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ABSTRACT: This article examines the fracture behavior of sandwich type double cantilever beam
(DCB) specimens under monotonic and cyclic loading conditions. The specimen consists of two
layers of OFHC copper and one layer of ViaLux 81 photo-definable dry film. The ViaLux 81 is
placed in between copper layers. Analytical expression for the strain energy release rate (GI) of the
sandwich DCB specimen is derived by following the plate theory based model and compliance
method. Finite element analysis has also been carried out on the specimen and the load displacement
results for the specified crack or delamination length are obtained. The compliance equation in terms
of the delamination length is derived for the specimens for obtaining the strain energy release rate
(GI). From the generated R-curve of the interface, the failure load is estimated for the specified
delamination length. From the crack growth data, the number of cycles to failure under cyclic
loading is estimated for the initial delamination length.

KEY WORDS: DCB specimen, copper�epoxy interface, delamination, critical load, finite element
simulation, fatigue life.

INTRODUCTION

D
ELAMINATION IS ONE of the most commonly observed failure modes in laminated
composites whose existence significantly reduces the stiffness and strength of the

structure [1�4]. Interfacial delamination is of important concern for multilayered micro-
electronic packaging structures [5]. To predict interfacial delamination propagation under
both static and cyclic loading, one needs to characterize interfacial properties. Key para-
meters for characterizing an interface include interfacial fracture toughness, interfacial
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fracture resistance, onset of delamination from an initial interface crack, and fatigue crack

propagation (FCP) rate.
Progress has been made in the development of test methods to measure the interlaminar

fracture toughness of composite laminates by evaluating the critical energy release rate,

GC. The commonly used test specimens for unidirectional composites are the double can-

tilever beam (DCB) for mode I fracture [6�8], the end notched flexure (ENF) for mode II

fracture [9], and the cracked-lap shear for mixed mode facture [10]. Pagano and

Schoeppner [11] and Tay [12] have made surveys of the state-of-the-art in research done

on delamination in composite materials. Mathews and Swanson [13] have presented cal-

culations for beam-type geometries that are representative of DCB and ENF specimens,

which illustrate the effect of material properties, loading, and compliances of the delami-

nated sections on the mixed mode.
The compliance method is an effective method for evaluating the fracture toughness as a

function of specimen geometry, loading, and crack extension. The critical fracture energy

(GIC) is derived from the general Irwin�Kies expression [14]:

GIC ¼
P2
c

2B

dC

da
, ð1Þ

where Pc is the critical load; a is the crack length; and B is the width of specimen. dC=da is

the slope of the compliance calibration curve at given crack length. Hence, GIC is a good

parameter to investigate the effect of various quantities on the composite toughness. This

can be analyzed through the fracture energy spent to create a unit area of free surface [15].

The change of the compliance can be determined as the function of crack length in the case

of unidirectional composite specimens according to beam theory. The compliance of speci-

mens is:

C ¼
�

P
: ð2Þ

Here � is the crack mouth opening displacement.
This article examines the test results of Xie and Sitaraman [5] on specially designed

sandwich type DCB specimens (Figure 1) under monotonic and cyclic loading conditions.

The specimen consists of two layers of OFHC copper and one layer of ViaLux 81 photo-

definable dry film (PDDF). The ViaLux 81 is placed in between copper layers. The length

of the specimen is 150mm and the width (B) is 25.4mm. The thickness of copper and

ViaLux 81 PDDF are 1.6256mm and 0.0762mm, respectively. From the fracture data of

Piano hinge
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Interfacial delamination
Vialux PDDF

P

P

Figure 1. Sandwich DCB specimen.
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the specimens, the crack growth resistance curve (R-curve) of the interface is generated
with respect to �a (i.e., the difference of initial and final crack or delamination length).
Analytical expression for the strain energy release rate (GI) of the sandwich DCB specimen
is derived by following the plate theory based model and compliance method. Finite ele-
ment analysis has also been carried out on the specimen and the load displacement results
for the specified crack or delamination length are obtained. The compliance equation in
terms of the delamination length is derived for the specimens to use in Equation (1) for
obtaining the strain energy release rate (GI). From the generated R-curve of the interface,
the failure load is estimated for the specified delamination length. From the crack growth
data, the number of cycles to failure under cyclic loading is estimated for the initial
delamination length. These studies will be useful in the prediction of reliability perfor-
mance of multilayered packaging structures.

