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INTRODUCTORY REMARKS 

The objective with this report is to present example solutions obtained with the SOLVIA-PRE, 

SOLVIA and SOLVIA-POST computer programs (the SOLVIA System) that verify and demonstrate 

their usage. Solutions to nonlinear analyses are presented in this report. Linear example solutions are 

presented in the companion report SE 99-4.  

Since the aim is to compare the analysis results with analytical solutions, relatively small problems 

are solved, that also allow insight into the results. The analyses reported upon can be directly rerun 

with version 99.0 of the SOLVIA System. Complete input data for SOLVIA-PRE and SOLVIA

POST is given for each example. All plot pictures created by the input data have been output to 

Microsoft Word in the PostScript graphical language.  

We intend to update this report with further example solutions as we continue our work on the 

SOLVIA System. If you have any suggestions regarding the example solutions presented in this 

manual or suggestions on additional problems, we would be glad to hear from you.
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B91 Concrete slab under uniaxial moment, Jain and Kennedy 
B92 Tilting-pad journal bearing, rigid pads 
B93 Tilting-pad journal bearing, elastic pads 
B94 Journal bearing, full Sommerfeld solution 
B95 Heat generation in a parallel-surface slider bearing 
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EXAMPLE BI 

ELASTIC-PLASTIC ANALYSIS OF TRUSS STRUCTURE 

Objective 

To verify the geometric and material nonlinear behaviour of the TRUSS element.  

Physical Problem 

A three-member truss structure is subjected to a concentrated load as shown in the figure below. The 
material of the structure is assumed to be elastic-perfectly-plastic. The variation of the applied load 
with time is also shown in the figure below. Py is the limit load considering small displacements only 

(Py = I00J2 + 300 = 441.42 kips) 

y

Bar Areas = 1.0 ft2 

E = 2.0.105 kips/ft2 

ET = 0.0 

a=5.0 ft 

(y = 100.0 kips/ft2 

P. = 441.42 kips

a

0 1 2 3 4 5 Time

Finite Element Model 

In the finite element model considered, each member is represented by a 2-node elastic-plastic 
TRUSS element as shown in the top figure on page B 1.3. Large displacements are prescribed with 
stiffness reformation and BFGS equilibrium iterations at every step.
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Solution Results 

The input data on page B 1.4 gives the results as shown in the table below. Due to symmetry, the force 
in element 1 in element group I is the same as in element 2.  

Element group I Element group 2 
Truss 1 Truss 1 

Time Force [kips] Force [kips] 

1 26.12 52.23 

2 52.23 104.45 

3 78.35 156.66 

4 100.00* 215.17 

5 100.00* 300.00* 
* Plastic 

A check of equilibrium at time 5 gives, since the displacement in the Y-direction for node 4 is 
calculated to be 0.3276 14 inch: 

Applied force : 1.01. 441.42 = 445.8342 kips 

Internal truss forces in the Y-direction: 
5.327614 

2.100. + 300 = 445.8342 kips -r5 +5.3276142 

The stress-strain solution points for the left and center elements as predicted in the finite element 
analysis are shown in the right bottom figure on page B 1.3. Note that the curves in the figures are 
drawn as straight lines between the solution points, which may not be the true stress-strain relation if, 
for example, there is a change from elastic to plastic condition. Deformed mesh and Y-displacement 
history for node 4 are shown in the left bottom figure on page B 1.3.  

User Hints 

" The option of large displacements must be used for a physically realistic modeling of the structure.  
If a material-nonlinear-only analysis is employed, the structure is predicted to become unstable 
once the left and right elements become plastic since at that state there is no stiffness in the X
translational degree-of-ffreedom at node 4. When large displacements are considered, the analysis 
proceeds beyond this load point, because the forces in all the members provide a geometric 
stiffness to the structural model.  

" The TRUSS element is formulated for small strain conditions only. Therefore, the area of the 
TRUSS element is assumed to remain constant during the analysis and Poisson's ratio is not 
included in the input to the material models. Also, the strain calculated by SOLVIA for the 
TRUSS element in large displacement analysis is engineering strain and not Green-Lagrange 
strain. For example, the axial strain in element 2 at time 5 is 

u 0.327614 
e= - =-0.06552 

L 5.000000

Version 99.0
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SOLVIA-PRE input 

HEADING 'Bi ELASTIC-PLASTIC ANALYSIS OF TRUSS STRUCTURE' 

DATABASE CREATE 
MASTER IDOF=001111 NSTEP=5 
KINEMATICS DISPLACEMENT=LARGE 

TIMEFUNCTION 1 
0. 0. / 5. 1.01 

COORDINATES 
1 -5. TO 3 5. / 4 0. 5.  

MATERIAL 1 PLASTIC E=2.E5 YIELD=*00. ET=0.  
MATERIAL 2 PLASTIC E-2.E5 YIELD=300. ET=O.  

EGROUP 1 TRUSS MATERIAL=i 
ENODES / 1 1 4 / 2 3 4 
EDATA / 1 1.  

EGROUP 2 TRUSS MATERIAL-2 
ENODES / 1 2 4 
EDATA / 1 1.  

FIXBOUNDARIES / 1 TO 3 
LOADS CONCENTRATED 

4 2 441.42 

MESH VIEW=Z NNUMBERS=YES ENUMBERS=GROUP BCODE=ALL VECTOR=LOAD 
.  

SOLVIA 
END 

SOLVIA-POST input 

* Bi ELASTIC-PLASTIC ANALYSIS OF TRUSS STRUCTURE 
* 

DATABASE CREATE 
WRITE FILENAME='bI.Iis' 

SET PLOTORIENTATION=PORTRAIT 
MESH VIEW=Z ORIGINAL=DASHED DMAX=1 VECTOR=REACTION SUBFRAME=12 
NHISTORY NODE=4 DIRECTION=2 OUTPUT=ALL SYMBOL=I 

EXYPLOT ELEMENT=i POINT-i XKIND=ERR YKIND-SRR SYMBOL=1 SUBFRAME=i2 
EGROUP 2 
EXYPLOT ELEMENT=i POINT=1 XKIND=ERR YKIND=SRR SYMBOL=2 

ELIST TSTART=i TEND=5 
END

Version 99.0
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EXAMPLE B2 

LARGE AMPLITUDE OSCILLATION OF A PENDULUM 

Objective 

To verify the dynamical behaviour of the TRUSS element in large displacement analysis.  

Physical Problem 

The simple pendulum shown in the figure below is released from a horizontal position at time t=0.  
The response for one period of oscillation is to be determined.

Y

L = 3.0443 m 

EA = 1.0- 10' N 

M = 10.0 kg 

g = 9.8 m/s2

L

M

Finite Element Model 

The pendulum is idealized as a TRUSS element capable of large displacements with a concentrated 
mass at its free end. The trapezoidal rule is employed to obtain the step-by-step response with a time 
step size of 0.1 second. Full-Newton iterations are performed at each step of the solution. The pa
rameters used for measuring equilibrium iteration force convergence are RTOL=0.000 1 and 
RNORM=98.0 (pendulum weight) where RTOL is the force tolerance and RNORM is the reference 
load.  

Solution Results 

The input data on pages B2.4 and B2.5 is used in the finite element analysis. The bottom figure on 
page B2.3 shows the time history of the angle 0, as defined in figure above, and the angular velocity 
0, respectively, as calculated and displayed by SOLVIA-POST. The top figure on page B2.3 shows 
the time history of the axial force in the truss and the deformed mesh for time 1.0.  

The maximum absolute value of the angular acceleration is predicted to be 3.219 rad/s2 which can be 

compared to the theoretical value 

g/L= 9.8/3.0443=3.219 rad/s 2

Version 99.0

Nonlinear Examples

B2.1



SOLVIA Verification Manual

The maximum absolute value of the angular velocity is predicted to be 2.50 rad/s (at time 3.1 sec) 
which can be compared to the theoretical value 

2g/ L = V2.9.8 / 3.0443 = 2.54 rad/s 

The maximum axial force in the truss is predicted by SOLVIA to be 292.26 N which can be compared 
to the theoretical value 

3 mg = 3.10-9.8 = 294.00 N 

User Hints 

" To avoid spurious oscillations in the element force, it is important to select a small enough value 
of the Young's modulus times area for the truss material. In this example, the natural period for 
vibrations of the mass in the direction of the element is 

2 TmU/BA = 0.1096 sec 

which is of the same order as the time step. An E- A -value of 1.0. o10'N, for example, would 
produce spurious axial force oscillations in the element if the time step is kept the same.  

"* Note that the load vector input by time functions at the start of the solution (t=0) is not used in 
SOLVIA, see User Hints for Example A52. In this example, an initial acceleration is therefore pre
scribed at time t=0.  

"* SOLVIA-POST has the capability to evaluate a user-supplied arithmetic expression based on the 
nodal or element results. The results are calculated by SOLVIA referring to the global coordinates 
and a transformation to a cylindrical coordinate system can be done in SOLVIA-POST.

Version 99.0
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SOLVIA-PRE input 

HEADING 'B2 LARGE AMPLITUDE OSCILLATION OF A PENDULUM' 

DATABASE CREATE 
MASTER IDOF=001111 NSTEP=45 DT=0.1 
ANALYSIS TYPE=DYNAMIC MASSMATRIX=LUMPED METHOD=NEWMARK 
KINEMATICS DISPLACEMENTS=LARGE 
ITERATION METHOD-FULL-NEWTON 
TOLERANCES TYPE-F RTOL=1.E-4 RNORM=98.  

COORDINATES 
1 / 2 3.0443 

MASSES / 2 10.  
INITIAL ACCELERATION / 2 0. -9.8 

MATERIAL 1 ELASTIC E=1.E5 

EGROUP 1 TRUSS 
ENODES / 1 1 2 
EDATA / 1 1.  

FIXBOUNDARIES / 1 
LOADS MASSPROPORTIONAL YFACTOR=1. ACCGRA--9.8 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B2 LARGE AMPLITUDE OSCILLATION OF A PENDULUM 

DATABASE CREATE 
TOLERANCES 

WRITE FILENAME='b2.1is' 

SUBFRAME 21 
MESH VIEW=Z NNUMBERS=YES NSYMBOLS=YES ORIGINAL=YES TIME=1.  
EHISTORY ELEMENT=I POINT=1 KIND=FR

NPOINT 
NVARIABLE 
NVARIABLE 
NVARIABLE 
NVARIABLE 
NVARIABLE 
CONSTANT 
CONSTANT 
CONSTANT 

RESULTANT 
RESULTANT 
RESULTANT 

SUBFRAME 
RHISTORY 
RHISTORY

RMAX 
RMAX 
RMAX 
EMAX 
END

NAME=TWO 
NAME=DX 
NAME=VX 
NAME=VY 
NAME=AX 
NAME=AY 
NAME=DEG 
NAME=L 
NAME-PI

NODE=2 
DIRECTION=I 
DIRECTION=1 
DIRECTION=2 
DIRECTION=1 
DIRECTION=2 
180 
3.0443 
3.14159

KIND=VELOCITY 
KIND=VELOCITY 
KIND=ACCELERATION 
KIND=ACCELERATION

NAME=THETA 'DEG/PI*ASIN((L+DX)/L)' 
NAME=ANGVEL 'VX/L*COS(ASIN((L+DX)/L))+VY/L*(L+DX)/L' 
NAME=ANGACC 'AX/L*COS(ASIN((L+DX)/L))+AY/L*(L+DX)/LI 

21 
POINTNAME=TWO RESULTANTNAME=THETA 
POINTNAME=TWO RESULTANTNAME-ANGVEL

ZONENAME=N2 
ZONENAME=N2 
ZONENAME=N2

RESULTANTNAME=THETA NUMBER=5 
RESULTANTNAME=ANGVEL NUMBER=5 
RESULTANTNAME=ANGACC NUMBER=5
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EXAMPLE B3 

ELASTIC BUCKLING OF A CYLINDRICAL PANEL 

Objective 

To verify the large displacement behaviour of the PLATE element when subjected to a uniformly 
distributed loading.

Physical Problem 

A cylindrical panel clamped at all four edges, as shown in the figure below, is considered. The panel 
is subjected to a uniform pressure and the pre- and post-buckling behaviour of the panel is to be 
determined assuming that the material of the panel remains elastic.  

a = 10.0 in 

h = 0.125 in 
.1 R = 100.0 in 

T C E = 4.5.10 5 psi 

h a v0.3 

q = 0.4 psi 

Y, V, Oy 

Finite Element Model 

Using symmetry considerations, only one-quarter of the panel is modeled. The finite element model, 
shown in the left figure on page B3.2, consists of a 4x4x4 mesh of PLATE elements. The maximum 
pressure load of 0.4 psi is reached in 20 equal load steps. Large displacements are prescribed in the 
analysis with stiffness reformation and BFGS equilibrium iterations performed at each load step.  

Solution Results 

The relation of the central vertical deflection versus the applied loading, as predicted by the finite 
element model using the input data on page B3.3 is shown in the right figure on page B3.2. The 
solution of the finite element analysis is in good agreement with the results reported in [I].
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User Hints 

"* Note that the program treats this instability analysis as a large deflection problem and does not 
indicate a bifurcation point. The bifurcation would be indicated by a zero determinant, which in 
practice means a very small positive or negative pivot, due to round-off.  

"* This analysis can also be performed very effectively using the automatic load step incrementation 
method in SOLVIA.  

Reference 

[1] Dhatt, G., "Instability of Thin Shells by the Finite Element Method", IASS Symp. for Folded 
Plates and Prismatic Structures, Vienna, 1970.
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SOLVIA-PRE input 

HEADING 'B3 ELASTIC BUCKLING OF A CYLINDRICAL PANEL' 

DATABASE CREATE 
MASTER NSTEP-20 
KINEMATICS DISPLACEMENT=LARGE 

TIMEFUNCTION 1 
0. 0. / 20. 0.4 

SYSTEM 1 CYLINDRIC 
COORDINATES 

ENTRIES NODE R THETA XL 
1 100. 90. 0.  
2 100. 90. 10.  
3 100. 84.27042 10.  
4 100. 84.27042 0.  

MATERIAL 1 ELASTIC E=4.5E5 NU=0.3 

EGROUP 1 PLATE 
GSURFACE 1 2 3 4 EL1=4 EL2=4 SYSTEM=1 
EDATA / 1 0.125 
LOADS ELEMENT INPUT=ELEMENTS 

1 T 1. TO 64 T 1.  

FIXBOUNDARIES 123456 INPUT:LINE / 2 3 / 3 4 
FIXBOUNDARIES 246 INPUT-LINE / 1 2 
FIXBOUNDARIES 156 INPUT LINE / 4 1 

SET PLOTORIENTATION=PORTRAIT NSYMBOLS=MYNODES 
MESH OUTLINE=YES NNUMBERS=MYNODES BCODE=ALL SUBFRAME=12 
MESH VECTOR=LOAD 

SOLVIA 
END 

SOLVIA-POST input 

* B3 ELASTIC BUCKLING OF A CYLINDRICAL PANEL 

DATABASE CREATE 
WRITE FILENAME='b3.1is' 

SET PLOTORIENTATION=PORTRAIT OUTLINE=YES 
MESH DMAX=1 CONTOUR=DZ ORIGINAL=YES VECTOR=REACTION SUBFRAME=12 

NHISTORY NODE=1 DIRECTION=3 XVARIABLE=1 OUTPUT=ALL SYMBOL=i 
END

Version 99.0
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EXAMPLE B4 

ELASTIC BUCKLING OF AN IMPERFECT SQUARE PLATE 

Objective 

To verify the large displacement behaviour of the cubic SHELL element when employed in buckling 
analysis.  

Physical Problem 

The square plate considered in the analysis is shown in the figure below. The plate is simply 
supported on all edges and uniform compressive loads are applied at the two opposite ends.  

Thickness h

b=2.0 in 

h = 0.01 in 

E= 1.0.108 psi 

v=0.3

p

p (psi)

9040-

0 2 4 6 6 10 Time

Finite Element Model 

The finite element model is shown in the left figure on page 132.2. Using symmetry conditions, only 
one-quarter of the plate is modeled with one cubic SHELL element. The following initial imperfec
tion in geometry is imposed on the plate: 

zl(XY)= ht 2X 1 2YI 

The above equation represents a linear approximation to the first buckling mode shape of the perfect 
plate. The loads are applied in ten equal load steps and a geometrically nonlinear analysis (option 
DISPLACEMENTS = LARGE) with stiffness reformation and BFGS equilibrium iterations in each 
step is performed.

Version 99.0
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Solution Results 

The displacement at the center of the plate versus the applied loading, as predicted by the finite 
element model using the input data on page B4.3, is shown in the right bottom figure on page B4.2.  
The analytical buckling load for the perfect plate using [1]. p. 352 is given by 

p, = 9038 psi 

The deformed element mesh is also shown in the right figure on page B4.2.  

User Hints 

"* The shape of the initial imperfection in this problem is assumed to be known. In general, the initial 
imperfection geometry can be automatically generated by SOLVIA as described in Example B44.  

"* Note that a lower integration order than the default 4x4x2 Gauss integration can produce spurious 
kinematic modes in the element and, hence, unreliable results.  

Reference 

[1] Timoshenko, S.P., and Gere, J.M., Theory of Elastic Stability, 2nd Edition, McGraw-Hill, 
1961.
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SOLVIA-PRE input 

HEADING 'B4 ELASTIC BUCKLING OF AN IMPERFECT SQUARE PLATE' 

DATABASE CREATE 
MASTER NSTEP=10 
KINEMATICS DISPLACEMENTS=LARGE 
* 

TIMEFUNCTION 1 
0. 0. / 10. 9040.  

COORDINATES 
1 0. 0. 1.E-4 / 2 1. / 3 1. 1. / 4 0. 1.  

MATERIAL 1 ELASTIC E=1.E8 NU=0.3 

EGROUP 1 SHELL 
GSURFACE 1 2 3 4 EL1=1 EL2-1 NODES=16 
THICKNESS 1 0.01 
LOADS ELEMENT TYPE=FORCE INPUT=LINE 

2 3 out -0.01 -0.01 
FIXBOUNDARIES 36 INPUT=LINE 3 4 / 2 3 
FIXBOUNDARIES 156 INPUT=LINE / 4 1 

FIXBOUNDARIES 246 INPUT=LINE / 1 2 

SET PLOTORIENTATION=PORTRAIT NSYMBOLS=MYNODES 
MESH NNUMBERS=MYNODES BCODE=ALL SUBFRAME=12 
MESH EAXES=RST VECTOR=LOAD 

SOLVIA 
END 

SOLVIA-POST input 

* B4 ELASTIC BUCKLING OF AN IMPERFECT SQUARE PLATE 
* 

DATABASE CREATE 
WRITE FILENAME='b4.1is' 

SET PLOTORIENTATION=PORTRAIT ORIGINAL=YES 
MESH CONTOUR=DZ NSYMBOLS YES DMAXN1 VECTOR=LOAD SUBFRAME=12 
NHISTORY NODE=i DIRECTION=3 SYMBOL=i XVARIABLE=1 OUTPUT=ALL 
END

Version 99.0
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EXAMPLE B5 

CANTILEVER BEAM IN CREEP 

Objective 

To verify the PLANE STRESS2 element for material-nonlinear-only analysis using the creep material 
model.  

Physical Problem 

The cantilever beam, shown in the figure below, is subjected to a constant bending moment applied at 
the tip. The material of the beam is assumed to obey the uniaxial creep law 

,= 6.4."10 ' , .15"t in/in 

where 7 is measured in psi and t in hours.  
z 

T 
NELT A ----t-- - Y h-

b = 0.3 in E = 3.0.10 7 psi 

h=4.0in v=0.3 

L = 40.0 in 5c = 6.4. 10 -A -0315 in /in /hr 

M = 6000.0 lb- in 

Finite Element Model 

The finite element model considered for the analysis consists of eight 8-node PLANE STRESS2 
elements as shown in the figure on page B5.2. By restraining the Y-displacement at the neutral axis, 
only the portion of the beam above the neutral axis is modeled. For the analysis, a step size of ten 
hours and twenty time steps with BFGS equilibrium iterations in each step is used. For the integration 
of the creep response the Euler backward method is used, i.e. the parameter a. is set to 1.0, and one 
subdivision per time step is employed. The finite element stiffness matrices are evaluated using 
3x3 Gauss integration.  

Solution Results 

The input data on pages B5.3 and B5.4 are used in the finite element analysis. The figure on page 
B5.3 shows the time history response of the bending stress at element 6, integration point 1 
(Y = 18.873, Z = 1.887). The theoretical steady-state value at the same location is 

21'+a 1+1 
M 2a, +l(h2) Z -=5688psi 2' 2b a ,

Version 99.0
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The figure on page B5.3 shows the deformed mesh at the time t=200 hours.  

User Hints 

For materially nonlinear analysis it may be important to use higher order Gauss integration and 
more elements than in linear analysis. In a linear analysis only one 8-node PLANE STRESS 
element through the thickness of the beam would yield excellent results.

. A variable time step solution of this problem is performed in Example B39.

B5 CANTILEVER BEAM :N CREEP 

OR--GINAL ! S. Z

L.

'AS 7-P 

B ::Oi 
C i 1:11

ORIGINAL . S 
TIME 1C

1�
PRESSURE 

7500

t 

r 

EAXFS=RS

SOLV/-: E 9. SOLVIA ENC-INOERIN AS

Version 99.0 135.2
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B5 CANT:-EVER BEAM :N C,

ORKGINAL 
MAX D:SPL 
TINE 200

LOAD 

1125

F

0 
0 

'-'4

>2

-4 

Cx

I hi

or

to0 1 0 20C 0 5 

T1ME

SOLVIA-POST 99.0

TIME 

SOLV7A ENG:NEERING AB

SOLVIA-PRE input

HEADING 'B5 CANTILEVER BEAM IN CREEP' 
, 

DATABASE CREATE 
MASTER IDOF=100111 NSTEP=20 DT=10.  
TOLERANCES ETOL=1.E-7 

TIMEFUNCTION 1 
0. 1. / 200. 1.

COORDINATES 
ENTRIES NODE 

1 
2 
3 
4

Y Z 
0. 0.  

40. 0.  
40. 2.  

