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SUMMARY

'The problem of a crack in a large stiffened sheet subjected to uniform stress

remote from the crack has been analysed using complex variable techniques: the stiffeners

are perpendicular to the crack and are each fixed to the sheet by a single row of rigid

fasteners. Three quantities of envilleering importance are derived, (i) the stress

intensity factor of the (rack, (ii) the forces at the points of attachment near the crack

and (iii) thv maximum load in cach stiffener. The dependence of these quantities on the

stiffness and spacing of the stiffeners and on the spacing of the fasteners is evaluated

for a crack located in the sheet either symmetrically between two stiffeners or

symmetrically under a stiffener. 'When the crack extends under the stiffener two cases

are considered, the stiffener broken or unbroken. -
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1 I N1 ROIUCT LON

A common form of wing and lust, l ni i :, 1' shtts which are rein-

forced with stiffeners in order to pivid, .0. ,< 02:a, r-stability, and to retard

crack growth. The stiff enrs may he iutvqt' wi t'I & %a; when the component is

machined from a thick plate, or they neay b et cud V whir c:t inuously by welding or

using an adhesive, or with discrete fastentrs, I:v nuLt-wtlding or riveting. If such

reinforced sheets are subjected to fluctuatin, sMe:ses., fatigue cracks may occur.

Cracks may occur at any time during service lite, and, in order to set inspection

schedules and repair or replacement procedures for safe operation, it is necessary to be

able to calculate both tihe growth i the c ack and the c ritical crack-length beyond which

failure occurs. These are both controlled by tie stress intensity factor at the crack

tip. Tie effects of structural paraIeters such as stiftener spacing, their relative

stiffness and fastener spacing on the stress intensity factor are studied in this Report.

The retardation of crack-growth in the presence of s'iffeners arises from the fact

that, as the crack-tip grows near a stiffener, a gruaLter proportion of the load is

supported by that stiffener and this reduces the stress level in the sheet near the crack.

Hence the stress intensity factor is reduced and so tire growth-rate of the crack due to

fatigue loads will also be reduced. The transfer of load from the sheet to the stiffener

occurs at the points of attachment. There are thus equal and opposite forces from the

sheet and stiffener acting on the fasteners (in an uncracked sheet these forces would be

zero). It follows therefore, that near the crack the nominal stress in the stiffener

increases and that local concentrations of stress occur at the points of attachment.

These increased stresses may cause additional fatiguie cracks to be initiated in the sheet

or the stiffener at the points of attachmcnt, ard 2e; even lead to thre failure of a

stiffener. A broken stiffener will not uectsbirils cauh a compl ete structural failure,

but it will significantly change the stress intusii, WIt,,c the vlIeCts of both broken

and unbroken stiffeners are considered in this cuit

In order to optimise the design o a si itteiivd sheet structure it is therefore

necessary to know not only tihe stress iiten-ity factor in the presence of a crack, but

also the maximum attachment [oad and the nuAum ilts St it i eer lW ads. These loads are

evaluated in this Report and their dependeoce on structrUral parameters illustrated.

A knowledge of these loads and of the stress intensity factor enables assessments to be

made of the possible failure modes of a component. Failure may occur as a result of

crack growth, or the failure of a fastener or the breaking of a stiffener.

Whilst marry aspects of stiffened structures with cracks have been considered

previously, most of the studies do not adequately cover the parameters of interest to

the aerospace industry. In previous work stress intensity factors have been obtained

1-4
for a crack near a continuously attached stiffener , and for a crack near a stiffener

5-9
with discrete points of attachment . In these studies it was assumed that the stiffener

would either fracture completely or remain intact as the crack passed under it. In

10,1
practice partial cracking of the stiffener may occur and this has been considered

0 '

The effects of both fastener deflection and in-plane bending stiffness on the stress



intensity factor has been analysed for stiffeners with hoth continuous ill2 dri ls- re t e'

methods of aitachment. Debonding of continuously attached stiffeners and its effect on

the stress intensity factor has been studied 15 ,16 . The effect of yielding at the crack

tip on the stress in the stiffener has been examined 17and the effects of attaching the
18

stiffener by a double row of rivets has been analysed

7
Except for Poe's work , these investigations have not included parametric studies.

The results presented in this Report supplement those given by Poe 7and in particular

cover the range of parameters important in the design and construction of aircraft

structures. Results of similar parametric studies for cracks near stiffeners attached

by a double rather than a single row of rivets will be reported later.

