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ANALYSIS OF SQUARE RETICULAR PATTERN FOR HYPARS

By :
Stephen Chriss* and Douglas T. Wright**

Abstract

The analogous continuum approach is formulated, providing proce-
dures for the analysis and design of reticulated (or discrete member)
structures. The analogous continuum constitutes in effect a hypothetical
solid material whose properties are functions of those of the reticular
pattern under consideration. Analyses based on the analogous continuum
approach necessitate application of a valid continuum theory, and offer an
alternative to solutions by discrete member computer methods.

A single layer reticular pattern, suitable for shallow hyperbolic parabo-
loid shells (slope of edge members <') bounded by a warped rectangle, is
studied in-detail. The basic module (elementary unit) of this pattern
consists of a square and its diagonals inscribed symmetrically within a
larger square. Mathematical formulations are given for: (a) properties of
the analogous continuum corresponding to the above reticular pattern,
and (b) forces and moments in the members of the reticular pattern.

KEY WORDS: analogous, analysis, com;inuum, design, discrete member,
hyperbolic paraboloid, module, reticulated, single layer, shallow, shells,
structures, theory.

Introduction

In the field of structural analysis and design of latticed or reticulated
structures (plates and shells) two basic approaches have been used, namely,
(a) that of discrete members, and (b) that of the “analogous continuum”.

According to the first approach, the structure is conventionally analyzed
as a plane or space framework consisting of the physical discrete members.
Such analyses are almost invariably performed through computer facilities

_on the basis of equilibrium and compatibility conditions at the joints. An
early example of this approach is that of analyzing a radar antenna (5).
According to the second approach, the reticulated structure is transformed
into a hypothetical material, called the “analogous continuum” and is
treated on the basis of a valid continuum theory. Early examples of this
treatment are those of del Pozo (1), Kloppel and Schardt (2) and Mitchell (4).

*Senior Design Engineer, Jan Bobrowski and Partners, Edmonton, Alberta, Canada.
**Secretariat for Social Development, Queen’s Park, Toronto; formerly Professor of Civil
Engineering, University of Waterloo, Ontario, Canada.
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The principles and potentialities of the analogous continuum approach
have been recognized and outlined in previous work by Wright (6) (7), and
they are formulated in the first part of this paper. In the second part of the
paper, properties are established for a single layer reticular pattern whose
basic module consists of a square and its diagonals inscribed symmetrically
within a larger square. This module was found suitable for shallow hyper-

- bolic paraboloid shells, bounded by.a warped rectangle.

Part 1: General Considefations of the Analogous Continuum Approach

1. Definition of Basic Module

~ Basic modules (elementary units) of reticular patterns, are defined as the
smallest geometric integral entities, successive repetition of which would
generate the reticular pattern and ultimately would establish the geometric
shape of the structure.

A reticulated structure may be simulated (by analogy to chemistry) by a
thin sheet of solid material, formed through two-dimensional polymeriza-
tion. The members of the reticular pattern, its nodes and its basic module
would then be analogous respectively to the chemical bonds, the atoms, and
the characteristic molecule of the polymerized material.

2. Outline of Method of Analysis

The method of analysis, in conformity with the analogous continuum
approach, consists of the following stages:

1. A suitable and valid continuum theory is adopted for application.

2. A reticular pattern is adopted such that: (a) it suits the geometric configu-
ration of the structure, (b) it consists of basic modules of configurations
and boundaries compatible with the mathematics of the continuum
theory adopted in stage 1. _

3. A hypothetical solid material, termed the “analogous continuum”, is
established. Its physical thickness and elastic properties are determined
on the basis of equality of deformations of the basic module and an equal
size element of the analogous continuum, under identical forces.

4. The continuum theory adopted in stage 1 is applied to the structure of
same geometry as the original one, but assumed to consist of the analo-
gous continuum established in stage 3.

5. General stability of the structure may be assessed on the basis of valid
buckling theories, and structure actions (stress resultants, deflections,
displacements) may be.determined according to the results of stage 4.

