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THE ANALYSIS OF MULTIPLE AND CONTINUOUS 
FOLDED PLATE STRUCTURES

by James M. Paulson

This paper presents the theoretical analysis and the results 

of an experimental investigation of multiple folded plates, continuous 

folded plates and continuous multiple folded plate structures. Folded 

plates can be used economically to span large areas with minimum 

interior obstruction. In such cases interior frames or additional 

interior plates may be provided to limit displacements and to provide 

a reasonable distribution of stress in the plate system. The solutions 

presented are concerned with folded plate structures made indeterminate 

through the use of multiple folded plate construction and through the 

use of interior frames not rigid in their plane.

The analysis of a two bay multiple folded plate is undertaken 

treating the additional interior plate as a redundant member. The 

interaction of the simple folded plate and the redundant plate is 

assumed to be provided through a distributed edge pressure and a 

distributed edge shear force acting at the joint common to the simple 

folded plate and the redundant plate. The simple folded plate is 

analyzed for the effect of the applied load and unit values of the 

redundant forces; the redundant member is analyzed for the effect of 

unit values of the redundants. Equations are written expressing the 

consistency of the displacements and of the edge stresses of the simple 

folded plate and the redundant plate at their common edge. The solution 

of these equations yields the intensity of the redundant edge forces.
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Symmetrical and unsymmetrical loadings are considered in this analysis, 

A single bay folded plate continuous over a frame not rigid in 

its plane is analyzed treating the interior frame as a redundant member. 

The interaction of the folded plate and the frame is assumed to be 

provided through a system of resultant forces acting in the middle 

plane of the plates and on the cross sections adjacent to the interior 

frame. After analyzing the simple folded plate for the effect of the 

applied load and unit values of the redundants, the frame is analyzed 

for displacements induced by unit values of the redundants. Equations 

written to express the consistency of the displacements of the folded 

plate and the frame are solved for the redundants.

The third part of the analytical investigation consists of the 

analysis of a folded plate structure combining the problems of both 

the multiple and the continuous systems. In this case the various 

force systems or the plate moments produced by them are represented 

by trigonometric series. The final solution is obtained considering 

the first six terms of the series.

The results of an experimental investigation, conducted by the 

writer on small scale aluminum models, are presented. Satisfactory 

agreement between the theoretical and experimental results is 

demonstrated for each of the three structural systems investigated.

The agreement between the analytical and the experimental 

results indicates that the accepted methods of analysis for simple 

folded plate structures can be extended through the use of the 

principles of superposition and consistency of displacement and stress 

to the solution of more complex problems in folded plate analysis.
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CHAPTER I

INTRODUCTION

1. Synopsis

The folded plate is one of several structural systems developed 

during the past three decades as the result of the increase in interest 

in reinforced concrete construction and the growing need to enclose 

maximum space with minimum structural material. The increase in use of 

this type of construction in the industrial field has led to problems 

in long span and continuous construction. Recent recognition of the 

versatility of the folded plate by architects has led to problems 

concerned with the analysis of a wide variety of plate arrangements and 
framing conditions.

This thesis presents the results of analytical and experimental 

investigations of a multiple folded plate, a continuous folded plate 

and a multiple continuous folded plate. The fundamental principles and 

procedures of analysis developed originally for the analysis of simple 

folded plates are presented in Chapter H. These fundamentals are 

utilized in the remaining chapters to aid in the analysis of more 
complex structures.

Certain applications of folded plate construction require the 

use of multiple folded plates or folded plates which are continuous 

over interior frames not rigid in their plane or combinations of these 

systems. Chapters III, IV, and V consider these problems in turn,
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presenting methods for analysis and experimental results obtained by 

the writer from tests made on small scale models.

2. Historical Background

According to Born1*,  the first development of a method for the 

analysis of structural elements acting as a folded plate system was 
made by Schwizer2 in 1920. An independent development of a rudimentary 

method of analysis was made by Ehlers-^, whose first analysis considered 

the plates joined at their edges by hinges capable of resisting longi­

tudinal sliding motion. However, in 1930, both Ehlers1* and Craemer^ 

published methods of analysis comparable to the fundamental solution 
presented in Chapter II.

*A11 numbers refer to the bibliography.

In 1932 Gruber6 presented a method that considered the 

distortion of the cross section as well as the flexural continuity at 

the edges. The solution is obtained through a system of simultaneous 

differential equations of fourth order written in terms of the trans­

verse moments where these moments and the remaining functions are 

expressed as trigonometric series. Griming? also published a solution 

in 1932 which was similar to Gruber's, except that the functions were 
represented by geometric series.

Following the work presented by Gruber6, a great deal of 

interest developed in this field, particularly in Germany and Switzer­

land, so that a number of specialized problems were solved during the 

period from 1935 to 1952. The problems of stiffening diaphragms, 

edge beams in the form of frames, and multiple edge beams were treated 
by Gruber8 in 1935. The solutions represent applications of his



basic solution presented in 19326.

Perhaps the most important recent advances in the development 

of practical methods for the analysis of simple folded plate systems 

were provided by Winter and Pei? and Gaafar10. Winter and Pei? 

developed a distribution method for the analysis of simple folded plate 

systems, while Gaafar10 developed a means of including the effect of 

cross section distortion in this solution. The two contributions are 

reviewed in Chapter II, since they are drawn on in the remaining 
chapters,

in 1950 Huang‘S developed a method for designing diaphragms for 

folded plate systems, and in 1951 Ali^ presented a method for analyzing 

folded plates continuous across rigid interior supports. Both of these 

dissertations utilized the methods of Winter and Pei? and Gaafar10. 

Gruber published a solution for folded plate systems continuous over 

rigid supports in 1952. In this he made brief reference to the effect 

of introducing a flexible support.

Another contribution to the analysis of the simple folded plate 
was made by Craemer^ in 1953 in which he provided a solution to the 

problem undertaken by Gruber6 in 1932. The solution is provided 

through a system of simultaneous differential equations of second order. 

Craemer also developed a parameter which may be used as a guide in 

anticipating the nature of the structural response of the simple folded 
plate.

In 195k Ashdown1^ presented a solution for the simple folded 

plate developed through the use of a system of simultaneous algebraic 

equations, which include the effect of relative edge displacement. The 

solution provided is comparable to that given by the distribution



method of Winter and Pei? and Gaafar^.

In 19^4 a major contribution to the literature on folded plate 

analysis appeared in the form of a book by Born1. The fundamental and 

the more rigorious theories were reviewed as well as many specialized 

topics. Among the special problems included were the statically 

indeterminate problems of multiple and continuous construction. 

Multiple folded plates were analyzed by introducing the "four shear „ 

equation" and by considering the edge force at the multiple joint as a 

redundant. Reference was made to Gruber’s8 solution for folded plates 

continuous over interior supports. A case was considered in which the 

folded plate was continuous across isolated interior columns, the 

solution being provided by setting the displacement of the folded plate 

equal to zero at the point at which the folded plate joins the column.

Many other publications have appeared in this field; the ones 

referred to above have a distinct relation to the matter discussed in 

this dissertation.



CHAPTER II

° FUNDAMENTAL RELATIONSHIPS AND PROCEDURES

1. Notations and Symbols

The following notations and symbols will be used throughout 

the following chapters.

x - coordinate measured from the end frame parallel 

to the longitudinal axis of the roof.

1,2,3—m = subscripts used to denote plates or ftame 

elements.

a,b,c—j = subscripts used to denote longitudinal plate 

edges or frame joints. Plate 1 has edges a and b.

L = span of the structure measured in the direction 

parallel to the longitudinal axes of the plates.

= dimension of plate I measured in its middle plane 

perpendicular to the longitudinal axis of the plate.

ti = thickness of plate 1.

Ai = cross sectional area of plate 1 - h% x t%.

Si = section modulus of plate 1 = tihi-^.

Lp = moment of inertia of a strip of unit width - 
1 x tjL12.

^1 = component of displacement of plate 1 parallel to

the middle plane of plate 1 and perpendicular to 

the longitudinal axis of plate 1.
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^12 = displacement S % caused by the application of

a unit force to plate 2 in the plane of plate 2, 

<§la " component of displacement of edge a in the

direction of S

<§lb " component of displacement of edge b in the 

direction of la = § lb " ^1-

Ala " component of displacement of edge a perpendicular 
to the plane of plate 1.

Alb " component of displacement of edge b perpendicular 
to plate 1.

Ai “ total relative displacement of edges a and b 

perpendicular to the plane of plate 1.

Ala + An, = 6p

W = total load acting on the structure.

Via ” shearing force per unit length acting on edge a 

of plate 1 in the direction perpendicular to the 

plane of plate 1.

Ola “ equilibrant of Via.

” concentrated edge force acting normal to edge a 

in the plane of plate 1.

Plb = distributed edge force applied to plate 1 at 

edge b acting in the plane of plate 1.

mia - bending moment per unit length in plate 1 at 

edge a acting in planes perpendicular to the 

longitudinal axis of plate 1, hereafter called 

slab bending moment.
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Mj = bending moment in plate 1 acting in the middle 

plane of the plate and on the cross section of 

the plate, hereafter called plate bending moment.

Ta - shearing force per unit length at joint a acting 

on planes perpendicular to the middle plane of the 

plates framing into joint a and acting in a 

direction parallel to the longitudinal axes of 

the plates.

Na » total edge shear acting on edge a of a plate at a 

section x distance from the end frame - J*oT adx.

Fi - resultant applied to plate 1 acting in the middle 

plane of the plate on its cross section and 

directed perpendicular to the longitudinal axis of 

the plate.

fla ■ normal stress in plate 1 at edge a and acting 

parallel to the x axis. Hereafter f will be 

referred to as edge stress.

Other symbols and notations used in the following chapters are 
defined where they first appear.

2. Assumptions

The recently devised methods of analysis for folded plates are 

based on certain assumptions concerning the nature of the materials 

used, the geometry of the structure, and the force systems acting in 

the structures1 components. Most of the assumptions have been shown 

to be reasonable as the result of recently performed investigations.

1. The material is homogenious, isotropic and elastic.
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2. Plane sections in individual plates before bending remain 

plane after bending.

3. The structure is made up of prismatic members of depth h 

and thickness t. The depth of each plate, h, is 

sufficiently small compared to the span, L, so that slab 

bending moments in planes perpendicular to the middle 

plane of the plate and parallel to the longitudinal axis 

of the plate can be considered small. The chickness, t, 

is small as compared with the depth h.

h. Loads applied to the surface of a plate are distributed 

uniformly over the entire plate.

Assumptions 3 and h make it reasonable to assume that slab 

moments, m, can be computed by analyzing a unit transverse 

strip of the plate system and that torsional moments in the 

, plates can be considered small and shear deformation
neglected.

6. The plates are joined at their edges to form a monolithic 

plate system.

7. The end frames are assumed to be rigid in their plane and 

are assumed to be entirely flexible perpendicular to their 
plane.

The dimension ratios referred to in Assumption 3 have not been 

defined experimentally or analytically. Recommendations for the 

minimum value of p have varied from two to four. It is presumed that 
the ratio £ will be approximately thirty; practical conditions will 

usually insure that it not exceed this value, while requirements of 

economy will usually require that it will not be much less.
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3. Development of Basic Relations

The fundamental theory for the analysis of a folded plate is 

based on the additional assumption that all edges displace the same 

amount. With this assumption and the preceding ones it is deemed - 

reasonable to consider the action of the structure broken down into 

two phases for analysis purposes. The transverse action and the 

longitudinal action are considered separately but related through the 
edge force, p.

The first part of the procedure is concerned with the transverse 

action of the plate system involving the determination of the forces m, 

V, and p. After resolving the applied loads into components parallel 

to and perpendicular to the plate surface to which they are applied, 

a unit transverse strip is cut from the plate system and analyzed for 

moments, m, induced by the components of the loads acting perpendicular 

to the plates. This is accomplished through the use of a method such 

as moment distribution, considering the strip as a beam continuous 

over a series of non-yielding, knife edge supports. These supports 

exist at the edges at which two plates join. If the angle of 

inclination of a plate relative to its adjacent plate is not small, 

it is reasonable to assume that each plate framing into the joint will 

provide a reaction component in its plane at the joint. This is 

possible in view of the large stiffness of the plate in its plane as
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compared to its stiffness in planes perpendicular to its plane. Hie 

shear forces, V, developed at the joints are computed from the 

equilibrium conditions for each member in the strip. The equilibrants, 

Q, of the shear forces are resolved into components in the plane of 

the plates framing into the joint as shown in Fig. 2.1. These 

components are the edge forces, p, defined in Section 1. Th this 

way the applied loads are resolved into force systems producing 

transverse bending in the plates and subsequently into forces which 

are assumed to act in the middle plane of the plates.

Fig. 2.1



After stunning the load and edge force components acting in the 

plane of each plate, the edge stresses are computed using the ordinary 

flexure formula. The edge stresses computed in this manner will be 

referred to as free edge stresses. The computations for free edge 

stresses are based on the assumption that the plates act in an isolated 

manner. Since this produces edge stresses in obvious disagreement with 

the actual monolithic response of the structure, it is necessary to 

apply a system of forces to the plates to hiring about the agreement 

between edge stresses, fj, of plates common to edge j. Edge shear 

forces, Tj, are introduced to provide this continuity of edge stress. 

For a plate system such as that shown in Fig. 2.2, shear forces, T, 

would be applied at all edges, j, at which two plates join. Plates 

m+1 and m-2 exist but are not shown.

M,

N;
Joint

Plate

JointNi

Plate

Joint
N;

m-1

j-1

m

j

Fig. 2.2
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Since Nj is the total edge shear acting on edge j at the 

section shown, the total edge stress at edge j of plate m can be 

written in terms of Nj, Nj+p and Assuming that the stresses on 

the plates’ cross section caused by Nj and Nj+1 can be confuted as a 

direct stress of constant magnitude and a flexural stress computed 

using the ordinary flexure formula, the following expressions can be 

written for the stress at edges j and j+1 of plate m. The assumed 

positive directions for N and M are shown in Fig. 2,2; tension stress 

is positive.

2 
"sr% .........................................

ML 2
+ Nj)............................................. 2.2

Two such equations can be written for each plate, providing 

2m equations for edge stress. The condition that the edge stress 

at a joint common to two plates be a single value can be met by 

equating the expressions for stress for the plates joining at this 

edge. This provides j-2 equations to solve for the j-2 unknown 

values of N. The expression obtained by equating the edge stresses 

at edge j for plates m-l and m appears as follows.

" tl ' ^3 ^"j * "j-1) ' * "j+1' - • • 2-3

The values of N are the only unknowns in the equations.

The transverse as well as the longitudinal action having been 

considered, one finds that all of the forces assumed to be acting on 

the plate cross section or on the unit strip have been defined. It 

then remains to evaluate the magnitude of these forces on other
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1 sections and on other strip?. Since it was assumed that the load is3 ...s uniformly distributed and since the edges are assumed not to displace

' relative to each other at any section of the structure, it is apparent

that the analysis made for the strip is typical of all other strips in 

the structure. The moments, m, the shears, V, and the forces, p, are 

thus known throughout the structure. The shear force, R, and the 

moment, M, are functions of p and x only so that these forces are - « 
known at all sections. If the expressions

° Pm^x)

were substituted into equations 2,3 and the equations were then solved 

for Nj the following functions would be obtained.

- V<x)
Also, since

^m = J o 

and

"j - Jo Tj dx,

it is known that Tj varies in the same way as Fm. Thus the fundamental 

solution for the forces at any section can be made once equations 2.3 
have been solved.

As suggested by Winter and Pei9, equation 2.3 can be 

differentiated yielding equation 2.U. The resulting j-2 equations 

can be solved simultaneously for the unknowns Tj. This may be done 

rather than solving equations 2.3 for Nj.

-Td-i) -w- • • 2J*



h. Distribution Methods — ......... o
9 -Winter and Pei presented a distribution method for determining 

N based on the similarity between equation 2,3 and the three moment 

equation. Equation 2,3 can be rewritten in the form shown in equation 

2.5.

-fe* yo

. . 2.5

The three moment equation for two adjacent 

continuous across non-yielding, knife edge
spans in a beam system

supports and loaded
symmetrically on each span is as follows.

end moments at support jThe values and are fixed

for spans m-l and m respectively. The form of the equations is the

same

and the

so that the analogous "fixed end" quantities become _
"m-1

and

analogous "stiffness factors" become

Noting that

sm-l _

the distribution factors at joint j are 
r _ „
m-l'J WAm

°
The carry over factor is a positive 0.50.
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e
Similarity also exists between equations 2.1 and 2.2 and the 

slope deflection equations for a prismatic member derived using the 

sign convention shown in Fig. 2.3. This implies that a method for 

balancing free edge stresses is feasible.

Fig. 2.3

The following expressions can be written from Fig. 2.3.

*

Mj ’ <3 * <3 *

M3+l * Mm, 3+1 * ^n,3+l * "m, j+1

^,3 ' bV3

Mm, 3+1 "

^,3+l ' 'ltkm63+l

Mm, 3 " *2km®3+l

Mj - <,j * 41% Bj + 21% 0^

Mj+1 ' ^,j+l - 21% 9 - 1>1%
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The similarity between equations 2.1 and 2.2 and the preceding
M expressions requires that the "fixed end" quantities be at edge j

and - at edge j+1. The "stiffness factors" are

at edge j

and

Cok = t— at edge j+1

Completing the derivation for the moment distribution properties of 

the beams, m-1 and m, one finds the correction moments applied to 
joint j are defined as

_ Sn-1
* km j - ^j)

km_____
Vl * km - <3)

Thus the distribution factors for Joint j are

4_
_ Am-1 •Si
^J - - -r + 4.---------

Si-i Si

Si-i
= Si-i + Si.
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The carry over factors are given by the basic equations

? NJ 
5m-l

fj = _____
.. " ' " nn-J.. bm-l &n~l

Thus the carry over factors are -0.50. - "

The stress distribution method will be used as a basic tool 
for analysis in the following chapters.

5. Relative Edge Displacement

The development of the basic relationships presented in 

Sections 3 and 4 is based upon the assumption that the cross section 

of the folded plate is displaced without being distorted by relative 

edge displacement. This assu^tion makes it possible to carry out the 

analysis of the transverse action in which the edge loads, p, are 

defined as functions of the applied load, w. The introduction of a 

displacement, A, between two adjacent supports of the unit strip, 

as shown in Fig. 2.4, produces additional moments, m, and shears, V, 

at the supports of the strip. The equilibrants, Q, of the shear 

forces are resolved into components in the plane of the plates comon 

to the joint at which the shears are computed. The relative edge 

displacement thus produces a change in the previously computed values 
of m, V, and p.
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Fig. 2.4*

Gaafar^ developed a method for considering the effect of 

relative edge displacement to be used in conjunction with the basic 

procedure discussed in Section 3. Hie revised procedure is as follows.

