only for aG ~ 0,5•0a 

Line II : longitudinal welds 

Line III accunulation of welds 

The danger of brittle fracture is increased by high stress concentratiOf'ls, in :ar­
ticular by 3-axial tensile stresses, as is the case with an accunulation ~, ~elds • 
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If members with low-stresses are stress relieved after welding (aPProx 600-650° C) 
line I can be used for all types of welds. 
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Figure 3.1.1.1. 

ZA in terms of stresses and welds 
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J.1.1.2. INFLUENCE 8 : THICKNESS OF MEMBER t 

t. = .Thickness of member. in nm t Z9 t Zs 
z8 = Assessing coefficient for influence 8 

11111 11111 

16 0,9 
frcm t = 5 tot "20 nm 5 O, l 20 1,45 

Z9 = _L, t2 
2500 

6 0,15 25 2,0 
7 0,2 JO 2,5 
8 0,25 :,5 2,9 

fran t : 20 tot : 100 nm 9 O,J 40 J,2 

29 = o,6s lt-14,01 - 0,05 
lO 0,4 45 J,5 
12 0,5 50 J,8 
15 0,8 55 4,0 

3 

2 

f .,.,..,,. 

0 10 20 30 40 50 60 70 30 90 100 

Thickness of member 

Figure J.l.i.2. 

Assessing coefficient Zs f ( t ) 

•or rolled sections ar- idealised thickness t• is to be used. This 1s 

for round sections . 

for s~are ~ections 

for rectangular sections • 

t• : _t_ 
l ,8 

t• = _Q_ 
l, 8 

t 

""' 
60 
65 
70 
75 
80 
85 
90 
95 

100 

.where b represe~ts the larger side of the rectangle and the ratio o' ~..,. \:jes 

b ,,. l 8 t ,.- I 

For~ ) 1,8, t•: t. 
t 

• 

J-6 

Zs 
-... ' 

Ji., 55 
4,8 
5,0 
5,2 
5,4 
5,6 
5,8 
6,0 



3.1.J.3. 

) 

INFLUENCE C : INFLUENCE OF COLO 

The l01111est t~rature at the place of erection of the crane determines the classi­
fication. This t~rature is generally lower than the •orking temperature. 

Zc 9 
T = Temperature et the place of 

erection in oc 

le = Assessing coefft. for influence 

frOTl T = 0°C to T = - :,ooc take 

6 Zc = _6_ . T2 
1600 

frOTl T = :,0°c to T = - 55°c take 

Zc = - 2,2S•T-33,75 
10 

3 

T Zc T Zc 
oc oc 

j 

0 0 0,0 - 30 3,4 

- s 0, l - 35 4, 5 
Temperature r in °c - 10 0,4 - 40 5,6 

- 15 0,8 - 45 6, 7 

• i gure 3. l . l . 3. - 20 l, 5 - 50 7,9 

Assessing coefft. Zc = f (Tl - 25 2,3 - 55 9,0 

DfTERMll\JAT!OJ\J OF THE RfQUIREO STEEl QUALITY GROUP 

It 1s the sun of assessing coefficients frOTl paragraph 3.1.l. which determines 
the mini111U11 required Quality for the steel structure. 

Tabler. 3.1.2. snows the classification of the quality groups in :e!a::J~ to 
the sun of the assessing coefficients. 

If the sun of the assessing coefficients is higher than 16 or if t~e re:Jt-. .i,ed 
steel quality cannot be obtained, special measures will be necessary :: x:tain 
the steel quality necessary for safety against brittle fracture"~::~.;.: ~ave 
to be determined with material experts . 

• 3-7 
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Table T.3.1.2. 

Classification of quality groups in relation 
to the sum of the assessing coefficients 

Sun of the assessing coefficients 
C)Jality group corresponding from paragraph 3.!.1. 

r.z : ZA + Z9 + Zc 
in table T.3.1.3. 

~- 2 l 
{' 4 2 

/ 

" 1 
8 3 

I 

~ 16 4 

' ' 

QUAl I IY Of ~llfl S 

l 
rne quality of steeis in these design rules is the property of steel to exhibit 
a ductile behaviour'at determined temperatures. 

rne steels are divided into four quality groups. The group in which the steel is 
classified, l" attained from its notch ductility ir, a given test and temperature. 

rable r.3.1. s. comprises the notch ductility values and test temperatures for the 
four quality groups. 

The indicated notch ductilities are minirnun values, being the mean values fron 
tnree tests, where no value must be below 20 ~/cm 2

• 

rne notch ductility is to be determined in accordance with v-notch impact tests 
to [SO A 148 and Euronorm 45-63. 

Steels of different QUality groups can be welded together. 

r 1s the test temperature for the v-notch impact test. 

r is the temperature at the place of erection of the crane. 

re and rare not 1irectly comparable as the v-notch impact test imposes a more 
unfavourable condition than the loading on the crane in or out of service . 
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Table T. 3.1. 3. 

Quality groups 

'~tcr. ~~~ti~ltv-, -
;:eels, cor.esoonding 'lleasured ,r i•~-r :e"'oera:~re 

:ua.1 ! t" :sc ;narc ~otrr 1 -~- :~ r..,., oua.ii:v :;;rc•.;c . ·- Si:arca: • group Tc oc 
~!:St :sc :; .~c I Jes~i:;riacior ~· - +-oo' -

' 
::, ,.._ - ~:) 

in r--m1cm 2 i 

I 

l - I - F'e 360 - .. 
I F"e 430 - A 

Euronorm 25 

St 37 - 2 
I OIN [7100 
I St IJ.4 - 2 

' I I E 24 - l NF A 35-501 
' 

i . I IJ.3 A SO B • BS 4360 [972 
I i:-e 360 - B 

' I i •e IJ.30 B Euronorm 25 j -
i i F'e 510 - 8 ('--._ 

i 
! R St 37-2 . 

DIN l 7100 
St IJ.4-2 --

2 15 . 20° E 24 (A37) - 2 ; 
E 26 (A42J - 2 'F A 35-501 

I 
E .36 (A52) - 2 

I I 40 8 43 8 • SS 4360 1972 
I 

=-e 360 - C 
' I 

I ·e 430 - C Euronorm zc:, 

I •e 510 - C 
St 37 . 3U 

: I 

3 3 . oo St 44 . 3l.J JIN l 'l00 -
St 52 - 3U 
E 24 ( >l37) - t 

E 26 iA42J - 3 NF .. 35-501 
E 36 (AS2J - 3 
40 ,: 43 - ss 4360 1972 • 
50 C 55 C 

I i:-e 360 - Cl 

·e 410 - 0 Euronorm 2, 

Fe 5LC - D 
St 37 - 3N 

j 
St IJ.4 3N I 2IN l 7 l00 

I - I 

St 52 3N I - j 

I 
20° 4 35 I - E 24 i A.371 - ,.. I 

I E 26 , A42) - 4 I NF il 35-SOl 
I i 

I 
E 36 (AS2J - 4 I 

I IJ.Q 0 43 0 
I • 1 3S 4360 1972 

50 0 55 E I I 

• The test requirements of steels to BS.IJ.360 do not in all cases agree with ~he ~ur:ncrm anc 
otner national standards, and tne guaranteed impact test orooerties for steels·~= =~-~36C 
may be different to otner steels in tne same quality group. r~oact test orooert:es ;:e sratea 
l'"' 9S.4360 ano ,inere tne reauirements are different from those ~uaranteeo '.,., =S.-•-:,:, 3gree­
•'llen~ must be '.)Otained ~rom •ne steei suooliers. 
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3. l.4. 

3.2. 

3.2.l. 

3.2. l. l. 

• 

SPECIAL RULES 

In addition to the above provisions for the choice of the steel quality, the 
following rules are to be observed: 

l - Non killed steels of group l shall be used for load carrying structures only 
in case of rolled sections and tubes not exceeding 6 11111 thickness. 

2 - 1-entlers of more than 50 11111 thickness, shall not be used for welded load 
carrying structures unless the manufacturer has a comprehensive experience 
in the weldi,,g of thick plates. The steel quality and .its testing has in this 
case to be determined by specialists. 

3 - If parts are cold bent with a radius/plate thickness ratio< 10 the steel quality 
has to be suitable for folding or cold flanging. 

CHECKING WITH RESPECT TO THE ELASTIC LIMIT 

For this check, a distinction is made between the actual members of the structure 
and the riveted, bolted or wel~ed joints. 

STRUCTURAL MEMBERS OTHER THAN JOINTS 

MEMBERS SUBJECTED TO SIMPLE TENSION OR COMPRESSION 

l) Case of steels for which the ratio between the elastic limit aE and the ultimate 
tensile strength aR is< 0,7. 

The ccrnputed stress a must not exceed the maxirrun permissible stress aa obtained 
by dividing the elastic limit stress aE by a coefficient "E which depends upon 
the case of loading as defined under section 2.3. 

The values of ve: and the permissible stresses are 

Case I Case II. :ase III Values of'{: 
1,5 1,33 l, l 

Permissible stresses aa aE C°£ JE 
1,5 l, 33 ·r:-r 

For carbon steels of current manufacture A.37 - A.42 - A,52 (also calle,j E.~4 -
E.26 - E.36 or Fe 360 - Fe 510) the critical stress GE is conventionally ~3Ken 
as that whi~h corresponds to an elongation of 0,2 % . 

3-10 



3.2.l.2. 

) 

Table T.3.2.1.l. 

Values of Oe: and Ga for steels A.37 - A.42 - A.52 

Elastic limit Maximun permissible stresses : Ga 
STEELS :JE Case I Case II Case III 

N/rm/ Nlmm' N/nm' N/mm' 

E,24 (A.37, Fe 360) 240 160 180 215 
E 26 (A.42) 260 175 195 240 
E.36 (A.52, Fe 510) 360 240 270 325 

i 
2) Case of steels with high elastic limit (OE/OR > O, 7) 

For steels "Nith high elastic limit where The ratio ~Eis greater than 0.7, the use 
of the '{: coefficients does not ensure a $ufficient ~argin of safety. In this case 
a check can be made that the permissible ~tress Ga given by the formula below is 
not exceeded : 

Nhere ' 
are the elastic limit and the ultimate tensile strength of the 
steel considered 

aE.52 and aR.s2 these same stresses for steel A.S2, Le. 360 N/nm
2 and 510 N/mm

2 

Jas2 the permissible stress for steel A.52 in the case of loading 
considered. 

MEMBERS SUBJECTED TO SHEAR 

The permissible stress in shear Ta has the following value 

Ja being the permissible tensile stress . 

• 
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3.2.l.3. MEMBERS SUBJECTED TO COMBINEO LOADS - EQUIVALENT STRESS 

crx, cry and Txy being respectively the two normal stresses and the shear stress 
at a given point, a check shall be made: 

l - that each of the two stresses Ox and cry is less than cra and that Txy is less 
than Ta 

2 - that the equivalent stress Ocp is less than cra, i.e. 

When using this formula, a simple method is to take the maximun values ax, cry and 
Txy· But, in fact, such a calculation leads to too great an equivalent stress if 
it is impossible for the maximun values of each of the three stresses to occur 
simultaneously. 

Nevertheless, the simple calculation method, being conservative, is always 
acceptable. 

[fit is desired to calculate more precisely, it is necessary to determine the 
most unfavourable practical combinat.ion that may occur. Three checks must then 
be made by calculating successively the equivalent stress resulting from the three 
following combinations 

Jx max and the corresponding stresses cry and Txy 

0y max and the corresponding stresses ax and Txy 

1'.xy max and the corresponding stresses ax and Oy 

N::Jte : rt should be noted that when two out of the three stresses are approximately 
of the same value, and greater than half the permissible stress, the most unfavourable 
combination of the three values may occur in different loading cases from those 
correspcnding to the maximun of each of the three stresses. 

Soecial case : 

- Tension (or compression) combined with shear 

The following formula should be checked 

3-12 
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3.2.2. 

3.2.2. l. 