6. Stress resultants determined in stage 5 are suitably transformed into
forces of the members of the reticular pattern.
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3. Advantages and Shortcomings

The advantages of the analogous continuum approach as compared with
the discrete member approach may be summarized as follows:

1. Stress fields become easily surveyable and regions of high and low
stresses may be detected.

2. General stability conditions may be formulated and examined on the
-basis of valid buckling theories.

3. The factor of limiting computer capacity, which may arise due to a large

-number of simultaneous equations to be solved, is absent.

4. Several solutions, corresponding to reticular patterns of various configu-
rations, may be obtained, with relat1ve1y little effort, for the purpose of
optimization of conditions pertaining to material usage and fabrication.
The shortcomings of the analogous continuum approach are inherently

1dent1cal with those of the continuum theory on which it is based, namely,

possible inability to deal with: (a) partial, nonuniform or point loading, (b)

geometric discontinuities, (c) specialized boundary and support conditions,

(d) appropriate modification of the analogous continuum at over-stressed

regions.

Part 2: A Reticular Pattern Suitable for Shallow Hypars

1. Description of the Reticular Pattern

A shallow hyperbolic paraboloid bounded by a warped rectangle is shown
in Figure 1. A suitable reticular pattern for this shell form is shown in Figure
2; lines 1-1’, 2-2’, 3-3’ etc. and a-a’, b-b’, c-¢’ etc. occupy the position of
straight generators, while lines 2-b, 4-d etc. and 2-¢’, 4-¢’ etc. are tension and
compression diagonals. A typical basic module ABCD of the reticular pat-
tern is shown shaded (Figure 2); its configuration and orientation is compati-
ble with continuum theories related to the OXYZ reference system. Induced -
angles between members of the pattern are either 90° or 45°,

This reticular pattern possesses the following advantages: (a) it is symmet-
ric with respect to the shell diagonals and shell generators and therefore it
appears visually harmonious (when exposed), (b) it provides load points at
the intersection of tension and compression diagonals so that superimposed
loads can be taken by arch action, rather than by beam action, (c) there are
not intervening superimposed loads within the basic module which would
necessitate additional computations in evaluating forces in the members of
the pattern, (d) it provides both a basic module which may be assumed
planar, and an analogous continuum which is isotropic, as shown in further
sections of the paper.
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2. Properties of the Analogous Continuum
A. Assumptions of Analysis.

1. All straight generators 1-1’, 2-2’ etc. and a-a’, b-b’ etc. (Figure 2) have
moments of inertia and cross-sectional areas designated by I, and A,
respectively. All tension and compression diagonals 2-b, 4-d etc. and 2-¢’,
4-¢’ etc. (Figure 2) have moments of inertia and cross-sectional areas
designated by I, and A, respectively. Moments of inertia are those effec-
tive in bending in a direction normal to the shell surface.

- 2. All members of the pattern have the same modulus of elasticity E.

3. Alljoints of the reticular pattern (Figure 2) are hinged about pins perpen-
dicular to the shell surface but rigid in all other directions. A consequence
of this assumption is that extensional and in plane angular deformations
produced respectively by direct forces and in plane shears are resisted by
extensional rigidities of the members.

4. Extensional and bending stiffnesses, of the members of the pattern, are
not altered by intervening joints.

5. Transverse shear deformations of the analogous continuum or the mem-
bers of the reticular pattern are negligible.

6. The basic module, represented typically by ABCD (Figure 2), is a plane
element. In fact, the perimetric sides of the basic module form a square of
such a small warpage that the tangential bending and twisting moment
vectors, direct force and, in plane shear stress resultants may be safely
considered as lying on a common plane. For instance, for the case of a
shell bounded by a warped square whose sides form a slope of 0.25 with
the OXY plane (Figure 1), containing ten basic modules in each direction,
the angle between opposite sides of the basic module (AB-DC, AD-BC,
Figure 2) is less than 3°.

