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Abstract rhe detachment of a stltrencr from a plate IS described by the fully-plastic crack propa­
gation in the web of a nl1n-symmctric I-beam, The I,)wer flange of the non-symmetric I-beam
represents the effective plate width. which may peel awav from the stiffener. By assuming a rigid.
linear strain-hardening materiaL we distinguish between tWl1 responses of the lower flange depending
on the load amplitude: deformation without crack growth and deformation with crack growth The
bifurcation point that marks the transition from a deformatil1n without crack growth to deformatil1n
with crack growth is independent of the initial crack length. but depends on the relative magnitude
of plastic modulus to the material flow stress. the specific work of fracture. and the relative size of
the tear zonc and width of the flange. A parametrIc studY shows that bifurcation load increases
approximately linearly with an lI1creasing ratio of \\ eb to flange \\ idths for some chosen material
constants. The effective Width (lfthe stiffened plate IS thu, :ill important parameter in the detachment
of the plate from the stiffener

I I\iTRODlCTIO:\

The problem associated with tearing in structures composed of stiffened panels is addressed
in this paper. The detachment of the plate from the stiffener due to crack propagation in
the stiffener web usually takes place at or above the heat-affected zone of the weldment.
Because most structures are designed to operate at loads several times below their limit
load, fracture and crack growth which may be induced by accidental loading occurring in
the presence of large plastic deformation. Conventional techniques from elastic fracture
mechanics cannot be used for solving this type of problem, We can. however. use simple
energy and equilibrium methods to examine the load deflection and crack growth charac­
teristics of the structure as it undergoes steady-state crack propagation or peeling. This
simple engineering approach for dealing with the steady-state tearing of metals has given
accurate solutions to predict the tearing loads associated with adhesives fracture [see Atkins
and Mai (1985)]. and in recent years has been applied to problems involving cohesive
fractures (Atkins and Liu. 1993; McClintock. 1994) According to Chang ef a/. (1972). the
difference between adhesive and cohesive fractures is in the specific work that is required
to create a new adhesive or cohesive surface area as the crack propagates.

Equilibrium of a linear strain-hardening beam and the principle of virtual work are
combined to find the deformation characteristic of the detached panel. The rigid, linear­
strain hardening material assumption is distinguished from the non-hardening model pro­
posed by McClintock (1994) in earlier attempts to understand fully-plastic fracture of
welded T-joints. The strain-hardening material assumption is not only needed to find how
the plastic modulus affects crack propagation. but also gives a more accurate representation
of the behavior of structures which strain-harden during plastic flow [see Youngdahl
(1991 )]. The results of this study should give an tt1sight into the fracture process and provide
simple analytical 100ls that may be used for the prevention of crack growth in stiffened
structures.

C PROBLEM FOR\IlIATIO!\

Consider a crack of initial length 200 in the stitfener web of a non-symmetric I-beam.
The lower flange of the non-symmetric I-beam may represent an effective plate width
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associated with the stiffener. Both the upper flange and web of the stiffener are fixed and
considered rigid as shown in Fig. I. A transverse load on the lower flange (or plate) causes
it to peel away from the stiffener. This type of tearing occurs when there is an initial crack
in the stiffener web. usually in or above the heat-affected zone of the weldment. Denote the
web and lower flange thickness as 11" and hr, respectively. The initial crack of length ao is
centered at mid-length. y = O. A uniform load Po is applied over the entire length of the
lower flange such that. locally. the lower flange of the beam is bent in the region Iyl < a.
Here the crack length a will be greater than ao if the crack propagates.

2.1. AI.lumptio!l.l

Wc make the following set of assumptions.

(I) Extensive plastic deformation occurs before and during crack propagation.
(2) Elastic effects are negligible and the material behavior is rigid, linear strain­

hardening.
(3) The transverse shear stress is small and does not influence plastic yielding or crack

propagation. This restricts the initial crack length to be greater than 10 times its thickness.
(4) In the case of crack growth. we shall assume that the process zone is smallt so

that the specific work to fracture or fracture resistance, R, is taken as the elastic fracture
resistance. a known material quantity that can be found in the literature or from exper­
iments.

