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N Straight Cantilever Beam

FIEE

A straight cantilever beam (Fig. VLS01, a) is subjected to four different loads at the free end (Fig. VLS01, b):
1. extension ¥4
2.in-plane shear
3. out-of-plane shear A V
4. twisting - - Lo

0.2

CROSS-SECTION

HAr:1ps

Fig. VLS01, a
Mt i
15 EC1R 2L E = 1e+7 psi JHAALL v=0.3
BRI R "z A A 2]
Loads are uniformly distributed along face of the beam (Fig. 1-1-2a, b, c) or along edges (Fig. 1-1-2d). U; )i ) [ ‘.f:\ J
Find tip displacements in direction of loads. nesuTaNT FORCE M;m ronce . e
2% Fig. VLS01, b

“A proposed standard set of problems to Test Finite Elemnet Accuracy”, by R.H. MacNeal and R.L. Harder,
Finite Elements in Analysis and Design I, 1985, pp. 3-20.



Axial Loading (+x direction)

IifitBk- 88 (in) 7= (%)
peiibr 3.0000E-05 -
2.9978E-05 -0.07%
FEM
BRTZ
PAKNILIN
2.9978E-05 -0.07%
MeshFree
T4
PAKNLIN

In-Plane Shear (+y direction)
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- i) FRE()
e 1.0810E-01 -
1.0793E-01 -0.02%
FEM
HRTtE
TIHTERES
1.0797E-01 -0.01%
MeshFree
kA S

SIfrikhE




Out of Plane Shear

IifitBk- 88 (in) a7 (%)
peiibr 4.3210E-01 -
4.3098E-01 -0.26%
FEM
BRTHR
PAKNILIN
4.3115E-01 -0.02%
MeshFree
4GRS
PALIILIN

HEE MIDAS

& MESHFREE

Twisting
Ui hl- 88 (in) R (%)
Hm 3.4080E-03 -
3.3971E-03 -0.32%
FEM
HIRTZE
SIATERES
3.4082E-03 0.01%
MeshFree
T4

SIfrikhE




8 Curved Veam

HIREE &

A curved beam, spanning a 90 degree arc is fixed at one end and free at the other (Fig. vs02, a). The
beam is subjected to two different loads at the free end (Fig. vs02, b):

1. in-plane load
2. out-of-plane load ¥

BAL: IPs.
% 1

1B ERIA R E = 1e+7 psi, JAMALE v=0.3 /

PREAAIGER

Find tip displacements in direction of loads. er a

2%

“A proposed standard set of problems to Test Finite Element Accuracy”, by R.H. MacNeal and R.L. Harder,
Finite Elements in Analysis and Design I, 1985, pp. 3-20.
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RESULTANT FORCE Py =1
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RESULTANT FORCE Pz=1

Fig. VLS02, b



In-Plane Shear

Ui 1 (in)

R 72(%)

Out of plane Shear
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B

8.7340E-02

Vi~ 25 P (in)

AR 7= (%)

8.8509E-02

5.0220E-01

FEM
ARTTE
TItrihG

8.8463E-02

5.0434E-01

0.43%

FEM
LIS
SITERRSE

NODAL DI=P
5,0
+5.04336e-001
= 462301001
" 4,202660-001
3782510001
5.7%
+3.961878-001
5%
+2.94162e-001
. +2.52127e-001
" v2.100920-001
1.68057e-001
4%
+1.26023e-001
8.3%
+0.39079e-002

+4,19531 8-002

8170346005

MeshFree
4GRS
PALIILIN

Badszse-002 |

5.0423E-01

0.40%

MeshFree
T4
SIATERES
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A square plate simply supported on four edges (Fig. VLS03, a) is subjected to the following loads

(Fig. VLSO03, b):
1. uniform pressure
2. concentrated load

BEAr:Ips

ek
15 14 80 E=1.7472€7 psi, ;AMALL v=0.3

PREAAIGER

solid model is used, boundary conditions on supported edges are applied along middle lines of these

edges (Fig. VLSO03, c).
Find tip displacements in direction of loads.