B. Constants of the Analogous Continuum

The basic module is shown in detail in Figure 3. The halved values of
moment of inertia and cross-sectional area of AB, BC, CD, DA reflect the
fact that these members are shared by abutting basic modules. On the basis
of the analysis shown in Appendix II-Derivations of Relationships, taking
into account extensional, bending, and in plane shearing deformations, the
following results have been obtained:

| | 4\/T2—a2+ 4 o Azﬁ.;
2]5/(2\/'2'a +1)(2¥2 L+ 1) Lﬁ;
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| lzv'? 1 T
' (o
h=2 /5 — . . .2
R{Ra +1 A,
\)':—-""l . . . 3
/2 a +1
V2 A, E
G.=G‘T= 2. . ) [} 4
7 Lh

in which E, h, », G, L are the modulus of elasticity, thickness, Poisson’s ratio,
shear modulus, and side length of the square basic module respectively; the
prime ( ’ ) refers to the analogous continuum; subscripts x, y designate
association with directions OX, OY respectively; a and ¢ are ratios given by

I

—— . . 6

Iy

‘_
il

Equations 1 and 4 indicate that the analogous continuum is isotropic.
For the special case for which all members of the pattern have the same
properties, i.e. « = ¢ = 1 the above expressions become

g =g =073 AAE .7
x y LT
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V'.—.O.as . ) . 9

\ . AyA B

ety - 10
A=

in which A, I are the common cross sectional area and moment of inertia
" respectively, of the members of the pattern.

3. Forces and Moments in the Members of the Pattern

Results determined in Appendix II-Derivations of Relationships, are
summarized below. Positive numerical results, obtained after substitution
into the following expressions, indicate that forces are tensile and moments
are sagging. Stress resultants for substitution into the following expressions
are positive when they are of the sense shown in Figure 4.

A. Axial Forces

Member designation is that shown in Figure 3.

Member EG:
p = __:__L___.,{(z\/?a +1)NyA—NX} N
a2 o +4 " ) :
Member HF:
P = __._____.{(2\/5& +1)Nx_Nyj . . . 12
afZa + 4
Members EH, FG:
LN
V2 L Xy "
P —m {Nx + Ny} + . . .
W2 a + 4 'E3
Members EF, HG:
V2L LN
- e X . . . 14
P o+ Ny} |

1

af2 a +4
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in which P are axial forces in the members of the reticular pattern; N,, N, are
direct forces, and N, are “in plane shear” forces, per unit length of the
analogous continuum (Figure 4).

B. Bending Moments

Member EG:
3 \/,—2- .
M= LMY . . . 15
2R L+1
Member HF-
P
M = ————— LM . 0 . 16
2y2 L+ 1
Members EH, FG:
LM
M=___£{Mx+1viy}+ a2 17
a2 L + 2 2
Members EF, HG: »
Ly? LM,
i y
M = {M, + MY+ . 18
a2 L+ 2 % A

in which M are moments in the members of the reticular pattern; M,, M, are
bending moments, and M, are twisting moments per unit length og the
analogous continuum (Figure 4).

C. Transverse Shears

Member EG:
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Member HF:
Q = __&.ﬂ___v . [} . 20
2z L+
Members EH, EF, GH, GF:
Qs — (T +V) . ..o

222 L + 1) :

in which Q are transverse shear forces in the members of the reticular
pattern; V,, V, are transverse shear forces per unit length of the analogous
continuum (Figure 4). :

Summary and Conclusions

The “analogous continuum” approach constitutes an alternative to solu-
tions of reticulated (discrete member) structures by computer methods.
Formulation of this approach, given in this paper, consists principally of: (a)
replacing the proposed reticular pattern by an equivalent hypothetical mate-
rial termed the “analogous continuum”, (b) applying a valid continuum
theory on 4 structure consisting of the analogous continuum, (c) determining
stress resultants and transforming them into forces and moments in the
members of the reticular pattern.