INTERFACE FRACTURE TOUGHNESS EVALUATION

Figure 2 shows the computational model for estimation of interface fracture toughness.
It consists of a homogeneous copper plate with thickness of t1 and a copper/ViaLux 81
PDDF composite plate with thickness of t2 and t3, The pre-crack or delamination length is
‘a.’ The bending stiffness of the composite plates above and below the interfacial crack,
(EI)1 and (EI)2, respectively, are evaluated from [5]:

ðEIÞ1 ¼ D
ð1Þ
11 1�

D
ð1Þ
12

D
ð1Þ
11

 !2
2
4

3
5, ð3Þ

ðEIÞ2 ¼ D11 1�
D12

D11

� �2
" #

, ð4Þ

where D11 ¼ D
ð2Þ
11 þD

ð3Þ
11 ; D12 ¼ D

ð2Þ
12 þD

ð3Þ
12 ; D

ðkÞ
11 ¼ ðEkIkÞ=ð1� �

2
kÞ; D

ðkÞ
12 ¼ �kD

ðkÞ
11 ;

Ik ¼ Bt3k=12; Ek is the Young’s modulus; �k is Poisson’s ratio, Ik is the moment of inertia;
and the subscript k (k=1, 2, 3) represents three materials.
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Figure 2. Deformed configuration of the sandwich DCB specimen.
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Following the concepts of strength of materials [8], the crack mouth opening displace-
ment (�) of the sandwich DCB specimen can be estimated from:

� ¼
Pa3

3

1

ðEIÞ1
þ

1

ðEIÞ2

� �
: ð5Þ

From Equations (1), (2), and (5), the strain energy release rate (GI) can be written in the
form [5]:

GI ¼
P2a2

2B

1

ðEIÞ1
þ

1

ðEIÞ2

� �
: ð6Þ

It should be noted that the contribution of structure in front of the crack has been
neglected in the above plate theory-based model. In other words, the deflection and rota-
tion (slope) are assumed to be zero at the crack-tip of the DCB specimen while deriving
Equation (6). In actual situation, there is a possibility of non-zero slope at the crack-tip of
the DCB specimen.

INTERFACIAL CRACK PROPAGATION

When the specimen is subjected to fatigue loading, the strain energy release rate (G) also
changes with the applied load. The range of the energy release rate ð�GÞ is [5]:

�G ¼
ðP2

max � P2
minÞa

2

2B

1

ðEIÞ1
þ

1

ðEIÞ2

� �
,

¼
P2
maxa

2ð1� R2Þ

2B

1

ðEIÞ1
þ

1

ðEIÞ2

� � ð7Þ

where Pmax and Pmin are the maximum and minimum load amplitudes and R=Pmax/Pmin

is the load ratio.
The interfacial FCP can be obtained by integrating the crack growth rate equation

(Paris law) [16]:

da

dN
¼ �ð�GÞ�, ð8Þ

where a and � are material constants.

RESULTS AND DISCUSSION

The computational model shown in Figure 2 for estimation of interface fracture tough-
ness consists of the ViaLux 81 PDDF, which is placed in between copper layers. The
geometric details of the model are given below [5]:

Length of specimen=150mm
Width of the specimen=25.4mm
Thickness of copper layers: t1=t3=1.6256mm
Thickness of ViaLux 81 PDDF: t2=0.0762mm
Material properties of the copper layers:

E1,E3 ¼ 103:4 GPa

�1, �3 ¼ 0:34
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Material properties of the ViaLux 81 PDDF layer:

E2 ¼ 2:905 GPa

v2 ¼ 0:402

The bending stiffness of the composite plates above and below the interfacial crack

evaluated from Equations (3) and (4) are:

ðEIÞ1 ¼ 0:940185 Nm2 and ðEIÞ2 ¼ 0:9401887 Nm2:

Xie and Sitaraman [5] have presented fracture data of 13 sandwich type DCB specimens

having three different starter crack lengths, a0=25, 30, and 37mm. They have generated

the R-curve from the mean value to the resistance of copper/ViaLux 81 interface for the

three different starter crack lengths. Figure 3 shows the R-curve of the interface with the

crack extension, �aða � a� a0Þ useful for evaluation of the failure load to any crack

length and the corresponding critical strain energy release rate (GC). The crack growth

resistance curve (R-curve) represented in terms of the crack extension ð�aÞ as:

GR ¼ 71:25þ 464:6ð�aÞ0:31 ðJ=m2Þ ð9Þ

A relation is obtained for the critical crack extension ð�acÞ to the specified initial

crack size (a0) by matching crack driving force curve and its slope to the crack extension

curve and its slope [17]. Replacing P=Pc, a= a0+�ac,�a ¼ �ac in Equations (6) and (9)

and equating:

GIðPc, a0 þ�acÞ ¼ GRð�acÞ, ð10Þ

and

dGI

da

����
ðPc,a0þ�acÞ

¼
dGR

dð�aÞ

����
�a¼�ac

ð11Þ

One obtains a relation:

�0 ¼ 0:9894ðð�acÞ
0:69
þ 5:4516ð�acÞÞ ðmÞ ð12Þ

The crack extension ð�acÞ at the initiation of instability can be obtained for the specified

initial crack size (a0) from Equation (12) through an iterative process. After determining

0

50

100

150

200

250

0.000 0.005 0.010 0.015 0.020 0.025
Δa (m)

G
R

(J
/m

2 )

Test [5]
Equation (9)

Figure 3. Crack growth resistance curve (R-curve) of the interface with crack extension �a ¼ ða� a0Þ.
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�ac to a desired degree of accuracy, the critical strain energy release rate (GC) can be

obtained directly from Equation (9) as:

GC ¼ 71:25þ 464:6ð�acÞ
0:31

ðJ=m2Þ: ð13Þ

The critical load (Pc) can be obtained from Equation (6) by replacing P=Pc,

a=a0+�ac and GI=GC as:

Pc ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2BGC

ða0 þ�acÞ
2

1

ðEIÞ1
þ

1

ðEIÞ2

��1(vuut : ð14Þ

During the loading of the DCB specimens for the test, the crack length and

load�displacement data were recorded. From Equations (5) and (6), one can write the

strain energy release rate (GI) in the form:

GI ¼
3

2

P�

Ba
: ð15Þ

Step-block loading scheme has been used for obtaining crack propagation behavior over

a large range of loading conditions but keeping the load ratio (R) constant [5]. The mate-

rial constants in Equation (8) obtained through fitting of the fatigue propagation data

(namely, da=dN (m/cycle) and �G (J/m2)) are: � ¼ 1:1� 10�7 and � ¼ 1:2. The fatigue life
can be estimated by integrating Equation (8) for the specified flaw size.

For the present sandwich DCB specimen, the fatigue life can be estimated by using

Equation (7) in Equation (8) and integrating, which results:

Nf ¼
1

�

Z ac

ai

da

ð�GÞ�

¼
1

�ð2�� 1Þð�GiÞ
�

ai �
ai
ac

� �2�

ac

)(
,

ð16Þ

where ai is the initial crack length, ac is the critical crack length, and �Gi is the range of the

energy release rate corresponding to the initial crack length.
It should be noted that the plate theory-based model (Figure 2) in the previous sections

considers the length of the specimen as the interfacial delamination length ‘a’ and neglects

the structure in front of the crack. The model assumes cantilever action by specifying zero

displacement as well as its slope (rotation) at the crack-tip. An attempt is made here to

evaluate the interfacial fracture toughness from the finite element solution. AnsysTM soft-

ware package [18] is utilized to carryout the finite element analysis on the sandwich DCB

specimen (Figure 4). A plane strain higher order eight-node solid element (Plane 183)

having two degree of freedom (dof) per node is selected for modeling the DCB specimen.
In the finite element model of the tri-material system (Figure 4), the actual length of

the specimen is simulated. One end of the specimen is simply supported as in Figure 5.

Tip concentrated loads (P) are applied at other ends on both arms, which are below and

above the interface crack. Continuity of the displacements is assumed from the simply

supported end to the crack-tip. The length of the specimen is 150mm and the width is

25.5mm. The thickness of the copper and ViaLux81 PDDF are 1.6256mm and 0.0762mm,

respectively. The length of the interfacial delamination (a) varied from 15 to 50mm.