2%

“A proposed standard set of problems to Test Finite Element Accuracy”, by R.H. MacNeal and R.L. Harder,

Finite Elements in Analysis and Design |, 1985, pp. 3-20.

2" MESHFREE

B SImply Support Thin Plate

THICKNESS = 0.01

/
\ SIMPLY SUPPORTED EDGES

Fig. VLS03, a

UNIFORM LOAD g=1e-4 CONCENTRATED LOAD Py=4e-4
IN CENTRE

Fig. VLS03, b

DISPLACEMENT ARE
EQUAL TO ZERO ALONG
MIDDLE LINE

Fig. VLS03, ¢
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Uniform Load Point Load
it tBk- 882 (in) SR (%) Uit BE- 825 (in) AR (%)
BiiiE ) 4.0620E-06 - Bl 1.1600e-05 -
4.0661E-06 0.10% 1.1587e-05 -0.11%
FEM FEM
BRTHR BIRTTE
SHTERES SIS
4.0816E-06 1.1652e-05 0.45%
MeshFree MeshFree
4GRS AR
PALIILIN SIS




2" MESHFREE

/% Clamped Thin Plate

Fﬂ%ﬁﬁ% THICKNESS = 0.01
A square plate clamped on four edges (Fig. VLS04, a) is subjected to the following loads (Fig. VLS04, b):
1. uniform pressure
2. concentrated load

FAr:ps.

e
15 14 8 E=1.7472€7 psi ;HALE v=0.3

™ GLAMPED EDGES

ﬂ?%fé[:ﬁl%:ﬂt% Fig. VLS04, a

Find tip displacements in direction of loads.

a) b)
2%
“A proposed standard set of problems to Test Finite Element Accuracy”, by R.H. MacNeal and R.L. Harder,
Finite Elements in Analysis and Design I, 1985, pp. 3-20. _
UNIFORM LOAD a=1e-4 CONCENTRATED LOAD Py=4e4

IN CENTRE

Fig. VLS04, b
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Uniform Load Point Load
IifitBk- 88 (in) a7 (%) Uiseh- S5 1 (in) FR 7= (%)
peiibr 1.2600e-06 - biitE 5.6000e-06 -
1.2553e-06 -0.37% 5.5661e-06 0.61%
FEM FEM
BRTHR HIRTE
PARIIE (63 SIS
1.2649¢e-06 0.39% 5.6215e-06 0.38%
MeshFree MeshFree
4GRS AR
PALIILIN SIS
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I8 Cantilever Plate

HIREE &

Find bending stress at fixed end for a cantilevered plate subjected to a vertical shear load of 120 Ibs.
(Fig. VLS05).

BA7:1PS

MR
15 EC 8 E=10.7 €6 psi EHALL v=0.3

ﬁ_.£
0.6

7L RESULTANT LOAD ‘
BRI a

. . . IS EQUAL TO 120 Ibs.
Load is expected to be uniformly distributed along free end of the plate.

2
2% Fig. VLS05
Ferdinand L., Singer, STRENGTH OF MATERIALS, (Harper & Row, 1962), Art. 52, p. 133.



Maximum Bending Stress

&t e 17 (psi) a7 (%)
peiibr 6.0000e+04 -
5.8942e+04 -1.76%
FEM
ERETxR
SrFTERES
5.8946e+04 -1.76%
MeshFree
TRAGRE
PALILIN

Maximum Displacement of Tip
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It h-25 1 (in) AR (%)
Hm
5.8493¢-02 -
FEM
HIRTTZE
SIATERES ]
5.8664¢e-02 0.29%
MeshFree .
T4 &