2 MODEL OF STIFFENED SHEET

The model configurations studied in this Report are shown in Figs I and 2. Both

configurations consist of an infinite flat sheet containing a crack of length 2a; the

sheet is reinforced by a periodic set of stiffeners attached at discrete intervals along

lines perpendicular to the crackline. The sheet of thickness t has a Young's modulus

E and a Poisson' s ratio v , and the stiffeners of cross-sectional area A have a

Young's modulus E s. In one configuration the crack is located midway between two

stiffeners (see Fig 1) and in the other the crack is centred on one of the stiffeners

(see Fig 2). For the stiffener-centred crack, the stiffener which crosses the crack

may be either intact or broken at the crackline.

For the purpose of these fracture mechanics calculations, it is assumed that the

stiffeners are concentrated at the sheet surface and that they have zero in-plane bending

stiffness. They are fixed to the sheet a distance b apart with rigid fasteners of

diameter d a distance p apart. The sheet is in a state of plane stress and is

subjected to a uniform tensile stress a remote from and perpendicular to the crack.

In order to maintain strain compatibility between the sheet and the stiffener, the

stiffeners are subjected to a stress a s(= oE s/E) remote from the crack.

For the configurations in Figs I and 2 the number of stiffeners was taken to be

six and seven respectively. This was found sufficient, for all crack lengths, to

represent an infinite number of stiffeners; increasing the number had negligible effects

on the numerical results. The number of points of attachment per stiffener was increased

until the stress intensity factor changed by less than 0.01%; the attachment forces are

less accurate with errors up to 4%. For the range of parameters studied Poe 7 has shown

that the results are insensitive to values of d/p 40.25 ; the value 0.25, which is

typical of aerospace structures, was used in this work.

3 METHOD OF ANALYSIS

In the analysis each stiffener is represented as a distribution of point forces.

This distribution is determined so as to satisfy compatibility of displacements and

equilibrium of forces between the sheet and the stiffener where they are attached. The

forces which occur at the points of attachment (eg rivet locations) are obtained by

solving a set of simultaneous equations which arises from the compatibility conditions.



File Iload concent raL i01 in 11 ,ih s t ii, I l b is oht i ned I; ol i i , t 1w. pu i ut titrces and the

ktililorm etnd load on thc st ilc wi h t r, I irt mt, ilitniisit tit - i is (I itterrrli d by summin
i
g

tie effects due to tit. torcts iisiii,_ i known treen 's funict ion b)r a s ingle force, ard

adding the resul t to that 1,,r i , -a, k in ai oiniforvly stressed sheet.

The compatibility condition, which requires that_ the displacement of the sheet

between any two poilntS of attlachIeI wt must equal the displacement of the stiffener between
17

the same two attachnent points, can be wri t ten as fo I lows

A 1) dZva  + <'v = Av
d  (I})

m,o 11 1, n1 M, 1

The relative diSp aCement, iv represents t he elongation of the sheet between the

aLh and (n+i )th fastener along the ruth stiffener dne to the '- mote stress' 'rhe

at tachment points are numbered conaecut ively from the crackline, it I being the one
b

nearest the crack. The relative displacement 'v is the elongation in the sheet,
m,n d

between the tth ant the (n+1)ti fastener, due to the point forces and i.v ts the
in, n

rorrespoidi rig elongation of the st i ft ener due to both the uniform stress ;1- /E and
5

the attachment forces. ihe relative displacements can be written in terms of the complex

trtortion defined by FrdoganI 17
odan this has been done by Cartwright and Rich for a crack

of length 2a lyirg along the real (x) axis with the centre at z = O(z = x + iy, i = '- )

The relative displacement is defined as

-a .il (mnl va(Z~

m,n 2 1-M, I+ ) - ;1 (2)

where . and are the Coordinates of the (11+I)th and the nth fastener in the
a

mtih stiffener, nnd t.:.,- t 11ctins Iz ) and 7 (i ) are dimensionless displace-" ,l ni+ I ;in, n

ments ii the direction at each of these points respectivey. I-or tie special case

of the displacement between the :-:-axis and the first point attarIchMe1t, this becomes

