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Value of lo ca l currency durin? the period of the project:

1 3X3 EUAN 0.576 US $

Abbreviations (in  alphabetic order):

ASHE : American Society of Mechanical Engineers

3EM : Boundary Element Method

BFGS : Bpoyden-jn.etcher-£oldfarb-3hanno

(names of sc ie n tis ts  who developed a certain  algorithm 

for solution of nonlinear algebraic equations)

FEU : Fin ite  Element Method

FKKBI: F ir s t  Ministry of Machine Building Industry

NTIS : National Technical Information Service

PRC : People's Republic of China

RD : Research Department

VDI : Verband deutscher Ingenienre

ZRIME: Zhengzhou Research In stitu te  of Mechanical Engineering

Definition of sp ecific technical terms (in  alphabetic order): 

Boundary Element Method: Numerical method based on d iscretization  

of the boundary of a given domain for algebraic solution of 

boundary in tegral equations.

Computer hardware: Computer equipment containing the central 

processing unit and the computer periphery.

Computer periphery : Subsystem of computer hardware for input and 

output of d a ta .

Computer software : Programming subsystem of computer system .



Crack-tip elements : Finite-elements with in -b u llt functions for

consideration of stress  singularity  a t  crack tip  .

Data base : More sophisticated concept than the older term " f i le " .  

The important difference is  that the data base must be stored 

in the computer on d irect-access storage (such as disks) in 

order for the computer's cen tral processing unit to he able 

to  u tiliz e  the cross-reference? within a reasonable time.

Data base management system : Piece of software for managing data 

in d ire ct access storage

Fin ite  element method : Numerical method based on d iscretization  

of a given domain for solution of fie ld  problems

Fracture mechanics : Subfield of mechanics of solids concerned with 

determination of sta tes  c f  s tress  and stra in  in the v ic in ity  

of a crack -tip  and of s ta b ility  of cracks

Increm ental-iterative analysis : Approach for solution of systems

of nonlinear algebraic equations

Isoparametric fin ite  elements : Fin ite  elements based on a special 

form of coordinate mapping with the purpose of modelling 

curved surfaces c f  domains

Lubrication potential : Functional which yields the field  equations 

and the essential boundary conditions of a lubrication problem 

as Euler conditions.

Main-frame computer ; The main frame of a computer Is the cabinet 

that houses the cen tral processor and main memory. In this  

rep ort, the term "main-frame commuter" i 3 used to distinguish  

a large commuter from a minicomputer
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¿inieomruter : Computer which can broadly be c la ss ifie d  as ? ,  12, 16,

IS , 2A or 32 b it  word length machines with a memory size ranging 

from AK to 256K provided in modules of AK or SK.

Optimum stru ctu ral design : Optimum stru ctu ral design seeks the se lec-
t

tion of design variables to achieve,within the lim its (con straints) 

placed cn the stru ctu ral behaviour, geometry, or other fa cto rs , i t s  

goal of optim ality defined by the objective function for specified  

loading or environmental conditions.

Postprecessor : Data output module. In Finite Element Analysis, by 

postprocessing frequently the preparation of plot f i le s  for p lo t

ting deformed grids and producing stress plots as well as time- 

h istory  plots is  meant.

Preprocessor : Data input module which must transmit stiff icier, t  infor

mation to the solution and the output module so that the giwen 

problem can be solved. In Finite Element Analysis preprocessing 

includes generating a f i le  of node coordinates with the help of 

a d ig itiz e r .

Quarter-point method : Consists of placing side nodes of quadratic, 

isoparametric elements a t quarter points of sides in order to 

produce the desired stress-sin g u larity  a t the crack -tip .

Ravlelgh damping ; A form of damping of vibrating structures in which 

the eigenvectors are orthogonal with respect to the damping matrix

Round robin te s t  : Participan ts are asked to solve a certain  problem 

(fo r example, by the Finite Element Method) for which no an alytic

al resu lts e x is ts . Results are published by the organizers without 

cross-references between analysts and resu lts .

I
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Slow stiffening : A kind of stiffen in g of structu res ns i t  is  found 

in geometrically nonlinear analysis of thin plates subject to 

bending.

S tress-in ten sity  factor : A constant in the expressions for the 

displacement and stresses in problem of fractu re mechanics. 

7hi3 constant depends on the magnitude of the externally  

applied s tre ss .

Sudden stiffening : A kind of stiffen in g of structures as occurs, 

for example, for unloading of an e la s tic -p la s tic  m aterial.
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ABSTRACT

Key words: boundary element method, computer hardware, computer 

software, computational mechanics, data base, f in ite  element . 

method, fracture mechanics, gears, lubrication , Feople's Republic 

oi’ China, sc ie n tif ic  in stru ction , s tre ss  analysis, vib ration s.

The basic objective of the project was to a s s is t  the Feople's Repub

l i c  of China in 3trenghtening i t s  machinery building industry. This 

objective has resulted in sp ecification  of a number of duties for the 

UHIDO expert which can be summarized as providing instruction  and 

guidance to engineers a t  the Zhengzhou Research In stitu te  of Mechanical 

Engineering under the F irs t  Ministry of Machine Building Industry, in 

Zhengzhou, Her.an Province, in the field  of computer-oriented stress  

analysis (computational mechanics of so lid s).

Field work in Zhengzhou consisted of introductory discussions with 

senior counterpart s ta ff  on the present situation a t the Research 

In stitu te , lecturing or. the F in ite  Element liethcd (two weeks, s ix  days 

per week, three times one and a half hours per day) and, to a small 

extent, on basic principles of Optimum Structural Design and of advising 

on scie n tific  and/or technical problems posed by counterpart s ta f f .

Conclusions and recommendations encompass q u alitative and quanti

ta tiv e  aspects of man-pc.ver, the computer and lib rary  situ ation , le ctu r

ing and research. The main conclusion is  that the present computer situ 

ation a t the Zhengzhou Research In stitu te  represents an ^insurmountable 

handicap for practice-oriented research in computational mechanics of 

solids. In fu ll awareness of the financial im plications, purchase of a 

powerful main-frame computer including appropriate computer periphery 

is  strongly recommended.



-  9 -
1

INTRODUCTION

P roject background

The Zhengzhou Research In stitu te  of Mechanical Engineering (ZRIKE) 

under the F irs t  Ministry of Machine Building Industry (FMMBI) of the 

People’ s Republic of China (PRC) wa3 formed in 1971 in Zhengzhou, the 

cap ita l of Henan province, by tran sitrrin g  one Department from another 

In s titu te , located in Beijing (Peking),to Zhengzhou. This town, with an 

area of 1,700 square kilometers and a population of 1 .70  million (in 

cluding the suburbs), i s  situated on the south bank of the Yellow ^iver, 

east of the Sungshan Mountains, a t  the junction of the Longhai and 

Eeijing-Guangzhou (Canton) railways. Henan Province with a to ta l  area 

of 167.0CO square kilometers is  located in Central China (see F i g .l ) .

The population of Henan province is  approximately 70 m illion.
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Henan province is  one of the less developed provinces of the PRC.

In spite of large e ffo rts  of the government of the PRC to speed up in

d u strialization , the character of Henan Province is  largely  a ru ral one.

The In stitu te  occupies a large s ite  with many buildings, some s t i l l  

in the process of erection . Some of the buildings are not yet fu lly  

equipped.

ZRIME is  divided into eight research departments, lis te d  below:

(a) Structure Analysis Research department (RD)

(b) Fatigue and Fracture RD

(c) Vibration RD

(d) Gear RD

(e) Casting RD

(f)  Welding RD

(g) Heat Treatment RD

(h) Forging and Press RD

ZRIME employs about 800 persons, 195 of which are engineers, 76 are 

assistant-engineers and technicians, 19 are administrators and 9A are 

workers (The term "engineer" applies to individuals who have graduated 

from a university more than ten years ago and have proven a b ility  for 

research work. "Assistant engineers" are persons who have graduated from 

a university within the la s t  ten years. The designation "technician" 

refers to persons having graduated from a technical secondary school.

Such persons may eventually be awarded the t i t l e  "engineer" i f ,  a fte r  a 

specified number of years working in the In s titu te , they demonstrate the 

a b ility  to solve engineering problems independently). The remaining per- 

sonel is  distributed over several sections for various technical services  

Including research management, power supply and equipment, technical 

intelligence and lib rary , chemical analysis, e tc . The plan is  for the
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s ta f f  to to ta l  1,0G0 >7 1985 (Information concerning present distribution  

of personel in ZRIKE and plans for future recruitment of additional man

power is  provided in chapter i ) .

The main task of ZRIKE is  solution of fundamental problems of mechanics 

of solids, prim arily posed by the FMHEI, meeting requests of facto ries  

operating under the FMKBI. However, i t  is  also possible for ZRIME to 

propose to FKUBI that a certain  task be assigned to ZRIME.

Typical examples for practice-oriented research work conducted by 

ZRIME are determination of mechanical strength of equipment for power 

plants, mining and heavy machines as well as for mill and metallurgie 

industry. Questions have to be answered such as which m aterial should 

be chosen for the blade of the hydraulic turbine for the Gezhouba power 

plant on the Yangtze River or which procedure should be employed for 

determination of profile modification and longitudinal correction  for 

high-speed gears, used for compressors and turbo-machines, in order to 

maintain uniform loading and good lubrication conditions in operation. 

Problems must be considered such as which procedure should be employed 

for smelting the m aterial for the afore-mentioned blade and hew p ro t-a ir  

corrosion and fatigue in water would affect the m aterial. Tonics must 

be dealt with such as selection of reasonable geometric parameters for  

design of the blade and evaluation of the stiffn ess of the sta to r for 

the generator. Other questions which have to be answered refer to weld

ing. For example, problems arising from thermal d istortion  caused by 

welding as well as questions related to saving of energy and Increase 

of work-efficiency have to be tackled.

Furthermore, FMMtT has assigned the task to ZRIME to set up a 

Research Centre for Strength of Mechanical-Engineering Structures.

The main task of this Centre will be to a ss is t  industry in increasing
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the level of product design in mechanical engineering. This task shall 

be accomplished by (a) solving complicated problems of mechanical 

strength for facto ries operating uncer the FMMBI and (b) training design 

engineers in these fa cto rie s .

Presently, the standard of product design in mechanical engineering 

varies greatly . Improvement is  especially important ic r  facto ries  of 

comparatively small size.

In order to f u lf i l  the mentioned task, i t  i s  considered to be neces

sary to build up a data base containing information on (a) mechanical 

strength (admissible and ultimate values of strain s and stresses and 

admissible values of displacements) and (b) computer programmes, p ri

marily based on the Finite Element Method (FEM), for solution of com

plicated strength problems. This data base would also be made available  

to engineers in facto ries operating under the FMJiBI.

Serving industry as well as accomplishing i t s  own research goals, 

ZRIME has been and w ill be activ ely  engaged in developing new as well as 

improving existin g , commercially marketed software for computer-oriented 

strength analysis.

Objectives of the project

The original objective as stated in the Job Description for DP/CPR/ 

79/021 /11-12/31/9 .B of June 10, 19B0 was " . . .  to a s s is t  the People's 

Republic of China in strenghtening i t s  machinery building industry."

This would "help to increase the productivity in the agricultural 

sector and thereby avoid a diverting of resources from the in d u stria li

zation programmes to provide emergency measures to help feed the popu

lation adequately." Thi3 objective led to specification  of the follow

ing duties for the ITHD0 expert (s tre ss  analysis engineer) to be attached
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to  the FMMBI:

(a) provide technical guidance and a s s is t  lo ca l sp ecia lis ts  in 

carrying out research work in stress  analysis technique using 

non-linear as well as lin ear methods,

(b) train  lo ca l sp e cia lis ts .

At the end of August 19?1, an updated Job Description was prepared 

by UNIDO. Deviations of the main objective of the project from the 

original objective were in sign ifican t. Obtaining additional information 

from the f ie ld , i t  was possible to specify the duties of the fie ld  

expert more p recisely . According to the revised Job Description, these 

duties were:

"(a ) provide instruction and guidance on the use of an aly tical  

and numerical methods for calcu lation  of stress in. stru c

tu res ;

(b) advise on the construction of mathematical models of 

structures for computer analysis of stresses;

(c ) advise on optimal design of two-dimensional stru ctu res ."

Moreover, "the expert was expected to spend about one week in

lecturing to an audience c f  about 100, followed by questions and d is

cussions." I t  was emphasized that a l l  members of the audience would be 

knowledgeable in the subject «nd, consequently, " . . .  there would be 

no need for lectu res to s ta r t  from the beginning."

After inspection of the computer situation a t  ZRIME, i t  became cle a r  

that the majority of tasks involving numerical analysis by the FZM could 

not be accomplished with the present hardware. This resulted in suggest

ing to senior counterpart s ta ff  that the cited  l i s t  of duties be expanded 

to contain a fourth point, namely,

(d) advise on improving the computer situation.
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This suggestion was well received by ZPJKE.