CASE or JOINTS 

RIVETED JOINTS 

l - Rivets in shear 

Taking the effect of the clamping force into account, the calculated shearing 
stress T must not exceed: 

T = 0,6 Oa in the case of single shear 

and T = 0,8 Oa in the case of double or multiple shear 

where Oa is the permissible tensile stress of the metal used for the rivet. 

single shear double or multiple shear 

2 - Rivets in tension 

The calculated tensile stress o must not exceed the value 
' l 

o = o,~ Oa 

3 - Rivets loaded in tension and shear 

The following conditions must be checked 

a~ 0,2 Oa 

and T ~ 0,6 Oa for single shear 

or T ~ O, 8 Oa for double shear 

4 - Limit of bearing pressure 

The bearing pressure in the walls of holes On must not exceed 

On~ l,5 Oa for single shear 

On~ 2 Oa for double shear 

5 - /ltltes concerning riveted joints 

• 

a) Rivets subjected to tension should be avoided, particularly ':r ~~e main 
mentiers ; 

b) all joints must have at least two rivets aligned in th~ a1:~~;y, of the 
force . 

3-13 



3.2.2.2. 

3.2.2.2.0. 

3.2.2.2. 1. 

• 

BOLTED JOINTS 

GENERAL 

Bolted joints may be subjected to stresses due to forces acting perpendicular t~ 
the joint (joints by tension bolts), due to forces acting parallel to the joint 
surfaces, and due to forces acting simultaneously perpendicular and parallel to 
the joint surface. 

JOINTS MADE WITH TENSION BOLTS WITH CONTROLLED TIGHTENING 

- General 
' i 

A joint by tension bolts with controlled tightening is a joint in which the main 
tension is in the direction of t~e axis of the bolt, screw or threaded rod and 
which has been subject to a tigh~ening effect, applied in the absence of any ex­
ternal load, which is recommendetj for all joints subjected to fatigue. 

Care must be taken to ensure that the bolt is not subjected to shear loading. These 
bolts do not come into the category of H. S. bolts but may be used if they fulfil 
the conditions of 3.2.2.2.2.3. 

Care should be taken to ensure thpt the bolts are correctly tightened and that 
the tightening is permanent (tolejrance •I- 10 %). Factor~= 1.1 is introduced 
to take account of tolerances. ' 

During the application of the initial tightening on the bolt, under the combined 
effect of tension and torsional loading the stress should not exceed 80 % of the 
'c!lastic limit, taking account of the scatter in applying the initial tightening. 

2 - Calculation of the permissible load on joints 

a) Tightening with twist 

where 

where 

0p theoretical tensile stress under the tightening effect 

Tb torsional stress under the tightening effect 

d2 = diameter of the root of the thread 

dt nomina"l diameter of the bolt 

Pa thread pitch 

J = friction coefficient in the threads 

JE elastic limit of the oolt metal 

3-14 
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b) Tightening without twist 

ab~ o,a aE 

B - Permissible_ load _FL on_ the _JJint 

Two checks are to be made: 

a) Lhder the maximun load, taking into account the safety coefficient K 

andK
1

, the elastic limit of the bolt must not be exceeded. 

determine: 

check that 

where 

5ti = section of the root< section of the sharlk. 

= 
6-i1 • M2 

U 1 = shortening of the elements to be tightened under the action 
of the tightening force 

M2 = lengthening of bolt under the action of ;he tightening force. 
I 

For assembled steel parts, the section to be corlsidered for M1 : 
1 

where 

S1 = bearing diameter under head 

eK = length of tightened parts 

Dt = diameter of bolt holes 

For bolts whose shank diameter differs considerably fron the root diameter 
of the thread and where there is an appreciable threaded length remaining 
in the part submitted to stress, a complete calculation of M2 should be 
made. 

b) Lhder the maximun load with application of coeff_icients 5"2, JC' anc IC" 

separation of the parts should not occur. 

Safety coefficients K, K' and K" 

,c depends on the surface state of the parts to be tightened 
(machined surface K = l) 

,c' corresponds to safety in relation to the elastic limit in 
accordance with table 3.2.2.2. 

K" corresponds to safety against separation of the parts . 

• 
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Table T.J.2.2.2. 

Case I Case II Case III 

ic:' 1,50 1,33 \ l,l 

IC. 1,3 l 1 

lt:lte : The coefficients IC' and IC• should be applied to the most un­
favourable condition arising from the scatter in applying the initial 

' tightening effort. 

C - Checking_for_fatigue 

Checking bolts for fatigue is carried out solely for case I loads. 

Lhder the effect of the service load r 1, the true tensile stress varies 
between the values 

The following' equation ~st be verified 

r, 2 OA 
01 - ...... ,, -~ ~ ~ 

oA is the amplitude of the maximun permissible stress for fatigue given 
in the following graph. 

For any other type of bolt or design method the oA value Should ensure 
at least an equivalent level of safety against fatigue. 

llrly conformity tests should be carried out according to ISO soeciflcation 
3800/1 with Om= 0,8 RE(~= OE) . 

• 
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3.2.2.2.2. BOLTED JOINTS SUBJECTED TO F'ORCES ACTING PARALLEL TO THE 
JOINT PLANE 

l - Bolts Slbjected to shear (fitted bolts) 

Preferably for non-fluctuating stresses with and without preload. 

The following checks presuppose that the bolting has been effected under proper 
conditions, i.e. using fitted bolts (turned or cold finished) with ISO tolerances 
and the shanks of which bear against the full length of holes drilled in the 
parts being assembled. 

- !-'.oles must be drilled and reamed with the ISO tolerances. 

Black bolts are permitted only for secondary joints which do no~ transmit heavy 
loads. They are prohibited for joints subject to fatigue. \ 

The calculated stress Ton the shank shall not exceed the value~ given for 
rivets in clause 3.2.2.l.l-. 

The bearing pressure shall not exceed the values indicated in clause 3.2.2.l.4-. 

2 - Bolts subjected to ccmbined tension and shear 

A check shall be made that : 

and 

or 

and that 

(J ~ 0,65 Ga 

T-' 0,6 CTa 

T '- 0,8 CTa 

/a2 + 3 T
2 ~ cr8 

for single shear 

for double shear 

The permissible stress in a bolt is limited to : 

cra = 0,7 crE(O,Z) for normal execution 

cra = 0,8 OE(O,Z) for a construction which prevents stripping 
the thread. 

where °E(O,Z) is the 0,2 % proof stress of the metal constituting the bolt • 

• 
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Appendix A 

~ 

J - Joints using high strength bolts with controlled tightening (H.S.) 

This type of joint is reccmnended for assentllies subjected to fatig,.. 
main loads are parallel to joint faces. Members joined by H.S. bolts 
jected to the following types of loads: 

A - Loads acting in the plane of the joint (symbol T) 
-------------------------------------------------
In this case, the loads tend to make the parts in contact slip a 
force is transmitted by friction. To determine the permissible 1 
bolt Ta which can be transmitted by friction, the tensile force 
exists in the bolt after tightening must be considered. This is 
by the coefficient of frictionµ of the contact surfaces, and th 
coefficients Vr which are the same as those in clause (3.2.1.1.) 
to this limiting force, i.e. 

Vr = 1, 5 for ca~e I loading 

= 1,33 for case II loading 

= 1, l for case Ill loading 

This may be expressed Ta b!...:..£. 
.• 

m being the nunber of fri = • m, 
surfaces. Vr 

The tension, F, in a bolt depends upon the tightening torque; tt 
µ depends upon the metal constituting the members, the state of 1 
in contact, and the method of preparation. Appendix A - 3.2.2.2.: 
information on this subject. 

8 - Forces_perpendicular_to_the_plane_of_the_joint_(symbol_N) 

The checking by calculation of the forces perpendicular to the a~ 
surface shall be carried out in accordance with clause 3.2.2.2.1. 

If the bolted joint is subjected to an external couple M, the ter 
has to be determined at the bolt which is subjected to the maximL 
and, where applicable, added to the existing tensile load N. 

C - Combined_loads_of_the_T,_N_and_M_types 

Two checks rust be made: 

a) That, for the most highly stressed bolt, the sun of the tensil 
due to N and M loadings remains less than the permissible tens 
as defined in 3.2.2.2.2. 

bl That the mean load which is transmitted by friction is less th 
follodng value 

T = µ (F - N) 

Vr 

• 
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3.3. CHECKING MEMBERS SUBJECT TO CRIPPLING 

The guiding principle shall be that parts subject to crippling must be c 
with the same safety margin-as that adopted in respect of the elastic lj 

other words, having determined the practical crippling stress, the maxin 
sible stress shall be the crippling stress divided by the appropriate cc 
1,5 or 1,33 or 1,1 specified in 3.2.l.l. 

The choice of a practical method of calculation is left to the manufactL 
'lll.Jst state the origin of the method chosen. 

[f the method chosen involves multiplying the computed stress by a crip~ 
ficient w depending upon the slenderness ratio of the member and then er 
that this amplified stress remains less than a certain allowable stress, 
to be chosen For this allowable stress shall be as specified in 3.2.1.1. 

Note : Appendix A-3.3. shows how to apply various classical methods of c 
in accordance with the above requirements. 

CHECKING MEMBERS SUBJECT TO BUCKLING 

In determining the new buckling safety coefficients, stated below, it wa 
that flat plates under compressive stresses equally distributed over the 
are exposed to a greater danger of buckling than plates under stresses c 
compression to tension over the plate width. 

In consequence, safety against buckling was made dependent on the ratio 
at the plate edges (appendix A-3.4. J 

In addition it was found necessary to determine the critical buckling st 
circular cylinders and the spacing and moment of inertia of the transver 
ners in order to avoid too great divergences in the effective safety due 
use of highly divergent data in technical literature. 

rt shall be verified that the calculated stress is not higher than the c 
buckling stress divided by the following coefficients ·,y : 

Case Buckling sa fet 

I l, 70 • 0,175 ('Ji 

Buckling of plane members r r l, SO • 0, 125 ('~ 

r II l, 35 • 0,075 (., 

-
Buckling of curved memoers ; r t I 70 

Circular cylinders I I _I, SO 
'.e.g. tubes> I II l, 35 

rhe edge-stresses ratio~ varies between• land - I. 

Appendix A.3.4. gives the procedure for determining the critical bucklin, 

• 
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3.5. 

.. 

CASE or STRUCTURES SUBJECTED TO 
-SIGNIFICANT DEfORHATION 

In this case the stresses in the members may not be proportional to the forces which 
cause them- due to the deformation of the structure as a result of the application of 
these forces. 

~ 
,' I t 

This is the case, for example, with the stresses pro­
duced in the colunn of a crane (illustrated diagrarrma­
tically) where it is clear that the moment in the 

'/ 
I 

I 
/, 

I I colum is not proportional to the forces applied because 
of deformations which increase their moment arm. 

I 
, ! 
I' 
I ' 

• j 

' i 

In this case the calculation is made as follows : 

l - First make the checks required by clauses 3.2. -
3.3. - 3.4. calculating the stresses resulting from 
the various cases of loading and checking that th~re 
is a sufficient safety margin in relation to the criti­
cal stresses (elastic limit, crippling, buckling). 
In the calculation of the stresses account is taken 
of the deformation due to the loads on the structure. 

2 - A further check is also carried out by calculating the stresses resulting from 
the applic~tion of the loads rll.fltiplied by the coefficient v of the case of loading 
considered!and taking into accouit the deformations resulting from the application 
of these i,kreased loads and checking that the stresses thus calculated remain less 
than the c*itical stresses for the elastic limit, for crippling and for buckling. 

1-0wever, to take account of the fact that the variable loads Sv (loads due to the 
hoisted load multiplied by~. to the wind and to horizontal movements) are more 
dangerous than the constant load C)Je to the dead weight Sc, a check can be made 
in practice by considering two cases as follows : 

l - When the effects of the dead weight Sc and of the variable load Sv lead to 
deformation in opposite directions : 

Determine the stress Cc resulting from the application of the dead weignt Sc (without 
amoli fication l and Cy resulting- from the variable loads Sy, rll.fltiplied o-, the coef­
ficient v corresponding to the case considered (clause 3.2. elastic 11~1t, 3.3. 
crippling, 3.4. bucklingl and check that this stress is less tha~ t~e critical 
value i.e. : 

c resulting from (Sc• V5yl ~ Ocr 

? - wtien the dead weight and the variable load lead to deformations .~ ~~e same 
direction: determine the stress resulting from the application o' ~~ ,ariable 
load multiplied by the coefficient v and of the dead weight mult1cl~~~ =• ~~e coef­
ficient : 

where r = 

V' = l • (v - l) r 

Cc --- calculated in the initial stage of the deformat1or-s. 
Cc+ Cy 

we then have : a resulting from (v•5c + V5yl ~ Ccr• 
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3.6. 

