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Abstract:

The education of fundamental engineering principles through increased use of general purpose analysis
computer programs is a topic of concern among educators. The student must maximize learning
efficiency if computer literacy and fundamental concepts are to be learned simultaneously.

A user-friendly, interactive, color-graphics computer program has been developed for teaching the
fundamental concept of influence lines for continuous beams. The theorem of three moments and
moment-area theorems are the fundamental principles presented, developed, and applied throughout the
program.

Results of two types of problems using the computer program are presented. The two problems indicate
the numerous capabilities for use of the program in teaching influence line concepts to students.
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NOMENCLATURE

point at which influence line is developed

. elastic weight diagram area, spans n and n+1 respectively

shear at left end of span n+1 when unit load occupies span n+1
shear at right end of span n when unit load occupies span n
modulus of elasticity

moment of inertia, spans n and n+1 réspectively

internal beam moment

support mor_hent at left end of span n

support moment, supports n-1,n, and n+1 respegtively

single-span moment due to unit load, measured at point where
influence line is developed

support moment ét‘right end of spaﬁ n

moment at point of unit load application

concentrated point load

sum of elastic weight diagram reactions on either side of a given
support

left react‘ion of elastic weight diagram, spans n and n+1 respectively
beam reaction at support n- .

right reaction of elastic weight (_:liagram, spans n and n+1 respec-
tively |

internal beam shear

shear at left end of span n




<

rn-1-Vrn

anr An+1

bn'bn+1

Cnr Cn+1

dn' dn+1

n’ “n+1

n-1,n, n+1

A An'An+1

n--1-

X
shear left of supports n and n+1 respectively
simple-span shear due to unit load, measured at point where influ-
ence line is developed |
shear at rigHt end of span n
shear right of supports n-1 and n respecfcively
shear at poiht of unit load application
distance to unit load from left end of span, spans n an_d n+1 respec-

tively

distance to unit load from right end of span, spans n and n+1

7

respectively

distance to elastic weight diagram centroid from left end of span,
spans n and n+1 respectively

distance to elastic weight diagram centroid from right end of span,
spans n and n+1 respe‘ctively

span length, spans n and n+1 respectively
span or support numbers

distance from left end of span to point where influence line is

developed in that span

_ settlement at supports n-1, n, and n+1 respectively

simple-span deflection due to unit load, measured at point where
influence line is developed
deflection at point of unit load application

beam rotation to right of support n-1

beam rotation to [eft of support n

beam rotation to right of support n

beam rotation to left of support n+1
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ABSTRACT

The education of fundamental engineering principles through increased use of general
purpose analysis computer programs is a topic of concern among educators. The student
must maximize learning efficiency if computer literacy and fundamental concepts are to
be learned simultaneously. '

A user-friendly, interactive, color-graphics computer program has been developed for
teaching the fundamental concept of influence lines for continuous beams. The theorem of
three moments and moment-area theorems are the fundamental principles presented, devel-
oped, and applied throughout the program.

Results of two types of problems using the computer program are presented. The two
problems indicate the numerous capabilities for use of the program in teaching influence
line concepts to students. ‘




CHAPTER |

INTRODUCTION

L}

‘The integration of computer usage into engineering -curriculums presents educators_ '
and practicing engineérs with an important question: How well do graduating engineers
understand fundamental engineering concepts? Current engineering programs at universi-
ties throughout the country i_ncorporate general purpose analysis computér codes as aids in
teaching engineering principles [5,7,9,19]. This has led to what Yener and Ting refer to as
the “black box approach’ to educating engineers [21]. |

This “’black box approach’ has resulted in two diversions from quality engineering
education. First, time normally spent on understanding fundamental engineering concepts
is being spent on learning and using the software and hardware capabilities [12,13,.15].
Knowing the capabilities allows the students to solve complex problems in minimal
amour;ts of time. Secondly, students often accept computer sollutions of complex prob-
lems without an ability to interpret and verify their validity. The combination of these two
educational deficiencies can lead to a student misconception that knowledge of fundamen-

tal principles is unnecessary for engineering applications.