Scoce of reco rt

The introduction is  followed b7  the conclusions drawn from the expert* 

work a t  ZRIUE. Thereafter, major recommendations are se t out in descending 

order. The body of the report consists of four chapters, en titled  "Pre

sent situation a t ZRIKE — recommendations for improvement", "Organiza

tion of fie ld  work", "Lecturing" and "Research". The report contains 

several annexes including lectu re  notes prepared for 2RIME as well as 

lectu re notes prepared for the Symposium on Mechanical Strength held by 

the Mechanical Design Division of the Chinese Society of Mechanical 

Engineers in X i'an , Shaanxi Province, Nov. 3 -9 , 1921.
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CONCLUSIGNS

Conclusions drawn from the project are grouped in five sections: 

"Kan power", "Computer", "Library", "Lecturing" and "Research". Only 

major conclusions froo the individual chapters and sections,respec

tiv e ly , of the body of th is Report are lis te d  here. Ccn-clusions of less  

general nature, as resu ltin g , fo r example, from discussions of indivi

dual research topics are set out in the body of the Report and are not 

repeated here.

A. laan-power

Qualitative aspects

(a) The sc ie n tific  level of many engineers a t ZPJME with whom the 

expert has met is  high.

(b) Because of the turmoil during the Cultural Revolution, many

engineers did not obtain su fficien t formal training. ”ost of 

th eir p a rtia lly  excellen t knowledge on modern numerical methods 

such as the FZK and BZL! was acquired by self-study. There 

appears to be a need for increasing the level of expertise of 

many engineers in these methods.

Quantitative aspects

In view of the amount of tasks assigned to the Structure Ana

ly sis  RD, th is Research Department is  understaffed. This con

clusion applies to the Programme Development Group and to the 

Computer Group of the Structure Analysis RD.

B. Computer

Hardware

(a) The present computer situation at ZRI12, characterized by a
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slow rr.achi.ne of the capacity  of a minicomputer, represents an 

unsurmountable handicap for p ractice-oriented  research in compu

ta tio n al mechanics of solids.

(b) Lack of computer periphery at ZRBiE such as a d ig itiz e r and a 

p lo tte r  makes e ffic ie n t pre- and post-processing impossible.

The FEa becomes un attractive i f  pre- and post-processing are 

inadequate.

Software

(a) The "mixed mode system" of programme development a t  ZRJME, 

characterized by writing special-purpose FE programmes while 

modifying existin g , conm erically marketed multi-purpose pro

grammes, is  both meaningful and effe c tiv e .

(b) The need to travel to 3eijin g  for use of the multi-purpose 

programmes on a machine with a FORTRAN compiler represents a 

handicap for e ffic ie n t research in the fie ld  of computational 

solid mechanics.

C. Library

(a) tfith regards to technical journals from approximately 1976 up 

t i l l  now, the situation is  much better than for e a r lie r  volumes.

(b) Viith regards to books, the situation is  acceptable. Seme of the 

pivotal books in computational mechanics are available.

D. Lecturing

(a) Preparation of lecture notes (a f te r  consultation with senior 

counterpart s ta ff) increased the value of the lectures on the

given at ZRIEE, in October 1931.

(b) Preparation of transparencies for overhead projection proved to 

be very helpful for lecturing to an audience which can read
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English quite -sell hut has d iff ic u ltie s  in understanding the 

spoken word.

(c ) The audience seemed to be sa tisfied  with the in terp reter.

(d) Three lectu res per day, each one lastin g  one and a half hours, 

as was the case with the above mentioned lectu res , i s  too much 

because i t  does not leave enough time for solving example pro

blems .

E. Research

General

(a) yany of the sc ie n tific  problems discussed represent re la tiv e ly  

high-level, up-to-date research in computational solid mechanics 

including the FEÜ and the 3ELÎ.

(b) The inadequate computer situation w ill make i t  increasingly more 

d ifficu lt  for ZRIKE tc maintain or even improve the present level 

of research in computational solid mechanics.

(c) R estriction c f  sc ie n tif ic  output to the "Chinese sc ie n tif ic  

market" because of language d iff ic u ltie s  i s  a big problem.

The number of foreign-language publications cf  researchers a t  

ZRIME is  very small. This is  a p ity  because i t  prevents estab

lishing sc ie n tif ic  contacts with foreign colleagues.

Special (related  to individual sc ie n tific  problems discussed with 

counterpart engineers)

(see section B of chapter IV: Summaries of discussions of 

research topics)
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azccti^TJATioss

Recommendations are grouped in the same manner as the conclusions, i . e .  

in 5 sections, “ithir. each section , recommendations are set cut in descend

ing order. Cnly major recommendations from the individual chapters and sec

tion s, respectively, of the body of th is Report are lis te d  here. Recommen- _ t

dations of less general nature, as resu ltin g , for example, from discussions 

of individual research topics are set out in the body of the Report and 

are not repeated here.

A. Kan-nower

Qualitative aspects

In order to increase the level of expertise of engineers a t  Z?.I”E in 

modern computational mechanics i t  is  recommended to

(a) organize from time to time intensive, practice-oriented  courses on 

various top ics, such as the one on the F2! given by the expert in C-ct. 1921.

Instructors should eith er be taken from the In stitu te  or from other in s t i 

tutions within the PRC; reso rt to foreign experts should only be mads i f  

no Chinese experts are available;

(b) send a lim ited number of engineers with proven a b ility  for high-level 

research to top-ranking foreign u n iv ersities, encouraging them to enroll in 

formal degree-programmes. This permits control that the selected engineers 

use the given time optimally;

(c) send experienced engineers who did not receive su fficien t formal 

academic education back to university to eith er enroll in graduais studies 

or take selected courses.

Quantitative aspects

In view of the volume and the importance of the tasks of the Structure 

Analysis RD, the number of s ta f f  of T-his Research Department needs to be 

increased substantially.

-  18 -
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B. Concuter

Hardware

(a) Purchase of a powerful main-frame computer is  an absolute necessity  

for a Research In stitu te  such as ZRIilE. Such purchase is  strongly recom

mended. in fu ll awareness of the financial implications of th is recommen

dation.

Purchase of a d ig itizer for e ffic ie n t pre-processing and'of a p lo tter  

for powerful post-processing in  FE analysis is  no le ss  important than pur

chase of the main-frame computer i t s e l f .  Therefore, i t  i s  strongly recom

mended to consider purchase of such computer periphery and to include i t s  

cost a p riori in any f e a s i t i l i ty  studies concerning new hardware for ZRBIE. 

Software

(a) Increased p rio rity  should be given to development of pre- and post

processors for FS analysis.

(b) The task of "module control" should be assigned to an engineer with 

very good knowledge of computer hard- and software. This engineer would 

check developments of new programme modules written by other engineers. He 

would see to i t  that these modules are compatible with the existin g  programs.

C. Library

(a) I t  is  recommended that d irect contacts be established with foreign 

technical information services ar.d publishing companies (some addresses 

are given in section C of chapter I ) .

D. Lecturing

(a) For courses sim ilar to the one on the ?£!.! given by the expert in 

October 19F1, three weeks of lecturing (with three huirs of le c 

turing per day) are recommended a3 the optimal course length, 

permitting the audience to devote su fficien t time to the solution
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c f  example problems.

(b) I t  is  recommenced to organize a comprehensive course a t ZHI"Z on 

the BE2£, analogous to the course on the FZM. This would permit 

Chinese mechanical engineers to become more acquainted with a 

method which is  presently second only to the FE!i and which may be 

expected to gain additional momentum i  . the next future.

(c) Lecture notes should be prepared for the audience of courses 

sim ilar to the course given by the expert a t  Z?J1—. LIcdification 

of existin g  lectu re  notes of expatriate advisers should normally 

not s ta r t  before personal consultation with senior counterpart 

s ta f f .

(d) Preparation of transparencies for overhead projection is  an abso

lute necessity  for effective  lecturing to an audience which can 

read English quite well but has d iff ic u ltie s  in understanding the 

spoken word.

E. P.esearch

General

(a) In order to maintain or even improve the present level of re 

search in computational solid mechanics, purchase of a powerful 

main-frame computer and of computer periphery such as a d ig itizer  

and a p lo tter is  strongly recommended (see also section B of the 

recommendations),

(b) Increased p rio rity  should be given to further development and 

application of the 3ZLI.

(c) S cien tists  a t  ZHILTZ should be encouraged to publish the findings 

cf  th eir research in the international lite ra tu re . Noting that a 

number of engineers and staff a t  Z21V.1 i 3 fluent in English, i t



could be arranged that these individuals help improving the 

lin g u istic  style c f  manuscripts c f  th eir colleagues.

Special (related  to individual sc ie n tif ic  problems discussed ^ith coun

terp art engineers)

(see section B of chapter IV: Summaries of discussions of 

research topics)

-  21 -
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I. PHSSEST SITOATICK AT ZRIrvS -  aTCC*̂ *IM3ATICI'i3 ¿VK IliROvZOIT 

This chapter consists of three sections en titled  "Kan-pcmer: 

quantitative and qualitative asp ects", "Computer hardware and software", 

and "Access to technical l i te ra tu re " . Basic information on the topics  

covered in th is chapter was obtained in a number of discussions with 

senior counterpart s ta ff  (for th eir names and positions, see 3nnex 2) 

during the f i r s t  days afte r a rriv a l in Zhengzhou, on Sept. L i, 19B1.

A. Man-power ; quantitative ar.d q u alitative aspects 

In the introduction basic information concerning nan-power a t 

ZRIliE was given. Table 1 (see next page) contains the distribution of 

man-power over the previouslir mentioned eight Research Departments.

According to the objectives of the p ro ject, the exp ert's a c tiv it ie s  

теге mainly directed to the Structure Analysis RD. Tc a smaller extent, 

advice on mathematical models for stre ss  analysis was given to members 

c f  the Fatigue and Fracture RD, the Vibration RD and the Dear RD. Because 

of lack c f  contact with representatives of other RDs r.c comments concern

ing possible over- or understaffing of these RDs can be made. The follow

ing comments on man-power are re s tr ic te d  to the Structure Analysis RD 

for which su fficien t information i s  available.

In view cf  the tasks assigned tc  ZRIKE, involving rather sophis

tica ted , computer-oriented stru ctu ral analysis, the Programme Develop

ment Group and the Computer Group are severely understaffed. Moreover, 

the number of engineers and assistan t engineers and technicians shown 

in table 1 does not re fle c t  the q u alitative situation which is  charac

terized by a shortage of engineers who can in fact develop new computer 

programmes, based on the FE.', or modify existin g , commercially marketed 

F2-software. There is  also a shortage of qualified individuals for
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Table 1 -  D istribution of nan-power a t  ZRIliS

Assistant
Engineers Engineers Adrainis- Workers 

and tra to rs
Technicians

Struc
ture
Anal7 sis
Research
Department

Programme
Develop
ment
Group

Computer
Group

Group for 
Experi
mental 
Stress 
Research

7

6

11

5

7

3 6

10

Fatigue and Fracture 22
Research Department

Vibration Research
Department 19

Gear Research
Department 30

Casting Research 
Department AO

Telding Research 
Department 30

Heat Treatment
Research 15
Department

Forging and Press 
Research 15
Department

U  2 13

5 2 6

10 3 20

5 3 15

10 2 10

7 2 9

5 2 5

Sum 195 76 19 9A
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advising engineers in facto ries  on structu ral analysis, by the FZM, of 

machine p arts.

The average age of the engineers in the Structure Analysis RD is  

about fo rty  years. Because of the Cultural Revolution many of them did 

not obtain a su fficien t amount of formal training. Graduate studies теге 

re-introduced only three years ago. Formal academic degrees, following 

the Anglo-American pattern , теге only introduced th is year. In 1981, 

approximately 20,000 students for the entire spectrum of academic studies 

were admitted to graduate studies. Approximately 1,500 stu'.ents теге 

selected for pursuing studies in foreign countries. While th is  i s  ce rta in 

ly  an improvement as compared to the situ a ti n a few years age, a lo t  

more needs yet to be done to meet the pressing needs of Research In s ti 

tutes such as ZRIME.

With regards to computer-oriented numerical methods such as the FEM, 

there i s  a to ta l of approximately ten engineers in the Structure Analysis 

RD who are competent in these methods. There are approximately ten more 

users of the FEi, distributed over several RDs. None c f  these engineers 

has obtained formal academic training in this method. They a l l  acquired 

their p a r tia lly  excellen t knowledge by self-study.

Since 1978 the FEi is  taught a t  u n iv ersities. The problem with 

un iversity-level education is  that i t  is  not re a lly  p ractice-orien ted .

