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COMPUTER SIMULATIONS OF THE DYNAMIC BEHAVIOR OF
THREE POINT BEND SPECIMENS

Ouk S. Lee* and Jae Dng Cho**

(Received December 24, 1991)

Computer simulations of the mechanical behavior of a three point bend specimen with a quarter notch under impact load are
performed. Two cases with different load application points at the side and at the middle of the specimen are considered. An
elastic-plastic von Mises material model is chosen. Three phases such as impact, bouncing and bending phases are found to be
identified during the period from the moment of impact to the estimated time for crack initiation. The quasi static case is compared
with the above two cases. It is clearly shown that no plastic deformation near the crack tip is appeared at the impact phase.
However, it is confirmed that the plastic zone near the crack tip emerges in the second phase and the plastic hinge has been formed
in the third phase i.e., at the end of which a quasi static state is reached.
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dening von Mises material is supposed to be the followings.
Young's modulus E=206 GPa, Poisson's ratio v=0.3, density
p=7800 Kg/m' and yield stress '"Y=360 MPa. The stress to
strain curve is shown in Fig. 1, First yield occurs at 360 MPa
as shown in Fig. 1. The material then hardens to 1630 MPa,
after which it is perfectly plastic. Assuming the Young's
modulus is 206 GPa, it can be shown that the plastic strain at
the 100 percent strain point is 1. The slope during the linear
plastic hardening phase is E' = 1262. 2 MPa until the equiva
lent von Mises stress reaches 1630 MPa.

The dimensions of the specimen are shown in Fig 2, with
the crack length equal to one quarter of the specimen's
height. Due to symmetry, only half the specimen is considered
and a two-dimensional mesh including 92 eight node plane
stress element with reduced integration is chosen. The finite
element model is shown in Fig. 3. Reduced integration uses a
lower order integration to form the element stiffness; the
mass matrix and distributed loadings have been integrated
exactly. Reduced integration usually provides more accurate

L INTRODUCTION

During the development of dynamic fracture mechanics,
the notched three point bend specimen has been frequently
used. Examples among others are the experimental investiga
tions by Kalthoff (Kalthoff, 1983), Kanninen et al. (Kanninen,
1979), Rosakis et al. (Rosakis, 1988) and van Elst (van Elst,
1984), and the finite element analysis by Ahmad et al.
(Ahmad, 1983). In most cases, the experiments were made by
using a drop weight to apply the load at the middle point (A
in Fig. 2) of the specimen.

The loading velocity that can be obtained by many publi·
shed methods is believed to be, however, rather limited. In
order to widen the understanding of dynamic fracture behav
ior of structures and materials under high rate of loading, an
experimental investigation has been performed using a
unique acceleration track with high performance (Wihlborg,
1985). With this equipment, impact velocities from 10 m/s to
60 m/s could be reached (Wihlborg, 1985). For practical
purposes, the impact heads hit the side points (B in Fig. 2)
instead of the middle point.

In this paper, it is attempted to characterize the dynamic
behavior of three point bend specimen with two different
kinds of loading arrangement using dynamic finite element
method.

2. MATEUIAL DESCRIPTION AND
FINI1'E ELEMENT MODEL

The material properties of an isotropic elastic-plastic har
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Fig. 2 Three point bend specimen with a quarter notch
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results with significant reduction of running time. The mesh
near the crack tip is concentrated by using degenerated eight
node elements as shown in Fig. 3. From experiments(Berg
mark, 1991). it was observed that the specimen bounces
slightly after impact. In order to model a possible loss of
contact at the load and support points, gap elements with one
degree of freedom are introduced at the support poi,nts A and
B (ABAQUS, 1989). Gap elements placed between nodes
allow for the nodes to be in contact (gap closed) or seperated
(gap open) with respect to be in contact and clearance
conditions. The used gap element is a unidirectional gap,
where contact between the nodes is determined by their
relative positions in a fixed direction in space. This seems to
be the simplest gap condition. The contact direction (n) is
investigated as well as the initial clearance (d) of the bodies
are specified on the gap element. This relative displacement
in the given direction is defined as;

r = (Ul - U2) * n where Ul is the total displacement at the
first node given on the gap element and U2 is the total
displacement at the second node given on the gap element.
This direction cosine vector(n) is defined as positive going
from the first to the second node of the element. When this
relative displacement tries to exceed the initial clearance. the
gap is closed and a constraint imposed, so that the element
imposes the condition r~d. If the initial clearance is specified
as zero or negative, the gap is initially assumed to close. Gap
elements shown in Fig. 3 also provide the reaction force and
the gap opening displacement between the specimen and the
impact head or support point.

3. BOUNDARY CONDITIONS

and in order to get useful information for the dynamic experi
ments. a finite element model is used to simulate the proce
dure and to compare the dynamic behavior of the specimen
under the two different boundary conditions.

