TELEPHONE HoxEe ADDRESS
489-3736 - 415 East Maple

ARNOLD WILSON Mapleton, Utah

Registered Professional Engineer

R.F.D. Box 208
SPRINGVILLE, UTAH

March 19, 1979

Harold Jackson

Storage Structures Engineer _
Structures & Environmental Section

Research Branch, Agriculture Canada, Bld. 74
Ottawa, Ontario, Canada K1AOC6

Dear Harold:

Results of a finite element computer analysis for the two inch thick
concrete domes at Lethbridge, Alberta, Canada are included in this report,

Maximum stresses and moments caused by the unsymmetrical loads which
you specified, with a maximum unit value of 62 pounds per square foot, are
suymmarized in the following table:

Max. Radial Max. Hoop Bending
Stress (psi)| Stress (psi) Moment
Pinned Base 83 comp. 84 comp. 10.0 1b-in/inch
29 tens. 36 tens,
Fixed Base 87 comp. 80 comp, | 9.9 1b-in/inch
30 tens. 30 tens,
Dome-Ring 47 comp. 43 comp.
Dead Load no tens tens, at base| only at base

The maximum tension force in the ring at the base of the dome, as cal-
culated from the pinned base analysis, was 20 kips. The maximum tension in
the ring from the dead load of the dome structure was 19 kips resulting in
a maximum ring force of 39 kips compared to a maximum ring force of 40 kips
due to the dead load plus a snow load of 40 pounds per square foot.

The bending moment causes compression in the shell which is compared
as follows:
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From working stress design method

g s kdy _ 2
M= 7?-(b)(kd) (d - 5-) = Rbd

Therefore

o 10.0 1b-in ; -
Ri=gie = Smyme = 10 psi < 226 psi  o.k.

The maximum value of R, for a concrete strength of ﬁ; = 3 ksi
and for a steel strength of fy = 40 ksi, is 226 psi, Reference;
"Working Stress Design Handbook", American Concrete Institute, SP-3

The maximum stresses summarized in the previous table are at different
locations for the dead load and the unsymmetrical loading, however, even if
these values were superimposed together the result would be Tess than one-
tenth of the maximum allowable stress of 0.45 f/. As indicated from the
bending analysis the resulting stresses are less than one-twentieth of the
allowable value. Bending stresses do not occur under uniformly distributed
loads such as dead Toad or snow load except adjacent to the edge beam at the

bottom of the dome. The bending caused in the upper portions of the dome
as a result of the unsymmetrical loading resulted in low stresses not cri-
tical to the safety of the structure.

Arches resist unsymmetrical loads by radical or meridional forces and
bending. Therefore, when unsymmetrical loads are applied to arches, serious
bending is included in the analysis and design. Domes, because of the double
curvature, resist unsymmetrical loads with radial or meridional forces and
in addition with forces that are at right angles to the radial forces that
are called hoop forces. The hoop forces, by increasing the resistance to
unsymmetrical loading, restrain local bending such that it is usually not a
critical design factor. Physically as an arch segment of the dome tends to
bend under the unsymmetrical loading the hoop forces restrain it just as if
stiff rings were wrapped around the structure.

In addition when edge forces are acting on a dome they create bending
moments in a very narrow region near the edge and have generally no effect
throughout a large portion of the structure, whereas edge forces in equili-
brium applied to an arch propogate through the entire structural system and
create large bending moments. A good discussion of Arch versus Dome can be
found in "Thin Shell Concrete Structures", by Billington, McGraw Hill Book Co.,
1965, P.2.

Even with this most unusual and unsymmetrical loading the stresses in
the two-inch thick dome are well within safe and allowable Timits,

This analysis shows that a dome is suited to almost any type of loading
and that local bending induced by unsymmetrical loading is not critical as
it is an arch.
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Attached is a brief description of the SAP IV computer program that was
used for the analysis of the unsymmetrical loading. This program has been
widely distributed and used for the analysis of such complex structural sys-
tems.