This i s  understandable because most un iversities are lacking powerful 

computer equipment. Moreover, u n iversities consider themselves p ri

marily as places for fundamental research. The main task of ZRIME, how

ever, is  to combine theory and practice for the purpose of more ration 

al designs 0f  machine p arts.
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As far as the Boundary Element Method (BEK) in concerned, only one 

or two engineers in the Structure An, ^ysis RD have applied this method 

so fa r . Noting that the BEK is  gradually obtaining world-wide momentum, 

i t  i s  suggested that more emphasis be laid  on the BEM in future and that 

studies be undertaken, which a ia  a t combining the FEK and the BEX for  

selected applications.

The level of expertise in modem numerical methods a t ZBIXZ can be 

increased by

(a) sending qualified engineers back to university to engage in 

graduate studies

(provided courses on the FEi, the BE!, Numerical Analysis, 

Computer Programming, e t c . ,  are offered)

(b) organizing intensive, practice-oriented  courses within ZRIM5 

(with in stru ctors being taken eith er from the In stitu te  or

from other in stitu tio n s within the ??.C; reso rt to foreign experts 

should only be made in exceptional cases, that i s ,  i f  no Chinese 

experts are available)

(c) sending a limited number of engineers with proven a b ility  for  

high-level research to toc-ranklng foreign universities  

(encouraging them to enroll in a formal degree-programme so as to 

exercise control that the selected engineers use the given oppor

tunity optimally; the best e ffo rt should be made to choose only 

engineers with adequate knowledge of the language of the host 

country for studies abroad; arrangements with the host univer

s ity  concerning su fficien t access to the computer f a c i l i t ie s  

should be. made in advance)

I t  should be avoided to over-emphasize anyone of the three lis te d  

modes for improvement of the level of expertise in modern numerical
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methods at ZRIilZ.

Mode ( a ) ,  for example, would obviously not be effective  i f  there was 

a shortage of in stru ctors with p ractical (computer) experience in the FEM 

and the EE*, respectively. Most textbooks currently  available emphasize 

the basic th eoretical aspects c f  these methods, with applications being 

presented to demonstrate the essen tially  p ractica l nature of these tech

niques. However, there is  an enormous gulf between the basic theory and 

a working computer code: i t  is  now widely acknowledged th at the program

ming involved in implementing fin ite  elements is  considerably mere com

plicated than that of f in ite  differences.

Provided qualified in stru ctors can be recru ited , mode (b) i s  probably 

most effective because i t  reaches everybody in the In stitu te  who feels  

the necessity tc  improve his level of competence in the FEM anc the BE', 

respectively. I t  Is  widely acknowledged in the industrialized countries 

that intensive, practice-oriented courses, given a t companies or research  

in stitu tes , are more effective than many standard university  courses. 

Cften, the amount of material covered in the former courses in a re la 

tively  short time-span is  equivalent to what is  covered a t u n iversities  

in a semester. In this context, i t  must be borne in mind that the audience 

in courses on the mentioned special topics is  usually more mature than 

young students a t university.

Instruction without visual aids such as transparencies for the 

overhead-projector is  of limited value. Preparation cf  lecture notes by 

the instructor is  indispensible. Sufficient time should be given to the 

participants in the courses for study of the underlying theory end solu

tion of sk illfu lly  designed example problems. Assuming that mornings 

are reserved for lecturing (say, two lectu res, one and a half heurs each),  

whereas afternoons and evenings are used for studying and solving of
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example problems, a period of approximately three weeks seems to be
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optimal. The amount of m aterial which can be covered by the in stru ctor  

during th is time would exceed what i s  covered a t most European and 

American u n iversities in a whole semester.

tfhile modes (a) and (b) of increasing the level of expertise in 

computer-oriented numerical methods are adequate vehicles fc r  improving 

the overall standard, mode (c ) is  obviously best suited for highly 

talented engineers with demonstrated research a b ility . I t  is  "neither 

possible nor advisable to send large numbers of research workers to 

foreign u n iv ersities . Apart from financial con strain ts, the question 

needs to be answered whether the Chinese researcher a t a foreign 

university will n ecessarily  find what he has expected.

Noting that computer-oriented research in the FEU or the EE?£ is  

man-power intensive, i t  is  understandable th at senior professors are 

eager to hire graduate students who are usually performing the bulk of 

the programming work. Quite often, th is tedious work represents the 

student's main contribution to a research p ro ject. The student's re 

ward usually is  a higher academic degree. Thus, the professor is  in te re st

ed in the student's work who in turn is  in terested  to sa tisfy  the pro

fessor. 7?ith regards to so-called research associates or research  

scholars who do not work for an academic degree, the situation occa

sionally turns out to be rather problematic, esp ecially  i f  the sch olar's  

financial support does not come from the un iversity . The worst case that 

may ’ happen Is lack of mutual In terest between the professor and the 

research scholar. Based on his own observations in Europe as well as in 

the USA, the w riter suggests that Chinese students selected for research  

work a t foreign u n iversities be encouraged to enroll in formal degree 

programmes. (Obviously, this suggestion does not apply to senior 

researchers with an established reputation in research ).



Tfhen planning studies abroad, i t  should be kept in mind that many 

u n iversities charge coney for computer services made available for scien

t i f i c  p ro jects . Although there are frequently p o ssib ilitie s  to obtain 

a certain  amount of computer time free  of charge i f  proof of the import

ance of the p roject can be given, the w riter1s personal experience 

coupled with information from several discussions with American co l

leagues has been that ccmputer time may be a severe problem a t many 

American in stitu te s  of higher learning. Public (S tate) u n iversities in 

tbe USA usually find i t  easier to provide facu lty  and students with 

ample computer time than is  the case with certa in  private u n iv ersities .

I t  follows th at Chinese researchers in the area of the 7Hi, plan

ning to pursue’ studies or research work abroad should request detailed  

information about ccmputer f a c i l i t ie s  a t the prospective host in stitu te  . 

I t  is  not su fficien t to co lle c t  information about the type of available 

equipment. Information concerning the conditions for use cf the respec

tive computer f a c i l i t ie s  is  necessary. Researchers who intend to conduct 

nonlinear studies of structures encountered in p ra ctica l mechanical 

engineering should make sure that funds fo r performing such studies will 

be available to them.

The preceding suggestions referred to q u alitative improvements 

of the level of competence of research workers engaged in computer- 

oriented numerical analysis. However, given the amount of tasks assign

ed to the Structure Analysis RD as well as to other RDs of ZRIIiE, a 

quantitative improvement on the sector of man-power is  indispensible.

In view of the importance of a strong Programme Development Group for 

developing or improving software as well as for serving industrv, a sub

stan tial increase of mm-power in th is Group is  necessary. The same 

would apply to the Computer Group if  a powerful main- frame computer



(representing an absolute necessity , as s i l l  be seen in the following 

section) was installed  at ZRIKE.

I t  i s  planned tc  set up a Data Ease Group of about f i f ty  people.

The task of this Group would be to build up the data base mentioned in 

the Introduction. Considering the great importance of settin g  up a date 

base containing information on mechanical strength and on FZ-scftware, 

the mentioned number of people is  certa in ly  net too high.

B. Commuter hardware and software

Hardware

ZRIXE has a Chinese computer, TQ 16, with a memory size of 32 K, 

four external drums and two independent tape drives. This machine per

forms 10^ operatior.s/second. I t  was obtained in 1975. Ir. addition, there 

i s  a new French cocputer/data processor, Intertechnique Prolinat S U u lti, 

with a memory size of 64. K. This computer i s  mainly used for vibration  

analysis. According tc  table 1 on page 931 of the Incyclopedia of 

Computer Science ( l ) ,  the memory sizes of both machines are comparable 

to the memory sizes cf  minicomputers.-

Discussions "with researchers a t  ZRIKE reveal th at the TQ 16, which 

i s  used for FZ-analysis, i s  very slow. For example, i t  would take 20 

minutes for lin ear analysis of a system with approximately 2 ,SCO degrees 

of freedom but with the rather small half-band width of only AG. For an 

axisyometric, e lasto p lastic  problem with 576 degrees of freedom, i t  would 

take 3-4 hours (nc information on the half-band width cf  this problem was 

availab le). For solution cf  a plane problem of e la s te -p la s tic  fracture  

mechanics Tilth 313 degrees of freedom and a half-band width of 36, ten 

hours ( ! )  of computer time were required.

In the Fatigue and Fracture PD only 3-4 people are able to use the 

computer. Consequently, at present, 10 hours c f  computer time may be
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acceptable. However, the situation will change dram atically i f  the per

centage of people who are fam iliar with the computer increases substan

t i a l l y .  The fa ct that the computer runs only during regular working 

hours shows th at, presently, demand is  not too high.
t

In th is context, i t  should be borne in mind, however, that inade

quate computer f a c i l i t ie s  d is to r t  the true situ ation . ?cr  example, 

there are engineers a t ZRIIIZ travellin g  to 3eijir.g  for solution of 

problems requiring hard- and software not available in Zhengzhou. For 

obtaining computer plots i t  i s  necessary to go to Hangzhou.

Such a situation may be acceptable for some time so long as there 

i s  l i t t l e  demand of computer power. However, in view of some of the 

previously mentioned tasks assigned to ZHI1IE, demand of computer power 

w ill increase substantially in the next future.

I t  w ill be nearly imsossible for ZRIIIZ to meet seme c f  the tasks 

assigned by FULIBI unless the computer situation is  improved dramatical

l y . By "dramatic improvement" in sta lla tio n  of a large main-frame 

computer is  meant. Being fu lly  aware of the financial implications cf  

this " tr iv ia l"  recommendation, i t  needs to be emphasized, that the 

necessary "dramatic improvement" cannot be achieved in a "mini

computer environment", given the capacity of even the largest mini

computers presently available.

The situation would be sonev/hat d ifferen t i f  a dense net of power

ful main-frame computers, distributed ever the PRC, was available.

Tn th is case, minicomputers could communicate ?/ith the main-frame com

puters. For such communication, standard telephone lines could be used.

However, even i f  the mentioned dense net of main-frame computers e x is t

ed, and the telephone net permitted the indicated communication, i t  

would not be acceptable for a leading Research In stitu te  of a country

• *
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with approximately a b illicr . people to re ly  cn a minicomputer serving 

a3 an in te llig en t terminal to an out-of-house main-frame computer.

At present, the number of powerful main-frame computers ir. the 

PRC is  very small. Table 2 (see next page) gives a rough overview over 

the distribution of large computers in the PRC. This table was prepared 

by counterpart s ta f f  cn request by the expert.

In spite c f  the fa c t th at the table is  incomplete, nevertheless, 

i t  is  quite in stru ctiv e . I t  reveals that (a) the overall number of 1 trge 

main-frame computers is  very small (even i f  th is number is  in erro r by 

a facto r of 2-5) and (b) computer power is  concentrated ir, the Capital 

City of the PRC. In th is  context, i t  should be mentioned that there is  

no large main-frame computer in Henan Province. The sane applies to 

three provinces South c f  Henan Province. These three provinces and 

Kenan Frovince have a to ta l  population of more than 2CC million ( ! )  

people, approximately the same as Great B ritain , the Federal Republic 

c f  Germany, France and I ta ly  together.

In order to reach the goals of the "Four "od ern isatiers c f  the 

PP.C", every e ffo rt must be undertaken to improve the situation on the 

computer sector. In the absence c f  any large main-frame computer in 

Henan Province (with a population equal to the one of the Federal 

Republic cf  Germany and Austria together), i t  is  u n realistic  to ex

pect that present-day minicomputers w ill be able to solve the problem 

of lack of computer power in Research In stitu tes  such a ZRIMZ.

I t  also needs to be mentioned th at there is  a lack of FE-software 

running on minicomputers. In i lectu re , given this year in Hefei,

Anhui Province, 77ilson (2) mentions ”. . .  that the a v a ila b ility  of 

software only ex ists  for large computers. Within the next ten years", 

he continues "th is problem should be eliminated and small, inexpensive
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Table 2 -  Distribution of large main-frame computers in the PRC 
(Note that th is table is  incomplete)

Place
City Province

Computer Type Capacity Speed
( operations/sec.)

IBM 37C/138 512 K 3 x 105

Shen Liao IBM 4331 1,024 K 5 x 105
yang ning

FELIX-C-256 256 K 2 x 105

Chang
chun J i l in EC 1040 512 K 3 x 105

Hang
zhou

Zhe
jiang Siemens 7738 512 K 3 x 105

Nan
jing

Jiang
su Siemens 7738 512 K 3 x 105

IBM 370/138 512 K 3 x 105

FELIX-C-256 256 K 2 x 105

EC 1040 512 K 3 x 105

IBM 4331 1,U24 k 5 x 105

Beijing CDC ? 1 ,024  K 9

CDC ? 1,024  K 9

ACOS 500 1,750 K 7

CDC ? 7

FELIX-C-256 256 K 2 x 105

IBM 4341 •> S x 105

Wang-An •> 7

Zhuo- Hebei CDC ? •> >106
xian

Shanghai IBM 370/148 1,024 K 5 x 105

Shanghai ACOS 400 512 K 3 x 105

Chengdu Sichuan ACOS 400 512 K 3 x 105

Wuhan Hebei Wang-An •> 7

Countries of origin of less known computers: FELIX (Romania ) ,  
EC (East Germany), ACOS (Japan), 7/ang-An (China)
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computer systems which can communicate over standard telephone

with other computer systems should allow small engineering firms to 

have the same computational power as now e x is ts  in large firm s." This 

sentence reveals th at lilso n  is  prim arily concerned with the needs of 

small (p rivate) engineering firm s. This becomes obvious from sentences 

such as (2) " . . . t h e  existin g  computer programmes were not developed 

with the needs of the small user in mind" and " . . .  a t  th is time i t  

is  desirable that new programmes address the needs of small engineer

ing o ffic e s ."