2.2. Trallsitioll hetHl:'l:'n de/ormatioll and crack grmrth

As the material is rigid-plastic. a minimum load is required for plastic deformation to
occur. Above this minimum load is a critical load at which steady-state crack growth will
begin to take place [see Atkins and Liu (1993)]. If the bending moment at the crack tip is
less than the critical moment to cause steady-state crack propagation, Mer, but greater than
that to cause plastic flow. M o = (J,k 4. the flange will deflect without crack propagation.
We can therefore distinguish between two modes of deformation: (I) deformation without
crack growth. i.e. deflection of the lower flange without crack propagation; and (2) defor­
mation with crack growth. i.e. deflection of the lower flange coupled with extension of the
crack. The particular type of deformation mode depends on the load amplitude as well as
the geometry and material properties of the beam.

, (I R\ \TLRF Al CRACK III' lOR Qt\SI-STATlC CRACK PROPAGATION

The moment (and correspondmg curvature) at the crack tip is constant during steady­
state crack propagation [sec Atkins and Mai (19gS)]. A control volume incorporating the

tThe suc "I' the' I'lllCC'S Il'l1e h usualh !enger 111 plastic fractures whel1 compared with elastic ones because of
localized ncckmg at the crack tip. HCl\\cver. Atkll1S and Mai (1985) found particular cases of fully-plastic crack
growth in which the' process zOl1e "small. eomparabk with those in elastic fracture.
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tear zone with enough material on either side of the crack for steady-state tearing has been
proposed by McClintock (1994) in evaluating the critical moment and curvature of a related
problem, the peeling of welded T-joints. We will use a similar approach to calculate Mer
and Kef for this problem.

Using the principle of virtual work. one can state the following expression during
steady-state crack propagation in the control volume shown in Fig. 2 :

MV=dr+RdA. (1)

where d W is the increment in external work. dr is plastic work increment, R is the specific
work of fracture in the presence of extensive plastic flow [see Atkins and Mai (1985») and
dA is the incremental crack area.

The incremental plastic work dr to bend the flange at the crack tip is

~d<l ,"'1.'1 ~ ,'''',

dr = J.h I I. I rrd;:d.::ds.
.. () "u •./ {I

Substituting (j = rroT EI'I: and integrating with respect to dl: gives

Using I: = '::K gives the increment in plastic work

The increment in work to tear a crack of length da is

dT = Rh" du.

(2)

(3)

(4)

(5)

If we denote a critical bending moment to tear the crack as Men then the work
increment that is needed to tear and plastically deform the beam is

(6)

where Mer is the bending moment corresponding to 1\".

From the principle of virtual work as expressed in eqn (I). one obtains
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(7)

We can also express A(, in term, af h because the two are related for a rigid, linear
strain-hardening material

\1
hiJi II" hiJ l ' EI'/\"

4 l~
(8)

Equating bath expression, far\( 111 eql1s (7) and nil gives

From eql1 (0). we abtam an c\prcssiol1 for h" :

~4Rh"

hIIl'EI•

We can also substitute this exprcsslon into eqn (8) to evaluate fl,fc,

(9)

(10)

.\f (II)

Eq uations ( I ()) and ( 11) gi\L' the LTI t [La I L"llr\ at ure and bending moment at the bend during
crack growth.

-1. 1YI'f' I DtTOR\l \ 110" \\ITHOlJT CRACK GROWTH

The bending moment distribution along a fixed-end beam subject to uniform transverse
load is shown in Fig. 3. Note that thc bending moment is maximum at the crack tip and at
the center of the flange. These are thus rcgions where plastic flow will first occur in a bent
rigid-plastic flange E,en though the clastic bcnding stresses at the crack tip are twice the
magnitude of those at the center of thc nangc. plastic flow must occur simultaneously at
both locations This is because a ddor111atlOn mechanism that is plastically deforming at
both cr~ld, tip, \ Iclds tinite ,k,pc, (lithe rigid portion of the flange and the only way this
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Fig. 4 Free-body diagram of a differential beam element.

mechanism may be admissible is if the curvature is reversed at the center of the beam. Thus,
a plastic region of opposite curvature must occur simultaneously at the center of the beam.

There are three distinct regions of the half flange shown in Fig. 3, A, B, and C. The
flange plastically deforms in regions A and C with associated plastic zone sizes dYa and dYe,
respectively, and it remains rigid in region B. We denote the distance to the end of region
A Ya and the distance to the end of region B Yb' With this plastic mechanism for the linear
strain-hardening flange, we can derive expressions for the deflection profile by satisfying
equilibrium, the rigid-plastic constitutive relationships. and boundary or continuity con­
ditions.

4.1. Equilibrium
Recall from classical beam theory that the equilibrium equations corresponding to the

differential element of the flange shown in Fig. 4 is as follows:

I.F, = 0=
dN
- = 0
d!'