I 'a (l + ) a(z (2a)
,2; mi, 2

[he elongation .v is "ive by
m, u

M N
_b K b (3)

m,n Et zk,
k l I

and
'I N

b (I+ ) \ 2 _

V bt , z ) (3a)

k=l I

b b
where v (zk, ; z ) and v I k, z ) are respectively the dimensionless displace-k, m,n+l k , mn,n

ments at 7n and z resulting from a pair of colltnear opposing forces P

acting perpendicular to and away from the crackline at z and z The summation
k,. k,

limit N is the nimber ot fasteners eari side of the crack) inc aund M is the number of



stiffeners. The elongation Avd in the stiffener between the nth and the (n+I)thm,n

fasteners is given by

N

Av - + P I ,s (4a)m, - E- A F E m, 3
ssj =n+ I

and between the first fastener and the x axis by

N,d P % P \7 s
V - E + A I'm,j (4b)

SA

where P is the force at the jth fastener in the mth stiffener, at z. and p

is the distance from the crackline to the first fastener in each stiffener. The first

term on the right hand side of equations (4a) and (4b) is the uniform extension of the

interval due to the remote stress ,E /E applied to the stiffener. The second term iss

the uniform extension of the interval between the nth and the (n+i)th fastener in the

mth stiffener, resulting from the attachment forces at and beyond the (n+l)th fastener.
-a -b -d

Details of the functions v , v and v are given in the Appendix of Ref 17.m,n m,n m,n

Equilibrium at each point of attachment is given by

i + i's = k = I , m,; , = 1 , N ) . 5 )
k,' k,,

The substitution of equations (2) to (5) into equation (1) gives the following

series of simultaneous equations, which can be solved for the unknown attachment forces

Pk, 
,

SN N
(I + bzk. (z ; b ( Z + n )

b, lk, m,n+ - k, m,n 2n m,j

k=I = ] I

n (I + )a (6)[(Zmn+I) - ' )

2, 4 m~nnJ

2aEt a -
where A A E ' P k, =s s pA

ss

and od Md n = I for n >, I

The stress intensity factor K1  is given by

M N
K, I + 1- N(; G(z. . (7)7Toat k,; (7

k=l =I



7

where ;(z I is the Green's funct ion for the stress intcnhiLv tnctur resulting from a

pair of coll invar oppos ing unit for cs lcated at zi and A aid act ing in tLhe

sheet in a direction away fromt and perpendicular to thm crackline.

When the mth stiffener is broken at tht cracklii the omipatibility condition for

the interval across the crackline in that stiffemr is repl aced by

A+ I) t -, I (8)

which expresses the condition that the force it the tit *t Wjtival of the broken rith

stiffener is zero. Details of the ftctions v = a, b, d are given in the Appendix

of Ref 17.

The above formulation is applicable to a configuration in which the stiffeners can

be spaced an arbitrary distance apart; each is located across and perpendicular to the

crackline and has an equal number of fastenQrs either side of the crackline. However in

order to limit the number of variables, solutions have been obtained for equally spaced

stiffeners located symetrically about the position of the crack. Some solutions are

available elsewhere 18 ,20 for a crack located asyrnaetrically aith respect to the stiffeners.

A THEORETICAL RESULTS

4.1 Bay centred crack

The normalised stress intensity factors K I/(7,7a) for the bay centred crack shown

in Fig I are plotted in Figs 3, 4 and 5 as a function of (a/b) the ratio of the semi-

crack length a to the stiffener spacing b . Results are given for the ratios of the

attachment pitch p to the stiffener spacing equal to Wi/, 1/6 and 1/12 in Figs 3, 4

and 5 respectively. Each figure shows results for four values of w , the ratio of the

stiffness of the stiffeners to that of sheet and stiffeners combined. The values chosen,

0.1, 0.2, 0.3 and 0.5 cover tihe range used in typical aircraft structures; W is given,

in terms of the sheet and stiffener properties, by

A Ls s

btE + A E
s s

For small values of a/b , all stress intensity factors approach nJa the stress

intensity factor for an isolated crack of length 2a in an unreinforced sheet subjected to

a uniform stress normal to the direction of the crackline. As the crack tips approach

the stiffener the stress intensity factor decreases. For fixed values of p/b and a/b

the stress intensity factor decreases as the relative stiffness o is increased.

Decreasing the attachment pitch at constant a/b causes the stress intensity factor to

be reduced for all values of P .