Wilson's statements are c o rre c t. His recommendations are appro

p ria te . However, with regards to ZRIME which i s  considered to be the 

leading In stitu te  in China under FKMBI in the fie ld  of stress  analysis, 

recommendations which f i t  small Western engineering firms cannot be 

adopted.

Small engineering firms in the field s of Mechanical and Civil 

Engineering are predominantly engaged in lin ear stru ctu ral analysis.

They usually can afford a re la tiv e ly  slow turr-around In data proces

sing because of lim ited demand of computer power. Obviously, the situ 

ation Is markedly different with a large Research In stitu te  such as 

ZRIME. The percentage of nonlinear analysis carried  out by ZRIME is  

probably higher than the percentage of such analysis performed by 

small engineering firms. Following the international trend in pertinent 

research, i t  should be expected that the percentage of nonlinear analysis 

conducted a t  ZRIlaE w ill increase rapidly within the next years.

For a developing country such as the PRC, the question comes up 

how to improve the present computer situation most effectiv ely  consider

ing the existin g  financial constraints. I t  is  u n realistic  to expect 

that a ll  research in stitu te s , u n iversities and major facto ries engaged
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in large-scale  FE analysis w ill obtain su fficien t funding for purchase 

of adequate main-frame computers. TThat would seem to be more r e a lis tic  

i s  to concentrate, a t le a s t for some time, high-level research in the 

FEli and the BEU in selected research in stitu te s  such as ZRIliE, consi

dering available exp ertise, computer power (ex istin g  or projected for 

the near -future)and appropriate regional d istrib u tion . These pivotal 

in stitu te s  could be future communication centres for smaller in stitu tes  

which could gradually be equipped with minicomputers.

I t  i s  highly desirable th at engineers and scien tists- in top ranking 

Research In stitu te s  such as ZRIliE p articip ate in the development of FE- 

software for minicomputers. However, i t  would be wrong to concentrate 

a l l  e ffo rts  on development of such software (which requires more sophis

tica tio n  in computer programming than development of FE-software for 

large main-frame computers) while industry faces the pressing need for 

instant application of the FEU to complicated lin ear and nonlinear 

problems of stress analysis in mechanical engineers.

I t  i s  re-emphasized th at ZRILIE w ill neither be able to provide 

adequate service to industry in computer-oriented large-scale  numerical 

analysis of machine parts nor w ill i t  be able to reach i t s  scie n tific  

goals in further development of the FEli or BEM, esp ecially  with respect 

to nonlinear analysis (a t  le a s t, not without substantial delays In tim e), 

unless the In stitu te  is  equipped with an adequate main-frame computer. 

T rivial as this statement may seem, i t  nevertheless re fle c ts  the most 

important finding of the exp ert's  mission a t ZRIME.

Finally , a comment on peripheral equipment seems to be aporopriate. 

Evaluation of resu lts from FE-analysis may be a tedious and time-consum

ing process. This is  especially  true for nonlinear and transient analysis. 

Checking of Input data, which Is indispensible in FE-analysis, is  also

I
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that many engineers shy away from applying the FE4. Fcr practice-oriented  

FE-analysis, graphical displays of the FE-mesh and of selected resu lts  

represent a necessity . I t  is  -unacceptable (and p ra ctica lly  impossible) 

to study the voluminous output of a large-scale  nonlinear analysis 

which is  performed in an increm ental-iterative way. Errors in lengthy 

l i s t s  of input data may easily  be overlooked. Thus, the actual analysis  

would be started  with in correct input data.

Expensive modes of computer graphics such as in teractive  graphics 

emphasizing man-machine dialog are not recommended. '.That i s  strongly  

recommended, however, is  o ff-lin e  input of node points of FE-meshes 

via a d ig itiz e r  and output of drawings (FE-mesh, displacements, prin

cip al stre sse s , iso -stre ss  lin es , contours of p lastic  domains, time- 

h istories of stresses , temperatures, e tc .)v ia  a p lo tte r . I f  purchase of 

a main-frame computer is  considered i t  would be wrong to save on essen

t i a l  computer periphery.

Software

ZRIME has access to two commercially marketed programme systems,

SAP and ADINA. Both programmes were purchased by FHMBI (SAP in 1978 and 

ADINA in 1980). Since the TQ 16 computer a t  ZRIltE has no FORTRAN com

p ile r , engineers of ZRIKE who wish to use these programmes must travel 

to Beijing. Obviously, th is is  not an ideal situ ation .

SAP, re s tric te d  to lin ear analysis, and ADINA, having the capa

b ili ty  for nonlinear analysis, are w ell-established, reliab le  programmes. 

Both are characterized by high-level computer-programming- techuology. 

Expectedly, a few of the more expensive multi-purpose computer pro

grammes than ADINA have sign ifican tly  larger cap ab ilities than ADINA.

This refers  especially  to the range of nonlinear analysis. A good
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surrey of stru ctu ral mechanics computer programmes teased on the F3i 

was prepared by Fredriksson and Mackerle ( 3 ) .  From tine to time th eir  

original work is  updated.

During the la s t  years ZRIME was active to modify SAP and to 

prepare prepocesscrs, respectively, tfork on "¿-9  Node Finite Elements", 

"Boundary Elements", "Linkage Elements" (th a t i s ,  connecting elements 

between d ifferen t types of elements) has been completed. Moreover, 

"Substructuring" was implemented.

iTith regards to ADINA, the Programme Development Group of the 

Structure Analysis Research Department a t  ZRIME is  in the phase of 

getting accustomed to th is programme. Thereafter, work on modifies" 

tions w ill be taken up.

In addition to modification of commercially marketed multi

purpose FE computer programmes, since 1976 a number of special purpose 

programmes was developed by the Programme Development Group. The 

computer language used was BCY which i s  sim ilar to ALGOL. Use of BCY 

was dictated by the compiler of the I n s titu te 's  computer. Table 3 

contains a l i 3 t  of the FE computer programmes developed at ZRIME.

This l i s t  re fle c ts  a re la tiv e ly  wide fie ld  of a c t iv i t ie s .

The "mixed mode system" of programme development, which has 

been implemented a t ZRIME, is  useful and effe c tiv e . At the w rite r 's  

home in s titu te , the Technical University of Vienna, this system has 

proved to be successful.

Development of special programmes helps to increase the level 

of compentence of engineers working in th is fie ld . Moreover, such 

programmes can be taylored from the very beginning of their develop

ment to the special needs of users a t ZRIME.
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Table 3 -  L is t of FE computer programmes developed at ZRIKE

Designation Charac te r ls  t i c  s Date of 
Development

General Programme 
for Plane and 
Axisymmetric 
Problems

2-D Variable Sand-Width 
Storage Triangular 
Elements

19*76

Genera? Programme 
for Plane and Axi- 
symmetric Problems 
with Eight-Node 
Isoparametric 
Element

Solution in Blocks
1-D Variable Band-Width
Storage 1977

General Programme 
for Plane and Axi- 
symmetric E lasto- 
P la stic  Problems

Ideal P la s tic ity ;  
A rbitrary Curve Harden
ing; von Uises Yield 
Criterion

1976

General Programme 
for Space-Frames 
with Special Join ts

1-D Variable Band-Width 
Storage;
for Machine Frame Ana
ly s is  (Including Truss, 
Beam)

1976

Programme for Two- 
Dimensional Fracture 
Mechanics (Kj, Kj j j )

Elements with Inbuilt 
Crack-Tip Singularity  
(W ilson's Element)

1976

General Programme 
for Two-Dimensional 
E lasto -P lastic  
Contact Problems

Mixed Co-ordinate System; 
Ite ra tio n  in Contact 
Region Onl

197P-
1979

Programme for Contact 
Problems of Structures 
Consisting of Plates  
and Beams

Frontal Solution; 
Substructuring 197?-

19P0

Programme for Three- 
Dimensional Fracture 
Mechanics (Kj)

Quarter-Point Elements 
for Crack Tip Singula
r i ty

1979

* d
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Multi-purpose programmes, on the other hand, f a c i l i ta te  the 

task of serving industry. I t  would be problematic for Z3.TJZ to develop 

a new multi-purpose programme system. F irs t  of a l l ,  a re la tiv e ly  large  

number of 3uch programme systems is  available on the market for many 

7ears (3 ) .  In spite of some ju stified  criticism  on existing programmes, 

aa was raised , for example, by ïïilson (2 ) ,  most of these programmes 

obvionsly serve the needs of th eir users irrespective of the unchal

lenged fa c t that the employed fin ite  elements, the used numerical 

techniques and the provided f a c i l i t ie s  for input and output of data 

are more or less outdated.

Chances are that already a t  the.time of planning a new in-hcuse 

development of a multi-purpose FE programme system certain  software 

components as they are planned, represent out-of-date software tech

nology eith er because of no access to the la te s t  developments in th is  

field  or because of lack of pertinent experience.

»ith regards to development of new or modification of existin g  

FE computer programmes, at Technical University of Vienna i t  has 

turned out to be useful to assign the task of "module control" to 

an engineer with very good knowledge of computer hard- and software. 

This engineer checks developments of new programme modules, written  

by other engineers. He sees to i t  that these modules meet the require

ments of the existin g  programmes. Collaboration of this sp ecia lis t  

with the group of "software engineers" has proved to be beneficial 

to the modularity of the FE computer programmes developed at Technical 

University of Vienna.

ïïith suitable modifications, the outlined strategy for improve

ment of FE computer programmes may also be useful for the Programme 

Development Group a t ZRIÜE.
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C. Access to technical lite ra tu re

Library

Access to technical lite ra tu re  is  primarily provided by the 

lib rary . The lib rary  contains about 100,000 volumes (books and journals, 

the la t te r  bound to annual volumes). Approximately 70,000 volumes date 

back to the period from 1956 -  1971, that i s ,  to the time before form

ing ZRIME. The lib rary  i s  organized such that Chinese technical l i t e r 

ature i s  distributed over one floor of the In stitu te  and foreign tech

n ical lite ra tu re  i s  distributed over the other one.

There are nine rooms reserved for foreign technical lite ra tu re  

including a room for reading. This room contains the la te s t  numbers of 

foreign journals. Table 4 shows the distribution of foreign journals 

acc rding to languages:

Table 4. -  Distribution of foreign journals according
to languages

Language Number o:

English 220

Japanese 75

herman 34

Russian 25

French 8

The predominance of English technical lite ra tu re  re fle c ts  the world

wide acceptance of English as the lin gu istic  medium for sc ie n tific  

communication. The ra tio  c f  English-language journals to ether foreign- 

language journals is  not unreasonable.

Volumes (from approximately 1976 up t i l l  now) of major technical

journals in the field s of expertise of the w riter are available.
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’ffith regards to books, much effo rt i j  made to obtain relevant 

lite ra tu re  in a l l  field s of in te re st to ZRIHS. Books are ordered via  

the China Book Import-Export Company, located in Beijing. From th is  

company,every month ZRIME obtains information on new books. In order 

to get a rough idea of books available in the lib rary , a check was 

made of how many of the 24 books which the w riter had shipped to China 

were available. The resu lt of this check was: 9 books available and 

15 books not available (For d etails  of th is check, see annex 3 ) .

I t  should be noted, however, that a to ta l  number of 24 books, r e s t r i c t 

ed to a couple of sc ie n tific  fie ld s within mechanics of solid s, is too 

small to make reliab le extrapolations concerning the overall availa- 

b ity  of foreign technical lite ra tu re  in the lib ra ry  of ZRIME.

From his discussions with s ta ff  a t ZRIIfE the w riter has won 

the impression that there i s  general awareness of the importance of 

access to modem foreign technical l i te ra tu re . I t  is  f e l t  that the 

responsibility  for further improvement of the standard of the lib rary  

should be shared, perhaps to a larger extent than now, by a l l  research- 

workers of ZRIME. The following Subsection contains a few simple 

suggestions in this respect.