SIfrikhE




2" MESHFREE

m Plate with a Hole

A >
>
MEEH -
Plate with a hole. Due to symmetry, only 1/4 section was analyzed as shown. ] =
>
BRAI: IPS v /( -
A i L "
BECEREL E=2.1+el1 Pa, JATALE v=0.3 L= 100 mm, H=50 mm, R=20 mm Thickness=1 mm,
s Fig. VLS06
B AEE :
Load F=100 MPa, +x direction Reference Solution
Tmax = A‘ﬂmnn with p=3
2%
“A proposed standard set of problems to Test Finite Elemnet Accuracy”, by R.H. MacNeal and R.L. Harder, . h_ _ 166.7M Pa
Finite Elements in Analysis and Design |, 1985, pp. 3-20. h—r :

k=3 -313(%) +3.66(%)2 - 1.53(%)? = 2.2357
= ."(.fn:]‘““{,':- ‘-1.t'-1‘-| = 2.2301

Tmazr = -iT.Z.TUi’u



Maximum Stress

X Axial Stress(MPa) SR (%)
peiibr 372,70 -
377.35 1.25%
FEM
HIRTE
SrHTERES
373.72 0.27%
MeshFree
LGS

SRR

Maximum Displacement
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i 5527 (in) ERE(%)
e
5.9899¢-02 -
ARt H s
PARVIE IS 1 =
5.9874e-02 -0.04%
MeshFree
LRl
PARVIE IS )




Il Scordelis-Lo Roof

HIREE &

Curved cylindrical dome. Supported on curved edges (Ux, Uz = 0), unconstrained on straight edges. Due
to symmetry, only 1/4 section was analyzed as shown.

B sl
FeHE

5 G148 E=4.32e+8 Pa, ;HFALL v=0.0

BRI FI&E R
Load is -90 Pa at —Z Direction

Area of top face is 2*Pi*(R+.125)*(40/360)*25 = 438.514 m”2. To get -90 N/m”2, need a total load of
438.514*90 = 39466.25704 N

&%

The theoretical solution value of the Z displacement at the middle of free edge is given as 0.3086 though
many finite element codes converge to the smaller value of 0.3024.

L=50mR=25m t=0.25m

Fig. VLS07
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Maximum Z Displacement

Maximum Von-mises Stress
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ZJ31A- E(m) a7 (%)
peiibr 0.3086 -
0.3125 1.26%
FEM
HIRTE
SFTERES
0.3127 1.33%
MeshFree
ARl S
SHTERES

Von-mises stress(Pa) 7 (%)
biitE
3.7169e+5
FEM
HIRTE
SIS
3.7104e+5 -0.17%
MeshFree
AR

SITERAR
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B curved Thick Elliptical Plate

FRE % . :’;\+ ( 2?'?5 ) =1
For thick doubly curved beam, find tip displacement at free end. Reference Solution is 4.9352 in |

EAr:1ps

MHE‘& Units: m, kN

5 EC 1480 E=210e+09 Pa, SHFALL v=0.3

PPRGFISER
Load is uniform 1.0e+06 Pa, Pressure on facd CDAB
Constraints are below
- slider constraint applied to faces ABB’A" and CDD'C’
- Uxand Uy = 0 on face CBB'C’
- Uz =0online spot EE’
Find Syy Stress at vertex D. Reference Solution is 5.38 MPa

2%
Test LE10 from NAFEMS Publication TNSB, Rev 3, “The Standard NAFEMS Benchmarks”, October 1990.