The load concentration at tile crackline in the rtth stiffener is given by the ratio

L. /(obt) where I. is the load in the stiffener when the sheet is cracked and bt ism1 m

_ _ I)



the load carried by on, hciv (width b) when til she't is incrickd The ra !i' deptd on

t he I r t fo rco s in 1 the fo I I owi nit, way'

_ '- _ :. . - _ I I( (I ,

ht I - t n,

j='
r

N

s S

s i I(II)

515

A X 12)

'b tii axi tum ccnC'nt rit in of i oal at t le crickline occurs in ti two st i ff ners

tiace.t to th&o cro k: 1:i'-s of I , ) are shown (fill Iret- as a fon't ion ,f a/b

in Figs F, 7 and 8 for va uI it,s , i equao l to 13, 1/6 and I/i.2 resnl,',tivolv. The

no-malised attachment: fC r('' P,' r ) -i t the first fastener on cab sido of tie crack-

line in the two stiffteners are also shown (dashed lines) in Figs h, / aod 8 as a function

of a/b for the same valies of pib \ttachment forces at othi-r locations are, in

2eneral, less than these. "su.lts are given for both tln load cons:ent rat ion artor anld

the attachment fcr.e at valoes f th relative stitffness ,. eual to 0.1, O.2,. a7d

0.5.

For stn ! I valdes of a/b , the first attachiment forces 1' are neligible and

zhe load concentrat ion an)t)roaches :, /(I- the value for an uncracled shet. TPis is

,n ac cor with the belavio t of the st ross intensi t% factor whi i ,ippr a, Iis that f.,r the

unstiff ned s':--t fir :miai1 " i) (see Figs 3 to 5). As the relative ; rick lCngoth a/b

increases t-he load coneit rat ion in tie sti ffeners also i nc rasi s. For fi xeI values of

the relative atta( mint p i t- p/b and reiative crack length a/h , O. lt' concentra-

tion increases as ,!- r-at ivi stiff ess is increased. Decreasing the attachment

pitch causes the load concentratioi itn the stiffener to be further increased. Thus the

reductions it, the str,-ss intennitv factors shown itt Figs 3 to 5 are a direct result of

the increase in loads carried I)v tile stiffeners.

For a/b 0.4 at valt,.s of p/h = 1/12 (see for example Fig 8) the force P

at the first attachment point is neative. Ithis indicates that tile force is act ing away

from the line of the crack and hence would tend to increase the stress intensity factor.

However positive forces at the other attachment points will be sufticient to ensure that

the stress intensity factor does not increase. For these ratios of relative crack

length and attachment pitch (, : atb -(.4, p/b - 1/12) the attachment force I' is• 1,1

not necessarily the largest one in the stiffener, as it is for a/b 0.4 or larger

values of p/b . However (or a/h ' (1.4, p/l - 1/12 all the ;it tachiment forces are small,

of the order of 1'1 shown in Fi, 8. Thus for practical purposes I', I may be treated

as the maximm attachment force in the stiffener for all values of the parameters given.



4.2 St it t I nvr cenIt rvid r, Itk alst titi ters unbrokeni

Nor -a, ise sv t r e ss initinis i CtI ac to rs K ('aI) have 5ceii c-Acnlatud for thfe

StL ift I It nca ted-2, c F~lk k ist,' Fl~ i j ) ii IIt a] I I t ie, st i t t enors tinlirolien . 'Iliev a re 1)l1ot ted

is a t1unc ion i ot he relat iv,- ru 'K lI11 t IIi a/b1 in F ig I, it 'Ind I Ifor three values

of t hI. I at. i ve a t tac)limen ft pi i p )/li , I / 3 , I/h and /112 respectivel v. Each figure shows

resnlts for values , t: di ,l~lt 'VC St illneLs,, equtal tO 0.1, ,C.2?, 0.1 and] 0.5. Again

tor rmall vailtis ot a '9 allI s1 r-55 ilensi tIv la tor."ipproichi the vallue for an isolated

ra I 'inn fil, "e int "' cl si t .As t, ci r a-k I ciogt Ie he in:,rueasud lo(ad supported by

lie cent ral - ti fitenur '.ioscs t ie, ,I rcSS i W enis LVtitv tior to he i edlced to l ess than that

I ort tlio i soIlItl tacki" ,; in I fo'lIr ,Itill lonLger racks thecre is a lirotionilcud reduction in

th,, stress itlin.i t I. , 14 1 is fl0 I 1k t i 5 pass tIle tI WOSt iftt eeis onl ach s ide oif thle

,cuntral st it -r r a ai I, i ( .Li[ i], )fitdIiiceot ' he b ;is tntensj:it tf ctcor on the