Direct contacts with foreign technical information serv ices. 

publishing companies and individual scien tis ts  

Quite frequently, i t  is  most e ffic ie n t to contact a foreign 

technical information service, publishing company or an individual 

sc ie n tis t d irectly . This should not be misinterpreted as the recom

mendation to bypass central au th orities. For example, lite ra tu re  

searches, often indi3pensible when entering into a new fie ld , could 

be arranged d irectly  with the National Technical Information Service

of the TJ.S. Department of Commerce. '.Tashlr.gtcn. D.C..USA. D issertations,
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appear in the open l i te ra tu re , could be ordered d ire c tly  from Univer

s ity  Microfilms. Ann Arbor. Michigan. USA.

An economic method for Research In stitu tes  such as ZRIliZ to buy 

English-language technical lite ra tu re  would be to Join the American 

Society of Mechanical Engineers as a Collective Member. ZRIUE would 

then become e lig ib le  to join so-called Book Clubs, established by the 

McGraw-Hill Publishing Company, New York, USA. Members of such Book 

Clubs obtain monthly information of lite ra tu re  which is  sold a t dis

count p rices. (The discount occasionally i s  up tc  50 % of the original 

p riz e ). Most of the books advertised have only been published a couple 

of years ago. Some of the books represent older, "c la ss ica l"  l i t e r 

ature in the respective f ie ld .

(Note that the given addresses are incomplete because s tre e t names 

and numbers and postal codes are missing. I t  should be no problem to 

obtain the missing information, for example, from the Embassy of the 

United States of America in the PRC, E e ijirg , 2 Xiushui Dong J ie ,  

Jianguomenwai; Tel. No. of the Cultural Section: 52-3^-4.5)

T rivial as this recommendation may seem to be, engineers a t ZRIME 

should be encouraged to contact th eir colleagues a l l  over the world 

d irectly , i f  they need a specific Research Report. Over the years, 

the w riter has made the pleasant experience that nearly a ll  of his 

quests for such reports were met. Rather frequently, the offer of 

re-imbursement of expenses was f la t ly  refused by the contacted co l

leagues. Sometimes a re la tiv e ly  small charge for postal expenses was 

made. Usually, sc ie n tis ts  consider i t  as an honour i f  th eir reports 

are requested from colleagues a ll  over the world.

t
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I I .  ORGANIZATION OF FIELD 7TORK

After completion of in i t ia l  discussions with senior counterpart 

s ta f f ,  a detailed work plan was set up according to the expert’ s duties 

a t ZRIME, lis te d  in subsection "Objectives of the p ro ject” cf the in

troduction. After minor modifications by senior counterpart s ta f f ,  the 

revised work plan was approved by ZRIME. As work on the exp ert's  

assignment was progressing, a couple of small changes of the revised  

work plan became necessary. The fin al organization of fie ld  work is  

documented in annex A.

The a c tiv itie s  in the fie ld  were divided into two main ca te 

gories, namely, (a) lecturing and (b) teaching.

By the term "lectu rin g", a formal course on the FEM as well as 

a series of "special lectu res" and two presentations a t the Sym

posium on Mechanical Strength held by the Mechanical Design Division 

of the Chinese Society of Mechanical Engineers in X i’ an, Shaanxi 

Province, Nov. 3 - 9 ,  19F1, are meant.

By the term "research", instruction and guidance to individual 

researchers or research teams a t ZRIME according to point (a) of the 

revised Job Description and advice to such research teams according to 

points (b) and (c) of the revised Job Description are meant.

Chapter I I I  covers "lecturing" and chapter IV covers "research".

I I I .  LECTURING

A.Motivation for offering a formal course on the FEM

The Job Description (see Subsection "Objectives cf  the project" 

in the Introduction) mentions lecturing but does not go into much 

detail concerning specific topics of the lectu res . In the following,
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the motivation for offering a formal course or. the FEU T ill be riven.

The Structural Analysis RD, the Fatigue and Fracture RD, the 

Vibration RD and the Gear Transmission RD eith er are or plan to be 

engaged in computer-oriented numerical analysis. Typically, the analy

sis  should sa tis fy  tvo purposes, namely, (a) checking the usefulness 

of the selected analysis model and the cor-eotress of the applied 

computer programme by comparing the resu lts to information obtained 

from te s ts , and (b) performing numerical parameter studies. The pur

pose of the la t te r  is  to study the influence of a variation of para

meters such as the shape of the analyzed structure or stru ctu ral 

component, the boundary conditions, the m aterial properties, the 

loads, e t c . ,  on the resu lts . Provided that the f i r s t  ourpose is  met, 

usually no need arises to plan and conduct lengthy te s t series and, 

fin a lly , evaluate the te s t re su lts .

R estriction  of testing to the necessary minimum, that i s ,  to  

v erifica tio n  of an aly tically  obtained resu lts  permits saving of time 

and man-power. Although i t  seems that a t present in the PRC these two 

factors do not play such an important role as in the most developed 

countries,the situation w ill probably change in the future.

The question whether the outlined philosophy for research in 

applied mechanics of solids is  the most economic one can be answered 

affirm atively as far as developed countries are concerned. '<7ith respect 

to developing countries such as the FRC the high cost for purchase 

of powerful computers may d is to rt the situation for some time. Cn the 

longer run, however, there should be no doubt that the described mode 

of research is  more economical than a predominantly test-orien ted  

mode of research.
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71th regards to ZRIl/TE. I t  Is  necessary t>at. more scien tis ts  

and engineers become fam iliar with the FEM and the B3i. Concerning 

applications of mechanics of solids to complicated p ractical problems 

in mechanical engineering, these two methods account for the vast 

majority of numerical analyses in the mentioned fie ld .

Out of the two methods, the FH! is  unquestionably dominating.

The reason for th is is  the greater generality of this method as com

pared to the BEM. Nevertheless, the la t te r  is  gradually gaining mo

mentum. This refers esp ecially  to nonlinear analysis which, s t i l l  a 

few years ago, was considered to be the sole domain of the FE3i. Since 

in case of the BE1I the algebraic equations describing the discretized  

model of the structure to be analyzed involve only points on the boun

dary of the stru ctu re , the numver of algebraic equations to be solved 

is  usually sig n ifican tly  smaller than the corresponding number for 

the FEM. On the other hand, application of the FEM often resu lts in 

a narrowly banded system of equations whereas^he BEM usually yields 

a full co e ffic ien t matrix.

In the opinion of the w riter i t  is  impossible to make generally  

valid statements conce-ning the re la tiv e  efficien cy  cf the two methods. 

The present situation in industry in some of the most developed coun

tr ie s  i3 characterized by the dominating role of the FEM. Considering 

the large financial effo rts  made by industry in order to shape the 

FEM to become the leading numerical method, i t  is  unlikely that the 

near future w ill bring about a change of the present situation.

This was the main motivation for proposing to senior counter

part s ta ff  that a formal course on the FEM should be given. Moreover, 

i t  was suggested that this formal course should be followed by a 

series of special lectures on selected topics of the FEM a-c cf introd

uctory lectu res on Cptimum Structural Design.
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B. Contents of lectures

Lectures on the FEM

The contents of the lectu res on the FEM was determine-? as follows 

a l i s t  of contents (in English-language) of the exp ert's  Geman-lan- 

guage lecture notes on the FEM as well as the lecture notes themselves 

were given to senior counterpart s ta f f .  The l i s t  was returned to the 

expert with class ifica tio n s  of chapters, sections and subseccions, 

respectively , of the lectu re notes as A. (less  m aterial needed for 

lectu res a t ZRI1E), B (amount of m aterial in German-language lectu re  

notes ju st about righ t for lectu res a t  ZRIKZ) and C (additional 

m aterial required for lectu res a t ZRIME). Annex Z contains the men

tioned l i s t  of contents with the indicated c la ss if ica tio n s .

In view of the large amount of material to be covered in the 

lectu res , i t  became necessary to increase the percentage of lecturing  

in the exp ert's  overall assignment. For the lectu res on the FEM, two 

weeks (s ix  days per week) were reserved. For each day, three lectu res  

(one and a half hours each) were planned.

Cn the basis of the mentioned "weighted'' l i s t  of contents (see 

annex 5) as well as of the available time (see annex Z), hand-written 

lecture notes, which were mimeographed for the audience (see annex 7 ) , 

were prepared. The chapters covered in these notes are:

(a )  Introduction to the Fin ite  Element Method (26 pages)

(b) Use of variation al calculus for derivation of equations of 

motion for a d iscretized , three-dimensional, lin e a r-e la s tic  

continuum (29 pages)

( c )  P lates (plane stress  and stra in , respectively) (36 pages)

(d ) Axisymmetric solids ( l6  pages)

(e )  Three-dimensional problems (3 pages)
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(f )  Flexure of thin slebs (43 pages)

(g) Thin shells (35 pages)

(h) Steady-state field  problems (11 pages)

( i )  Geometric and physical nonlinearity (32 pages)

Special lectures

A l i s t  of contents of special lectu res on selected tonics of 

the FEK and of introductory lectu res on Optimum Design was given .to 

senior counterpart s ta ff  (see annex 6 ) .  This l i s t  contained the t i t le s  

of ten lectu res, up to s ix  of which could be selected by ZRIHE for 

special lectu res distributed over three half-days (taro lectu res per 

half-day, each lecture scheduled to la s t  one and a half hours).

The following lectures were chosen by ZRI1E:

(a) Buckling of thin shells subjected to follower-load forces  

c f  the form of hydrostatic pressure

(b) Ultimate load analysis of cracked reinforced-concrete  

p lates, slabs, and shells considering geometric and 

physical nonlinearity

(c ) Wind-loaded reinforced-concrete hyperbolic cooling towers: 

buckling or ultim ate load ?

(d) Constitutive equations for p la s tic ity  and creep

(e) Introduction to optimum stru ctu ral design

(f )  Introduction to fu lly  stressed design 

Hand-written lecture note3, which were mimeographed for the

audience (see annex 2 ) , were prepared. The lecture notes only cover 

items (d) -  (f )  which were considered to be especially  important to 

ZRIME. The notes are based on material by Gallagher ( 4 ,5 ,6 ) .

Item (a) i3 covered in lecture notes (see annex 9) prepared for 

the previously mentioned Symposium in Xi'an. For items (b) ar.d ( c ) ,
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transparencies for overhead-projection were a p riori available.

Lectures a t Symposium of Mechanical Strength. X i’ an, ffcv. ? -? . 1981

FVMBI and ZRIIS made preparations for the expert to lecture a t  

the above Symposium on the tonic: "The Finite Element Uethcd -  an in- 

dispensible tool for stress  analysis in mechanical engineering." 

Hand-written lecture notes, which were mlmeograchea for the audience 

(see annex 9 ) ,  were prepared.

C. Hode of le ctu rin g

Because the majority of the audience was expected to have 

d iff ic u ltie s  following lectu res held in English, ZRIMS nrovided two 

in terp reters (one for the f i r s t  week and one for the remaining time) 

for lecturing. The lecture notes were given to the interpreters in 

advance, permitting to prepare in time for the coming lectu res.

The interp reters met with the expert every day to discuss the topics 

of lectu res to be held on the following day.

Many Chinese engineers who find i t  d iff ic u lt  to express them

selves in English can read quite well in th is language. This fact  

suggested that, in addition to the lecture notes, transparencies for 

overhead projection be prepared.

I t  is  f e l t  that the combination of (a) speaking slowly ar.d 

pronouncing exactly , (b) having the spoken word translated into 

Chinese, (c ) using the overhead-projector and (d) handing out lecture  

notes to the audience is  a suitable mode of lecturing under the given

circumstances.



(a) Feedback from the audience, both d ire ctly  and via the in te r

p reters , gave the impression that the level of the lectures  

was "ju st rig h t".

(b) The audience seemed to be satisfied  with the in terp reters.

(c ) Preparation of lecture notes increased the value of the le c 

tures for the audience .

(d) Preparation of transparencies for overhead crojection  proved 

to be very helpful for lecturing to an audience which can read 

English quite well but has d iff ic u ltie s  in understanding the 

spoken word.

(e) Although the audience did not complain, the expert; f e l t  that 

three lectu res per day, each one lastin g  one and a half hours, 

was too much for some particip an ts.

( f )  Regrettably, there was not enough time available for the au

dience to  solve example problems which would be posed by the 

in stru ctor in the form of "homeworks". I t  takes a few hours

to , "digest" the contents of three lectu res per day. Consequent

ly , i t  cannot be expected that on top of th is time the p a rtic i

pants spend several hours working on homework problems.(For 

completeness, i t  should be mentioned that a f te r  the end of the 

course, a couple of example problems for calcu lation  by hand 

were prepared for the participants of the lectu res . At the time 

of preparation of this report, there wa3 only a small return of 

solved problems. In this context, i t  must be borne in mind, 

however, that near to the end of the calender year, engineers 

at ZRIME must see to i t  that th eir regular research assignments 

be completed in time.)
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(g) Although the expert encouraged the p articipan ts to interrupt 

him i f  they in stan tly  xanted some information, such an in te r

ruption never happened. The reasons for th is  are crcbably twc- 

fold , ( i )  the language problem and ( i i )  the natural courtesy  

of the Chinese. Interruption of a lectu rer seems to be incom

patible with good manners.