0. 2.

INITIAL TEMPERATURES TREF=200.  

MATERIAL 1 PLASTIC-CREEP ISOTROPIC XKCRP 1 TREF=200. ALPHA=1, 
XISUBM-1 A0=6.4E-18 A1=3.15 A2=1.  

0. 3.E7 0.3 3.E7 3.E6 0.  
400. 3.E7 0.3 3.E7 3.E6 0.
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SOLVIA-PRE input (cont.) 

EGROUP 1 PLANE STRESS2 
GSURFACE 1 2 3 4 ELi=4 EL2=2 NODES=8 
EDATA / 1 0.3 
LOADS ELEMENT INPUT=LINE 

2 3 0. -7500.  

FIXBOUNDARIES 2 INPUT=LINES / 1 2 
FIXBOUNDARIES 3 INPUT=NODES / 1 
LOADS TEMPERATURES INPUT=SURFACE 

1 2 3 4 200.

1 4

SUBFRAME 12 
MESH NSYMBOLS=MYNODES NNUMBERS=MYNODES BCODE=ALL 
MESH EAXES=RST VECTOR=LOAD 

SOLVIA 
END 

SOLVIA-POST input

* B5 CANTILEVER BEAM IN CREEP 

DATABASE CREATE 

WRITE FILENAME='b5.1is' 

SUBFRAME 12 
MESH ORIGINAL=DASHED SMOOTHNESS=YES VECTOR=LOAD 
EHISTORY ELEMENT=6 POINT=i KIND-SYY SYMBOL=i OUTPUT=ALL, 

SUBFRAME=2121 
NHISTORY NODE=2 DIRECTION=3 SYMBOL=i OUTPUT=ALL SUBFRAME=2221

NLIST 
END

KIND=REACTION

Version 99.0
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EXAMPLE B6 

PIPE WHIP ANALYSIS, DIRECT INTEGRATION SOLUTION 

Objective 

To demonstrate the dynamic behaviour of the BEAM and TRUSS elements in elastic-plastic analysis 
with gap.  

Physical Problem 

A cantilever pipe, shown in the figure below, is initially at rest and is suddenly subjected to a constant 
tip load, causing it to impinge onto a restraint.

0E- -T-Do

diameter d 

restraint

D0 = 30.0 in 

Di = 27.75 in 

L = 360.0 in

a= 3.0 in 
b=21.0 in 
d = 5.75 in

a

C"
-.125 

/E

F

Pipe material: 

E = 2.698.10 7 psi 

v=0.3 

a, = 2.914. 104 psi 

p = 7.18-_10-4 lbs!(g • in3 )

Restraint material: 

E = 2.99.10 7 psi 

Gy = 3.80. 104 psi
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Nonlinear Examples

t

B6.1



SOLVIA Verification Manual

Finite Element Model 

The pipe is modeled using six BEAM elements and the pipe material is assumed to be elastic
perfectly-plastic. The restraint is represented by a TRUSS element with elastic-perfectly-plastic 
material and a gap width of 3 in. The finite element model used for the analysis is shown in the top 
figure on page B6.3. The Newmark method is used for the step-by-step direct integration and the 
response is calculated for one thousand time steps using a time step of 0.0001 sec. Full-Newton 
iterations with line-search are performed in every step using an energy tolerance of 1.0.10-8. A 
lumped mass matrix assumption is employed in the analysis. The BEAM element stiffness matrices 
are evaluated using 5xlx5 Newton-Cotes integration.  

Solution Results 

The tip and mid node responses are shown on pages B6.3 and B6.4. The axial stress in the TRUSS 
element as a function of time and the variation of the axial stress in element I of the pipe are shown in 
figure on page B6.5. The SOLVIA numerical solution is obtained by using the input data on pages 
B6.5 and B6.6.  

User Hints 

"* The characteristics of this problem are that the pipe is very flexible and impinges suddenly onto a 
relatively stiff restraint. The nonlinearity is due to the gap and the plasticity in the restraint and in 
the pipe.  

"• The restraint can also be modeled using a nonlinear elastic material model and the TRUSS element 
without the gap option if only the first portion of the response (without unloading from the plastic 
state) is of interest.

Version 99.0

Nonlinear Examples

B6.2



SOLVIA Verification Manual Nonlinear Examples

B6 PTDI IUH7P ANAL 

CRIGNAL 
T IME < -4i

DURECT INTý:-ý.-A7:ON SOLUT-ON

2

FORCE 

6 - 0700

ORITh-AL i- 50

1 2

S00/IA PRE 99.0

5

ýAS 7- R.  
C 0 110 

SOL\/TA ENGINEERING AB

36 PIPE WH-- ANALYSIS, D:REC7 INTEGRA 7 ON SOLUTIO.N

P1

6

.0 0 0.06 0 . 8 .I J2 a) Q

'!

SOV -A ENGINE R-NC 4Eý

Version 99.0 B.

3

Y

4

I'C /IAP OS IQ'

I

6 
it

0 r

B6.3



SOLVIA Verification Manual Nonlinear Examples

36 P CPE wvH1 A A L YSI DIRECT INTEGRATON SCLUTION
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B6 DIPE A ZP ANAL '

o_ 

,
U-Y 

LiJ

0.00 0.02 D.04 0. 6 ).08 . I 

SOLVIA-POS- 99.0

7RECT N7 EGRA ION SOLLTION

2.C0 0 02 0'- 0.6 OA C .I 

T T.'IF

SOLVIA E\GZNEERING AB

SOLVIA-PRE input 

HEADING 'B6 PIPE WHIP ANALYSIS, DIRECT INTEGRATION SOLUTION, 
.  

DATABASE CREATE 

MASTER IDOF=001110 NSTEP=1000 DT=1.E-4 
ANALYSIS TYPE=DYNAMIC MASSMATRIX=LUMPED METHOD=NEWMARK 
ITERATION METHOD=FULL-NEWTON LINE-SEARCH=YES 
TOLERANCES ETOL=-.E-8 

COORDINATES 
1 TO 7 360. / 8 360. -24.

MATERIAL 
MATERIAL

I PLASTIC E=2.698E7 NU=0.3 YIELD=29140 ET=0. DEN=7.18E-4 
2 PLASTIC E=2.990E7 NU=0. YIELD=38000 ET=0. DEN=0.

EGROUP 1 BEAM DIM2 RINT=5 SINT=1 TINT=5 MATERIAL=i RESULT=TABLE 
STRESSTABLE 1 I11 115 411 415 511 515 
SECTION 1 DIMENSION PIPE DO=30. DI=27.75 ISHEAR=1 
ENODES 

1 8 1 2 TO 6 8 6 7
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SOLVIA-PRE input (cont.) 

EGROUP 2 TRUSS MATERIAL=2 GAP YES 
ENODES / 1 8 7 
EDATA / ENTRIES EL AREA GAPWIDTH 

1 25.967 3.  

FIXBOUNDARIES / 1 8 

LOADS CONCENTRATED 
7 2 -6.57E5

SET 
MESH 
MESH

NSYMBOLS=YES VIEW=Z 
NNUMBERS=YES VECTOR=LOAD SUBFRAME=12 
ENUMBERS=YES BCODE=ALL

SOLVIA 
END 

SOLVIA-POST input

* B6 PIPE WHIP ANALYSIS, DIRECT INTEGRATION SOLUTION 

DATABASE CREATE 
WRITE FILENAME='b6.1is'

SUBFRAME 
NHISTORY 
NHISTORY 

SUBFRAME 
NHISTORY 
NHISTORY 

SUBFRAME 
NHISTORY 
NHISTORY

21 
NODE=7 
NODE=7 

21 
NODE=7 
NODE=4 

21 
NODE-4 
NODE=4

DIRECTION=2 KIND=DISPLACEMENT 
DIRECTION=2 KIND=VELOCITY 

DIRECTION=2 KIND=ACCELERATION 
DIRECTION=2 KIND=DISPLACEMENT 

DIRECTION:2 KIND=VELOCITY 
DIRECTION=2 KIND=ACCELERATION

SUBFRAME 21 
EHISTORY ELEMENT=- POINT=515 KIND=SRR 
EGROUP 2 
EHISTORY ELEMENT=i POINT=1 KIND=SRR 
, 

NMAX DIRECTION=2 
END
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EXAMPLE B7 

PIPE WHIP ANALYSIS, MODE SUPERPOSITION 

Objective 

To verify the use of mode superposition in nonlinear analysis.

Physical Problem 

A cantilever pipe, shown in the figure below, is initially at rest and is suddenly subjected to a constant 
tip load, causing it to impinge onto a restraint. The same physical problem is already analyzed in 
Example B6 using direct integration which serves as a reference solution.

P -tI 
6 -57 x106 'b

a 

diameter d , b 

restraint

D0 = 30.0 in 

Di = 27.75 in 

L = 360.0 in

a= 3.0 in 
b=21.0 in 
d = 5.75 in

a-

T-

- .125

- My

Pipe material: 

E =2.698.107 psi 

v=0.3 

(y, = 2.914.104 psi

Restraint material: 

E = 2.99-10 7 psi 

CTy = 3.80-104 psi

p = 7.18.10-4 lbs/(g, in3 ) 

Finite Element Model 

The same model as in Example B6 is used, see the top figure of page B7.3. The frequencies and mode 
shapes are calculated based on the initial configuration using the subspace iteration method. The 
mode shapes are employed in the nonlinear time integration using the modified Newton method with 
the energy tolerance 1.0. 108.

Version 99.0
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The model has 6 nodes with translational lumped masses in two directions. The 6 lowest bending 
mode shapes are of interest here. The axial mode shapes give no contribution to the response since the 
load acts in the transverse direction. The first run is based on 8 modes, which include all the 6 bend

ing modes with frequencies from 8.4 Hz to 553 Hz. The time step is then selected to 10-" sec which 
gives about 18 steps per highest period.  

The second run with 2 modes was performed with the time step 0.25.10-3 sec giving about 80 steps 
per highest period. The time step is shorter than in a conventional linear modal superposition because 
of the nonlinearities due to impact and plasticity.  

Solution Results 

The input data on pages B7.8 and B7.9 is used in the finite element analysis with 8 modes. The shapes 
of the first 2 modes are shown in the bottom figure on page B7.3.  

The tip and mid node responses (displacements, velocities, accelerations) predicted in the analysis are 
shown in the figures on pages B7.4 and B7.5. The axial stress in the TRUSS element as a function of 
the axial strain and the variation of the axial stress in element 1 of the pipe are also shown in the 
bottom figures on page B7.5.  

We note that almost the same response as in the reference solution given in Example B6 is obtained.  
It is not possible to obtain exactly the same solution using modal superposition with a constant set of 
mode shapes. The actual mode shapes change somewhat during the solution since the stiffness varies 
due to development of plasticity.  

The solution with 2 modes is approximate, see pages B7.6 and B7.7. It displays, however, the main 
characteristics of the response. The tip response of the pipe and the axial stress response in the 
restraint are in good agreement with the reference solution.  

User Hints 

"* The mode superposition solution is very effective when only a few modes need to be used to 
represent the response to sufficient accuracy. The pipe whip example solved here is such a case.  

" Note that the mode shapes of the linear structure (corresponding to time 0) are used in the mode 
superposition solution, The mode shapes satisfy 

'K p = wo M P 

When 2 modes are employed the response is calculated using 

2 

U = ai (tjpi 

where c. (t) are time dependent coefficients evaluated in the solution. In essence, therefore, a 

two degree-of-freedom finite element model is considered with the displacement assumptions p, 

and ýp2 but all elastic-plastic nonlinearities of the pipe and the restraint based on the displacement 

assumption are included in the analysis.  

"* In nonlinear mode superposition analysis only modified Newton equilibrium iteration is available.
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B7A P-PE WHIP ANALYSZS MODE SUPERPOSITUCN, 2 MODES
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SOLVIA-PRE input 

HEADING 'B7 PIPE WHIP ANALYSIS, MODE SUPERPOSITION, 8 MODES' 
, 

DATABASE CREATE 
MASTER IDOFO001110 NSTEP=1000 DT=1.E-4 
FREQUENCIES SUBSPACE-ITERATION NEIG=12 SSTOL=1.E-10 
ANALYSIS TYPE=DYNAMIC MASSMATRIX=LUMPED IMODS=- NMODES=8 
ITERATION METHOD=MODIFIED-NEWTON 
TOLERANCES ETOL=lE-8 

COORDINATES 
1 TO 7 360. / 8 360. -24.  

MATERIAL 1 PLASTIC E=2.698E7 NU=0.3 YIELD=29140 DENSITY=7.18E-4 
MATERIAL 2 PLASTIC E=2.990E7 NU=0. YIELD=38000 ET=0. DEN=0.  

EGROUP 1 BEAM DIM2 RINT=5 SINT=1 TINT=5 MATERIAL=i RESULT=TABLE 
STRESSTABLE 1 11 115 411 415 511 515 
SECTION 1 DIMENSION PIPE DO=30. DI=27.75 ISHEAR=1 
ENODES / 1 8 1 2 TO 6 8 6 7 

EGROUP 2 TRUSS MATERIAL 2 GAP=YES 
ENODES / 1 8 7 
EDATA / ENTRIES EL AREA GAPWIDTH 

1 25.967 3.  

FIXBOUNDARIES / 1 8 
LOADS CONCENTRATED 

7 2 -6.57E5 

MESH VIEW=Z NSYMBOLS=YES NNUMBERS=YES VECTOR=LOAD SUBFRAME=12 
MESH VIEW=Z NSYMBOLS=YES BCODE=ALL 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B7 PIPE WHIP ANALYSIS, MODE SUPERPOSITION, 8 MODES 

DATABASE CREATE 
WRITE FILENAME=-b7.1is' 

FREQUENCIES 

SET RESPONSETYPE=VIBRATION ORIGINAL=YES VIEW=Z 
MESH NSYMBOL=YES TIME=i SUBFRAME=12 
MESH NSYMBOL=YES TIME=2

21 
NODE=7 DIRECTION=2 
NODE=7 DIRECTION=2 

21 
NODE=7 DIRECTION=2 
NODF=4 DIRECTION=2 

21 
NODE=4 DIRECTION=2 
NODE=4 DIRECTION=2

KIND=DISPLACEMENT 
KIND=VELOCITY 

KIND=ACCELERATION 
KIND=DISPLACEMENT 

KIND=VELOCITY 
KIND=ACCELERATION

SUBFRAME 21 
EHISTORY ELEMENT=i POINT=515 KIND=SRR 
EGROUP 2 
EHISTORY ELEMENT=1 POINT=i KIND=SRR 
END

Version 99.0
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EXAMPLE B8 

CYCLIC LOADING OF PLASTIC TRUSS, ISOTROPIC HARDENING 

Objective 

To verify the behaviour of the 3-node TRUSS element in MNO (Mlaterially-Nonlinear-Only) analysis 
using the plastic isotropic hardening material model.  

Physical Problem 

A bar subjected to an axial force as shown in the figure below is considered. The material of the bar is 
assumed to obey an elastic-plastic material law with isotropic hardening.

P 

L

R-5- A

A= 0.01m' 

L = 1.0 m 

E =2.0-110" N/m2 

Gy = 4.0.108 N/m 2 

ET =2.0-10'° N/m 2

E

The finite element model consists of one 3-node TRUSS element and the element stiffness matrix is 
evaluated using 2-point Gauss integration. The applied force is cyclicly varied to obtain plastic 
response both in tension and compression of the truss. Stiffness reformation and BFGS equilibrium 
iterations are performed at every time step.  

Solution Results 

The input data on page B8.3 is used in the finite element analysis. The figure on page B8.2 shows the 
stress-strain response in the TRUSS element predicted in the analysis as displayed by SOLVIA
POST. A hand calculation shows that the response predicted by SOLVIA agrees with the analytical 
solution of the model.
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User Hints: 

"* To model this example, of course, only a 2-node truss and 1-point Gauss integration need be 
employed. The results for the 2 Gauss points used are exactly the same and the midnode 
displacement is exactly half of the displacement at the end node.  

" It is important to use the BFGS or the full Newton method of equilibrium iteration in this example.  
The modified Newton method of iteration does not converge at unloading in this example from 
plastic to elastic conditions, and has difficulty to converge when loading from elastic to plastic 
conditions.
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SOLVIA-PRE input 

HEADING 'B8 CYCLIC LOADING OF PLASTIC TRUSS, ISOTROPIC HARDENING, 

DATABASE CREATE 
MASTER IDOF=l01111 NSTEP=9 

TIMEFUNCTION 1 
0. 0. / 1. 2.0 / 2. 4.0 
3. 4.6 / 4. -2.3 / 5. -4.6 
6. -5.0 / 7. 2.5 / 8. 5.0 
9. 5.8 

COORDINATES 
1 TO 3 0. 1.  

MATERIAL 1 PLASTIC ISOTROPIC E=2.E11 YIELD=4.E8 ET=2.E10 

EGROUP 1 TRUSS 
ENODES / 1 1 3 2 
EDATA / 1 0.01 

FIXBOUNDARIES / 1 
LOADS CONCENTRATED 
3 2 1.E6 

SOLVIA 
END 

SOLVIA-POST input 

* B8 CYLIC LOADING OF PLASTIC TRUSS, ISOTROPIC HARDENING 
* 

DATABASE CREATE 

WRITE FILENAME='b8.1is' 

SUBFRAME 21 
EXYPLOT EL=i POINT=i XKIND-ERR YKIND=SRR OUTPUT=ALL SYMBOL=1 
NHISTORY NODE=3 DIRECTION=2 XVARIABLE=1 OUTPUT=ALL SYMBOL:1 
END
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EXAMPLE B9 

CYCLIC LOADING OF PLASTIC TRUSS, KINEMATIC HARDENING 

Objective 

To verify the behaviour of the 3-node TRUSS element in MNO (Materially-Nonlinear-Only) analysis 
using the plastic kinematic hardening material model.  

Physical Problem 

Same as in Example B8.  

Finite Element Model 

Same as in Example B8 except that the material of the TRUSS element assumes an elastic-plastic 
kinematic hardening material law and other time function values.  

Solution Results 

The input data on pages B9.2 is used in the finite element analysis. The figure below shows the stress
strain response at one integration point of the TRUSS element during the load history in the finite 
element analysis as displayed by SOLVIA-POST. A hand calculation shows that the response 
predicted by SOLVIA agrees with the analytical solution of the model.
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SOLVIA-PRE input 

HEADING 'B9 CYCLIC LOADING OF PLASTIC TRUSS, KINEMATIC HARDENING' 

DATABASE CREATE 
MASTER IDOF-I01111 NSTEP=9 

TIMEFUNCTION 1 
0. 0. / 1. 2.0 / 2. 4.0 
3. 4.6 / 4. -1.7 / 5. -3.4 
6. -4.4 / 7. 1.8 / 8. 3.6 
9. 3.8 

COORDINATES 
1 TO 3 0. 1.  

MATERIAL 1 PLASTIC KINEMATIC E=2.E11 YIELD=4.E8 ET=2.E10 

EGROUP 1 TRUSS 
ENODES / 1 1 3 2 
EDATA / 1 0.01 

FIXBOUNDARIES / 1 
LOADS CONCENTRATED 
3 2 1.E6 

SOLVIA 
END 

SOLVIA-POST input 

* B9 CYLIC LOADING OF PLASTIC TRUSS, KINEMATIC HARDENING 
* 

DATABASE CREATE 

WRITE FILENAME='b9.1is' 

SUBFRAME 21 
EXYPLOT EL=1 POINT=1 XKIND-ERR YKIND=SRR OUTPUT=ALL SYMBOL=i 
NHISTORY NODE=3 DIRECTION=2 XVARIABLE=1 OUTPUT=ALL SYMBOL=1 
END
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EXAMPLE B1O 

CABLE UNDER GRAVITY LOAD 

Objective 

To verify the large displacement behaviour of the TRUSS element and demonstrate the modeling of 
analyses of cables.

Physical Problem 

A cable stretched between a ground anchor point and a tower attach point, see figure below, is 
considered. The cable has a cluster of 6 insulators attached to a point in the middle portion and 3 
insulators attached to the lower portion. The weight of each insulator is 510 lbs. The initial prestress 
of the cable is 7520 lbs and the self weight is 0.106667 lb/in.  

Tower attach point 

Area A 

A= 0.361 in 2 

L, = 8191.20 in Infctprestress 

7520.0 Lb L, =7312.05 in 

E = 1.9.10 7 psi 

L, = 0.295476 lb/in 3 

yIA=0.106667 lb/in 

Insulator 

y 

Anchor point 
i' Ly 

Finite Element Model 

The figure on page B 10.3 shows the finite element model. It consists of twelve 2-node TRUSS 
elements. The insulators are attached as concentrated masses at the nodes 2, 4, 6 and 8. The material 
model for the TRUSS elements is linear elastic and a large displacement analysis is prescribed.

Version 99.0
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Solution Results 

The input to SOLVIA-PRE and SOLVIA-POST are shown on pages B 10.5 and B 10.6. The Full 
Newton method of equilibrium iteration is used. The energy tolerance is set to ETOL = 1.0. 10-5.  

The gravity loading is applied in 5 equal load steps. The calculated deformed configuration and the 
displacements for node 8 in the Y- and Z-direction are given in figures on page B 10.4. We note that 
the cable stiffens as the gravity load is increased. For analytical verification we select the following 
results as typical:

Element Truss Internal Force (lbs) 

7 22843.5 

8 24975.0

Using the above solution the following internal TRUSS element forces can be calculated 
theoretically: 

Element 7: 

F7 = FP + L7 EA = 22844 (lbs) 
whL7e 

where

Fp = initial prestress, 

17 =final length, 

L7 = original length, 

Element 8: 

8=I +i I EA =24975 (lbs)

The fifth digit is uncertain due to the number of digits in the listed results. Considering this accuracy 
it is concluded that the calculated values for F7 and F3 agree with the corresponding SOLVIA results.  

By projecting the SOLVIA calculated internal forces for elements 7 and 8 onto the vertical (z) axis it 
can be seen that equilibrium is satisfied in the vertical direction for node 8.