Principal advantages of this approach, as compared to discrete member
computer solutions, are: (a) surveyability of stress fields and overall stability
conditions, and (b) absence of the condition of limiting computer capacity,
which may possibly arise due to the large number of simultaneous equations
to be solved. :

A reticular pattern, suitable for shallow hyperbolic paraboloid shells
bounded by a warped rectangle, is studied in detail. The basic module of this
pattern consists of a square and its diagonals inscribed symmetrically within
a larger square. Properties of the analogous continuum corresponding to the
above reticular pattern, and forces, moments and shears in the members of
the pattern, are given by mathematical formulations.
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Appendix II - Derivations of Relationships
DETERMINATION OF PROPERTIES OF ANALOGOUS CONTINUUM
1. Direct Force Actions
Extensional characteristics are determined by use of the theorem of minimum total ;;otential
(3). The potential energy of external forces LNy acting on the basic module (Figure A.1) is

V=-6 LN D A N R I B R N R A ) Al
y y

in which V is the potential energy of external forces; 8, i the deformation in the OY direction*.
The strain energy stored in the members of the modu{e is given by the following expressions:

Member AHD:
A
2( 1) o
- i
_._}_63'2 E::(SyAl o
b=5 - oo
Member AEB: A
22 5 Pam
U 1 x\ 2 ] - X 1 A3
2— 2 L hL 260 00 000 .
Member EH:
6 2 2/2 o) I/f Y TL

*Identification of symbols already shown in the main body of the paper is not repeated in lhlS
Appendix.
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Member EG:

2 oo
_ 1 6y AIE _ dy AME A5
U =-=- =
s R L 2L
Member HF:
2 2
_ l,éx A]E _ Gx AlE ' A£>
5"2 IJ ‘ 2L ® % 0 6 8 0 P B E P e

in which the U terms designate strain energy stored in the corresponding member; (Sx is the
deformation in the OX direction. '

The total strain energy stored in the basic module with terms pertaining to member types, two
of each of AHD and AEB, four of EH, and one of each of EG and HF is

U, =20 + + + +
T12U24U5U4U5....
in which U, is the total strain energy stored in the basic module. Substituting the values of
strain energy terms of Eqs. A.2 through A.6 into Eq. A.7 and combining the expression thus
obtained with Eq. A.1, the total potential V + U is given by

A7

2 2
§"AE §TALE A_E
_ oy 1 x 1 J2 2 2
V+UT,..-6yLNy+ STk Syt _h(ay+5x) I
62A E 62A E
P SO S SR . A8

25L 2L

For the conditions B(V + UT )/86)( = O’and a(V + UT )/aﬁy = O)

Eg. A.8 - provides a system of two equations, solution of which gives

v L2N
_ 1 Y - A9
6)(—- ;) .AE LI N R AN I RN B R R
h/ga”+ha 2
2
LN
§ = 212 ot N W 1)

¢ E
y h/5a2+ha Ay
From Egs. A.9 and A.10 Poisson’s ratio is determined as

x
vt = =

-t
by ayren

LI AR R B IR B S 2 B B B A N A.ll
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Hooke’s law in the OY direction for the analogous continuum is
g CX
E ='—¥'-V'°‘; € 606 0660686088000 0csato0se e A.l12
vy E y E .
J g "

in which ¢ is the strain; ¢ are stresses. Also

(Sy yL°'°o¢o-....... A.13
N

O=—'—.¥" ..............’A'l4

Y n

Eliminating between Eqgs. A.10 and A.13, and then eliminating N, between the equation thus
obtained and Eq. A.14

o _ &y 42 o+ha . AyE ' ALS
. - [] LR I I B I I I I B o
y B 2\/5&+1 L

Eliminating o, between Eqs. A.15and A.12 foro, =0

E); - b2 a2+ha . AZE

.ue . . A.16
Lh' ¢ o u e L] s 200000 .o .

2V2 a + 1

By a similar process

' 2 A E
E-;(=h~/§_a+ha. 2 s s 0 eressse st sO 0 .A‘l‘,
2/2 a+1  Lh'

2. Bending Moment Actions

Bending characteristics are determined by use of moment-curvature relationships. The
minimum radius of curvature R, of the basic module, under the action of bending moments

LM, (Figure A.2), is, naturally, in the direction of members AHD, EG, BFC. The radius of
curvature R , pertaining to members EH and EF is then.