E. Recommendations

(a) Lecture notes should be prepared for assignments sim ilar to  

the one of the expert a t  ZRIKS. However, modification of 

existin g  lecture notes should not s ta r t  before personal con

sultation with senior counterpart s ta f f ,  th at i s ,  before 

arriving in the fie ld .

(b) Preparation of transparencies for overhead projection should 

be considered as an absolute necessity .

(c ) For courses sim ilar to the one given by the expert a t  ZRIVI, 

three weeks of lecturing (with only three hours of lecturing  

per day) should be considered as the optimal course length.

This would permit the audience to devote more time to the 

solution of example problems.

(d) A comprehensive course on the BEM, analogous to the one on the 

FEM, should be given at ZRIME or another suitable Research 

In stitu te  under the F5SKBI. This would permit Chinese mechanical 

Engineers to become more acquainted with a numerical method 

which presently is  second only to the FZK and which should be 

expected to gain additional momentum in the next future. Such

a course should la s t  three weeks with lecturing only in the 

morning and with time for studying and solving of simple
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example problems in the afternoon and the evening.

IV. RESEARCH

A. Organization of sc ie n tif ic  and/or technical instruction  

and guidance

Soon a fte r  the exp ert's a rriv a l in Zhengzhou, a l i s t  of topics 

on which sc ie n tif ic  and/or technical instruction ar.d guidance should 

be provided was presented to him. Table 5 (see next page) contains 

th is l i s t  as well as the names of chief counterpart-discussers and 

the dates of discussions.

In order to guarantee optimal advising, the counterpart dis

cussers were asked to pass written questions to the expert in ad

vance so as to give him some time for preparation. In this context, 

i t  should be mentioned that the posed problems cover a number of 

different fie ld s.

Another reason for suggesting this mode of sc ie n tific  and/or 

technical discussions with counterpart s ta ff  was the exp ert's ain 

to increase the effectiveness of his instruction  and guidance by 

preparing written answers to questions, a t le a s t , so long as the 

severe constraint on time permitted doing th is . In view of the 

language problem, i t  was f e l t  that providing the discussers with 

written material would be of great importance. (At the time of pre

paration of th is report, ten out of a to ta l of thirteen discussions 

with counterpart s ta ff  have been completed. "Written material was 

provided for six  of them.)

Apart from making i t  easier for the expert to prepare him

se lf  for some of the discussions and to provide counterpart discussers 

with the mentioned written m aterial, the request to pose key questions
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Table 5 7>_t t i f i c  discussions counterpart staff*

No. Topic of discussion Chief counter
part-discusser

Date of 
discussion

1
Crack-tip analysis for plane 
strain  e la sto -p la stic  problems, 
based on the FEU

Mrs.
•Tu iing-ke 19*1-09-2Z

2
Dynamic analysis of a large  
structure te s te r

Mr. Lin De- 
sheng 

Ur. Hung
19*1-09-26
19*1-11-11

3

Set up of data base containing 
information cr. (a)mechanical 
strength and (b) computer pro
grammes prim arily based on 
the FEU

Mr.
Shen Yong-rain 19S1-10-30

U
Solution of e la sto -p la stic  to r
sional problems of solids of 
revolution by the BEH

Ur.
Chen Zhen-sheng 19*1-11-06

5 Elastohydrodynamic lubrication  
related  to engagement of gears

Ur.
!u  Xiau-ling 1951-11-1C

6
Analysis of bulk temperature of 
gears and i t s  e ffe c t on pinion 
distortion

Ur.
Tang Ding-guo 19*1-11-12

7
Some problems on nonlinear 
analysis for nonmetallic mater
ia ls

Mr.
Zhau Xing-hua 19*1-11-13

e
Some problems concerning design 
of large programmes for stru c
tu ral analysis

Ur.
Zhau Xing-hua 19?1-11-H

9 Some problems concerning non
linear analysis -with ADINA

Mrs.
Xu Fu-di 19*1-11-17

10
Present sta te  and tentative fu
ture ideas on pre- and post
processors for FE analyses

Ur.
fang Yu- 

chang
19?1-11-1?

n
Some programming problems for 
plane stress  analysis using 
quadratic boundary elements

Ur.
Li Hong-bao 19*1-11-2?

12 Optimal design of t-.7o-dimen- 
sional shapes by the BEM

Mr.
Li Hcng-fcao 19*1-11-30

13
Three-dimensional analysis of 
mixed mode stress-in ten sity  
factors K , K and ^

Mr.
Li Hong-bao 19*1-12-01 i

J
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in written has the added advantage of forcing in d iv id u a ls  who pose 

questions to give more thought to these questions. This helps redu

cing the amount of vague questions.

The described mode for sc ie n tific  and/cr technical instruction  

and guidance was accepted hy counterpart s ta f f . Since the f i r s t  tests  

of th is mode were successful, no major changes had to be made.

B. Summaries of discussions of research tonics

I t  would be beyond the scope of a Technical Report to give a 

detailed account of a re la tiv e ly  large number of sc ie n tific  and/cr 

technical discussions, each one stretching over several hours.

Instead of doing th is , b rief summaries of the discussions of re 

search topics No.l -  Mo. 10 of table 5, held before completion of 

this Report, will be given. These summaries w ill also contain the 

exp ert's findings and recommendations concerning the research at 

ZRIHE with which he was confronted. The most important of these 

findings and recommendations are also lis te d  in the conclusions and 

the recommendations following the introduction of this Report.

DISCUSSION Mo. 1 : Crack-tip analysis for plane strain  e lasto -

p lastic  problems, based on the PET;!

Background: A. programme for e lasto -p lastic  crack tip analysis was 

written by the chief counterpart-discusser. The programme is  run

ning on ZRIME's TQ-16 computer.

The mechanical background of the numerical analysis is  a 

work by Swedlow (7 ) ,  characterized by a special crack-tip  element 

of triangular shape. The regular elements are constant strain  t r i 

angles. Incremental p la s tic ity  theory i3 used. The von Mises yield
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crite rio n  is  applied. The Prandtl-Reuss eqxaticns are used as 

flow -rule.

The fin ite  element analysis features automatic mesh generation 

and automatic change of mesh for consideration of crack growth.

The programme was applied to a three point bend bar as had 

been previously analyzed by ten research groups in the USA, a l l  of 

whom had used the FZM. "ilson and Csias (8) have resorted on the 

resu lts of this round robin te s t .

Actual discussion: The nucleus of the discussion was the counter

part discussers' concern about large deviations of resu lts  as the 

degree of nonlinearity increases. In the absence of an aly tical re

su lts , the question of r e l ia b il i ty  of the developed code as well as 

of the underlying th eoretical uackground a rise s .

Tith regards to the employed theory, Swedlow's crack -tip  element 

is  based on sound mechanical ground. However, a f te r  the advent of 

the "quarter-point method" a few years .9 ,1 0 ,1 1 ) ,  there is  no 

longer a need to use elements with b u ilt-in  crack -tip  singularity .

In the absence of an an alytical solution there is  no other 

(p ra ctica l) way of assessing the accuracy of the solution than 

numerical testin g . Suggestions for numerical testin g  were made. 

P ra ctica l ways of detecting errors were discussed. I t  was noted that 

there would be a great chance that e lasto -p lastic  crack analysis 

would function i f  (a) e la sto -p la stic  problems without consideration  

of fracture and (b) e la s tic  crack problems checked out and i f  

parameter studies concerning the gridwork, the incrementation and 

the equilibrium itera tio n s for e lasto -p lastic  crack analysis demon

strated  that the degree of dependence of the numerical -esu its on 

these factors is  within the usual vounds in fin ite  element analysis.
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The question which method is  the fa s te s t and simplest method 

for e lasto -p lastic  crack-tip  analysis cannot be answered objectively  

because the an alyst's  experience plays a great ro le . I t  car. be said, 

however, th at, at this point in time, the FEt! is  unquestionably the 

leading method.

One question referred to blunting of crack tip s . I t  was noted 

that Swedlow's element does not permit consideration of this e ffe c t  

which Barsoum's quarter-point element (10) does.

The problem of unacceptably slow increm ental-iterative analysis 

wa3 raised. The solution to th is problem is  e ffic ie n t codi"g. For 

problems in fracture mechanics the in e lastic  behaviour i s  usually  

limited to a region close to the crack front.Outside this region the 

body is  e la s tic  and the incremental stiffn ess in the e la s tic  part of 

the body remains constant during the entire computation. This per

mits developing an e ffic ie n t solution technique based on "substruc- 

tu rin g "(l2 ). In detailed -written notes, this technique was explained 

to counterpart discussers.

There was great concern about the slow speed of the computer a t  

ZRI2.IE, Cn the longer run i t  is  very problematic to do e la sto -p la stic  

fracture analysis on the In s titu te 's  TO. 16.

The main findings of this discussion are that (a) slig h tly  

outdated fin ite  elements are used, (b) the increm ental-iterative  

nonlinear analysis is  in efficien t and (c )u n re a lis tic  expectations of 

accuracy are raised . Recommendations for improvement of thu present 

situation involve use of quarter-point elements and cf substructuring.
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PISCCS"ION No. 2 ; Dynamic analysis of a large structure te s te r  

Background: The te s te r  represents a space frame for which a 3 ta tic  

analysis has teen performed at ZRII£E. I f  the te s t  sample fa ils  sud

denly, vibrations of the te s t  device w ill be induced. Dynamic analysi 

of the frame will serve the purpose of fa c il i ta tin g  the design cf  

the frame including the foundation.

Actual discussion: A re la tiv e ly  large number of problem-related 

topics were discussed on two non-succeeding half-days. These topics  

contained (a) possible sim plifications of the mechanical model, (b) 

choice of the forcing function and (c) damping, v̂ ith. regards to ( a ) ,  

sim plifications concerning the boundary conditions were suggested for 

preliminary computer analyses. Concerning (b ), several p o ssib ilitie s  

were discussed. The fin al conclusion was that the forcing function 

should consist of a constant part followed by a lin early  decreasing 

p art. 7 ith  respect to damping, a detailed explanation of how to 

determine the damping matrix C for transient analysis was given.

Assuming that th is matrix decouples the natural modes (so -  

called  Rayleigh damping), the damping matrix can be written as

c = m + Q k

where M and K are the mass matrix and the stiffn ess m atrix, res-  

pectively , and oL and yS are constants obtained from t e s t s ( l 3 ) .

In the context cf  damping, the question of rroviding discrete  

dampers was raised . I t  was noted that the commuter programme ADINA 

permits consideration of such dampers.

The main finding of the discussions is  that the present 

problem is  one of p ractica l design which must be approached 

i te ra tiv e ly . Recommendations for parameter studies were made.

These studies would show the sen sitiv ity  of the resu lts cn various
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parameters such as, for example, oL and . This would five increased 

confidence in the re l ia b il i ty  of resu lts from dynamic analysis.

DISCUSSION To. 3 : Set up of data base containing information on 

(a) mechanical strength and (b) computer pro

grammes, primarily vased on the FS£

Background: The topic of discussion refers to the previously

mentioned assignment to ZRIUE to set up the two above cited  data 

bases. The discussion involved several members of the technical 

leadership of ZRIME.

Actual discussion : 7/hen planning such data bases i t  should f i r s t  be 

considered wherefrom to obtain the necessary information for the 

data bases. Concerning data base (a ) ,  national professional socie

t ie s ,  such as , for example ASKE (American Society of liechar.ical 

Engineers) in the USA or VDI (Verband Deutscher Ingenieure) in the 

Federal Republic of Germany, should be asked for standards and 

codes of p ractice ,resp ectiv ely . They contain information or. admis

sible displacements, strain s and stresses and also on ultimate 

strain s and stresses for m aterials covered by the respective codes.

I t  is recommended to obtain such codes from the following countries: 

USA, USSR, Great B ritain , France, Federal Republic of Germany and 

Japan. Addresses of professional societies and special agencies 

concerned with the edition of codes can be obtained via the diplo

matic missions of the respective countries in the PRC. A useful 

source of information is  the previously mentioned National Tech

nical Information Service of the U.S. Department of Commerce, 

Washington, D.C., USA.

I t  is  fa ir  to assume that the period of co llectin g  material
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will take no less than a year. During th is tine a vroup c f  computer 

sp ecia lis ts  can begin with working out a computerized irfc r^ a ticn -  

re trie v a l system a t ZRIiiE. In order to meet the needs of the Research 

Departments concerned, they a l l  should be engaged in the task of 

building up a data base on mechanical strength.

Concerning data base (b) the situation is  much easier because 

there is  by far less information that needs to be co llected . For 

the purpose of data co llectio n , reference (3) should be of help.

I t  contains a bulk of information on pertinent computer programmes. 

(Counterpart s ta ff  showed great in te re st in th is " f i le "  which the 

expert had shipped to China).

