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CHAPTER I

INTRODUCTION

1-1, General

It is recognized that the analysis of continuous frames is a
time-consuming and laborous process. Fortunately, the use of
electronic digital computers can save considerable engineering
manpower in performirig the analysis and design computations. In
practical design, the designer is able to assume a trial design and
immediately check the sufficiency of the design at will, providing he
has access to an applicable computer program.

The purpose of this thesis is to develop a general computer
program for use in analyzing continuous gable frames. The structures
considered are one-, two-, three-, and four-span gable frames
with different moments of inertia for different members. The bottoms
of the frames are assumed to be hinged and all dimensions are-
expressed as functions of the equal span lengths (Fig. 1-1). The
frames are assumed to.-be acted on by

(1) Uniformly distributed load

(2) Horizontal force applied at each joint independently.

The method used for analyzing these frames is the string poly-
gon method. Assumptions common to general structural analysis
apply. The sign convention of the three-moment equation is adopted.
The end bending moments and end slopes are positive if they cause

tension on the dotted side of the member. The elastic weights are
1



positive if acting in the positive direction of the z-axis,

Typical elasto-static and static equations are presented in maitrix
form, in terms of parameters o, 3, V = /1 +482 , and r's, Combina-
tions of these parameters are suggested which might be expected to
cover a practical range, if moment coefficient tables are desired as a
future extension of this thesis. End moments due to unit loadings are

yielded directly by solving the matrix equations presented.

1-2. Background

Moment coefficients for gable frames were first developed and
presented in tabular form by Gillespie (1, 2) and Gillespie and
Tuma(3). Similar coefficients for continuous frames with curved
girders were presented by Carmen (4) and Larkin (5). However,
these developments and presentations were limited to frames with
constant moment of inertia for all members.

Moment coefficients for one- and two-span symmetrical frames
with different moments of inertia for different members have been
developed by Hale (6). Coefficient charts for the analysis of single
span rectangular, gable, and parabolic frames were developed by
Griffiths (7). Moment tables for one-span symmetrical gable frames
were presented by Korn (8).

The string polygon method of analysis, adopted for use in this
development, is based on a generalization of the joint elastic weight
expression. A general approach was presented by Jan J. Tuma in
his lectures at Oklahoma State University and extended by Chu (10),
Oden (11}, Boecker (12), Yu (13}, and others (14, 15} to the solution

of many special problems. The application of the string polygon



method of analysis to complex frames has been presented by Tuma

and Oden (9).
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FIG. 1-1. TYPICAL GABLE FRAMES



CHAPTER 1II

THEORY

2-1. Deformation

A four-span gable frame with base hinged is considered (Fig. 2-1).
Moments at the ends of all members are selected as unknowns
(Fig. 2-2), Directions of these bending moments are selected in
such a way that compatibility between adjacent panels is satisfied.
Moments causing tension on the dotted side of the member are positive.
Deformation egquaticns for two adjacent beams ij and jk acted

on by a general system of lcads are given as follows:

P. = @, = MPF. +MG, +71..
ji 71 il i) ji
ij = @Jk = Mijk+ Mkaj + Tjk
from which
P. = ¢ = ¢.+@., =MG,.+MIF + MG .+2IT
I @J Q)Jl @Jk 171]j b k k] ]
where
_31’ —jk = Segmental elastic weights at j of beams ij and jk,

respectively.
= Joint elastic weight at j.
., @D.. = Slope at j of beams ij and jk, respectively.

= Change in slope at j of two adjacent beams ij and jk,

;e Mj’ Mk: Moments at i, j, and k, respectively.
F.., F. = Angular flexibilities

i Tk
Gij’ ij = Angular carry-over values

4



FOUR-SPAN FRAME

FIG. 2-1.

REAL PANELS

FIG, 2-2,

CONJUGATE PANELS

FIG. 2-3.



TABLE 2-1. (See Ref, 14,11) ANGULAR FUNCTIONS

Quantity| Algebraic Definition Physical Interpretation:
Fii End slope at j of the simple beam ij due to unit moment applied at j.
’ . ko, .
st (v
bl u } u’ ) UV ¢ v 4 v { Fo jlr)jy— End slope at j of the simple beam jk due to unit moment applied at j.
I T au ] i I T av I ) i EL
Os——=0 (= 0
L T !
G}, F. M T
I 1] d. H ik dl\ ki Gii ; Ly du End slope at i of the simple beam ij due to unit moment applied at j.
A ; 4. EI
! ! ! '
Angular Flexibililies and Carry~Over Values i
r :
Gk] Ji\;ﬂ End slope at k of the simple beam kj due to unit moment applied at j.
! kdkEIv
| u u! v V' j
BMuudu
g 7ji j End slope at j of the simple beam ij due to loads.
du ’ ad
=l L[] ]
Y S
i it ik "k .
4 d BM v'dv
-+ ik j‘ TET End slope at j of the simple jk due to loads.
' kv
]
1 4 BMuxdx
i Tor o d IET End slope at j of the simple beam ij due to vertical loads.
* ii 0y Tu
¢ 7 <
% i, B L EBAy ax
Tik oso- J T ET End slope at j of the simple beam jk due to vertical loads.
Angular Load Function for Vertical Loading X kg kxl ¥