Version 99.0

Node Displacements (inch) Deformed Coordinates (inch) 

y z y z 

7 215.746 -248.196 3421.8026 2613.7601 

8 242.152 -275.898 4132.1693 3196.6091 

9 199.365 -226.344 4949.6183 4014.0711
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User Hints 

" The initial prestress in the TRUSS elements is important since it provides stiffness in the lateral 
direction for the elements in a large displacement analysis. Without the prestress the stiffness 
matrix in this example would be singular and no solution would be possible. See also Example 
B5 1.  

" The steady-state solution for gravity loading is considered a static load case in SOLVIA. The 
lumped masses of the model are assembled and only used to calculate the corresponding concen
trated weight forces (using the acceleration of gravity).  

The internal forces and the stresses in the TRUSS elements are calculated using the small strain 
assumption. but large displacements and rotations are included in the large displacement 
formulation.  

Hence, here the area of a TRUSS element remains constant and the element strain is equal to 

(final length) - (original length) 

(original length) 

"* In a stiffening problem it may be necessary to use force tolerances in combination with the energy 
tolerance during the equilibrium iterations. Small variations in displacement increments may give 
relatively large variations in unbalance forces.  

3'.0 CABLE UNDER GRAVITY LOAD 

ORzGINAL .OO. Z ORTGINAL - 1000 Z -0 .L y 1000y 
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3'0 QABLE UNDER GRAVITY LOAD
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SOLVIA-PRE input 

HEAD 'Bi0 CABLE UNDER GRAVITY LOAD' 

DATABASE CREATE 
MASTER IDOFlI00111 NSTEP=5 
ANALYSIS TYPE=STATIC MASSMATRIX=LUMPED 
KINEMATICS DISPLACEMENT=LARGE 
TOLERANCES EF ETOL=1.E-5 RTOL=1.E-2 RNORM=500.  
ITERATION METHOD=FULL-NEWTON LINE-SEARCH=YES 

TIMEFUNCTION 1 
0. 0. / 5. 1.  

COORDINATES 
ENTRIES NODE Y Z 

1 0. 0.  
2 306.049 273.201 
3 977.988 873.022 
4 1649.927 1472.843 
5 2086.012 1862.123 
6 2522.097 2251.404 
7 3206.057 2861.956 
8 3890.017 3472.507 TO 

13 8191.200 7312.050 
MASSES 

2 0. 510. 510.  
4 0. 510. 510.  
6 0. 510. 510.  
8 0. 3060. 3060.  

MATERIAL 1 ELASTIC E=1.9E7 DENSITY=0.295476 

EGROUP 1 TRUSS 
ENODES / 1 1 2 TO 12 12 13 
EDATA 

ENTRIES EL AREA INIT-STRAIN 
1 0.361 1.09637E-3 TO 12 0.361 1.09637E-3 

FIXBOUNDARIES / 1 13 
LOADS MASSPROPORTIONAL ZFACTOR--1. ACCGRA=1.  
.  

MESH VIEW=X NSYMBOLS=YES NNUMBERS=YES SUBFRAME=21 
MESH VIEW=X NSYMBOLS=YES ENUMBERS YES BCODE=ALL GSCALE=OLD 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B10 CABLE UNDER GRAVITY LOAD 

DATABASE CREATE 
WRITE FILENAME='bi0.1is' 

MASS-PROPERTIES 

SET VIEW=X 
CONTOUR AVERAGE=NO 
MESH NSYMBOLS=YES CONTOUR=FR 
MESH ORIGINAL=YES DEFORMED=NO TEXT=NO AXES=NO GSCALE-OLD, 

NSYMBOLS=YES SUBFRAME=OLD

SUBFRAME 
NHISTORY 
NHISTORY 

NLIST 
ELIST 
GLIST 

SUMMATION 
SUMMATION 

END

21 
NODE=8 DIRECTION=2 SYMBOL=i 
NODE=8 DIRECTION=3 SYMBOL=i

KIND=LOAD 
KIND=REACTION DETAILS=YES

Version 99.0
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EXAMPLE Bll 

RUBBER SHEET IN LARGE STRAIN ANALYSIS 

Objective 

To verify the large displacement and large strain behaviour of the PLANE STRESS2 element 
employing the rubber model.

Physical Problem 

A rubber sheet subjected to a uniform end load, see figure below, is considered. The material is 

assumed to be of the Mooney-Rivlin type, for which experiments by Iding [1, 2] gave 
C1 =21.605 lb.!in.2 , C2 =15.747 lb./in.2 

8.92 in P 

THICKNESS =0.125 in 

RUBBER SHEET 

Finite Element Model 

By symmetry only one half of the rubber strip need be modeled, see figure on page B 11.2. Thirtythree 
4-node PLANE STRESS2 elements are used and the end loading is applied as concentrated forces.  

Solution Results 

The final total end load of 41.80 lb. is reached in 4 equal load steps using modified Newton iteration 
and stiffness reformation for every step. The tolerance is ETOL= 1.E-5. The input data used are shown 
on pages B 11.4 and B11.5.  

Note that the scale for the displacements is the same as for the geometry. The end displacements 
corresponding to the load steps are shown in the top figure on page B 11.3 and good agreement with 

experimental results by Iding is obtained. A contour plot of the maximum principal stretch and a 
vector plot of the principal stretches in the YZ-plane are also shown in the figure.  

The stress in the Y-direction is shown as a function of the Green-Lagrange strain for element 1I, 
integration point 1 in the left bottom figure on page B 11.3. The stress distributions at sections A-A 
and B-B are shown in the right bottom figure on page B 11.3, respectively. These stress distributions 
are also shown as displayed by SOLVIA-POST.
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User Hints 

"* The modified Newton iteration method is quite economical to use in this example, since 
nonlinearities monotonically soften the structure. However, the nonlinearities are very significant.  

"* Using 8-node PLANE STRESS2 elements much less elements could be used in the model for an 
accurate response prediction.  

References 

[1] Iding, R.H., "Identifications of Nonlinear Material by Finite Element Methods", Report UC 
SESM 73-4, Department of Civil Engineering, University of California, Berkeley, Jan., 1973.  

[2] "NONSAP - A Structural Analysis Program for Static and Dynamic Response of Nonlinear 
Systems", Report UC SESM 74-3, Department of Civil Engineering, University of California, 
Berkeley, February 1974.
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B11 RUBBER SHEET IN LARGE STRAIN ANALYSIS
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SOLVIA-PRE input 

HEADING 'Bi1 RUBBER SHEET IN LARGE STRAIN ANALYSIS' 

DATABASE CREATE 
MASTER IDOF=-00111 NSTEP=4 
KINEMATICS DISPLACEMENTS=LARGE STRAINS=LARGE 
ITERATION METHOD=MODIFIED-NEWTON LINE-SEARCH=YES 
TOLERANCES ETOL=I.E-5 

TIMEFUNCTION 1 
0. 0. / 4. 20.9 

COORDINATES / ENTRIES NODE Y Z 
1 / 2 11.11 TO 5 11.11 1.5 TO 7 9.09 1.5 
8 8.08 1.54 / 9 7.07 1.58 / 10 6.06 1.66 

11 5.05 1.8 / 12 4.04 2.0 / 1 3 1.03 2.28 
14 2.02 2.76 / 15 1.01 3.42 / 16 0. 4.46 

LINE NODES 2 5 / 3 4 
LINE NODES 5 16 / 6 TO 15 

MATERIAL 1 RUBBER C1=21.605 C2=15.747 

EGROUP 1 PLANE STRESS2 
GSURFACE 1 2 5 16 EL1=11 EL2=3 NODES=4 
EDATA / 1 0.125 
FIXBOUNDARIES 23 INPUT=LINE 1 16 
FIXBOUNDARIES 3 INPUT=LINE / 1 2 

LOADS CONCENTRATED 
2 2 .16666667 
3 2 .33333333 
4 2 .33333333 
5 2 .16666667 

SET NSYMBOLS=MYNODES 
SUBFRAME 12 
MESH NNUMBERS=MYNODES ENUMBERS=YES BCODE=ALL 
MESH CONTOUR=DISTORTION 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* Bil RUBBER SHEET IN LARGE STRAIN ANALYSIS 

DATABASE CREATE 

WRITE FILENAME='bll.lis' 

SUBFRAME 12 
MESH ORIGINAL=DASHED CONTOUR=LPMAX OUTLINE=YES 
MESH VECTOR=STRETCH 

EPLINE NAME=A-A 
2 4 3 STEP 11 TO 24 4 3 

EPLINE NAME=B-B 
10 2 1 STEP 11 TO 32 2 1 

AXIS ID=i VMIN=- VMAX=250 LABEL='STRESS-YY' 

SET PLOTORIENTATION=PORTRAIT 
FRAME 
MESH PLINES=ALL SUBFRAME1122 
ELINE LINENAME=A-A KIND=SYY SYMBOL=i YAXIS=1 SUBFRAME=2121 
ELINE LINENAME=B-B KIND=SYY SYMBOL=i YAXIS=i SUBFRAME=2221 
SUBFRAME 12 
NHISTORY NODE=2 DIRECTION=2 SYMBOL=i 
EXYPLOT ELEMENT=-i POINT=i XKIND=EYY YKIND=SYY SYMBOL=-2 

ZONE NAME=BB INPUT=ELEMENTS / 10 21 32 
SET ZONENAME=BB 
NLIST 
ELIST 
ELIST SELECT=STRETCH 
EMAX SELECT=STRETCH 
GLIST E32 
GLIST E32 TSTART=
END
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EXAMPLE B12 

LARGE DISPLACEMENT ANALYSIS OF A SPHERICAL SHELL 

Objective 

To verify the PLANE AXISYMMETRIC element in large displacements.

Physical Problem 

A spherical shell subjected to a concentrated apex load, see figure below, is considered. This problem 
is also analyzed in Example B65 using the AUTOMATIC-ITERATION method.  

R h = 0.01576 in 

H = 0.0859 in 

R = 4.76 in 

z 30 = 10.90 

E= 1.0.107 psi 

v=0.3

Finite Element Model 

Due to symmetry only one-half of the spherical shell is modelled using ten 8-node PLANE AXISYM
METRIC elements as shown in the figure on page B 12.2. The nodes at the apex can only slide in the 
vertical (Z) direction. At the built-in end the top and bottom nodes can slide in the c-direction of the 
skew system and the midnode is fixed in b- and c-direction.  

Solution Results 

The input data used in the analysis is shown on pages B 12.4 and B 12.5. The final total apex load is 
100 lbs which is reached in 20 equal load steps using Full-Newton iterations.  

The deformed mesh for load step 20 is shown in the top figure on page B 12.3. The central deflection 
as function of the applied apex load for 1 radian is shown in the left bottom figure on page B 12.3. The 
history of the element stress af, at integration point 7, which is closest to the bottom surface and to 
the built-in end, is shown in the same figure. The element r-axis is in the 0-direction of the shell.  

The apex point load as a function of the deflection ratio Wo, / H is shown in the right bottom figure on 
page B 12.3.
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User Hints 

* The PLANE AXISYMMETRIC element extends 1 radian in the circumferential direction. The 
total apex load of 100 lbs applied to the actual shell is, therefore, represented by a load of 100/2
applied to the model.  

References 

[1] Stricklin, J.A., "Geometrically Nonlinear Static and Dynamic Analysis of Shells of 
Revolution", High Speed Computing of Elastic Structures, Proceedings of the Symposium of 
IUTAM, Univ. of Liege, August, 1970.  

[2] Mescall, J.F., "Large Deflections of Spherical Shells Under Concentrated Loads", J. App.  
Mech., Vol. 32, pp. 936-938, 1965.
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Bt2 LARGE DISPLACE&ENT ANALYSIS OF A SPHERICAL SHEL 
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SOLVIA-PRE input 

HEADING 'B12 LARGE DISPLACEMENT ANALYSIS OF A SPHERICAL SHELL' 

DATABASE CREATE 
MASTER IDOF=-00111 NSTEP=20 
KINEMATICS DISPLACEMENT=LARGE 
TOLERANCES TYPE=F RTOL=0.001 RNORM-15.92 
ITERATION FULL-NEWTON 
* 

TIMEFUNCTION 1 
0. 0. / 20. 15.92 

SYSTEM 1 CYLINDRICAL 
COORDINATES 

ENTRIES NODE R THETA 
1 4.76788 90.  
2 4.75212 90.  
3 4.75212 79.10 TO 
5 4.76788 79.10 

SKEWSYSTEM EULERANGLES 
1 -10.9 

NSKEWS / 3 1 TO 5 1 

MATERIAL 1 ELASTIC E-1.E7 NU-0.3 

EGROUP 1 PLANE AXISYMMETRIC 
GSURFACE 5 1 2 3 EL1=10 EL2=1 NODES-8 SYSTEM=1 

FIXBOUNDARIES 2 INPUT=LINES / 1 2 / 3 5 
FIXBOUNDARIES 3 INPUT=NODES / 4 
LOADS CONCENTRATED 
1 3 -1.  

SET NSYMBOLS=MYNODES HEIGHT=0.25 SMOOTHNESS=YES 
MESH NNUMBERS=MYNODES VECTOR=LOAD SUBFRAME=12 
MESH NAXES-SKEW ENUMBERS=YES BCODE-ALL 

SOLVIA 
END
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SOLVIA-POST input 

* B12 LARGE DISPLACEMENT ANALYSIS OF A SPHERICAL SHELL 

DATABASE CREATE STRESSREFERENCE=ELEMENT 

WRITE FILENAME='bi2.1is' 

MESH ORIGINAL=DASHED SMOOTHNEES=YES VECTOR=LOAD 

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
NHISTORY NODE=i DIRECTION=3 XVARIABLE=I SYMBOL=1 OUTPUT=ALL 
EHISTORY ELEMENT=i POINT=7 KIND=SRR XVARIABLE=i OUTPUT=ALL 
END
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EXAMPLE B13 

ELASTIC-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER 

Objective 

To verify the PLANE AXISYMMETRIC element for material nonlinear analysis using the thermo
elastic-plastic material model subjected to loading, unloading and reloading conditions.  

Physical Problem 

A section of a very long thick-walled cylinder under internal pressure loading at constant temperature, 
see figure below, is considered. The material is elastic - perfectly plastic.  

, ,Elastic - perfectly plastic material 
Plane strain conditions 
von Mises yield condition 

E=2.0-10"
1 N/m 2 

v=0.3 
p 

ET =0.0 N/m 2 

ca=0.0 1/°C 

E_ b _ (y = 400.0.106 N/m 2 at 200C 

-, o Gy =352.4.106 N/m 2 at 500C 
1y =320.6.106 N/m 2 at 1500C 

Geometry: a = 0.01 m, b = 0.02 m ay =293.8.106 N/m 2 at 2500C 

Finite Element Model 

The model is shown in the figure on page B 13.2. Ten 8-node PLANE AXISYMMETRIC elements 
are employed for the unit length of cylinder considered. The axial strain is assumed to be zero.  

Solution Results 

The input data is shown on pages B 13.4 and B 13.5. The internal pressure is increased under constant 
temperature of 20'C to a maximum value of 311.78.106 N/m 2 with an unloading-reloading sequence 

at 277.14. 106 N/rn2 . The stiffness is reformed at every load step. The BFGS method of equilibrium 
iteration (default) is employed with tolerance ETOL = 10-6.  

The radial displacement solution for the nodes at the outer radius and the stress distribution through 
the wall at the pressure 288.22.106 N/m 2 are shown in the figures on page B 13.3. Excellent agree
ment with the solution by Hodge and White [1] is achieved.

Version 99.0

Nonlinear Examples

B 13.1



SOLVIA Verification Manual

User Hints 

" A drastic change in stiffness for the plastic elements occurs at the instant of unloading and solution 
difficulties can develop if the modified Newton method of iteration is used. However, the BFGS 
method of iteration, which is the default iteration method, can handle unloading situations success
fully and is, therefore, employed.  

"* The thermo-elastic-plastic material model can be employed for elasto-plastic analysis (ca=0, Ae=0) 
as shown here, but the bilinear elastic-plastic material would be more efficient.  

Reference 

[1] Hodge, P.E. and White, S.H., "A Quantitative Comparison of Flow and Deformation Theories 
of Plasticity", Journal of Applied Mechanics, Vol. 17, pp. 180-184, 1950.
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SOLVIA-PRE input

HEADING 'B13 ELASTIC-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER, 

DATABASE CREATE 
MASTER IDOF=-00111 NSTEP=38 DT=0.5 
TOLERANCES ETOL=1.E-6

TIMEFUNCTION 1 
0. 0.  

17. 288.22E6 / 

COORDINATES 
ENTRIES NODE 

1 
2 
3 
4

6. 277.14E6 / 11.  
19. 311.78E6

Y Z 
0.01 0.01 
0.01 0.  
0.02 0.  
0.02 0.01

INITIAL TEMPERATURE TREF=20.

MATERIAL 1 
20 2.0E1T 
50 2.0E1T 

150 2.0E1T 
250 2.0E1T

THERMO-PLASTIC 
0.3 400.0E6 
0.3 352.4E6 
0.3 320.6E6 
0.3 293.8E6

EGROUP 1 PLANE AXISYMMETRIC 
GSURFACE 1 2 3 4 EL1=1 EL2=10 NODES=8 
LOADS ELEMENT INPUT=LINE 

1 2 1.

FIXBOUNDARIES 3 INPUT=LINE 
LOADS TEMPERATURE TREF=20.

SET 
MESH 
MESH

NSYMBOLS=MYNODES MARGIN=2.0 
NNUMBERS=MYNODES ENUMBERS=YES 
EAXES=RST GSCALE=OLD

23 / 14

VECTOR=LOAD SUBFRAME=21

SOLVIA 
END

Version 99.0
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0. 0.  
0. 0.  
0. 0.

Nonlinear Examples

B 13.4



SOLVIA Verification Manual

SOLVIA-POST input 

* B13 ELASTIC-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER 
* 

DATABASE CREATE 
TOLERANCES 

WRITE FILENAME='bI3.1is' 

EPLINE NAME=RADIAL 
1 6 5 4 TO 10 6 5 4 

SUBFRAME 21 
ELINE LINENAME=RADIAL KIND=SXX TIME=17 OUTPUT=ALL SYMBOL=i 
ELINE LINENAME=RADIAL KIND=SYY TIME=17 OUTPUT=ALL SYMBOL=1 

SUBFRAME 21 
ELINE LINENAME=RADIAL KIND=SZZ TIME=d7 OUTPUT=ALL 
NHISTORY NODE=4 DIRECTION=2 XVARIABLE=1 SYMBOL=2 OUTPUT=ALL 
END
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EXAMPLE B14 

THERMO-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER 

Objective 

To demonstrate the thermo-elastic-plastic analysis capability of the PLANE AXISYMMETRIC 
element.  

Physical Problem 

The physical problem is the same as in Example B13 shown on page B 13-1, but the cylinder is now 
subjected to the pressure and uniform temperature load variation shown in figure below.  

p [N/m2]

300-106 

200.106 

100.106

277.1 106

242.5 11 0' 242.5 106 

r17 3.2 106 

202 
0

Time2 . I 6 I I 1 1 1 0 I 
2 4 6 8 10 12 14 16 18 20

Temp [Oci
1 00C 

20°C
50oc

Time
2 4 6 8 10 12 14 16 18 20

Finite Element Model 

The model is the same as shown on page B 13-2.  

Solution Results 

The input data is shown on pages B 14.3 and B 14.4. The same solution procedure as for the previous 
Example B 13 is used. The radial displacement response for the nodes on the outer radius and the resi
dual stresses at time=10 are shown on page B 14.2.  

User Hints 

0 The nodal temperatures can be specified directly by the user (as in this example) or they can be 
read from a file, which may have been generated in a temperature analysis using SOLVIA-TEMP.  
Example B38 shows how a combined thermal analysis (using SOLVIA-TEMP) and a thermal 
stress analysis (using SOLVIA) may be carried out.
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SOLVIA-PRE input 

HEADING 'B14 THERMO-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER' 

DATABASE CREATE 
MASTER IDOF=-00111 NSTEP=40 DT=0.5 
ITERATION METHOD=BFGS 
TOLERANCES ETOL=1.E-3 

TIMEFUNCTION 1 
0. 0. / 1. 173.2E6 / 4. 242.5E6 / 8. 242.5E6 
9. 240.2E6 / 10. 0. / 12. 0. / 13. 240.2E6 

20. 277.1E6 / 25. 277.1E6 

TIMEFUNCTION 2 
0. 20. / 4. 20. / 8. 100.  

10. 100. / 12. 50. / 25. 50.  

COORDINATES / ENTRIES NODE Y Z 
1 0.01 0.01 / 2 0.01. / 3 0.02 / 4 0.02 0.01 

MATERIAL 1 THERMO-PLASTIC TREF=20 
20 2.0E11 0.3 400.0E6 0. 0.  
50 2.0E11 0.3 352.4E6 0. 0.  

150 2.0E11 0.3 320.6E6 0. 0.  
200 2.0E11 0.3 293.8E6 0. 0.  

EGROUP 1 PLANE AXISYMMETRIC 
GSURFACE 1 2 3 4 EL1=1 EL2=10 NODES=8 
LOADS ELEMENT INPUT=LINE 
1 2 1. 1. 1 

FIXBOUNDARIES 3 INPUT=LINE / 2 3 / 1 4 
23/14 

INITIAL TEMPERATURES TREF=0. INPUT=SURFACE 
1 2 3 4 20.  

LOADS TEMPERATURE INPUT=SURFACE 
1 2 3 4 1. 1. 1. 1. 2 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B14 THERMO-PLASTIC ANALYSIS OF A THICK-WALLED CYLINDER 

DATABASE CREATE 

WRITE FILENAME='b14.1is' 

EPLINE NAME:RADIAL 
1 6 5 4 TO 10 6 5 4 

SUBFRAME 21 
ELINE RADIAL KIND=SXX TIME=-0 OUTPUT=ALL 
ELINE RADIAL KIND=SYY TIME=-0 OUTPUT=ALL 
* 

SUBFRAME 21 
ELINE RADIAL KIND=SZZ TIME=10 OUTPUT=ALL 
NHISTORY NODE=4 DIRECTION=2 XVARIABLE=1 SYMBOL=2 OUTPUT=ALL 

ELIST 
SUMMATION KIND=REACTION 
END

Version 99.0 B 14.4



SOLVIA Verification Manual

EXAMPLE B15 

CYCLIC CREEP ANALYSIS OF A THICK-WALLED CYLINDER 

Objective 

To verify the creep material model when employed with PLANE AXISYMMETRIC elements.  