(12)

and

dM

d.l
-Q (13)

I.F = 0 = ~~~ + j (Ndl1)_p = _dQ +~_ (NdW)_p = 0,
dy- d.l dy d!' dy dy

(14)

where N is the membrane force and M is the bending moment in the beam.

4.2. Plastic constitutil'e relations
For a linear strain-hardening materiaL the bending moment M is given by

where Ep = Epbhi /12. and the axial force N is

We shall restrict our analysis to infinitesimal deflection. i.e. N = O.

(15)

(16)
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A

Fig. Free-body diagram of regIOns A, Band C within the plastic flange.

Membrane forces not only stiffen the beam when its deflections are greater than a few
times its thickness [see Haythornwaite (1961)], but they can also influence the fracture mode,
In analyzing the problem of flow with crack propagation we have assumed propagation to
be type I (tensile opening), Membrane forces will cause the crack to propagate in both
mode I and mode II (shear mode),

4,3, Boundarr and continuity equations
The boundary and continuity conditions for the three regions of the fixed-end flange

shown in Fig, 5 are

Q(O) = 0 (17)

dll'

dr
(0) = 0 (18)

[IlL. = [lI'],h = 0 (19)

[li~~. = [~ll~ = 0 (20)
d\ dl'

• ~ " • I"h

\\'(a) = 0 (21)

and

dll'

dv
(a) = 0, (22)

where square brackets denote a jump discontinuity of the value within the brackets, Equa­
tions (19) and (20) therefore show that the slope and deflection are continuous at the
boundaries of regions A, Band C.

4.4. Region A
The bending moment in this region is found by setting N = 0 in the equilibrium

equation given by eqn (14) and integrating it with respect to,r
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(23)

where aj is a constant. Satisfying the boundary condition in eqn (17) gives Gj = O. Sub­
stituting this result into eqn (13), one obtains

(24)

A more elegant solution for the bending moment can be obtained if we express Gz in
terms of the distance between the centerline and the end of the central plastic zone or the
half-size of the central plastic zone, Ya = ~Ya' A relationship between Gz and Ya is found by
using the condition that M(yJ = - M o or by requiring moment equilibrium of the entire
plastic region Ya in the flange (see Fig. 5)

/
1 ,.-

L' ·0.'.,
(/2 = - iV1 0 - "l .

Substituting eqn (25) into eqn (24) gives the bending moment in terms of Ya

P ( 1'2 1,2)
J
'1 = ._I_l_'__-=~--"-__ ,'.1
Y 2 ,VI o·

(25)

(26)

Note that the curvature of region A, 1( = d\l'/dy 2. is negative in Fig. 4. The appropriate
constitutive relationship describing the moment-curvature relationship in this region is

(27)

Substituting eqn (26) into eqn (27) gives an expression for the curvature in this region:

(28)

Integrating eqn (28) with respect to y and satisfying the boundary condition in eqn
(18) gives

E ~j'=PO(L~_1'21'\
r dy 2 3 .,')

Integrating eqn (29) again with respect to y gives

where a4 is a constant that may be evaluated from the continuity relations.

(29)

(30)

4.5. Region B
The flange deforms as a rigid body in region B, i.e. rigid body rotation and translation.

The constant slope of the flange is

(31)
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while the deflection is given by

where b I and h~ are constants.

M. S. Hoo Fat!

(32)

4.6. Region C
The bending moment in this region is also found by taking moments at a particular

cross-section in region C (see Fig. 5). This gives

(33)

The curvature K = d 2w/dy 2 in A is positive. and the moment-curvature relationship
describing of the flange in this region is

(34)

Substituting eqn (33) into eqn (34). one finds an expression for Epd
2w/dy 2 in terms of Yb

(35)

We conveniently expressed the bending moment in terms of the distance between the
centerline and the start of the plastic zone at the crack tip J'b. Integrating eqn (35) twice
with respect to y gives

and

E dH = P
2

11 (~-3" - v~ v)+c
r dr . h. 1

(36)

(37)

where c) and C4 are constants.