Influence Line Computer Program

The computer program listed in Table 8 (Appendix C) is an example of how the
“black box’" education of engineers can be reversed. The program was developed to serve
as a teaching aid in the instruction of influence lines for continuous beams. Included with-

in the program are three concepts fundamental to the education of influence lines:




2
(1} Presentation and application of theory,
(2) Interactive student computat‘ion of influence line ordinates.

(3) Application of influence lines.

History of Influence Lines

The analysis of continuous beams is believed to have been first published by Navier
in his paper Lecons in 1826. Actual application of Navier's analysis came in 1850 with the
design and construction of the Britannia Bridge over the Menai Straits by Rosert Stephen-
son [6]. |

In 1857, Clapeyron reviewed continuous bridge development, citing Stephenson’s
Britannia Bridge as an example, in his work Comptes Rendus. Clapeyron is credited with
being the first person to reqognizeﬁthat if the bend'ing moments of the supports of a con-
tinuous beam were known, then all internal forces and deflections could be known. Even
though Clapeyron first presented the theorem of three moments in 1848, it wasn’t until
1855 that Bertot achieved priority ft')r publishing the theorem {6].

Although work by Bresse in 1865 and Winkler in 1862 approached the concept of
influence lines for continudus bear_ns; it was not until 1906 that Mohr published the con-
cept. Mohr also went on to develop theorems relating beam slope and deflection to elastic
weight moment diagrams, known today as the moment-area theorems [6].

The theorem of three moments by Clapeyron and the moment-area theorems by

Mohr provide the theoretical basis used in the computer program.
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CHAPTER I
COMPUTER PROGRAM

Hardware and Software

The comvputer program is written in VAX FORTﬁAN prdgramming language and uses
the VAX/VMS operating system, version V4.1 [8] . The program currently operates on a
DEC VAX 11/780 minicom'puter, and uses a TE KTRONIX 4027 color graphics terminal.
A software package called DISSPLA [11] was also implemented to take advantage of the

TEKTRONIX 4027 graphics capabilities.

General Characteristics

The computer program in Ap:pendix C was developed with two basic philosophies in
mind: (1) to be user-friendly and.i (2) to be easy to modify. Thus, the prog.ram is menu-
driven and the user can proceed tHroughout the program by responding with appropriate
alphanumeric or numeric input; AIIi user input is checked for correctness to eliminate prob-
lems arising from non-appropriate ﬁesponses. The computer code contains several comment
statements fori mcreasmg the readablllty of the program.

Upon actual running of the program a main menu as shown in Flgure 4 s dlsplayed
Each topic in the main menu is mdgpendent of the others and has its own execution menu.
Each main menu topic has a unique educational purpose, but all topics should be exploredv :
for a complete understanding of influence Iiﬁes. The content of each main menu topic Will

> now be presented.




MAIN MENU

(A) INTRODUCTION

(B) DEVELOPMENT OF INFLUENCE LINES
(C) APPLICATION OF INFLUENCE LINES
(D) END OF PROGRAM

PLEASE SELECT ONE OF THE ABOVE: _

Figure 4. Computer program main.menu.

introduction

The introduction segment of the program is intended to acquaint the user with all
information necessary for prograrﬁ execution. This segment also serves as an introduction
to concepts used later in the“develppmént and application seéments. As shown in Figure 5,
the user can choose from a variefy of sub-topics. Each sub-topic contributes to a total

understanding of program execution and continuous beam influence lines.

INTRODUCTION MENU-

(A) Continuous presentation of all introductory material
(B} Program purpose °

(C) Graphical definition of a continuous beam

(D) Graphic examples,of influence lines

(E) Presentation of theory

(F) Limitations

(G) Nomenclature

(H) Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: _

Figure 5. Computer program introduction menu.

Development of Influence Lines

The purpose of this segment is two-fold in nature: (1) present to the user a develop-
ment of influence line equations from fundamental theorems and (2) allow the user to

apply the influence line equations and develop any particular influence line. Sub-topics
p
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(A) and (B} in Figure 6 present the development of influence line equations for.the user.
Sub-topic (C) in Figure 6 is interactive and allows the user to specify data for a 2, 3, or
4-span continuous beam. Sub- toplc (D) in Flgure 6 is also interactive and the user must ‘
correctly answer. questions dealing w1th variables in the mﬂuence line equations. Any
incorrect user input results in a repeat of the previous question. An example problem

using sub-topics (C) and (D) is presented in Chapter IV.