Physical Problem 

The figure below shows the thick-walled cylinder which is to be analyzed for cyclic internal pressure.  
The pressure is varied as shown in the figure. Plane strain conditions are assumed. The material of the 
cylinder is assumed to obey a uniaxial creep law of the form 

F, = 6.4. 10-L "• (74.4 .t

Plane strain conditions 

E = 2.0-107 lb/in2 

v=0.3 
Temperature 100°F 

Geometry 

a = 0.16 in 

b = 0.25 in

2.2 2.6 
t(Hr)

-36 5

Finite Element Model 

The model is shown in the top figure on page B 15.3. It consists of eight PLANE AXISYMMETRIC 
8-node elements.
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Solution Results 

The input data is shown on pages B 15.4 and B 15.5. The BFGS method of equilibrium iteration is used 
with tolerance ETOL = 0.000 1 and the stiffness matrix is reformed at every step. The creep rate 
equation is integrated using 10 subdivisions and the Euler forward method.  

The left bottom figure on page B 15.3 shows the effective stress at the element integration points 
closest to the inside and outside surfaces of the cylinder. The solution results compare well with the 
steady state solution reported by Bailey [1].  

The right bottom figure on page B 15.3 shows the von Mises stress distribution in the cylinder in the 
last solution step and the radial displacement history of the inner cylinder radius.  

User Hints 

" The explicit method of integrating the creep equation requires a subdivision of the time step into 
sufficiently small increments for stability reasons. The implicit integration schemes can display 
considerably better stability characteristics, but then also iterations are used at the integration 
points for the creep strains.  

* The time step At is here selected using the "rule of thumb" that the maximum creep strain 
increment must be smaller than 1/ a=1 a 1/ 4.4 of the current elastic strain.  

Reference 

[1] Finnie, I., and Heller W.R., Creep of Engineering Materials, McGraw-Hill, 1959, p. 208.
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SOLVIA-PRE input 

HEADING 'B15 CYCLIC CREEP ANALYSIS OF A THICK-WALLED CYLINDER' 

DATABASE CREATE 
MASTER IDOF=I00111 NSTEP=48 DT=0.1 
TOLERANCES ETOL=1.E-4 
ITERATION METHOD=BFGS 

TIMEFUNCTION 1 
0. 365. / 2.2 365.  
2.6 -365. / 10. -365.  

TIMEFUNCTION 2 
0. 1. / 100. 1.

COORDINATES / ENTRIES 
1 .16 .1 / 2 .16

NODE Y Z 
3 .25 / 4 .25 .1

INITIAL TEMPERATURES TREF=00- .  

MATERIAL 1. PLASTIC-CREEP XKCRP=1 TREF=i00. ALPHA=C., 
AC=6.4E-18 A1=4.4 A2=1.  

70. 2.E7 0.3 8.E7 2.E6 0.  
100. 2.E7 0.3 8.E7 2.E6 0.  

EGROUP 1 PLANE AXISYMMETRIC 
GSURFACE 1 2 3 4 EL1=1 EL2=8 NODES=8 
LOADS ELEMENT INPUT=LINE 
1 2 1. 1. 1 

FIXBOUNDARIES 3 INPUT-LINE / 2 3 / 1 4 
LOADS TEMPERATURES INPUT=SURFACE 

1 2 3 4 100. 100. 100. 100. 2 
*€

MESH NSYMBOLS=MYNODES NNUMBERS=MYNODES 
MESH ENUMBERS=YES BCODE=ALL 

SOLVIA 
END

VECTOR=LOAD SUBFRAME=21
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SOLVIA-POST input 

* B.15 CYCLIC CREEP ANALYSIS OF A THICK-WALLED CYLINDER 

DATABASE CREATE 
WRITE FILENAME='blS.lis' 

AXIS ID=1 VMIN=-. VMAX=4.8 LABEL='TIME IN HOURS' 
AXIS ID=2 VMIN=O. VMAX=1200. LABEL='EFFECTIVE STRESS' 

SET PLOTORIENTATION=PORTRAIT 
EHISTORY ELEMENT=i POINT=9 KIND=MISES XAXIS-1 YAXIS-2, 

SYMBOL=2 SSKIP=i 
EHISTORY ELEMENT=8 POINT=i KIND=MISES XAXIS=-i YAXIS=-2, 

SUBFRAME=OLD OUTPUT=ALL 

MESH CONTOUR=MISES SUBFRAME=12 
NHISTORY NODE=i DIRECTION=2 OUTPUT=ALL SYMBOL=i SSKIP=2 
END
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EXAMPLE B16 

LARGE DISPLACEMENT ANALYSIS OF A PLATE 

Objective 

To verify the SHELL element for large displacement analysis.  

Physical Problem 

A simply supported square plate subjected to uniform pressure load, see figure below, is considered.  
The plate material is linear elastic.  

ONE 16-NODE E = Young modulus = 107 psi 
ELEMENT'" " v = Poisson ratio = 0.1 

h = Plate thickness = 0.12 in 

a = Plate width = 24 in 

, -------- q = Uniform applied pressure psi 

4 x 4 x 2 Gauss integration 

Finite Element Model 

Because of symmetry conditions only 1/4 of the plate need be modeled, see top figure on page B 16.3.  
One 16-node SHELL element is used. Constraint equations are used to model uniform in-plane edge 
displacements.  

Solution Results 

The input data is shown on page B 16.4. The loading is applied in 22 load steps up to the final pressure 
q = 3.125 psi. For every load step the stiffness is reformed and the BFGS method of equilibrium 
iteration is employed with tolerance ETOL = 1.10-8.  

The computed center deflection ratio w/h as a function of the load parameter K is shown in the figure 
on page B 16.2. The computed displacement response agrees very closely with the solution given by 
Levy [1]. The deformed shape corresponding to the final load step and center deflection as a function 
of the pressure are shown in the left bottom figure on page B 16.3.  

A contour plot of the vertical displacement and a vector plot of the principal stresses are shown in the 
right bottom figure on page B 16.3.  

User Hints 

The large displacement response of shells generally involves severe nonlinearities because the 
structure, initially only in bending action, is subjected to increasing membrane action with 
increasing load. This results into a stiffening effect. The BFGS method is generally quite effective 
for these types of problems. If difficulties are encountered in the convergence of iteration, then the 
powerful full Newton iteration with line searches can be employed.
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Reference

[1] Levy, S., "Bending of Rectangular Plates with Large Deflections", Technical Notes, National 
Advisory Committee for Aeronautics, No. 846, 1942.
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SOLVIA-PRE input 

HEADING 'Bi6 LARGE DISPLACEMENT ANALYSIS OF A PLATE' 

DATABASE CREATE 
MASTER NSTEP-20 DT=0.05 
KINEMATICS DISPLACEMENTS=LARGE 
TOLERANCES ETOL=1.E-8 
ITERATION METHOD=BFGS

TIMEFUNCTION 1 
0.o0. 1. 3.125

COORDINATES 
1 0. 12. TO 4 To 7 12. / 8 12. 12.  

MATERIAL 1 ELASTIC E=1.E7 NU=0.316228

EGROUP 1 SHELL 
GSURFACE 1 4 7 8 
THICKNESS 1 0.12 
LOADS ELEMENT 

1 -T 1.

FIXBOUNDARI ES 
FIXBOUNDARI ES 
FIXBOUNDARI ES 
CONSTRAINTS 
1 1 4 1 1.  
5 2 4 2 1.  

*€

EL1=1 EL2=1 NODES=-6

36 INPUT=LINE 
156 INPUT=LINE 
246 INPUT=LINE 

TO 3 1 4 1 1.  
TO 7 2 4 2 1.

MESH NSYMBOLS=MYNODES NNUMBERS=MYNODES 
BCODE=ALL TIME=1.0 

SOLVIA 
END

VECTOR=LOAD,

SOLVIA-POST input 

* B16 LARGE DISPLACEMENT ANALYSIS OF A PLATE 

DATABASE CREATE 
WRITE FILENAME='bI6.1is' 

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
MESH ORIGINAL=DASHED NSYMBOLS=MYNODES VECTOR=REACTION 
NHISTORY NODE=8 DIRECTION=3 XVARIABLE=1 SYMBDL=1 OUTPUT=ALL 
* 

SUBFRAME 12 
MESH CONTOUR:DZ 
MESH VECTOR=SPRINCIPAL

SUMMATION 
SUMMATION 
END

KIND=REACTION 
KIND=LOAD

Version 99.0
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EXAMPLE B17 

THERMO-ELASTIC ANALYSIS OF A CANTILEVER BEAM 

Objective 

To verify the thermo-elastic material model when used with SOLID elements.  

Physical Problem 

A cantilever beam is subjected to a linearly varying temperature distribution in the Z-direction, see 
figure below. No other loads are applied to the beam. The same physical problem is also analyzed in 
Example B38, but using temperatures calculated by SOLVIA-TEMP.  

Z 
a 

150' 
NEUTRAL AXIS __21a 

L 

70OF 200°F L = 6 in.  

E = 3.0.107 lb/in 2  E = 3.0.10 7 lb/in 2  a= 1 in.  

v=0.3 v=0.3 

ca = 6.0.10-6 in/in/°F c = 6.0.10- 6 in/in/°F 

Reference temperature = 125°F 
Finite Element Model 

Since the problem is anti-symmetric with respect to the neutral axis of the beam, only the portion above 
the neutral axis is modeled, see figure on page B 17.2. Three 20-node SOLID elements are used.  

Solution Results 

The input data is shown on pages B 17.3 and B 17.4. The analysis is carried out for material nonlin
earities only. The analytical solution for the vertical displacement component using the theory given, 
for example, in [1], is 

W = _y2 . 1.5 -10-4 (in) 

The vertical displacement component at the free end of the beam, Y = 6 (in), is: 

Theory SOLVIA (node 1) 

-5.400. 10 -5.400.10-' 

An excellent agreement can be observed. The deformed mesh and contour lines of temperature are 
shown in the figure on page B 17.3. Note that the maximum displacement given in the figure is the 
maximum total displacement. not the maximum component displacement.
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User Hints 

The thermo-elastic material model allows Young's modulus E, Poisson's ratio v and the mean co
efficient of thermal expansion ct to vary as a function of temperature. The material model is con
sidered nonlinear since the resulting stiffness matrix, in general, is dependent on the applied tem
perature loading. However, no equilibrium iterations are necessary except in analysis with one (or 
both) of the two conditions: 

1) The stiffness matrix is not reformed in every step.  

2) The model accounts for large displacement effects.  

* The reference temperature TREF is the temperature for which the thermal stresses are zero. Note 
that TREFN serves as the reference temperature for the mean value of the coefficient of thermal 
expansion ca.  

• Since the theoretical displacement solution varies quadratically in the X- and Y-directions, the 20
node SOLID element can describe the displacement field exactly. Therefore, since the beam is free 
to bend in both the X- and Y.directions, the stresses are zero everywhere.  

• The problem can also be modeled using BEAM or ISOBEAM elements since these elements 
accept thermal gradient loadings in the transverse directions.  

Reference 

[1] Boley, B.A., and Weiner, J.H., Theory of Thermal Stresses, John Wiley and Sons, 1960, 
pp. 307-314.
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B17 THERC-ELASTIC ANALSIS rF A CANT7LEVER BEAN 

11AX DISPL 5- .47-SE-3 
T711 1

Z 
x y-

TEMPERATURE 
MAX 1SO.00 

S148.438 
1 2. 88 S39.0,63 
135,938 
32. 813 

129.688 
1' 26.S63 

MIN 12S.000 

SOLVIA ENGINEERING ABSOLVIA-POST 99.0

SOLVIA-PRE input

HEADING 'B17 THERMO-ELASTIC ANALYSIS OF A CANTILEVER BEAM' 
, 

DATABASE CREATE 
MASTER IDOF=000111 
COORDINATES 

1 0. 6. 0.5 / 2 0. 0. 0.5 
3 1. 0. 0.5 / 4 1. 6. 0.5 
5 0. 6. 0. / 6 0. 0. 0.  
7 1. 0. 0. / 8 1. 6. 0.  

MATERIAL 1 THERMO-ELASTIC TREF=125.  
70 3.E7 0.3 6.E-6 

200 3.E7 0.3 6.E-6 

EGROUP 1 SOLID 
GVOLUME 1 2 3 4 5 6 7 8 ELI=3 EL2=1 EL3=1 NODES=20 

FIXBOUNDARIES 12 INPUT=SURFACE / 2 3 7 6 
FIXBOUNDARIES 3 INPUT=LINE / 6 7 
FREEBOUNDARIES 13 INPUT:LINE / 2 6 / 3 7 
FIXBOUNDARIES 12 INPUT=SURFACE / 5 6 7 8 
LOADS TEMPERATURE TREFN=125 INPUT=ZONE INTERPOLATION=Z, 

COORD1=0. V1=0. COORD2=0.5 V2=25 ZONEI=WHOLE 

MESH NSYMBOLS-MYNODES NNUMBERS=MYNODES BCODE=ALL 

SOLVIA 
END
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SOLVIA-POST input 

* B17 THERMO-ELASTIC ANALYSIS OF A CANTILEVER BEAN 

DATABASE CREATE 

WRITE FILENAME='b17.1is' 

MESH CONTOUR=TEMPERATURE ORIGINAL=YES 

NLIST ZONENAME=EL1 
END

Version 99.0

Nonlinear Examples

B 17.4



SOLVIA Verification Manual

EXAMPLE B18 

ANALYSIS OF AN UNDERGROUND OPENING 

Objective 

To demonstrate the use of the curve description material model in a simplified analysis of an 
underground opening.  

Physical Problem 

A tunnel through a rock mass, see figure below, is considered. The walls of the tunnel are reinforced 
with rock bolts. The rock material is assumed to have constant Young's modulus and Poisson's ratio.  

Rock material (E and v constant) 

0 E 43200 kip/ft2 

v=0.  

P 
SCurve description material model L l 1 L 1 _ 60 

Material weight density for tensile failure 
option 0.12 kip/ft 3 

76 Normal stiffness reduction factor 1.10-3 T 80 Shear stiffness reduction factor 9.9.10-4 

86 Bulk modulus 14400 kip/ft2 

Loading shear modulus 21600 kip/ft2 

9t, 

Rock bolts 
104 E = 4.32.106 kip/ft2 

Yield= 14400 kip/ft2 

_116 
)/////•/////'// ////////ET =0.  

Area = 0.0021 ft2 

32 136P1 40 60 Y Initial strain 1.103 

Finite Element Model 

The model is shown in the left top figure on page B 18.3. The rock is modeled using 8-node PLANE 
STRAIN elements and the rock bolts by 2-node TRUSS elements. The pressure due to the overburden 
rock material is simulated by element pressure loads. The curve description model is employed to 
describe the rock material. The tensile failure option is used with material density y = 0.12 kip/ft3 , 

and shear reduction factor = 0.00099. Both the tensile stress and the shear stress are, therefore, 
reduced to zero for a crack, i.e. when any principal tensile stress exceeds the in-situ gravity stress at 
an integration point.
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Solution Results 

The input data is shown on pages B 18.4 and B 18.5. A materially-nonlinear-only analysis is carried 
out in eleven steps using the full Newton iteration with line search. The final overburden pressure 
reached in the analysis is 30 kip/ft 2 and the corresponding distribution of Tresca effective stress and 

of the hydrostatic pressure (negative mean stress) are shown in the bottom figure on page B 18.3.  

The displacement histories at two characteristic locations are shown in the right top figure on page 
B 18.3.  

User Hints 

" When cracks form in a finite element model using the curve description material model (or the 
concrete model) the stiffness generally changes drastically. Depending on the in-situ gravity 
pressure the change in stresses associated with the formation of a crack may also be significant.  
These effects generally result into a considerable redistribution of stresses due to cracking.  

It is, therefore, important to take small enough load steps whenever cracks are forming in order to 
avoid solution difficulties.  

"* Note that the in-situ gravity pressure p, at the nodes is calculated using 

Pi =y.Zi 

where Z1 is the nodal Z-coordinate. The stress corresponding to this gravity pressure is not 

included in the calculated stresses which are output from SOLVIA. It is, however, taken into 
account when the bulk and shear moduli are determined and in the criteria for cracking.

Version 99.0

Nonlinear Examples

B 18.2



SOLVIA Verification Manual Nonlinear Examples

S8' ANALYSIS OF AN UNDERGROUND OPENING 
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ORIGINAL - - 10.  
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L TIME 11
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SOLVIA-PRE input 

HEADING 'B18 ANALYSIS OF AN UNDERGROUND OPENING' 

DATABASE CREATE 
MASTER IDOF=100111 NSTEP=11 
ITERATION FULL-NEWTON LINE-SEARCH=YES 
TIMEFUNCTION 1 

0. 0. / 1. 20. / 11. 30.  

COORDINATES / ENTRIES NODE Y Z 
1 60. -116. / 2 60. -104. / 3 32. -60. TO 7 32. -76. TO 
9 32. -86. TO 11 32. -94. TO 13 32. -104. TO 15 32. -116.  

16 48. -60. TO 20 48. -76. TO 22 48. -86. / 23 43.75 -89.75 
24 40. -94. / 25 37.75 -98.75 / 26 36. -104. TO 28 36. -116.  
29 60. -60. TO 33 60. -76. TO 35 60. -80. / 36 53.75 -82.5 
NGENERATION NSTEP=34 YSTEP=-32. / 3 TO 15 

LINE NODES 3 15 / 4 TO 14 
LINE NODES 16 28 / 17 TO 27 
LINE NODES 16 22 / 17 TO 21 
LINE NODES 29 35 / 30 TO 34 
LINE NODES 37 49 / 38 TO 48 
LINE NODES 35 22 / 36 

MATERIAL 1 PLASTIC E=4.32E6 YIELD=1.44E4 ET=0.  
MATERIAL 2 CURVE-DESCRIPTION ICRACK=2 GAMMA=0.12 STIFAC=1.E-3, 

SHEFAC=9.9E-4 
.0 1.44E4 1.44E4 2.16E4 / .01 1.44E4 1.44E4 2.16E4 
.05 1.44E4 1.44E4 2.16E4 / .1 1.44E4 1.44E4 2.16E4 
.5 1.44E4 1.44E4 2.16E4 / 1. 1.44E4 1.44E4 2.16E4 

EGROUP 2 PLANE STRAIN MATERIAL=2 
GSURFACE 37 49 15 3 EL1=6 EL2=2 NODES=8 
GSURFACE 3 15 28 16 ELI=6 EL2=1 NODES=8 
GSURFACE .16 22 35 29 EL1=3 EL2=1 NODES=8 
GSURFACE 26 28 1 2 EL1=1 EL2=2 NODES=8 
LOADS ELEMENT INPUT=LINES 
37 29 1.0 

EGROUP 1 TRUSS MATERIAL=1 
ENODES / 1 22 9 / 2 22 20 / 3 35 33 
EDATA / 1 2.1E-3 1.E-3 TO 3 2.1E-3 1.E-3 

FIXBOUNDARIES 23 INPUT=NODES / 47 TO 49 
FIXBOUNDARIES 3 INPUT=LINES / 49 15 / 15 28 / 28 1 
FIXBOUNDARIES 2 INPUT=LINES / 1 2 / 35 29 

SET PLOTORIENTATION=PORTRAIT NSYMBOLS=MYNODES VIEW=X 
MESH NNUMBERS=MYNODES VECTOR=LOAD SUBFRAME=12 
MESH ENUMBERS-EGI BCODE=ALL OUTLINE=YES NSYMBOL=EG1 

SOLVIA 
END
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SOLVIA-POST input 

* B18 ANALYSIS OF AN UNDERGROUND OPENING 

DATABASE CREATE 
WRITE FILENAME='bI8.1is' 

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
NHISTORY NODE=35 DIRECTION=3 XVARIABLE=1 SYMBOL=i OUTPUT=ALL 
NHISTORY NODE=26 DIRECTION=3 XVARIABLE=I SYMBOL=2 OUTPUT=ALL 

SET VIEW=X ORIGINAL=DASHED OUTLINE=YES 
SET PLOTORIENTATION=LANDSCAPE 
MESH CONTOUR=TRESCA SUBFRAME-21 
MESH CONTOUR=SMEAN 

END
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EXAMPLE B19 

REINFORCED CONCRETE BEAM, PLANE STRESS 

Objective 

To demonstrate the concrete material model in plane stress analysis and the modeling of reinforced 
concrete.  

Physical Problem 

A simply supported reinforced concrete beam subjected to two symmetrically applied concentrated 
loads as shown in the figure below is considered. The steel reinforcement is located 2.06 in. from the 
bottom surface of the beam.

Pi2 P/2

PLANE OF 

CONTRAFLEXURE

PLANE OF 
CONTRAFLEXURE

BEAM DIMENSIONS

Material parameters 
CONCRETE: 
Density 
Initial tangent modulus 
Poisson's ratio 
Uniaxial cut-off tensile strength 
Uniaxial maximum compressive stress (SIGMAC) 
Compressive strain at SIGMAC 
Uniaxial ultimate compressive stress 
Uniaxial ultimate compressive strain 

STEEL: 
Density 
Young's modulus 
Initial yield stress 
Strain hardening modulus

0.2172 .103 
3060 

0.2 
0.458 
-3.74 

-0.002 
-3.225 
-0.003 

0.7339. 10
30000 

44 
300

lbf s 2 /in4 

ksi 

ksi 
ksi 
in/in 
ksi 
in/in 

lbf. s 2/in4 

ksi 
ksi 
ksi

Finite Element Model 

The finite element model used is shown in the figures on page B 19.4. Using symmetry conditions 
only one-half of the structure need to be considered. Forty 8-node PLANE STRESS elements are used 
to model the concrete of the beam and ten 3-node TRUSS elements are used to model the reinforce-
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ment. In addition, three vertical TRUSS elements are used at the left end support of the beam to 
distribute the support force. The material properties of the concrete are idealized using the concrete 
material model. The material of the steel bars is modeled as elastic-plastic with strain hardening. The 
solution is obtained by using the AUTOSTEP method and full Newton iteration with line searches.  