STEP 1. To the edge loads, p, dependent upon the applied loads and 

computed using the fundamental procedure discussed in 

Section 3, are added edge loads dependent upon relative edge 

displacements, A. Adjacent edges in the unit strip are 

displaced relative to each otherj as many A displacements 

are imposed in turn as there are plates in which slab 

moments were considered in the elementary analysis. Fixed 

end moments are computed for the member of the displaced 

strip whose relative edge displacement is being computed. 

After balancing the fixed end moments using the moment 

distribution procedure, the shear at the supports is computed. 

Ihe equilibrants of these shear forces are then resolved to 

provide a set of p forces that are functions of the imposed 

displacement, A. This process is repeated for each of the 
possible A values.
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STEP 2. The free edge stresses, produced in each plate by the edge 

loads just obtained, are computed as in the fundamental 

procedure. In this case the free edge stresses are computed 

as functions of the displacements, A. Each of these free 

edge stress systems is balanced using the stress distribution 

method discussed in Section 4. Die displacement of each 

plate in its plane is computed f^om the balanced edge stresses. 

The § displacement of each plate can be expressed as a 

function of the applied loads and of the imposed displacements. 

Hie variation of A with x must be known or assumed for this 
computation.

STEP 3. The geometrical relations between the displacements S and 

A are written from an assumed deformed position of the 

cross section of the folded plate such as that shown in 
Fig. 2.5.

â2c = 52c cotO

A2b = 5 ib860® * 5 2t;tan8

A2 ■ A2b + A2c
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o There is only one system of A values that will satisfy the 

geometrical relations and the equilibrium conditions. 

Substituting the expressions for S into the geometrical 

relations provides as maiyr independent equations as there 

are values of A. These equations are solved simultaneously 

for the A displacements. This solution is obtained at some 

particular value of x, usually at midspan, so that the 

solution provides for the conditions at one section only.

STEP h. The total edge stresses, moments, shears, and displacements 

can now be computed as the sum of the values obtained from 

the fundamental solution and those induced by the relative 

edge displacements, A. Since the magnitude of each of these 

functions has been computed in terms of the A displacements, 

the effect of the displacement is given by multiplying the 

function by the magnitude of A. The importance of the 

effect of relative edge displacement will be noted in the 

analytical investigations presented in the following chapters.

6. Continuous Folded Plate Structures

Folded plate structures continuous over rigid interior supports 
were treated by Ali^-2 and it was determined that a reasonable solution 

to the problem can be provided by varying the procedure recommended in 
Gaafar«s10 investigation of simple folded plates. In Ali's12 solution 

the interior support is assumed to be rigid in its piano and entirely 

flexible in planes perpendicular to its plane. Thus, if in the free 

edge computations one considers the plates as isolated beams loaded
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with the p forces and acting as beams continuous across knife edge 

supports, it is possible to account for the continuity in a rather 

convenient manner. To facilitate making the correction for relative 

edge displacement, the free edge stresses are computed at the mid span 

sections. The stresses are balanced in the manner recommended in 

Section 3 and the § displacements computed as recommended as in 

Section h. The resulting § values are once again functions of the 

applied load and the imposed A displacements. The geometrical 

relationships for the deformed mid span cross section are written 

and the <5*  expressions substituted as discussed in Section U. The 

resulting equations are solved for the unknown A values and the final 

magnitudes of the edge stresses, moments, shears, and displacements 
computed.

This approach to the analysis of continuous folded plate 

systems will be utilized as a step in the solution to the problem 

considered in Chapter IV.

7. Sign Convention

No particular sign convention is necessary in the application 

of these fundamental procedures, but consistency in the use of an 

assumed convention is mandatory. In the remaining chapters the 

convention for signs of forces will be that shown in Fig. 2.6 which 

presents the assumed positive quantities for the slab and plate force 

systems. The S displacements are assumed positive when they develop 

in the sense of increasing plate designation.
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Fig. 2.6



CHAPTER III

THE INVESTIGATION OF A MULTIPLE 

FOLDED PLATE STRUCTURE

1. Nature of the Problem

The method of analysis of folded plate structures, as improved 
by Winter and Pei9 and Gaafar10, is applicable to structures comprised 

of plates arranged in such a manner that no more than two plates join 

at a single edge. As defined in Chapter 11, there are j equations 

available to solve for the longitudinal stresses at j edges.

The introduction of a third plate framing into a single 

longitudinal joint creates a condition for which the previously 

discussed methods are inadequate. In the case of an open folded plate 

structure, made up of j-2 joints at which two plates frame, there are 

j-2 unknown values of edge shear, N, and there are j-2 equations 

available, written in terms of M. The plate moments, M, are functions 

of the edge loads, p, and can be defined from statics. If a third 

plate is added at one of the joints, the edge loads, p, cannot be 

determined from statics alone. The distribution of p and N at this 

joint depends upon the flexural interaction of the plates framing at 

the joint and thus upon the joint displacement.

Since a simple folded plate, one having two plates only 

framing at any joint, can be analyzed using the equations of statics,

23
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it is reasonable to think of the multiple folded plate as a statically 

indeterminate structure. This latter structure is redundant to the 

degree defined by that number of forces considered necessary to 

establish the monolithic interaction of the added plate with the 

statically determinate system.

In structures of civil engineering application, it is 

reasonable to assume that the largest number of plates framing at a 

joint will be three. The functional requirements will usually be such 

that this added member will be of limited depth so that edge forces, 

p and T only, will be considered as acting at the junction of the 

redundant member with the statically determinate system of plates. 

The structure thus defined becomes 2r times statically Indeterminate, 

where there are r joints at which three plates frame.

The solution to the problem can be obtained by using the 

principle of consistent deformations and stresses and the principle of 

superposition. The analysis may be carried out in the following 

manner.

STEP 1. Reduce the structure to a simple folded plate structure.

Utilizing the method of Winter and Pei? and Gaafar10, analyze 

the simple folded plate for the stresses and displacements 

induced by the applied loads.

STEP 2. Analyze the simple folded plate for the stresses and 

displacements caused by the application of unit values of 

the redundants.
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STEP 3. Analyze the redundant member for stresses and displacements 

caused by the application of unit values of the redundants.

STEP 4. Since the displacement and the stress at the common edge must 

be the same for the simple folded plate as it is for the 

’ redundant member, two equations are written describing this

consistency at each of the r joints. These equations are 

then solved for the redundants.

STEP $. The final stresses, displacements, forces, and moments are 

determined by summing the quantities obtained from the 

analysis of the simple folded plate, Step 1, and those 

values induced by the redundants.

As stated previously the edge load and the edge shear are 

chosen as the redundants. The edge load, p, is assumed to be 

sinusoidally distributed with amplitude po. Since N is the resultant 

of the distributed edge shear, T, the shear redundant can be expressed 

as the amplitude, To, of the distributed shear force. The edge shear, 

T, is assumed to vary as a cosine function with amplitude To. Thus the 

first term of a sine and cosine series is recommended for the solution 

for p0 and To; this is consistent with the treatment of the edge load 

and shear by previous writers and is sufficient for this particular 

problem. Using the first term of a Sine series to represent p and the 

first term of a cosine series to represent T permits consistency 

Equations for displacement and stress to be written for one section 

only, a condition similar to that met in approximating the effect of 

relative edge displacement. A more general approach is presented in
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Chapter V. The break down of the redundant structure and the redundant 

force systems involved in the analysis is shown in Fig. 3.1,

Fig. 3.1

o
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The proposed method will be applied to the analysis of a small 

scale model of a multiple folded plate roof. The description of the 

tests and the test results supporting the analysis will be discussed 

at the end of this chapter.

2. Example 3.1

The folded plate roof shown in Fig. 3.2 is loaded with eight 

equal load concentrations of 73 pounds. The loads are applied at the 

third points of the ridge edges.

STEP 1. The interior edge beam is cut from the roof isolating the 

simple folded plate 1-2-3-11-6-7-8-9. This statically 

determinate roof is analyzed for the.effects of the eight 

concentrated loads.

The 73 pound loads are resolved into components in the plane 

of the plates common to the joint at which the forces are applied as 

shown in Fig. 3.3. The free edge moment at mid span of plates 2,^,6, 

and 8 is computed for the isolated simply supported plates.

M2 = - = - Mg - - P2c 3 - —-y— = + 1,590 in. lb.

Free edge stresses are computed from this moment using the simple 

flexure formula.

M2 1,590 
f2b = - ^2c = = o~265 ° 6,000 lb. per sq. in.

The free edge stresses are now balanced using the procedure discussed 

in Chapter U. In this case the structure and the load are symmetrical 

about the plane of plate 5, so that the edge shear, Ne, will be zero.
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Consequently no correction stresses will be applied to joint Q but 

there will be stresses "carried over” to the joint equally from joints 

d and f. Only one half of the cross section is considered in the 

distribution. The distribution and carry over factors are computed 

from the information presented in Chapter U

0.13x3.5___________ 0.455__________
“ 0.13x2.5 + 0.13x3.5 “ 0.325+ O.h55 “°* 58

r2b Ai+A2

- r3c - 0.50

■ 0-^

r3d =
over factorCarry

Joint a b c i e
r -0.58 0.42 -o.5o 0.50 -0.50 0.50

Free Edge
Stress +6000 -6000 -6000 +6000

Operation
1 +3U80 -2520 +3000 -3000 -3000 +3000
2 -1740 -1500 +1260 +1500 +1500 -1500
1 - 870 + 630 + 120 - 120 - 750 + 750
2 + 435 - 60 - 315 + 375 + 60 - 3751 - 35 + 25 + 345 - 345 - 30 + 30
2 + 18 - 173 - 13 + 15 + 173 - 151 - 101 + 72 + 14 — 14 — 86 + 87
2 + 5o — 7 — 36 + 42+7 - 421 - 4 + 3+39 -39-4 + 32 + 2 - 20 - 2 + 2 + 20
1 - 12 + 8+2 - 2-10 + 10
2 + 6 — 1 — 4 + 5-1 - 51 + 1+5 -4+1

Total -1229 +2458 +2458 -1585 -1585 -2120 -2120 +4063

Operation 1 Balancing

2Operation Carry over
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Edge Balanced Edge Stress

a -1229
b +24#
c -1585
d -2120
e +4063 *

The proportions of the structure are such that the effect of 

relative edge displacement cannot be neglected. Assuming the folded 

plate cross section to be deformed as shown in Fig. 3.4, the effect of 

the relative displacement of the pairs of edges be, cd, and de can be 

solved for in terms of Ag, A3, and A^. Each of the relative 

displacements, A, is assumed to be induced separately requiring three 

additional analyses of the folded plate. '

u m
J, ",

Fig. 3.4
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A transverse strip of unit width of the folded plate is 

analyzed as a beam continuous over knife edge supports at joints b, c, 

d. The strip is assumed fixed at e from symmetry; plate 1 is assumed 

to act as a cantilever. Joint b is displaced relative to c through the 

distance joint c being fixed against rotation. The fixed end 

moment at c is

F 3ELp • .
m2C  ----- g- Ag = -3e* 2 in« lb*

°<2 = A2 ’ “P—— jg83 A2 = 156.5a2 in. lb. 
hj 3^ 2

IT = = 183 x 10"6 in? '

The fixed end moment, n^c, is distributed using the usual moment 

distribution procedure. Following this, the shears are computed 

as illustrated in the following computation.

Joint b c de
0.43 0.57 o.5o o.5o

Moment -3 .00 of o
Distribution +1.29 -1.71 +0.86

-0.21 -0.43 -0.43
+0.09 +0.12 +o .06

-0.02 -0.03 -0.03
+0.01 +0.01

Moments 
m -1.61 °( 2 +1.61«2 +0.46°< 2 —0,46 o< 2 -0.23^ 2

Shears
V O.^6O^2 p 0 J4Ô0o<2y 0.591°<2|, 0.5910^ 0.1970*  2 fO.197«^ 21
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The equilibrants, Qmj, of the shear forces are resolved into 

components in the plane of the plates as illustrated in Fig. 3.5.

O.59lMt

a

ojqKi

e

o.

Fig. 3.5

The edge forces are computed as follows.

Plb = - 0.460^2 sec 32.5° - - 0.546^2

P2 = P2b P2c = 0.460Mg tan 32.5° + 0.460Mg cot 32.5°

+ 0.591*2  cosec 32.5° - 2.119*  2

Pj = Pjc + P^j = - 0j^60o<2 cosec 32.5° - 0.197<m'2 cosec 32.5° 

- 2 x 0.591*2  cosec 32.5° = - 3.085*2

p4 = p4d + P4e = 0.591*2  cosec 32.5° + 0.197^2 c°t 32.5°

- 0.197*2  25O + tan 25°) = 1.102* 2



33

It is apparent that p varies in the same manner as A. 

Consequently the free edge moments and stresses produced by these p 

forces will vary similarly. If A is assumed to vary sinusoidally, 

the free edge moment at midspan becomes

, 35"
"m ’ * V * “7 Pn ' - 3^.

The free edge stresses are

fla = - fib = + 12U x «*2  = + ^02®< 2

f2b = " f2c ” “ 12^ x 2.119<*2  = ’ 990^2

^3c = - " + x 3.08^0^2 = +l,Ui7efg

f^d = - x 1.1O2* 2 = - 515* 2.

The free edge stresses are balanced yielding the total edge stresses 

induced by A2.

a b c d
- 0.58 0.U2 - 0.50 0.50 - 0.50 o.5o+ 502*  2 —502 * 2 -990 *2 + 990*2 +1447*  2 -1447*2 -515*  2 +515*2-283 + 205 + 228 - 229 + 466 -466

+1U2 ~ 103 - 233 +233- 66 + 48 - 65 + 65 - 57 + 57
+ 33 + 33 - 24 + 28 - 32 - 28

+ 19 + 26 - 26 + 16 - 16- 10 - 13 + 7 - 8 + 13 + 8- 8 + 5 - 7 + 8 - 6 + 7 - 3+ U + 3 - 2 + 3 - 4- 1 + 2 - 1 + 3 - 2 + 2 - 2 + 1
+670 *2 —838 °<2 -838 *2 +1053^2 +1053*2 - 935*2 -935*2 +726*2

The effects of relative edge displacements Aj and A^ are 

computed in a similar manner, the final edge stresses for the three 

corrective computations are as follows,



Balanced Edge Stresses
Edge a2 A) A4

a + 670 *2 +1058*3 + 617*̂
b - 838*2 -1465*3 -1017*̂
c +1053*2 +2101 «3 +1843 *̂
d ‘ - 935*2 -1993*3 -1872*̂
e 4- 726*2 —1544*3 +1368*̂

The displacement of each plate in its plane is computed as

the sum of the effects of the applied loads and relative edge 

displacement. The displacements at midspan are computed using 

the following expressions.

Concentrated loads at the one third points:

e 23 PL^ 23 fPL“| L2 23 f»!2
648 EI 216 3 J EI 216 &

where f = — — ° 3 T

Sinusoidally distributed loads :

8-

n2 h where f = —- — 
° L2 I

Substituting the computed edge stresses the following displacements 
are computed.



5i = + 18.31 (10)- 1.116 a2 - I.867A3 " 1.209^

52 “ - 14.34 (10)-3 + 0.9991^2 + I.88OA3 + 1.5^ 

53 = - 1.907(10)“3 - 1.051 A2 - 2.16M3 - 1.963^ 

54 - + 21.93 (10)"3 + 0.8773^2 + 1.869A3 + 1.712A^

The relationships between the and the A displacements are 

written from the geometrical requirements portrayed in Fig. 3.h.

«I, ■ «be * «bd ’ 1-862 - 1-572<$[, - 1.572^
1.862 §3

a3 - a3c + a3j - -1.862§2 + 3.144 53 - 1.8625^

A2 - A2b + A2c = 1.18651 - 2.20952 + l.^253

& %

Substituting the 5 displacement expressions into the above 

relationships yields three equations containing the relative edge 

displacements as unknowns

- 49.84(10)“3 + 6.489A2 + 1O.396a3 + 8.429A^ = 0

+ 20.13 (10) "3 + 6.799A2 + 14.785a3 + 12.17% = 0

+ 3.^(10)"3 + 1.957A2 + 4.029A3 + U.655^ = 0

The solution of these equations provides the following values 

for A and °< .

A2 = + 37.33 (10)"3 in

A3 = - 17.32 (10)"3 in,
^2 = + 5.842 ib. in.

<* 3 = - 2.711 lb. in.

A4 - - 1.465(10)-3 in. ■ % = - 0.229 lb. in.

The corrected edge stresses, computed for the simple folded 

plate, are the sum of the stresses computed neglecting relative edge 

displacement and those induced by the relative edge displacements.
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Stresses Neglecting Relative Edge
Edge Relative Edge Displacement Total

Displacement a2 A3 A^ lb. per sq. in.

a - 1,229 + - 2,868 - 1^1 - 324
b 4 2,^8 - U,896 4- 3,972 + 233 4- 1,767
c - 1,5814 6,152 - 5,696 - 422 - 1,550
d - 2,119 - 5/462 + 5,403 4- 429 - 1,749
e + 14,235 - 4,186 - 313 + 3,795

The vertical displacement at edge e is computed from the 

expression written for § .

+ 21.93 (10) "3 + 0.8773^2 + 1.869^ + 1.712^

= + 19.80(10)~3 in.

= 51| cosec 32.5° = 36.87(10)~3 in. (downward).

STEP 2. The statically determinate form of the roof is now analyzed 

for the edge stresses and displacements developed upon the 

application of unit values of the redundants.

The p force will be considered first. As described earlier, 

this force is assumed to vary sinusoidally, the amplitude, pQ, being 

set equal to unity in this step of the analysis. This distributed 

force is applied to edge e and acts in the plane of plate $ as shown 

in Fig. 3.1. The distributed edge load is resolved into components 

acting in the planes of plates 4 and 6.

cosec 8 nx nx
p6e = P^e = " ----2---- sm — = - 0.9311 sin —
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The free edge stresses developed in plate U at the midspan 

section are

-k ■ -%. ■ ■ «•' -• - - -
The free edge stresses are then distributed in the usual mannerj the 

results appear in the following tabulation.

Edge Balanced Edge Stress 
lb. per sq. in. -

a + 8

b - 17

c + #

d - 203

e + 320

The analysis made in Step 1 for the effect of relative edge 

displacement may be used here. The S displacement relationships may 

be written directly from those of Step 1 by simply recomputing the 

constant term which in this step is a function of the applied edge 
load, 

. nx Pe = sin — .

- + 118.3(10)~6 - 1.116 A2 - 1.867a3 - 1.209^

$2 - - 2h3.1 (10)"6 + 0.99911*2  + I.88OA3 + 1.512*̂

S3 - + 871.3(10) "6 - 1.051 *2 - 2.I6U3 - 1.963*̂

= - 1,766.2(10 )* 6 + 0.8773*2  + I.869A3 + 1.712*̂



38

Substituting these expressions into the geometrical relation­

ships between S displacements and the A displacements yields the 

following equations which are solved for A2, ^3, and A^.