TABLE 2-2, ANGULAR FUNCTIONS

MEMBER F G r
OO-00® | —#r— i
e SE(I)
OO=00 3 3 L
3E(r,1) 6E(r,T) 24E(r 1)

L L

3
=0 3 V3 Lo
@ - 3E(r 1) BE(r ) 24E(r, D)
OO=0 g | e
- 3E(r‘21) BE(r,I)

3
@ @ _ @ @ vy AL L
= SE(r,D) GE(r,D) 24E(r, 1)

3
@ - @ 3E(rgl) BE(rgD) T T2aE(nD
OO®=00O —S— e
SE(r, 1) 6E(r, )
L L.3
-0 | =i i - it
5E(r, 1) 6E{r, D Z4E(r, 1)
V-Lé V—% . wv(.{}\s
@@:@@ 3E(rg 1) _B_E(rsl) 24E(r, 1) -
@@ :@ oL oL,
BE(rg 1) SE(ry D)
= v} vz _ WV(%:)3
@ @ _@ @ SE(r, D) 6E(r, D FE e ‘
v v.2_ ) wv(%)j 1
@ @ - @ @ E(r, 1) BE(ry D) 24L(r, 1)
1 @ @ —_ @ @ alL ol
) - 3E(r, 1) 5‘1:;(r81)

G, 2-4., A TYPICAL JOINT



TABLE 2-3, ELASTIC WEIGHTS
i M M M M w
| Member| FUSUC) My, Mia Ma Moa Mg Myg Mg M3p Mis Mac M My My 4D D 3 50
B al,
OO
P10 3‘;}
T 2%
pom T T v
P v72 | _v7Z2 2
@@ 14 3E(r;0) | BE(riD) E(rz. )
A\
T vl vl - y
Al §E{r; 01 | 3E(r{D 2T
p L L v
B vl v
AZ 3E(r;0) | BB(r D 24B(r, )
v
@@ P vhy [ By 24E(/r211)
2A 8E(r;1) | 3E(r;D) .
- k=3 ol
OO S
E=y al,
P J::
02 BE(x 0 _ __ —s
? v72 N2 E(r )
2B 3E{r3l) | BE(ral) e}
C a 5, e | vie sz
B2 SE(r3l) | 3E(rsl) s
= w2 via -v(Z2)
3 3E(r.l) | BE{rgD) 24E1(Jrqlz)3
@ 7. vl vl ;A\;F(/r‘zl)
3B BE(r D) | FE(r.D) ={ra
P al,
O[O e
B al.
Pos BE (rz1) —
= v vbo v(z2y
Fac SET.D) | 6E(rD) 24E1£rq13)
@@ =y v172 V2 2: /f{)
Pcs BE(r L) | 3E(r.1) 6
B vl vLo 2\;E/2
OO+ o
L L V{72
— V72 v72
Fac GE(r.]) | BE(r.D §4E_(r_)!5 )
P al,
Pso Efrl)
OOl oL
) Pog BE(r D)
— vl v
@@ Psp SECI | BE(r
ey v 72 N 2
Fps BET,D) | IB(r,D)
P. vla VL/Z
1 Pos 3E(rD) | BE[r.h
OO MR 5
Fsn SE{r.T) | 3E({r.D)
oo
P,




T.., T. = Angular load functions.
itk
LF, =  F.. +F.
J i Tk
T, = 7T,
] ji jk

The angular flexibilities, carry-over values, and load functions are
defined in Table 2~1., Table 2-1 is taken from Natarajan (14) and

Oden (11) and is shown here for completeness. For all members of
the four-span gable frame, these quantities are calculated and listed

in Table 2-2,

2-2, Elasto-Static Equations

The joint elastic weight fsj is defined as the change in slope of
the adjacent beams ij and jk at j. The graphical representation of
this change in slope is the force vector acting perpendicular to the
piane of the beams. Consequently, they represent a new set of force
vectors in a state of equilibrium. Elastic weights for all members
of the four-span gable frame are calculated and shown in Table 2-3,

Because each panel is a closéd string polygon, the frame may
be resolved into the same number of conjugate panéls as that of the
real frame (Fig. 2-3). For any panel, elasto-static equations may
be written in many different forms. In this study, four moment
equilibrium eqguations and three reactive equilibrium equations are
utilized.

There are 17-unknowns (end moments) in this gable frame;
therefore, 17 equations are necessary for their solution. Ten
eguationg based on the static equilibrium are available; thus, seven

additional equations must be obtained from deformation compatibility.
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The elasto-static equations are (Fig. 2-3).