The crack mouth opening displacement (�) is obtained for each interfacial delamination
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length (a) by specifying material properties for the tri-material system and applying the

tip-concentrated load (P) of 50N. An ANSYS parametric design language (APDL) code is

developed to create the finite element model and to evaluate the crack mouth opening

displacement of the sandwich DCB specimen. The data generated using this code is utilized

for the development of compliance equation. The Appendix gives the developed APDL

code. One of the deformed configurations of the sandwich DCB specimens is shown in

Figure 6.
From the finite element analysis results, the compliance equation was found as follows:

C ¼
�

P
¼ r1a

3 þ r2a
2 þ r3aþ r4 ðm=NÞ: ð17Þ

Here r1 ¼ 0:70155; r2 ¼ 3:9113� 10�3; r3 ¼ �2:9865� 10�5; r4 ¼ 3:8733� 10�7.
The interface delamination length (a) and crack mouth opening displacement (�) in

Equation (17) are in meters, whereas the applied load (P) is in Newtons.
From the values of r1, r2, r3, and r4, third and fourth terms on the right-hand side of

Equation (17) seem to be insignificant. Figure 7 shows the comparison of the crack mouth

displacement (�) obtained from the plate theory-based model (Equation (5)) and the finite

element model (Equation (17)) for different interfacial delamination lengths of the sand-

wich DCB specimens. The discrepancy in the plate theory-based model results is mainly

due to non-consideration of the structure in front of the interfacial delamination. From

Equations (1) and (17), the strain energy release rate (GI) is obtained as:

GI ¼
P2

2B
3r1a

2 þ 2r2aþ r3
� 	

ðJ=m2Þ: ð18Þ

Figure 5. Boundary conditions (Uz, Uy = 0) and tip loads.

Figure 4. Finite element model.

Interface Fracture Assessment on Sandwich DCB Specimens 1969



Using Equation (18) in Equations (10) and (11), a relation is obtained for the critical crack
extension ð�acÞ as:

a0 ¼ 0:9894ð�acÞ
0:69
þ 5:4516�ac þ r5 þ r6 3r1ða0 þ�acÞ þ r2

	�1n
, ð19Þ

where r5=�1.8584�10
�3, r6=�3.7134�10

�5. The crack extension ð�acÞ at the initia-
tion of the instability for the specified initial crack size (a0) is obtained from Equation (19)
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Figure 6. Deformed configuration of DCB specimen.
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Figure 7. Comparison of crack mouth displacement (d) obtained from the plate theory-based model
(Equation (5)) and the finite element model (Equation (17)) for different interfacial delamination length.
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through an iterative process. After determining �ac to a desired degree of accuracy, the

critical strain energy release rate (GC) is obtained from Equation (13). The critical load (Pc)

for the specified crack size (a0) is obtained from Equation (18) by replacing GI=GC,

P=Pc, and a= a0+�ac as:

Pc ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2BGc 3r1a2 þ 2r2aþ r3

� 	q �1

: ð20Þ

Figure 8 shows the comparison of the strain energy release rate (GI) with the interfacial

delamination length (a) evaluated from the plate theory-based model (Equation (6)) and

the finite element model (Equation (18)) for the applied load (P) of 50N. It can be seen

from Figure 8 that GI value from the finite element solution shows higher than that

obtained from the plate theory-based model. The discrepancy in the values may be due

to non-consideration of the structure in front of the crack in the plate theory-based model.

Figure 9 shows the comparison of the load at the crack growth initiation (Pgi) from the
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Figure 9. Crack growth initiation load (Pgi) obtained from plate-based model (Equation (6)) and finite
element-based model (Equation (18)) by specifying GI = 71.25 J/m2.
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Figure 8. Comparison of strain energy release rate (GI) for different interfacial delamination lengths evaluated
from the plate theory-based model (Equation (16)) and the finite element model (Equation (18)).
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plate-based model and the finite element model by specifying GI=71.25 J/m2 in Equations

(6) and (18) and replacing P by Pgi. Figure 10 shows the comparison of critical load (Pc)
with the interfacial delamination length generated from the plate-based model (Equation