Mr. Rauli Uitto was responsible for using the SAP IV computer program
to analyze the dome structure because of his training and experience with
this program. A brief resume of Mr, Uitto is attached for your information.

A copy of the computer output is also included for your information.
Summary sheets showing the magnitude and location of the radial and hoop
stresses for both a fixed base and a pinned base dome, 130 ft, in diameter,
40 ft. high and 2 inches thick are also included. Note that the results
are similar in the upper part of the dome which is reasonable since the
edge effects from the dome base dampen rapidly and have little influence
over the major portion of the shell.

If I can answer any questions or be of further assistance please let
me know,

Sincerely,

Arnold wilson
Structural Engineer

AW/dp

c. Dennis Darby
Ray Durksen
David South
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Rauli Juhani Uitto

ADDRESS PERSONAL DATA
P.0.BOX 7104 Birthdate: August 12, 1945
Provo, Utah 84602 Ht: 6' 0" Wt: 190 1bs
(801) 375-8078 Married - one child
(801) 374-1211 ex. 2685 S.S. 529-76-9984

EDUCATION

1979  PhD. degree in Civil Engineering, Brigham Young University, Provo,Ut 84602
1975 M.E. degree in Civil Engineering, Brigham Young University

Dissertation work in "Static and Dynamic Analysis of Cable-Stayed
bridges using Finite Element Technique". Master's research in
"Tensile Testing with Explosive Strain Rates". Course work includes
thirty semester hours in graduate level structural analysis and
design, twelve in materials, twenty-eight in thesis,dissertation and
research, and thirty-three semester hours in mathematics and computer
science, GPA 3.41 on a maximum 4.00 scale.

1972 B.S. degree in Physics, Brigham Young University
B.S. equivalent in Civil Engineering (all requisite undergraduate courses)

Forty-five semester units in physics,twenty-four in mathematics and
cemputer science. Fifteen semester hours in undergraduate civil
engineering.

WORK EXPERIENCE
dan 1979 to present Megadiamond Co. and Dr. Arnold Wilson
Consulting assignments with finite element analysis of a diamond press
cylinder and thin shell dome structures.

1974 - 1979 BYU Civil Engineering Department
Development of a technique to produce portland cement using solar
energy. Student teaching several laboratory courses, grad1ng for
a variety of courses.

Summer of 1976 Lockheed Electronics Co., Air Force Rocket Propulsion
Laboratory (AFRPL), Edwards AFB, Calif. 93523.
Scientific Programmer. Responsible for programming scientific and
engineering problems with a CDC-6400 computer.

1970 - 1973 BYU Physics Department
. Full time programmer for a fusion research program in summer and
fall of 1972. Grader for several undergraduate physics classes.

EXTRACURRICULAR ACTIVITIES
Member of Sigma Xi and Society for Experimental Stress Analysis. Member
of BYU track team 1967 - 1970 (javelin thrower - 253 feet), newspaper sports
correspondent to Finland, chess player (USCF rating 1957).

REFERENCES: Dr. D. Allan Firmage/major advisor/structures/ BYU Civil Engineering
Department (801) 374-1211 ex. 2811
Thomas W. Sederberg/structures// Arnold Wilson/thin shell structures/BYU
Dr. Wendell Horn1ng/sc1ent1f1c consultant/ RPL, Edwards AFB, Ca 93523
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1. JINTRODUCTION

The development of an effective computer program for structural
analysis requires a knovledge of three scientific disciplines —-
structural mechanics, numerical analysis and éo:puter apnlication.