In the following discussion. models 1 and 2 correspond to
load application at the side points B and at the middle point
A, respectively. The impact head is assumed to hit the speci
men at time zero and its mass is 200 Kg. The impact velocity
is chosen as V = 15 m/s. This velocity is applied at time zero
and is kept constant through the entire calculation. The
simulations are performed from the beginning of impact in
case of no crack propagation until 600 j..lS. In some cases the
calculations were extended until 1800 j..lS is reached.

4. OCMPARISON OF DYNAMIC RESPONSES
BETWEEN TWO MODELS

The deformations and reaction forces at point A and Bare
calculated during the loading and compared between two
models. The development of the plastic zone is investigated
until the estimated time for crack initiation. The following
notations are used.

F: Force
D : Gap opening displacement

Subscripts;
1 and 2 : Modell and Model 2, respectively
A and B : middle point A and side point B. respectively

For example, the loading force at point B in model 1 is
denoted by FIB'

4.1 The Deformation and Reaction Force in Modell

The reaction forces at the load point B and the support
point A and the gap opening displacement at point A are
shown in Fig. 4 with respect to time.

FIB is the force at each one of the point B in Fig. 2 and F IA

is one half the force at point A. This definition is chosen

"'0::-~--:-:lOO-=---":'-'200~----m------;:400::::----500=:---600The static case, the mechanical behavior of the notched
three point bend specimen is, of course, independent of
whether the load or displacement is imposed at the middle
point or symmetrically at the side points. For the dynamic
situation, however, this is not the case since the stress waves
are initiated at different points. This implies different stress
wave propagation paths towards the crack tip. In order to
investigate the phenomena taking place in these two models

Fig. 4

Time ~s

Dynamic response of model I, impact at the side point B
Time scale shows the time after impact
FIB: Reaction force at B(solid line) ;
FIA : Reaction force at A(dashed line) ;
D'A : Gap opening displacement at the middle point (dot

ted line)



..ll::
u
ro
c...

LJ

(a) The shape of the plastic zone in model 1.
f = 141. 4 flS in the bouncing phase;
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Fig. 7

(c) The shape of the plastic zone in model 1. +

f = 600 flS in the bending phase;

occurs after about 95 IlS. F'A ine-reases approximately linear
ly with time until the gap element closes at the support point.
However, F2B shows markedly damped oscillations with a
period similar to the one in model 1. As in modell, the forces
at the load point and at the support point approach the same
value, which is about the same as in modell, namely about 50
KN.

...

~o

o

~ -_ Bending ph"se __~

because only half the specimen is regarded at the FEM
analysis.

Immediately after impact FIB increases rapidly to about 70
KN and reaches about 97 KN. After about 28 IlS the stress
wave reaches the support point A, where a small value of F
IA is induced during about 10 IlS' The specimen then looses
contact with the support point at A. The maximum gap
opening displacement is about 0.094 mm after 103 IlS. 174 IlS

after impact, the midpoint gap again closes and F1A increases.
F IA grows rapidly to about 20 KN and increases thereafter
approximately linearly with time. FIB shows damped oscilla
tions with a period of about 150 IlS (this period is reduced
slightly with increasing time) _At the end of the simulation,
the magnitudes of the force at the load and support points are
almost the same. As shown later, the specimen behavior
approaches a quasi static state.

Fig. 6 The three phases; Modell to the left and mode! 2 to the
right

Timells

Fig. 5 Dynamic response of model 2, impact at the middle point A
Time scale shows the time after impact
F2A : Reaction force at A (solid line) ;
F,. : Reaction force at B(dashed line) ;
D2B : Gap opening displacement at the side point (dotted

line) ;

4.2 The Deformation and Reaction Force in Model 2

The diagram for reaction forces at the middle point A and
side point B and gap opening displacement at point B for
model 2 is shown in Fig. 5.

The specimen is hit at the middle point and the force at the
load point increases rapidly to about 20 KN. F'A then in
creases to about 56 KN. About 28 IlS after impact, the stress
wave reaches the support point B. A small value of F'B is
induced for about 10 IlS, Thereafter, the gap element at B
opens and remains opened until about 148 IlS is reached.
Maximum gap opening displacement is about 0.029 mm and it

4.3 Three Phaf Phases and Similarities in the Dynamic
Response

A comparison between model 1 and model 2 has been made
and it is shown that they behave essentially in the same way.
A qualitative division into three different phases, which are
named uniquely in this paper, can be made according to Fig.
6.