DEVELOPMENT MENU

(A) Concept of influence lines

(B) Influence'line equations

(C) Beam physical data input

(D) Computation of influence line ordmates
(E} Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: _

Figure 6. Computer program development menu.

Application of Influence Lines

The application segment of the program allows the user to define a particular contin-
uous beam p.roblem and use his knowledge of influence lines to determine maximum inter-
nal forces and deflections. Through an educated trial and error procedure, the user ‘can
determine which dead load and live load combination produces worst cases.

Figure 7 shows sub-topics available to the user in the application segment. Sub-topic
(A) in Figure 7 allows user definition of a specific continuous beam. Sub-topic (B) in
Figure 7 allows viewing of any influence liﬁe for the beam specified in sub-topic (A).
Sub-topic (C) in Figure 7 allows the user to specify a vériety of dead and live loads for the
beam specified in sub-topic (A). Sub-topic (D) in Figure 7 allows the user to define or
re-define the beam loads, and view moment, shear, or deflection curves for the beam. An

example problem using the application segment is presented in Chapter V.
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MAIN MENU

(A) INTRODUCTION

(B) DEVELOPMENT OF INFLUENCE LINES
(C) APPLICATION OF INFLUENCE LINES
(D) END OF PROGRAM

PLEASE SELECT ONE OF THE ABOVE: B

DEVELOPMENT MENU

{A) Concept of influence lines

(B} Influence line equations

{C} Beam physical data input

(D) Computation of influence line ordinates
(E) Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: ‘_C_:_

BEAM PHYSICAL DATA INPUT

Specify number of spans (2, 3,0r 4): 3

SUPPORT COORDINATE INPUT
Support No. 1 coordinates are (0.0, 0.0)

Specify x, y for Support No. 2 (ft}): 100.0, 0.0

Specify x, y for Support No. 3 (ft): 250.0, 0.0
Specify x, y for Support No. 4 (ft): 4_00.0, 0.0

MOMENT OF INERTIA INPUT
Moment of Inertia for Span No. 1 (ft."4): 10.0
Moment of Inertia for Span No. 2 (ft."4): 15&
Moment of Inertia for Span No. 3 (ft."4): 10.0

Modulus of Elasticity, E (ksi): 28000.

BEAM ﬁ’HY-SICAL DATA O.K. (Y/N): Y,

(A) Concept of influence lines

{B) Influence line equations

(C) Beam physical data input

(D} Computation of influence line ordinates
(E) Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: D

Figure 10. Development of influence lines, Phase I.




H \ H c, CH 5, G
88 88, - «88 888 888 8 8,y
c 5 J "$3&  &8;!
G C1G JGG  =B&& U%YV
G8G G8G G8G G8G  B&& U%V
24 4
B BBBBBBBB BEBBBBBBBBBBB
UV "$$& &% 88 uv & 88
Uv $ &# 88 Uv % & 88
uv 88 uv. " o& ) ast
4 @
4 88
11$ % G B$& %& %" )&$ @ W08
28" & < &) " &M %& &H#$" (& !U+VQ +
4 A
peEEbhmmmsps = | |BBBEBREE B
ST #1 8 &% " & $& & $" & &8

(&% $ &8 C.*U% V@ ,1G8G

$ % $& $&! & &% " & @

" .8 )&$# &% %" L. | 8



<$

H ] : C, CH 5 .G
MM 8 8888 8 88 8 ® 38, 8888 838y
c 5 J o $se &8
G GG Ci1G JGG =B&& U%V
G8G G8G G8G G8G B&& U%V
24 4
G86,
88 B& &80
2 & $& J. H&# | & '$$8 | @
&#  "$3& &8 C XB,,8/J % B<S!
&%  "$$& &8 5X B180G % B<$!
( " & (™ &) %& *. 1" # & &HE
) " %& *A8
*G X :G5G
#ooom&UV ) & % 1&" & %& 88& 1@
*= X BG8CH <$! & &8,
& %" & ! $& & # &8
& & & &#$' & &  U+]VQ FF
& & %" U+ VQ F*
4 &% &% %" & 1U+]VQ +
&H$" & "
Uv "$s& &# 88 Uuv & 88
Uv $ &t 88 Uv % & 88
uv 88 uv " & ) &s# "

4 *@ FF

,C8 ) &$# &% %" L1 8



14

Table 1. Shear Influence Line Ordinates.