(14)) and the finite element model (Equation (20)). The critical load evaluated

from Equation (20) is found to be less compared to that obtained from Equation (14).
Table 1 gives comparison of interfacial strain energy release rate (GI) for different interface

delamination lengths obtained from the plate theory-based model and the finite element

model. The plate theory-based model yield interfacial fracture toughness values smaller
than the finite element analysis model due to the fact that the contribution of structure in

front of the crack has been neglected in plate theory-based model.
The range of energy release rate ð�GÞ for sandwich DCB specimen under fatigue

loading is:

�G ¼
P2
maxð1� R2Þ

2B
3r1a

2 þ 2r2aþ r3
� 	

ðJ=m2Þ: ð21Þ

For fatigue life estimation, one has to use Equation (21) in Equation (8) and integrate

the equation numerically from the initial crack size (ai) to the critical crack size (ac)

corresponding to the maximum applied load (Pmax).
Xie and Sitaraman [5] have performed fatigue tests to study the onset of delamination

from an interfacial delamination starter. The crack onset was taken as the crack start

growing from the end of the insert. Four force levels, 5N, 10N, 20N, and 30N, have

been applied and the recorded number of cycles to failure in the tests are reported.
They also performed the follow-up FCP of an interfacial crack along the copper�epoxy
interface and obtained the material constants � ¼ 1:1� 10�7 and � ¼ 1:2 in the crack

growth equation (8). Using this material constant and the crack growth resistance curve
(R-curve) of the material (Figure 3), an attempt is made here to estimate the fatigue life of

the interfacial crack growth onset. Initial delamination length is 30mm. Crack growth

initiation can be expected where GI=71.25J/m2. Critical strain energy release rate (GC) for
30mm delamination length worked out from Equations (12) and (13) is 144.21 J/m2.
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Figure 10. Critical load (Pc) obtained from plate-based model (Equation (14)) and finite element-based
model (Equation (20)).
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Eliminating ‘a’ from Equations (7) and (8) and integrating, one can obtain a relation for

number of cycles to failure (Nf) in terms of GI, GC, and Pmax in the form:

Nf ¼
�GIð Þ

1
2��� �GCð Þ

1
2��

n o
�Pmax

, ð22Þ

where:

�GI ¼ ð1� R2ÞGI, ð23Þ

�GC ¼ ð1� R2ÞGC, ð24Þ

� ¼ �ð2�� 1Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1� R2Þ

2B

1

ðEIÞ1
þ

1

ðEIÞ2

� �s
: ð25Þ

Figure 11 shows the comparison of analytical and test results on the number of cycles to

failure for the applied force levels with theoretically estimated upper and lower bound of

number of cycles to failure. Lower bound predictions are made from Equation (22) assum-

ing GI as 71.25J/m
2. The upper bound predictions are made from Equation (22) consid-

ering the value of GI for the 30mm delamination length of DCB specimen with the applied

load. The fatigue life of DCB specimens can be expected within the lower and upper

bounds. The discrepancy in the fatigue life estimates may be due to scatter in test data

in the R-curve of the material and to a certain extent in the material constants in the crack

growth rate equation, in addition to the scatter in the actual fatigue test data. Appropriate

uncertainty factor has to be applied to the prediction to account for the scatter in the

test results.

Table 1. Comparison of crack mouth displacement (d) and interface
strain energy release rate (GI) of the sandwich DCB specimens for dif-

ferent delamination lengths (a) obtained for the applied load (P) of 50N.

Crack
Plate theory-based model Finite element model

length, a
(mm)

d (mm)
Equation (5)

GI (J/m2)
Equation (6)

d (mm)
Equation (17)

GI (J/m2)
Equation (18)

15.00 0.12 23.55 0.16 27.61
15.25 0.13 24.35 0.17 28.49
16.00 0.15 26.80 0.19 31.21
17.50 0.19 32.06 0.24 36.99
20.00 0.28 41.87 0.35 47.66
22.50 0.40 53.00 0.48 59.63
25.00 0.55 65.43 0.65 72.89
27.50 0.74 79.17 0.86 87.45
30.00 0.96 94.22 1.10 103.30
32.50 1.22 110.58 1.38 120.44
35.00 1.52 128.24 1.71 138.88
37.50 1.87 147.22 2.09 158.62
40.00 2.27 167.50 2.52 179.65
42.50 2.72 189.09 3.00 201.97
45.00 3.23 211.99 3.54 225.59
47.50 3.80 236.20 4.15 250.51
50.00 4.43 261.72 4.82 276.72
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CONCLUDING REMARKS