Solution Results 

The input data on pages B 19.9 and B 19.10 is used in the finite element analysis.  

Krahl et al. [1] analyzed the development of cracks in reinforced concrete beams subjected to pure 
moment. Using a simplified stress-strain law for the concrete and excluding the tension stiffening 
effect after tensile cracking the critical (collapse) load was found to be approximately 10 kips for the 
beam in this example with reinforcement area 0.62 in2 . Suidan and Schnobrich [2] presented a finite 
element solution of the same beam using the simplified stress-strain law for the concrete.  

The SOLVIA solution results can be seen on pages B 19.5 and B 19.6. The collapse load of the beam is 
calculated by the model to be 10.5 kips. The SOLVIA solution compares well with the results found 
in [1] and [2].  

The top figure on page B 19.5 shows the formation of cracks as contour and vector plots for the last 
load step of the analysis. The bottom figures on page B 19.5 show the midspan deflection of the beam 
as a function of the load together with typical stress-strain curves for the concrete material in tension 
and compression and the elastic-plastic response curve from the steel reinforcement.  

The figures on page B 19.6 show the stress and strain variations along typical lines in the concrete and 
along the reinforcement bar. It can be seen that the tensile stresses along the line SECTION are small 
due to cracking. The distribution of axial strain along the line BAR in the reinforcement and along the 
line ABOVE in the concrete shows a concentration of strain in the line portion located under the load 
application.  

An analysis was also carried out for the beam when the reinforcement area is A, = 2.0 in 2 and 

corresponding results are shown on pages B 19.7 and B 19.8. The analysis is stopped because of 
crushing of the concrete under the load application. Since the reinforcement remains elastic strain 
concentration due to cracking is avoided.  

User Hints 

"* The solution of concrete problems can be difficult, due to the sudden nonlinearities that take place 
as a result of cracking and crushing of the material. The overall structural nonlinearities are more 
pronounced when only small amounts of steel reinforcements are used in the structure.  

" When the structure is lightly reinforced the effect of the nonlinearities can be sudden and signifi
cant strain redistributions can occur for each load increment. Note that cracking is associated with 
a negative slope in the so-called tension stiffening portion of the uniaxial stress and strain relation 
for concrete. If enough cracking takes place in a structure the total tangent stiffness matrix may 
also be negative so that local maxima (and minima) may occur in the force-displacement response.  
Conventional iteration methods can then not be used and the AUTOMATIC-ITERATION method 
need then be tried, unless a remodelling is performed.
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" The redistribution of strain during cracking can be mesh and path dependent. While some integra

tion points may show strain concentration, thus in simplified words move along the uniaxial stress 
and strain curve with decreasing stress for increasing strain (the tension stiffening portion), other 
integration points may unload with decreasing stress and strain. This possibility of different stress 
unloading paths when cracking has occurred can cause numerical difficulties.  

" In reinforced concrete analysis it may in many cases be important to make a relatively coarse mesh 
so that the overall structural behaviour is described rather than all the details. The amount of 
details in the complex world of reinforced concrete analysis can be overwhelming and can, if 
included in the model, very well make the solution difficulties insurmountable in practice.  

It is often of interest to verify the concrete material parameters by running uniaxial tension and 
compression tests using a single element and compare the produced stress-strain curves with 
experimental curves, if available. It is particularly important to verify the effect of the chosen 
values for 7 / sc and oy / E. on the uniaxial compression curve.  

" Convergence of the equilibrium iterations is often improved by specifying as large values for 
KAPPA, SHEFAC and the equilibrium tolerances as are technically reasonable.  

" In case of severe difficulties in obtaining a converged solution one may often gain insight in the 
behaviour of the model by running an analysis with very small load steps and without equilibrium 
iterations, see command EQUILIBRIUM-ITERATION in the SOLVIA-PRE Users Manual.  

References 

[1] Krahl, N.W., Khachaturian, M., and Seiss, C.P., "Stability of Tensile Cracks in Concrete 
Beams", ASCE, J. Struct. Div., Feb. 1967, pp. 235-254.  

[2] Suidan, M., and Schnobrich, W., "Finite Element Analysis of Reinforced Concrete", ASCE, 
J. Struct. Div., Vol. 99, No. ST1O. Oct. 1973.
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SOLVIA-PRE input 

HEADING 'B19A REINFORCED CONCRETE BEAM, PLANE STRESS' 

DATABASE CREATE 
MASTER IDOF=100111 NSTEP=40 DT=I 
ITERATION METHOD=FULL-NEWTON LINE-SEARCH=YES 
AUTO-STEP DTMIN=1.E-5 DTMAX=1. ITELOW=7 ITEHIGH=15, 

FDECREASE=0.1 FRESTART=0.1 TMAX=24 
TOLERANCES TYPE=F RNORM=10 RTOL=0.05 ITEMAX=30

TIMEFUNCTION 1 
0. 0. / 12. 24.  

*
24 . 30 .

COORDINATES 
1 0. 12.  
5 50. 12.  
9 68. 12.

/ 
/ 
/ 
/

ENTRIES NODE Y Z 
2 0. 6. / 3 0. 2.06 
6 50. 6. / 7 50. 2.06 

10 68. 6. / 11 68. 2.06

MATERIAL 1 CONCRETE E0=3.06E3 NU=0.2 SIGMAT=0.458 SIGMAC=-3.74, 
EPSC=-0.002 SIGMAU=-3.225 EPSU=-0.003 BETA=0.75, 
KAPPA15 STIFAC=0.0001 SHEFAC=0.5 

MATERIAL 2 PLASTIC E=3.E4 YIELD=44 ET=300.

EGROUP 1 PLANE 
GSURFACE 5 1 2 
GSURFACE 6 2 3 
GSURFACE 7 3 4 
GSURFACE 9 5 6 
GSURFACE 10 6 7 
GSURFACE 11 7 8 
EDATA / 1 6.

EGROUP 
GLINE 
GLINE 
GLINE 
GLINE 
GLINE 
EDATA

2 TRUSS 
3 7 EL=6 
7 11 EL=4 
1 2 EL=2 
2 3 EL=1 
3 4 EL=1 
/ 1 2.0

STRESS2 MATERIAL=1 
6 EL1=6 EL2=2 NODES=8 
7 EL1=6 EL2=1 NODES=8 
8 EL1=6 EL2=1 NODES=8 

10 ELi=4 EL2=2 NODES=8 
11 EL1=4 EL2=1 NODES=8 
12 EL1=4 EL2=1 NODES=8 

MATERIAL=2 
NODES=3 
NODES=3 
NODES=3 
NODES=3 
NODES=3

FIXBOUNDARIES 2 INPUT=LINES 
FIXBOUNDARIES 3 INPUT=NODES 
LOADS CONCENTRATED 

5 3 -0.5 
*r

SET 
MESH 
MESH 
MESH 
MESH

/ /
9 10 
2

/ 10 11 11 12

NSYMBOLS=MYNODES NNUMBERS=MYNODES VIEW=X HEIGHT=0.25 
VECTOR=LOAD SUBFRAME=12 
BCODE=ALL 
ENUMBERS=EGI SUBFRAME=12 
EG2 ENUMBERS=YES

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B19 REINFORCED CONCRETE BEAM, PLANE STRESS 

DATABASE CREATE 
WRITE FILENAME='bi9a.lis'

SET 
MESH 
MESH

VIEW=X DIAGRAM=GRID 
VECTOR=LOAD CONTOUR=CONCRETE SUBFRAME=12 
VECTOR=CRACK-NORMALS

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
NHISTORY NODE=-0 DIRECTION=3 SYMBOL=i XVARIABLE= 
EXYPLOT ELEMENT=40 POINT=4 XKIND=EYY YKIND=SYY 

EXYPLOT ELEMENT=28 POINT=3 XKIND=EYY YKIND=SYY 
EGROUP 2 
EXYPLOT ELEMENT=7 POINT=i XKIND-ERR YKIND=SRR 
.  

EPLINE BAR 
1 1 2 TO 10 1 2 
MESH PLINE=BAR SUBFRAME=13 
ELINE BAR KIND=SRR 
ELINE BAR KIND=ERR 
.  

EGROUP 1 
EPLINE SECTION 
28 6 5 4 STEP 4 TO 40 6 5 4 
MESH PLINE=SECTION SUBFRAME=13 
ELINE SECTION KIND=SYY 
ELINE SECTION KIND-EYY 

EPLINE ABOVE 
18 1 4 7 STEP -1 TO 13 1 4 7 
36 1 4 7 STEP -1 TO 33 1 4 7 
MESH PLINE=ABOVE SUBFRAME=13 
ELINE ABOVE KIND=SYY 
ELINE ABOVE KIND=EYY 
MESH PLINE=ABOVE SUBFRAME=13 
ELINE ABOVE KIND=SYZ 
ELINE ABOVE KIND=EYZ

EGROUP 
EGROUP 

ELIST 
ELIST 
ELIST 
END

1 / ZONE NAME=CONCRETE INPUT=ELEMENTS 
2 / ZONE NAME=STEEL INPUT-ELEMENTS / 

ZONENAME=CONCRETE SELECT-CONCRETE 
ZONENAME-CONCRETE SELECT=BASICS 
ZONENAME=STEEL

1 OUTPUT=ALL 

SUBFRAME=12

/ 
1

28 33 
TO 10
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EXAMPLE B20 

CONCRETE MATERIAL CURVES IN COMPRESSION 

Objective 

To verify the uniaxial and biaxial compression characteristics of the SOLVIA concrete material 
model.  

Physical Problem 

In a classical paper by Kupfer et al. [1], concrete specimens of dimension 20 x 20 x 5 cm were sub
jected to stress combinations in the regions of biaxial compression, compression-tension and biaxial 
tension. In this example the SOLVIA concrete material model is compared with the test results of 
Kupfer et al. in the biaxial compression and compression-tension regions including uniaxial 
compression.  

Finite Element Model 

One 4 node PLANE STRESS2 element is used for the uniaxial case and one 8 node SOLID element is 
used in the other analyses. The biaxial loading is applied as element pressure in the global Y- and Z
directions. The X-direction is stress-free.  

Kupfer et al. analyzed three types of concrete with an unconfined uniaxial compressive strength of 
190, 315 and 590 kp/cm 2 .  

The material data used in this example is based on the experimental results for the concrete with the 
compressive strength 315 kp/cm 2 . All material parameters are shown on the pages with input data 
and include:

a, -315 kp/cm 2 

g0 =-0.0021 

ý= -280 kp/cm 2 

Eu= -0.0031 

E= 325000 kpicm 2 

v =0.2 

d, = 28.35 kp/cm2

uniaxial compressive strength 

adjusted uniaxial strain value corresponding to the compressive strength 

ultimate compressive stress 

corresponding ultimate strain 

Young's modulus 

Poisson's ratio 

uniaxial tensile strength (- 0.09 - )

The parameters of the failure surface in compression when cy, = 0 are: 

SP31I=I.0 yzz / when (5v =-0 

SP312=t.24 (7, / a, when a7yy = 0.5(cizz 

SP313=1.15 o, /a, when Cyy = Uzz 

The experimental failure envelope and the failure envelope used in SOLVIA are shown below 
together with the four stress load paths used in the calculations.
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Kupfer et al [1] • , 

SOLVIA •Tensile failure 
envelope 

Compression 
failure 

envelope 

The Automatic-Iteration method is used to trace the pre- and post-crushing behaviour of the concrete 
model. Force tolerance is used in the equilibrium iterations with RNORM = 1 and RTOL = 0.001.  

The finite element model is shown in the top left figure on pages B20.4 to B20.7 for the analysis 
cases.  

Solution Results 

The first analysis is the uniaxial case with loading only in the Z-direction and the input data used is 
shown on pages B20.8 and B20.9 . A plane stress finite element model, see top left figure on page 
B20.4, was employed but the 3D model with a SOLID element would yield the same results. The 
stress response in the load direction as a function of the strain in the same direction and the strain in 

the transverse direction are shown in the top right figure on page B20.4. The symbols show the corre
sponding experimental results from [1].  

The stress in the load direction is also shown as a function of the volumetric strain e, + eyy + e= 

(left bottom figure). The agreement with the experimental results of [11 shown as symbols is good 
up to 80-90 % of the concrete compressive strength. At this load level microcracks start to form in 
the experiment which is accompanied with a significant increase of the volumetric strain.  

The strain in the load direction as a function of the volumetric strain is shown in the right bottom 
figure of page B20.4 together with the corresponding experimental values. A constant Poisson's value 
gives a linear relationship as obtained in the analysis. In the experiment the relationship is linear up to 

the load level 80-90% of the compressive strength where microcracks start to develop.  

In the analysis case B20A equal biaxial compressive loading is used, see the input data on pages 
B20. 10 and B20. 11 and the figures on page B20.5. The top right figure shows a7, as a function of the 

strain e, and e The X-direction has no applied pressure. The strain response in the Y-direction is 

equal to the strain response in the Z-direction, as it should, see the left bottom figure. The volumetric 
strain response is shown in the right bottom figure. In all three figures the corresponding experimental
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results are shown as symbols and the response earlier calculated in the uniaxial case is also shown for 
comparison. Good agreement with the experimental values can be seen up to 80-90% of the com
pressive strength. Higher load levels result again in a significant increase in the experimental volu
metric strain which cannot be reproduced since Poisson's ratio is constant in the analysis.  

In the analysis case B20B the compressive loading in the Y-direction is 0.52 times the loading in the 
Z-direction, see the input data on pages B20.12 and B20.13 and the response figures on page B20.6.  
The strain responses e,, and e,, are shown in the top right figure and e and e in the left bottom 

figure together with the corresponding experimental results plotted as symbols. The volumetric strain 
response is shown in the right bottom figure. The corresponding uniaxial strain responses as earlier 
calculated are shown in the three figures for comparison. Good agreement between the calculated and 
the experimental values can again be seen up to the load level of 80-90% of the compressive strength.  

In the analysis case B20C the Y-direction load is -0.103 times the compressive loading in the Z-direc
tion. The Y-direction load is then in tension. The input data is shown on pages B20.14 and B20.15 
and the response figures on page B20.7. The experimental results are marked as symbols in the fig
ures and the uniaxial curves have been included for comparison. The calculations stopped when the 
failure surface was reached at cyy = 17.1 kp / cm 2 and , = -166.3 kp / cm 2 . Failure was reached in 

the experiment when , = -194 kp / cm2.  

Reference 

[1] Kupfer, H., Hilsdorf, H.K. and Rusch, H., "Behaviour of Concrete Under Biaxial Stress", Title 
No. 66-52, ACI Journal, Aug. 1969.
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SOLVIA-PRE input 

HEADING 'B20 CONCRETE MATERIAL CURVES IN COMPRESSION, UNIAXIAL' 
* 

DATABASE CREATE 
MASTER IDOF=I00111 NSTEP=200 DT=1.  
AUTOMATIC-ITERATION NODE=1 DIRECTION=3 DISPLACEMENT:-6.E-4, 

DISPMAX=0.062 CONTINUATION=YES ALFA=0.2 

TOLERANCES TYPE=F RNORM=1 RTOL=0.001 
PRINTOUT MIN 
, 

COORDINATES / ENTRIES NODE Y Z 
1 20. 20. / 2 0. 20. / 3 / 4 20.  

MATERIAL 1 CONCRETE EQ=325000 NU=0.2 SIGMAT=28.35, 
SIGMAC=-315 EPSC=-0.0021 SIGMAU--280 EPSU=-0.0031, 
BETA=0.5 KAPPA=l5. STIFAC=0.0001 SHEFAC=0.5, 
SP311=I.0 SP312=1.24 SP313=d.15 

EGROUP 1 PLANE STRESS2 
ENODES 

1 1234 
EDATA / 1 5.  
LOADS ELEMENT / 1S 1. 1.  

FIXBOUNDARIES 2 / 2 3 
FIXBOUNDARIES 3 / 3 4 
* 

SET PLOTORIENTATION=PORTRAIT NSYMBOLS=YES BCODE=ALL 
MESH NNUMBERS-YES VECTOR=LOAD EAXES=RST 
* 

SOLVIA 
E 

END
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ONE 

CqO=SWVý12anS T-=qOgW-TS E-=SIXVX V EAýMDýIZSn lolid 
t=SIXV7, E=SIXVX NIVHIS=SNVNINVlqnS9H.T, 

'TdýHWVNINIOd2ý HWnqOA=2KVNINViqns2EX Td=HKVNINIOdX l0qd2ýXE 

C'IO=RWVE3anS T-='IOEK,7,S E-SIXV)ý E-=SIXVX Z RAHnou2sn ioid 

==indino Z=SIXV2ý E=SIXVX SSHýlIS=HWVNINVIqDS2H.7ý 

'Td=ENVNINIOd2ý 9WnqOA=EWVNINVIqDS2HX Td=ZW-VNINIOdX IO'Id2ýXU 

,Z2,=9NI'dIS MIVHIS=HWVN IN'VlqnSaU 

,ZS,=DNIý11S SSEHIS=HWVN iNviqnsaE 

,Z2 + )ýH + XH,=9NIHIS ENflqOA=HNVN INVIqDSHH 

ZZS=GNIN HNVId=Hd.2ý1 ZS=EKVN Sq9VIEVAS 

7ZE=GNIN aNVId=SdTýI ZE=SNVN Hq9VIdVAS 
HaEVDIVAE 

ý7,E=GNIM SNVId=Hd-U TE=HNVN 
XXZ=GNIM HNVqd=Hd,'U Xa=HNVN 2q9Vl'dVAE 

T=INIOd T=INZWE7R Td=ENVN INIOdE 

C'IO=HWVUZ9nS Z-qO9K7,S Z-=SIXV)ý T-=SIXVX Z SAEnDHHsn ioqd 
C'IO=RKVH2EnS T-qOEK.?ýS Z-SIXV,7ý T-=SIXVX T 2A'dnDHHSn 10qd 

Cqo=aens qIv=lndIno 
Z-SIXV,ý T-=SIXVX ZZS=CNIM,7ý T,2ýS=CINIýIX T=JNIOd T=IS JO'Id,'kXE 

qqv=indino Z=SIXV)ý T=SIXVX ZZS=CNIN.7, ZZZýCININX T=INIOd T=qH 10'Id2= 

,ZZ-NTV'dISý=qR9V'I O=XVNA ýý00*0-=NIWA V SIXV 

,NIVEIS 3iu=inqOA,=qE9Vq O=XV14A Z'00*0-=NIWA E SIXV 

,ZZ-SSs,6ISý=qz9vI O=XVWA '00ýV-NIWA Z SIXV 

,2,7ý-NIVHIS GNV ZZ-NIVý11S,==Vq EOO'O=XVNA VOO*O-=NIWA T SIXV 

IVG*2AOX20Z9 GVH8 ON=I'dOS V RAdn3EESn 

IVC*SAOXZOZ9 GVEE ON=I-dOS E aAHn3'dRSn 

IVG*ESOXEOZ9 TiHE ON=I'dOS ý HA6nDERSn 

IVC*T2OXEOZE CIVHE ON=IEOS T HAHflDEZsn 

OOOOT=E9Vd'dEdSHNI'I ON=HDVdMHN IRS 

GIU9=KV'd9'VICf IIVýlIHOd=NOIIVINZIEOIOq6 IRS 

,STT*oZq,=RWVNSqI3 HIIHM 
ElvzýID ESVEVIVO 

'IVIXVINn 'NOISSE'ddNOD NI SEA= aVIdEIVK ZlEdDNOD OZ2 

)ndui JSOd-VIA'IOS
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SOLVIA-PRE input 

HEADING 'B20A CONCRETE MATERIAL CURVES IN COMPRESSION, SZZ=SYYI 

DATABASE CREATE 
MASTER IDOF=000111 NSTEP=100 DT=1.  
AUTOMATIC-ITERATION NODE=1 DIRECTION=3 DISPLACEMENTS=-5.E-4, 

DISPMAX=0.072 CONTINUATION=YES ALFA=0.8 
TOLERANCES TYPE=F RNORM=1 RTOL=0.001 

COORDINATES 
1 0 10 20 / 2 0 0 20 / 3 5 0 20 / 4 5 10 20 
5 0 10 0 / 6 0 0 0 / 7 5 0 0 / 8 5 10 0 

MATERIAL 1 CONCRETE EO=325000 NU=0.2 SIGMAT=28.35, 
SIGMAC=-315 EPSC=-0.0021 SIGMAU=-280 EPSU=-0.0031, 
BETA=0.5 KAPPA=IS. STIFAC=0.0001 SHEFAC=0.5, 
SP311=1.0 SP312=1.24 SP313=1.15 

EGROUP 1 SOLID 
ENODES 

1 12345678 
LOADS ELEMENT 

1 R11 
1 Ti1 

FIXBOUNDARIES 1 / 1 2 5 6 
FIXBOUNDARIES 2 / 2 3 6 7 
FIXBOUNDARIES 3 / 5 6 7 8 

VIEW ID=1 XVIEW=1 YVIEW=1 ZVIEW=0.5 
SET VIEW=i PLOTORIENTATION=PORTRAIT NSYMBOLS=YES BCODE=ALL 
MESH NNUMBERS=YES VECTOR=LOAD EAXES=RST 

SOLVIA 
END
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CINE 

S-=qOgN-TS C'IO=HKVEZ9nS E-SIXV,ý V-=SIXVX L EAdnDEasn ioad 
C'IO=HWVHdEnS E-SIXV-Tý V-=SIXVX E RAHnD'daSn 107d 

IXHN=HNVEJEfIS E=SIXV2ý VýSIXVX S SHE IS=EKVNINVI'IfISSa,ý 

'Td=HNVNINIOdlý SWnqOA=HWVNINVlqflSEEX Td=9NVNINIOdX LO'Ici.7,Xd 

ýZS,=DNIEIS SSHHIS=EWVN INVYInSHE 

jZS + -?ýH + Xgý=SNIEIS HWn'IOA=HWVN INviqnsHE 
ZZS=GNI'N G=S=Ea2ý1 ZS=HWVN HqEVIEVAH 