3.6. l. 

3.6.2. 

3.6.3. 

CHECKING MEMBERS SUBJECTED TO ~ATIGUE 

Danger of fatigue occurs when a member is subjected to varying and repeated loads. 

Fatigue strength is calculated by considering the following parameters 

l - the conventional nunoer of cycles and the stress spectrun to which the member 
is sl.bjected ; 

2 - the material used and the notch effect at the point being considered 

3 - the extreme maximun stress Omax which can occur in the ment>er 

4 - the ratio~ between the values of;the extreme stresses. 

CONVENTIONAL NUMBER OF ~YCLES AND STRESS SPECTRUM 

The runber of cycles of variations of 'loading and the spectrun of stresses to be 
taken into consideration are discussed in clause 2.1.2.2. and in clause 2.1.2.3. 

These two parameters are taken into aqcount when considering solely the group in 
which the member is classified in accqrdance with clause 2.1.4. 

i 

MATERIAL USED AND NOTCH EFFECT 

The fatigue strength of a member depends upon the quality of the material used 
and upon the shape and the method of making the joints. The shapes of the parts 
joined and the means of doing it have the effect of producing stress concentrations 
(or notch effects) which considerably reduce the fatigue strength of the member. 

Appendix A-3.6. gives a classification of various joints according to their degree 
of stress concentration (or notch effect). 

DE T E RM [ NA T [ 0 N Of T HE MAX I MUM S T RE S S Gmax 

The maxinun stress, Gmax is the highest stress in absolute value (i.e. it ~ay be 
tension or COT1Dression) which occurs in the member in loading case I re'erred to 
in clause 2.3.1. without the application of the amplifying coefficier,t Y:· • 

When checking members ir:i compression for fatigue the crippl_ing coefficie,-,t, ~, 
given in clause 3.3. should not be applied . 

• 
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3.6.4. 

3.6. 5. 

THE RATIO~ BETWEEN THE EXTREME STRESSES 

This ratio is determined by calculating ttie extreme v,alues of ttie stresses to wtiicti 
ttie conponent is subjected under case I loadings. 

The ratio may vary depending upon ttie operating cycles but it errs on ttie safe 
side to determine t/"lis ratio K by taking ttie two extreme values whicti can occur 
during possible operations under case I loadings. 

If 0max and Cmin are ttie algebraic values of these extreme stresses, Gmax being 
ttie extreme stress having the nigher absolute value, ttie ratio K may be written 

in the ca~e of stiear. 
l 

J 

This ratio, which varies from .. 1 to - l, is positive\ if ttie extreme stresses are 
botti of the same sense (Fluctuating stresses) and negative when the extreme stresses 
are of opposite sense (alternating stresses). 

CHECKING MEMBERS SUBJECTED fO FATIGUE 
) 

l 
Using the parameters defined in clauses 3.6.1. to 3.6 14. the adequacy 
of the structural members and of the joints subjected·to fatigue is ensured by 
checking that the stress Omax• as defined in clause 3;6.3. is not greater than 
ttie permissible stress for fatigue of the members under consideration. 

This permissible stress for fat~gue is derived from the critical stress, defined 
as being the stress which, on the basis of tests made witt, test pieces, corresponds 
to a 90 % probability of survival to wtiich a coefficient of safety of 4/3 is applied 
thus : 

'Ja for fatigue = o, 75 a at 90 % survival. 

The determination of ttiese permissible stresses having regard to all these consi­
derations is a complex problem and it is generally advisable to refer to specialised 
books on ttie subject. 

Appendix A-3.6. gives practical indications, based on-the results of research in 
this field, on ttie determination of permissible stresses for A.37 - A.42 and A.52 
steels, according to the various groups in whicti the components are classified, and 
the notcti effects of the main types of joints used in ttie manufacture of hoisting 
appliances. 

• 
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APPENDIX A - 3.2.2.2.Z.3. 

DESIGN OF JOINTS USING HIGH STRENGTH BOLTS 

WITH CONTROLLED TIGHTENING 

Clause 3.2.2.2.2.3. determines the general requirements to be observed for the exe­
cution of ioints with high strength bolts. 

This appendix gives some directions on the preparation of the surfaces to be joined, 
the friction coefficients obtained and the tightening methods. ! 

Coefficient of frictionµ 

The coefficient of rriction used for the calculation of the force transmitted by 
friction depends upon the joined material and upon the preparation of the surfaces. 

A minimun preparation before jointing will consist in removing every trace of dust, 
rust, oil and paint by energetic brushing with a clean metallic brush. Oil stains 
must be removed by flame cleaning or by the application of suitablle chemical products 
(carbon tetrachloride, for instance). l 

! 

j 

A more careful preparation will increase the coefficient of friction. This could 
be sandblasting, shotblasting or oxy-acetylene flame cleaning done not more than 
five hours before tightening; brushing must be done just prior to jointing. 

The coefficients of friction are given in the following table. 

fabler.A. 3.2.2.2.2.3.l. 

Values of µ 

Normally prepared surfaces 
Specially prepared surfaces 

Joined material (degreasing and brushing) 
(flame-cleaned, shot or 

sand-blasted) 

E-24 (A.37) Fe 360 0,30 O, SO 

E-26 (A.42) 0,30 0, 50 

E-36 (A.52) Fe 510 0,30 'J, 5 5 

rt is necessary to insert two washers, one under the bolt head, the :itrer ·Jnder 
the nut. These washers must have a 45° bevel, at least on the internal r:~, and 
turned towards the bolt head or the nut. They must be heat-treated _i,., ::::er that 
their hardness shall be at least equal to that of the metal consti~~~:-~ :~e oolt 

• 
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Bolt tiq,tening 

The value of the tension induced in the bolt must reach the value determined by 
calculation. 

This tension, resulting from tightening, can be measured by calculation of the 
torQ.Je to be applied to the bolt and given by the formula : 

where 

Ma is the torcµe to be applied in flffl 

d is the nominal diameter of the bolt in m 

F is the nominal tension to be induced in the bolt kN 

C is a coefficient depending on the thread form,the friction coefficient or the 
threads and between the nut and the washer. 

With metric-threaded bolts and washers as delivered (slightly oiled, without rust 
or dust) : 

C = O, 18 

I 
The tensile stress in the bolt must not exceed that defined under clause 3.2.2.2.2. 

Value of the tensile stress area of the bolts 

wtien determining the stress in the bolt, the tensile stress area shall be calculated 
by taking the arithmetic mean of the core (minor) diameter and the effective thread 
diameter. These values are given in the following table : 

~inal 
dic111eter 8 10 12 14 16 18 20 22 24 27 30 

(trm) 

Tensile 
stress area 36,6 58 84,3 115 157 192 245 303 353 459 561 

(1!'1112) 

• 
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~lity of the bolts 

Bolts used for this type of joint have a high elastic limit. 

The ultimate tensile strength crR must be greater than the values given hereunder 

OE 0,2 OR 

N/mm 2 N/mm 2 

< 700 > l,15 OE 

700 to 850 > 1,12 crE 

> 850 > l, 10 OE 

The diameter of holes shall not exceed by more than 2 mm the diameter of the bolt. 

The following table gives per bolt and per friction surface, the values of the 
transmissible forces in the plane parallel to that of the joint for bolts of 
1000 - 1200 N/mm 2 with an elastic limit of OE= 900 N/mm 2 for various friction 
coefficients for the steels A.37,'A,A2 and A.52. 

To apply these figures, the nunber of effective friction surfaces as indicated 
in the drawing below must be determined. 

Effective friction surfaces 

l Friction surface m = 

i J: 2 Friction surfaces m = 2 

I 3 friction surfaces ·m = 3 

• 
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Solt 
dia-

meter 

mm 

10 

12 

14 

16 

18 

20 

22 

24 

27 

• 

Table T.A.3.2.2.2.2.3.2. 

Transmissible forces in the plane of the Joint 

per bolt and per friction surface 

Bolts of 1000/1200 N/rrm 2 : crE = 900 N/rrm2 

with means of preventing stripping of the threads : cra = 0,8 crE 

Tensile Clan,;:,- j t>brmally prepared 
Specially prepared surfaces 4pplied surfaces 

stress 
area 

rmi2 

58 

84,3 

• 115 

157 

192 

245 

303 

353 

459 

sing 
for~e force i Steels Steels Steel 

A-37, A-42, A-52 A-37, A-42 A-52 
I.!= 0,30 J.J = 0,50 U = 0,55 

Case r Case II Case III Case r Case II Case III Case r Case II Case 
kN N'II kN kN kN kN kN kN kN kN kN 

41,7 j 82,7 8,3 9,4 11,4 
l 

13,9 15,7 18,9 15,2 17,2 20,8 

60,6 jl44,0 12, l 13,6 16,5 20,2 22,8 27,5 22,2 25,0 30,3 
1 

82,7 1229,0 16,5 18,6 22,5 27,5 31,0 37,6 30,2 34,2 41,4 

113,0 358,0 22,6 25,5 30,8 37, 7 42,5 51,4 41,S 46,8 56,5 

1.38,0 492,0 27,6 31,0 37,6 46,0 51,8 62,7 50,6 57,0 69,0 

176,0 697,0 35,2 39,7 48,0 58,5 66, l 80,0 64,5 72, 7 88,0 

218,0 950,0 43,6 49,3 59,7 72,5 82,0 99,0 80,0 90,2 109,0 

254,0 1200,0 50,8 57,1 69,4 84,5 95,5 115,5 93,l 105,0 127,0 

330,0 1760,0 66,0 74,2 90,0 110,0 124,0 150,0 121,0 136,0 165,0 

For a bolt with an elastic limit of crE'• the values of the forces ana of :ne torques 
indicated in this table are to be multiplied by the ratio OE,/900. 

Where no special measures are taken to avoid stripping of the tnreaas 
these values are to be divided by 1,14. 
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APPENDIX A- 3.2.2.3. 

STRESSES IN WELDED JOINTS 

wetermining the stresses in welds is a highly complex problem primarily because 
of the great nunber of possible configurations welded joints can assume. 

For this reason it is not possible, as the matter stands at present, to lay down 
precise directives in these Rules for the Design of Hoisting Appliances. Indeed, 
both the volume and the subject mat.ter of rules relating to welding would be dif­
ficult to fit into the general context of the present design rules. It was conse­
quently decided to include only the, following general indications : 

l - All methods of calculation assJne of necessity a properly executed joint, i.e. 
a weld with correct penetration and a good shape, so that the joint between 
the components to be assembled ~nd the weld seam is free from discontinuity 
or sudden change of section as ~ell as fron craters or notches due to under­
cutting. 

The design of the weld must be adapted to the forces to be transmitted, and 
specialised literature on the subject should be consulted. 

It should be noted that the strength of a welded joint is significantly improved 
if the surface of the weld is fdnished by careful grinding. 

i 
l 

2 - There is no need to take into consideration stress concentrations due to the 
design of the joint or residual' stresses. 

3 - The permissible stresses in welds are those determined under clause 3.2.2.3. 
and the equivalent stress Ocp in the case of conbined stresses (tensile or 
c011pressive) a and shear stress Tis given by the formula : 

In cases involving dual str~sses ax and Oy and the shearing stress Txy• the 
following formula is appli~j: 

4 - In a fillet weld, the width of the section considered is the depth of the weld 
to the bottcm of the throat and its length is the effective length of the weld 
less the end craters. 

The length need not be reduced if the joint closes on to itself ~r i' special 
precautions are taken to limit the effect of the craters. 

Attention is drawn to the fact that it seems ta be reliably estaolis~ed that 
fatigue failures. in welded joints seldcrn occur in the weld seam. itself but 
usually beside it in the parent metal . 
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The stresses O'min and O"max for the fatigue strength calculations for the parent 
metal.beside the weld seam, can therefore in general be computed using the classi­
cal methods for calculating the strength of meterials. 

In order to verify the fatigue strength of the weld itself, it is generally helcf • 
that it suffices to confirm that it is capable of transmitting the same loads as w; 

the adjacent parent metal. 