4.7. Load-deflection characteristics
The solution for the deflection profile throughout the flange is described by the fol­

lowing unknown quantities: Ya. a4 • hi. h2 • J'b. C3 and C4' Four of these can be determined
from the boundary conditions described in eqns (20)-(22). The missing equations are found
via moment equilibrium condition of the rigid portion of the beam, region B in Fig. 5. This
gives

4Mo 1 1

--- = Yb -y;.
Po

(38)

Another equation results from the condition that the slopes at Y = Ya and at Y = Yb are the
same. The latter condition gives
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(39)

(40)

A simple closed-form expression for Ya and Yb cannot be obtained from eqns (38) and (40)
because of the cubic relation between Ya and Yh in eqn (40).

The above set of equations involving the unknown quantities can be solved, and
expressions for the unknown constants of integration are

-Po.!'.:

Po [3' ')(', = 6 art;-a

and

(41)

(42)

(43)

(44)

(45)

Equations (30). (32) and (37). with the integration constants listed above, describe the
deflection profile of the flange.

The central deflection of the beam is denoted \\'p = \\'(0) and is evaluated from eqn
(30) as

-Po.!'~ -5poY~ Po [12 ' 6" (8 1 4 ') 3 4)Epl\'p = a4 = + --- + '-- at' - a- r- + V - a' Y + a .H 24 24 - 0 - b - a b
(46)

The deflection profile of the beam has been written in terms of Ya and Yb, where the values
of Ya and Yo depend on the load and geometry of the flange.

S. TYPE II DEFORMATION WITH CRACK GROWTH

After reaching a critical moment Mer< the material tears at the crack tip and unloads
as the crack propagates. The force-deflection characteristics of the flange exhibiting type
II behavior now depend on unloading at the crack tip; because unloading is such an
important aspect of the solution. it will be explained in the following section.
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Fig. 6. Deformation field of plastic flange during crack growth.

5.1. Plastic unloading and loading regions
Figure 6 shows the deflection profile of the flange as the crack propagates in quasi­

steady state. There are two unloading regions: (I) region D in which the crack extends by
!la; and (2) region C, a plastic region of constant length !lYe!. Because we have assumed
the material to be rigid-plastic, the unloading path of the material in the !la region is
represented by a vertical line as shown in Fig. 7. This unloading path signifies that, while
the crack extends, the bending moment in the unloaded region adjacent to the crack tip
decreases from Mer> while the curvature of the flange remains at a constant value equal to
"cr' We denote the moment at the end of region C as Me.

The size of the second plastic region, region C, must remain constant during crack
growth because the material here is also unloading. Only loaded regions can grow. The
constant value of !lYe! corresponds to that of !lYe when a transition from type I to type II
has just occured. Each material point in region C unloads with a constant curvature to
some value of the moment that can be found through moment equilibrium in this region
(vertical lines in Fig. 7). The trajectory of the bending moment at each position cor­
responding to the curvatures shown in Fig. 7 will depend on the amount of crack extension
!la.

Denote the distance to the end of regions A and B at the transition of type I to type II
behavior as Ya' and Yb', respectively. As the crack propagates, material in region A may
continue to be in a loading region even though region C is an unloading region.

M

Mer ---------------
~

unloading
in Region D

unloading
in Region C

K'cr 1C

Fig. 7. Plasltc unloading of regions C and D.
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The unloading and loading regions described above give a free-body diagram of the
flange in type II as shmv'h in Fig. 8. This is similar to that in type I, except for the region
of crack extension !!J.a and the region of constant length !!J.Ycl' Because !!J.Ycl unloads to a
reduced bending moment during unloading, the bending moment at the location of the
rigid portion of the beam 1\-1' is related to the crack growth !!J.a:

(47)

5.2. Boundary conditions
A solution for deflection of the flange in regions A and B is subject to a new set of

displacement and slope boundary conditions that are prescribed at Y = Yb" The slope and
deflection at Y = Ybt consist of two parts due to additional curling of region D as the crack
propagates and the slope and deflection at the point of transition from type I to type II.
The latter components for the slope and deflection are derived from the previous type I
solution. The region defined by length !!J.Ycl undergoes rigid body translation and rotation
due to additional curling of !!J.a

5.2.1. Curling We shall denote the deflection and slope at Y = a -!!J.a due to additional
curling by subscript c. Using small angle approximations. one finds the following
expressions for lI'e and (dll'dll:

"cr(!!J.a)"
(48)\t'( ~

2

and

CII')
d!' c

~ "u!!J.a, (49)

5.2.2. Fixed transitional l'alues. All quantities at the transition from type I to type II
will be denoted by subscript 1. We can calculate the slope and deflection at the point of
transition by using the previous type I solution. The deflection Wt and slope (dw/dY)ll
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however, depend on the values of .1'", .I'h and Po which are expressed implicitly by eqns (38)
and (40) as well as the value of 6Yct calculated from the moment equilibrium of region C
when Me = Mer (see Fig. 5). Requiring equilibrium of moments for this region gives a
relation between Mer and 6yct :

(50)

where 6.1'et = ao- Yht. Here we have denoted a transitional load Pt to represent the load at
which a change from type I to type II occurs. The values of Yat and Ybt are found from eqns
(38) and (40)

(51)

and

Equations (50)-(52) give an implicit representation of P"~ Yat and Ybt.