R, |
R, = —_j_ = 2Rr * o o o o o @ L Al3
¢ 2 o ¥ A
cos 45
On the basis of the above considerations
I
E(=2) EI
- % - A9
M] - e o 8. 0 0 8 0 4 o
) R RR
y y
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ET -
Mz‘ 1 e o o o o o A20
RY
ET EI ~
M o= —L =2 ... A21
5 R 2R
¢ y

in which M,M,, M, are the magnitudes of the moment vectors which are normal to members
AHD, EG, EH respectively. The component of moment M, normal to the OY axis has a
magnitude M’, given by

EI ET,
Mé = R 003450 - __2 s o o o & A.22
2/ R
2R | V .

The total moment M, acting on the face of the module is ‘
1
MI. '2M1+M2+2M5 T A ) A23
For equilibrium
MT = LM}, L ] L] L) L] L . L] L L] . L A'24

Combining Egs. A.19, A.20, A.22, A.23, A.24 and setting I/L, =, gives

A.25

aye L +1 EI,
M = ‘

y —_— « _» » [ [}
\/2 Ry

Considering a square element of the analogous continuum of same radius of curvature R_ and
size L x L, as the basic module, the bending moment-flexural rigidity relationship is given by

LM B T ¢ ——— . A.26

Substituting in Eq. A.26 the values of E’, and »" from Egs. A.17 and A.11 respectively,
eliminating the term LM, between the equation thus obtained and Eq: A.25 and solving for h’

W e s 2L x1) T A21
| (2R o +1) g,
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Substituting the value of h’ from Eq. A.27 into Eq. A.16 or Eq. A.17
= R [
\ ‘ HRa +t4a AoYds E
4

B = F = — A28
2-/5/(2\]§a s ) 2L +1) LI,

3. “In Plane Shear” Actions

In accordance with assumption 3 of subsection “A. Assumptions of Analysis”, shear forces
are resisted by the members of the sides of the inscribed square only (Figure A.3). Therefore

Ny '
p = May : A29

1 e & & o & ¢ & o o o

V.z— .

.0 - A0

in which P, P, are axial forces in members EH, EF respectively, and the minus sign indicates
compression. Corresponding half deformations of the above members, are given by

R
LN
bc = ac = xyonoo-oo-o A3l
4 Ay E
For the small right angle triangle acb (Figure A.3)
LZNXy
ab'ﬁ.bc’-‘T— s o v o 8 o » A32
2‘12 ASE
also
Y = ab L ] ¢ o » . L] L . o @ A-33
Xy L/

in which Yy is the angular deformation of the basic module. Combining Egs. A.32 and A.33

2
L ny LN

- XY
V2 ALL/RE (2 AyE

e o o ® o o o s A4S
Yy~
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Considering that an element of the analogous continuum of same size as the basic module Lx L,
will deform by the same amount Yoy

1
LNyy/ Lh N

Y = 7 = Rty‘ . . . 4 e A35
xy G ' G
Eliminating Yy between Eqs. A.34 and A.35
V2 4, E
G' = 1 [ . L] . . [ A.36
Lh

If the analogous continuum is considered as an ordinary engineering material, then

¢ = E‘
21 +v')

" Through combination of Eqs. A.11, A.16, A.27, A.36 with A.37, it is deduced that, Eq. A.37 is
fulfilled only if a = 2.

. . . . ) A.37

DETERMINATION OF FORCES AND MOMENTS IN THE MEMBERS OF
THE RETICULAR PATTERN

1. General
Positive signs indicate that forces are tensile and moments are sagging. Stress resultants for
substitution into the following expressions are positive when they are of the sense shown in
Figure 4. Member designation is that shown in Figure 3.