Io -it ive pi it , n .1 itd t he ru i1t , t ftivss, ,.re sjr!ii Ilir Lo i j Ia fr tdie bay

cenltred -rick: r duIcin 119 b) 1)Alid Ii:l r Lss in1 ;i (_auises ai redko Lon( inl die Stres

hit0:.51ty t , I or ia I Ivai Ieu~s,

Ie' 0,ild ot11eit rat ion I, Lt at tdiv ra i- iu i nfL i t , cet ral mo StL1 high] Iy

l aded, s t ttinor is shotwn ill Fi is I I J and I!.u(1ijI l liies ) as a func t ioni of a/b for

Vie o1VSf p.' 11 1 plita I to I I , I I/(' iiid I / 1 2 respect ivol . 'lhe norina] i sod attachment force

P I' i' -bt )art tie tfirs-, , most hii ,I i Iv l oaded , at tachieiit point eithter side of the crack-

) iiie in: t lie Ient r7a1 St if fner i s alIso shown in Figs 12 to 14 (dashed lines) as a function

o f a/ ) tfor t1ie same val ie s o f p/li Resiilts are given for both thle load concentration

and the ittacinent forcte fr equial to 0. I, (0.2, 0.3 e nd 0. 5. For small %alues of

a/b lie -Li.xiititl attachtniit. tOrCe.1 ) I) is negligible and the Itoad L0 at the crackline

in tole , litt ril st i fleni-- ipproahL'S ht .,/( - ") the value if the sheet were uncracked.

11 i s i s ini a,-r,!iet:,t: t!i !ic ehavietir of thle stress intensity% fac tor which also

approar ii -s that fir the, kinstifttonel, sheet at small valkies oif a/h (see Figs 9), 10 and 11).

The depelideloc ot) the load cii-u?.1i t 1011 i the, relative at tachment p itill p/b and the

relatlive Sti1ftiss a re SIMilar1 tO that ibr the hay centred cm., 'K: reducing p/b and

i ic reas in h1 .bt 11 have I lie e f t v, (of cans i ng ain toec ruase in th le l oad concent rat ion at

lie c rack i ink- in thle central St ill :10 r . Again t here is a rediict ion in the stress

intensi ty factor re'SUl'ing9 t rom Lte inlcrease' iii load Supported by the stiffeners.

i. f Stittner eniLtred crack: *it rat f YIiI!ki

Ie nio r maI is ed s tr esbs i it e i s it v I a c t rs K / a) are plotted in Figs 15, 16 and

17 for the stiffener centred crack (set? Fig 2) in wtiich the central stiffener is broken

at the crack l ine. lucvy are plot toil as a function of ttie relative crack length la/b in

Fi gs I r), l6 and 17 . Ku si I ts-,are giveni fr valu~es of 1)/0, equal to I /3, I /6 and 1/12

respectively. Fach f i gure Show, resul ts for values of the relative st iffiess L, equal

to ). I, 0.2, 1.1 and 0. .5. The ef fec t of tlie broken stL i f fener is to inc rease thle stress

intensity factor to greater than thait for a similar crack inii n uinstit fened sheet . Th is

increase is greater at saa I valuies of a/1b whoe ut lie c rac k i s viut i r et I ini thfe region oft

hfi gh s tre ss nea r t he end ofJ thle broken~ stLi f feiuor . For a given i'Alii ,I a/li ( 0,8) , both

-in, reasing the rcott ive stif fness i.and decreasiiig Ithe relativ ay t ticimt'nt pitch p)/b1



have th- , i fe't -t inreeasing the stress intensity fictr. This dependence is reversed

r ger cracks t.,h - 1.0) and become s similar to that for the case whore th central

stit ttener is unbroken, see sect ion 4.2.

.", lean c'nmet rat len ,/(It at he crackline in the two most. highly loaded

stift en.rs Kmtediately On each side Of the broken central stil fener are shown, as a

function ,t jb . in Fi'- 18, 1" and 2(0 tor p/b equal to 1/3, 1/6 and 1/12 respectively.

Reslits are giVt' it ilties "I the relat ive stifivess w equal to . I, 0.2, 0.3 and U.5.

For small vales of a/b 10 load concentration aioproanies ,J/(1 - .) , the vale, if

tile shee were intracked. Thv dependence A Lie load concentration on and p/h is

similar to tLA t or Mhe a ,.ntred crack and the sti ffener centred crack with all

SILtfeners intact, " .Or all VA. ,as of a/b t,, load concentration increases as pib

is reduced and , is in r,ased.

1wo Ltchm nt -or-es .it imp rtIlt in this case P' and P , the forces

At tAL KI-V Istener I: ic s0e of Lhe cracklinc, of both the central and the adjacent
stitlln f C',.s e tivel. ;. Values , P , I ; (

lbt) and P1 /(bt) are also shown iii

Pigs i8, iq and 2ii as a function of aib for p/b equal to 1/3, I/6 and 1/12 respec-

timely. The results were obtained for values of a equal to 0.i, 0.2, 0.3 and 0.5.