The main findings of the discussion are that collection  of 

m aterial for voluminous data bases is  a time-consuming process which 

needs to be planned meticulously, and that building up of a data base 

requires not only technical but also manpower-related considerations. 

I t  is  recommended that cen tral authorities of the PRC help estab

lishing contacts of ZRIiiE with the aforementioned foreign sources 

of information.

DISCUSSICN ?To. L : Solution of e la sto -p la stic  torsicnal problems

of solids of revolution by the BZTa 

Background : The counterpart discusser named in table 5 recently  

completed an academic thesis on the above mentioned topic. The d is

placement and stress field  resu ltin g from a moment about the axis  

of revolution was derived with the help of the solution of Kel

v in 's  problem. These fields were then used as fundamental solutions 

for establishing the boundary integral equation to solve the problems 

in question. One-dimensional lin ear boundary elements and uilin e a r
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integral equations numerically.

Actua' ’iscussion : Topics of discussion were solution of ‘he 

axisymmetric problem by the same method and solution of the e la s tic  

problem for a general load. The la t te r  problem could be handled by 

superposition of solutions resu ltin g  from individual Fouries har

monics of the given load.

The potential of combining the FEK and the BEM for certain  

problems was mentioned. The usefulness of the BEM for fracture  

mechanics was stressed . In th is context, an extension of the counter

part d iscu sser's method tc  problems of fractu re mechanics was dis

cussed.

The main finding of th is discussion is  that the discu sser's  

method represents an a ttra c tiv e  altern ative  to conventional FI 

formulations. The method is  both economic and accurate. I t  was 

recommended that the mentioned work be condensed and submitted 

for publication to the International Journal for Numerical Methods 

in Engineering. In this context, i t  is  generally recommended that 

more emphasis be laid  on the importance of publishing in foreign 

sc ie n tific  journals. Publications in such journals add sc ie n tific  

prestige to ZRIME and, ultim ately, to China. Moreover, such publi

cations often lead to sc ie n tific  contacts with foreign s c ie n tis ts ,  

which should be welcome. The expert sees no unsurmountable problems 

regarding d ifficu ltie s  with English. ZRIXS has a number of researchers 

who are fluent in the English language. They could he asked to provide 

help in improving the lin g u istic  style of the manuscripts of their

colleagues.
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DISCUSSION Ho. 5 : Elastohydrodynamic lubrication related  to engage

ment of gears

Background: The elasto-nydrodynamic lubrication ( e .h . l . )  croblen 

for a certain  type of worm ( Kindley-worm) was rreviously solved. 

Convergene of the pressure distribution and the lubrication profile  

was obtained. Isoparametric fin ite  elements were used. The analyses 

were carried out a t Xi*an University.

Actual discussion: The major part of the discussion referred tc a 

scheme for ite ra tiv e  solution of the thermo-fclasto-hydrodyr.amic 

lubrication problem which the expert prepared for the counterpart 

discusser, based on an a r t ic le  by Huehner(14)• The mentioned scheme 

represents an extension of an analogous scheme for the e .h .l .  pro

blem. The solution of the thermo-elasto-hydrodynamic lubrication  

problem must be such that an extended lubrication potential for the 

fluid , given in (14.), as well as the therm o-elastic potential for 

the solid take on stationary  values simultaneously. The temperature 

distribution in the solid must sa tisfy  the Laplace equation.

Another problem which was discussed was the e .h .l .  problem 

of point con tact.

The main findings are th at, in p rincip le, solution of the thermc- 

eiasto-hvdrodynamic lubrication problem represents a "stra ig h t

forward" extension of the e .h .l .  problem and that ir. case of con

sideration of the temperature-dependence of the v isco sity  the in

fluence of the sliding velo city  on the film thickness in the contact 

area of gears is  in sign ifican t.
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DISCUSSION Ne. 6_: Analysis cf  bulk temperature of gears ar.c i t s  

e ffe c t on pinion distortion

Background i For high-speed heavy-loaded gears, problems with the 

contact of meshing occur because of lack of longitudinal (ard.-'1) 

precision. This is  the re su lt of the deflection of the pinion under 

the loading and of the thermal distortion  of the pinion as well as 

of the gear teeth , steaming mainly from the nen-uniforrt distribution  

of the temperature. A quantitative t jsessment of the lack c f  longi

tudinal precision is  important for determination of profile  modi

fication  and longitudinal correction  for high-speed eears, used for 

compressors and turbo-machines, in order to maintain uniform loading 

and good lubrication conditions in operation.

Actual discussion : The discussion focussed on a proposal of the 

counterpart discusser to solve the essen tia lly  three-dimer.sior.al 

problem by a sem i-analytic, two-dimensional FE procedure making an 

assumption for the temperature in the longitudinal d irection .

A c la s s ic a l , though in co rrect, assumption for the temperature in 

the longitudinal direction is  to vary parabolically with ar. axis  

of symmetry in the middle of the longitudinal a x is . This assumption 

was made, for example, by Nadir P a tir  and Cheng (1 5 ) .

Based on the assumption of a parabolically varying dimension

less temperature parameter &  , given as

%  ,  y  ¡.
(fav

where k is  the thermal conductivity, p  ̂ 13 the diametral pitch ,

T is  the bulk temperature, T i3 the ambient temoerature and
a

is  the steady-state average heat flux along the tooth length (height), 

the discusser obtained the following distribution for T:
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Since Is net symmetric, T w ill not be symmetric. The d iscusser's  

motivation for his proposal was that ^  covld be obtained by the same 

two-dimensional semi-analytic FE procedure as is  described in (1 5 ) .

The main finding of the discussion is  that there is  no physical 

rationale for the proposed approach and no way of ■’by-passing" the 

third dimension in eith er the temperature cr the stress  pro'blem.

I t  was recommended to use the FE programme ADINA. for adequate 

solutions of both problems.

DISCUSSION No. 7 : Some problems on nonlinear analysis for non-

m etallic m aterials

Background: The FE programme ADINA permits analysis of certa in  type3 

of concrete members. This resulted in the in te re st of counterpart 

s ta ff  in d e ta ils  of such analysis. Several questions were posed, 

a l l  c f  which were answered in w ritten.

Actual discussion : Topics which were discussed were (a) various 

p o ssib ilities  for constitutive laws of concrete, (b) the mode of 

consideration of the strain-softening part of the material law for 

concrete, (c ) the role of p la s tic ity  theory fer analysis cf  structures  

made of concrete, (d) the significance of terms such as yield 

surface and flow rule for 3uch analysis, (e) aggregate interlock and 

( f )  tension stiffen in g. Moreover, the s tre ss -s tra in  relation  for a 

so-called "Mooney-Rivlin m aterial" (incompressible solid) was dis

cussed.

The main conclusions of this discussion are that usually  

adequate modelling of the process of fracture of concrete is  by far  

more important than consideration of p la s tic ity  in the compression
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domain and that effects  such os a~rregate interlock ar.d tension 

stiffen in g  may be verv important. I t  is  recommended t'-at counter

part s ta f f  interested in recent concepts cn consideration r r tension 

stiffen in g  study two papers Floegl and the expert

DISCU53ICF Kc. 8 : Seme problems concernin? design of large pro

grammes for stru ctu ral analysis

Background : Counterpart discussers are engaged in the development 

of new FZ programmes as well as in modification of existin g , commer

c ia l ly  marketed programmes.

Actual discussion : The question for new developments in the design 

of large computer programmes for stru ctu ral analysis was answered 

as (a) u tiliz a tio n  of the data ¿азе management system. (DBMS) concept 

and (b) application of free -fie ld  data input.

The definition of DBMS, taker, from ( l )  is  "a piece cf so ft

ware that is  used to manage a data base. A data base is  a co lle c 

tion of cross-referenced records stored in a computer's d ire c t-  

access storage." For large main-frame computers, i t  is  net absolutely  

necessary to se t up a DBMS. For minicomputers, cn the other hand, 

i t  is  of paramount importance that various programme segments in te r

act with the f i le  data '-ase. Thi3 is  the case , for examole, for the 

SAP-?G programme segments. Zach differen t type of structu ral member 

is  a completely separate programme (2 ) .

Another important aspect is  the fre e -fie ld  input. .Vilscn (2) 

l i s t s  a number of reasons why he adopted the free -fie ld  input concert 

rather than the interactive input concept. He emphasizes that 

" . . .  the v erifica tio n  cf mo3t of the element data cannot be con

veniently accomplished by a plot or graphical display device; where

as, the fre e -fie ld  data f i le ,  when displayed, provides a compact
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summary of a large amount of information."

The main finding of the discussion is  tr.at for development 

of computer programmes for minicomputers e ffic ie n t programming is  

extremely important. This implies the use c f  the G3.V3 concept. The 

shorter word length requires m ultiple-precision software in order 

to maintain a certain  level cf accuracy of the analysis.

DISCPS3ICN No. 0 : Some problems concerning nonlinear analysis 

with the FZ programme ADINA

Background : ZRILE has access to the commercially marketed program 

system ADINA. This programme was purchased by FMYBI. The Programme 

Development Group of the Structural Analysis ?.D is  in the phase of 

getting accustomed to this programme.

Actual discussion: The -air. topic cf  the discussion were methods 

for solution of simultaneous systems of nonlinear algebraic equa

tions as resulting from geometrically and/cr physically nonlinear 

problems. Special emphasis -.vas laid  on the so-called Brcyder- 

Fletcher-Goldfarb-Shanr.c (3FGS)-method, representing a quasi- 

Newton method ( l ? ) ,  because thJ.3 method was incorporated into the 

ADINA programme.

Most cf the questions cf the counterpart discusser resulted  

from study of a report on ADINA(l9) and of a recent paper by Bathe 

and Cimento (20) on p ractica l procedures for the solution cf non

lin ear fin ite  element equations.

Terms such as "slow stiffening" and "sudden stiffen in g", 

mentioned in reference (2 0 ) , were explained. By "slow stiffening" 

Eathe and Cimento mean a kind of stiffening as is  found in geeme- 

m etricaliy nonlinear analysis cf thin plates subject to bending. 

For "slow stiffening", according to Bathe and Cimento, i t  is
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su fficien t to reduce the load step to ensure convergence of the 

Modified Ilenton—Rapbscn Ite ra tio n . "Sudden stiffening" occurs, 

for example, for unloading of an e la s tic -p la s tic  m aterial. ?cr dy

namic analysis, convergence cf the mentioned ite ra tio n  scheme will 

occur i f  the time step is  small enough, but for s ta tic  analysis the 

stiffn ess  matrix must be reformed, taking into account that unload

ing is  an e la s tic  process.

This has led to incorporation of a scheme in ADI?* A, which 

helps avoiding divergence of the ite ra tio n  in the case of stiffening  

("divergence scheme"). This scheme is  based on using the e la s tic  

stiffn ess matrix (to  account for "sudden stiffen in g") and on selec

tion cf  reduced load increments (to  account for "slow stiffen in g ").

The main findings of the discussion are that the nature of 

the EFG3 method is  not well understood. This is  mainly the conse

quence of non-availability  of recent lite ra tu re  on the fundamentals 

of th is method which is  frequently more re liab le  and economic than 

are Newton-Eaphson Ite ra tio n s . In order to find out which method is  

the "best" for a certain  problem, i t  was suggested to implement 

differen t methods cf equilibrium itera tio n s in newly developed 

computer programmes.

DISCTTSSICN No. 10 ; Present state  and tentative future ideas on

pre- and postprocessors for ?Z analyses 

Background : In the process cf  developing new programmes or modi

fying existin g  programmes, based on the FZ'f, computer routines for 

fa c ilita tin g  the input cf data and c^ecki^g the correctness of the 

input were composed at ZEII.'E. In addition to such preprocessors, 

also postprocessors were developed. 7/ork accomplished so far includes 

mesh generation and plotting of the original and the deformed mesh.

M
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The situation in China concerning pre- and postprocessors 

for FE analysis is  characterized by many sn ail-scale  e ffo rts  for 

satisfaction  of special needs. Counterpart discusser expressed 

concern over the lack of co-ordination of these e ffo rts  which re 

sults in incom patibility of software for pre- and postprocessing 

Tilth marketed multi-purpose FE programmes. Another big problem is  

lack c f  hardware for input of data (d ig itiz e rs , scanners' and for 

output of data (p lo tte rs ) . Equipment for p lottin g , for example, is  

available in Hangzhou. To use this equipment requires more than a 

night’ s travel by r a i l .  There seems to be no complete data processing 

equipment for FE analysis available in China. 3y "complete” i t  is  

meant that in addition to the main-frame computer the aforementioned 

computer periphery i s  also available.

Actual discussion: After reviewing work accomplished so fa r , methods 

for generation of three-dimensional FE meshes were b riefly  discussed. 

P o ssib ilitie s  for use of post-processing in addition to plotting of 

deformed meshes, principal stresses and iso -s tre ss  lines were 

outlined. Such p o ssib ilities  are, for example, plotting cf load- 

history and tim e-history diagrammes and contours of p lastic  or 

cracked domains.