"Mooy = O '

“L[Elo TP T By, _20] et B)L[l—fm + ISAz] =0 (1)
Moo(m =0

O‘L[ﬁzo + Pyp ¥ Py §30] * (et B)L[_lsgz * I_’Bg] =0 (2)
M oqiry ~ 0

aL[ﬁBO + Py + Py * §4O] + (o + B)L[TD’CS + ?CLJ = 0 (3)
Zﬁooqw» =0

Q'L[Elo + By + Py + 1350] + (o + B)]‘_,[]T?’D4 + §D5] =0 (4)
ZEO@, iy 0

Rog1 = Rogz = 0 (°)
ZEO(H, miny ~ O

Rysq " Rygg = 0 (6)
EO(_HLW» =0

Rog3 = Rogs = 0 ()

Substituting elastic weights (Table 2-3) into the elasto-static equations
(Eqs. 1-7), the corresponding eguations in terms of actual moments
and geometry and section parameters, are obtained. These are shown
as rows 2, 6, 7, 10, 11, 14, and 15 in the equilibrium matrix (Table

2-4),

2-3, Static Equatioﬁs

There are no vertical displacements because the frame is as-

sumed to be supported by a rigid foundation. Hence, two equations of
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static equilibrium are considered at each joint

(1) Joint Moment Equation ZMj =0
(2) Joint Force Equation ZFjX =0

Ten equations of statics, five joint moment equations and five joint

force egquations, are available for this four-span frame.
3

EM, = 0 Mg~ My, =0 (8)

=M, = 0 Mop T Myp = My = 0 (9)

M, = 0 “Mgp = Mgn + Mg, = 0 (10)
LM, = 0 Mye + My - M= 0 (11)
Mg = 0 “Mg + Mgy = 0 (12)
LH, =0 “H, ~Hyy+P =0 (13)
LH, =0 “Hgp - Hyg = Hyp + P, = 0 (14)
LHg = 0 “Hap = Hgg - Hgo #+ Py = 0 (15)
2H, =0 -H‘4C¥H4O=H4D+P4-i0 (16)
EH =0  -Hg -Hg +P, =0 (17)

Horizontal force components at the joints, shown in Fig, 2-4, are

given zs follows:
H :L(—?\_/ilril-e-lv[ 1m_WL'2>
jm  BL 2 m 2 8
H, = <=. Mjn +M - Mkl? ; WLZ}
jn ~ BL 2 n 2 8 -
=M.
= =42
jo ol

2=-4, BEquilibrium Matrix

The equilibrium matrix, represented by seven elasto=static

equations and ten siatic eguations in terms of seventeen unknowns



12

(end moments), is presented in Table 2-4,

The resulting matrix can also be formed by successive addition of
panels on the frame, Letting the one-span gable frame be a basic unit, |
a 9 x 5 matrix,consisting of one elasto-static equation and four static
egquations, is obtained. If t:he frame has more than one panel (span),
each panel introduces four additional unknowns and there are four ad-
ditional eguations available, two elasto-static equations and two.stati‘c
eqguations. Thus, there are al‘waYS as many equations as unknowns,
Table 2-4 ig organized to illustrate this; thus? the equilibrium matrix
for a one-, two-, three~-, or four-—span frame is represented., The
matrices for the different frames are indicated by dashed lines.,

Figure 2~5 also shows the procedure of successive addition of panels

to form frames having more spans, and the corresponding equations.



5 - Unknowns

5 - Equations: -

- - i vy =
1 Elasto-static MO, 02 0

T =
"My = O\ roint
Unknowns ) £M. = 0 Moment
4 - Static 2
bN =
Iis) By O}Joim
EHZ -0 Shear

{a} Basic Single Span Unit

9 - Unknowns
9 - Equations: -

5 - Equations for Basic Unit
4 - Additional Equations: -
M =
_ ["Mo2,037 0
2 - Elasto-static | -
® ®
)ZM3 =0
2 - Static { .
Y_H,i =0

(b} Two~Span Frame

13 - Unknowns

13 - Equations: -
5 - Equations for Basic Unit
8 - Additional Equations: -

Y r = Y4
@ 4 Elasto- {"Moz, 03 =0 TMpz o4

static oy - o _
ERgy = 0 FRpg = 0
LM, = O M, =0
4 Static { . 3 4
AHB =0 2}14 =0
{c) Three-Span Frame
(d) Four-Span Frame
17 - Unknowns
17 - Equations
5 - Equations for 12 Additional Equations: -
' Basic Unit v _ Y -
Mgy 03 = 0 Ry, = 0
- - M = YR, =
6 Elas.to >M03'04 0 R03 0
static — o
“Mpy, 05 = O “Rpy = 0
M, =0 M, =0 IM. =0
6 - Static { 3 . 4 3
b = N = L =
LHy=0 Hy=0 LHg =0

FIG. 2-5, FRAME FORMATION FROM BASIC bJNGLE SPAN UNIT
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TABLE 2-4, EQUILIBRIUM MATRIX
6 7 8 9 10 11 12 13 14