2. Axial Forces due to N, and Ny

Member EG:
Considering the basic module acted on by forces LN (Figure A.1), the force-deformation

relatlonshlp is
5 y
EAl * o v 0 o ¢ v o 9 3 A38

P = —L
L

Combining Eqs. A.10 and A.38

2o +1 IN A39

4\/"oc +4 ¥

Considering the basic module acted on by forces LN, and combining Eq. A. 38, whlch still
holds, with Eq. A.9 holding rotationally for 6 and N (instead of 6 and N))

LN * & o o @ A.40

P=._
TR
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Member HF: )
By similar considerations as for member EG, expressions for axial forces are obtained, given by
Jo + ‘
- .Z_‘./_Z_Q__l_LN A4l
x . [ ] LJ L] L ] L] o @ .
afea + 4 |
1 ,
= 42
P = LN ® o o & o ® o 9 A 4

a2 w7

Members HE, HG, FE, FG: :
Considering the basic module acted on by forces LNy (Figure A.1), the deformation A is given
by

5. 6

= JC+__}L ® ® ® © o ¢ ® @ A43

242 Y2
Combining Eqs. A.43, A9, A.10

4
1 L™N, A4

A‘4J§a+4.A2§' e & @ ¢ % » o ° o o

The force-deformation relationship for the above members, is given by

A
= — e s e A45
P EA2 o o v

L/\y2
Combining Eqs. A.44 and A 45
____V_—g___. LNx
a2 a +4

e o 8 0 0 o v o A.46

P=

Similarly, considering the basic module acted on by forces LN, '

J2

= ——— IN ® 3 e o o ® 8 9 6 8 A47
4y2 0 + 4

3. Axial Forces due to ny

Expressions for these axial forces are given by Eq. A.29 for members EH, FG, and by Eq. A.30
for members EF, HG.
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‘4. Bending Moments due to M, and M,

Member EG:
Considering the basic module acted on by bendmg moments LM and combining the relevant

Eqgs. A.20 and A.25
Fv o
LM . o & e o o8 & 9 A,-48

2z +1 7

M:

Member HF:
For the case in which the basic module is acted on by bending moments LM, an expression for
the moment in member HF may be obtained, analogous to Eq. A.48, containing M, instead of

M,

Members EH, FG, EF, HG:
Considering the basic module acted on by bending moments LM and combining the relevant
Eqgs. A2l and A.25

2

’4'/51, +2

M= LMY e 8 5 ® .9 0 s o o @ A49

An expression analogous to Eq. A.49, containing M, instead of M, may be obtained for the
bending moment in the above members for the case in which the bhsic module is acted Of=byr———
bending moments LM .

5. Bending Moments due to M,

In conformity with the assumption that the torsional rigidity of the members of the module is
negligible, twisting moments LM, are resisted by the bending stiffness of the members HE,
HG, FE, FG (Figure 3). Thus, the bending moment in all of the above members is given by .

M= — . . . A.50

6. Transverse Shear Forces due to V o V

The basic module is shown in Figure A.4, under the action of transverse shears Lv. Use is
made of Eq. A-51

aM
Q= — e e e . e A5l

ad

in which Q is the shear force in the member; fis the coordinate in the direction of its length.
Considering member AHD (for which,@)f Eq. A.51is equal to y) and combining Egs. A.51 and
Al9
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‘ EI1 d 1
Q. = r— | — . . e . AS2
1 2 dy Ry

d 1
Substituting into Eq. A5S1 K for g y‘ ( RY )
1 A53

Q1= _E— L] . .

By a similar process, for member EG,

Q = EI]. K . . . . A.54

2
For member EH,
[} -y = _y =y{é— o . A.55
» cos 45° : '
Combining Egs. A.21, A.51, A.55 and substituting K for - (i
R
RI, v
QS P S . . . ) ° A.56
Ry2
For equilibrium

) *Q Ry LV, . « v e . aAm

Substituting in Eq. A.57 the values of Q , Q,, Q, from Egs. A.53, A.54, A.56 respectively,

solving for K, substituting the value of K tflus determined back into Egs. A.53, A.54, A.56, the
following expressions are obtained :

V2 u

Q = -——-——-——-Lvy A A e o & ASS8
o +1)
Q = '__\’/ik'_-' LV * & o 8 8 o 8 & o A59
2 2'J2 Lo+ 1 y v
1

Q mLV oocooop..A-60
5 el +1) 7

" Analogous expressions may be obtained for the case in which the basic module is acted on by
transverse shears LV .
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Appendix I1I - Notation

The following symbols have been adopted for use in this paper:

R

LY - S

e

I

cross-sectional area of members of reticular pattern; for significance of subscripts
see Figure 3; :

modulus of elasticity;

shear modulus;

moment of inertia of members of reticular pattern; for significance of subscripts
see Figure 3;

$E),

= side length of square basic module;

[} .