This rule is not obligatory however when t.he parts jointed are generously di­
mensioned in relation to the forces actually transmitted. When this is the case 
it suffices to dimension the weld seam in .accordance with those forces, with 
the proviso that a fatigue check should then be performed in accordance with 
appendix A-3.6. 

Whatever the case it is emphasised that t~e size of a weld should invariably 
be in proportion to the thickness of the assembled parts. 

l 

Special cases 

In certain cases of assembly by welding, particularly when there is a transverse 
load (i.e. perpendicular to the werd seam), the permissible stresses must be 
reduced (see clause 3.2.2.3.). 

• 
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APPENDICES A - 3.3. AND A - 3.4. 

CHECKING STRUCTURAL MEMBERS SUBJECT 
TO CRIPPLING AND BUCKLING 

The aim of these two appendices is not to adopt any specific stand on the proble~ 
but merely to give some general indications and enable reference to be made to 
existing works. 

A nunber of different ~ethods are at present ir use, among which the following 
are cited : 

- in Germany, DrN 4114 

2 - in Belgiun, regulation NSN 

, - in •ranee, the CM l966 Rules 
l 
l 
It,• .. J ,1 • ~ ll - in the LX'lited Kingdom, 8S 2573 .. "; ., .. ~ ,~r-1 

APPENDIX A - 3.3. 

CHECKING STRUC~URAL MEMBERS SUBJECT 
TO CRIPPLING 

While '10t wishing to adopt any particular standpoint on this problem, trie F="EM 
reccmnands the use of a practical method. in the simpler cases, consisting in ampli­
fying the calculated stress in the various loading cases defined in clauses 2.3.1., 
2.3.2., and 2.3.3., by a crippling coefficient w, dependent upon the slenderness 
ratio of the member, and checking that, in each of these cases, the stress thus 
augnented remains less than the stresses given in table· T.3.2.l.l. 

The values of ware given in the tables below for the following cases, as a functior 
of the slenderness ratio 1 : 

Table T.A. ,. 3.l. rolled sections in St 37 steel <Fe 36.::i 

Table '.A. ,.3.2. rolled·sections in St 52 steel (•e ~::i 

rable r.A. 3.3.3. tubes in St 37 steel (Fe 360) 

Tabler.A. 3.3.4. tubes in St 52 steel (Fe 5101 

Determination of effective lengths for calculating the slender"'<!,, :1~:, , 

l - In ~he ordinary case of bars hinged at both ends and loaded, •• , .. ,. ~he 
effective length is taken as t~e length between points or 3r!!:~.•::,n. 

2 - For 3n 3xially loaded bar encastered at one end and free at~~~ =~-~r the 
effective length is taken as twice the length of the bar. 
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3 - Because of the uncertainty which exists at present about the effect of fixity 
on bars in compression between two connections, the effects of fixity are not 
taken into conside~ation and the bar is designed as if it were hinged at both 
ends, the effective length therefore being taken as the length between points 
of intersection of axes. 

The case of bars subjected to compression and bending: 

In the case of bars loaded eccentrically or loaded axially with a moment causing 
bending in the bar 

- either check the following two formulae 

: 
F Mf v ! 

- +- --- ,$. CTa S I 

and 
wF Mr V 

-S- +- 0,9 --I- ~ CTa 

where: 

F is the compressive load applied to the bari, 
i 

s is the section area of the bar, ' 
Mr is the bending moment at the section consipered, 

V is the distance of the extreme fibre from the neutral axis, 

I is the moment of inertia; 

or perform the precise calculation in terms of the deformations sustained by 
the bar under the combined effect of bending and compression, the necessary 
calculation being effected either by integration or by successive approximations . 

• 
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Tabler.A. 3.3.1. 

Value of the coefficient win terms of the slenderness ratio A 

for rolled sections in~~ 37 steel (Fe 360) 

0 I 2 3 ◄ 5 6 7 

l,°'4 l.°'4 l ,°'4 l,05 1.0, 1.06 1,06 1,07 
l,08 1,09 1.09 1,10 l,10 1.11 l,ll l,12 

l,14 1,14 1.15 1.16 1,16 1.17 1.18, l,19 

1.21 1,22 l,23 1,23 1,24 1.2, 1.26 I 1,27 

1,30 1,31 1,32 1,33 l,3,4 1,35 ·1.36' 1,37 

l,41 1,42 l,+4 l, ◄ 5 1,46 l. ◄8 1,49! 1.50 
' U5 l.~ 1,58 1.59 1,61 1.62 1,6-4 i 1,66 
\ 

1,71 1,73 1,74 1,76 1,78 1.80 1.82\ 1.8-4 
I 

1,90 1.92 l.~ 1,96 1,98 2,00 2.02 2,~ 

2,11 2,14 2,16 2,18 2,21 2.23 2,27. 2.31 

2,43 2,47 2,51 2,55 2,60 2,6-4 2,68 2.n 

2,85 2,90 2,:).4 2,99 3,03 3,08 3,12 3,17 

3.31 3,36 3,41 3,45 3,50 3,55 3,601 3,65 
j 

3.80 3,85 3,90 3,95 4,00 ◄.06 4,u l 
1 

4,l~ 

4,32 4,38 4,-0 4,49 4,5-4 4,60 4,65 l 4,71 

4,88 4,9'4 5,00 5,05 5,11 5,17 5,23 • S,29 

S.47 5,H S,S9 5.66 S,72 5,78 5,8-4 • S,91 

6,10 6,16 6.23 6,.29 6,36 6,42 6.◄9 6,55 

6,:S 6,82 6.89 6,96 7,03 7,10 7,17 7,24 

7,45 7,52 7,59 7,66 7,73 7,81 7,88 7,95 

8,17 8,25 8,32 8,'40 8,•47 8,55 8,63 8,70 

8,93 9,01 9,09 9,17 9,25 9.33 9,41 9,49 

9,73 9,81 9,89 9,97 10,05 10,14 10.22 10,30 

10,55 

• 
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!,07 1,08 

1,13 1,13 

1,19 1,20 

1,28 l,29 

1.39 1,40 

1,52 1.53 
1,68 l,69 

1.86 1,88 

2,07 2,09 

2,35 2.39 
2,i7 2,81 

3,22 3,26 

3,70 3.n 

◄ ,22 4,.27 

4,n 4,82 

5.35 S.41 

5,97 6,03 

6,62 6.69 

7,31 7,38 

8,03 8,10 

8,78 8,86 

9,57 9,65 

10,39 10.47 
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Table T.A. J.J.2. 

Value of the coefficient win terms of the slenderness ratio A 

for rolled sections in St 52 steel (Fe 510) 

0 l 2 } 4 5 6 ' s 

l,06 1,06 1,07 l,07 1,08 l,08 1.09 1.09 1.10 
L,ll l,12 1,12 1,13 l,U 1, 15 1,15 1.16 1,17 
1,19 1.19 1.20 l,21 l,22 l,23 l,24 1,25 1,26 

1.28 1.30 1,31 l,32 l,33 1.35 l,36 1.37 1.39 
1,41 l.•43 1.4"' 1.46 l,48 1,49 1,51 1.53 1.54 
us l.60. 1.62 1,64 l.66 1,68 1,70 1.n 1,74 
l.79 l,81 l.83 l,86 l,88 1.91 1.93 1,95 l,98 
2.05 2.10 2,U 2. 19 2.2-4 2.29 2.33 2,38 2,43 

2.53 2.~ 2.6' 2.69 2.7-4 2.79 2.85 2.9:l 2,95 
3.06 3,12 3,18 3,23 3,29 3,35 3,41 3,47 3,53 
3,65 3,71 3.n 3.83 3.89 3,96 4,02 .(,09 4,15 
4,28 4,35 .(,,U 4,48 "·" 4,62 -4,69 4.75 4,82 
4,96 5.04 5,11 5,18 5.25 5,33 5.40 5,47 5,55 

5,70 5,78 5,85 5.93 6,01 6,09 6,16 6,24 6.32 
6,48 6,5i 6.65 6,73 6,81 6.90 6.98 7,06 7, 15 

7,32 7,,41 7,49 7,58 7,67 7,76 7,85 7,9-4 8.03 
8,21 8,30 8,39 8,48 S.58 8,67 8,76 8,86 8,95 
9,14 9,24 9,3,4 9,44 9,53 9,63 9,73 9,83 9,93 

10,13 10,23 10,3,4 10,44 10,54 10,65 10,75 10,85 10,96 
11.17 11,28 11,38 11,49 l l.60 11,71 11,82 11,93 12.04 
12.26 12.37 12.48 U,60 12.71 12.82 12,94 13,05 13.17 
13,40 13,52 13,63 13,75 13,87 13,99 14. 11 14,23 14.35 
14.59 14,71 1.(,83 14,96 15.08 15.20 15,33 15,45 15. 58 

15,83 

Table T.A. J.3.J. 

Value of the coefficient win terms of the slenderness ratio A 

for tubes in St 37 steel (Fe 360) 

0 l 2 J 4 5 6 7 I 

1,00 1.00 1,00 1,00 1,01 1,01 1,01 I,02 t.02 
1,03 1,03 1,0.( t,04 1,04 1,05 t,05 1,05 1.:-S 

1,07 L.07 1,08 1,08 1,09 1,09 1,10 1,10 1.11 

1,12 1, I3 1, 1~ 1,14 1, 15 1. 1, 1,16 1.17 I •• .. 
1,19 1.20 l,20 1.21 1,22 1,23 1,24 1,25 U6 

1,28 1,29 l,30 1,3 t 1,32 l.B l,>4 1,3, I. '-6 
1,39 L,40 1,41 1,42 1. 44 1,46 1,47 1,-48 I. '>O 

l, ,3 l.~ U6 1.~a l, ,9 1,61 1,63 t,6-4 l. :,6 

1,70 1,73 1, 76 l,79 1.83 1,87 l,90 1.9◄ I. ?1 

2,05 2.08 2, 12 2,16 2.20 2.23 

Few A> 11,, <a.Ice dl• ~1ues oic., lrom caol• T.A. 3. 3. I. 

• 
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' 
1.a 
1.18 
1.27 . 
1,40 
1,56 
1,n 

2.01 
2,48 

3,01 

3. 59 
... 22 
4,89 
5,62 

6,40 
7,.2' 

8, 12 
9,05 

10,03 

11.06 
12. 15 
13,28 

14,47 

15, 71 

' 
1.02 
t.06 
1, 11 

1,18 
1,27 

1.37 
Ul 
1.68 

I 2,01 

I 
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Table T.A. J.J.4. 

Value of the coefficient win terms of the slenderness ratio A 

for tubes in St 52 steel (Fe 510) 

0 l 2 3 ~ ~ 6 7 

1.02 1,02 l.02 1,03 1.03 1.03 1.04 l,0'4 

1,0'5 1,06 1,06 1.07 1,07 1,08 1,08 1.09 

l,ll l,ll 1,12 1,13 1,13 1.14 1.1, l.16 

l,lB l.ll9 1.20 1.21 1.22 1.23 1.24 1,2'5 

1.28 1.ao 1,3 l l,32 1,33 1.n 1,36 1,38 

1.42 1.:44 1,46 1,47 1.49 l.H l.~3 i..n 
l,62 l,~ 1.71 1.n 1,79 1.33 l,88 1,92 

2,0'5 / 
l( 

8 

1.0'5 

l,10 

1.16 

1,26 

1.39 

l.~ 

l,97 

For.\> 90. ta.i:e cb• ,al11•• ol w fr°"' ,abl• T.A. 3. 3. 2. 

The valubs of win table T.A. 3.3.3. and T,A. 3.3.4. are valid for 
calculatlng the case of an axially loaded bar consisting of a single 
tube whose diameter is equal to at least six times its thickness. 
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APPENDIX A - 3.4. 

CHECKING STRUCTURAL MEMBERS SUBJECT 
TO BUCKLING 

From the theoretical standpoint, the critical buckling stress Otr is regarded as 
a multiple of the ELLER Stres·s given by the formula : 

'.7 ~ = __ -_
2
_E ___ . ( be ')2 

i2 (i - r") 

representing the cri~ical buckling stress for a strip of thickness e, having a 
width equal to b, this being the plate dimension measured in the direction perpen-

' dicular to the compression forces (see sketch below). 