4 5 15 16 17 18 19 20 21 22 23
M M M M M M M M M M M M M M wL® bl
2A 20 o B 3B 30 M3c C 4C 40 4D D 5D 50 Case 0 [Case 1]Case ACase 3|Case 4|Cased
2 " fi Th
Zero for Two- ree-, Four-,
v 0 , v
Z?;i +'1@2‘r‘ t:- rZOne—Span Matrix I l Span Matrices. ' .3%7)""[3&
1 B! 2 3 1 pl
Zero for Three-, Four;Span
1 Z Matrices, 1
] Two-Span Matrix e o -1
Zero for Four-Span Matrix.
#*
1
1 1 1 1 1 1 . -1
E ® | @ ! i B B l [ ] Cap)
1 -1 ] 1 ’ l {
2 2
o av gy lav  pviev gvl of Iav+/>‘v
"FZ Zr_3 127,27, © 3t,) 4T, T2, 3, 48T, %r3
Lo 5 I U | Lov v
T, r_1 Grl 6ry T 6ry ZZrl'ZZr
#*
1 1 1 1 ! 1 1 Z B . 1 [ ~
B 3 B - 1 7B B b7 Three-Span Matrix S Fﬁ> 1
-1 1 ¢ -1 l I
2 2
Ld v By ey | BViav | BV o l av _ pv
"F‘l 4r5 12:‘571? FSZTS Ers Tg 481 It
o1 1 _ 5 5 1 1 I !_ av _ B
3'1? T, 3:‘3 Bry Ts Grs 24Ty ﬂ?s
3
1 1 1 1 ] 1 1 1 i C1) o
2B B 2B 2R B 2B BR
LT |
2 2
o av By iav BV lav  BY o av By
1 1 1 5 R l_ 11
31‘5 T BTy 3r7 T, Gr,] 2—4?5 '2‘3?7
o1 1 1 1 l 1 »
28 2B 2B ] BB
-1 1 f Z—Four-Span Matrix
P — o—— o—— e — —_— —_— —_— ——— ——— —_— — —— P P s -

At



CHAPTER Tl

COMPUTER PROGRAM

3-1. General

The program is a precise seguence of coded insiructions which
an elecironic computer interprets to solve a particular problem. The
programming of any problem on an electronic computer is accomplished
in two steps: preparation of the fiow chart (flow diagram) which is a
"road-map' of the procedure of solution tor a given problem, and pre-
paration of the program which is written on a coding form. The
FORTRAN language has been adopted for use in writing this program.

A general computer program for determination of end rﬁoments in
accordance with the matrix cbtained in Chapter IT (Table 2-4) is devel-
oped. Crout's method is selected for solving the set of simultaneous
eguations necessary to obitain final moments, Crout's method is briefly

explained in the next section.

3-2, Crout's Method (16, 17)

Consider a set of five linear equations with five unknowns:
9

ApgRy T ARy T A Xy T A Xy T AR = Gy (1)
Ag Xy ¥ AggXy F AggXg F Ay Xy AygXy = Cy (2)
Ay Ky + Mg Xy + AgyXo + Ay X, + Ay X, = C, (3)
ARy FAgRg ¥ ARG T ALK, T ALK = Cy : ) |

Ag Xy F ApgXg 4 AggXg + A Xy + A Xy = Cg (5)

15



these equations can be expressed in a compact matrix form
as shown in Fig, 3-1la; two auxiliary triangular matrices, (Fig. 3-1b),

called the G- and H-matrices, are obtained by the following relationship.

o]ln]-[a]

‘Thus, the elements of these auxiliary matrices are obtained as

Aig
Gyq = Ay Hyg TE
A
13
21 © R91 137 &
A -G .xH
: _ gz 7Gx Hyg
Ggg = fgy = Ggy x Hyy Hys Gy
A G..xH
_ _ CBgy Gy Hyy
Ggg = Agg = Ggy x Hyy Hoy G5
G A G % H -G xT - Agym Gy x Hy - Ggox Hyy
33 33 731 13 732 23 34 Gqg
A . -G,.xH,.~-G,,x H
L ) g Gy X Hyg= Goox Hog
Gyg ® Ay g Gy x HigmGyox Hog Hgp = Gas
or, in compact form
o3
G- A -Ta e v H.. Ay - flGp L Hep)
RS S RS 1 5 P B O L 17 Gy



17

Once the auxiliary matrices have been determined, the solution

(unknowns) can be calculated directly as

Xy = Hyg
Xy =Hyg ~ Hypg xXg
Xg @ Hgg = Hgg xXg-Hgy xX,
or, in compact form

Xy = Hy gy - 2Hy g x Xy
X, X, X, X, X, C

4 \
A B Bz Ay As 0 Ay
Ag1 BRgg Agz Aoy Ayg Ay
Agy  Agg  Ags Agy Agg Agg
Ag1 By Byz By By By
Ap1 Ay Asz Bgg Ags Agg

\

(a) Original Matrix

V4 S— N\
Gip | B2 Hyg Hyy  Hig o Hyg
Gg1  Ggg | Hypg  Hyy Hyg o Hgg
G3;  G3g  Ggg | Hgy  Hzg  Hgg
Gyq Gy Gys Gag | Hys Hyg
Ggy  Gsg Gsz  Ggg Gy | Hgg |

\ - L)

(b) Auxiliary Matrices
FIG. 3-1. MATRICES
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3=-3. Flow Chart

The flow chart shown in Fig. 3-2 was prepared as an aid
to setting up the sequence of instructions for computation of end
moments. The set of symbols appearing on the flow chart have
been selected for use with the FORTRAN language; statement numbers

are shown on the upper left corner of some blocks,

3-4, Statement of Program

The progfam has been written in IBM 1620 FORTRAN. Float-
ing decimal arithmetic is used; the subroutine of SQR(x) which is
incorporated in this program is available at the Engineering Computer
Laboratory of Oklahoma State University.