Superscripts

bending moments in members of reticular pattern;

bending moments per unit length of the analogous continuum, tangential to shell
surface and normal to OX and OY axis respectively (Figure 4);

twisting moment per unit length of the analogous continuum, tangential to shell
surface (Figure 4);

direct forces per unit length of the analogous continuum, tangential to shell
surface and parallel to OX and OY axis respectively, (Figure 4);

“in plane shear” forces per unit length of the analogous continuum, tangential to
shell surface (Figure 4);

axes of a right handed cartesian coordinate system OXYZ, (Figure 1);

axial forces in members of reticular pattern;

transverse shear forces in members of reticular pattern, normal to shell surface;
radius of curvature; '

strain energy;

transverse shear forces per unit length of the analogous continuum normat to shell
surface (Figure 4); potential of external forces acting on an isolated basic module;
horizontal projections of half spans of shell on the OXY plane, (Figure 1);

rise of shell (Figure 1);

thickness;

shell shape parameter (k = z/xy);

length variable in the direction of a member of the reticular pattern;

cartesian coordinates;

GREEK SYMBOLS .

ratio of cross-sectional areas of members of reticular pattern,
= A/A, (Figure 3);
angular deformation of basic module acted on by “in plane shears”;
extensional deformation;
strain at a point;
ratio of moments of inertia of members of reticular pattern,
= 1,/I, (Figure 3),
Poisson’s ratio;
stress at a point;

INDICES

Primes (') = denote properties of the analogous continuum;

Subscripts '

T

X,y
Xy

signifies inclusion of all terms into the respective quantity;
signify association of the quantity with the OX and OY axis respectively;
signify association of the quantity with “in plane shear” forces.
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Figure 3: Basic Module Used in Analysis

Figure 4: Positive Directions of Stress Resultants in an Element of Analogous
Continuum
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Meetings Held — Technical Groups

Computer Group

October 5, 1977. Speaker, Dr. James Jackson, on the impact of microprocessors on consult-
ing engineering. Attendance 15. This was also an official meeting of the BSCE Section.

November 30, 1977. Speaker, Mr. Francis Ferreira, Stone & Webster Engineering Corpora-
tion, on “ESP-1, An Energy Simulation Program” (for building design). Attendance 25.

Both meetings were held at the MIT Faculty Club.

Construction Group

October 12, 1977. Mr. Robert W. Adler of the Fidelity and Deposit Company of Maryland
spoke on obtaining construction bonding and on making claims. Officers for 1977-1978 were
elected, as follows: John P. Sullivan, Chairman; Stephen G. Walker, Vice Chairman; John R.
Roma, Clerk. Attendance, 17.

December 14, 1977. Speaker, Dr. James D. Corbm Equal Employment Opportunity Office,
MBTA, on experiences in EEO work related to construction. Attendance, 25. This was also an
official meeting of the BSCE Section.

Both meetings were held at the Red Coach Grill in Boston.

Environmental Group

October 25, 1977. Mr. Lester Sutton of the Environmental Protection Agency Region I spoke
on interpretation of EPA Program Memorandum 77-8. Attendance 49.

February 1, 1978. Dr. Frederic C. Blanc of Northeastern University spoke on land applica-
tion of sludge. Attendance 30.

Both meetings were held at Purcell’s Restaurant, Boston.

Geotechnical Group

October 18, 1977. Mr. Edwin Paul Swatek, Jr., Consultant, Sewickley, Pennsylvania, gave a
paper on Design and Construction of Cellular Structures. Attendance 45.