The development of accurate and efficient structural elements requires
a modern background in structural mechanics. The efficiency of a
progfam depends largely on the numerical technisues employed and on
their effective.computér implementation. IWith regard to programming
techniques, an optimum allﬁcation of high and lox speed storage is
ﬁecessafy. -

A most important aspect of a general purpose computer program
ig, however, the ease with which it can be modified, extended and up-
dated; otherwise, it may very well be that the-program is obsolete
within a lew years after completion. fhis is pscause new stiructural
elements a}e developed, better numerical pracedures are available,zor
new computer equipment which requires new coding techniques is produced.

f&e structural aﬁalysisﬁprogram SAp ﬁas-designed to be modified
and exfénded by the user. Additional options arnd new élements may
easily be added. The program has the canacity to analyze very large
three—~dimensional systems; howvever, there is no loss in efficiency
in the so}ution of smaller nroblems. Also, from the complete program,
smaller special purpose programs can easily be assembled by simply
using only those Subroutiﬁes which are actually needed in the execu-
tinn,. This makes the program particulsrly usable on small size

computers.,




The current progran version 3AP Iv for the static and dynamic 2nalysis

of lineer structural systems the result of several years' research and

)
w

developrent experience, The progrza hzs proven to be a very flexible and
efficient znalvsis tool, The prograz is coded in FORTRAN IV aﬁd opera£95
without modifications on the CDC 5:C0, £600 and 7600 computers. The first
version of prozram SAP wes Ipublishea’ in September 1970 [28]. An improved
“static znalysis program, nacmely SOLID 522, or SAP II, wa; presentéd in 1971
[29]. Work was then sterted on z new siztic and dynamic aﬁalysis ﬁrogram,
The program SAP III for statié znd cynzzic analysis,was released téwards

the end of 1972, but only. to rhose zgeacies which supported our research,
i o 3 2t AL i

In relztion to SAP III, the current version SAP IV has improvements

25 z2vailzbhle 3 new variable-numbzr—-nodes

oy

throughout, and in particuler

thick shell znd three-dimensional elezent, and out-of-core direct

of a number of different structura2l ele=snts., The program presently

contains the following element trpes

{a) three-dimensional truss elemsat,

(b) three-dimensional bezn element,

{c) plane stress znd plane strzin element,
{(d) two-dimensionz2l exisymmetric so0lid,
.(e) tkree-dimensional solid, _

(f) verizble-pumber-ncdes thick shell and three-dimensional elemeat,

znt,

13

(¢g) thin plate or thin shell eie
{nh) boundary elezent,

(i) pipe elenment (tangeat and band).
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These structural elerents can be used in a static or dynamic analysis.
The capacity of the program depends mainly on the total number of nodal
points in the system, the number of eigenvalues needed in the dynamic
anzalysis and the corputer used. There is practically no restriction

cn the number of elements used, the number of load cases or the order
and bandwidth of the stiffness matrix. Each nodsl point in the system
can have from-zero to six displacement degrees of freedom. The element

stiffness and mass matrices are assempbled in condensed form; therefore,

the program is equally efficient in the analysis of one-, two- or three-

dimensional systems.

The formation of the structure matrices is carried out in the same

way in a static or dynamic analysis. The static analysis is continued
by solving the équations of equilib?ium followed by the computation. of
element stresses. In z dynamic anzlysis the choice is between

1. frequency calculations only,

2. frequency calculztions followed by response history analysis,

3. freguency calculations followed by response specirum analysis,

4. response history analysis by direct integration.
To obtain the frequencies and vibration mode shapes solution routines
are used which calculais the requirsd eigenvalues and eigenvectors
directly without a transformation of the structure gtiffness matrix and
m2ss nairix to a réduced form. In the di;ect integration aﬁ uncondi-
tionally stable integration scherme is used, which also operates on
the original structure stiffness matrix and mass matrix. This Qay the
program operation and necessary input dataz for a dynamic analysi% is

a2 simple addition to what is needed for a static analysis.
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The purpose in this part of the report is to present briefiy the
genaral program organization, the current element library and the
numerical technigues used.. The différent options available for static
and dynamic analyses are described and typical running times are
given. In the presentation, emphasis is directed to the_practical
aspects of the program. For information on the developrent of the
structural elements and the numerical techniques used the-reader is

referred to zppropriate references.
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