Expressing his in te re st in software for pre- anc postproces

sing in FE analysis, the discusser was referred to the work cf  

Fredriksson and Uackerly (3) which contains a lo t of information cr. 

such softr/are in relation  to marketed FE programmes. Cr.e cf the most 

powerful systems for pre- and postprocessing is  GIFTS, developed 

by Prof. Kamel a t the University of Arizona, Tucson, =5721 Arizona, 

USA. (GIFTS is  also mentioned in reference ( 3 ) ) .

The main finding of this discussion is  that the great im-
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pcrtar.cs of ccwerful pre- and postprocessing for FI analysis sc far  

did not receive su fficien t attention in the engineering community 

cf  China. However, there is  fu ll awareness among the re la tiv e ly  

small number of sp e cia lis ts  for the pressing need to make the FZ?.' 

more a ttra ctiv e  via improved pre- and postprocessing. A good deal 

of the power of FE analysis is  lo s t  i f  this analysis is  net accom

panied by adequate pre- and postprocessing. Therefore, i t  is  strong

ly  recommended to consider the cost for computer periphery such as 

d ig itizers  and p lo tters in  any fe a s ib ility  study concerning pur

chase of new computers for Research In stitu tes  such as ZRI’iZ.

C. General Impression of research a t ZRI?IE

The problems posed to the expert by counterpart s ta ff  r e f le c t 

ed the variety  of sc ie n tific  tasks assigned to ZRIt'Z. ."any cf the 

topics discussed represent re la tiv e ly  high-level, up-to-date research  

in computational solid mechanics including the FEi! and the 3EM.

In p arallel to the international trend in recent years, the volume 

of work on the B3.1 should be increased.

The sc ie n tific  level of most of the counterpart discussers 

Is  high. In th is context quite naturally the question comes up 

whether the discussers represent the top segment cf  researchers/ 

engineers or the broad spectrum of scien tific  a b ility . According to 

senior counterpart s ta f f , the la t te r  is  the case.

liany discussions revealed that research in the field s cf  

expertise of the writer would be more effective i f  the computer 

situation was b etter. In the cpinicn of the writer i t  will be 

d ifficu lt for ZRIi'E to maintain or even Improve the present level
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of research in computational solid mechanics on the basis cf the 

present computer hardware, characterized by very small computers 

and by a lack of computer reriphery. This should be a matter cf  

great concern to ZRIi'Z and i t s  superiors.

During the period of sc ie n tific  and/cr technical discussions 

at ZRIUE the expert frequently needed l i te ra tu re . Although he could 

not find a l l  th at he needed, the situation was b etter than -he had 

expected i t  to be. 7ft th regards to technical ;cu m als  from appro

ximately 1976 up t i l l  now, the situation is  much b etter than for  

e a rlie r  volumes.

Another problem is  re s tric tio n  of sc ie n tif ic  output to the 

"Chinese sc ie n tif ic  market" because of language d iff ic u ltie s .

The number of foreign-language publications of researchers a t 

ZRIIiE is  very small. This is  a p ity  because i t  prevents establishing  

of sc ie n tific  contacts with foreign colleagues, Noting that a number 

cf engineers and 3 ta ff  a t  ZRIIIE is  fluent in English, i t  should 

present no unsurmountable d ifficu ltie s  to improve the lin g u istic  

style of manuscripts.
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No. of
week from-to

ANirEX 1

Organization of field  work

Tfork Plan

1 9 .1 1 .-  
9 . 20.

9 .1 1 . :  a rriv a l in Zhengzhou; 9 .1 1 .- 9 .1 8 . :  
discussions with senior counterpart s ta f f ,  
v i s i t  of computer cen ter, laboratories and 
lib ra ry ; 9 .1 9 .:  set up of work plan

2 9 .2 1 .-  
9 .2 7 .

discussion of research topics posed hy resear
chers and engineers of ZRIiiE

3 9 .2 8 .-  
10. 1 .

preparation of English-language lectu re notes . 
for participan ts of a formal course on the FEU

(10.1-2
holidays)

l\ 1 0 .5 .-  
10. 1 1 .

preparation of English-language lectu re notes 
for participants of a formal course on the FEi!

5 10. 12 . -  
10. 1? .

ls e tu r ir ?  (3  hours in the morning, l-J- ':curs in 
the af ternocr.); preparation of English-language 
lectu re  notes for a series of special lectu res

6 1 0 .1 9 .-  
10.25 .

lecturing (3  hours in the morning, l£  hours in 
the afternoon; no afternoon lectu re on 1C.21.); 
preparation of English-language lecture notes 
for a series of special lectures

7 1 0 .2 6 .-  
11 . 1 .

1C .26 .-1C .2? .: lecturing (3 hours in the morning ) 
1 0 .2 6 .-1 0 .3 1 .:  preparation of English-language 
lectu re  notes for sc ie n tific  conference in Xi'an; 
1C .30 .: discussion of research topic posed by 
researchers and engineers of Z?J!.'E

? 11 . 2 . -  
11 . 8 .

1 1 . 2 .  - 1 1 . 1 . :Xi'an-conference (two lectu res on
1 1 .3 .  ; discussion a t the University on 1 1 .1 . ) ;  
1 1 .5 .- 1 1 .7 . :  discussion of research topics 
posed by researchers and engineers of ZRBIE

9 1 1 .9 .-  
11.15 .

discussion of research topics posed hy researchers 
and engineers of ZP.IKE

9
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No. of from-to 
week

'fork Plan

1C 1 1 . 16 . -  
11 . 22.

1 1 . 16 . - 1 1 . 19 . :discussion of research tonics . 
posed by researchers and engineers cf  ZP.I5J2; 
1 1 . 20. - 11 . 22. :  preparation cf  Technical 
Report for FiSiBI

11 1 1 .2 3 .-  
11 .29 .

1 1 .2 3 .-1 1 .2 5 .:  preparation cf Technical 
Report for Fi"iEl;
1 1 . 26. - 1 1 . 28. :  discussion of research topics 
posed by researchers and engineers of ZRLMZ

12 1 1 .3 0 .-  
12. 6.

1 1 .3 0 .-1 2 .1 . :  discussion of research topics 
posed by researchers and engineers of ZRIliS 
1 2 .1 . :  departure for Beijing (Peking)

12

10 (O
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ANNEX 5

"Weighted" l i s t  of contents of original lecture notes on the FHi

"heights" : A — less m aterial required for lectu res at ZRI1!Z 

B — amount of material ju st righ t 

C — additional m aterial required

C 1 .1  -  l.A  Introduction to the Fin ite  Element Method

C 1 .5 Derivation of equations of motion for a three- 
dimensional e la s tic  continuum subjected to forced, 
damped vibrations

C 1 .5 .1 Comments concerning the governing variation al principle

C 1 .5 .2 Derivation of Lagrange's equations from an extended 
Hamilton principle

C 1 .5 .3 Equations of motion for a three-dimensional domain 
consisting of an assemblage of Finite Elements

2. Plane Stress and Strain

A 2 .1 Triangular elements

A 2 .1 .1 Constant strain  triangle

A 2 .1 .2 Higher order elements

B 2 .2 Rectangular elements

B 2 .2 .1  • Element of f i r s t  order

B 2 .2 .2 Higher order elements

B 2 .2 .2 .1 Elements of second order

B 2. 2 . 2.2 Elements of third order

A 2.3 Curved elements (parametric elements)

A 2 .3 .1 Concept

A 2 .3 .2 Determination of element stiffn ess matrix
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B 2 .3 .3  Numerical in tezraticn

B 2 .3 .3 .1  Cne-dimensional (Newton-Cotes, Gauss)

B 2 . 3 . 3.2  Two ( three)-dimensional quadrature over rectangular
(prism atic) domains

B 2 .3 .3 .3  Two (three)-dimensional quadrature over triangular
( tetrahedronal) domains (Gauss-^adau, Hammer, Marlowe 

and Stroud)

3. Axisymmetric Fodies

A 3 .1 Axisymmetric loading and torsion

A 3 .1 .1 Kinematic conditions

A 3 .1 .2 Finite element of axisymmetric solid body

A 3 .1 .3 Displacement functions

A 3 .1 .4 State of strain

A 3 .1 .5 Element stiffness matrix

A 3 .1 .6
•

Determination of element stiffn ess matrices by the 
computer

A 3 .1 .7 General scheme of a computer programme for solutions 
of problems by means of the F in ite  Element Method

A 3 .1 .8 Examples

C 3 .2 Axisymmetric bodies under general loading

4. Three-dimensional Problems

A 4 .1 Tetrahedronal elements

A 4 .1 .1 Constant strain  tetrahedron

A 4 .1 .2  Higher order elements

A 4 .1 .2 .1  Quadratic displacements (lin ear strain  tetrahedron)

A 4 .1 .2 .2  Cubic displacements (quadratic strain  tetrahedron)

A 4 .2  Prismatic elements

A 4 .2 .1  Elements of f i r s t  order
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A L .2 .2  Higher order elements 

A ¿ . 2 .2 .1  Elements of second order 

A ¿ .2 .2 .2  Elements of third order

A ¿ .3 Three dimensional elements of the form of triansrular 
prisms

A L.L Three dimensional parametric elements

A L . 5 Crthotrcpic m aterial

5. Slabs (Bending)

B 5.1 K irchhoffs Theory

B 5 .1 .1 Fundamentals of K irchhoff s Theory

B 5 .1 .2 Rectangular elements

B 5 .1 .2 .1  Element of f i r s t  order

C 5 .1 .2 .2  Element with bicubic displacements

C 5 .1 .2 .3  Triangular elements

5 .2 Reissner' s Theory

C 5 .2 .1 Fundamentals of Meissner's ^heory

C 5 .2 .2  Determination of element stiffn ess matrix

6. Shells

B 6 .1 D iscretization by means of f la t  elements

E 6 .1 .1 Transformation from local to global coordinates 
and assemblage of elements

B 6 ,1 .2  Local direction cosines

B 6 .1 .2 .3  Rectangular elements (sp ecial arrangement of elements) 

B 6 .1 .2 .2  Triangular elements (a rb itrary  arrangement of elements)

B 6 .1 .3  Applications

E 6 .1 .3 .1  Triangular elements
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B 6 .1 .3 .2  

B 6 .1 .3 .3  

B 6.1.3.^1 

B-C 6 .2  

B-C 6 .2 .1  

B-C 6 .2 .2  

B-C 6 .2 .3

C 6.2.A

B 6 .2 .5

B 6 . 2.5 .1  

B 6 .2 .5 .2  

B 6 .2 .5 .2 .1

B 6 .2 .5 .2 .2

Rectangular elements 

Quadrilateral elements

Shells of revolution (elements: conical frusta) 

D iscretization 67 means of curved elements 

Fundamentals of surface geometry 

State of strain  

State of stress

Displacement functions

S tatic and dynamic analysis of doubly corrugated 
shells -  a p ra ctica l example for the analysis of 
shells

Results from s ta tic  analysis  

Dynamic analysis

D irect numerical integration of the equations of 
motion

Dynamic analysis -  resu lts

B 7.1  

B 7 .2  

B 7.3  

B n.u

B 7.5  

B 7 .5 .1

B 7 .5 .2  

B 7 .5 .3

Stationary field  problems 

Fundamentals

Euler's Theorem of v ariation al calculus

The extremal problem for stationary field  problems'

D iscretization of the continuum by means of fin ite  
elements

A. few p ractica l problems

Distribution of temperature in a pressurized 
container of a nuclear reactor

Torsion of an inhomogeneous shaft

Seepage in an anisotropic, porous medium
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8 . Nonlinear E la s tic ity

C 8 .1 Introduction

C 8 .2 Derivation of equations of motion

C 8 .3 Derivation of incremental equations of motion /

C 8 .4 Specializations

C 8 .4 .1 Nonlinear s ta tic s

C 8 .4 .2 Linear dynamics

C 8 .5 Numerical investigation (s tre ss  analysis and buckling 
of cooling tower )

4



ANNEX 6

L is t  of contents of special lectures

1. Admissible and inadmissible sim plifications of variation al
methods in fin ite  Element Analjsis

2. Buckling of thin shells subjected to follower-load forces
of the form of hydrostatic pressure

3. A warping-function based Fin ite  Element Method for solution
of the shear problem for a rb itrary  anisotropic inhomogeneous 
cross sections

Ultimate load analysis of cracked reinforced-concrete p lates, 
slabs, and shells considering geometric and physical non
lin e a rity

5. ■¡iind-loaded reinforced-concrete hyperbolic cooling towers:
Buckling or ultimate load ?

6. Introduction to lin e a r-e la s tic  fracture mechanics by the
Fin ite  Element Method

7. Introduction to thermal analysis by the Finite Element Method

8 . Constitutive equations for p la s tic ity  and creep

9. Introduction to optimum stru ctu ral design

10. Introduction to fu lly  stressed design