-- -- -

In this formula, E iJ the modulus of elasticity and~ Poisson's Ratio. 
l 

For normal steels in which E = 210 000 N/mm 2 and n = 0,3, the ELLER Stress becomes 

CJ ~ = i89 800 ( i-)2 

The critical buckling stress Otr must be a multiple of this value, whence 

in the case of compression. 

In the case of shear the critical stress is 

The coefficients~ and K7, known as the buckling coefficients, depend Jn 

- the ratio~= i of the two sides of the plate 
b 

- the manner in which the plate is supported along the edges 

the type of loading sustained by the plate in its own plane 

- any reinforcement of the plate by stiffeners . 
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Value of coefficients Ka and K:r 

Without wishing to enter into the details of this problem, which is the subject 
of specialised works and of particular standards,we give hereafter values of Kcr 
and~ for a few simple cases (see table T.A. 3.4.l.). 

Par more ccmplex cases, reference should be made to specialised literature. 

Combined compression and shear 

Taking a and T to be calculated stress~s in compression and in shear the critical 
ccmparison stress Otr.c is determined ffrom the expression : 

I a~ .. 3 r 2 
0 ~r.c = -------~=========== 

_q_ + ✓i( 3 - 'i' a )2 ( T \z 1 .. 'i' 
4 G~r • 4 • G~r + T~r/ 

'i' being defined in the table T.A. 3.4.l. 
ft 
l 

; 
Important note : It is essential to note that the foI"III.Jlae above giving the critical 
stresses Otr and a~r.c apply only whenithe values determined thus are below the 
limit of proportionality (Le. 190 N/rrm2 for A.37 steel, 290 N/rtrn 2 for A.52 steel). 

;::-
Similarly, the formula giving .T~r applies only when the value i3 T~r is below the 
limit of proportionality. 

Whenever the formulae give values above these limits, it is necessary to adopt a 
limiting critical value, obtained by multiplying the calculated critical value 
by the coefficient o given in the table T.A. 3.4.2., which also indicates the 
reduced values corresponding to various calculated values of Gtr and T~r· 

• 
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No. 

l 

2 

3 

4 

5. 

Table T.A. J.4.l. 

Value of the buckling coefficients K0 and ~ for plates supported 

at their four edges 

CASE a:! 
b Ko or K.r 

Si~le uiiform c~ression 

§ -~- a~ l Ko = 4 = b = 
a' - a.ocb - a~ l Ko = ca. l,2 

a 
Non-uniform compression 

CI ~ l 
8,4 

~a;~~ ~' bl I-
Ko = q, ♦ l , l 

Q_<_'l'~l 1 I a.cr.b O I CI ~ l Ko = (Cl • 1) 2 21 l 
a IJ' • 1,1 i 

Pure bending f = - l or 
bending with tension pre- CI ~ £ Ko = 23,9 
ponderant :omp ~ . 3 g -
f<-1 ...:1 - = as£ Tens r ♦ -1§- + 

Ozs'l'OJ -~!__..- 3 Ko = 15,87 
CI 

Bending with compression 
preponderant - l < f < 0 Ka = (l + f) K' - f K" ~ 10, (l + ,) 

C:ompyc;, g = where: 

ren9 - - K' = value of Ka for f = 0 in case no. - -
Ozc'!'Oj 

K" = value of Ko for pure bending (case 
. -

Pure shear CI ~ l KT= 5,34 4 
+:-7 

Cl 

1[3]1 l b, I CI ~ l KT: 4 + 51~4 --- a. 

Table T.A. 3.4.2. 

Values of o and the reduced critical stresses 

cr~r• cr~r.c and T~r (N/nm
2

) 

' l 

l 
! 
i 

i 8,6 CI; 

2 
no. 3 

1c1;, N O'~C 't'" O';, w O':r.c 't'' O':r• O';r.c -..;, • • 't" 
er er , 0 a" "cr.c C:t 

p 
calauace,i c&Jnluad l'NIICN redacH ca lc-daccd calo:ial&caci ""'--- ITduced 

Steel St 37 (Fe 360) Steel St 52 (Fe 5101 

190 110 1,00 190 110 290 168 I ,00 290 168 

200 116 0, 97 194 113 300 173 0,98 294 169 

210 121 0,94 197 I 14 310 1 79 0,96 291 172 

220 12 7 0,91 200 116 320 185 0,94 3';0 174 

230 133 0,88 202 11 7 330 191 0,92 )C 3 l 7S 

240 139 0,85 204 118 340 196 0,90 )06 176 

250 145 0,82 206 119 350 202 0,88 }(! 177 

260 150 0,80 208 120 360 208 0,86 }09 178 

280 162 0, 76 212 122 380 220 0,82 11: 180 

300 l 73 0, 72 215 124 400 231 o. 79 )16 182 

340 197 0,65 221 128 440 254 0,73 322 185 

• 
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Determination of permissible buckling stresses 

After the, critical buckling stresses have been determined as indicated above, the 
permissible stress is obtained by dividing the critical stress by the coefficient 
')v determined in clause 3.4. 

The calculations. are then performed as follows: 

The stresses are determined for each case of loading, in accordance with clause 3.4., 
after which a check is made to ensure that these calculated stresses do not exceed 
the permissible stresses determined as indicated aoove. 

~: In the case of ccmbined c~ression and shear, the critical c~arison stress 
&cr.c must be conpared with the conparison stress calculated from the formula in 
clause 3.2.1.3. : 

~ /cLl+3T2 vcp = o~ 

Example of checking for buckling 

Take the case of a plate girder in St 37 steel, having a span of 10 m, a depth 
of 1,50 m, a web thickness of 0,010 m, a u,iformly distributed load of 162 kN/m 
and stiffeners l,25 m apart. 

I 
I 

.•~ 

1>.00 ... 

Reactions on supports : A = 8 = 810 kN 
1-tlment of inertia of the beam = l 419 OCO cm" 
Checi<ing at section MN, located 0,625 m from A 
Bending mcment at 14'4 

8 

I 

J 

• 2 
Mf = 810 x 0,625 - 162 x2°, 625 = 474,7 kflm 

l.pper stress (c~ression) 

474,7 X 106 
X 0 184 X 103 

_ 28 N/ITl!lz 01 = - - l 419 DCX) x -10' = 

Lower stress (tension) 

a = 474,7 x 106 x 0,66 x 10
3 = 22 N/ITl!lz 

2 l 419 CXlO x 10' 

These stresses are calculated at the upper and lower edges of t~e weo . 