- 2.2996(10)*3 + 6.L89Ag + 10.396a3 + 8.b29A^ = 0

- 6.4808(10)-^ + 6.799^2 + 1U.?8^ + 12.17^ = 0

- 1.6223(10) "3 + 1.937A2 + U.029A3 + 4.6^ A, - 0

a2 = - 1.322 (10)~3 in. 2 - - 0.2068 lb. in.

Aj = + 1.050 (10)-3 in. ot = + 0.1643 lb. in.

A^ = - 0.00476(10)-3 in. o<k = - 0.0008 lb. in.

The corrected edge 

as the sum of the stresses 

ments and those induced by

stresses at the midspan section are computed 

obtained neglecting relative edge displace- 

^2# and A^.

Edge
Neglecting

Relative Edge 
Displacement

Relative Edge
Displacement 

a2 a3
Total 

lb. per sq. in

a - 8 - 139 + 174 ——— + 27
b + 17 + 173 - 241 + 1 - 50
c - 55 - 218 + 345 - 1 + *71

d + 203 + 193 - 327 + 1 + 70
e - 320 - 150 + 254 - 1 - 217
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The displacement of edge e in the plane of plate $ is 

computed as
= âk cosec 32.5° = 1.862 £ - 1.7662(10)"3 + 0.87736g

+ 1.86%^ + 1.7126^ J = - 1.8089(10)“^ in. (upward)

Fig. 3.1 shows the simple folded plate roof loaded with an 

edge shear force applied with an assumed cosine distribution of unit 

amplitude. The shear force Ne is the resultant edge shear at any 

section.

7 / nx L tix
Ne =f Te^ - j Tocos dx = To " sin ^7 

0 o

. at midspan,

"e - ; To 

for
To = 1

From the symmetry of the structure and the load about plate 5 

it follows that equal edge shears will be developed at edge e of 
plates L and 6.

At midspan this force system produces free edge stresses in 

plates U and 6 given by the following computation.

, . - 2No 2L • 35.0- -^7 - - " - 2U.W lb. per sq. in.

, to0 u.
^e ' %e - + = + L8.96 lb. per sq. in.

The free edge stresses are distributed in the usual manner; 

the balanced edge stresses are shown in the following tabulation.
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Edge Balanced Edge Stresses 

a + 0.5

b - 1.0

c + 3.1

d - 11.4

e + 42.5

Here again the analysis for relative edge displacement made 

in Step 1 may be utilized, the constant term being computed from the 

balanced edge stresses tabulated above.

. -, Si = - 7.09(10)-6 - 1.116 â2 - 1.867A3 - 1.20%^

§2 = + 13.85(10) ”6 + 0.9994^2 + 1.88OA3 + 1.512^

S3 = - 48.97(10)-6 - 1.051 A2 - 2.164A3 - 1.963^

§4 - + 182.02(10)"6 + 0.8773^2 + l-86%3 + 1.712^

The substitution of the above displacements into the geometrical

relationships written from the deformed cross section shown in Fig. 3.4 

yields the following three equations which are solved for &3, and 

^4 ♦
+ 130.18 (10)-6 + 6.489^2 + lO.39^3 + 8.429A^ = 0

+ 518.67 (10) "6 + 6.19^2 + ^.785A3 + !2.l7^ = 0

+ 91.18(10)"6 + 1.957^2 + 4.029A3 + 4.655A^ - 0

A2 = + 139.31(10)"6in. °<2 = + 21.80 (10)’3lb. in.

A3 = - 121.10(10)“6in. ®<3 = _ I6.95 (10)-31b. in.

A4 - + 26.67(10)-6in. ^4 = + 4.174(10)-31b. in.



The edge stresses induced in the simple folded plate by­

applying the unit edge shear load are obtained as the sum of the 

stresses computed neglecting relative edge displacement and those

computed as functions of a3, and

* Edge
Neglecting

Relative Edge 
Displacement

Relative Edge
Displacement 

a2 a3
Total 

lb. per sq. in.

a + 0.5 + 11.6 - 20.0 + 2.6 - 2.3 "
b - 1.0 - 18.3 + 27.8 - L.2 + 4.3
c + 3.1 23.0 - 39.8 + 7.7 - 6.0
d - 11A — 20.U + 37.8 - 7.8 - 1.8
e + U2.5 + 15.8 - 29.3 + 5.7 + 34.7

The midspan displacement of edge e, measured in the plane of 

plate 5, is computed as follows.

= 32.5° = 1.862 [ + 182.0(10)~6 + O.8773A2

+ I.869A3 + 1.7124^J = 230.2(10)"^in. (downward).

STEP 3• The analysis of plate 5 for stresses and displacements at 

midspan developed upon the application of unit values of 

the redundants pe and Te is presented in the following 

computations.



Stresses and displacement caused by the edge load, pe, of

unit amplitude are computed at the midspan section.
L 2

M ■

0^707 = " ^-3 lb. per sq. in.

c L2 f0 (35.O)2 x 918.6 , ,, , x
^■7 â ‘ 773.0:5(10)6 x 2.g "

Stresses and displacements caused by the edge shear, Te, of unit
amplitude are computed at midspan.

" - ^0^650n° = " ^.56 lb. per sq. in.

L2 £o = (35.0)2 x 102.84
Eh ji2 x 10.5(10)6 x 2.5 = 486.33 (10)-b in. 

(downward)

STEP 4. The assumed positive values of pe and Te were used in Steps 2 

and 3. Assuming positive displacement as downward at joint e 

and tension stress as positive, the following equations can 

be formed expressing the consistency of displacement and stress 

at x = Jr of the simple folded plate and the additional plate.

+36.8/(10)-3 -1.809(10)“3po +230.2(10)-% = +4.344(10)-3po +486.3(10)"% 

+3,795 -217po +34.7TO = -459.3p0 -68.56to

The solution of these equations yields amplitudes, pQ and To, of the 

redundant functions.

Po = 8.33 lb. per in.

To = 56.3 lb. per in.
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STEP 5. The solution for the final edge stresses is obtained by 

summing the edge stresses in the simple folded plate caused 

by the applied load and those developed by the redondants.

The final edge stresses at midspan are presented in the
following tabulation.

Simple Folded Total
Edge Plate Pe Te lb. per sq. in.

a - 324 + 225 + 129 + 30
b + 1,767 - 417 - 242 + 1,108
c - 1,550 + 591 + 338 - 621
d - 1,749 + 583 + 101 - 1,065
e + 3,795 - 1,808 - 1,953 + 34
e* + 3,826 - 1,930 + 1,896

The final stresses at sections 3.89 in. and 7.78 in. from the 

end support are presented at the end of the chapter as are the final 

displacements and slab moments.

3. Example 3.2

The analysis of the structure investigated in Example 3.1, but 

with one bay only loaded, proceeds in a manner similar to that just 

illustrated. The fact that symmetry of load about plate 5 does not 

exist in this case lengthens Steps 1 and $ of the analysis but has 

only a small effect on the other parts of the solution. Since the 

solution is quite similar to that of Example 3.1 results of the various 

phases of the analysis will be presented.



STEP 1. In this case the structure is the same as in Example 3.1 but 

each of the concentrated loads is 75 pounds, the loads being 

applied to the left bay only. The simple folded plate is 

analyzed for the effect of these loads.

The 75 pound edge concentrations are resolved into components 

in the plane of plates common to the joint of application. The 

magnitude of the component and of P^d is 1^0 pounds. The free 

edge stresses developed by these concentrated forces are balanced 

providing the edge stresses shown in the following tabulation.

Edge Balanced Edge Stress

a - 1286

b + 2575
c - 1780

d - 1617
e + 2086

f - 560

g + 153
h - 51
k + 25

The solution for the effect of relative edge displacement 

lengthens the problem since there are six A values to be considered. 

Assuming the roof cross section to be distorted as shown in Fig. 3.6, 

the effect of each of the A displacements is considered in turn. The 

results of the analyses for stress induced by A^, A^, A^, A?, and 

Ag are presented in the following tabulation.
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Balanced Edge Stresses
Edge * a2 e3 a6 A? a8

a + 661 2 +1011*3 + 470 + 140*6 + 44* 7 + 10*8

b — 821 °< 2 -1388 *3 - 767^ - 234«6 - 75*7 •- 19*g

c +1005 o< 2 +1933 *3 + 583*6 + 161*7 + 47*8

d - 832*2 -1748*3 -1326*̂ - 565*6 — 240*7 - 104*8

e + 363*2 + 770*3 + 742*̂ + 742*6 + 770*7 + 363*8

f - 104*2 — 24o * 3 - 565*̂ -1326*6 —1748 *7 - 832*8

g + 47^2 + 161*2 + 583*̂ +1328*6 +1933*7 +1005*8

h - 19*2 - 75*3 - 234^ - 767*6 -1388*7 - 821*8

k + 10*2 + 44*3 + 140*̂ + 470*6 +1011*7 + 661*8

Displacements, 5 , are now computed and are expressed in terms 

of the applied load and the unknown relative edge displacements. The 

coefficients for the 8 equations are tabulated below.

Load Ag A3 ^6 A7 Ag

1 +19.19 (10)-1.097 -1.775 -0.9154 -0.2768 -0.0881 -0.021$ 

82 -15.46 (10)-3 +O.96$l +1.755 +1.107 +0.4318 +0.1247 +0.0349 

g3 + 0,580 (10)~3 -0.9709 -1.945 -1.403 -O.6O67 -0.2119 -0.0798 

8^ +13.15 (IO)-3 +0.6316 +1.331 +1.093 +0.6908 +0.5338 +0.2468 

#6 - 9.392 (10)-3 -0.2468 -0.5338 -0.6908 -1.093 -1.3308 -0.6316 

S7 + 2.530 (10)-3 +0.0798 +0.2119 +0.6067 +1.403 +1.945 +0.9709 

Sg - 0.7233(10)-3 -0.0349 -0.1247 -0.4318 -1.107 -1.755 -0.9651 

89 + 0.3780(10)-3 +0.0215 +0.0881 +0.2768 +0.9154 +1.775 +1.097
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The relationships between the S and the & displacements are 

derived from the geometry of the distorted cross section. Positive 

displacements have been assumed as those developed in the direction of 

increasing edge numbers; the distorted cross section shown in Fig, 3,6 

has been drawn showing positive displacements facilitating the writing 

of the following expressions.

6g - +1.186 5^ -2.209 S2 +1.862 S3

63 = -1.862 S2 +3.144 S3 -1.862

6^ = +1.862 S3 -1.106 -1.103 S6

66 - +1.103S^ +1.106 S6 —1,862S 7

67 = +1.862 <5*6 -3.144 S'7 +1.862^q

&8 “ -l.862^7 +2.209(^8 -1.186S9

Substituting the computed S values into the above geometrical 

relationships yields six equations which are solved simultaneously for 

the A displacements.

+6.2UO &2+ 9.60b Ay6.1U 6^+2.411866+ 0.77466^+0.2$126g-^8.38(10)"3= 0 

+6.026 62+I2.86I 63+8.507 6^+3.998 66+ 1.892367+O.77546g- 6.12(10)0 

+2.234 62+ 4.505 63+4.059 6^+0.688166- 0.482967-0.275168+ 3.10(10)0 

-O.275162- 0.482963+0.68816^+4.059 66+ 4.5o5 67+2.234 68+ 0.60(10)"^= 0 

+0.775462+ 1.892363+3.99786^+8.507266+12.861 67+6.026 68+26.79(10)0 

+0.251262+ 0.77466342.41186^+6.143 66+ 9.604 67+6.241 6g+ 6.76(10)"3= 0
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The solution of these equations provides the following A values.

Ag = + 30.677(10)-3 in. «2 - + 4.801 lb. in.

h - - 9.734(10)"3 in. = - 1.523 lb. in.

= - 8.44K1O)"3 in. = - 1.321 lb. in.

A6 = + 6.879(10)~3 in. **6 = + 1.077 lb. in.

Ay = — 8.110(10)-3 in. «•? = - 1.269 lb. in.

Ag = + 7.867(10)-3 in. *8 ° + 1.231 lb. in.

The final edge stresses are obtained as the sum df'the stresses

computed neglecting relative edge displacement and those caused by 

relative edge displacement. Stresses are in lb. per sq. in.

Edge
Neglecting 

Displacement
Relative Edge Displacement 

A2 A3 A^ A6 Ay Ag Total

a -1286 +3173 -1540 - 621 + 151-56 + 12 - 167
b +2575 -3942 +2114 +1013 - 252 + 95-23 +1580
c -1780 +4825 -2944 -1754 + 628 - 204 + 58 -1171
d -1617 -3994 +2662 +1752 - 609 + 305 - 128 -1629
e +2086 +1743 -1173 - 980 + 799 - 977 + 447 +1945
f - 560 - 499 + 366 + 746 -1428 +2218 -1024 - 187

g + 153 + 226 - 245 - 770 +1430 -2453 +1237 - 422
h - 51 - 91 + 114 + 309 - 826 +1761 -1011 + 205
k + 25 + 48 - 67 - 185 + 506 -1283 + 814 - 142
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The vertical displacement of edge e at midspan is computed as 

a function of 5 and

§5 = Su [oot20oos0 + sin e] - 6 

= 0,01886 in. (downward)

STEP 2 Both of these steps are identical with the corresponding steps 
and

STEP 3. in Example 3.1 and the results of that example will be used in 

setting up the equations written in Step L of the solution.

STEP U. The equations written for the solution of the redundants in 

Example 3.1 are applicable here except for the constant terms 

which are functions of the applied loading.

+ 18.86(10)-3 - 6.153(10)-3po - 0.2561(10)“3To = 0

+ l^ + 2U2.3p0 + 103.3T0 = 0

The solution of these equations yields the redundant amplitudes 

Po To.

p0 = 4.28 lb. per in.

To = 28.9 lb. per in.

The final edge stresses at midspan are given as the sum of 

those computed for the simple folded plate and those induced by the 

redundants.
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experimentally.

Edge
Simple 
Folded 
Plate Pe Te

Total 
lb. per sq. in.

a - 167 + 114 + 68 + 15
b +1580 - 216 - 127 +1237
c -1171 + 300 + 176 - 695
d -1629 + 295 + 53 -1281
e +1^5 - 915 -1015 + 15
f - 187 + 296 + 53 + 162

g - 422 + 300 + 176 + 54
h + 205 - 210 - 126 - 131
k - 142 + 114 + 67 + 39
e* +1940 -1003 + 937

The final displacements and transverse moments will be
presented at the end of the chapter along with the values obtained

h. Experimental Investigation

The experimental investigation consisted of two phases. The 

first phase involved the testing of a symmetrically loaded model 

corresponding to the analysis made in Example 3.1; the second phase 

was concerned with the testing of the same model loaded asymmetrically 

as considered in Example 3.2. The model employed was fabricated from 

two single bay, simple folded plates of the type investigated by 
Gaafar^, Huang^, and Ali^. The two units were bolted securely 

together at the common interior edge plate to simulate the monolithic 

construction assumed in the preceding analyses. The dimensions of the 

model are those used in Example 3.1 and 3.2 and shown in Fig. 3.7.
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The roof was fabricated from 0.125 inch thick aluminum sheets 

of 2024-T3 grade. End frames were bolted to the roof to provide end 

supports sufficiently rigid to prevent distortion of the roof cross 
*

section at the end supports. After bolting the model to a heavy, 

reinforced table, ten 0.0001 inch dial indicators were mounted along 

each edge plate, a total of thirty indicators being used. Five dial 

indicators at each plate were oriented to indicate vertical displace­

ment and the other five, horizontal displacement. Fig. 3.8 shows the 

unloaded model ready for testing.
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SR-L strain gages were attached to both the inner and outer 

surfaces of the roof. The gages oriented to indicate longitudinal 

strain were placed at each of the edges and at the mid-dd^th of each 

plate at a particular section. Gages were applied at three sections, 

the 1/9, 2/9, and midspan sections. The gages on the outer surface 

were connected in series with the corresponding gages on the inner 

surface to indicate average longitudinal strains.

Transversely oriented gages were attached to both surfaces at 

the above mentioned sections to provide information concerning 

transverse strains. The transverse gages were wired independently of 

one another since they were intended to provide information concerning 

slab bending. Gage types Al and A12 were used for measuring 

longitudinal strains. A 7 gages were employed for measuring the 

transverse strains.

The model was loaded by placing fifty pound steel ingots on 

loading bars resting on the ridge edges at the one-third points of 

the span. The load was applied in two hundred pound increments "in 

the investigation wherein both spans were loaded and one hundred pound 

increments in the testing of the unsymmetrically loaded model. The 

total load placed on the model with both spans loaded was 581;.0 pounds, 

while 300.0 pounds was used in loading the model unsymmetrically. 

Strain readings as well as dial gage readings were recorded after the 

application of each load increment.



5. Summary and Comparison of Experimental and Analytical Results 

The results of the experimental and analytical investigations 

are presented in graphical form in Diagrams 3.1 through 3.7. Diagrams 

3.1 through 3.3 present the results of the studies made of the 

symmetrically loaded structure and Diagrams 3,h through 3.7 present 

the results of the investigation of the unsymmetrically loaded 
structure.

Diagram 3.1 shows the distribution of longitudinal stress at 

midspan and at the 2/9 and 1/9 section. The plot is the vertical 

projection of the distribution. Diagram 3.2 presents the transverse 

bending stresses at midspan. Transverse strains were measured at the 

quarter points of plates 3 and 7 at this section. The horizontal and 

vertical displacements of the edges of plates 1, 5, and 9 are presented 

in Diagram 3.3.

Diagrams 3.U through 3.7 present data obtained from the 

investigation of the unsymmetrically loaded folded plate. Diagram 3.^ 

shows the distribution of longitudinal stress at the midspan, 2/9 and 

1/9 sections. The vertical projections of the stress distributions for 

the loaded span are shown. Diagram 3.5 shows the plot of longitudinal 

stresses in the unloaded span. Diagram 3*6  presents the transverse 

stresses and Diagram 3.7 the edge displacements.

Step 1 of the preceding analysis considered the computations 

for stresses, moments and displacements for the simple folded plate. 

The "free edge" phase of this analysis considered the plates adjacent 

to the loaded edges as carrying the full magnitude of the components 

of the applied load, with no aid from those plates framing one joint 

away from the loaded edges. If the transfer of a portion of the
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applied load to plates one plate away from the loaded joint is 

considered, a considerable improvement in computed response results.
12Ali recommended a method for estimating the magnitude of the load 

induced edge force to be considered for plates away from the loaded 

joint. The influence of the redistribution of the load is shown in 

Diagrams 3.1 through 3.7. Much more favorable agreement between 

computed and measured values results from the use of the correction.

The stiffening influence of the end diaphragms is indicated 

in Diagrams 3.1 and 3.^. The longitudinal stress distribution at 

the 1/9 section becomes quite similar for the interior and exterior 
plates.

The redistribution of the load as recommended by Ali has a 

noticeable effect on transverse bending stress as well as displacement. 

In each case an improvement of the calculated results is provided.