ZZE=CININ CI'IOS=Hd7,1 ZH=SWVN HISVIEVAE 

2ý7,2ýCINI-A CI'IOS=Sd-Tl 2ýZ=HWVN RqEVIEVAR 

XX2=CINIýq Gl'IOS=ZdTýl XE=HT4VN HqEVIEVAE 

T=INIOd T=lNaNHqH Td=HWVN INIOdS 

S-7109WIS GqO=HWVEa9nS ý-=SIXV2ý Z-=SIXVX V HAdnD'dHSD 10'Id 

E-'IOEW2ýS aio=awvHaans E-=SIXVk T-=SIXVX V EA==n 10'Id 

CI'10=HKVEa9nS E-SIXV7, E-=SIXVX Z HAdnDEESn 10'Id 

cno=aKvHjans E-sixv,ý z-=sixvx T HAEnDEESn 10'Id 
cqo=EwvH29nS 

E-SIXV-Tý Z-=SIXVX ZZS=CININ)i -Tý2ýHýCNINX T=INIOd T=IR l0ad-T= 

E=SIXV2ý Z=SIXVX ZZS=CININ2ý ZZE=CNINX T=INIOd T=IS l0ad2= 

(I'IO=HWVE2qnS E-SIXV,'ý T-SIXVX 9 HAEnDEESn 10'Id 
E-='I09N,ýS ClqO=HWVE39nS E-SIXVAý T-=SIXVX V HA'dnDEESn 10'Id 

cio=aHvE2ans E-SIXV,ý T-=SIXVX Z HA=EHSn 10'Id 

CFIOýRKVýlZgnS E-SIXVIý T-=SIXVX T HAEnDERSn 10'Id 
cio=2wvE2ans 

E-SIXV-2ý T-=SIXVX ZZS=CNIN.7, XXRýGNINX T=INIOd T=IR l0qd2= 

C=SIXVT, T=SIXVX ZZS=CNIX2ý ZZH=(INIHX T=INIOd T=IH 10qdTXZ 

IVG'OATXZOE9 ClV2H ON=IEOS 2AHn3HHSn 
IVC'ESTXEOF9 CVRE ON=IEOS 9 ZAUnDEZsn 

IVG'TSTX2OEE GVEE ON=lEOS t EAHnDERSn 

IVG*OAINnOE9 CVHE ON=IEOS E HAdnDEHsn 

IVG*TSINnN:9 CVSE ONýI`HOS E HAEnD'd9Sn 

IVQ'EHINnoEE CVHE ON=lEOS T SAEnDEEsn 

,NIVEIS Di=wnqOA,=IHEV'l O=XVNA 900'0-=NINA V SIXV 

ýZZ-SSEHIS,=qR9vl O=XVNA OOV-=NINA E SIXV 

,Jýý-NIVEIS CINV ZZ-NIVEIS,='I29V'l ZOO*O=XVNA VOO*O-=NINA Z SIXV 

,XX-NIVEIS GNV ZZ-NIVEIS,=qSEVI ZOO*O=XVNA tOO*O-=NINA T SIXV 

EIVEED 2svgvlvc 

IIVE1HOdýNOIIVINHI'dOIO'ld GIE9=WVE9VICI IHS 

7-ýS=ZZS 'NOISSZEdWOD NI SEAdnD 'IVIEHIVN HlaEDNOD VOE9 
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SOLVIA-PRE input 

HEADING 'B20B CONCRETE MATERIAL CURVES IN COMPRESSION, 
0.52*SZZ=SYY' 

DATABASE CREATE 
MASTER IDOF=000111 NSTEP=I00 DT=I.  
AUTOMATIC-ITERATION NODE=i DIRECTION=3 DISPLACEMENTS=-5.E-4, 

DISPMAX=0.072 CONTINUATION=YES ALFA=0.8 
TOLERANCES TYPE=F RNORM=1 RTOL=0.001 

COORDINATES 
1 0 10 20 / 2 0 0 20 / 3 5 0 20 / 4 5 10 20 
5 0 10 0 / 6 0 0 0 / 7 5 0 0 / 8 5 10 0 

MATERIAL 1 CONCRETE E0=325000 NU-0.2 SIGMAT=28.35, 
SIGMAC=-315 EPSC=-0.0021 SIGMAU=-280 EPSU=-0.0031, 
BETA=0.5 KAPPA=-5. STIFAC=0.0001 SHEFAC=0.5, 
SP311=I.0 SP312=1.24 SP313=1.15 

EGROUP 1 SOLID 
ENODES 

1 12345678 
LOADS ELEMENT 

1 R 0.52 0.52 
1 T 1 1 

FIXBOUNDARIES 1 / 1 2 5 6 
FIXBOUNDARIES 2 / 2 3 6 7 
FIXBOUNDARIES 3 / 5 6 7 8 

VIEW ID=i XVIEW=i YVIEW=1 ZVIEW=0.5 
SET VIEW=i PLOTORIENTATION=PORTRAIT NSYMBOLS=YES BCODE=ALL 
MESH NNUMBERS=YES VECTOR=LOAD EAXES=RST 

SOLVIA 
END
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S-='1091UýS G'10=SWVd39nS E-SIXV)ý V-=SIXVX L 2AEnDEaSn 
GqO=HKVHd9nS E-SIXV2ý V-=SIXVX E 2AdnMIRSn 

IXHN=awvEasns z=sixv,,ý P=sixvx sss8is=awvNiNviinssýi-K 
'T6=ZWVNINIOd-ý HWn'IOA=SWVNINVlqnSSHX Td=HNVNINIOdX I

UOISJOA

ONE

10'Id 
JO'Id 

O'ld)ýXE

,ZSý=DNIUIS SSS'dlS=HWVN INVI'InSHýf 
,ZH + T,2 + X2,=DNIEIS ENn'IOA=SNVN INVianszH 

ZZS=GNIA =OS=Rd2il ZS=ENVN H'ISVIýIVAE 
ZZZ=GNIN CIqOS=Ed.Tl ZZ=HWVN Eq9VIUVAH 
.RI2=GNIX GIqOS=Hd.7,1 )ýZ=SHVN =VDIVAH 
XXR=CNIN CIqOS=Sd.7,1 XE=ENVN Hag"VDIVAS 

T=INIOd T=INEW2IZ Td=EKVN INIOdS 

V-='109W.7,S GqO=HKVýIJ9nS E-SIXV2ý Z-=SIXVX S EA'dnDýIgSn 10ad 
E-='109WIS CI'IO=HWVýla9nS E-=SIXVX Z-=SIXVX V EAdn3EaSn 10'Id 

C'IO=ZWV'd29nS E-SIXV7, Z-=SIXVX Z 2AEn3EHSn 10'Id 
C'IO=HKV'dd9nS E-SIXVX Z-=SIXVX T RAdnDESSn 10qd 

(IqO=JgnS E-SIXVX Z-=SIXVX ZZSýCINI)12ý -T,-TS=GNINX T=INIOd T=IIS l0qdXXR 
E=SIXV2ý Z=SIXVX ZZS=GNIAX ZZH=GNINX T=INIOd T=IS 107d.TXR 

V-'IO9N.RS C'IO=ZKVEdanS E-SIXV,ý T-=SIXVX 9 HAEnDuasn ioad 
F-=qO9NXS CqO=EKVE29nS E-SIXVX T-=SIXVX V HAEnouasn ioqd 

GqO=HKVUZ9nS E-SIXV2ý T-=SIXVX Z HAEn3uzsn ima 
C'IO=HKVHZ9nS E-SIXVX T-=SIXVX T 2A=UESO 10qd 

CqO=,HffnS E-=SIXVl T-SIXVX ZZS=GNINX XXZ=CNINX T=INIOd T='12 10'Id7,XH 
E=SIXVK T=SIXVX ZZS=CINIH2ý ZZE=GNDIX T=INIOd T=72 10'Id7,XE

IVG*OASXHOZE 
IVC'EHSXsOZ9 
IVC'E2SXsOZ9 

IVC'T2SXHOZ9 
IVCI'OAINnOE9 

IVG'THINnOES 
IVG'EEINnOES

clvsýl 
Cvaýl 
OVE'd 
CIVE'd 
civzýl 
CVEU 
CIVEE

ON=lWS 
ON=IEOS 
ON=I'dOS 
ON=IEOS 
ON=IEOS 
ON=IUOS 
ONýIEOS

L 
9 

T

HA'dnDH2Sn 
aA'dnDHHSn 
2AEnDH2sn 
RAEnD8ESn 
RAEnodEsn 
HAýMDESsn 
HA==n

,NIV"dlS DiHiaNniOA,=q99Vq 
,ZZ-SS2EIS,='12avq 

,ýý-NIVEIS GNV ZZ-NIVýIIS,=I29V'I 
jXX-NIV'dlS GNV ZZ-NIVUIS,='IE9V'I

0 = XVWA 
O=XVWA 

ZOO*O=XVWA 
ZOO'O=XVWA

900'0-=NINA 
OOV-NINA 

tOO'O-=NIWA 
tOO'O-=NIWA

sixv 
sixv 
sixv 
sixv

IIVEIEOd=NOIIVINHIE0107d =I9=WVHDVICI IHS 
ZJIV2ýTD 2svgvlvc 

'NOIS.S21ddWOD NI SEA= 'IVIHEJVN EIEdDNOD 20EE 

Indui JLSOd-VIA'IOS

sQjdwvxEj.ivQuijuoN
junwW, uo"L'O!J!-'ýýA VIA-IOS;



SOLVIA Verification Manual

SOLVIA-PRE input 

HEADING 'B20C CONCRETE MATERIAL CURVES, COMPRESSION-TENSION, 
-0.103*SZZ=SyY' 

DATABASE CREATE 
MASTER IDOF=000111 NSTEP=100 DT=1.  
AUTOMATIC-ITERATION NODE=i DIRECTION=3 DISPLACEMENTS=-5.E-4, 

DISPMAX=0.072 CONTINUATION=YES ALFA=0.8 
TOLERANCES TYPE=F RNORM=1 RTOL=0.0001 

COORDINATES 
1 0 10 20 / 2 0 0 20 / 3 5 0 20 / 4 5 10 20 
5 0 10 0 / 6 0 0 0 / 7 5 0 0 / 8 5 10 0 

MATERIAL 1 CONCRETE EO=325000 NU=0.2 SIGMAT=28.35, 
SIGMAC=-315 EPSC=-0.0021 SIGMAU=-280 EPSU=-0.0031, 
BETA=0.5 KAPPA=15. STIFAC:0.0001 SHEFAC=0.5, 
SP311=1.0 SP312=1.24 SP313=1.15 

EGROUP 1 SOLID 
ENODES 

1 12345678 
LOADS ELEMENT 

1 R -0.103 -0.103 -0.103 -0.103 
1 T 1. 1. 1. 1.  

FIXBOUNDARIES 1 / 1 2 5 6 
FIXBOUNDARIES 2 / 2 3 6 7 
FIXBOUNDARIES 3 / 5 6 7 8 

VIEW ID=i XVIEW=1 YVIEW=1 ZVIEW=0.5 
SET PLOTORIENTATION=PORTRAIT VIEW=i NSYMBOLS=YES BCODE=ALL 
MESH NNUMBERS=YES VECTOR=LOAD EAXES=RST 

SOLVIA 
END
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EXAMPLE B21 

LARGE DEFLECTION ANALYSIS OF A SHALLOW ARCH 

Objective 

To verify the large displacement behaviour of the ISOBEAM beam element and demonstrate the 
restart option in static analysis.  

Physical Problem 

A shallow arch subjected to a concentrated apex load, as shown in the figure below, is considered.  

R = 133.144 in 

h = 0.1875 in 

b = 1.00 in (width) 
= 7.33970 

E = 107 psi Rtw 
v=0.2 

Finite Element Model 

The finite element model is shown in the figure on page B21.2. Using symmetry conditions, four 
cubic ISOBEAM elements are used to model one half of the structure. The apex load is applied in 
seventeen equal load steps and the restart option is employed after the first eight steps. Stiffness 
reformations and BFGS equilibrium iterations are employed for each load step.  

Solution Results 

The input data on page B21.4 is used for the first eight load steps and the input data on page B21.5 is 
used in the restart finite element analysis.  

The predicted apex displacement in the analysis is in good agreement with results reported in [ 1].  

The top figure on page B21.3 shows the deformed mesh at load step 8 and load step 17. The left 
bottom figure on page B21.3 shows the mid-span deflection history and the reaction moment history 
at the build-in end.  

The right bottom figure shows the history of the element axial stress closest to the mid-span and the 
history of the element shear stress closest to the built-in end.  

User Hints 

" Note that few changes are required in the input data for a restart solution and that the SOLVIA 
restart file, SOLVIA08.DAT, is always saved after an analysis, and available for a restart analysis.  

" Results at all time steps are available in the SOLVIA-POST database since DATABASE 
RESTART causes the restart results to be added to the SOLVIA-POST database with results from 
the first run.
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Reference 

[1] Bathe, K.J., and Bolourchi, S., Large Displacement Analysis of Three-Dimensional Beam 

Structures", Int. J. Num. Meth. Eng.. Vol. 14, 1979, pp. 961-986.
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SOLVIA-PRE input 

HEADING 'B21 LARGE DEFLECTION ANALYSIS OF A SHALLOW ARCH' 

* First analysis 

DATABASE CREATE 
MASTER IDOF=i00011 MODEX=EXECUTE NSTEP=8 TSTART=0 
KINEMATICS DISPLACEMENT=LARGE 
ITERATION METHOD=BFGS 
TOLERANCES ETOL=1.E-6 

TIMEFUNCTION 1 
0. 0. / 20. 20.  

SYSTEM I CYLINDRICAL 
COORDINATES / ENTRIES NODE R THETA 

1 133.114 90. / 2 133.114 82.6603 
3 130. 90.  

MATERIAL 1 ELASTIC E=1.E7 NU=0.2 

EGROUP 1 ISOBEAM 
SECTION 1 SDIM=0.1875 TDIM=1.  
GLINE Ni=I N2=2 AUX=3 EL=4 NODES=4 SYSTEM=1 

FIXBOUNDARIES 24 1 
FIXBOUNDARIES 234 / 3 

LOADS CONCENTRATED 
1 3 -1.  

.  

SET VIEW=X NSYMBOLS=MYNODES SMOOTHNESS=YES 
MESH NNUMBERS=MYNODES VECTOR=LOAD SUBFRAME=12 
MESH EAXES=RST BCODE=ALL 

SOLVIA 
END 

SOLVIA-POST input 

* B21 LARGE DEFLECTION ANALYSIS OF A SHALLOW ARCH 

* First analysis 

DATABASE CREATE 
END
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SOLVIA-PRE input

HEADING 'B21A LARGE 

* Restart analysis 

DATABASE OPEN 
MASTER MODEX=RESTART 

SOLVIA 
END 

SOLVIA-POST input

DEFLECTION ANALYSIS OF A SHALLOW ARCH'

NSTEP=9 TSTART=8

* B21A LARGE DEFLECTION ANALYSIS OF A SHALLOW ARCH 

* Restart analysis 

DATABASE RESTART 
WRITE FILENAME-'b2la.lis' 

SET NSYMBOLS=MYNODES VIEW=X SMOOTHNESS=YES 
SUBFRAME 12 
MESH VECTOR=LOAD ORIGINAL=YES TIME=8 
MESH VECTOR-REACTION ORIGINAL=YES 

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
NHISTORY NODE=- DIRECTION=3 OUTPUT=ALL SYMBOL=l 
NHISTORY NODE=2 DIRECTION=4 KIND=REACTION OUTPUT=ALL SYMBOL=2

SUBFRAME 
EHISTORY 
EHISTORY 

SUMMATION 
SUMMATION 

END

12 
ELEMENT=l POINT=l1l KIND=SRR 
ELEMENT=4 POINT=341 KIND=SRS 

KIND=REACTION 
KIND=LOAD

Version 99.0
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EXAMPLE B22 

EIGHT-STORY BUILDING SUBJECTED TO IMPACT LOAD 

Objective 

To demonstrate the capability of performing nonlinear dynamic analysis using the substructure option.  

Physical Problem 

The eight-story building shown in figure below is analyzed for its dynamic response when subjected 
at the top to a triangular impact load of 30 kips-sec over 0.2 sec.  

p 

A 200 BEAM ELEMENT BEAM ELEMENTS 

A A B 

SUBSTRUC
TURE 

BEAM 
ELEMENT 

96'

SUBSTRUC
TURE

15I 15'

Substructure Model

Beam elements: 

Elastic trusses: 

Elastic-plastic trusses:

ELASTIC
,PLASTIC 

TRUSSES 

ELASTIC 
""TRUSSES 

Main Structure Model 

E = 1.09-10 9 psf v = 0.2 1=4 

A = 1.00 ft2  p = 5.15 slugs/ft3 

E = 1.00.1010 psf p = 0. slugft3  A = I 

E = 1.00.I10" psf cry = 6000 psf ET= 

A= 10 ft2 L=10ft P 0
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Finite Element Model 

The finite element model is shown on page B22.3. The building is modeled with BEAM elements in 
the master structure and the substructures. The foundation is modeled with elastic TRUSS elements in 
the vertical direction and with elastic-plastic TRUSS elements in the horizontal direction. The dy
namic response is evaluated using the trapezoidal rule (the Newmark method with u.= 0.25 and 
6 = 0.50) with a time step At = 0.02 sec. A lumped mass matrix is used in the analysis. Full Newton 
equilibrium iterations are employed in every solution time step.  

Solution Results 

The input data on pages B22.5 and B22.6 is used in the finite element analysis. The bottom figure on 
page B22.4 shows the time history of the horizontal displacement and acceleration at points D and B, 
see figure on page B22. 1, as displayed by SOLVIA-POST. The deformed finite element model at 
time t = 0.4 sec is shown in the top figure on page B22.4.  

A reference solution is obtained by modeling the building as a main structure only, see figures on 
page B22.7 and input data on pages B22.8 and B22.9. The results of the reference solution are shown 
on page B22.7 and complete agreement with the substructure results can be observed.  

User Hints 

* Note that in nonlinear dynamic analysis the convergence tolerance in the equilibrium iterations 
must be sufficiently tight so that the accumulation of errors in the solution is small (compare 
Example B2).
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SOLVIA-PRE input 

HEADING 'B22 EIGHT-STORY BUILDING SUBJECTED TO IMPACT LOAD' 

DATABASE CREATE 
MASTER IDOF=001110 NSTEP=20 DT=0.020 
ANALYSIS TYPE=DYNAMIC MASSMATRIX=LUMPED METHOD=NEWMARK 
ITERATION METHOD=FULL-NEWTON LINE-SEARCH=YES 
TOLERANCES ETOL=1.E-6 
TIMEFUNCTION 1 / 0. 0. / 0.1 3.E5 / 0.2 0. / 1. 0.  

COORDINATES 
1 0 -10 / 2 15 -10 / 3 -10 0 / 4 0 0 / 5 15 
6 25 0 / 7 0 48 / 8 15 48 / 9 0 96 / 10 15 96 

MATERIAL 1 ELASTIC E=1.E10 NU=0.  
MATERIAL 2 ELASTIC E=1.09E9 NU=0.2 DENSITY=5.15 
MATERIAL 3 PLASTIC ISOTROPIC E=1.E10 YIELD=6000. ET=0.  

EGROUP 1 TRUSS MATERIAL=I 
ENODES / 1 1 4 / 2 2 5 
EDATA / 1 10.  

EGROUP 2 TRUSS MATERIAL=3 
ENODES / 1 3 4 / 2 5 6 
EDATA / 1 10.  

EGROUP 3 BEAM MATERIAL=2 RESULTS=FORCES 
SECTION 1 GENERAL RINERTIA=1 SINERTIA=1 TINERTIA=1.333333 AREA=1 
ENODES / 1 1 7 8 / 2 1 9 10 
FIXBOUNDARIES / 1 2 3 6 
LOADS CONCENTRATED / 9 1 0.342020 / 9 2 -0.939693 

SUBSTRUCTURE 1 
COORDINATES 
1 0 12 / 2 15 12 / 3 0 24 / 4 15 24 / 5 0 36 
6 15 36 / 7 0 0 / 8 15 0 / 9 0 48 / 10 15 48 

EGROUP 1 BEAM MATERIAL=2 RESULTS=FORCES 
SECTION 1 GENERAL RINERTIA=1 SINERTIA=1 TINERTIA=1.333333 AREA=i 
ENODES /1 8 7 1 /2 8 1 3 /3 8 3 5 /4 8 5 9 /5 7 8 2 
6 7 2 4 /7 7 4 6 /8 7 6 10/ 9 8 1 2 /10 8 3 4 /11 8 5 6 

REUSE 1 LREUSE=O 4 5 7 8 
REUSE 2 LREUSE=0 7 8 9 10 

SET VIEW=Z NSYMBOLS=YES 
MESH SUBFRAME=21 
SET ENUMBERS=YES NNUMBERS=YES GSCALE=OLD 
MESH ZONENAME=MAIN 
SUBSTRUCTURE 1 
MESH ZONENAME:REUSEI SUBFRAME=21 
MESH ZONENAME=REUSE2 

SOLVIA 
END
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SOLVIA-POST input

* B22 EIGHT-STORY BUILDING SUBJECTED TO IMPACT LOAD 
.  