• 
3-42 



shear stress 

810 x 10 3 
- 162 x 0 1625 x 103 = 47 N/1T'1112 
lO x 1500 

~~~!~2 (case 4 - compression preponderant) : 

'¥ 0,22 - -- - - 0,79 - -0,28 - a = .L1.2. = o 83 ( < 1 ) 
1,50 ' 

giving Ka- = (l + IJ')K I If' K" + lO 'f (l + If') 

in which K' l O, 83 l ) 2 x Ll = 7, 90 
+ 0,83 1,1 

and K" = 23,9 

whence Ka-= (1 - 0,79) 7,90 + 0,79 X 23 1 9 - 10 X 0,79 (1 - 0,79): 18,88 

The Euler Stress : 

~ = 189 800 l ~) 2 = 189 800 (
1
~§o) 2 = 8,4 N/11111

2 

giving a critical buckling stress 

Shear 

and 

2 18,89 X 8,4 = 258,6 N/11111 

KT : 4 + 
5 '~4 = 4 + ~ = 11, 75 
a 0,83 

Ttr =KT~ = 11,75 x 8,4 = 99 N/rrm2 

The critical comparison stress then becanes 

/ 282 
+ 3 x 472 

0t r. c = ----------:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.-:.:..- = 168 N/rrm 
2 

1 - 0 179 X _1L + / '3 + 0 179 X _1L)2 (47)2 
4 158 , 5 ~ 4 158 , 5:I + '-99 

Conclusion : 

The comparison stress in the case of tension (or compression) combined with shear 
is given in clause 3.2.1.3. 

• 
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/cf+ 3 T2 = 86 N/rrm
2
• This value is smaller than the critical buckling stress 

given in 3.4. (with Vv = 1,4) 168 = 120 N/rrm2 ror loading case!. 
1,4 

The permissible buckling stress is therefore not exceeded in loading case I. 

Naturally, a check must also be made to ensure that the permissible buckling stresses 
are not exceeded in loading cases II and II!. 

Checking of buckling for circular cylinders : 

Thin wall circular cylinders such as, for example, large tubes, which are, subject 
to central or eccentric axial compression have to be checked for local bu~kling if 

! 

t 2S•<JE 
~ r -E-

where : 

t = thickness of the wall ; 

r = radius frcxn the middle of the wall thickness 

OE = elastic limit of the steel type, as in table T, 3.2.l.l. 

E = modulus of elasticity, see A-3.4. 

The ideal buckling stress o'f_ can tie determined from 

oY = 0,2 E•t 
l r 

In all cases where a'f_ is situated above the limit of proportionality of the struc­
tural steel, the ideal buckling stress o'f_ has to be reduced to av by means of the 
factor p. 

At a maxill'UII spacing of lOr, transverse stiffeners hav_e to be provided wnose moment 
of inertia has to be at least 

I = r•t 3
, /£ 

2 Vt 

The mcment of inertia is calculated from the following formulae: 

l - Central disposition of the stiffener F (centre of gravity of the stiffener 
section in the median plane of the wall thickness) . 

• 
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2 - Eccentric disposition of the stiffener r (centre of gravity of the stiffener 
section r2 outside the median plane of the wall 1). 

z 

' ____ ,\ 
1,'i' ! ; 

I 1 , , 
' I 

z2 

It is accepted that this calculation of cr1 and crv respectively takes account of 
gecmetrical divergences between the real and the ideal cylinder surfaces due to 
local construction defects up to a dimension of½· 

• 
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APPENDIX A - 3.6. 

CHECKING STRUCTURAL MEMBERS SUBJECT 
TO FATIGUE 

It must be rementJered that fatigue is one of the causes of failure envisaged in 
clause 3.6. and therefore checking for fatigue is additional to checking in relation 
to the elastic limit of permissible crippling or buckling. 

If the permissible stresses for fatigue, as determined hereunder, ;are higher than 
those allowed for other conditions then this merely indicates tha~ the dimensions 
of the components are not determined by considerations of fatigue: 

i 
i 

i Clause 3.6. enunerates the parameters which must be considered when checking struc-
i tural components for fatigue. 

The purpose of this appendix is firstly to classify the various joints according 
to their notch effect, as defined in clause 3.6.2. and, then, to determine for 
these various notch effects and for each classification group of the component 
as defined in clause 2.1.4. the pe~missible stresses for fatigue as a function 
of the coefficient K defined in clause 3.6.4. 

i 
These permissible fatigue stresses were determined as a result of tests carried 
out by the F.E.M. on test pieces having different notch effects anb submitted to 
various loading spectra. They were determined on the basis of the stress values 
which, in the tests, assured 90 % survival including a factor of safety of 4/3. 

In practice, a structure consists of members which are welded, riveted or bolted 
together and experience shows that the behaviour of a member differs greatly from 
one point to another; the immediate proximity of a joint invariably constitutes 
a weakness that will be vulnerable to a varying extent according to the method 
of assembly used. 

An examination is therefore made in the first sections, of the effect of fatigue 
on structural members both away from any joint and in immediate proximity to the 
usual types of joint. 

The second section examines the resistance to fatigue of the means of assembly 
themselves, i.e. weld seams, rivets and bolts. 

l - VERIFICATION OF STRUCTURAL t,£!-€ERS 

The starting point is the fatigue strength of the continous metal away from 
any joint and, in general, away from any point at which a stress concentration, 
and hence a lessening of the fatigue strength, may occur . 

• 
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In order to make allCMance for the reduction in strength near Joints, as a 
result of the presence of holes or welds producing changes of section, the 
notch effects in the vicinity of these Joints, which characterize the effects 
o~-the stress concentrations caused by the presence of discontinuities in the 
mew, are examined. 

These notch effects bring about a reduction of the permissible stresses, the 
extent of which depends upon the type of discontinuity encountered, i.e. upon 
the method of assembly used. 

In order to classify the importance of these notch effects, the various forms. 
of joint construction are divided into categories as follows: 

lhwelded parts 

These members present three cases of construction. 

Case W0 concerns the material itself without notch effect. 

Cases W1 and W2 concern perforated members (see table T.A.3.6.(1)) 

Welded parts 
i 

These joints are arranged in order of the severity of the notch effect increa~ing 
from Ko to K4, corresponding to structural parts located close to the weld l 
fillets. 

The table T.A. 3.6. (1) gives some indications as to the quality of the welding 
and a classification of the welding and of the various joints that are most 
often used in the construction of lifting appliances. 

Determination_of the_permissible stresses_for_fatigue 

Tensile and compressive loads 

The basis values which have been used to determine the permissible stresses in 
tension and conpression are those resulting from the application of a constant 
alternating stress.!:. aw (K = - 1) giving a survival rate of 90 % in the tests, 
to which a factor of safety of 4/3 has been applied. 

To take accOU'lt of the nunber of cycles and of the stress spectrun, the Ow 
values have been set for each classification group of the member the latter 
taking account of these two parameters. 

For un..elded parts, the values aw are identical for steel St 37, and St 44. 
They are hig,er for St 52. 

For welded parts, the aw values are identical for the thref! types of steel . 

• 
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Compo-
nent 
group 

El 

E2 
-

E3 

E4 

ES 

E6 

E7 

ES 

Fe 360 
St 37 
St 44 

249,l 

224,4 

202,2 

182,l 

164,l 

147,8 

133,2 

120,0 

Table T.A. 3.6.1. 

Values of CTw depending on the component 

group and construction case (N/nm2 ) 

l..hwelded ccxnponents 
Construction cases 

(Steels 
Wo Wl W2 

: 
Fe 360 Fe 360 Ko St 52 St 52 St 52 I 

St 37 St 37 ! 
Fe 510 St 44 Fe 510 

St 44 
Fe 510 

i 
j 

298,0 211, 7 253,3 174,4 208,6 (361,9)\ 
l 

261,7 190,7 222,4 157,l 183,2 (293,8) 

229,8 171,8 195,3 141,5 160,8 238,4 

201,8 154,8 171,5 127,5 141,~ 193,5 
i 
J 

177,2 139,S 150,6 114,9 124,0 157,l I 
l 

155,6 125,7 132,3 103,5 108,9 127,5 
j 

136,6 113,2 116,2 93,2 95,7 103,5 

120,0 102,0 102,0 84,0 84,0 84,0 

Welded ccxnponents 
Construction cases 

St 37 to St 52, Fe 360 to Fe 510) 

Kl K2 K3 K4 

(323,1) (271,4) 193,9 116,3 

262,3 220,3 157,4 94,4 

212,9 178,8 127,7 76,6 

172,8 145,1 103,7 62,2 

140,3 117,8 84,2 50,5 

113,8 95,6 68,3 41,0 

92,4 77,6 55,4 33,3 

75,0 63,0 45,0 27,0 

The values in brackets are greater than 0,75 times the breaking stress and are only 
theoretical values (see note 2 at the end of this clause). 

The following formulae give for all values of K the permissible stresses for fatigue 

a) K < o 

- for tension Gt = Ow 
5 

3 - 2'K 
(1) 

Oc = Ow 
2 

l - K 
- for ccxnpression (2) 

Ow is given in table above . 

• 

3-49 



b) K > 0 

- for tension (3) 

- for compression (4) 

where o0 = tensile stress for K = O is given by the formula (1) that is : 

= tensile stress for K = + l that is the ultimate strength OR divided 
! by the coefficient of safety 4/3: 

Otis limited in every case to 0,75 OR. 

By way of illustration, fig. A.3.6.-1. shows curves giving the permissible stress 
as a function of the ratio K for the following cases : 

- steel A.52; 

- predominant tensile stress 

- groupe E6; 

- construction cases W0 , w1, w2 for unwelded components and cases of construction 
for joints K0 to K4. 

The permissible stresses have been limited to 240 N/mm 2
, i.e. to the permissible 

stress adopted for checking for ultimate strength . 

• 
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w, 
Ko 

Kl 
W2 

K2 

n~re A.3.6.1. 

(A 52; tension; group E6) 

cr (permissible stress) 
t 
Ntmn,2 

0 t • 2'10 Nllllffl 2 

l-:::ill""""c;.,!---+---+--~-F---F~-+--~---1---.J---1 

0 

-0.1 -o., 0 0,2 o., QI Q,I 

I( 

Ratio between the extreme stresses 

Shear stresses in the material of structural parts 

For each of the groups from El to EB the permissible fatigue stress 1~ t~slon 
of the case w0 divided by ✓3 is taken : 

Ot of case W0 
If 

• 
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Ccmbined loads in tension (or compression) and shear 

In this.case the permissible stresses for fatigue for each normal load in tension 
(or compression) O'xa and O'ya and shear Txya are determined by assuning that each 
acts separately taking respectively the following values of K in accordance with 
clause 3.6.4. 

K = O'x min 
X 

O"x max 
K = cry min 

y 
cry max 

Then the following three conditions are checked 

and 

and 

K xy = Txy min 
Txy max 

flbne of the calculated sheares should exceed the permissible value of Oa in case I 
loading (see table T,3.2.1.1.). 

a) If any one stress is markedly greater than the other two in any given case of 
loading, it will suffice to check the member for fatigue under the corresponding 
load, neglecting the effect of the.other two. 

• 
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b) In the other cases, in addition to checking for each loading assumed to act 
alone, it is recomnended that the following relationship be checked 

((Jx max )2 + (
0 .y max )2 _ 

\ 0 xa 0 ya . 

0 x max 0 y max 

l0 xa! !0 yal 
+ { T xy max ) 2 " 1 

\ Txya 
(1) (5) 

where the stress values oxa• Oya and Txya are those resulting from the application 
of formulae (1), (2), (3) and (4) limited to 0,75 OR· 

. In applying this formula, reference should be made to the directions given in 
clause 3.2.1.3. In other words: 

,_ either perform the check by combining the maximun values Ox max• Oy max and 
Txy max• and comparing with the permissible stresses Oxa• Oya and Txya computed 
on the basis of the most unfavourable values of K. 

!. or seek the most unfavourable combination actually possible by making the 
i check with the following values: 

a) Ox max and Kx min with the corresponding values of Oy, Txy,K y and Kxy 

b) Oy max and Ky min with the corresponding values of Gx, Txy• K x and K xy 

c) Txy max and Kxy min with the corresponding values of ax, ay, K x and Ky 

In this connection, see note in clause 3.2.1.3. 

In order to facilitate the calculations, table T.A. 3.6.2. gives the permissible 
values of : 

Txy max 

Txya 
as a function of 0 x max and of 0Y max 

0 xa 0 ya 

a 
In this table, the values of~ are given in the left hand column with 

0 xa 
the following convention the ratio is considered to be positive if ox max 
and cry max have the same sign, and negative otherwise. 

(l) As this inequality constitutes a severe requirement, values slightly higher than l 

are acceptable, but in this case it is necessary to check the relation : 

+ (Txy max)2 ~ 
Txya 

1,05 

It should also be noted that the values joxal and !Oyai in the denominator for the 
third term should be taken as absolute values, ax max and Gy max being assigned 
their algebraic values. 

• 
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Ox max 