Types:s Shear

Location: 10th-Point No. 18

SPAN 10th=-POINT

SO0 0~V N

—

Y
——

N = a3
OVPI NN WN

2
-

[

I.L. ORDINATE
ettt
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~ Application Example -

Figure 13 provides the general procedure for viewing any type of influence line.
Because the development and apblication segments of the compufer program are indepen-
dent of each other, the user must first specify beam physical data, as in Figure 10, béfore
displaying any influence lines. A hard copy of influence line ordinates requested in Fiéure
13 is given in Table 2.

By viewing 'a variety of inﬂuénce lines, the user can determine which dead load and
live load combination will produce maximum moments, shears, or deflections. An example
of specifying and revising beam DL and LL is provided in Figures 14, 15, and 16. Mard

copies of data requested in Figures 15 and 16 is given in Tables 3, 4, 5, and 6.

Computer Analysis

Ordinates for moments, shears, reactions, and deflections were combuted by directly
applying dead and live loads to computed influence lines. As a result, the span tenth-point
values for interna;l forces, reactions, or deflections may deviate slightly from exact values.
Although an indépendent check was used to verify computer results, no guarantee is given
that the method of analysis will work fdr all combinations of beam geometry and applied

loadings.
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Table 2. Span Moment Influence Line Ordinates.

Type: Span Moment:

Location: 10th-Point No. 26

SPAN 10th=-POINT  I.L. ORDINATE
R \==mmmmmemmmmae \ = e \
1
1 0.000
2 0.261
3 0.505
4 0.718
5 0.884
6 0.987
7 1.011
8 0.939
9 0.758
10 0.450
11 0.000
2
11 0.000
12 -0.8838
13 © =1.895
14 -2.901
15 -3.789
16 ~4 .44
17 -4 .,737
18 -4.559
19 -3.7%9
20 ~2.309
21 0.000
3
21 0.000
22 3.450
23 8.179
24 14.045
25 20.905
26 28.618
27 22.042
28 16.034
29 10.453
30 54155
31 0.000
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APPLICATION MENU

(A} Beam physical data input

{8) Display of influence lines

(C) Beam load data input

(D) Applicationof DL & LL to mfluence lines
(E) Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: C

BEAM LOAD DATA INPUT

The student can now apply dead loads and live loads to the beam specified in part (A).
For purposes of visualizing the effects of loads on a continuous beam, the application of
one dead load, one live load, and a combination of DL & LL is sufficient.

DEAD LOAD INPUT

Dead loads wil! be assumed as being uniformly distributed and constant for all spans.
Specify uniform DL (k/ft): 1.00

LIVE LOAD INPUT

Although a continuous beam may experience several types of live loads, it is possible to
illustrate live load effects on continuous beams by using either uniformly distributed
loads or AASHTO truck loads.

Live load will be: {A) zero

(B) uniformly distributed
(C) AASHTO truck load

PLEASE SELECT ONE OF THE ABOVE: B
Specify uniform LL (k/ft): 0.50

APPLICATION MENU

(A) Beam physical data input

(B) Display of influence lines

(C) Beam load data input

(D) Application of DL & LL to influence lines
(E) Return to Main Menu

PLEASE SELECT ONE OF THE ABOVE: D
APPLICATIONS OF DL & LL TO INFLUENCE LINES

You have specified a uniformly distributed LL of 0.50 (k/ft) to be applied to various
spans of the beam. Please specify which spans the LL will occupy:

LL will occupy Span No. 1 (Y/N)? Y
LL will occupy Span No. 2 (Y/N)?