The solution for the transitional deflection fl't is obtained from eqn (37) :

E- , - E,- [ c \." + 12£1 \."' 6a 2 1'2 4a"'}' + 3a4
]p,l, - 24 -_J. hi O.bl- Ojht- 0 bt 0,

while the transitional slope (dlldr), is obtained from eqn (36):

(52)

(53)

1
-PIYal

3
(54)

Note that the crack length at the transition point is ao. The initial crack length should be
distinguished from the crack length during crack growth, a.

5.3. Load--deflection characterisTics
The general equations used to describe the deflection profile Epw and slope Epdw/dy

of the flange in regions A and B are of identical form to those derived in the previous type
I solution, but the values of the integration constant a4, bl and b2 are different because we
require different slope and displacement boundary conditions at Y = Ybt.

As in the previous case. satisfying slope continuity at y = Ya, eqn (20), gives a relation
for hi

-PoY::
3

(55)

We require displacement continuity at Y = .I'ht, eqn (19), to obtain a new expression
for he

The value of a4 is derived from the condition of displacement continuity at y = Ya> eqn
(19), and it is identical to the expression for it in type I [see eqn (44)].

The equation for the central deflection of the flange is obtained from eqn (30) with the
new expressions for a4 and he
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(57)

Equation (58) is expressed in terms 01'.1'" and /l.a. We can find an equation relating these
two values by equating the slope boundary conditions prescribed at y = y" and .I' = hi'
Thus the expression given in eqn (55) is equal to the sum of those specifed by eqns (49)
and (54)

(58)

Another equation relating l'.• to /l.a comes from the moment equilibrium of the rigid
portion of the beam, region B in Fig. 8 :

(59)

Substituting the expression for M' in eqn (47) into eqn (59) gives

(60)

where a = a\) + /l.a. By setting /l.a = 0 in the above system of equations, eqns (58), (58) and
(60), one retrieves the same solution for the central deflection at the point of transition
from type I to type II. A bifurcation point is obtained at the transition from type I to type
II behavior.

(, DISCCSSIO"i 01- RFSL LTS

We introduce the following dimensionless quantities:

t11 = M/A!\) , bending moment:
p = poa1J/4M\) , load amplitude:
}I'p = H'p/h r, deflection at centerline:
J'a = yafa\), distance of plastic zone at center of flange:
J\ = Yb/UO' distance to plastic zone at crack tip:
/l.ii = /l.u/uo, crack growth:
/l.Ja = /l.y" (l\), plastic zone size at center of flange:
/l.Jc = /I.)'"ao. plastic zone size at crack tip:
K = hrl\, curvature:
IJ = a\)/hr, initial crack length parameter:
;. = h/hr, stiffener footing parameter:
J1 = h"ih, tear zone parameter:
( = Ep!(Jo, ratio of plastic modulus to flow stress:
and r = 24R:h"Ep , specific work of fracture parameter.

6.1. Type I
Equations (40). (38) and (46) are expressed in terms of the normalized or dimensionless

parameters as follows:
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- 2f'.: = - 2r: + 3r~ - 1

and

(61)

(62)

(63)

Substituting the expression for 2f'.: In cqn (61) into eqn (63), one finds

(64)

Although \\e are only concerned with how the beam deflection varies with the applied
load. it is worth mentioning some interesting features of the solution obtained by assuming
a rigid. linear strain-hardening beam. First. the sizes of the plastic zones are fully described
by eqns (61) and (62) and depend only on the normalized load p. The plastic zone sizes are
independent of ~ or the plastic modulus Er . This result may seem counter-intuitive because
one might expect that the degree of strain-hardening would affect the size of the plastic
zones. In this case. it does not. Secondly. it can be shown that the magnitude of the bending
moment at the crack tip is always less than that at the center of the flange. In a rigid,
perfectly-plastic beam. both moments are of equal magnitude but opposite signs. In an
clastic beam. one finds that the bending moment at the crack tip is twice that at the center
of the heam.