FORTRAN statements are presented in Table 3-1. The pro-
gram is prepared for use in computing the end moments of a specific
frame, or in computing end moment coefficients for specified ranges
of the parameters «, B, and r's. The combinations of parameters

a, B, and r's believed to be most practical are as follow:

a=0.1(0.1)1.0

B=0.1(0.1)0.5

r, =0.6(0.2) 1.4 ry = 0,8 (0.2) 1.2
T, = 0.6 (0.2) 1.4 r, =0.8(0.2) 1.2
re = 0.6 (0.2) 1.4 re = 0.8(0.2) 1.2
r,=0.6(0.2) 1.4 rg = 0.8 (0.2) 1.2

Intermediate results should be obtainable by linear interpolation.

3-5. Input Data

Six input data cards are required. The first card contains

seven words which completely describe the frame and the type of
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N, M, LN

READ
, LNN, LLN, LLNN, LM,

AL, DLTI, HI, B, DLT2, H2,
G1, DLT3, H3, G2, DLT4%, H4,
G3, LTS5, H5, Gi, DLT6, HE,
G5, DLT7, H7, GG, DLTS, HS,
G7, DLTY, HY, G8, DLTI0, H10

15

fet—o

DO 25
J=1, M
20 1628 l
1=1, N >
25 l
[(ag m-1+4 ]
|
30 ¥
l PU = SQR (1.0 + (4, 0#B##2)) l
|
r 40[ A(l, 1) = 1.0 |
|
[ ae n- @04, ]
]
COL. 1 [ A@, 1= "%aL ]
!
|
i
~ L AQ17, 1) =0 ]
l
- BOL EEET
l
coL. 2 |
+
L [ A(17, 2) = 0, )
120 l
” I A(L, 3) = 0, |
!
COL. 3 |
i
L | A(17, 3) = 0. ]
160 |
3 { A(1, 4) = 0 ]
[
COL. 4 |
!
N L A17, 4) = 0, ]
. 200 |
( A(1, 5) =0, I
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TABLE 3-1

GO TO 30

IF(Gh H6)938 9k2, 960
Gh -

GO T

|F(G3-H5)9hh 948,960
GB - G3+

|r(cz-uu)9so 954,960
G2 = cz

GO T

IF(GI-H3)956 960,960
Gl = G+

I1F (AL- HI)IS52 1556,960
AL = L
GO T0O

IF (G2~ Hh)l558 1562,960
cz - cz+ Th

IF(B H2)156h 1568,960
B B+D

GO TO

lF(GI—H3)1570 960,960
Gl = G|+

GO TO

IF (AL~ HI)1602 1608,960
AL = AL+

IF(GQ H6)|6|0 1614,960
Gh = Gh+ T6 ’

IF(B—HZ)IGIG 1620,960
B w» B+D

GO T
|F(cs-H5)1622 1626,960
G3 = G3+DL

GO TD 30

1F (G2~ Hh)lsza 1632,960
G2 = G2+

GO TO 3o
|F(Gl-H3)|63h 960,960
Gl = Gl+

GO TO

IF (AL~ HI)I652 1656,960
AL = AL+D

GO

IF(GG HB)l658 1662,960
G6 = 66+

GO TO

I F (B H2)l66h 1668,960
B=B+

GO TO

IF(GS-H7)1670 1674,960
Gs a 65+

éz(ch H6)l676 1680,960
GO T

IF(GB H5)I682 1686,960
G3 = GB+

GO T0 3

IF(GZ—HQ)IéBB 1692,960
G2 = G2+DL

GO TO 30
IF(G!—H3)|69h 960,960
Gl = G1+DL

GO TO 30

TERM = 0.

GO TO 760

H(1,J) = A(I JIG6(1,1)
DO lzsg i,
IF(L-1)1250, 1241, 1241
TERM = G(I L)wH(L, J)/G(I 1)
H(I, J) = H{I,J)-TERNM

G0 10 5

TERM = O,

GO TO 1255

PRINT 408, H(1,J)

GO TO 790

16, I6)
.6,F10.6,F10.6,F10.6)

(Continued)

28
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PR

loading considered. All seven words are fixed point numbers as
indicated in Fig. 3-3, which represents the input data for a four-
span frame with a horizontal force at joint 2, The following symbols

are introduced from the program

4

N = Number of rows in .equilibrium matrix

M

1

Number of columns in equilibrium matrix

LN, LNN, LLN', LLNN, LM = Numbers which specify the type
of frame and type of loading

(1) One-Span Frame
N =5
M=6

LN = 1, 2 or 3 for uniform loading, a horizontal force at Joint 1
or 2, respectively

LNN = Any number from 1 - 5
LLN = Any number from 1 - 6
LLNN = Any number from 1 - 6
LM =1

(2) Two-Span Frame

N=9
M =10
LN =4

LNN =1, 2, 3 or 4 for uniform loading, a horizontal force at
Joint 1, 2 or 3, respectively

LLN = Any number from 1 - 6
LLNN = Any number from 1 - 6
LM = 2

(3) Three-Span Frame
N =13

M = 14



LN = 4

LNN = 5,

LLN =

LLNN

at Joint 1, 2, 3 or 4, respectively

LM = 3

(4} Four-Span Frame

= Any number 1 - §

30

1, 2, 3, 4 or 5 for uniform loading, a horizontal force

N =17
M = 18
LN =4
LNN =5
LLN =6
LILNN =1, 2, 3, 4, 5 or 6 for uniform loading, a horizontal
force at Joint 1, 2, 3, 4 or 5, respectively
LM =4
/Word 1 Word 2 Word 3 Word 4 Word 5 Word 6 Word 7
N M LN LNN LLN LILNN LM
QOO 7 OO0 1 8 IOoOcT &4 Onons Modn0oe JooOoso 3 QoDnang
FIG, 3-3. TYPICAL INPUT DATA-FORMAT I

The other five cards contain values of parameters.

of six words which are fleating point numbers (Fig. 3-4).