DATABASE CREATE 
WRITE FILENAME='b22.1is' 

SET VIEW=Z 
MESH ORIGINAL-DASHED SUBFRAME=21 
SUBSTRUCTURE 1 
MESH ZONENAME=REUSEl GSCALE=OLD ORIGINAL=DASHED

AXIS 1 VMIN=-200 VMAX=300 LABEL='ACCELERATION' 
AXIS 2 VMIN=-0.6 VMAX:0.6 LABEL='DISPLACEMENT' 
AXIS 3 VMIN=0 VMAX=0.4 LABEL='TIME' 
SUBSTRUCTURE 0 
NHISTORY NODE=-0 DIRECTION=i KIND=DISPLACEMENT 

SYMBOL=i OUTPUT=ALL SUBFRAME=21 
SUBSTRUCTURE 1 
REUSE 1 
NHISTORY NODE=-0 DIRECTION=i KIND=DISPLACEMENT 

SYMBOL=2 OUTPUT=ALL SUBFRAME=OLD 
SUBSTRUCTURE 0 
NHISTORY NODE=-0 DIRECTION=i KIND=ACCELERATION 

SYMBOL-i OUTPUT=ALL SUBFRAME=NEXT 
SUBSTRUCTURE 1 
REUSE 1 
NHISTORY NODE=-0 DIRECTION=I KIND=ACCELERATION

SYMBOL-2 OUTPUT=ALL SUBFRAME=OLD

YAXIS=2 XAXIS=3, 

YAXIS=-2 XAXIS=-3, 

YAXIS=I XAXIS=3, 

YAXIS=-l XAXIS=-3,

NLIST 
END
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SOLVIA-PRE input 

HEADING 'B22A EIGHT-STORY BUILDING SUBJECTED TO IMPACT LOAD, 
REF. SOLUTION' 

, 

DATABASE CREATE 
MASTER IDOF=001110 NSTEP=20 DT=0.020 
ANALYSIS TYPE=DYNAMIC MASSMATRIX=LUMPED METHOD=NEWMARK 
ITERATION METHOD=FULL-NEWTON LINE-SEARCH-YES 
TOLERANCES ETOL=i.E-6 
TIMEFUNCTION 1 / 0. 0. / 0.1 3.E5 / 0.2 0. / 1. 0.  

COORDINATES 
1 0 -10 / 2 15 -10 / 3 -10 0 / 4 0 0 / 5 15 
6 25 0 / 8 15 48 / 9 0 96 / 10 15 96 / 11 0 12 

12 15 12 

MATERIAL 1 ELASTIC E=I.E10 NU=0.  
MATERIAL 2 ELASTIC E=1.09E9 NU-0.2 DENSITY=5.15 
MATERIAL 3 PLASTIC ISOTROPIC E1=.E10 YIELD=6000. ET=0.  

EGROUP 1 TRUSS MATERIAL=i 
ENODES / 1 1 4 / 2 2 5 
EDATA / 1 10.  

EGROUP 2 TRUSS MATERIAL=3 
ENODES / 1 3 4 / 2 5 6 
EDATA / 1 10.  

EGROUP 3 BEAM MATERIAL=2 RESULTS=FORCES 
SECTION 1 GENERAL RINERTIA=1 SINERTIA=1 TINERTIA=1.333333 AREA=i 
ENODES / 1 12 4 ii / 2 4 ii 12 / 3 11 12 5 
FIXBOUNDARIES / 1 2 3 6 
LOADS CONCENTRATED / 9 1 0.342020 / 9 2 -0.939693 

TRANSLATE EG3 Y=12 COPIES=7 

SOLVIA 
END
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SOLVIA-POST input 

* B22A EIGHT-STORY BUILDING SUBJECTED TO IMPACT LOAD, 
* REF. SOLUTION 

DATABASE CREATE 
WRITE FILENAME='b22a.lis' 

SET VIEW=Z 
MESH VECTOR=LOAD NNUMBERS=MYNODES NSYMBOL=MYNODES 

ORIGINAL=DASHED TIME=0.1 SUBFRAME=21 
MESH ORIGINAL=DASHED 

AXIS 1 VMIN=-200 VMAX=300 LABEL='ACCELERATION' 
AXIS 2 VMIN=-0.6 VMAX=0.6 LABEL='DISPLACEMENT' 
AXIS 3 VMIN=0 VMAX=0.4 LABEL='TIME' 
NHISTORY NODE=-0 DIRECTION=i KIND-DISPLACEMENT YAXIS=2 XAXIS=3, 

SYMBOL=i OUTPUT=ALL SUBFRAME=21 
NHISTORY NODE=8 DIRECTION=I KIND=DISPLACEMENT YAXIS=-2 XAXIS=-3, 

SYMBOL=2 OUTPUT=ALL SUBFRAME=OLD 
NHISTORY NODE=i0 DIRECTION=i KIND=ACCELERATION YAXIS=i XAXIS=3, 

SYMBOL=i OUTPUT=ALL SUBFRAME=NEXT 
NHISTORY NODE=8 DIRECTION=i KIND=ACCELERATION YAXIS=-i XAXIS=-3, 

SYMBOL=2 OUTPUT=ALL SUBFRAME=OLD 

END
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EXAMPLE B23 

ANALYSIS OF A SAND SPECIMEN UNDER COMPRESSION 

Objective 

To verify the Drucker-Prager material model when used for the PLANE AXISYMMETRIC element.  

Physical Problem 

A uniaxial strain test for McCormick Ranch Sand is considered, see figure below.  

z 

Young's modulus, E 100.0 ksi 

Poisson's ratio, v 0.25 

Yield function parameter, (x 0.05 

Yield function parameter, k 0.1 ksi 

Cap hardening parameter, W -0.066 

Cap hardening parameter, D -0.78 ksi- t 

\... \ Tension cut-off limit, T 0.01 ksi 

. .Initial cap position, '1 0.0 ksi 

D = 1.0 in 
"" H= 0.5 in 

Finite Element Model 

Four 4-node PLANE AXISYMMETRIC elements are used to model the sand specimen, see the figure 
on page B23.2. The top nodes in the model are subjected to prescribed displacements and the side 
nodes can slide in the Z-direction only. The bottom nodes are fixed.  

Solution Results 

The input data is shown on page B23.4. One hundred prescribed displacement steps are used with the 
default iteration method (BFGS) and with default tolerances.  

The calculated longitudinal stress as a function of the longitudinal strain is shown in the top figure on 
page B23.3. The calculated solution is in good agreement with the experimental data given in [1].  

The traced solution path in a Drucker-Prager yield function diagram with axes -I1 and J2 is shown 

in the bottom figure on page B23.3. I, is the first stress invariant and J-, is the second deviatoric stress 

invariant, see also page 9.27 in the SOLVIA-PRE Users Manual.  

We note that upon loading the first solution point represents yielding on the cap while the subsequent 
yielding occurs both on the cap and on the Drucker-Prager yield surface (the vertex). The cap position 
is moved from I1 = 0 to I1 = -2.26 during yielding.
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The unloading portion is first elastic but then follows yielding on the Drucker-Prager yield surface 
until the tensile limit I, = T, the tensile cut-off limit, is reached.  

User Hints 

" For the present example one 4-node element would be satisfactory, since there is no radial 
displacement variation and only a linear displacement variation in the vertical (Z) direction.  

" In SOLVIA, compressive stresses and strains are negative. Therefore, the cap parameters must 
satisfy the following conditions:

W<O D<O Ia < T>O cc>O k>O

"* When c = 0 the Drucker-Prager yield criterion is the same as the von Mises yield criterion. For 
this case the yield function parameter k is the yield stress in shear and k = ay / -3 , where ay is 

the yield stress in tension.  

"* When 'I, T, i.e. the first stress invariant (the hydrostatic tension) reaches or exceeds the tension 
cut-off limit the deviatoric stresses and the normal stresses are set to 

Sij = 0 t i j = 5 ij T / 3 , respectively.  

Reference 

[1] DiMaggio, F.L., Sandler, I.S., "Material Model for Granular Soils", J. Eng. Mech. Div. ASCE 
97 (EMS), pp. 935-949, 1971.
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SOLVIA-PRE input 

HEADING 'B23 ANALYSIS OF SAND SPECIMEN UNDER COMPRESSION' 

DATABASE CREATE 
MASTER IDOF=i00111 NSTEP=100 DT=0.2 

TIMEFUNCTION 1 
0. 0. / 10. 0.033 / 20. 0.025 

COORDINATES / ENTRIES NODE Y Z 
1 / 2 0.5 / 3 0.5 0.5 TO 5 0. 0.5 

MATERIAL 1 DRUCKER-PRAGER E=100 NU=0.25 ALFA=0.05 K=0.1, 
W=-0.066 D=-0.78 T=0.01 I1-0.0 

EGROUP 1 PLANE AXISYMMETRIC 
GSURFACE 1 2 3 5 ELi=2 EL2=2 NODES=4 

FIXBOUNDARIES 23 INPUT=LINES 1 2 
FIXBOUNDARIES 2 INPUT=LINES / 1 5 

LOADS DISPLACEMENT 
3 3 -1. TO 5 3 -1.  

MESH NSYMBOLS=MYNODES NNUMBERS=MYNODES BCODE=ALL ENUMBERS=YES 

SOLVIA 
END 

SOLVIA-POST input 

* B23 ANALYSIS OF SAND SPECIMEN UNDER COMPRESSION 
* 

DATABASE CREATE 
WRITE FILENAME='b23.1is' 

EXYPLOT ELEMENT=1 POINT=i XKIND=EZZ YKIND=SZZ SYMBOL=1 OUTPUT=ALL 
* 

EVARIABLE SIX TYPE=PLANE KIND=SXX 
EVARIABLE STY TYPE=PLANE KIND=SYY 
EVARIABLE SZZ TYPE=PLANE KIND-SZZ 
EVARIABLE SYS TYPE-PLANE KIND SYZ 

CONSTANT THREE 3.0 
CONSTANT ONE 1.0 
CONSTANT EPS i.E-16 
RESULTANT ROOT-J2 'SQRT((SXX*SXX+SYY*SYY+SZZ*SZZ 

-SXX*SYY-SYY*SZZ-SZZ*SXX+THREE*SYZ*SYZ)/THREE+EPS)' 
RESULTANT -Ii '-(SXX+SYY+SZZ)' 
EPOINT ElPI EL=i POINT=i 
RXYPLOT XPOINT=EiPi XRESULTANT=-II YPOINT=EiPi YRESULTANT=ROOT-J2, 

SYMBOL=1 OUTPUT=ALL 

END
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EXAMPLE B24 

CANTILEVER UNDER LARGE DISPLACEMENTS, SHELL 

Objective 

To verify the large displacement/rotation behaviour of the SHELL element in pure bending.  

Physical Problem 

A cantilever beam subjected to a concentrated end moment, as shown in figure below, is considered.

L

b = 1.0 in 

h = 1.0 in 

L = 12.0 in

M/2

E = 1800 lb/in 2 

V=0.0 
M = 35 lb-in

Finite Element Model 

The finite element model consists of one 8-node cubic SHELL element, as shown in figure on page 

B24.2. The load is applied in ten equal load steps in a large displacement analysis with full Newton 

iteration and line search. The iteration tolerance is ETOL = 10-6. The element stiffness matrix is 

evaluated using 4x2x2 Gauss integration.  

Solution Results 

The input data on pages B24.4 and B24.5 is used in the finite element analysis and gives the 

following results for the tip rotation p/27c and the deflection ratios u/L and w/L: 

M _ u w 

2n L L 

Theory SOLVIA Theory SOLVIA Theory SOLVIA 

7.0 0.089 0.089 0.051 0.052 0.273 0.273 

14.0 0.178 0.179 0.196 0.196 0.504 0.505 

21.0 0.267 0.269 0.408 0.408 0.660 0.667 

28.0 0.357 0.364 0.650 0.662 0.723 0.744 

35.0 0.446 0.496 0.880 0.991 0.694 0.704
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The theoretical values assuming small strains and thin shell behaviour are calculated using 

, ML 

2nt 27tEI 

u I1 - E l s in MI L 
L M EI) 

w El (ML 
L ML 1 EI- ) 

where I is the moment of inertia (bh' / 12).  

The top figure on page B24.3 shows the deformed finite element meshes at M=14 and M=35. The 
displacement ratios u/L, w/L and 4/27r as a function of the load are shown in the bottom figure on 
page B24.3.  

User Hints 

"Note that the predicted response in the finite element analysis compares well with the analytical 
solution up to approximately 90 degrees rotation of the cantilever tip, but for larger rotations the 
model is to coarse to define the geometry of the deformed cantilever accurately. As an example of 
the geometrical discretization error, the figure on page B24.4 shows the midsurface of a cubic 
shell element for which the nodes lie on a half circle ( = .  

", For rotations in excess of about 90 degrees more elements need, therefore, be employed.

B24 CANTILEVER UNDER LARGE DISPLACEMENTS. SHELL

ORIGINAL.  
TiME I

z 

X y

.S

MOMENT

;OLVTA-PR 99 2 C0LVIA ENGINE-RNGC AB
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10-0.5 0 0.5 1.0 

SOLVIA-PRE input 

HEADING 'B24 CANTILEVER UNDER LARGE DISPLACEMENTS, SHELL' 

DATABASE CREATE 
MASTER IDOF=010101 NSTEP=i0 DT=i.  
KINEMATICS DISPLACEMENT-LARGE 
ITERATION METHOD=FULL-NEWTON LINE-SEARCH=YES 
TOLERANCES ETOL=i.E-6 

TIMEFUNCTION 1 
0. 0. / 10. 35.  

COORDINATES 
1 TO 4 12. / 5 0. 1. TO 8 12. 1.  

MATERIAL 1 ELASTIC E=i800. NU=-.  

EGROUP 1 SHELL SINT=2 RESULTS=STRESSES 
ENODES 

ENTRIES EL N1 N2 N3 N4 N5 N7 N9 Nil 
1 1 4 8 5 2 7 3 6 

THICKNESS 1 1.  

FIXBOUNDARIES / 1 5 
LOADS CONCENTRATED 

4 5 -0.5 
8 5 -0.5 

MESH NSYMBOLS=YES NNUMBERS=YES VECTOR=MLOAD 

SOLVIA 
END
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SOLVIA-POST input 

* B24 CANTILEVER UNDER LARGE DISPLACEMENTS, SHELL 

DATABASE CREATE 
WRITE FILENAME:'b24.1is' 
TOLERANCES 
* 

SET SMOOTHNESS=YES HIDDEN-REMOVAL=NO 
COLOR MODE=LINE 
MESH TIME=4 ORIGINAL=DASHED 
MESH TIME=-0 GSCALE=OLD SUBFRAME-OLD TEXT=NO 

NPOINT NAME=TIP NODE=4 
NVARIABLE NAME=U DIRECTION=I KIND=DISPLACEMENT 
NVARIABLE NAME=W DIRECTION=3 KIND=DISPLACEMENT 
NVARIABLE NAME=PHI DIRECTION=5 KIND-DISPLACEMENT 
CONSTANT NAME=L VALUE=I2.  
CONSTANT NAME-TWOPI VALUE=6.2832 
RESULTANT NAME=UOVERL STRING='-U/L' 
RESULTANT NAME=WOVERL STRING='W/L' 
RESULTANT NAME=ANGLE STRING='-PHI/TWOPI' 
* 

AXIS ID-i VMIN=- VMAX=i LABEL='DISP RATIOS' 
* 

RHISTORY POINTNAME=TIP RESULTANTNAME=UOVERL XVARIABLE=i YAXIS=i, 
OUTPUT=ALL SYMBOL=i 

RHISTORY POINTNAME=TIP RESULTANTNAME=WOVERL XVARIABLE=i YAXIS=-i, 
OUTPUT=ALL SYMBOL=2 SUBFRAME=OLD 

RHISTORY POINTNAME=TIP RESULTANTNAME=ANGLE XVARIABLE=i YAXIS=-i, 
OUTPUT=ALL SYMBOL=3 SUBFRAME=OLD 

END

Version 99.0
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EXAMPLE B25 

CANTILEVER UNDER LARGE DISPLACEMENTS, PLATE 

Objective 

To verify the large displacement/rotation behaviour of the PLATE element in pure bending.

Physical Problem 

The same type of problem as in Example B24 is considered. The dimensions of the cantilever and the 
Young's modulus of the material are, however, different as can be seen in the figure below.  

z 

I -y- M12

X

L

b= 10.0in E = 12000 lbin2

h= 0.5 in 

L = 100.0 in

v=0.0 

M = 35 lb-in

Finite Element Model 

The finite element model considered is shown in the figure on page B25.2. The model consists of ten 
PLATE elements and the end moment is applied in ten equal load steps in a large displacement analysis.  
The solution is obtained using the full Newton iteration. The iteration tolerances are RTOL = 0.01, 
RNORM = 0.35 and RMNORM = 35.  

Solution Results 

The input data on pages B25.4 and B25.5 gives the following results in the finite element analysis: 

M u w 

27c L L 

Theory SOLVIA Theory SOLVIA Theory SOLVIA 

7.0 0.089 0.089 0.051 0.052 0.273 0.275 

14.0 0.178 0.178 0.196 0.197 0.504 0.507 

21.0 0.267 0.267 0.408 0.411 0.660 0.664 

28.0 0.357 0.357 0.650 0.654 0.723 0.728 

35.0 0.446 0.446 0.880 0.885 0.694 0.698

The theoretical results are calculated as in Example B24.
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The top figure on page B25.3 shows the deformed finite element meshes at M = 14 and M = 35. The 
bottom figure on page B25.3 shows the displacement ratios 4/2r. u/L and w!L as a function of the 
load as displayed by SOLVIA-POST.  

User Hints 

° Since more elements are used in this example, a better solution is obtained than in Example B24, 
where only one cubic SHELL element is employed.

B25 CANT LEVER UNDER LARGE D
T

SPLAUEMENTS, PLATE 

OR
TS:NAL - S.  

TIME I
z 

7 Yr

MOMENT 

1.75 

IAS-ER 

QVA A RN tl 
SOLVIA ENG7NEERTNIG ABrOLVIA-PRE 99.0
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32S CANTILEVER UNDER -ARGE DISPLACEMENTS 

OR ;IJNAL 1" 1.  
MAX DISPL 54 126 

TiME 4

Nonlinear Examples

PLATE

z 

X y

SOL',/IA-POST 99.0 SOLVIA ENGINEERING AB

B2S CANTILEVER UNDER LARGE DISPLACEMENTS, PLATE

-U

.+-

...1 . . ..... . .. . . . . . ..  
19 1 S 2S

VALUE DF T MEF iNCAON t

COL/IA-2CST 99. L\/IA ENG\NEERING AB
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SOLVIA-PRE input 

HEADING 'B25 CANTILEVER UNDER LARGE DISPLACEMENTS, PLATE' 

DATABASE CREATE 
MASTER IDOF=010101 NSTEP=10 DT=1 
KINEMATICS DISPLACEMENTS=LARGE 
ITERATION METHOD=FULL-NEWTON 
TOLERANCES TYPE=F RTOL=0.01 RNORM=.35 RMNORM=35 

TIMEFUNCTION 1 
0. 0. / 10. 35.  

COORDINATES 
1 TO 6 100.  
7 0. 10. TO 12 100. 10.  

MATERIAL 1 ELASTIC E=12000. NU=0.  

EGROUP 1 PLATE 
ENODES 

1 1 2 7 TO 5 5 6 11 
6 2 8 7 TO 10 6 12 11 

EDATA / 1 .5 

FIXBOUNDARIES / 1 7 
LOADS CONCENTRATED 

6 5 -0.5 
12 5 -0.5 

MESH NSYMBOLS=YES NNUMBERS=YES VECTOR=MLOAD BCODE=ALL 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B25 CANTILEVER UNDER LARGE DISPLACEMENTS, PLATE 

DATABASE CREATE 
TOLERANCES 

WRITE FILENAME='b25.1is' 

MESH ORIGINAL=DASHED TIME=4 
MESH GSCALE=OLD SUBFRAME=OLD TEXT=NO 

NPOINT NAME=TIP NODE=6 
NVARIABLE NAME=U DIRECTION=i KIND=DISPLACEMENT 
NVARIABLE NAME=W DIRECTION=3 KIND=DISPLACEMENT 
NVARIABLE NAME=PHI DIRECTION=5 KIND=DISPLACEMENT 
CONSTANT NAME=L VALUE=I00.  
CONSTANT NAME=TWOPI VALUE=6.2832 
RESULTANT NAME=UOVERL STRING='-U/L' 
RESULTANT NAME=WOVERL STRING='W/L' 
RESULTANT NAME=ANGLE STRING='-PHI/TWOPI' 

AXIS ID=i VMIN=O VMAX=i LABEL-'DISP RATIOS' 

RHISTORY POINTNAME=TIP RESULTANTNAME=UOVERL XVARIABLE-i 
SYMBOL=- OUTPUT=ALL 

RHISTORY POINTNAME=TIP RESULTANTNAME=WOVERL XVARIABLE-i 
SYMBOL=2 OUTPUT=ALL SUBFRAME=OLD 

RHISTORY POINTNAME=TIP RESULTANTNAME=ANGLE XVARIABLE=i 
SYMBOL=3 OUTPUT=ALL SUBFRAME=OLD 

END

Version 99.0
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EXAMPLE B26 

PLASTIC CANTILEVER UNDER PURE BENDING, SHELL 

Objective 

To verify the elastic-plastic behaviour of the SHELL element.

Physical Problem 

The cantilever beam subjected to a concentrated end moment, as shown in the figure below, is 
considered. The elastic-plastic response of the cantilever is to be determined.

z

L

X

T.

E

M/2

Y

M12

b=2.0 in 

h=.0 in 

L=12.0 in 

E =3.0.10' psi 

v= 0.3 

Gy = 1.5.103 psi 

ET =3.0.10' psi 

M = 900 lb-in

Finite Element Model 

Due to symmetry conditions, only one half of the cantilever is modeled. The finite element model 
consists of one 16-node SHELL element as shown in the figure on page B26.2. The material of the 
cantilever is modeled as elastic-plastic with isotropic hardening. The element stiffness matrix is 
evaluated using 4x4x6 Gauss integration. The solution response is traced with the AUTOSTEP 
method using BFGS iteration. The maximum solution time step is set to 3 and request is made of 
intermediate solutions at 6 specified solution times.  

Solution Results 

The input data on pages B26.4 and B26.5 is used in the finite element analysis.  

In the table on the next page the calculated tip rotations for 4x4x6 and 4x4x4 Gauss integration are 
compared with an analytical solution using beam theory.
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The figures on page B26.3 show the variation of the applied moment versus the tip rotation as pre
dicted in the finite element analysis with 4x4x6 and 4x4x4 Gauss integration. For comparison, the 
analytical beam theory solution is also presented in the figures.  

User Hints 

"° Note that in an elastic-plastic analysis the order of Gauss integration through the element thickness 
must be high enough to predict the plastic behaviour through the shell thickness accurately.  