The analytical results are in good agreement with the 

experimental results in the unsymmetrically loaded case. The 

improvement in the agreement resulting from considering plates 1 and 

6 to aid in carrying the applied loads is particularly evident in the 

longitudinal stress distribution and the displacement of plate 1.
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CHAPTER IV

THE INVESTIGATION OF A FOLDED PLATE STRUCTURE 

CONTINUOUS OVER A FRAME NOT RIGID 

IN ITS PLANE

1, Introduction

Frequently the design of folded plate roofs can be improved 

through the use of multiple and continuous construction. The effect of 

both of these types of construction is to reduce the stresses, moments, 

and displacements in the folded plate. Interior frames providing deep, 

rigid diaphragms improve the structural action of the plate system by 

reducing edge stresses, slab moments and deformations. Frequently, 

however, it is not desirable to construct interior frames containing 

deep diaphragms because of their interference in the utilization of the 

space enclosed by the roof. In a case where the diaphragm is omitted 

from the construction, the dimensions of the frame are no longer so 

large and the frame so stiff that the frame displacements can be 

neglected in the analysis of the structure.

Ali-^ has presented a method of analysis for folded plate 

structures continuous over rigid interior supports. The method is 

similar to that presented by Gaafar^ for the analysis of simple folded 
s 

plate roofs, except that Ali considered the individual plates as contin­

uous over non-yielding supports in the "free edge" phase of the analysis.

63
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This chapter presents the results of an investigation of a 

folded plate continuous over a frame not rigid in its plane. The 

structure to be analyzed is presented in Fig. U.I. A section of unit 

length of one of the plates is shown in Fig. U.2; the applied and 

internal forces are shown in their assumed positive sense. Consistent 

with the assumptions listed in Chapter U, all other internal forces 

are considered small and are neglected.

In the following analysis it will be assumed that the approxi­
mate methods of analysis as improved by Winter and Pei % Gaafar^"^, and 

all12 may be utilized. It is further assumed that the interaction of 

the plates with the frame can be provided through resultants, Fm, which 

act in the middle plane of each plate on the cross section adjacent to 

the frame as shown in Fig. 4.3. The principles of superposition and 

consistent deformation are assumed as being applicable.

The change in the magnitude of the resultants, Fm, is computed 

as the frame undergoes a change in stiffness from the rigid condition 

assumed by Ali12 to the more flexible condition provided in this 

investigation. The resultant, Fm, acting on the roof is the sum of 

the forces acting on plate cross sections adjacent to the frame. 

The shear forces, R^, can be computed from the equilibrium equations 

for the portions of plate on either side of the frame, considering each 

portion as a free body. Rm is a function of Pj and Mm only.

2, General Procedure

The steps in the analysis can be enumerated as follows.
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STEP 1. Analyze the structure for the effects of the applied loads, 

assuming the interior support to be non-yielding. Compute 

the resultants, Fm, for this rigid support condition; the 

resultants will be designated Fom. - » e

STEP 2. Remove the frame and analyze the simple folded plate for the 

effect of unit values of Fm.

The unit forces applied in Step 2 represent unit values of the 

correction resultant, F^. The sum of F^ and Fom computed for plate m 

is equal to the final resultant Fm. The computations in Steps 1 and 2 

include corrections for relative edge displacement.

STEP 3. Analyze the frame for the effect of unit forces applied in the 

middle plane of the plates which act as effective frame flanges. 

These forces are unit values of the final resultants Fm acting 

on the frame.

STEP h. Write the equations expressing the equality of the § m 

displacements of the folded plate and the frame. One equation 

can be written for each plate in the system. The equations are 

independent and sufficient to provide for the solution for the 

unknown resultants, Fm.

STEP 5. The final values for stress, moment, and displacement for the 

folded plate are calculated as the sum of the quantities 

obtained from the solution in Step 1 and the values from 

Step 2 multiplied by the appropriate values of F^.
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The application of this procedure will be demonstrated by an 

example in the remaining portion of this chapter. The results of the 

analysis will be compared with the results of tests performed to 

verify the foregoing recommendations.

3. Example 4.1

The structure shown in Fig. 4.1 is a model of a single bay, 

two span folded plate roof continuous over an interior frame not rigid 

in its plane, the-frame being placed at the midspan section of the 

folded plate. The load consists of eight 50 pound concentrations 

applied to the top edges at the one third points of the spans.

STEP 1. Assuming the interior support to be rigid, the structure is 

analyzed for the effect of the applied load.

After resolving the loads into components in the plane of the 

plates joining at the loaded edges, Ali's^ recommendation for the 

transfer of a portion of the applied load to adjacent plates is 

employed. The following values for the plate loads, P, are computed.

P^ = —P^ “ — 6.6 lb.

Pg — -P4 = —81.0 lb.

The free edge bending moments caused by the above P forces are 

computed assuming the interior support to be non-yielding and assuming 

the loaded plates to act as isolated two span members loaded at the 

third points. The edge stresses are calculated at the sections 

0.4375 L, 0.500 L, 0.8635 L, and at the interior support.
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Section Plate
Free Edge Stress 
lb. per sq. in.

0.437$ L 1 - 201

2 i 1256

0.$00 L 1 - 179

2 i 1120

0.863$ L 1 ~ 163

2 7 101$

L 1 ; 3$8

2 - 2240

The free edge stresses are distributed in the usual manner producing

the following balanced edge stresses.

Section Edge
Balanced Edge Stresses 

lb. per sq. in.

0.437$ L a - 123
b + 446
c - 340

0.$00 L a - no .
b ♦ 399
c - 304

0.863$ L a + 100
b - 362
c + 27$

L a + 220
b - 798
c + 6o8
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5

Fig. 4.b

The proportions of the structure are such that the effect of 

relative edge displacement must be considered. The relative edge 

displacement, A, shown in Fig. 4.4,is assumed to vary sinusoidally 

with x. The computations for the free edge stresses in this phase of 

the analysis are based once again on the assumption that the plates 

span continuously across a non-yielding interior support. The load 

on the plates is an edge force, p, which varies in the same way that 

A varies. The free edge stresses are computed at the several sections 

and are presented in the following tabulation.
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Section Plate Free Edge Stress

0.437$ L 1 + 82,$<*  *
2 + 78.9^

0.$00 L 1 ■ 76.6<^
2 + 73-3^

0.863$ L 1 59.6*
2 + $7.0*

L 1 + i4o °<
2 + 134 *

Distributing the free edge stresses yields the balanced edge stresses 

tabulated below, ---- - .

Section Edge Balanced Edge Stress

0.4375 L a + 73 *
b - 64*
c + 29*

0.500 L a + 68
b - 59*
c + 27*

0.8635 L a -53*
b + 46*
c - 21*

L a - 124*
b + 109*
c - 49*

The displacements at 0.$00 L are computed as the sum of the 

values taken from the calculations neglecting relative edge displacement 

and those induced by relative edge displacement.

0.080 x (22)2 ck
10.$ (10)6 x 2?$ (68+$9)

= 82$ (10)"6 -29,300 (10)"6 A
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= - 815 (10)"6 + 14,200 (10)“6 A

3^ . H2^_y22^M£2^ , 1S6.S«< 
h2 (3.5)^

The displacements 5 and A are related through the geometry of 

the distorted cross section shown in Fig, 4.4, 
£ .

A = (tan 0 + cot 0)

A = 1.186Sy - 2.207^2

Substituting the expressions for and <52 into the above expression 

for the relative edge displacement provides an equation which can be 

solved for A.

A = 2.60 (10)~3 in.

**- 156.5A = 0.407 in. lb.

The corrected edge stresses are obtained as the sum of the

stresses computed neglecting relative edge displacement and those

induced by edge displacement.

Section Edge
Neglecting Relative 

Edge Displacement
Relative Edge 
Displacement

Total 
lb. per sq. in

0.4375 L a - 123 + 30 - 93
b + 446 - 26 ' + 420
c - 340 + 12 - 328

0.500 L a - no + 28 - 82
b + 399 - 24 + 375
c - 304 + 11 - 293

0.8635 L a + 100 - 22 + 78 *
b - 362 + 19 - 343
c + 275 - 9 + 266

L a ♦ + 220 - 5o + 170
b - 798 + - 754
c + 608 - 20 + 588
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Having determined the total edge stresses, the basic equations 

2.1 and 2.2, derived in Chapter H, are applied to determine the 

longitudinal shear resultants Nj and the plate moments at the 

section adjacent to the interior frame.

Mi 2
Plate 1: + 170 - 0,135^ + 0.325 +

Ik 2
0^ - 0^ 0)

from idiich = + 95.0 lb.

= - 56.1 in. lb.

Mg 2
Plate 2: - 75^ = q.266 + 0.455 X + Nc^

Mo 2
* 588 = - 5^5 - 0^ <2»c * 95.0)

from which Nc = + 133 lb.

Mg - - 578 in. lb.

M^ = 0 from symmetry.

The plate moment, Mm, is a function of the edge loads, p and P, and the 

support conditions only. P is the applied plate load and p is the edge 

force resulting from relative edge displacement. In the preceding 

analysis Mm and Nj were determined; the edge loads pj are known from 

the computations for relative edge displacement. Thus, each of the 

plates may be isolated and the resultants, Fom, computed using the 

equations of statics. The free body sketches are shown in Fig. 4.5.
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p01 . 2 11(13.2 ^2.31). J . . 20.6 lb.

f02 . 2 J . ,210-2 lb-

The positive sign indicates the sense of the resultants to be that 

shown in Fig. 4.5 for the end shears R^.

STEP 2. The analysis of the simply supported roof for the effect of 

the correction resultants proceeds in a manner similar to that 

demonstrated in Chapter II for the analysis of simple folded 

plates. The forces are applied in the middle plane of the 

plates at the section at which the frame joins the roof, as 

is shown in Fig. 4.6 .

The free edge stresses at the midspan section are computed

as follows.

11.00 F{ .
fla = "fib = - 0.1354 " " 81 ’^^i

11.00 Fo ,
f2b - -'2c " * ^66T " - ^-^2

After distributing the free edge stresses, the following

balanced edge stresses are obtained. All stresses are lb. per sq. in.

Section Edge F^ = 1 F2 - 1

L a - 55.92 + 8.55
o b + 30.59 - 17.09

c - 6.12 + 11.89
o
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The balanced edge stresses at sections x = O.U375 L and

0.863^ L are as follows.

Section Edge
Balanced 
f{ = 1

Edge Stresses
Fg - 1

0.11375 L a - 211.117 + 3.711

b * 13.38 - 7.118

c - 2.68 + 5.20

0.8635 L a - 118.29 + 7.38

b + 26.111 - 111.76

c - 5.28 + 10.27

The effect of relative edge displacement is considered, 

producing the following balanced edge stresses in terms of °< .

Section Edge Balanced Edge Stresses

0.11375 L a + 316 «

b - 276 e*

c + 123 ex

0.8635 L a + 1187 °<-

b ~ 11211 °<

c + 189 =<-

L a + U98°<

b - Ii3l =<

c + 193 °<

O c



77

Displacements 5 and <9 2 at x = L are computed as the sum of 

the displacement neglecting the effect of relative edge displacement 

and the displacement component <9 caused by relative edge displacement.

+ 531.7(1O)-6f{ - 157.6(10)- 1.0906

S2 - - 161.0(10+ 127.2(10)+ 0.52386
* a*

Substituting the expressions for and 2 into the 

geometrical relation between 6 and and 2, an equation results 

which can be solved for 6.

6 = 1.186<Si - 2.209<92

6 = + 986.4(10)- &67.6(10)-^Fg - 2.^96

6 = 286.0(10)-^ - 135.6(10)-^

(K= Uh,759(10)- 21,221 (10)

The values of <9 and <92 are now computed. In the resulting 

expressions, the coefficients are displacements produced by unit 

values of and .

= 220.0(10)-^ - 9.8(1O)-6F2

= -ll.h(10)-6F{ + 56.2(10)^2

' from which
= +220.0(10)-6 in.

<$12 = - 9.8(10)"6 in.

^22 = + 56.2(10)-6 in.

J21 = - H.h(10)-6 in.

The first subscript identifies the displacement, the second subscript 

identifies the force causing it.
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Final edge stresses are obtained as the sum of the stresses 

calculated neglecting relative edge displacement and those induced by 

relative edge displacement. All stresses are lb. per sq. in.

Section Edge
Case I

= 1 lb. Fg - 1 lb. 
Case II TotalCase II Total Case I

0.4375 L a -24.47 +14.14 -10.33 + 3.74 - 6.71 -2.97

b +13.38 -12.35 + 1.03 - 7.48 + 5.96 -1.62

c - 2.68 + 5.51 + 2.83 + 5.20 - 2.61 +2.59

0.8635 L a -48.29 +21.80 -26.49 + 7.38 -10.33 -2.95

b +26.41 -18.98 + 7.43 -14.76 + 9.00 -5.76

c - 5.28 + 8.46 + 3.18 +10.27 - 4.01 +6.26

L a -55.92 +22.31 -33.61 + 8.55 -10.58 -2.03

b +30.59 -19.44 +11.15 -17.09 + 9.22 -7.87

c - 6.12 + 8.65 + 2.53 +11.89 - 4.10 +7.79

Case I. Neglecting relative edge displacement

Case II. The effect of relative edge displacement

STEP 3. Fig. 4.7 shows the interior frame and its dimensions. The 

frame is analyzed for the displacements produced by the 

resultants, Fm.

The supports for the frame are hinged and the frame is 

symmetrical about its centerline. The splice bars aid in the attach­

ment of the roof to the frame and consequently increase the stiffness 

of the frame. In the analysis of the frame it is assumed that the 

portion of the splice bar between the outermost bolts connecting it to 

the frame acts monolithically with the frame.
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The plates provide an effective flange for the frame, the 

total effective width being assumed as 3.2 inches. This agrees 
closely with the value 0.363h + b recommended by Timoshenko16. The 

conditions upon which this recommendation is based are :

(1) the flanged beam is simply supported.

(2) the expanse of the plates forming the flange is 

large as compared to the beam span.

(3) the moment diagram for the beam varies sinusoidally.

In this case the response of the frame is not particularly 

sensitive to the choice of flange width, so that, even though the 

conditions at hand do not correspond closely with the above limitations, 

the 3.2 inch dimension will be used. The effective cross section is 

shown in Fig. h.7.
The analysis of the frame loaded symmetrically with unit 

values of and F2 is presented in the Appendix. This analysis 

yields the following 3 displacements.

5h = * 0.#81(10)-6in.

£12 - + 1.8770 (10) "6in.

£22 = -26.180 (10)~6in.

s21 = + 2.9071(10) "6in.

STEP h. Equations are written equating the total displacement of the 

frame, produced by the final value of the resultant, Fm, to 

the displacements experienced by the folded plate in changing 

from a rigid support condition to a non rigid support condition 



81

at the interior frame. Since the structure and the loading 

are symmetrical about a vertical plane containing the 

longitudinal axis of plate 3, two independent equations can 

be written to solve for and Fg.

Fi § ii + F2 5 12 = S + f2 â 12

Fi 21 F2 *5  22 = F1 21 + F2 22

The final resultants Fi and Fg are related to the rigid 

support resultants and to the correction resultants.

F1 = F01 + F1

F2 = FQ2 + F2

Substituting FÎ and F g from these expressions into the 

consistency equations yields the necessary equations which can be 

solved for Fi and Fg.

(<§11 - <§n)Fi + (<§i2 - 12)F2 " llF01 + ^12F02

( <§ 21 " ^21^F1 + ^22 - 22^F2 = 21F01 + 22FO2

• Substituting the numerical values of Fqi and Fq2 from Step 1 

and the values of 81 and § from Steps 2 and 3 respectively, provides 

the following two equations with two unknowns.

(220.0 + 0.6)Fi + (-9.8 - 1.9)F2 = 220.Ox 20.6 - 9.8 x 210.2 

(-U.il - 2.9)Fi + (56.2 +26.2)Fg = - 11 .Lx 20.6 + 56.2 x 210.2 
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Solving these equations yields the following value of and F2.

F]_ = + 18.84 lb.

F2 = +143.8 lb.

F^ = F^ - Fq1 = 18.8 - 20.6*  = - 1.8 lb.

F2 = F2 - Fq2 = 2^3.8-210.2 = -66.4 lb.

STEP 5. The final values for.the stresses, displacements and moments 

are computed as the sum of the values taken from Step 1, 

wherein, a non-yielding support was assumed, and the values 

resulting from Step 3 multiplied by f{ or F2 as required. The 

final edge stresses are tabulated below. All stresses are 

lb. per sq. in.

Case I: Stresses in the folded plate with a non-yielding

Final Edge Stresses
Section Edge Case I Case II Case IH Total

0.4375 L a - 93 + 19 + 197 + 123

b + 420 - 2 + 108 + 526

c - 328 - 5 - 172 - 505

0.8635 L a + 78 + 48 + 196 + 322

b - 343 - 13 + 382 + 26

c + 266 - 6 - 416 - 156

L a + 170 + 60 + 135 + 365

b - 754 - 20 + 523 - 251

c + 588 - 5 - 517 + 66

interior support.
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Case II: Stresses in the folded plate obtained by multiplying 

the stresses computed in Step 2 for a unit value of 

by the actual value of Fy solved for in Step 4.

Case III: Stresses in the folded plate obtained by multiplying 

the stresses computed in Step 2 for a unit value of 

F2 by the actual value of Fg solved for in Step U.

The final values for slab moments and displacements are 

computed in a similar manner, summing the quantities obtained for a 

rigid support with those produced by the correction resultants 

and F2.
Slab Moments (lb. in.)

Section Edge Case I Case II Case III Total

0.4375 L a 0 0 0 0

b 0 0 0 0

c + 0.479 - 0.062 + 1.074 + 1.491

0.8635 L a 0 0 0 0

b 0 0 0 0

c + 0.203 - 0.095 + 1.651 + 1.759

<5 Displacements (in. x 10^)

Section Plate Case I Case II Case III Total

0.500 L 1 + 8.49 - 2.80 + 4.60 + 10.29

2 - 7.78 + 0.14 - 26.38 - 34.02

L 1 0 + 3.96 - 6.51 - 2.55

2 0 + 0.21 - 37.32 - 37.11
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Li. Experimental Investigation «

The structural model analyzed in the preceding section was 

built and then tested for the loading specified in Section 3. The 

roof was fabricated from a 0,12^ inch thick aluminum sheet of 202k-T3 

grade. The interior frame was bent from a 2" x l/kn bar of 6061-Tk 

grade aluminum. The continuity of the roof was provided through the 

use of splice bars placed on the outer surface of the roof and bolted 

to the roof and the frame. Base plates for the interior frame were 

rounded to provide as closely as possible a hinged end condition. The 

unloaded model is shown in Fig. k.8.

SR-k strain gages were applied to the model at sections O.k375L 

and 0.8635 L from the end frame. The gages were placed at each edge 

and at the mid-depth of each plate element and oriented to indicate 

strain in the longitudinal direction. Additional gages were attached 

to plate 3 of the model and oriented to indicate transverse strain. 