Each card consists

For analyz-

ing a specific frame, the increments may be read in as zero, and the

final values may be the same as the initial values.




Initial Value . Increment Final Value

AL = o (Word 1) DLT 1 (Word 2) H1 (Word 3)
B = B (Word 4) DLT 2 (Word 5) H2 (Word 6)
Gl = £y (Word 1) DLT 3 (Word 2) H3 (Word 3)
G2 = r, (Word 4) DLT 4 (Word 5) H4 (Word 6)
G3 = ’rS (Word 1} DLT 5 (Word 2) H5 (Word 3)
G4 = r, (Word 4) DLT 6 (Word 5) H6 (Word 6)
(G5 = 1y (Word 1) DLT 7 (Word 2) H7 (Word 3)
G6 = ry (Word 4) DLT 8 (Word 5) H8 {(Word 6)
G7 = ry (Word 1) DLT 9 (Word 2) H9 (Word 3)
G8 = g {(Word 4) DLT 10 (Word 5) H10 (Word 6)

Word 1 Word 2 Word 3 Word 4 Word 5 Word 6

AL DLT1 H1 B DLT 2 H2

(0. 100000000. 100000(00 . 00000  100000§I00. 1 00000{ng0. 5 HaN00]

FIG, 3-4. TYPICAL INPUT DATA-FORMAT II

3-6. Output Data

All cutput data are in floating point form, and consist of the
following:

(1} Egquilibrium matrix

(2) G- and H-matrices

(3) Final end moments
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The eguilibrium matrix and the G- and H-meatrices are obtained for check-

ing purposes only.



CHAPTER IV
APPLICATION

4-1, Procedure

A procedure for analyzing continuous frames is outlined as

follows:

(A) General System of Loads

(1)
(2)

(3}
(4)

()

(6)

This procedure

Determine the values of «, B, and r's,

Compute end moments at each joint due to applied
loads, assuming all joints locked against translation.

Compute horizontal thrusts and shears.

Calculate the balancing force at each joint

-P. = H. +H. . +H.
] ji j0 jk

Compute the end moments due to the balancing force

Pj at each joint (Step 4) by using the developed com-
puter program with the proper input data,

Obtain the final end moments by adding algebralcally
the results of Steps 2 and 5.
is illustrated by Example 3.

(B) Uniformly Distributed Load or Horizontal Force Applled
at a Joint

(1)
(2)

This procedure

Determine the values of o, 3, and r's.

<Compute the end moments due to.these special loads

by using the developed computer program Wlth the
proper input data

is illustrated by Examples 1 and 2.

33



4-2., Numerical Examples

Example 1 - A one-span gable frame; with dimensions and load, as

shown in Fig, 4-1, is considered.

40K r. I BL=8'

@ @) T

al.=16"°

g
I

I r. I

.o@

—t—

k.
I.=40" |

|‘
FIG. 4-1. ONE-SPAN GABLE FRAME

Parameters:

]

a=0,4 B=0,2 r,=1,2 1,0  PL = 1600

H
1

Input Data:

LNN = Any fixed point number 1 - 5

LLN

4]

LI.NN = Any fixed point number 1 - 6
LM =1

AL = H1 = 0.4

B = H2 = 0,2

Gl =H3=1,2

G2=H4=1.0

G3 = H5

1t

G4 = H6 =, . ., = Any floating point number

DLT!I =DLT2=, ., . =0.0
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N,
Final End Moments:

This Thesis From Hale (6)

M,, +0.235452 (1600) = +376. 40571t

. k-1t . K- ft
M, +0.235452 (1600) = +376. 40 +0., 235452(1600) = +376, 40
M,  -0.046821 { 1600) = -74. g5kt
. ¢ =P o f49¢
M,, -0.164547 (1600) = -263. 5057t 1o, 164547(1600) = +263, 50571
M,, -0.164547 (1600) = ~263. 50Tt | |

#*
Different sign convention

Example 2 - A two-span gable frame with constant moment of inertia

is considered. Dimensions and loads are shown in Fig, 4-2.

LT T T T T T Jwb
@ -
r,I | rol |BL=8!
@ ©) G 1
al,=16"
I I“2I r4I
1© 0 ©F ——
| 1.=40" ; 40! |
7 T T
FIG. 4-2. TWO-SPAN GABLE FRAME
Parameters:
@=0.4 B=02 r =r =ry=r, =10 wL?=3200
Input Data:
N =9
M = 10
LN =4
LNN = 1
LLN = LLNN = Any fixed point number 1 ~ 6



LM = 2 DLT! = DLT2 = , . .