6.2. Tl'pc II
The normalized critical curvature and hending moment at the crack tip are

(65)

and

(66)

respectively.
The following expressions arc the normalized system of equations:

i I +lllcr )

2[( I +~il)' -i\~]

and

(67)

(68)

where the normalized transitional values are
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Fig. 9. Bifurcation POInt between deformation without crack growth (type I) and deformation with
crack growth (type II)

(70)

(71 )

(72)

The beam deflection now depends not only on the same material parameters as in
Section 4, but also on the value of the Ker or mlT' These in turn depend on the specific work
to fracture parameter r = 24R/h"Ep and a stiffener footing parameter}. = bjhr•

6.3. TransitionFom (lpC [ to tlPC II
As an example. the material properties for mild steel given in Table I are used to

evaluate the material parameters. The thickness of the web or the width of the tear zone is
taken to be h" = 0.032 m. a typical value that is found in most applications. With this, one
finds that.;: = Ep/ao = 2.8 and r = 24R/h"Ep = 0.2. In addition, we take the beam dimen­
sions for the flange as r/ = 5 and I- = 2.

Using the above parameters, the dimensionless load-deflection characteristics for both
the deformation without crack growth and the deformation with crack growth modes are
drawn in Fig. 9. A bifurcation point that describes the transition from type I to type II
occurs at point T when P = P"

The bifurcation load Pt does not depend on ry because eqns (70)-(72) are independent
of ry. However, Pt will be dependent on other parameters such as .;:. r, ). and {I,. We will
consider only the effect of geometric parameters on the bifurcation load and the force-

Table 1 Matenal constants for mild strength steel (ship steel)

Flow stress
<J" (MPal

300

Plastic modulus
E" (MPa)

~40

Specific work of fracture
R, (kJ m 'j

250
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Fig 10. Bifurcation load /), vcrsus ratio of tear width to flange width Ii( = 17./h).

deflection charactenstics in type [I. [n particular. we keep the relative dimensions of the
flange at /) = il li hi = 5 and i. = h h. = :2 fixed and vary Il, the ratio of the width of the tear
and flange, in the range 0 < II < 1. The Jl parameter also compares the thickness of the
stiffener web (or width of tear region) with the width of the flange (effective plate thickness).

Figure 10 shows that there is roughly a linear increase in the bifurcation load PI as the
relative magnitude of the width of the tear to the flange, Il, increases. When Il = 0, PI = 1,
i.e. there is no stifl'ener (hi = 0) and the flange simple deforms without tearing (type I
behaviOr). One can distinguish this from another limiting case when the tear region and
width of the flange are equal. II = I ; because the width of the flange is an effective plate
width. we must restrict the analysIs to the region 0 < II < I. A maximum value for the
bifurcation load occurs when II = I. For the chosen material and geometric parameters,
the bifurcation load may be as much as 50% greater than the limit load.

The variation in the load -deflection characteristics of the flange during crack growth
is shown in Fig. 11 for several II values. The linearly decreasing function which describes
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Fig, II, Load detlection charactcrlstics as the crack grows for several values of 1-'( = Izw /h).
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load-deflection characteristics of the flange as the crack propagates has a steeper gradient
for smaller values of II. This is expected because a smaller value of Ii implies an increasing
flange width for a fixed web thickness and the lo\\er nange will be stiffer with a greater
value of the effective width.

" C01'<CU[)ING REMARKS

A local tearing mechanism that can be used to examine the peeling of a stiffener from
a plate is presented. A rigid, linear strain-hardening beam analysis is used to calculate the
load--deflection characteristics of the transversely-loaded flange (effective width of stiffened
plate). It is shown that the flange deforms in two ways with increasing values of load
amplitude: deformation without crack growth (type I) ; and deformation with crack growth
(type II). A deformation profile that incorporates two plastic unloading regions is proposed
for type II behavior. The region of crack growth deforms with constant curvature, while
the region adjacent to it has a plastic zone size and curvature that are determined from the
type I analysis.

A bifurcation point occurs when the flange response changes from deformation without
crack growth to deformation with crack growth. This bifurcation point is independent of
the initial crack length, but a parametric study shows that the bifurcation load increases
approximately linearly with an increasing ratio of the web thickness to flange width. This
means that the crack is less likely to propagate when larger values for the effective plate
width are assumed. The effective width of the stiffened plate is thus an important parameter
in the detachment of the plate from the stiffeners.
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