All gages were placed in pairs, one on the outer surface and one on 

the inner surface of the plates. The longitudinal gages were wired 

in series to indicate the mean longitudinal strain at the point of 

application of the gage. The transverse gages were wired 

independently of one another to provide information concerning 

transverse bending.

The model was set up on a heavy concrete slab and securely 

attached to the slab through plugs which had been inserted in the 

concrete. Displacements were measured with 0.0001 inch dial gages 

placed to indicate the horizontal displacement at edge b and the 

vertical displacement at edge a.
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t /

Fig. 4.9



86

The model was loaded with fifty pound steel ingots placed on 

loading bars which rested on the ridge edges at the one-third points 

of the spans. Load increments were one hundred pounds each. Strain 

readings and displacements were recorded after the application of each 

load increment, readings being taken during both the loading and 

unloading of the model. The partially leaded model is shown in 

Fig. 4.9.

5. Comparison of Analytical and Experimental Results

The results of the experimental work carried out in the 

investigation of the roof compare favorably with the results obtained 

analytically. The mean longitudinal stresses corresponding to the 

computed edge stresses are plotted in Diagram 4.1; good agreement is . 

displayed. For purposes of comparison Diagram 4.1 presents the edge 

stresses computed for an assumed non-yielding interior support. 

Considerable error, with complete reversal of computed stress from 

the experimental results, is shown in the region of the interior 

support.

Good agreement is provided between the measured and computed 

transverse stresses at the section x = 0.8635 L. The agreement at 

the 0.4375 L section is not particularly good. In this case the 

transverse gages were placed 2.29 inches from the load point and the 

local distortion of the model undoubtedly influenced the results. 

Fair agreement between the computed and measured displacements is 

shown.
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CHAPTER V

THE INVESTIGATION OF A MULTIPLE FOLDED

PLATE STRUCTURE CONTINUOUS OVER 

A PRAME NOT RIGID IN ITS PLANE

1. The Nature of the Problem

The investigation of a structure which combines the problems 

considered in Chapters III and IV is now presented. The feasibility of 

solving the problem utilizing the principles of superposition and 

consistent deformation is investigated.

The structure to be analyzed is shown in Fig. 5.1. It consists 

of a folded plate supported by end diaphragms which are rigid in their 

plane and by an interior frame not rigid in its plane. At the middle 

longitudinal joint multiple folded plate construction is employed, 

providing a third plate at this joint.

As demonstrated in Chapters III and IV, the use of multiple 

folded plate construction and interior frames introduces systems of 

redundant forces in the basic folded plate. The influence of the 

additional interior plate on the response of the roof to load will 

again be computed assuming that only a distributed edge force of 

intensity pe and a distributed edge shear of intensity Te act along the 

edge common to the folded plate and to the additional plate. The inter­

action of the roof and the frame will be computed assuming that all

89
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forces acting at the section common to the roof and the frame are 

negligible except the resultants defined in Chapter IV and referred 

to as Fm.

The redundants Fm are assumed to be uniformly distributed along 

the m segments of the roof and the frame and are assumed to act in the 

middle plane of the plates. The nature of the distribution of the 

force systems, pe and Te, is unknown and complicated by the presence of 

the frame so that they will be represented by the trogonometric series

Pe = Z sin 
n=0

Te - 5 bn cos 225 
n=0

The origin for x is taken at the left end diaphragm and x is measured 

parallel to the longitudinal axis of the roof. The free edge moments, 

which are the basic functions computed in the process of determining 

the effects of the loads and the redundants, F^ are also represented 

by trigonometric series. Consequently all of the computed displacements, 

forces and stresses caused by these force systems appear in series form.

The solution is provided by the superposition of these various 

force systems and the writing of equations providing for the consistency 

of the strains and deflections at the edge common to the folded plate 

and to the additional interior plate and for the consistency of the 

displacements of the roof and the frame at their common section. The 

solution presented in this chapter differs from the solution presented 

in Chapter IV in the matter of treating the interaction of the roof 

and the frame. In the previous chapter the change in the resultants, 

Fm, was computed as the frame changed from a rigid condition to a
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non rigid condition. In this solution the rigid ^condition is not

employed.

2. Description of the Solution

The steps in the solution can be enumerated as follows.

STEP 1. The roof is first considered as a simple folded plate. Thus, 

the additional interior plate is removed as is the interior 

frame. The forces necessary to provide for the continuity 

between the folded plate and the additional plate and the 

frame are assumed. In this case they will be assumed as

a. The edge force systems
•o
v . nnxPe = 2. % sm -T-

n=l

nnx cos —y—
n=l

b. The resultant force system 

FU Fg, Fj, F/p and F^.

The free edge moments produced in the simple folded plate by 

the resultants, Fm, are represented by the series

< - sm TT -
n=l

The free edge moments produced by the loads are also 

represented by a series

«A - Z 4A "I" nr 
n=l
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The simple folded plate is now analyzed for its response to 

the applied load. In this analysis the correction for relative 

edge displacement is made. An analysis is also made of the 

response of the simple folded plate to unit values of the 

redundants; this includes the correction for relative edge 

displacement. Upon completion of the analysis of the simple 

folded plate for each of these force systems, the various 

displacements, forces and stresses will appear in series form 

for each of the force systems considered.

STEP 2. The additional interior plate is analyzed for stresses and 

displacements produced by the application of the edge load, pe, 

and the edge shear, Te. An analysis of the interior frame for 

the § displacements produced by unit values of the resultants, 

Fi, Fg, F^, F[p and F^, is made at this time.

STEP 3. Equations are written formulating the consistent strain and ' 

deflection conditions at the edge common to the folded plate 

and the additional interior plate for the applied load and 

for each of the force systems, F-j_, Fg, Fj, F^, and F^. Solving 

each of these systems of simultaneous equations, the edge 

forces, pe and Te, are defined for each of the above load 

systems.

The displacements, <§ m, are computed at the section common to 

the roof and to the frame for the applied load and for unit values of 

each of the force systems Fm. For this computation the roof is

considered as a simply supported, multiple folded plate. The equations



expressing the consistency of the § displacements of the roof and the

frame at their common section are written. The resulting equations are

then solved simultaneously for the values of f2j Fj, and F$.

STEP h. Final values of the plate moments, and edge shears, Nj, are 

computed as the sum of the effects of the applied loads and the 

redundants. The edge stresses are computed from these final

expressions for and Nj. The slab moments and the final <3 

displacements are computed in a similar manner.

The above procedure will be illustrated with an example.

3. Example 5.1

The structure to be analyzed is a small scale aluminum model . 

having the proportions and dimensions shown in Fig. 5.1. The structure 

is loaded with a total load of 800 pounds distributed as 16 equal 

concentrations as shown in Fig. 5.2. The analysis will provide a 

solution for the final edge stresses and the slab moments at the 

section x = 9.625 in., the final edge stresses at the section 

x = 19.00 in., and the final displacement of plate 1 at sections 

x = 11.00 in. and x = 22.00 in.

STEP 1. The redundants are defined as pe, Te, F^, Fg, Fj, F^, and F5. 

After analyzing the simply supported folded plate for the 

effect of the applied load, the folded plate will be analyzed 

for unit values of each of these redundants in turn.

Having removed the redundant members, the simple folded plate 

is analyzed for the effect of the applied loads. The concentrated loads
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are resolved into components parallel to the plates that join at the

edge to which the load is applied.

p2 = _pu = - (50.00) (1.865) = - 93.25 lb.

The free edge moments for plates 2 and 4 can be expressed as

; , 2P&L x1 $n nnx
m Mg =-î% = - —g- -r sin-----

" n=l n L 

where fn - sin sin—sin- + sin 
° 3 3 6

Using the first six terms of the series, the moment Mg can be written
as :

Mg = +2,271.5 sin +18^.75 sin -24.345 sin

+12.422 sin -20.529 sin ^44 -18.773 sin
*

The solution for the edge shears, N^, can be obtained from the 
three shear equations.

% s?"

2Mb

r~
 ) +

hg
s2

—-

2NC + 

_______
1 S3.

_

2%d +

sl>.

Mg
+ sj

Mg Mo
S2 + s3

M3 m;— + —
S3

In the above equations,

= 0, since it is a free edge, and

Ng = 0, from symmetry.

Solving these equations for Nb, Nc, and Nd yields the following 

expressions for the unImown edge shears in terms of the free edge 
moments, M^.
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% = - O.37O93M{ - 0.13841%^ + 0.0377961^ - 0.0125991^

Nc = + O.O99O1OM{ - O.19183M2 - O.I8I67M3 + 0.0605561-^

Nd = - O.O24752M{ + O.O479^7%2 - O.I6886M3 - 0.22942%^

For the applied load,

= Mj = 0 and Mg =

Substituting the series for Mg and into the expressions for N&, Nc, 
and Nd yields .

Nb = -283.78 sin -23.243 sin +3.0629 sin

-1.5628 sin'-2.5828 sin .2.3618 sin ... L L

Nc = -573.29 sin Y -46.629 sin +6.1443 sin

-3.1351 sin +5.1813 sin +4.7381 sin

Nd = +630.06 sin L2E +51.245 Sin 24*  -6.752? sin
■O L L

+3M55 Sin -5.6944 sin -5.2073 sin •L L

The displacements in the plane of the plates can be computed as

X X

mA » 2^ (Nj + Nj+1) dx dx

dx dx

(10)^1 - 39,1426 sin »356.29 sin -16.902 sin

+4.4000 sin -4.3990 sin -2.6928 sin Un x 
E
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x x
1 f f r , h2Jo "2 + IT (Nb Nc)

(10)% = -30,894 sin -281.99 sin X +13.244 sin X

-3.4478 sin T +3.4470 sin -y- +2.1101 sin

3 = n <Mb

Un x
L*

-

(10)^3 = -3,995.9 sin -36.101 sin ” * +1,7129 sin 5n x 
L

-0.UU588 sin 7n x
L +0.44588 sin +0.27294 sin L

hU Nd 
2

(10/j*.,  - +47,014 sin L +424.87 sin -20.156 sin

+5.2469 s±n» ■ sin —-3.2110 sin
*b l

5^ x 
L

Un x

The relative edge displacements between edges b and c between
edges c and d and between edges d and e are designated a2, and A^.
respectively. It is assumed that these relative edge displacements can
be approximated by the following series.

A2 - i sin n n x

A
n=l

sin n n x

n=l £ sin n n x
L
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The solution for the slab moments induced by relative edge displacement 

is approached in the same manner as in the previous chapters. The 

cross section of the roof is assumed to be deformed as shown in Fig. 3.4. 

If the joints have not been permitted to rotate, the fixed end moments 

for a strip of unit width of the roof may be expressed as functions 

of the relative edge displacements.

a2 3EIt 2 < m
n=l

F mo = 6EIt
^3

6EI<p 
■

oo z 
n=l

bn sin n n x
t '

6EIt 6EIrp
" 4

OO

2 
n=l

b” sin n TT x

Distributing these fixed end moments and solving for the associated 

plate edge loads for each of the relative displacements Aj, and 

yields the following:

For a2 : pi = - 85.64 b’ sin % 
n-1

P2 = + 332.33 5 bn sin 
n=l

P3 = - 483.90 2 bn sin 
n=l

P^ = + 172.86 2 bn sin
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o»
For û3 : pi = - 111.05 Sbn sin n-v 

n=l L
O0

P? = + 5711.10 S b" sin 
n-1 n L
oo

a P3 = -1,083.25 2 b^ sin 
n=l L
oo

P4 = + 367.20 Xbn sin IUL2E

O»»

For : Pi = - 36.70 2bn sin 2-JL2E
n=l L
Oo

P2 - + 357.63 2^" sin •- 
n=l L

• oo

Pj - -l,141t.90 2 b™ sin — 
n=l L
O®

PL = + 289.40 % b? sin 
• n=l L

The free edge moments are computed from the edge loads for 

each of the relative edge displacement systems.

%m = Pm dx 0 0

The edge shears are computed utilizing the expressions obtained for 
Nj on page 96.

O° f

For Ag : m£ = + 16,800 2 sin — — — 
n=l L

b’Mg = - 65, 200 ^4 —S sin — —
n=l n2 L
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MÔ - + 9^,922 % sin — - 
n=l L
00 fMJ - - 33, 907 2 s in ^-~ 
n=l n2 L

b*Nb = + 6,807.6 Z< sin HJL2E 
n=l L

b.
Nc = - 5,127.1 2, ” 3in mus 

n=l L
o» -

Nd - - 11,792.2 2 sin 2JUE 
n=l “ L

#0 
TT*  b”

For A3 : M{ - + 21,784 2 * sin —x 
n=l n L
00

M2 - - 112,615 S ^2 sin 
n=l n L
^b"

M3 = + 212,491 Z, -2 sin 2-JL2E 
n=l L
o»

M? = - 72,030 2 sin 2_H2S 
n=l n L
O»

Nb = +16,445.5 ZL —2 sin -n-' n x 
n=l n L
#0

Nc = -19,205.3 Z sin 2__L2S 
n=l n L
00

Nd = -25,296 % ^2 sin 2-^ 
n=l n

n
O

O
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• e o
O0
S bm

For Ar : M] = + 7,199.9 Z-< -2 sin — x
n=l n L

b"i
# - - 70,153 % sin 2JL2E

n=l n L

mJ - + 224,583 %, -g sin 2J1Z 
n=l n
oo

M/ = - 56,769 2, sin 5-^ 
n=l n L
a*  

b'"Nb = + 16,242.7 2 -7 sin 2-^ 
n=l n I*

Nc sin ----  
L

oo 
h'”Nd = - 28,441.7 2 %sin 2.^ 

n=l n L

Nq = 0, from symmetry

The d displacements are computed from the above values for 

Mm Nj using the same procedure as that presented on page 97 so 
that the S displacements induced by relative edge displacements are 

as follows.

*1- -2.79342-rsi 
n=l^

-4.6732 2-rsin ~2S 
n=l^ L

-3.03552 "Tsin 
n=ln

nnx 
L

<5*  2 = +2.50412 -TSi 
n=ln

09

L n=l^ L
5bn +3.7947 2j8in 

n=ln^
nmc 

L

S j =
^b^

-2.6270 z_. -rsii 
n=ln L n=inu L

?bn 
-4.91472-TSin 

n=ln
nnx 

L

<3 li "
V b^

+ 2.1938 2.^siiÆ +k.6776F%in 222 % b'”
+4.2852 2 "TSin nnx

n=ln n=ln b n=ln L
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The geometrical relationships between the S and the Am 

displacements are derived from Fig. 3.4 and are the same as those

used in Chapter III.

A2 = + 1.186 - 2.209 <5*2  + 1.862

A3 = - 1.862 S2 + 3.l^ - 1.862 6^

A^ = + 1.862 3^

Substituting the expressions for 5ra and A^ into the geometrical

relationships yields the ‘oilowing equations.

T + 13.7361 bn sin sin

21.1338 Z 
n=l

bn . n n x sm —-— -5^2 sin 
n=l

b*  
17.0068 sin - 34.5280 bn sin

n n x 
L

n n x

n n x
L

L

0

n x
L n=l .
b" n n x 

sin —"— I» - 2^3 n n
L

n

x

sin —
n=

— + 10.0811» L n=l n
. n sin —

n=l
9.1512 b"'

n=l
n n x

L

n x
L

0

n x
L

n n x
L 0

. . n n x X*.  . n n
where A^2 s:Ln —r----» “7n=l L n-1 J L

x

represent the series that would result from

sin
n=l

the substitution of the

<?m expressions for the load into the geometrical relationships. The 

resulting system of simultaneous equations is solved for b\ b", and 1 
for each value of n used to evaluate the series. Six sets of b% b", 

and b"’ values are thus obtained in terms of the series constants

An3» and .

in
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n = 1
b{ = + 0.13179 A12 - 0.211769 A13 + 0.35588 A-^

bj = - 0.190215 A12 + 0.37503 A13 - 0.73018 A^
bj = - 0.018926 A12 - 0.17118 A13 + 0.65219 A^

n = 3
b3 = + 0.89657 A32 - 0.189217 A33 - 0.121608 A^

b3 = - 0.12277 A32 + 0 . 7218210 A33 - 0.222139 A^

b3* = - 0.0311918 A32 - 0.0732110 A33 + 0.93151 A-^

n = 5
b^ = + 0.97962 A^2 - 0.038235 A^3 - 0.030809 A^

b^ = - 0.0250113 A^2 + 0.911932 A^ - 0.01111820 A^

b^' = - 0.0071583 A^2 - 0.0111797 A# + 0.98b55 A^

n = 7
b? = + 0.991119 Ay g - 0.010603 A?3 - 0.0085851 A^

b? = - 0.00697116 A72 + 0.98596 A?3 - 0.0122116 A^

by*  = + 0.000029021 A72 - 0.00111026 A?3 + 0.99627 A^

n = 9
bp = + 0.99789 Ap2 + 0.0039378 k - 0.0031916 A^

bq = + 0.0025879 Ap2 - 0.991179 Ap3 - 0.001,6091 Ap^

bp = - 0.000711690 A92 + 0.0015235 Ap3 + 0.99862 Ap^

b^ =« + 0.99906 A1X 2 - 0.0017729 Au 3 - 0.00111375 Ajj.2i

bn = - 0.0011623 An 2 + 0.99765 An3“ 0.0020751 An4

bn = - 0.00033278 A112- 0.00068593 A^3+ 0.999377 A^L

The series constants for 5 computed for the applied load, are

substituted into the geometrical relationships to yield the following .

values for and A^.
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n = 1 :
a12 = +107,56L(10)-6; a13 = -42,666 (10)-^ J = -7, WiO.4(lO)* 6

n = 3 :
A32 = +978.26(10)“-; A33 = -379.54(10)A3^ = +67.220(10)“6

n = 5:
A52 = - 46.113(10)~6; A^3 = + 18.255(1O)-6; A^ = + 3.1894(10)“6

n = 7:
A72 = + 12.0044(10)“6; A73 = - 4.7517(10)"6;A74 = - 0.83023(10)“6

n = 9 :
A92 = - 12.0014(10)“6; A?3 = + 4.7508(10)“6;A^ = + 0.83023(10)“6 

n = 11:
An 2 = - 7.3467(10)-6; Ah3= + 2.9080(10)“6;An = + 0.50821 (10)“6

Substituting these coefficients into the expressions for b^, and b^, 

yields the following values for the coefficients b^, b”, and b"’.

n (io)^ (10)6% (10)%'

1 +61,618 -31,054 +415.2

3 +958.81 -389.07 - 68.913
5 - 45.969 + 18.342 + 3.2065

7 + 11.9917 - 4.7584 - 0.80729

9 - 11.9600 - 4.7609 + 0.84528

11 - 7.3457 + 2.9086 + 0.50834

The coefficients b^, b^, and b^’ are now substituted into the 

previously defined series for â page 103, yielding the corrections 

for relative edge displacement. These corrections are added to the <S 
displacements computed for the applied load neglecting relative edge 

displacement. The final values for the <5 displacements of the folded 

plate loaded with the 800 pound load are as follows.
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(10)^1 = + 11,170 sin — + ^8.25 sin ^-4 _ 16.850 sin ^4 
L L L

+ 4.3963 sin ^44 - b.3909 sin ^44 _ 2.6924 sin ^44 
L L L

(10)^ 2 = - 21,700 sin 44 - 278.27 sin ^44 + 13.211 sin ^44
L L L

- 3.4458 sin Ï44 + 3.4395 sin 244 + 2.1098 sin —4
L L L

(10)^J^ = + 230.00 sin 44 _ 37.009 sin 224 + 1.7220 sin ^24 
L L L

- 0M662 sin + 0.U5397 sin 2%L2S + 0.27301 sin 
L L Ij

(10)= + 38,800 sin 2L2E + L2L.72 sin 2lL5 - 20.158 sin ÉL2E

+ 5.2172 sin ZIL2S _ 5.252b sin ^-5 _ 3.2110 sin ... 
L L L

The displacement of edge e measured in the plane of the additional 

interior plate is obtained as

£5=<^ HT© = 1-862^.