0.
AL =H1 =0.4 B =H2=0,2
Gl =G2 =G3 =G4 = H3 =H4=H5=H6 =1.0

GO = H7 = G6

I

H8 = . . . = Any fleating peint number

Final End Mom ents

36

0

This Thesis From Gillespie (1)
M,, -0.058382 (3200)= -186. gk Tt
M,, -0.058382 (3200)- -186.6""" -0.05838 (3200)- -186, 6571
M, +0.029659 (3200) +95.0% """
) . o
M,, -0.073914 (3200} -23¢6, 38Tt +0.07391 (3200)= +236, 35 1t
M, 0
- o3
M, +0.073914 (3200 +236, 3571 -0, 07391 {3200)= -236, 3T
My -0.029659 (3200)= -95,0°""
M, +0.058382 (3200) +186, 65Tt +0. 05838 (3200} +186.6° 1
Mg,  +0.058382 (3200) +186. 65"
%* .
Different sign convention
Example 3 - A three~span gable frame with a general system of loads
is considered. Dimensions and loads are shown in Fig. 4-3,
; ' —e—
RN L] W w=2%,

@

rll

p=40X BL=8"
h R §
1 Y‘ZI al.=16
© 10 -
| L = 40" 40! J 40" {
1 ‘| T

FIG. 4-3. THREE-SPAN GABLE FRAME



(1) a= 0,4

B=0.2
r, =, = 0,8
ST T
rg = 1.0

(2) The end moments assuming all joints locked against translation are
obtained by ordinary moment distribution for straight member.
The stiffness fac’tors,‘ distribution factors, carry-over factors,
and fixed-end moments are tabulated numerically in Table 4-1,
The distribution of fixed-end moments is shown in Table 4-2.
(3) End shears and horizontal thrusts, due to end moments (Table 4-2)
- and drift loads, are cbtained as shown in Fig., 4-4. Slope-deflection

sign convention is adopted, positive signs are indicated on the

figure.
i} K o K
H , = + 0.85 H,p = -25. 00
H. . = 427, 40K H. =+ 2 93K
1A ‘ Hio .
. k
Hyp = +25. 00
L K
H,, = ~28.70
i} Kk e ok
Hyy =+ 2.84 Hyp = =25, 00
. k = k
H, g, = +25. 00 H,, =+ 3.59

(4) Balancing forces are shown in Fig. 4-4. The balancing force matrix

is _ - 9 r -
‘[P]= P = -28.25 | k

B, + 0,86

Pai |- 2,93

_P4_ *+21041—
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TABLE 4-1 ELASTIC CONSTANTS

Member :Stif'fness Distribution Carry-Over Fixed-End
Factor Factor Factor Moment
0-1 0 0 0 0
1-0 0, 1875 0, 6270 0 0
1-A 0.1114 0.3730 0. 5000 0
A-1 0,1114 0.5000 0, 5000 0
A2 0,1114 0. 5000 0, 5000 -66.67
2-A 0,1114 0.2990 0, 5000 +66, 67
2-0 0. 1500 0, 4020 0 0
0-2 0 0 0 0
2-B 0.1114 0.2990 0. 5000 0
B-2 0.1114 10,5000 0. 5000 0
B-3 0.1114 0, 5000 0, 5000 -66. 67
3-B 0.1114 0.2990 0, 5000 +66. 67
3-0 0. 1500 0. 4020 0 0
0-3 0 0 0 0
3-C 0.1114 0, 2990 0. 5000 0
C-3 0.1114 0.5000 0, 5000 0
C-4 0,1114 0, 5000 0, 5000 -66. 67
4-C 0.1114 0.3730 0.5000 +66, 67
4-0 0, 1875 0, 6270 0 0
0-4 0 0 0 0




TABLE 4-2, DISTRIBUTION OF FREDEND MOMENTS

®

®

10 1A Al A2 2A 20 2B B2 B3 3B 30 3C c3 ca ac 40
-D's 1 -.627 -.373 -.5 -.5 -.299 -. 402 -.299 -.5 -.5 -.299 -.402 -.299 -.5 -.5 . -.373 -.627
C's 5 5 .5 .5 .5 .5 .5 .5 .5 .5 .5 .5
FM's -66.67 +66. 67 -66.67 +66. 67 ~66.67 +66. 67
+33, 34 +33,34 -19.93 -~26. 81 -19.93 +33,34 +33. 34 -18.93 -26. 81 -19,93 +33, 34 +33. 34" -24.90 -41.77
» K > K K <
+16. 67 -9.97 +16, 67 +16.67 -9.97 -9.97 +16. 67 +16.67 -9.97 -12,45 +16. 67
-10. 45 -6.22 +4,98 +4,98 -9.97 -13.40 -9.97 +9, 97 +9. 97 -9. 97 -13. 40 -9.97 +11,21 +11.21 -6.22 -10.45
42,49 -3.11 -4, 98 +2, 49 +4, 98 -4.98 -4,98 +4. 98 +5.61 -4.98 -3.11 +5,61
-1.56 -.93 1 +4.04 +4., 04 -2.23 -3.01 -2,23 +4, 98 +4,98 -3.17 -2,25 -3.117 +4,04 +4, 04 -2, 09 -3.52
K K SR SR K K
+2, 02 -.47 -1.11 +2, 02 +2,49 -1.11 -1.59 +2,49 ¥2,02 -1.59 -1.05 +2.02 )
-1, 27 -5 +.79 +.79 -1.35 -1, 81 -1.35 +1.35 +1.35 -1.35 -1.81 -1.35 +1.32 +1,32 -.75 -1.27
KK e SR < SR P
+. 39 -.38 -.67 +.39 w67 | -6z -.67 +. 67 +.66 -.67 -.38 +.66
-.24 -.15 +,52 +.52 .31 -.45 -.31 +.67 +,67 -4 -.53 -4 +.52 +.52 -.25 -.41
RM's -13.52 +13.52 | +39.71 :26, 64 -12. 62 -45. 48 --8.°98 433,58 +33,09 -10. 01 -46. 80 -9, 86 +33,22 +33,44 -9.25 -57. 42
M's -13.52 +13.52 | +39.71 -39.73 | +54.65 ~45, 48 -8.98 +33.58 -33,58 +56. 66 -46. 80 -9.86 +33,22 -33,23 +57, 42 -57,42