.he force IP approaches zero at small values of a/b and increases abruptly as the

crack tip approaches the stiffeners (a/b ;, 0.8). The force P, acts in a direction

as-av from the crai ine; ic therefore opens the crack and increases the stress iitensitv

factor, and it is largest at small values of a/h . This is in agreement with the

results shown in Figs 15, ih and 17 where for small a/b , the stress intensity factor is

greater than that fK r a similar crack in an uistiffened sheet.

(be torci , at the first fastener of tie broken sti ftenur decrosseq as t.

value o; p/b decreases and increases as j increases. With inrceasinii values of 1,)b

the forceP, , approaches a cinstant value and fer a/h - I ( crack tins aL or ,evono

the first unnroken stifteners) the magnitude is sufficiently sml I c ativ to P for

it to have a neglivibl, effect on the stress intnsity factor.

5 CKOUlM(SIONS

(I) Stress intensity factors have been obtained for a crack in a stiffened sheet for a

wide range of typical structural configurations. These results are useful for parametric

design studies of cracked structures subjected to both static and fatigue loads.

C2) Th, stress intensity factors, stiffener load concentrations and maximum attachment

forces are all required in order to assess the various failure modes of stiffened

structures.

(3) The formulation and the methods of solution are applicable to configurations with

unequally spaced stiffeners and can be used to obtain results for cracks near stiffeners

which are attached by a double row of rivets. Results for such configurations will be

reported later.



1.1ST OF} SYMMIaLS

a semi -crack Iength

As cross-sectional area of st it feners

b st tifener spacing

d diameter of attachment (rivet)

Young's modulus of elasticity of sheet

E6 Young's modulus of elasticity of stiffener5

Szi) (;reen's function for a point force in the positive y direction at

ij,k isuinat ion suffices

KI  ,od ing node str bS intensity factor
1 load in the inth stiffener at the cracklin ( = 0)m

m, s uOimat t i 1 sit fic s

M number of stiffeners

N number of attachments points in each stiffener on each side of the
crackl ine

p distance between attahments

Pn distance from crackline to nearest attachment

P attachment force at z. in the sheet

P? attachment force at Z. in the stiffener

7,'i~j = 1'i,. /' i)

t thickess of sheet

SIz ) dimensionless displacement in sheet due to uniform stress

-b
v (z. . dimensionless displacement in sheet due to attachment force

a

Iv a relative displacement in sheet due to uniform stressm~n

V
b  

relative displacement in sheet due to attachment forces
m,n

Vd relative displacement in stiffener due to uniform stress and attachment
m, n forces

(x,y) rectangular cartesian coordinates

z= x + iy

z . coordinate of ith attachment in jth stiffener

10 = Ut)p

In = l,n t I

allp

2aEt/(A Es)

stiffness ratio = A E /(btE + A F
s S S S

Poisson's ratio

uniform stress on sheet

uniform stress on stiffeners
S
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Figs 1&2
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Fig I Stiffened sheet with bay-centreci crack
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Fig 2 Stiffened sheet with stiffener-centred crack: central stiffener unbroken
or broken at crackline
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Figs 6&7

6 0; C

m\~cu
CL

/ LL

\c3u

C'lC

c D-Z 00, 0

b 0 0;C

CL

.2b

a0

(N -j

6C



Fig 8

or bt L_____ I crbt

- - -Pt, 1

1.6 0.4.

0.8 . 0.3

0./.0.3

0.8 0.0

0.2 0.1. 0.6 0.8 a/b

Fig 8 Load concentration and first attachment force for the pair of stiffen~ers nearest to a
bay centred crack. p/b = 1/12
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Fig 12
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Fig 12 Load concentration and first attachment force for a central unbroken stiffener:
p/b = 1/3
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Fig 18
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5 Fig 18 Force at the first attachment in a central broken stiffener and the load concen-
tration and first attachment force in the adjacent pair of stiffeners: p/b = 1/3



Fig 19
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Fig 19 Force at the first attachment in a central broken stiffener and the load concen- .

tration and first attachment force in the adjacent pair of stiffeners: p/b = 1/6
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Fig 20 Force at the first attachment in a central broken stiffener and the load concen-
tration and the first attachment force in the adjacent pair of stiffeners. p/b = 1/12
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