For both models, the force at the load point reaches very
high values immediately after impact. After about 28 IlS, the
first stress wave reaches the support point, at which a small
reaction force is induced. At about 40 IlS after impact, the gap
element at the support point opens. This period, from impact
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Fig. 9 Crack mouth opening displacement history

In order to investigate the overall behavior of the specimen.
additional calculations covering the period up to 1800 fl.S have
been performed without considering crack propagation.
Some of the results are shown in Figs. 10.11. and 12. The
forces at points A and B and the crack mouth opening
displacement have been calculated and compared to the quasi
static case in order to investigate the stationary behavior of
the two models. The quasi static calculations are performed
by enforcement of a displacement d = V * t at point A. As
expected. the magnitudes of the forces for both models
approach the same value with increasing time. After about
1000 fl.S. both midpoint reaction forces practically approach
the quasi static value as shown in Fig. 10. The reaction forces
at the side point show damped oscillations and approach the
quasi static value as seen in Fig. 11. At this time. the crack
mouth opening displacement exhibits differences between the

two models. see Fig. 12. After the impact. this displacement in
model 1 is clearly larger than that in model 2. After 600 fl.S.

the displacement is nearly the same in both model 1 and· 2.
But these displacements are found to be smaller than that of

5. THE STATIONARY BEHAVIOR OF
MODEL 1 AND MODEL 2

up to approximately 40 fl.S. is named as the "impact phase."
No plastic deformation near the crack tip is found before 40
/-lS in both of the two models. The second phase is called the
"bouncing" phase and this phase is sustained until the gap
element at the support point closes again. During this phase.
the specimen is found to be deformed as a free supported
beam by the inertia. This effect was also observed in the
experimental investigations (W.Bohme. 1982 and Kalthoff.
1985). The gap opening displacement at the support point as
well as the reaction force at the load point for model 1 is
about 3 times larger than that in model 2.

Examples of the plastic zone shape during the bouncing
phase are shown in Fig. 7(a) and Fig. 8 (a) for model 1 and
for model 2. respectively. The plastic zone size is found to
grow during the bouncing phase. The third phase is named as
"bending phase." This phase starts. as mentioned above.
when the gap at the support point closes and reaction force
rapidly increases. Fig. 7(b) and Fig. 8 (b) show the plastic
zones at about 300 fl.S in the two models. The areas of the
plastic zones in the vicinity of the crack tip and adjacent to
point A are found to grow. The mechanical behavior may be
characterized by damped oscillations and at the end of this
phase. an approximately quasi static state is reached. The
reaction force at the side point oscillates around the stable
middle point reaction force. The oscillation of the side point
force is damped out and approaches the middle point reaction
force(about 50 KN) at the end of simulation. Fig. 7(c) and
Fig. 8(c) show the plastic zones at 600 fl.S in two models. The
plastic zones at the middle point A and at the crack tip are
linked together by plastic hinge (see Fig. 7(c) and Fig. 8 (c» .
Figure.9. shows the variation ,of crack mouth opening displace
ment with respect to times.

During the impact phase. the crack mouth opening displace
ments in both models are almost zero. During the bouncing
phase. the maximum value of the gap opening displacement
at the support point in model 1 is about three times larger
than the corresponding value in model 2. The crack mouth
opening displacement is also larger in model 1 as compared to
that in model 2.
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(c) The shape of the plastic zone in model 2.
t = 600 flS in the bending phase;

0

(a) The shape of the plastic zone in model 2. +=
t = 139.3 flS in the bouncing phase;

(b) The shape of the Plastic zone in model 2. +0

t = 297.4 flS in the bending phase;
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bend specimen models (model 1 : impact at the side points,
model 2 : impact at the middle point), three distinct phases
are found by using dynamic finite element method. The
events during these three phases are similar in the two models
and, in principle, the behavior of the two models seems to be
the same. The three phases may be characterized as follows;

(1) Phase one: impact phase. The specimen is impacted
and during this phase the first stress wave reaches the sup
port point. This results in loss of contact between the speci
men and the support roller.

(2) Phase two: bouncing phase. The specimen is bounced
away from the support roller and back again. The plastic
zone in the vicinity of the crack tip starts to form and grows.

(3) Phase three: bending phase. The oscillation is damped
out and approaches the middle point reaction force (about
50KN) at the end of simulation.

(4) The time to develop the plastic zone which terminates
in a plastic hinge does not seem to be dependent on whether
the impact occurs at the middle point or occurs at the side
point.

(5) The reaction forces in both model 1 and model 2 show
damped oscillations and approach the quasi static case.

100

90

80

70

Z 60
.:
8 50
r!!

40

30
20

10

0
0

70

60: // ....

30/
20

Time p8

80

90

Fig. 10 The reaction force at point A. Up to 1800 fJ.S after impact
Modell: solid line; Model 2; dashed line; Quasi static
case: dotted line
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quasi static case.
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6. CONCLUSION

Fig. 11 The reaction force at point B. Up to 1800 fJ.S after impact
Modell: solid line; Model 2; dashed line; Quasi static
case: dotted line

Timeps

Fig. 12 The crack mouth opening displacement. Up to 1800 fJ.S

after impact
Modell: solid line; Model 2: dashed line; Quasi static
case: dotted line