+ 1,0 

+ 0,9 

+ 0,8 

+ 0,7 

+ 0,6 

+ 0,5 

1,0 

0 

0,300 

0,400 

0,458 

0,490 

0,500 

+ o,4 I o,490 

+ 0,3 0,458 

+ 0,2 I 0,400 

+ 0,1 0JOO 

0 

• 0,1 

• 0,2 

• 0,3 

- 0,4 

• 0,5 

• 0,6 

• o.7 l 

• 0,8 

• 0,9 

• 1,0 

• 

0 

0,9 

0,300 

0,436 

0,520 

0,575 

0,608 

0,625 

Table T.A. 3.6.2. 

T xv max O"x max O:y max Values of . in terms of ---- and -''-'== 

Txya 0 xa 0 ya 

Oy max 

°>-• 
0,8 0,7 0,6 0,5 0,4 0,3 

0,458 0,490 

0,575 0,60R 

0,656 0,693 

0,714: 0,755 
; 

o, 755 I 0,800 

0,781 0,831 
I 

0,2 

0,400 

0,575 

0,693 

0,781 

0,849 

0,900 

0,1 

0,300 

0,520 

0,656 

0,755 

0,831 

0,889 

0 

0 

0,436 

0,600 

0,714 

0,800 

o.625 1 

0,400 

0,520 

0,600 

0,656 

0,693 

0,714 

0,721 

0,714 

o,794 I o,849 

0,500 

0,625 

0,714 

0,781 

0,831 

0,866 

0,889 

0,900 

0,900 

0,889 

0,490 

0,625 

0,721 

0,794 

0,849 

0,889 

0,917 

0,933 

0,458 

0,608 

0,714 

0,781 

0,854 

0,900 

0,933 

0,954 

0,964 

0,964 

o,938 I 0,933 0,917 

C,608 I 

0,575 I o,693 

0,520 I o.656 

I 
0,794 ! 

I 0,:81 ! 
l ii 

11 
o,755 ll 

11 

0,854 

0,849 

0,831 

0,436 0,600 0,714 i 0,800 

0,300 0,520 0,656 • 0,755 
I 
I 
I 0,400 

I 0,173 
i 

I 
0,575 ! 0,693 

0,458 ! 0,608 

I o.938 

0,933 

0,964 

0,980 

0,985 

0,866 0,916 0,954 0,980 

0,831 0,889 0,933 0,964 

0,781 o.849 I 0,900 0,938 

0,714 0,794 0,854 0,900 

0,265 0,490 0,625 0,721 0,781 0,849 

I 
i 

! 
I 
I 

i 
I 

i 

j 
I 
I 
I 

l 

0,300. 0,500 0,625 

0,300 0,490 

I 
0,265 

0,714 

0,608 

0,458 

0,173 

0,781 

0,693 

0,575 

0,400 

0,964 - 0,954 

l 0,985 0,980 

0,995 0,995 

0,995 1,000 

0,985 0,995 

l 0,%4 0,980 . 
I 

0,933 0,954 

0,889 0,917 

0,831 

0,755 l 
! 

, 0,656 ! 
; 0, 520 j 
I i 

0,866 

0,800 

0,714 

0,600 

j 0,3<)0 ! 0,436 

If Ox max and cry max are of opposite sign (tension or ccmpression) read t~e values 

T of xy max 
1xya 

0x max starting from the negative values of -----
Oxa 
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General notes 

Note l - In applying the above considerations, it is essential to take into 
account the secondary bending effects which a particular method of assembly 
may cause in the members of the structure. 

Note 2 - If reference is made to the table of values of crw it can be seen that 
in groups El and E2 much higher stresses than those usually permitted in struc­
tures are quoted; These values are in fact only theoretical values obtained 
by extrapolation of the test results on higher groups (E3 to E8) with medium 
or severe notch cases (K2, K3 .and K4). Therefore there is no need to attach 
any material significance to these values in brackets, consideration of which 
could in some cases lead to the conclusion that an assembly of type K0 or K1 
could resist fatigue better t~an the unwelded metal (case w0 ). This apparent 
anomaly illustrates the well ~nown fact that it is not always necessary to 
carry out fatigue checks for t~e lower groups with slight or moderate notch 
cases. 

With respect to the calculatiors it must be remembered that these theoretical 
'Jw values are used only to detkrmine the permissible fatigue stresses Gxa• 
Oya and T xya for use in formula ( 5) which covers the· case of combined loads. 

Examples of calculations are given at the end of the Appendix. 

2 - VERIFICATION OF THE JOINING ~~NS (welds, bolts, rivets) 

a) Tensile and compressive loads in the welds: 

welds subjected to fatigue under tensile and compressive loads are checked 
using the same permissible stresses as those of the metal joined. 

Note - The limits indicated under 3.2.2.3. for certain particular cases 
of transverse tension and compression in weld seams must be observed. 

Appendix A-3.2.2.3. gives, in addition, some indications for the determination 
of the stresses in the weld seams. 

b) Shear loads in the welds : 

The permissible shear fatigue stresses in the welds are d~ermi~ej by divi­
ding the permissible stresses in tension for case K0 by ✓ 2. 

c) Combined loads 

The method set out above for structural members is used Nhen :--;;:ering 
the effect of '"atigue in weld seams subjected to variable c:::rc;- .. ·:: :::iads . 
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Bolts and rivets 

a) Tensile loads 

Fatigue due to variable tensile loads in bolts and rivets need not be 
considered. 

In this connection, it should be noted that bolts and, even more important, 
rivets working in tension should be avoided as far as possible. 

b) Shear loads and bearing pressure: 

Single and multiple shear loads as defined under 3,.2.2.1.1. must be 
distinguished. 

The permissible shear stresses for fatigue for bolts and rivets are fixed 
by multiplying the permissible stresses in tensio~ for case W2 by : 

! 

0,6 for single shear 

0,8 for multiple shear 

The permissible bearing pressure.values are obtained by multiplying the 
permissible shear values in the bolts and rivets by 2,5. 

I 

• 
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Table T.A. 3.6.(l) 

Classification of cases of construction for joints 

Joints may be riveted, bolted or welded. 

The types of weld most cOT1110nly used for hoisting appliances are butt welds, double bevel 
butt welds (K welds) and fillet welds, of ordinary quality (O.Q.) or special quality 
(S.Q.) as specified below. 

Weld testing is also stipulated for certain types of Joint. 

A - Weld qualities 

Type of weld Weld Execution (I) 
Weld testing Symbol ().Jality of wela Symbol 

' Root of weld scraped 1 
I (or trinmed) before i 

Speqial 
making sealing rui. ~ Check (e.g. with 
ti:> end craters. 

qua~ity Weld ground flush X-rays) over 100 % P 100 
(S.Q. l .[><j- of seam length 

i with plate parallel 
to direction of 

Full depth forces 

butt weld 
If the calculated 

:::,. stress> 80 % times 
P 100 j Root of weld scraped the permissible 

Ordibary 
quallj. ty 

(or trinmed) before stress 

(O.p.) 
making sealing run. 

Othendse randcxn 
ti:> end craters ><: check over at least 

10 % of seam 
p 10 

lenath 
Root of weld scraped 
(or trinmed) before 
making weld on other 

Special side. Weld edges ., '>J...."-
quality without under-cutting 

K-weld in (S. Q.) and ground if 0,eck that for 
angle formed necessary. Full tensile loads 
by two parts penetration welds the plate 
with bevel perpendicular to 
on one of Width clear of weld the direction of 

penetration between D 
the parts to the forces is 
be Joined at 

Odinary the two welds< 3 nm 
free frcxn 

location of 
quality 

~-
_J/_ lamination. 

(O.Q. l 
seam 

Oieck that for 

Special 
Welded edges with- tensile loads the 

quality 
out undercutting ili plate perp~ndicular 

D 
Fill et welds 

(S.O.) 
and ground if to the direction of 

in the angle necessary the forces is free 
formed by from lamination 
two parts 

Ordinary 
quality .&.. 
(O.Q. l 

(I) See page 3-59 
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Table T.A. 3.6.(l) (cont'd) 

8 - Cases o' constructio~ for Joints 

In the tables below the various cases of means of assentily are classified in terms 
of the magnitude of the notch effect they produce. 

It should be noted that, with a given weld, the notch effect differs according 
to the type of loading to which the joint is subjected. 

ror example, a fillet welded joint is classified under case Ka for longitudinal 
tension or canpression loads (0,31) or longitudinal shear (0,51), and under cases 
K3 or K4 for transverse tension or conpression loads (3,2 or 4,4). 

Ii- N::>n welded parts 

Case w0 
i 

Reference Description i Figure Symbol I 
Parent metal, homogeneous surface. __ Q~ Part without joints or breaks in 

w continuity (solid bars) and without 0 
notch effects unless the latter can 
be calculated. 

j , 
j 

Case w1 j 

: 
Reference Description F"igure Symbol 

Parts drilled. Parts drilled for 
riveting or bolting with rivets 
and bolts loaded up to 20 ~ of per-

- ftt+tff\ ,; missible values. Parts drilled for -l joints using high strength bolts 
19 , .. ,., (Cl 3.2.2.2.2.3.) loaded up to 

100 I of permissible values 
(Cl 3.2.2.2.2.2.) 

Reference Description Figure Symbol 

ii;~rn Parts drilled for riveting or - -
W2 .l bolting in which the rivets or 

bolts are loaded in multiple shear 
I :t ~ Ii ~: 

Parts drilled for riveting or 

-LlLlltil-bolting, in wr-.i c:r, t!ie rivets or 
~2.2 b.:;lts are loadeo in single shear 

(allowing for eccentric loads), 
~ ; ; I 

the parts being unsupported I 

Pa:--ts d .. .; 1 'Ip,... f~. ai~e,..~lh~ by . ~- .. --

~-=t m~aris cf riv':'~S c:- or:lts loa'.led 
"2. 3 -ir: single she;:, t~.e parts being 

supported or guide~ 

• 
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Reference 

0,1 

0,11 

0,12 

0,13 

0,3 

0,31 

0,32 

0,33 

2 - Welded parts 

Case K0 - Slight stress concentration 

Description 

Parts butt-welded (S.Q.) at 
right angles to direction 
of forces 

Parts of different thickness 
butt-welded (S.Q.) at right 
angles to direction of 
forces. 
Asyrrmetrical slope : 1/4 to 
1/5; Syrrmetrical slope: 1/3 

Butt weld (S.Q.) in transverse 
joint of web plate 

Gusset secured by butt-welding 
(S.Q.) at right angles to the 
direction of the forces 

Parts joined by butt-welding 
(O.Q.) parallel to the 
direction of the forces 

Parts joined by fillet welds 
(O.Q.) parallel to the 
direction of the forces 
(longitudinal to the joined 
parts) 

Butt weld (0.Q.) between 
section forming flange and 
web of a beam 

Figure 

; f I~ 115 

;__, I """"'-¢ . ~t---.. , ---
.. _____ ' ~ .. ____ ,-r-1 ~: 

K- or fillet weld (O.Q.) 
between flange and web of a 
beam calculated for the 
equivalent stress for cO'ltlined 
forces (Cl 3.2.1.3.) 

r I _:iI: 
I 

Symbol (l) 

c!>fr 
P 100 

i><i 

P 100 

P 100 

P 100 

t>r 
P 100 

P 10 

i><J, 

>+ 
P 100 
or 

P 10. 

>< 

(I) It is forecasted that the symbols shall ~e adapted to the ISO standard 2553 ,: :~e next 
edition of the Design Rules, when the addition of this standard will be oefi-:::vely 
adopted . 

• 
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Reference 

0,5 

0,51 

Reference 

l, l 

1, 11 

) 
l, 12 

1, 13 

l, 2 

Case Ka - Slight stress concentration (continued) 

Description Figure 

Butt weld (O.Q.) in the ~ ◄~ case 
of longitudinal shear 

[p.. [F K-weld (O.Q.) or fillet weld 
(O.Q.) in the- case of longi-
tudinal shear 

' 
i 

; 
Case K1 - M:>derate stress concentration 

Description 

Parts joined by butt welding 
(O.Q.) at right angles to the 
direction of the forces 

Parts of different thickness 
butt welded (O.O.) at right 
angles to the direction of the 
forces. Asyrrmetrical slope : 
l in 4 to l in 5 (or syrrmetri­
cal slopes : l in 3) 

Butt weld (0.0.) executed for 
transverse joint of web plate 

Gusset joined by butt welding 
(O.Q.) at right angles to the 
direction of the forces 

Continuous main member to which 
a:e joined by continuo~s K-welds 
(S.Q.) parts at right angles to 
tne direction of forces 

• 
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Figure 

---
-+---....:.;~!J., -,YJ__--
-tl... __ _.., ___.J--

-1 

Synt>ol 
(I) 

>+ 
P 100 
or 

P 10 

>< 

Lt 

:::L_ 

Symbo/ll 

P 100 
or 

P 10 

>< 

P 100 

°"' P 10 

>< 
)t 

P 100 
Of' 

P 10 

>< 
>+ 
P 100 
or 

P 10 

X 



Reference 

1, 21 

1, 3 

1, 31 

Reference 

2, 1 

2, 11 

I 
! 2, 12 I 

j 

2,13 

Case Ki - t-tlderate stress concentrat10!" (continued) 

Description Figure 

Web plate to which stiffeners 
are joined at right angles to 

m the direction of the forces by 
means of fillet welds (S.Q.) 
which extend round the corners 
of the web stiffeners 

Parts joined by butt welding 

-~ parallel to the direction of 
the forces (without checking 
the welding) 

' 

K-welc (S.Q.) between curved 

~ 
Fi 

flange and web ~ 

Case K2 - Mes:..m stress concentration 
i 
i 

Description Figure 1 
! 

Parts of different thickness 
butt welded (O.Q.) at right -E -.....k,1 
angles to the direction of the ! -I---forces. Asyrrrnetrical slope : 

-1- :5 l in 3 (or syrrrnetrical slopes : --3 • 11a. 

1 in 2) 

~~ Sections joined by butt welds 
(S.Q.) at right angles to the 
direction of the forces 

/ / 

~-Section joined to a gusset by a 
butt weld (S.Q.) at right angles 
to the direction of the forces 

~ 
B~tt weld (S.Q.) at right angles -to the direction o• the forces, • ~r---, I I ,--
made at intersecti0n of flats, I ~ - 1-
whith welaed auxiliary gussets. I ~ ' 
The ends of the welds are grounc:, I ~ ~v 
avoiaing _notches: -

• 
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> 
>< 
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Symbol 
( 1) 

~ 

>< 

<:>ft 
P 100 
ot-

P 10 

ct><]> 

e:ft 
P 100 

C><} 
i 
! 

~ I 

' 

B I 
I 
I 



Reference 

2,2 

2,21 

2,22 

2,3 

2,31 

) 

2,33 

2,34 

Case 1<2 - Mediun stress concentration (continued) 