November 16, 1977. Dr. Charles C. Ladd of MIT discussed his state-of-the-art report on
stress-deformations and strength characteristics which was presented at the 9th international
conference on soil mechanics, Tokyo, 1977. Attendance 75. This was also an official meeting of
the BSCE Section.

December 13, 1977. Panel on rock drilling for subsurface exploration, with: Dr. Gary S.
Brierley of Haley & Aldrich, Inc.; Dr. Ronald C. Hirschfeld of Geotechnical Engineers, Inc.;
Mr. Eric Butler of Guild Drilling Company; and Mr. Budd Berger of Christensen Diamond
Products. Attendance 60.

January 18, 1978. Dr. Wallace H. Baker, Jr., of Hayward Baker Company, Odenton, Mary- -
land spoke on grouting technology, present and future. Attendance 51.

The four meetings were held at Mugar Hall, Tufts University.
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Hydraulics Group

November 9, 1977, at the Ralph M. Parsons Laboratory, MIT. Mr, Warner W. Wayne, Jr. of
Stone & Webster Engineering Corporation spoke on tidal power prospects.for New England.
Attendance 50. ]

January 25, 1978 at the office of CE Maguire, Inc., Waltham. Seminar on engineering and
legal aspects of drainage works, with: Mr. William S. Parker of Bryant Associates, Inc., Boston;
Mr. Thomas Feeney of Westwood, Mass., Conservation Commission; and Mr. Emerson Chan-
dler, Attorney for Massachusetts Water Resources Commission. Attendance 42. This was an
official meeting of the BSCE Section.

Structural Group

. Lecture series on structural welding for engineers; four evenings at Green Building, MIT,
October 25, November 1, November 8, and November 15, 1977. Lecturers: Messts. Carl W. Ott,
James F. Clauson, Omer W. Blodgett, William H. Levelins, and Dexter A. Olsson. Approxi-
mately 300 persons attended.

November 8, 1977. Luncheon meeting at Stratton Center, MIT. Mr. Omer W. Blodgett gave
a status report on structural welding today. Attendance 57.

December 7, 1977. The AISC T. R. Higgins lecture of 1977, presented by Dr. John W.
Fischer of Fritz Engineering Laboratory, Lehigh University. Subject “Fatigue Strength of Steel -
Beams with Welded Stiffeners and Attachments”. Held at MIT Center for Advanced Studies.
Attendance 75.

Transportation Group

December 1, 1977. Joint meeting at Pier 4 Restaurant with the Boston Transportation Group
and with co-sponsorship of AIA, AIP, League of Women Voters and Massachusetts Associa-
tion of Planning Directors. Seminar 9:00 AM to 2:00 PM on the topic “Emerging Transporta-
tion Policies”. Moderator was Frederick P. Salvucci, Massachusetts Secretary of Transporta-
tion; speakers from Mass. DPW, Mass. Port Authority, Mass. Bay Transportation Authority,
Central Transportation Planning Staff, and Urban Mass Transportation Administration.
Attendance 260. ' .
" January 11, 1978. Mr. Robert F. Walsh, Director, Boston Redevelopment Authority, spoke
on “The New Boston” and described the planning and development work of BRA. An election
of officers for 1978 was held with results as follows: Chairman, Robert J. McDonagh; Vice
Chairman, A. Russell Barnes; Clerk, Rocco A, Mancini; Members Executive Committee,
Edmund J. Condon, Robert A. Snober, Anthony DiSarcina, Thomas F. Humphrey, and
Marvin W. Miller. Held at Nick’s Restaurant, Boston. Attendance 66.

Other Meetings
Joint Meeting with MSPE

November 15, 1977. Joint meeting of BSCE Section with Metropolitan Chapter MSPE at
Pier 4 restaurant, Boston. Mr. Roy Wallis of J. F. White Contracting Company spoke on the
construction of the Charles River Dam, Boston.

BSCE Section, Western Branch

~ January 10, 1978. Mr. Russell K. McFarland of the Urban Mass Transportation Administra-
tion, U, S. Department of Transportation, spoke on “Issues in Construction of Urban Trans-
portation Facilities”. Held at Hotel Northampton.
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