â t = + 72,210 sin + 790,U7 sin ^4 - 37.517 sin ^4 
J L • L L

+ 9.7659 sin ^-4 _ 9.7755 sin - 5.9762 sin .
L L L

The substitution of the values of Id, B, and b*  into the series 

for the plate moments and the edge shears developed on pages 101 and 

102 provides the relative edge displacement corrections for the plate 

moments and edge shears. Adding the corrections to the series for 

and Nj computed neglecting relative edge displacements yields the 

following values for and Nj for the simple folded plate.

M1 = + 361.7 sin ^-4 + 0.7929 sin - 0.013987 sin xL L L
+ 0.0018775 sin ^4- 0.0036858 sin ^4 - 0.000U661 sin — £ ..

L L L
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Mg = + 1,7220 sin ■ + 183.22 sin -L L
24.317 sin ^244

L

+ 12.4178 sin 2-4 - 20.5136 sin 2^4 
Jj L . - 18.772 sin ^44 . - L

M3 = - 656.55 sin -^4 _ 0.7936 sin 2ZL£ + । 
L L

0.01017 sin ^244 
L

- 0.00111 sin 2244 _ 0.02417 sin .^44 
L L + 0.000298 sin 2^244

MU = - 2,147.6 sin ^4 _ 184.82 sin 2244 + Jj L
24.347 sin £244

- 12.4221 sin 2244 + 20.5377 sin ^244 
L L + 18.773 sin 2244 ..

Nb > - 370.27 sin n x
L '- 23.353 sin 2244 + 3.0646 sin %4 

L L

- 1.5630 sin 7n x 
L + 2.5810 sin 2244 + 2.3619 sin 22244 

Li L

Nc = - 305.29 sin 71 X • 46.115 sin + 6.1357 sin —

- 3.1340 sin 7tt x 
L + 5.1829 sin + 4.7378 sinJu L

Nd = + 677.18 sin Tt X
L + 51.301 sin - 6.7532 sin ——L L

+ 3.4456 sin 7n x 
L - 5.6915 sin T - 5.2073 sin T Ju Jj

Edge stresses are computed from the corrected plate moments 

and edge shears. The edge stress, fQ, is computed as follows.
Mh o

fe " ~ ~ (^d + 2Ne) = - 3.7591^1^ - U.39% Nd

fo = + 5,11h.9 sin ~— + U70.85 sin — - 62.0^8 sin -"• x' c Jj L L

+ 31.658 sin - 52.362 sin - 47.812 sin • • • Ju L L

The analysis of the simply supported folded plate system loaded 

with unit values of the redundants proceeds in a manner similar to that 

just described for the load. Since these solutions are similar to the



108 o

solution just described, it will be sufficient to state the series used 

to represent either the force system or its free edge moment and then 

tabulate the final results of the computations for displacements, plate 

moments, edge shears, and edge stresses. In these analyses the 

solution for relative edge displacement is completed using the 

expressions for b^, b^, b^ presented on page 10U. Particular values 
OO M 00

for 21 21 and 2 are computed for each loading case
*=1 n=l n=l

and substituted into the expressions for b^, b^, and b^.

Solution for a unit value of

The resultants are applied in the middle plane of plates 1 

at x = -g. The free edge moment for plate 1 can be represented by the 

first six terms of the following series. 
pa OO

Mi = - "7 ZL —% sin ein x = - 8.9163 sin sin n n X
* n=l * 2 L n2 2 L

Mi = - 8.9163 sin —— + 0.99069 sin X - 0,3566^ sin X L L L

+ 0.18197 sin „ 0.11008 sin —+ 0.073688 sin ~~ X • • •

M2 = = 0
* » *

The series constants for the corrected 3 displacements, the plate 

moments, the edge shears, and the edge stress fe are presented in the 

following tabulation.
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\n 1 3 e 5 7 9 11

(10)+251.31 -5.9885 +0.83125 -0.21888 +0.0801*23 -0.036030
(10)%2 - 20.75 +1.6152 -0.26036 +0.070155 -O.O25993 +0.011625
(10)^ - 25.99 -0.01*360 +0.060585 -O.OI8399 +O.OO7O88O -0.003155k
(10)^ + 22.91 -0.25759 -0.012971* +0.0056096 -0.0023567 -0.0010375
(10)^ + 1*2.61* -0.1*791*2 -0.021*11*7 +0.0101*1*03  -0.001*3862 +0.0019310

(10)^ - 6171*  .h +964.11 -351*.89  _ +181.72 -110.07 +73.672
(10)%2 - 6181*  .0 +111.866 - 7.8309 + 1.101*65  - 0.01*159 + 0.071*611*
(10)^ - 1102.0 -178.31* + 13.311 - 1.8932 + 0.03592 - 0.12801
(10)-1075k,0 + 62.31*5 - 1*.  51*06 + 0.61*371  - 0.012568- 0.01*3515

(10)X +3117.9 -380.63 +133.28 -67.639 +40.834 -27.336

(19) + 710.0 +110.17 - 36.328 +18.164 -10.897 + 7.3057
(10) X + 289.3 - 2.688 + 7.2026 - 4.2730 + 2.7191 - 1.8083

(io)3fe +2780.2 -223.08 - 14.552 +16.357 -11.905 + 7.7846-

Solution for a unit value ef Fg:

The free edge moment produced in plates 2 upon the application 

of unit values of the resultant F2 can be represented by the following 

series.

Mg = - 8.9163 sin + 0.99069 sin - 0.35665 sin
Jj L

+ 0.18197 sin _ o .11008 sin - - + 0.073688 sin —x
L L L 

^1 “ ^3 e “ 0
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The corrected series constants for the 8 displacements, the plate 

moments, the edge shears, and the edge stress fe are presented in the 

following tabulation.

\n 1 3 5 7 9 11
(10)^1 -20.51 +1.6106 -0.25974 +0.069999 -0.025960 +0.011605
(10)^2 +40.72 -1.3865 +0.22957 -O.O62137 +0.023081 -0.010314
(10)^3 + 5.45 +0.5726 -0.130285 +0.036580 -0.013779 +0.0061393
(io)^ -Uh.32 +0.09162 +0.036013 -0.011658 +0.0046018 -0.0020317
(10)^ -82.487 +0.17052 +0.067026 -0.021697 +0.0085647 -0.0037813

(10)-1162.1 + 22.321 - 1.5685 + 0.22117 + 0.000769+ 0.014955
(10)^2 -5499.4 +885.93 -349.14 +180.91 -110.10 +73.616
(10)^3 -2584.4 +189.738 - 13.880 + 1.9681 + 0.04986 + 0.13312
(10)% +1252.3 - 63.185 + 4.5905 - 0.65017 - 0.02074c)- 0.04398

(10)% +1078.7 -122.93 + 48.323 - 25.038 + 15.241 -10.188
(io)% +1485.2 -206.03 + 69.620 . - 35.078 + 21.112 -14.148
(10) % - 85.87 + 24.391 - 15.414 + 8.4871 - 5.2839 + 3.5177

(10)% -4340.8 +130.85 + 50.458 - 34.856 + 23.304 -15.296

Solution for a unit value of :

The free edge moment developed in plates 3 upon the application 

of the unit values of the resultants, Fj, can be represented by the 
following series.

M3 - - 8.9163 sin ~ + 0.99069 sin - 0.3566$ sin ■u L I,
+ 0.18197 sin - 0.11008 sin + 0.073688 sin ^£2= . . ." lu L

» M2 ■ “ 0
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The corrected series coefficients for

moments, the edge shears and the edge

the displacements, the plate

stress fe are presented in the

following tabulation

\n 1 3 5 7 9 11
(10)^ -26.021 -0.04216 +0.060405 -0.018353 ♦0.0071213 -0.0031478
(10)^2 + 5.458 +0.9723 -0.13023 +0.036577 -0.013796 +0.0061390
(1O)6J3 +11.527 -1.0855 +0.20547 -0.056566 +0.021167 -0.0094361
(10)^ + 6.295 +0.7697 -0.15552 +0.043124 -0.016187 +0.0072105
(10)^ +11.716 +1.4325 -0.28945 +0.080261 -0.030127 +0.013420

(10)&i + 107.71 - 22.151 + 1.6353 - 0.23185 - 0.012917- 0.015703
(10)^ -1728.4 +113.89 - 8.3155 + 1.1778 + 0.071689+ 0.079719
(10)^ -3071.8 +765.50 -340.38 +179.68 -110.20 +73.532
(10)^ -15282.2 + 72.626 - 5.2694 + 0.74594 + 0.047602+ 0.050471

(10)^Nb + 102.43 + 20.471 - 12.254 + 6.7042 - 4.1708 + 2.7733
(10)^ + 807.60 -158.72 + 63.276 - 32.843 + 20.007 -13.373
(10)^ + 783.7 -139.91 + 58.247 - 30.448 + 18.601 -12.425

(io)^fg +2313.1 +341.36 -236.18 +131.03 - 81.942 +54.425

Solution for a unit value

The free edge moment developed in plates 4 upon the application

of unit values of the resultants can be represented by the following 

series.

Ml - - 8.9163 sin + 0.99069 sin 2112 _ 0.35665 sin 
L L L

+ 0.18197 sin - 0.11008 sin + 0.073688 sin • ■ •
Mi = M2 = •* 0
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The series coefficients for the corrected 5 displacements, plate

moments, edge shears, and edge stress fe are presented in the

following tabulation.

\^n 1 3 5 7 9 11

(10)+ 23.240 -0.25848 -0.012 903 +0.0055950 -0.0024150 +0.0010349
(10)^2 - 44.490 +0.09231

• a
+0.036108 -0.011655 +0.0046392 -0.0020316

(10)^ + 6.330 +0.7694 -0.15569 +0.043127 -0.016212 +0.0072110
(10)^ +107.66 -2.1844 +0.33130 -0.088523 +0.032765 -0.014636
(10)^ +200.37 -4.0655 +0.61660 -0.16476 +0.060981 -0.027240

(10) \ + 257.60 + 16.152 - 1.3636 + 0.19367 + 0.02051 + 0.01313
(10)^2 +1259.1 - 96.862 + 7.0977 - 1.006 - 0.1053 - 0.06809
(10)^ -5161.3 +194.57 - 14.029 + 1.984 + 0.1794 + 0.1343
(10)\ -7178.5 +927.64 -352.15 +181.33 -110.15 +73.645

(10)% - 374.46 + 2.340 + 3.4291 - 2.1421 + 1.4015 - 0.9182
(10)% + 286.90 + 41.206 - 20.269 + 10.832 - 6.6805 + 4.4497
(10)% +2572.5 -250.77 + 83.520 - 41.988 + 25.235 -16.922

(10)% +15738. -2392.8 +959.68 -498.64 +304.09 -203.09

The simply supported roof is next analyzed for the effect of an 

edge pressure, pe, distributed along edge e of the simple folded plate 

and acting in the plane of plate The edge force applied to the 

folded plate is represented by the first six terms of the following 

series.
co
X1 . n n xPe " " 2y&n sir ?
n=l
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The edge force is resolved into components acting in the middle plane 

of plates 4 which have joint e as a common joint. The free edge 

moment developed in plates 4 can be expressed as follows.

T2 „
= 0.93U0 Z, sin .

R L

= + 182.64^a% sin + 20.2?4a^ sin + 7.30^8a^ sin

+ 3.7271*a 7 sin + 2.2^9ap sin + 1.509^^ sin

= M3 - 0

Having defined the free edge moment, the remainder of the 

solution for this loading condition proceeds in the same manner as

that described for the applied load. The final series coefficients

are presented in the following tabulation.

\&n al a3 *5 a7 *9 an
(10)^1 - 475.44 - 5.2947 + 0.26433 +0.11461 ' +0.049468 +0.021200
(10)^2 + 910.70 + 1.8912 - 0.73732 -0.23874 -0.095035 -0.041617
(lO)6^ - 128.81 +15.761 + 3.1856 +0.88336 +0.33208 +0.14771
(10)^^ -2205.99 -44.745 - 6.7867 -1.8133 -0.67120 -0.29984
(10)^ -4105.70 -83.277 -12.631 -3.3749 -I.2492 -0.55806

- 5.2782 + 0.37183 +0.027932 +0.0039670 -0.0004202 +0.0002689
M2 - 25.780 - 1.9842 -0.14540 -0.020598 +0.002158 -0 .001395
M3 +105.68 + 3.9855 +0.28738 +0.040645 -0.0037385 +0.002750

+147.06 +19.003 +7.2124 +3.7142 +2.2563 +1.5086



edge shear is represented by the first six terms of the following

a3 a5 ®7 a9 an
+ 7.6679 +0.047930 -0.070245 -0.043879 -0.028708 -0.018809

Nc - 5.8720 +0.84410 +0.41521 +0.22188 +0.13684 +0.091149

Nd -52.687 -5.1369 -1.7108 -0.86007 -0.51690 -0.34664

fe -322,U9

The edge

-49.018 *«T19.654 -10.2135 -6.2290

shear force, Te, is applied along the joint

-4.1603

e which

is common to the simple folded plate and the additional plate4 the

series.
’e-K cos 2^=5 

n=l
o° CO

Ng = y Tedx = — sin -n-^--x = 14.00^6 — sin
0 n=l n L n=l n

*Ne is the resultant shear at any value of x acting on tiie edge e of 

the additional interior plate. From the equilibrium condition and 

from symmetry at joint e, the shear resultant acting on the edge of

one of the plates, 
Np series for will

4, will be -R- . The following six terms of the 

be used to represent the shear resultant applied 

to edge e of plate L.

^ = + 7.00281^ sin + sin + l.^OO^ sin

+ l.OOOLOb? sin + 0.77809b? sin + 0.63662^ sin ?
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With the edge force specified, the remaining edge shears are computed 

using the equations presented on page 96, wherein, the free edge plate 

moments are zero, but the edge shear resultant, Ne, of the equation is 
Ne-y expressed in the above series. The resulting series coefficients 

for the edge shears Nb, Nc, and Nj are as follows.

b 9

Nb -0.1029346 -0.034312 -0.020587 -0.014705 -0.011437 -0.0093577

+0.49476 +0.16492 +0.098955 +0.070680 + 0.054974" +0.044978

Nd -1.8751 -0.62503 -0.37502 -0.26787 -0.20834 -0.17046

The remainder of the solution involving the calculations for

the <§ displacements and the correction for relative edge displacement 

is the same as for the applied load. The corrected constants for the 

<5 displacements, the plate moments, the edge shears, and the edge 

stress f@ are presented in the following tabulation.

bn b9

(10)- 41.507 - 1.09479 +0.04233 +0.034190 +0.020210 +0.010358 
(10)^2 + 64.010 + 0.64317 -0.14794 -0.073044 -0.038558 -0.020404

(10)^ - 33.866 + 1.6698 +0.69340 +0.27480 +0.13410 +0.072628

(10)^ -230.98 -11.7007 -2.8152 -1.04493 -0.49582 -0.27085

(10)^ -429.89 -21.777 -5.2395 -1.9448 -0.92282 -0.50411

o O
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The calculation for the effect of a resultant must be

b3 b7 t>9 611

Mi -0.26077 +0.065758 +0.0081998 +0.0016295 -0.00028044 +0.00017353

Mg -2.0681 -0.35039 -0.0h2646 -0.0084537 +0.0014441 -0.0008994

M] +5.2185 +0.69177 +0.083356 +0.016508 -0.0025652 +0.001756

MU -2.5502 -0.22788 -0.027371 -0.0098614 +0.0009216 -0.00057619

Nb +0.50939 +0.018811 -0.014231 -0.013447 -0.011642 -0.009224

Mc -O.23683 +0.099170 +0.091147 +0.069135 +0.055190 +0.044823

Nd -2.2639 -0.70799 -0.38507 -0.26986 -0.20804 -0.17067

^e -42.003k -16.5507 -10.5173 -7.5713 -5.9293 -4.8443

delayed until the conditions are written providing for the continuity 

of the simple folded plate and plate 5.

STEP 2. In this step the analysis of the redundant members is under­

taken. The additional interior plate will be considered first.

The edge load, pe, applied to edge e and in the plane of the 

additional interior plate is represented by the first six terms of the 

following,series.
CO

v* . n n X Pe = 2. sin
n=l

The plate moment produced by this loading on the simply supported 

plate is
«X»

p r . . L2 S' . n n xMç = J J pedxdx = - A -, sin —-— •
00 n n=l n2 L

o
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The first six terms of this series are used to represent the moment,

M£.

M£ = “ 196.16aj sin - 21.796a^ sin - 7.8Li6ha^ sin

- 4.0033ay sin -- - 2.4217^2 s^-n " - 1.6212a^j sin —-—

f .S . s____  
e 0.27084

n x _ 3" x _ x
fe = - 724.38aT sin -f - 80.488aj sin —ÿ- - 28.97^ sin —

- 14.783ay sin 8.9430a^ sin - 5.98603^ sin X • ■ -

c 1 r r lA ? n n x

(10)- ♦ 10,82^ eln ♦ 133.64aj sin ♦ 17.320a^ sin

+ 4»5o85i^ sin + 1.6499^2 sin + 0<73936a^ sin

The edge dhear distributed along edge e of plate ? is 

represented by the first six terms of the following series.

cos n ft x
L

Rie resultant edge shear force is

He - J Te^ - T X £2 sin .

Ng = + 14.006by sin ~~ + 4,6687b^ sin + 2.8O12b^ sin

+ 2.0009b? sin + l.#62b9 sin + 1.2733b^ sin ~
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fe = + 86.190b% s in A— + 28.730^ s in + 17.238b^ s in

+ 12.312by s in - 9.$767b^ sin + 7 «83^bn sin-----—

a $ - ^22%=^ ■
oo
S . D Tl X

(10) = - 966.14b} sin - 3$.781b^ sin “ 7.7286b^ sin

sin X - 1.32526^ sin “ 0.72586b^} sin ——

Pig. 5.3 presents elevation and cross section views of the * 

interior frame which is to be analyzed to determine the 8 displace*  

ments produced by unit values of the resultants, Fm, The Fm forces 

are assumed to act in the middle plane of the folded plate elements 

and are assumed to be uniformly distributed along each segment of the 

frame. The frame is symmetrical about the center line of the middle 

column and the distribution of the Fm forces is also symmetrical, 

consequently only one half of the frame is considered in the analysis. 