Description 

Continuous main ment>er to which 
transverse diaphragns, web 
stiffeners, rings or h.Jbs are 
fillet welded (S.Q.) at rig,t 
angles to the direction of the 
forces 

Web in which fillet welds (S.Q.) 
are used to secure transverse 
web stiffeners with cut corners, 
the welds not extending round 
the corners 

Transverse diaphragr, secured by 
fillet welds (S.Q.) with cut 
corners, in which the welds do 
not extend round the corners 

Continuous main member to the 
edges of which are butt welded 
(S.Q.) parts parallel to the 
direction of the forces. These 
parts terminate in bevels or 
radii. The ends of the welds 
are ground avoiding notches 
Continuous main member to which 
are welded parts parallel to 
the direction of the forces. 
These parts terminate in bevels 
or radii. Valid where the ends 
of the welds are K-welds (S.Q.) 
over a length equal to ten 
times the thickness provided 
that the ends of the welds are 
ground avoiding notches 

Continuous member to which a 
flat (l in 3 bevel) is joined 
by a fillet weld (S.Q.), the 
fillet weld being exe=uted in 
the X area, with a= 0,5 e 

K-weld (O.Q.) made between 
curved flange and web 

• 
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Reference 

2,4 

2,41 

2,5 

Reference 

3,1 

3,11 

3, 12 

3,13 

Case K2 - Mediun stress concentration (contiriued) 

Description 

Cruciform joint made with K• 

welds (S.Q.) perpendicular to 
the direction of the forces 

K-weld (S.Q.) between flange and 
web in the case of load concen­
trated in the plane of the web 
at right angles to the weld 

K-weld (S.Q.} joining parts 
stressed in bending or shear 

Figure 

Case K3 - Severe stress concentration 

Description Figure 

Parts of different thickness 1,2 
connected by butt welds (O.Q.) -f ~ I -at right angles to the direction ... 
of the forces. l in 2 asynmetri-

-E-- ~ cal slope, or synmetrical I .. 
position without blend slope 

Butt weld with backing strip 
and no backing run. ---1 • I-Backing strip secured by • I 

intermittent tack welds 

Tubes joined by butt welds 

m s whose root is supoorted by a 
backing piece and not covered 
by a backing run 

Butt weld (O.Q.) at right angles -~ to the direction of the forces ,..--:;; 

at tne intersectior of flats -I I-with weldes auxiliary gussets. 
The er,Cs of the wel=~ are ~ L.-' 
grOU'id, avcidi"t; ric: :Mes --

• 
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Symbol (I) 

:::-f 
P 100 -P 10 

>< 

< 

< 
I 
I >r I 
i 
I 
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Case K3 - Severe stress concentration (continued) 

Reference Description 

3,2 

3,21 

3,3 

3,31 

3,32 

3,33 

Cont1ruous main member to which 
parts are fillet welded (O.Q.) 
at ri!t't angles to the direction 
of the forces. These perts take 
only a small portion of the load 
transmitted by the main member 

'Web and stiffener or transverse 
j; diaphragn secured by uiinterrup­
ll ted fillet weld (O.Q.) 
t 
" H ,, 

i 
peontinuous mentler to the edges 
• of which are butt welded (0.Q.) 
parts parallel to the direction 
of the forces. These parts 

I terminate in bevels and ends of 
ii the welds are ground avoiding 
i1notches 
' 

;eontinuous mett>er to which are 
~elded parts parallel to the 
direction of the forces. These 
parts terminate in bevels or 
radii. Valid where the ends of 
the welds are fillet welds (S.Q.) 
over a length equal to 10 times 
the thickness, provided that the 
ends of the welds are ground, 
avoiding notches 

,Continuous merrber through which 
/extends a plate, terminating in 
:bevels or radii parallel to the 
idirection of the forces, secured 
I 1by K-weld (O.Q.) over a length 
/equal to 10 times the thickness 

'.Continuous ment>er to which is 
lwelded a flat parallel to the 
direction of the forces, by 

;means of fillet weld (S.O.) in 
lthe indicated area whe~ 
I I e1 < 1,5 e2 
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Reference 

3,34 

3,35 

3,.36 

3,4 

3,41 

3,5 

3,7 

• 

Case K3 - Severe stress concentration (contlrl.Jed) 

Description ngure 

Merrt>ers at the extremity of which :>t;:,;i c:;;; Je, f I 
connecting g..issets are secJred by f 
a fillet weld (S.Q.) when ~l ~ e2 ---1 ➔ □•• □• I -In case of ll"lilateral gusset __ 
allow for eccentric load 

Continuous member to which 
stiffeners parallel to the 
direction of the ~orces are 
welded. The ends df the welds are 
fillet welds (S.QJ) over a length 
equal to ten times, the thickness 
and are ground avdiding notches 

Continuous member to which 
stiffeners parallel to the 
direction of the forces are 
secured by fillet welds (0.Q.) 
which are intermittent or -nade­
between indentatiohs 

Cruciform joint made with K-weld 
(O.Q.) at right angles to the 
direction of the forces 

K-weld (O.Q.) between flange and 
web in case of conc.entrated load 
in the plane of the web at right 
angles to the weld 

K-weld (O.Q.) joining parts 
stressed in bending and shear 

Conti.,uous me"'~'=r tc wt-,ich 
sections or tube~ are fillet 
weldeC (S.Q. l 
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Reference 

4,1 

4, 11 

4,12 

4 ,.3 

4 ,.31 

4,.32 

4,33 

• 

Case K4 - Very severe stress concentration 

Description 

Parts of different thickness 
butt welded (O.Q.) at right 
angles to the direction of the 
forces. Asynmetrical position 
without blend slope 

Butt welds (O.Q.) at rig~t angles 
to the direction of the rorces, 
at the intersection of flats 
(no auxiliary ~ssets) 

Single bevel weld at right angles 
to the direction of the forces, 
between intersecting parts 
(cruciform joint) 

Continuous member to the\sides 
of which are welded parti ending 
at right angles, parallel to the 
direction of the forces 

Continuous member to which parts, 
ending at right angles, parallel 
to the direction of the forces, 
and receiving a large proportion 
of the loads transmitted by the 
main member, are secured by fillet 
weld (O.Q.) 

Contiru:ius member through which 
extends a plate ending at right 
angles and secured by fillet 
welding (O.Q.) 

Continuous member on which a flat 
is secured by means of a fillet 
weld (O.Q.) parallel to the 
direction of the forces 
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Case K4 - Very severe stress concentration (continued) 

P.eference Description F"igure 

4,34 

4,35 

4,36 

4,4 

4,41 

4,5 

Joint plate secured by (O.Q.} 
fillet welds (e1 = e2). In case 
of lX'lilateral Joint plate allow 
for eccentric loads 

Parts welded one on the other 
secured by fillet welds (O,Q.) 
in a slot or in holes 

! 

Continuous membets between which 
connecting gussets are secured 
by fillet welds (O.Q.) or butt 
welds (O.Q.) 

Cruciform joint ~ade with fillet 
weld (O.Q.) at rfght angles to 
the direction of the forces 

Fillet weld (O.Q.) between 
flange and web in the case of 
concentrated load in the plane 
of the web at right angles to 
the weld 

Fillet welds (0.0.) joining 
/parts stressed in.bending and 
; snear 
I 

Continuous member to which 
sec~iors or tubes a:e connected 
by fil.i.et welds (C.Q.) 

-I □□ I-

Symbol(!) 

D 
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EXAMPLES Of FATIGUE CHECKS 
FOR A WELDED WEB TO FLANGE JOINT 

STEEL St 3 7 

TOP FLANGE Of GIRDER Of AN OVERHEAD TRAVELLING 

CRANE ON WHICH A CRAB RUNS 

(Combined check for fatigue and elastic limit) 

The results of stress calculatio~s in the top flange of the girder are as 
follows 

I 
I 

' 
Longitudinal compression 

crx max 

crx min 

from which K = 0,2 

= -
= -

140 N/rm.2 

28 N/rm.2 

Lateral compression when the crab wheel passes 

cry max = - 100 N/mm
2 

cry min = O 

from which K = a 

Shear changing sign when passing from one side to the other of the section 

from which K = -1 

Equivalent stress : 

Txy max 
2 = .:_ 40 N/nrn 

I (-140) 2 • (-100) 2 - 140 x 100 + 3 x 402 = 144 < 160 N/mm 2 (cra) 

acceotable (See clause 3.2.1.3.). 

• 
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CHECKING FOR FATIGUE AND ELASTIC LIMIT 

FIRST EXAMPLE 

COMPONENT IN GROUP E4 WITH FILLET WELD (O.Q.) 

- Cl-ECKING MATERIAL ADJACENT TO Tf-£ WELDING 

a) Longitudinal compressior : case K0 (reference 0,31) 

Checking for elastic lirrit 

from which 

Checking for fatigue 

Ow 

Oa 
5 Ow = -3 

O+l = 0,75 OR 

Ot is limited to 

Oc = - l,2xOt 

0 xa 

1°x maxi < !0 xal 

= 160 

= - 140 

= 193,5 

= 322,5 

= 270 

270 

= - 324 

= - 324 

N/mm 2 

N/mm 2 

N/mm 2 

N/mm2 

N/mm 2 

N/mm 2 

N/mm2 

N/mm 2 

b) Lateral compression : case K4 (reference 4,41) 

Checking for elastic limit 

= 160 

= - 100 
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N/mn/ 

N/mm 2 

(table T. 3.2.1.1.) 

(table r.A. 3.6.1.) 

(table r. 3.2.!.l.l 

• 



O'lecking for fatigue 

Ow 

Oa = 2. Ow 3 

Ot = Oa 

Oc = 1,2 X Gt 

Oya 

!0 y maxi 

c) Shear in the material 

Checking for elastic limit 

Txya = 160 
13 

1xy max 

Txy max 

Checking for fatigue : 

Tw = 182, l 
13 

Ta = Tw 

1xya 

Txy max 

ITxy maxi 

d) Qiecking for combined loads 

Use formula ( 5) 

Condition to be checked 

= 62,2 N/rm.2 

= 103,7 N/mm2 

= 107,7 N/mm2 

= 124,4 N/mm2 

= - 124,4 N/mm 2 

< l0 yal 

= 92,4 N/mm 2 

=· + 40 N/mm 2 

< Ta 

= 105,l N/mrn2 

= 105, 1 N/mm2 

= 105,l N/mm 2 

= 40 N/11111 2 

< Ta 

/.- 140)2 + (- 100 )2 
\- 324 - 124,4 

(- 140) (- 100) 
324 X 124,4 

therefore satisfied. 
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(table T.A. 3.6.1.) 

(formula (3)) 

( table T. 3.2. l.l.) 

(table T.A. 3.6.1.) 

( formula ( ( l ) 
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• 

2 - 0£Cl<It-C IN TI-E WELD 

If the thickness of the two welds is equal to the thickness of the web, the 
stresses 0--x max• cry max and Txy max have the same values as in l - above. 

The permissible tensile and compressive stresses are the same as for l - above 
(in the material), with respect to both checking for elastic limit and checking 
For fatigue. It follows that we can dispense with a check for the cases corres­
ponding to a) and b) above. 

The permissible shear stresses, as regards checking for elastic limit, are 
obtained by dividing the permissible tensile stress by Y1, instead of ✓3 in 
the case of the material itself. They are therefore more favourable than those 
used in cases c) and d) above. 

To sum up, ~e may confine ourselves to checking for fatigue the cases correspon­
ding to c) ~nd d) above. 

cl Shear in the weld : 

1xy max 

from which 

d) Checking .for combined loads 

Using formula (5) 

Condition to be checked 

therefore satisfied. 

= 136,8 N/mi2 

= 40 N/mm 2 

(- 140) (- 100) 
324 X 124,4 

(table T.A. 3.6.1.) 

+ ( 
4o ) 2 = 0,571 136,8 < 

Note : If_ the component had been classified in group E6, the stress Oy max 
= - 100 N/mm 2 would be too high, since the permissible fati(}.Je stress For 
case K4 and K = 0 is only : 

Oya= 1,2 x % x 41 = 82 N/mm
2 
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SECOND EXAMPLE 

COMPONENT IN GROUP E6 - K WELD (S.Q.) 

The loads - and therefore the stresses - will be assuned to be the same as in the 
first example. 

As the permissible stresses for the elastic limit checks are not affected by the 
change of group, nor by the type of weld, the calculations in the first example 
may, in this respect, be reproduced as they stand. 

We shall therefore confine 9urselves to checking for fatigue. 

l - Cl-£CK!t,,G MATERIAL ADJAC~NT OT TI-E WELD 
; 
j 

a) Longitudinal compression, case K0 (reference 0,33) 

Ow = 127,5 N/mm 2 

ao 5 Ow = 3 = 212,5 N/mm2 

a+l = 0,75 x OR = 270 N/mm2 

Gt = 
212l5 = 222,0 N/mm 2 

l - (l _ 212,5) X 0 12 
270 

ac = 1,2 X 222,0 • = 266 N/mm
2 

0xa = - 266 N/mm
2 

0x max = - 140 N/mm2 

from which 

i0 x maxi < i0xal 

b) Lateral compression case K2 (reference 2,41) 

Ow = 95,6 N/mm
2 

ao 5 Ow = 159,3 N/mm
2 

= -3 

0\ = ao = 159,3 N/mm
2 

Oc = 1,2 X Ot = 191,2 N/mm
2 

Oya = 191,2 N/mm2 

Oy max = - 100 N/mm2 

from which 

!0y maxi < 10 al . y 
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(table T.A. 3.6.1.) 

(formula (3)) 

(formula (4)) 

(table T.A. 3.6.1.) 

( forn.ila ( 3) ) 



c) Shear in the material 

Txy max 

from which 

d) Oiecking for combined loads 

Use formula ( 5) 

Condition to be checked: 

therefore satisfied. 

= 85,J N/mn2 (table T.A. 3.6.1.) 

= + 40 N/rrm2 

<- F4o> <- 100) ( 40 )2 266 X !91,2 + 85,3 = 0, 495 < l 

2 - Cf-ECKII\G IN Tl-£ WELD 

• 

I 
i Same reasoning as for first exampl~. 

' 
Leaving cases c) and d) to be checked for fatigue. 

c) Shear in the weld : 

= 90,2 N/rrm2 

Txy max = + 40 N/nm2 

(table T.A. 3.6.1.) 

from which ) 

ITxy maxi < !Txyal 

d) Checking for combined loads 

Use formula ( 5) 

Condition to be checked 

(::...J!:9.)2 
- 266 

.. ( - 100 )2 
,- 191,2 

therefore satisfied . 

(- 140) (- 100) ( 40 )2 
+ 90,2 = 0,472 < 266 X 191 1 2 
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