To assess the interfacial integrity, evaluation of interfacial fracture toughness, interfacial
fracture resistance, onset of interfacial delamination from initial crack interfacial FCP are
essential. This article provides the evaluation methodologies and their validation through
comparison of test results. The discrepancy in the analysis and test results on fatigue life
estimation is mainly due to scatter in the test results. However, an appropriate uncertainty
factor has to be applied to the fatigue life estimations as being done in the fatigue design of
metallic structures.

APPENDIX: APDL CODE FOR THE CRACK MOUTH OPENING

DISPLACEMENT OF THE SANDWICH DCB SPECIMEN

/Title, Crack mouth opening displacement of the sandwich DCB specimen for the (50N)
applied load

/PREP7
ET,1,PLANE183 !element selection & key option of element
KEYOPT,1,3,3
R,1,25.4, !width of the beam
MP,EX,1,0.1030e6 !Young’s Modulus of copper arm
MP,PRXY,1,0.34 !Poisson’s Ratio of arm
MP,EX,2,2905.0 !Young’s Modulus of Epoxy: Vialux 81
MP,PRXY,2,0.42 ! Poisson’s Ratio of Vialux 81
/POST1
*CFOPEN,displacement,OUT !file for displacement output storage
*VWRITE,’Crack mm’,’ Load N’,’Uytopnode mm’,’Uybottomnode mm’,’Total

Deflection mm’
(A8,A10,A12,A12,A12)

5.5
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4
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2.5
5 10 15 20 25 30

Load (N)

Lo
g 

(N
f)

Experiment
Upper bound
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Figure 11. Fatigue life evaluation of DCB specimens having 30 mm delamination under different loading
conditions.
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/PREP7
load=50 !applied load
t1=1.6256 !arm thickness !modal creation
t2=0.0762 !adhesive thickness
t4= t1+ t2 !Thickness of other arm including adhesive
*DO,I,1,15 !do loop over different crack length starting from15mm to 45mm
!base length: bl
!arm length: al
al=12.5+I*2.5
bl=150-al
BLC4, , ,bl,t1
BLC4,bl, ,al,t1
BLC4, ,t1,bl,t2
BLC4, ,t4,bl,t1
BLC4,bl,t1,al,t2
BLC4,bl,t4,al,t1
ESIZE,1.4,0, !meshing
MSHKEY,0
TYPE, 1
MAT, 1
REAL, 1
ESYS, 0
ASEL,s, , ,1,4
ASEL,U, , ,3
AMESH,ALL
ALLSEL
MAT,2
ASEL,S, , ,3,5,2
AMESH,ALL
MSHKEY,0
NUMMRG,NODE, , , ,LOW
MAT, 1
ALLSEL
ASEL, , , ,6
AMESH,ALL
ALLSEL
NSEL,S,LOC,X,bl
NUMMRG,NODE, , , ,LOW
/SOLU
ALLSEL
NSEL,S, LOC,X,0
D, ALL, ALL !BC application, base fixed cantilever
ALLSEL
NSEL,S,LOC,X,149.9,150.01 !selection of tip nodes to apply force
NSEL,R,LOC,Y,3.3274
F,ALL,FY,load !applied load (P) at the upper arm
ALLSEL
NSEL,S,LOC,X,149.9,150.01
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NSEL,R,LOC,Y,0
F,ALL,FY,-1*load !applied load (-P) at the lower arm
ALLSEL
SOLVE
/POST1
PLDISP,0
topnode=node(150,3.3274,0)
bottomnode=node(150,0,0.0)
*get,uy1,node,topnode,u,y
*get,uy2,node,bottomnode,u,y !selection of tip nodes to evaluate displacement
delta=uy1-uy2
*VWRITE,al,load,uy1,uy2,delta
(F6.2,5x,F6.2,5x,F12.4,5x,F8.4,5x,F8.4)
/PREP7
LSCLEAR,ALL
ACLEAR,all
ADELE,all, , ,1
*ENDDO
*CFCLOSE
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