Half of the frame is divided into thirty-eight Ag divisions.

The folded plate system participates in the frame action. 

The increase in effective section of the frame is approximated in the 

same manner as that discussed in Chapter IV. The effective section 

for the frame from section 16 through 38 is shown in Fig. 5.3-
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Ihe analysis of the frame is presented in the Appendix. The 

displacements of the frame, produced by the force systems F^, F2, F3, 

F^, and F^, are as follows.

(10)6J1 = + O.3865ft - O.9829F2 - 0.4UF^ - 0.02^72^

(1O)652 = + 2.56% F% - 43.00 F2 - 23.179F3 - 1.3949

(1O)6c53 = + 0.959 - 22.45 F2 - 14.23IF3 - 0.8502 F^

<5 4 = 0 

= 0

The displacements were computed along the centroidal axis of the frame 

segments, thus yielding the value of S = 0« Computing the displace­

ment at the centroid of the frame rather than in the middle plane of 

the plate segments produces a maximum error of 5% in the coefficients 

of the final equations written for the solution for Fi, F2, F3, F4, 

and F$.

STEP 3. In this step, equations are written providing for the continuity 

of the simple folded plate and the additional plate and the 

interior frame. These equations will be solved yielding the 

redundant forces.

Two equations are written providing for the continuity of the 

simple folded plate and the additional plate. One equates the 

displacement of edge e of the simple folded plate to the displacement 

of plate 5, the displacements being measured in the plane of plate 5.
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The second equates the stresses at edge e of tha aimpie folded plate 

and plate

Son + jpn + S = S pn + Tn

fon + fpn + ^Tn = fpn + fTn

5on and fon are respectively the displacement at edge e, (10) 

and the edge stress, fe, of the single folded plate produced by either 

the applied load or the redundants Fj, Fg, F^, F^, F^. The super­

scripts R and B in the remaining expressions refer respectively to 

the simple folded plate and to the additional plate. The subscripts 

p and T refer to the edge forces p and T. The displacements S and 

Spn and the stresses fp^ and fp® are in series form with series 

coefficients ag. She displacements and and the stresses 

f^ and f^ are written in series form with series coefficients b%. Six 

sets of this system of simultaneous equations are written in this 

case, one for each value of n considered in thia solution. Solving 

these sets of equations simultaneously yields values of a^ and 

in terms of ^on and fon.

The series constants for the edge loadings p and T are 

tabulated on pages 113 to 118. The systems of equations to be . 

solved are as follows. 
«
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The solutions for an and bn are presented in the

n = 1: £ol

fol

-U,105.70

- 322.49

ai -429.89

aT - 42.003

bj. - +10,825 a^ -966.14 bl
4

b^ — — 724.38 al + 86.190

n = 3: <$o 3 - 03.277 a3 - 21.777 b3 = + 133.64 a3 " 35.781 b3

fo3 - 49.018 a3 - 16.550 b3 3 - 80.488 a3 + 28.730 b3

n = 5: - 12.631 a$ - 5.2397 b^ = + 17.32 a5 “ 7.7286 b5

fo5 - 19.654 a^ - 10.5137 b^ = — 28.975 a5 + 17.238 b5

n = 7: ^o7 - 3.3749 ay - 1.9448 by = + 4.5085 ay — 2.8166 b7

^o7 - 10.2135 a7 - 7.5713 by — — 14.783 a7 + 12.312 b7

n = 9: ^o9 - 1.2492 a9 - 0.92282b? = + 1.6499 a9 - 1.3252 b9

fo9 - 6.2290 a9 - 5.9293 b^ - - 8.9430 a9 + 9.5767 b9

n = 11: ^oll 

foil

- 0,558O6ajj- o .5o4ilb^= +

— 4.1603 a^2" 4.8443 b-Q= —

O.73936a^-

5.9866 a^+

0.725866^

7.8355

following tabulation.

(10) = + 315.71 fol + 75.473^1

(10) S = + 8,790.5 fol + 236.61 ^01

(10)% = + 1,492.7 ^03 + 4,826.6 ^03

(10)% = + 23,122 fo3 + 3,354.6 ^03

(10)% = + 3,080.3 fo5 + 34,347 ^o5

(10)% = + 37,068 f°5 + 11,536 <^o5
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(10)% =

(10)^by =

+ 5,707.0

+ 51,605

fo7

fo7

+

+

U0,160 Sol

29,912^o7

(10)% = + 9,174.3 fo9 + 353,520<ÿo9

(10)% = + 66,097 fo 9 + 61,876 <?o9

(i°)6an “ + 13,820 ^011 + 790,210 c?oll

(10) - + 80,856 foii + 113,810 c5oll

Substituting the values for <5on and fon produced by the 

applied load and the unit values of the force systems, Fm, yields the 

following series constants for the edge force, pe, and edge shear, Te, 

for the simply supported, multiple folded plate.

\n 1 3 5 7 9 11
Applied
Load

an + 7.0647 + 4.51812 -1.47973 +1.45180 -3.93621 -5.3837

bn +62.049 +13.5387 -2.7328 +1.9258 -4.0659 -4.5485

F],
(10)6an + 4,09^.83-2,646.96 -874.202 +1,452.258-1,659.83 +1,633.48

(10)^ +34,528 -6,766.4 -817.97 +1,156.39 -1,058.28 + 849.23

f2
(10)% - 7,595.97+1,018.35 +2,457.57 -3,023.00 + 3,241.59 -3,199.41

(10)% -57,675 +3,597.5 +2,643.59 -2,447.74 +2,070.27 -1,667.1

F3 .
(10)% + 1,614.51+ 7,423.65 -10,669.25 +11,194.56-11,402.26 +11,356.77
(10)% *23,105 +12,698.4 -12,093.8 + 9,162.56- 7,280.2 + 5,928

F4 , 
(10)% + 20,091.1-23,194.2 +24,134.5 -24,291 +24,348 -24,332

(10)% +185,755 -68,964 +42,686 -30,660 +23,872 -19,521
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«
At this time the analysis of the multiple folded plate could 

be made for a unit value of the redundant, F^, since the conditions 

are now available for considering the continuity of the simple folded 

plate and plate It is not necessary to present this solution, 

however, since in this case it is apparent that the forces, displace­

ments, and stresses produced in the multiple folded plate by a unit 

value of the force Ft; would be proportional to the forces, displace­

ments and stresses produced by the force system made up of unit values 

of F^e The unit value of Ft; can be resolved into components in the 

plane of plates 4 which are common to plate $ at edge e. The 

magnitude of these components of Ft; = 1 are:

- °-9311

Thus, the application of a unit value of Ft; will produce forces, 

displacements and stresses in the multiple folded plate which are 

0.9311 as great as those produced by unit values of F^ as computed 

on page 112. The an and bn coefficients for a unit value of Ft; would 

not be 0.9311 of those presented on page 123 resulting from the 

application of unit'values of F^ however.

To determine the magnitude of the redundant resultants F^, F2, 

F^, F^, and F^, equations representing the consistency of the S 

displacements of the roof and the frame will be written. To facilitate 

writing these equations the displacements of the roof at the section 

common to the frame are computed for the applied load, the load 

systems Fm, and the edge loads pe and Te. The computations are made



125
»

for the six values of n and summed to give the resultant displacements

of the multiple folded plate at the frame. Details of the computations
A

are presented in the Appendix; the results of the computations are as 

follows,

= + 11,902.7 + 255.063F-L -16.1i78F2 -27.570F] + 6.032(F^ + 0.93HF^)

<52 = -11,012.8 - 16.781iFj +31.813F2 + 7.6111Fj -Hi.286(F^ + O.93HF^)

= - 2,81ili.97 -^?.510Fi + 7.613F2 +U.7H1F] - 2.908(1^ + O.93HF^)

= + 8,815.6 + 5.9112F! -Hi.226F2 - 2.962F] +20.836+ 0.93HF^)

SS - SOT?

In the preceding equations + 0.9311F^ represents the resultant F^ 

combined with the component of F^ resolved in the plane of plate li. 

This combined resultant will be represented by F^.

Equating the displacements computed for the multiple folded 

plate to those of the frame, presented on page 120, five equations 

result, the last two of which describe the consistency of the 

displacements of the multiple folded plate and the frame in the 

plane of plates L and 5. Since the displacements of the frame were 

computed along the centroidal axis of the frame, <5 and for the 

frame are zero, Thus the last two equations are identical. The 

first four equations can be solved for F^, F2, F], and F^, however. 

After equating the frame and folded plate displacements, the equations 

are as follows.
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*25k.676Fi -15.h9ÏF2 -27.159F] + 6.0$7F^ + 4,902.7 = 0

- 19.348F! +74.813F2 +30.820F] -12.891F^ -11,012.8 = 0

- 28.469F1 +30,063F2 +2$.94$F] - 2.058F^ - 2,844.97 = 0

+ 5.942F], -14.226F2 - 2.962F] +20.836F^ + 8,815.6 = 0

Solving these equations simultaneously yields the following values 

for Fp F2, F], and F^ . »

Fi = - 9.72 lb.

F2 = +103.53 lb.

F] = - 49.27 lb.

F^ = -356.63 lb.

STEP 4. The final values of the plate moments and edge shears are 

computed at sections 9.625 inches and 19.00 inches from 

the end support. These final moments and edge shears are 

used to compute the final edge stresses.

The final plate moments and edge shears are functions of the 

applied load and the redundant force systems Fj, F2, F], F^, pe and 

Tg. Computing the plate moments and edge shears for each of the force 

systems yields the following final summations at sections x = 9.625 in. 

and x = 19.00 in. Sample computations for the final plate moments 

caused by the load are presented in the Appendix.
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Final Plate Moments Final Edge Shears

x = 9.625 in. 08% cC

Ml - +130.85 in. lb.

Mg = +782.66 in. lb.

Mo = +569.27 in. lb.
J o

- + 73.212 in. lb.

M$ = -106.995 in. lb.

x = 19.00 in.

Ml = +212.06 in. lb.

Mg = +638.70 in. lb.

Mj = +902.75 in. lb.

M^ = +764.24 in. lb.

M$ ■ +436.93 in. lb.

The final edge stresses at these two

Nb = -136.63 lb.

Nc = -23O.29 lb.

Nd - - 84.922 lb.

Ne = + 46.684 lb.

Nb = -U4O.269 lb.

Nc = -230.436 lb.

Nd - -259.965 lb.

Ne - -317.57 lb.

sections are computed from the

final plate moments and edge shears using the basic equations 2.1 and

2.2.
Final Edge Stresses (lb. per sq. in.)

Edge x = 9.625 in. x = 19.00 in.

a + 125 + 703

b + 716 + 160

c - 324 + 235

d - 386 - 103

e - 108 - 341

e* + 251 - 636



128

The final values of the displacements ây and are computed 

at sections x = 11.00 inches and x = 22.00 inches. 
o usa

x = 11.00" #

= + 810(10)“4 * 6 in. _ x o

4. Experimental Investigation

The structural model that was analyzed in the preceding

section was fabricated and tested to check the results of the analysis. 

The dimensions of the model are shown in Fig. 5.1. Aluminum alloys 

2014 and 6061 were used for the folded plate and the frame 

respectively.

= -2,700(10)*6 in.
» 

x = 22.00"

Sy = 0
S2 = -2,837(10)-6 in. '

The final slab moments are derived entirely from the relative 

edge displacement computations for each loading case. The final 

values for these moments at the section x = 9.625 in. are as follows.

ma = mb = ° _ & "
mc = +1.8021» in. lb. 

m^ = -0.4805 in. lb. 

m@ = +0.4038 in. lb.
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After fabricating the model, SR-4 strain gages, type A 7, 

were attached to both the top and bottom surfaces of the folded plate 

at sections 9.625 in. and 19.00 in. from the end diaphragm as shown 

in Fig. 5.1. All of the*gages  were placed in pairs at a given 

location on the folded plate, one on the upper surface and one on the 

bottom surface. Those gages oriented to measure strain in the 

longitudinal direction were wired so that the gages in a pair were in 

series. Gages oriented to measure strain in the direction normal to 

the longitudinal axis of the roof were placed in pairs but wired 

independently.

The model was set up for testing on a heavy concrete slab, 

care being taken to have all column bases bearing solidly on the 

supporting slab. The strain gage leads were connected to Baldwin 

twenty channel switching units. Leads from these units along with 

compensating gage leads were connected to a Baldwin portable strain 

indicator, type MA. Horizontal and vertical displacements of plate 1 

were measured with Federal dial gages sensitive to 0.0001 in. A 

photograph of the model ready for testing is shown in Fig. 5.4.

The 800 pound load was distributed to the model through 16 

load points and was applied in 200 pound increments. The model 

supporting the first two load increments is shown in Fig. 5.5. Strain 

and displacement readings were taken before loading and after the 

application of each load increment.
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Fig. 5.5
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Normal stresses, fx» acting in the middle plane of the plates 

were computed from the measured strains in the manner discussed in 

Appendix I. These stresses correspond to the edge stresses computed 

in the preceding section. Normal stresses, f^, acting in a direction 

normal to the edge stresses and at the surface of the plates were 
%

computed from the measured strains using ^e expressions appearing in 
Appendix I.

5. Comparison of Analytical and Experimental Results *

Graphical presentations of the results of the analysis and 

experimental work appear in Diagrams 5.1, 5.2, and 5.3 in which the 

longitudinal stresses, the transverse stresses, and the edge displace­

ments are plotted. General agreement between the computed and the 
measured values was obtained.

Good agreement for longitudinal stresses, is shown for 

section x = 9.625 in. except in the region of plate 3. At section 

x = 19.00 in. the analytical results agree fairly well with the 

experimental results except in the region of plate 5.

The transverse stresses computed from the measured transverse 

strains are in excess of the analytical values. In this investigation, 

as in the investigation presented in Chapter IV, the indicated 

transverse strains may have been influenced considerably by the 

closeness of the gages to the load points. The gages were 2.29 in. 

from the point of load application whereas the distance between these 

points, in the investigation presented in Chapter IU, was nearly four 

inches. During the experimental investigation the transverse stresses 
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were particularly sensitive to the applied load. The computed 

displacements are in fair to good agreement with the measured 
quantities.

The correction recommended by Ali12 for transfer of the applied 

load to plates adjacent to the loaded plates would undoubtedly have 

improved the agreement between the computed and measured results 

particularly for longitudinal stress in the region of plates 1 and S.
In this case the computations were particularly lengthy having 

considered six values of n in the solution. The final results indicate 

that three terms at the most would have been sufficient. The resulting 

agreement between analytical and experimental work does indicate that 

the methods of superposition and consistent deformation can be used to 

provide acceptable results in the analysis of these complex forms of 
folded plate construction.
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APPENDIX I &

1. Experimental Data °

The experimental results presented in Chapters HI, IV, and 

* V provide an indication of the total strain measured at the various 

gages but do not indicate the variation of strain with each load 

increment. Diagrams I and II present typical load-strain curves for 

gages attached to the model investigated in Chapter V. The curves 

are typical of those obtained for the investigations presented in 

Chapters III and IV.

The data was taken after loading and unloading the model 

several times which represented an effort to place the model in a 

state of uniform response. The models were all redundant structures 

and the preworking was an attempt to remove any unplanned slippage 

or settlement resulting from small discrepancies in fabrication and 
set up.

2, Stress Strain Relations

The SR-h strain gages were oriented and wired to indicate 

longitudinal strains in the middle plane of the plates and transverse 

strains at the surface oï the plates. The measured strains are 

related to the computed edge stresses and slab bending stresses 

through the following relationships. 
» o
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Placing the longitudinally oriented gages in pairs and wiring 

the gages in a pair in series eliminated the effect of slab bending. 

1^ did not, however, eliminate the influence of the forces acting in 

the middle plane of the plates. These forces exist primarily as the 

result of the edge loads, p, which, in the case of these investigations, 

are due primarily to relative edge displacement. However, the most 

severe edge force occurs as pe in the investigation of Chapter III. 

This force is from five to ten times as large as the other edge forces 

in the folded plate. The stress in the middle plane of the plate 
produced by this edge force is

The influence

(8.33) (0.9311) 
0.13 = 59.6 lb. per sq. in.

of this stress on the measured strain €x would be:

=-- E" <fx - 0.33 x 59.6)

- -g- (fx - 19.8)

The effect is small and can be neglected when comparing measured and 

computed edge stresses. Thus the following relationship is used to 

indicate longitudinal stress fYom the measured strains.

ave.

In this expression, C x ave, is the indicated longitudinal strain.



The strains indicated by the transversely oriented, 

independently wired gages include the influence of the stress fx and 

the transverse stress in the middle plane of the plate. The stress fx 

at the surface of the plate is closely approximated by , por

the region in which the transverse strains were measured, the transverse 

stress in the middle plane of the plate is small compared with those 

computed from pe, above. Thus the slab bending stresses were computed 

from the indicated transverse strains using the following relationship.

fy = ( fy ave.) .
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APPENDIX II

1. Analysis of the Single Bay Frame

The analysis of the frame shown in Fig. 4.7 is presented in 

this section. The frame and the Fm forces, with which the frame is 

loaded, are symmetrical about the center line of the frame. Hinged 

supports are simulated in the model, so that the frame is considered 

as a symmetrical two hinged frame. Symmetry simplifies the analysis 

of the frame whose redundant will be taken as the horizontal component 

of the reaction. The frame is divided into fifty-six equal divisions 

of 0.569 in. measured along the line through the centroids of the frame 

cross sections. From symmetry, the summations made over these 

divisions need to be made over only one half of the total, or twenty­

eight divisions,

Three different moments of inertia are computed for the 

analysis, since the splice bars are assumed to be effective between 

their outermost bolts. Hie three moments of inertia which follow are 

respectively for the 2" x 1/4" bar section, the bar with a 3.2" flange 

and the bar with a flange and a splice bar added to the section.

Io = 2,604(10)"6 in?

IF - 10,937(10)"$ in? 

Is - 21,538(10)"$ in?

Ip In
y = 4.200 ; Y" = 8.271

0 xo

e 14 3
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The total strain energy due to bending stored in the frame 
upon the application of the Fm forces is * » 

am o 
” - 21 .

@3 u »

where

M - M*  + Hy

The statically determinate moment is denoted as M*.  From Castigliano»s 
Second Theorem and from the support conditions

H

EI

0 'IQ

Solving this equation for H yields

Substituting these summations yields the following value fa® H.

-4.27$9Fi + 15.63U5F2
632.081“ 

= + 67.648(10)"^ - 250.51b(10)-^F2

The magnitude of V is obtained from the equilibrium conditions.