* Note that the anticlastic bending effect gives a slight variation of the transverse displacement 
along the width of the shell element.  

B26 PLASTIC CANTILEVER UNDER PURE BENDING. SHELL, TINT=6 

ORIGINAL • I Z 
TIrE 3 

x Y 

7-

EAXESRST 4 b~IA TE 

C Il C 

D 10 0 C C 

;OLVIA ENGTNEER.AING ABSOL!IA-PRE 99,0

Version 99.0

Rotation, qb 

Moment Beam theory SOLVIA SOLVIA 
(4x4x6) (4x4x4) 

500 1.20.10-. 1.20.10-' 1.20.10.3 

600 1.55 10. 3  1.56-10-3 1.59.10-3 

700 2.59.10.' 2.88.10.3 2.59.10-3 

800 1.42.10-2 1.03.10-2 6.28.10-3 

900 3.79 .10-2 3.42.10-2 3.02-10-2
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B26 PLASTIC CAN71LEVER UNDER PURE BENDING, SHELL, TINT=6
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SOLVIA-PRE input 

HEADING 'B26 PLASTIC CANTILEVER UNDER PURE BENDING, SHELL, TINT=6' 

DATABASE CREATE 
MASTER NSTEP=20 DT=3.0 
ITERATION METHOD=BFGS 
TOLERANCES ETOL=1.E-8 
AUTO-STEP DTMAX 3.0 TMAX 18 T=I10 12 13 14 15 16 

TIMEFUNCTION 1 
0. 0. / 18. 1.8 

COORDINATES 
1 / 2 1.0 / 3 1.0 12. / 4 0. 12.  

MATERIAL 1 PLASTIC E=3.E7 NU=0.3 YIELD-1.5E3 ET=3.E5 

EGROUP 1 SHELL TINT=6 
THICKNESS 1 1.  
GSURFACE 1 2 3 4 EL1=1 EL2=1 NODESf16 
LOADS ELEMENT TYPE=MOMENT INPUT=LINE 

3 4 edge 250. 250.  

FIXBOUNDARIES 246 INPUT*LINE 1 2 

FIXBOUNDARIES 156 INPUT=LINE / 1 4 

FIXBOUNDARIES 3 INPUT-NODE / 1 
FIXBOUNDARIES 6 INPUT=LINE / 3 4 

MESH NSYMBOLS=YES NNUMBERS=MYNODES VECTOR=LOAD BCODE=ALL, 
EAXES=RST 

SOLVIA 
END

Version 99.0
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SOLVIA-POST input 

* B26 PLASTIC CANTILEVER UNDER PURE BENDING, SHELL 

DATABASE CREATE 

WRITE FILENAME='b26.1is' 

AXIS 1 VMIN=O. VMAX=4.OE-2 LABELSTRING='PHI' 
AXIS 2 VMIN=O. VMAX=900 LABELSTRING='BENDING MOMENT' 

NVARIABLE NAME=XMOM DIRECTION=4 KIND=REACTION 
NVARIANLE NAME=XROT DIRECTION=4 KIND=DISPLACEMENT 
CONSTANT NAME=TWO VALUE=-2.0 
CONSTANT NAME=EIGHT VALUE=8.0 
RESULTANT NAME=PHI 'XROT' 
RESULTANT NAME=MOMENT 'XMOM*TWO*EIGHT' 
NPOINT NAME=N1 NODE=I 
NPOINT NAME=N4 NODE=4 
RXYPLOT XPOINT=N4 XRESULTANT=PHI YPOINT=NI YRESULTANT=MOMENT, 

SYMBOL=i TSTART=3 XAXIS=i YAXIS=2 OUTPUT=ALL 
, 

USERCURVE 1 
READ B26.DAT 
PLOT USERCURVE 1 XAXIS=-I YAXIS=-2 SUBFRAME=OLD 
END
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EXAMPLE B27 

PLASTIC CANTILEVER UNDER PURE BENDING, PLATE 

Objective 

To verify the elastic-plastic behaviour of the PLATE element.  

Physical Problem 

Same as in figure on page B26-1.  

Finite Element Model 

The finite element model considered is shown in the figure on page B27.2. Due to symmetry only one 
half of the cantilever beam is modeled using eight PLATE elements. The material of the beam is 
modeled as elastic-plastic with isotropic hardening and Ilyushin yield condition. The solution re
sponse is traced with the AUTOSTEP method using BFGS iteration. The maximum solution time step 
is set to 3 and request is made of intermediate solutions at 6 specified solution times.  

Solution Results 

The input data on pages B27.3 and B27.4 is used in the finite element analysis.  

The following results for the tip rotation 0 (rad) are obtained in the analysis: 

Moment SOLVIA Beam theory 

500 1.20.10-3 1.20.10-' 

750 1.80.10-3 5.10 -10

900 4.97.10-2 3.79.10-2 

The bottom figure on page B27.2 shows the variation of the applied moment on the whole plate 
versus the tip rotation as predicted in the finite element analysis. An analytical beam theory solution 
is also presented in the same figure.  

User Hints 

" The PLATE element stiffness matrix is calculated using stress resultants and no numerical integra
tion in the thickness direction is used. The yield condition employed is the one of Ilyushin [1], and the 
stress resultants conrespond either to elastic or plastic conditions. This means that the entire cross
section at an integration point changes at the same time from elastic to plastic and vice versa.  

" In this example with pure moment loading the plastic response is calculated based on the condi
tions at the distance h/4 from the midsurface, where h is the thickness. However, in the case of 
strain-hardening the incremental plastic moment can be represented by two force resultants each 
located h/3 from the midsurface, which is the position of the center of gravity of the corresponding 
triangular incremental stress distribution. Hence, the calculated plastic slope in the moment
rotation diagram on page B27.2 is 3/4 of the theoretical plastic slope asymptote.
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327 PLASTIC CANTILEVER UNDER PURE BENDING, PLATE 
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SOLVIA-PRE input 

HEADING 'B27 PLASTIC CANTILEVER UNDER PURE BENDING, PLATE' 

DATABASE CREATE 
MASTER NSTEP=20 DT=3.0 
ITERATION METHOD=BFGS 
TOLERANCES ETOL=1.E-6 
AUTO-STEP DTMAX=3.0 TMAX=18. T1=10 12 13 14 15 16 

TIMEFUNCTION 1 
0. 0. / 18. 1.8 

COORDINATES 
1 TO 5 0. 12. / 6 1.0 TO 10 1.0 12.  

MATERIAL 1 ILYUSHIN E=3.E7 NU=0.3 YIELD=1.5E3 ET=3.E5 

EGROUP 1 PLATE 
ENODES 
1 1 2 6 / 2 2 3 8 / 3 3 4 8 / 4 4 5 10 
5 6 2 7 / 6 2 8 7 / 7 8 4 9 / 8 4 10 9 

EDATA / 1 1.  

FIXBOUNDARIES 15 / 2 TO 5 
FIXBOUNDARIES 12345 / 1 
FIXBOUNDARIES 24 / 6 
LOADS CONCENTRATED 

5 4 125.  
10 4 125.  

.  

MESH NSYMBOLS=YES NNUMBERS=YES VECTOR=MLOAD BCODE=ALL 

SOLVIA 
END
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SOLVIA-POST input 

* B27 PLASTIC CANTILEVER UNDER PURE BENDING, PLATE 

DATABASE CREATE 

WRITE FILENAME='b27.1is' 

AXIS 1 VMIN=0. VMAX=5.OE-2 LABELSTRING-'PHI' 
AXIS 2 VMIN=0. VMAX:900 LABELSTRING='BENDING MOMENT' 

NVARIABLE NAME=XMOM DIRECTION=4 KIND=REACION 
NVARIANLE NAME=XROT DIRECTION=4 KIND=DISPLACEMENT 
CONSTANT NAME=TWO VALUE=2.0 
RESULTANT NAME-PHI 'XROT' 
RESULTANT NAME=MOMENT '- XMOM * TWO * TWO' 
NPOINT NAME=N1 NODE=i 
NPOINT NAME=N5 NODE=5 
RXYPLOT XPOINT=N5 XRESULTANT=PHI YPOINT=Ni YRESULTANT=MOMENT, 

SYMBOL=i TSTART=3 XAXIS=i YAXIS=2 OUTPUT=ALL 
* 

USERCURVE 1 
READ B26.DAT 
PLOT USERCURVE 1 XAXIS=-i YAXIS=-2 SUBFRAME=OLD 
END
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EXAMPLE B28 

TRANSIENT TEMPERATURE ANALYSIS OF A SLAB 

Objective 

To verify the behaviour of the TRUSS conduction element in SOLVIA-TEMP when subjected to 
simultaneous boundary convection and radiation in a transient analysis.  

Physical Problem 

The slab shown in the figure below is considered. The slab is initially at a uniform temperature 0i and 
at time t = 0+ the slab surfaces are exposed to convection and radiation. The time history of the tem
perature at the surface and at the center of the slab is to be determined.

Go

SIMULTANEOUS BOUNDARY a--.  
CONVECTION AND RADIATION

L L

SIMULTANEOUS BOUNDARY 
-?CONVECTION AND RADIATION 

e =Or =00

o0

Thickness/2 L = 1.0 in Convection coefficient h = 0.04 Btu/F • hr. in 2 

Conductivity k=0.01 Btu/°F.hr.in Shape factor f= 1.0 

Specific heat c =0.01 Btu/°F.in 3  Emissivity constant c 1.0 (black body) 

Thermal diffusivity a k/ c = 1.0 in 2 / hr Bolzmann's constant o=0.118958-10-m Btu/ in 2 -hr-° R 4

-= ._-vfge-9' -L = 4.0 gives 0, = 1498.15 
k

h.L 
Bi=- 4.0 

k

Finite Element Model 

Because of symmetry conditions only one half of the slab is modeled. The finite element model 
consists of twenty equally spaced TRUSS conduction elements as shown in the left top figure on page 
B28.3. The thermal conductivity and the heat capacity of the material are assumed to be constant. A 
diagonal heat capacity matrix is used. The transient temperature response is evaluated using the Euler 
backward method in the step-by-step analysis. Conductivity reformation and heat flow equilibrium 
iteration using the modified Newton-Raphson method is performed at each time step.
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In order to obtain the required accuracy in the SOLVIA-TEMP analysis the time step size is changed 
during the response prediction.  

t* =aC. t / L2 At* =.At / L2  Number of 
time steps 

First interval 0.00<t*<0.06 0.001 60 

Second interval 0.06<t*<0.66 0.01 60 

Third interval 0.66<t•<3.66 0.05 60 

Solution Results 

The input data on pages B28.4 to B28.5 is used in the finite element analysis. The solution of the sur
face temperature and the temperature at the center of the slab, 0s and 0C respectively, depends upon 
two parameters; the Biot number Bi and the radiation parameter F. In this analysis Bi = 4 and F = 4.  

The figure below shows the temperature variation at the surface and at the center of slab for Bi = 4, 
and for F= 0 and F= 4. The SOLVIA-TEMP solutions are compared with solutions obtained by 
Haji-Sheikh and Sparrow [I] who used a probability method. The temperature variations as displayed 
by SOLVIA-POST are shown in the bottom figure on page B28.3.  

The right top figure on page B28.3 shows the distribution of heat flux along the model at time 3.66 
and the temperature distributions at times 0.03 and 0.06.  

Reference 

[1] Haji-Sheikh, A., and Sparrow, E.M., "The Solution of Heat Conduction Problems by 
Probability Methods", Trans. ASME, J. Heat Transfer, Vol. 39, pp. 121-131, 1967.
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SOLVIA-PRE input 

HEADING 'B28 TRANSIENT TEMPERATURE ANALYSIS OF A SLAB' 

DATABASE CREATE 
T-MASTER NSTEP=60 DT=0.001 60 0.01 60 0.05 
T-ANALYSIS TRANSIENT HEATMATRIX=LUMPED METHOD=BACKWARD-EULER 
T-ITERATION TTOL=1.E-4 
T-ITERATION METHOD=MODIFIED-NEWTON 

TIMEFUNCTION 1 
0. 0. / 10. 0.  

COORDINATES 
1 TO 21 1.  

T-INITIAL TEMPERATURES 
1 1498.1505 TO 21 1498.1505

T-MATERIAL 
T-MATERIAL 
T-MATERIAL

EGROUP 
ENODES 
EDATA

1 CONDUCTION K=0.01 SPECIFICHEAT=0.01 
2 CONVECTION H=0.04 
3 RADIATION EMISSIVITY=1. SIGMA=0.118958E-10, 

TEMPUNIT=KELVIN

1 TRUSS MATERIAL=I 
/ 1 1 2 TO 20 20 21 

/ 1 1.

T-BOUNDARIES SEGMENTS CON-MATERIAL=2 RAD-MATERIAL=3 INPUT=NODES 
1 21 1. 1.  

T-LOADS ENVIRONMENTAL CONVECTION=YES RADIATION=YES INPUT-NODES 
21 1.

SET 
MESH 
MESH

PLOTORIENTATION=PORTRAIT 
VIEW=-Y NSYMBOLS=YES NNUMBERS=YES SUBFRAME=12 
VIEW=-Y NSYMBOLS=YES ENUMBERS=YES

SOLVIA-TEMP 
END

Version 99.0
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SOLVIA-POST input 

* B28 TRANSIENT TEMPERATURE ANALYSIS OF A SLAB 

T-DATABASE CREATE 
WRITE FILENAME='b28.1is' 

EPLINE NAME=TRUSS / 1 1 TO 20 1 

NPLINE NAME=MEDIUM / 1 TO 21 

AXIS ID=i VMIN=0 VMAX=1 LABEL-'DISTANCE' 
AXIS ID=2 VMIN=- VMAX=1500 LABEL='TEMPERATURE' 
* 

SET PLOTORIENTATION=PORTRAIT 
SUBFRAME 12 
ELINE LINENAME=TRUSS KIND=TFLUX SYMBOL=1 OUTPUT=ALL 
NLINE LINENAME=MEDIUM KIND=TEMPERATURE XAXIS=1 YAXIS=2, 

TIME=0.03 OUTPUT=ALL SYMBOL=I 

NLINE LINENAME=MEDIUM KIND=TEMPERATURE XAXIS=-- YAXIS=-2, 

TIME-0.06 OUTPUT=ALL SYMBOL=4 SUBFRAME=OLD 

SET PLOTORIENTATION=LANDSCAPE 
NVARIABLE T KIND=TEMPERATURE 
CONSTANT TI 1498.1505 
RESULTANT T-BY-TI 'T/TI' 
NPOINT SURFACE NODE=21 
NPOINT CENTER NODE=1 
SUBFRAME 12 
RHISTORY POINT=SURFACE RESULTANT=T-BY-TI 
RHISTORY POINT=CENTER RESULTANT=T-BY-TI 
* 

NLIST 
END

Version 99.0
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EXAMPLE B29 

TRANSIENT TEMPERATURE ANALYSIS OF A SPACE SHUTTLE 

Objective 

To verify the behaviour of the TRUSS conduction element using nonlinear material models in a 
transient analysis.  

Physical Problem 

The space shuttle orbiter thermal protection system shown in the figure below is to be analyzed. The 
protection system is composed of different materials and the thermophysical properties of these mate
rials are given on page B29.3. The uniform initial temperature is 322 K. At time t = 0+ a step heat 
flow input is imposed on the surface of the thermal protection system and maintained for 100 sec.  
after which no heat flow input is imposed. Simultaneously, the surface of the protection system is 
exposed to radiation to a sink of absolute zero temperature (0, = 0 K). It is desired to predict the 

transient surface temperature of the protection system. The emissivity coefficient of the radiation 
surface is 0.85.
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Finite Element Model 

The finite element model considered is shown in the bottom figures on next page. It consists of 
nineteen TRUSS conduction elements and one BOUNDARY SEGMENT for radiation. A lumped 
heat capacity matrix is used. Conductivity reformations and heat flow equilibrium iterations using the 
modified Newton-Raphson method are performed at each step of the analysis. The ct-family time 
integration with ct = 0.7 and with time steps as shown in the table below are used:
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Solution Results 

The solution for the surface temperature and the net heat flow from node 1 due to conduction is 
shown as function of time in the top figures on page B29.4 using the input data on pages B29.4 to 
B29.6. This same problem was also solved by Williams and Curry who used the finite difference 
method [ 1] and good agreement with the SOLVIA-TEMP solution presented here can be observed.  

Note that the net nodal heat flow from node 1 due to conduction is not equal to the heat flow input to 
node 1, which is prescribed by T-LOADS HEATFLOW. The reason is that some of the input heat 
flow is used to heat the material lumped at node 1 and some of the input heat flow is radiated to the 
environment. The net remaining heat flow from node 1 is due to conduction and is shown in the right 
top figure of page B29.4.  

Reference 

[1] Williams, S.D., and Curry, D.M., "An Implicit-Iterative Solution of the Heat Conduction Equa
tion with a Radiation Boundary Condition", Int. J. Num. Meth. Eng., Vol. 11, pp. 1605-1620, 1977.
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Thermophysical Properties
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329 TRANSI\NT TEMPE-RATURE ANALVS3S CF A SPACE SHUTTLE 
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7.1 77 

SCLV.A-POST 99.0 SOLVIA '-NCINEW7R7,NC AB 

SOLVIA-PRE input 

HEAD 'B29 TRANSIENT TEMPERATURE ANALYSIS OF A SPACE SHUTTLE' 

DATABASE CREATE 

T-MASTER NSTEP-40 DT-O.05 16 0.5 90 1.0 20 0.5 40 1.0 

T-ANALYSIS TYPE-TRANSIENT HEATMATRIX-LUMPED METHOD-ALPHA-FAMILY, 

ALPHA-C. 7 
T-ITERATION TTOL=i.E-4 METHOD=MODIFIED-NEWTflN 

TIMEFUNCTION 1 
0. 1. /100. 1 / 101. 0. /200. 0.  

TIMEFUNCTION 2 
0. 0. /200. 0 .  

COORD INATES 

1 / 2 0.000381 / 3 0.001381 /4 0.004041 

5 0.011041 TO 12 0.074041 
13 0.0742315 / 14 0.0746285 

15 0.0756285 TO 17 0.0784225 
18 0.0786130 To 20 0.0801370 

T-INITIAL TEMPERATURE TREME322.22 

T-MATERIAL 1 CONDUCTION K=0.3113 SPECIFICHEATD1.71037652E6 

T*EUCTO
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SOLVIA-PRE input (cont.)

T-MATERIAL 
277.78 
477.78 
555.56 

T-MATERIAL 
111.11 
166.67 
222.22 
277.78 
333.33 
388.89 
444.44 

T-MATERIAL 
255.56 
394 .44 
672 .22 
950.00 

1200.00 
1366.67 
1533 .33 
2200 .00 

T-MATERIAI 
255.56 
394 .44 
533.33 
672.22 
811.11 
950.00 

1088.89 
1200 .00 

1227 .78 
1338.89 
1366 .67 
1422.22 
1450.00 
1533 .33

T-MATERIAL 

EGROUP 1 
ENODES / 
EDATA / 

EGROUP 2 
ENODES / 
EDATA / 

EGROUP 3 
ENODES / 
EDATA / 

EGROUP 4 
ENODES / 
EDATA / 

Version 99.0

2 TEMP-CONDUCTION 
0.0294 116616.03 
0.0363 116616.03 
0.0484 116616.03 

3 TEMP-CONDUCTION 
75.9611 2.743843E6 
95.2627 2.743843E6 

108.9606 2.743843E6 
120.7906 2.743843E6 
131.3753 2.743843E6 
141.9601 2.743843E6 
151.9222 2.743843E6 

4 TEMP-CONDUCTION 
0.8423 1.324340E6 
0.9512 1.672850E6 
1.1311 1.812254E6 
1.2971 1.986510E6 
1.4338 2.195616E6 
1.5272 2.404722E6 
1.6137 2.509275E6 
1.9472 2.897035E6 

L 5 TEMP-CONDUCTION
0.0476 
0 .0592 
0.0749 
0.0922 
0 .1138 
0.1354 
0.1629 
0.1889 
0 .1960 

0.2262 
0 .2349 
0.2522 
0 .2608 
0 .2883

0.114609E6 
0.129690E6 
0.144770E6 
0.156834E6 
0.171914E6 
0.180962E6 
0. 190010E6 
0. 196042E6 
0. 199058E6 
0. 205090E6 
0.208106E6 
0. 211122E6 
0.212932E6 
0 .217155E6

6 RADIATION EMISSIVITY=0.
8 5 SIGMA=5.67E-8 TEMP=KELVIN 

TRUSS MATERIAL=i 
1 12 13 / 2 17 18 
1 1.

TRUSS MATERIAL=2 
1 13 14 TO 4 16 
1 1.  

TRUSS MATERIAL=3 
1 18 19 TO 2 19 
1 1.  

TRUSS MATERIAL=4 
112 
1 1.

17 

20
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SOLVIA-PRE input cont.) 

EGROUP 5 TRUSS MATERIAL=5 
ENODES / 1 2 3 TO 10 11 12 
EDATA / 1 1.  

T-BOUNDARY SEGMENTS RAD-MATERIAL=6 INPUT=NODES 
1 1 1. 1.  

, 

T-LOADS HEATFLOW 
1 0.136E6 1 

T-LOADS ENVIRONMENT RADIATION=YES INPUT=NODES 
1 1. 2 

, 

SET VIEW=-Y PLOTORIENTATION=PORTRAIT NSYMBOL=YES, 
NNUMBERS=YES ENUMBERS=GROUP 

SUBFRAME 13 
MESH ZONENAME=EG1 
MESH ZONENAME=EG2 
MESH ZONENAME=EG3 
SUBFRAME 13 
MESH ZONENAME=EG4 
MESH ZONENAME=EG5 
MESH NNUMBERS=NO ENUMBERS=NO 

SOLVIA-TEMP 
END 

SOLVIA-POST input 

* B29 TRANSIENT TEMPERATURE ANALYSIS OF A SPACE SHUTTLE 
* 

T-DATABASE CREATE 

WRITE FILENAME='b29.1is' 

SUBFRAME 21 
NHISTORY NODE=i KIND=TEMPERATURE OUTPUT=ALL 
NHISTORY NODE=I KIND=TFLOW 
END
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