6¢
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The total horizontal force matrix is

[#] -

)

o0

- 98.25 + 40| =| +11.75
+ 0.86 + 0. 86
- 2,93 - 2.93
s2lal | 2lel

(5) End moments due to total horizontal forces at joints: '

(] - [m] [571]

[ (PY]
Mio

939]
Mia

(P)
MAa

(P)
Mg A

|
,““go
(P)
Msp
(P)
Mp

1 (P)
Mg

T (P)
Mz

(P)
M

S
'““gc

2(P)

M|

740

Col. 1.

+. 143687

-, 060391
-. 008158
-. 107069
-. 098911
+.0$5679
+, 021026

+. 005547
+. 074521
-, 016435

-. 0563696

-. 053696

+.143687

C

+.

ol. 2

063963

. 063963
. 024015
. 079894
. 173562
. 003667
. 043216
. 017624

.102138
. 084513
.018079
. 060336

. 060336

vCoL 3

-. 060336

-. 060336

-. 018079

+. 084513

+.102138

+.017624

+. 043216

-. 093667

-, 173562

-. 079894

+. 024015

+. 063963

+. 063963

Col. 4

. 053696

. 053696

. 016435

. 074521

. 095547

. 021026

. 035679

. 098911

. 107069

. 008158

. 060391

. 143687

. 143687

+470, 0

+ 34.4

+117.2

-8567.0

+108.63

+108,63
- 15,64
- 60,56
T125.80
+ 65.65
- T7.24
+84, 25

+119.77
+ 35,52
r 57.20

-142, 96

-142, 96

41
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%[m] = End moment coefficient matrix obtained from the developed
computer program. Ceoclumns 1, 2, 3, and 4 are end
moments due to a unit force applied at Joints 1, 2, 3,
and 4, \respectivelyo

(6) Final End Moments:

] = [ T [

M| = 1359 | o+ [ r10s.63 | = | w122, 15[t
M| +13.52 +108, 63 4122, 63
M, -39.71 - 15,64 - 55.35
M, _54. 05 - 60,56 ~114, 61
M, -45, 48 -125, 80 ~171.28
M, + 8,98 - §5.65 -~ 56,617
M, +33.58 - 7,24 + 26,34
Mg +56. 66 + 84,25 +140, 91
M, +46. 80 +119, 77 +166. 57
M, - 9.86 r 35.52 + 25.66
M, 33,22 - 57.20 - 90, 42
M, ~57. 42 ~142. 96 -200, 38
M, ~57. 42 ~142. 96 ~200. 38
p . . L - L. .




CHAPTER V

SUMMARY AND CONCLUSTIONS

o5-1, Summary

The primary objective of this study was to develop a general
computer program for the analysis of one-, two-, three-, and four-
span gable frames. The structures considered are hinged at the
base and locaded by:

(1) Uniformly distributed load, or

(2) Horizontal force applied at each joint independently.

The frames are symmetric in overall geometry, but may be unsym-
metric in sectional properties because of different moments of inertia
rassumed for each member.

The equilibrium matrix for a four-span frame, expressed in
terms of parameters ¢, B, and r's, has been developed in Chapter II.
The matrices for one-, two-, and three-span frames can be obtained
directly from the larger matrix by eliminating certain rows and
columns, A general computer program to formulate and solve this
equilibrium matrix for the various frames and types of loading has
been presented in Chapter Iil.

A procedure of application has been illustrated by numerical

examples in Chapier IV.

5-2., Conclusions

The concept of using a one-span gable frame as a basic unit for

analyzing continuous gable frames has been established in this thesis,
A
43
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The computer program developed can be adopted and utilized as a
tool for evaluating end moment coefficients for one-, two-, three-,
and four=-span gable frames, in the form of tables, by Varying the
various parémeters through practical ranges.

Similar computer programs could be developed to encompass a
wider range of appMcaEiM‘ty, including variation in span lengths,

certain types of unsymmetry, and additional loading conditions,
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