V - Fi + 0.5373F2

The moment at the center of each As division is now computed. 
MAs

The quantity represents the total rotation occurring in the length 

As and is considered as a concentrated rotation developed at the center 

of the As division. Since the cross section at the center line of the 
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graine does ng>t rotate, the total rotation of the hinge at the support 
o

is given as follows.
28o ^a = Ç W = + 1*̂22(10)-^  - 19.274(10)-^

The displacement of any point in the frame can be computed as o
the difference between the displacement produced by the rotation o<a 

and the displacement induced by the individual As rotations developed

between the support and the point whose displacement is being computed.

n=m
^a ” Z (Xm-Xn) A °< n 

n=o

n-m
= ^a “ (^m"^n) A n

In the above equations, m is the point whose displacement is to be 

computed and n is any As division between the support and m. The 

displacement S g is obtained from the geometry of the frame and the 
computed displacements 5x and 3

y

S 2 = Ôx cos 0 - 3 y sin Q

1 displacements for points 16 through 19 are the § y displacements 
for these points.

Sample calculations are shown in Tables I and U. The 

resulting S displacements required for the analysis of the folded 

plate are as follows.

- - 0.5981(10)-&in.

2 ’ + 1.877 (10)-6in.

<$22 ” * 26.180 (10)~6in.
cF2i “ + 2.9071(10)-6in.
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ANALYSIS OF SINGLE BAY FRAME
TABLE I

As X y

M*
..............  ■ ■

^0

F% F2 Fl F2
0 + 0.2845 + 0.081 0 0 0 02 + 0.8535 + 0.72

3 + 1.42^5 _+ 2.024
U + 1.9915 ♦ 3.966
5 + 2.5605 + 6.556
6 + 3.1295 + 5.754
7 + 3.6985 + I3.679Ü + 4.2675 + 18.212

_
■ ■A + 4.8365 + "23.352
10 + 5.4055 + 25.215
11 
M'A + 5. #45 + 35.69512 + 6.5435 + 42.617
13 IT" r + 7.1125 + 56,588
14 + 7.6515 1+ 59.005
15 + 8.2505 + 06.071

-0.1332 + 8.6195 + 9.404 -0.1492 ^7.1532 I3355r - 0.142017 -0.1332 + 5.3865 " 10.657 -0,1615 --1.1332 -0'3134 1"'0.15121Ü -0.1332 + 5.5575 + 11.966 -0.1739 13.1332 -0.2054 - 07Ï603 '19 +0.0633 +10.5265 + 26.383 ^.1875 -57.0'833 -.77^655 - 0.208720 
nv

+0.1567 +10.9639 + 28.621 -0.1875 +0.0656 -0.4694 ~+ <7371321 +0.6096 +11.3U7 + 15.470 ‘-ff.lB75 113051 + 1/4227 " '22 +1.069Ÿ +11.6174 + 16,318 -0.1675 +33581 -0.2634 7-1.783523 +1.5696 +11.5231 + Î7.Î88 -^.1875 71/8071 ~7>\27O3 ^1-163524 ■ +2.0495 +13.^256 + 16.060 ^■.1875 +1.0562 -0/2772 TT.561625 +2.5562 +12.4924 + 37.157 ^.!875 +T.2652 -0.55V? +-37775I26 +3.0909 +12.6445 + 38,067 -0.1675 +1.3565 ■-0.5645 + 4.20562? +3.6599 +12 .6Ü66 + 15.460 .77.1875 *T.M85 -373876 +T.206526 +&.%2b9 +12.6666 + 19.460 ■31.1875 ^385 -0.2676 -2:2065'x ^632.081 -4.2759 +15.8345

w
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TA.HLE II
ANALYSIS OF SINGLE BAY FRAME

%o_______ (10)% (ic)^y

As 1 Fi 1 F2 F1 1 F2
Fl F2

1| +O.OO192 | -CJOOTl + 1.2865
2 | +0.00^77 1 -0.02ÏL" + 5.0369 -16.367J | +0.00962 1 -0,0356 + 6.3190 " -77.001U I +0.01347 | -0.0499 + 0.6071 " -37.204

+10.8555 '“3*7>'.82Oo | +0,02127 I -0.0704 +12.8555 ' -55.6757 +0 *02502  | -Q ,0927
° 1 +O,O^U7 1 -0 ,io^~

+14.6513 -33.612

+17.2205 -^76.011
+17.9168 -8Ô.141■Ji +18.2400" -82.668
+18.0545 -73.421
+17.3449g +16.0655 -^8.535 -1> 1 +0.05501 | -0.2067 +14.Ï7O0 -73.364■LO | -0.01002 | -0.0428

17 -Ô .01185 —OTET
+11.6153 '
+ 9 id7H

"^35.341 "
—ZE? Wil - +0.5581 1.877

Trf'-U.U12^ 1 -0:0% + 6.5008
•JO. DJLL
-47.755

+0.5901 
+0.5901 - 1.077

- 077"191 -0.02769 | -0.0626
2U -0.1^698 -0.0158'"'

+ 4.7663”
+ 3 3777

-38.151 ■ “ +0.4110 - 1.034
H 2^0^16 •2111 

+2.4687
—JUeUxO 

323^85 
_ -17*206

-0.3511
-T.5352

+ 3.429 
~!l!2.326 

+21.7171 -o.01291 1 +0.0615 
«01267 +0.0907 '

1 -0.02452 +0,2277
. 261 -0.02429 +0.2572
27 1 —0«01230 1 +0,1355~

Z[ +0.21731 ] -0.9262 "

+ 1.1254

+ 0 >0204

-11X31 '"73.6440 +10.786
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2*  Analysis of the Two Bay Frame a

The frame shown in Fig. 5.3 is symmetrical about its center­

line and has hinged supports. The applied forces Fm are symmetrically 

disposed about the centerline of the frame so that the analysis can 

be made assuming the frame to be fixed at the top of the interior 

column. Splice bars are not present in this case so that only two 
moments of inertia are involved.

Io = 2,60]*(10)- 6in>

IF = 10,937(10)~6in>

The portion of the frame from the exterior support to the top of the 

interior column is divided into thirty seven equal divisions 0.269 in. 
long and one division 0.198 in. long.

The analysis proceeds in the same manner as that presented in 

the preceding section, except, in this case, there are two redundants. 

The vertical and horizontal reaction components at the exterior support 

are chosen as the redundants. The total strain energy due to bending 

absorbed by the portion of the frame from the exterior support to the 
top of the interior column is:

o’ 2 EI L

M - M*  - Hy + Vx

The support conditions at the point of application of H and V are 

such that there is no horizontal or vertical displacement at that 

point. This permits the following two equations to be written.

C
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The statically determinate moments, M*,  are computed assuming the 

frame to act as a cantilever supported at the top of the interior 

column and loaded with the resultants FT, F2, Fj, and F^. The 

resultants are applied in the sense opposite to that shown as 

positive in the analysis of the folded plate.

The summations over the As divisions 0 through 38 are obtained 

from Table III and Table IV and substituted into the above equations. 

Solving the equations for H and V yields the following:

H = - 0.0062^71^ + 0.0232971F2 + O.O1O5323F3 + 0.00063306^ 

V = + 1.01742 8F1 + 0.44728^2 + O.12916OF3 + 0.0074182^ 

Following the conputatipn for the moment at the center of the 

As divisions, the displacements are computed as shown in Table V. The 

procedure is the same as that demonstrated in the preceding section, 

except that in this case there are four F quantities.

The final values for the <5 displacements are as follows: 
(lO)6^! - * 0.386% - 0.982% - 0.411% - 0.02472^

(10)6^2 - » 2.564F! - 43.OOF2 - 23.17% - 1.394%

- * 0.959F! - 22.4% - 14.23% - O.85O2FL
<$4 - ° . '

o
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TABLE HI
° ^"ANALYSIS OF TWO BAY FRAME

£ - + 27,^41 in.-l

Ai: x y xy x2 ?

' + O O8O6
—g---------------------------- ______________________ ____________________+ Ô.7285 '
--- r- —------------------—- ______________ + 2 .02^5
HW------------- - ------k * -------1- '+ 3.9661
—5----------------------- + 2,5605_________o —7—5“TO5“-c . + - +- 9.7948
__ <________________ + 3.6985 + 13.6789__ o + 4.2675 ___________ + 18.2116'

---------------------- : 4.0305_______________ " + 21.4917 "
_______________+ 5.4055 + 29.2194

+ 5.9745 ____________ + 35.6946
—TT --------------------- 1 g^435_______________________________--T 112.817%
uiy------------ :—L + 7.H» - . go gn?7

------------------- * ________ ■ • ■ ~ ♦ wJorZ
-■ _ _ + 0.2505 + 68.0708

-U.UOjj + 0.0195 - O.B49 + 0.0059 + 77.7815“
-%- —- 0^1 + 0,0069- ■ ' •rw.lljÿ—%-----—..- + 9.9575 - 0,8295 + 0.006^ " + ' 99.!^

-U .UO33 +10.5265 - 0.8769 ’ + 0.0069 +HO.BÔ75™
AR +U,156/ +10.9639 + 1.7180 + Ô.Ù246 " +120.2071' ”

+ Z-1?^ + n^mpre-H-Ji---------------------------Æ'EZR +^«9236 Q.2%66 +133.9876
-------- ■ - +1g-?6g + 2,5485 +^il,l^~—&----- +12.1867 +^.3032 + 4.3HO ~~^l%8^l^7-~

_____ +<.55QZ_____ +12,4924 +31.9331 -+ "6,5342 +156.0661 "co -- AW +3.uyuy +12.6445 +"39.0829 + 9.553T- ”+159.88342?—vm- - +3.6599 +Ï2.6445 +46,2776 +13.3949 +15'9.8834 "20 +4.2289 | +1^.6445 +63.4723 ' +17.8836 +159.8834
HrH------ik //u nW +7mTCH 1 nth unfed-Jy------- JrMra--------+"28.8036 " +139.8834
—&----- ^445 +75.0566 +35.2349 +159.8847

„ +O.4 fUO +12J1924 +80.8333 4^1.8687 " +156.0601+o.y5U5 +12.1867 +84.7037 -nrows +148.5157 ■-JL +7.4304 +11.8810 +88.2806 +"55.2108 " +1L1.1W "35 +7.9103 +H.5/53 +91.5641------ +15* 3728------TO .9876JO +0.39U2 +11.2696 +94.5542 +70-.3955 ' +127.0039
"TT — ___ +O.OYU± ’ +10.9639 +97.2509 -"+78.6787 +120.2071 ‘30 +9.1934 +10.7579 " +98.9017 -%.51% ■--115.7% ]

©
e

? y2 - + 237,093 in.-1
38
Zxy^ » + 52,U81 in."1



TABLE IV 
ANALYSIS OF TWO BAY FRAME 

@008»

As

7

?

ID

IS

15
15

IB 
I? 
2D 
51 
55 
I 

55' 
55' 
57­
58" 
29'

F1
0

?

0 0

(ID)3 M'x 
F7

+ 5
+ 6
- 541 '- 5
=—55irr:—23

=“I7456|- 59
~ 2,8481 - HD 
=’4) 7001-—179
:—555

D

Fh
0

F
0

27D
5n
778

17597

f2 f3
0 0

F4 
cT

1

g

37

=7^131 -

-18) 676 55073

^57348 -io) 645f= 518.5 
^0821-14) 299|- 1,663.6

alm

-150.42 
-547.111 
-390.07 
^51^50 
^4.67 
■=954.26 
=957.95

1 -% 207-196,8971-21,390.2

—% 287

T-27:MH

- 41,454 
- 48,648 

- 6% 0^1

TOE 
EDI 
5DE 
W

o

.....................
^--444^

-H*06Bl-  656.8

- Vol 2331 -18)799 ^1,087 4
^7)607 ^511:8 
^33^l6 ^58.7
=^8,5101-10,318.5' 
^3,4881-13,'59T7'

=5572501-2i; 4257?'

~77,457 
~Bri76,
- 86,909
— 90,50t-'% 734
- % 667
-% 336

“433.27 
“ ’ 632.70 
="803.65 
- 973.37 
-1,142. L4 
=1)120:97

-2^22.73 -1,020,893 -322,867|-74,849.3 -4,208.91

o
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TABLE V
ANALYSIS OF TWO BAY FRAME

As
E jx Edy

Fl F2 P3 F1 f2 F] f6
~T~ + I2.65I- 59.11- 27.86 - 1.67= 0 ------ 0 0 02 + 37.731 -176'.6| - B3.5C — 5.002

3 + 65 ,Ï2|-^1.61-137.42' - K.?6Z
4 + U5.36l-405.4l-W.77 -11.41C
5 +lbV.oo| -307.51 -239.5; -14.402
6 +126.551 -665.2| -2U5.9; -17.196
7 +143.591 -693.71 -328.23 -19.734c +157.641 -rd..6| -365.70 -21.986
9 +160.241-837.21 -397.56 -23.90310 +174.931 -W.7I -623.16 -25.430

+177.251-924.51 -441.55 -26.54912_ +174.751 -^3.1| -452.20 -27.109
+166.971 -942.b| -454.26 -27.314
+153.441 -921.71 -447.01 ^6.879

15 +133.691 -878.51 -629.71 -25.04c
16 +I67.22I -8H.4| -401.61 -24.153 +”3.8652 - 9.829 1 6.115 T^Q-^67217 + 85.611-737.61-376.43 ^52:279 + "3.H652 - 9.829 -" 6.115 - 0.2472IB + 66.241-655.11-336.00 -20.212 + 3.8652 - 9.029 - "6-.TL5 l"O/2472
19 + 40,o0|-5&5.3I-290.16 -17.941 + J.8652 - "9.-829 - "6:115 -O-.267220 + 20.501-489.o|-266.30 -16.030 - 2.0390 + 31.60" + 13.366 "~O."8Ol821 + 21,o5|-433.7| -242.52 -14.601 -13.6102 kH9.551 730.699 + 3.043622 + I6.7ô|-377.51 -218.16 “-T3.135 121.6051 +"207:829 + "88.962 +" 5.3456S3 + 13.141-3^4.1|-194.16 "^1.683 137:0825 +791.684 ^26:6^ 7"7.623824 + lo.061-276.5I-171.44 —10 .Joi -30.7004 +366.355 "7158/2'91 + 9.794125 + 9.60|-237.81-150.94 - 9.041 -32.5175 +627.004 7^4".463 "^7726"26 + 9.591 -226".^| -U2.31 - 8.5Ô2 -32.0235 +473.937 7726.784 733/669227 + 9.591-224.51 -142.31 — 8.502 -31.6253 +699.399 +249.71ti ■+17:21,592Ü + ■9391-22631-162.31 - 0.502 -29.1970 ^01.985 7265.634 7Î6/255829 __ + 9.591-224.51-142.31 - 8.5o2 -25.8319 +6'83.208 7770.870 713/5740

+ 9.59|-224.5|-l62.3l - 0.502 -21.8239 7646.586 +2"63'.748 7R-.O75631 + 9.591-224.51 -142.31 '-8.502 -17.4662 +387.629 +242.593 +14.635532 + 0.411 -2O4.8I -132.47 - 7.832 713.3185 +318:309 +207.989 +Î7.28O2
4L-+ 6.151 -158.81 -lo5.58^ - 6.143 - 9.7560 +246.274 +165.770 + 3/6298

+ 6.07I-I11.4I- 75.40 - 6.323 - 6.5150 7171.759 +118.393 + 6.772435 + 2.321- 67»1| - 45.76 -T381 - 3.7524'+102.103 ^7l.863 ^.737236 + 0.971 - 30.41 - 20 - Î.Î25 - 1.6282 +-46.663 +“32.185 + "17753337 + 0.121- 6.3I- 3.40 - 6.160 - 0.3017 + 6.718 +“3.365 + 0.250030 0 I — 1.6| — 0.02 - 6.009 - 0.0527 — O' + 0.004 ' O'30.5 ? | Ô J Ô 0 0 -J" ' ' ' " 0 0
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3, Tabulations Accompanying Example 5,1

Sample detailed computations which are part of the solution 

of Example 5.1 are presented in the following tables. Table VT 

presents tabulated computations for the S displacements of the 

simple folded plate loaded with the 800 lb. test load.

The 5 displacements obtained neglecting relative edge 

displacement are tabulated in each row headed with the symbol a. 

The numbers shown are the series constants computed on pages 97 and 
98. The influence of edge displacements is tabulated in rows headed 
by the symbols b', b", and b”.

1 The series which represent the contribution to the S
displacements by the relative edge displacements appear on page 102 

and are written in terms of b^ b£, and b™ which are expressed in 

terms of the series constants as presented on page 104. The 

values of b^ b^ and b^' are substituted into the series for Sm. 
Table VI presents the calculations which includes the summation of 
the <9 displacements computed neglecting edge displacement and those 

caused by edge displacement. This summation yields the final 

displacements 6 m for each value of n considered. For example, the 

computation for the contribution to by a2 for the first term in 
the series would involve the following product:

-2.7934 x 61,618 x (10)“6
------ --  0.17212
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Table VII presents the tabulated computations for the 

displacement of the multiple folded plate at the midspan section; 

the load producing the displacement is the 800 lb. test load. The 

rows in the tabulation headed by the symbol L contains the series 

constants for the «S' displacement of the simple folded plate. The 

rows headed by p and T represent the terms contributed by the 

redundants pe and Te. The series for the <$ displacements produced 

by pe and Te are presented on pages 113 and 115. The series are 

written in terms of constants a% and for the redundants pe and Te 

respectively which are presented on page 123. Substituting the 

constants a^ and b^ into the series coefficients presented on pages 

113 and 115 permits the calculation of the S contribution of pe and Te 

The computation for the displacement S j for n = 1 is as 
follows:

Load: + 11,170(10)~6, coefficient for the first term 

of the series, page 106.

Pe : al = + 7.061*7,  page 123.
(+7.061*7)  (-1*75  M) (10) -6 - - 3,359, page 113.

Te : bj = + 62,01*9,  page 123. 

(+62.01*9)  (-1*1.507)  (10)"G = - 2,575, page 115.

The first term for the series representing at x = -y becomes:

+ (+11,170 -3,359 -2,575) (10)-6 sin = + 5,236(10)"^in.
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Table VIII presents the tabulated computations for the plate 

moments in the multiple folded plate at x = 0.2188 L due to the 800 lb.
I)

test load. The nature of the computations is almost identical with 

those presented in Table VII, except in this instance the computations 

are for moment rather than displacement and the value of x is 0.2188 L
L [rather than —.

The computation for the first term of the series for the plate 

moment, M%, at x = 0.2188 L due to load is accomplished as follows :

» Load: select the series constant + 361.7 

from the first term of the series 

for page 106.

Pe : = + 7.06^7, page 123.

(+7.0647) (-5.2782) = -37.3, page 113.

^e : Lj = + 62.049, page 123.

(+62.049) (-0.26077) = -16.2, page 116.

The first term in the series representing the plate moment, M1# at
x — 0.2188 L due to load becomes :

(+361.7 -37.3 -16.2) sin 0.2188n = + 195.^2 in. lb.

The moment contributed by the redundants, is also computed, 
yielding the total moments tabulated on page 127.
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