Fig. VLS08



Maximum Displacement
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Syy Stress at Point D
JEFI(MPa) 7= (%)
H i -5.380 -
-5.300

FEM
ARt
SRR

MeshFree
ARl S
PALILIN

841 (mm) iR 72(%)
HiiE
0.207 -
FEM
ARTH
SIHTEREE
0.209 0.97%
MeshFree | Eomhon
R | S
PALIELS = i




2" MESHFREE

MRaasch Challenge

HIREE &

For thick doubly curved beam, find tip displacement at free end. Reference Solution is 4.9352 in
FAr:1ps

MR
15 Gt 8 E=3300psi, E4ALL v=0.3

h=2in

PREAAIGER

Load is uniform 1.0 Ibf out of plane. E=3300 psi
v=0.3

b=20in

8%
Testing of Shell Elements using Challenging Benchmark Problems, F.T. Wong

Fig. VLS09
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Maximum Von-mises Stress

Displacement Magnitude

U BE- 82821 (1n) SR (%) Von-mises Stress(psi) EIE(%)
peiibr 4.9352 - Hm
4.9247 -0.21% 5.5656e+0 -

FEM FEM v
AR HIRTEZ o
SRS SIS -

4.9132 -0.45% 5.6616e+0 1.72%
MeshFree MeshFree

LGS AR

PARIIE (63 SIS
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([0l Skew Plate Under Pressure

HIREE &

A skew plate (Fig. VLS10) is subjected to uniform pressure 0.7 KPa. Plate is simply supported at its
perimeter: Uz = 0 along edges AB, BC, CD, and AD. Ux = Uy= 0 at point A and Uy= 0 at point B to prevent

rigid body motion.
BAr:sl .
AR A

1B GRS = 2.1e+11 Pa, HAAEE =03

4k

ﬁgﬁ:ﬁ‘“n% o . Thickness = 0.01

Find maximum principle stress at the plate center at point E. Units: m, kN
Fig. VS14 A

2% Fig. VLS10

Test LE6 from NAFEMS Publication TNSB, Rev. 3, “The Standard NAFEMS Benchmarks,” October 1990.



Maximum Principle Stress

F I (MPa) 7= (%)
Hem 0.802 -
0.821 2.37%
FEM
BRETxR
Sy HTERES
0.822 2.49%
MeshFree
T4
Sy HTERES

Maximum Displacement

HEE MDAS

& MESHFREE

I (m) AR (%)
Hm
1.5449¢e-05 -
FEM
HIRTE
SrHTERES
1.5472e-05 0.15%
MeshFree
A

SRS




(Nl Stress Concentration of Filleted Bar

HIREE &

Two configurations of a filleted bar are loaded as shown.

BBAr: s

MRBY
BEAE = 2.1e+11 Pa sAMAEE=0.3

ESERAIKEE S

Axial load : -1 MPa Pressure

Symmetry (sliding) boundary condition at bar center (left face opposite fillet in Fig. VLS 11)
Find maximum priciple stress

2%
Shigley's Mechanical Engineering Design, Appendix A, Figure A-15-5, McGraw Hill, 2016

Reference Kt values are approximately 2.6 for configuration 1 and 1.9 for configuration 2. Stress
concentration given by:

o=Kt* go

HEE MIDAS

& MESHFREE

Dimension Configuration 1 Configuration 2
D 60 mm 63 mm
d 40 mm 42mm
r 4mm 12.6 mm
T 30 mm 30 mm
Did 1.50 1.50
rid 0.05 0.15

Fig. VLS11



Maximum Principle Stress
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LESI(MPa)

7= (%)

J&J3(MPa)

R (%)

peiih 2.58

B

2.07

249

-3.49%

FEM
GLEIES
VARG —

SOLID 5TRS
PRINCIPAL & , MPa

+2.4940
0.1%

+2.2864
0.3%

+2.0787

FEM
AT
PARIEAC

2.12

2.42%

SOLID STRS
PRINCIPAL A , MPa

2.56

2.49%

MeshFree
A
TR ES

Ba
==
R
[
JrET——
i
eare——
[
= asesim
o LT
AT 00
oy
+L2TiMes000

Rt 000
PR

S0

S zmtireon

MeshFree
TRAEHE
SrHTERES

2.02

BT RTEE )
o

100000
=

+5.333780-001
EET

600

o 00

0
5. 8mee-00
prET—

LE
114HETe-002
fui k0 0
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