N
LL will occupy Span No. 3 (Y/N)? ;

Figure. 14. Application of influence lines, Phase ||
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CHAPTER YV
SUMMARY

The trend toward using general purpose analysis computer programs for educating
civil engineers can create a false sense of student understanding of fundamental engineering
principles. Education of fundamental principles cannot be ﬁeglected if the integrity of the
engineering profession is to be maintained.

A computer program ‘has been developed for use as an aid in teaching the fundamen-
tal concept of influence lines for continuous beams. The speed of the computer and the
user-friendly nature of the color graphics computer program follows Albert Einstein’s view
of teaching: ... Teaching should be such that what is offered is perceived as a valuable
gift, and not as a hard duty” [20]'. |

It is not possible for a student to understand the total influence I‘ine‘concept from use
of this computer program alone. However, it doe;s provide a good supplement to material
presented in the classroom. The capability of presenting and understanding funda;mental
principles for all types of continuous beams is beyond thei scope of the computer program
and this paper. Benefits derived from use of this program would serve as an in'teresting

topic for future research.
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APPENDIX A

THREE-MOMENT EQUATION
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IVIn Qn+1 N An+1 Cn+1 N Iv“n+1 Qn+r1

"1 6E Int1  Elnty Qnﬂ 3 EIptg o)
Slope cdmpatability at support n requires:
6, = -9, (11)
and the resulting 3-moment equation for a straight continuous beam is:
Q L L ' Q :
n n n+1 n+1
Mpoq (=) + 2M, (=— + ) + Mpyq (=) = - 6R (12) -
n In n In In+1 . n+1 In+1

where R = nnh, n n (13)
In Qn In+1 Qn+1

A, ¢
n-n . . . . . . .
and 12 = right reaction of transverse loading elastic weight diagram in span n,
n “n
An+1 9n+1 ) ) ) ) ) )
and —I_Q_— = left reaction of transverse loading elastic weight diagram in span
n+1 “n+1 C

n+1.
Equation 12 assumes that the modulus of elasticity, E, is constant for the entire beam and

therefore does not appear.

If supports n-1, n, and n+1 in Figure 17 undergo vertical displacements, Ay ,"An, énd
Apiqe then the rotations at support n become:
Mp-12,  Ancy  Mpf, A -4y
0, = + + - (14)
6EI, - El, %, 3EI, 2 )
and
, _Mnforr  Anttnet Mt faer Bner A (15)

Satisfying slope compatability at support n yields the 3-moment equation for a continuous

beam with uneven supports:
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L L L 2

n n n+1 n+1
Mo 4 (=) +2M  (— + —) + M4q (—)
n-1 In n In n+1 n+1 In+1
A ~A A q4=A
-1 1 ,
= -BR+6E (— - Al n; %), (16)
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INFLUENCE LINE EQUATIONS
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Applying gtatic equilibrium to the partial beam in Figure 20 yields the general equa-

tion for the moment at a distance an:

X': X
MX=M0+MQ(1—E——)+Mr(Q——-) ‘ (18)
" n n
where M, = 0 if unit load is not in span n
bnx
Mgy = ap-x + L if an_<x /
~ bnx .
My = 7 if ap > X

Shear Influence Line Equation

Figure 20 is also used to develop a general equation for the shear at a distance a,.

Applying static equilibrium to span n in Figure 20 yields:

Mr'—MQ‘
VX = V0 + —,Q—— (19)
n .
where V, = O ifunitload is not in span n
-a
VO = —Q_— ) ifan<x
n
a
Vg = 1-— ifa, > x

Reaction Influence Line Equation

Figure 21 shows a free-body diagram of support n in a continuous beam. Application

of static equilibrium at support n yields:

. Rp=Vea - Voo o (20)




Figure 21. Free-body diagram of support n.

Assuming a unit load is positioned in span n left of support n:

V. = an . Mp—Mp_q 21
en =T o T (21
Qn Qn

and assuming a unit load is positioned in span n+1 right of support n:

At Mpy—M
V2 R L N no : (22)

L

Substitution of Equations 21 and 22 into Equation 20 yields the general equation for the

reaction of support n:

1 1 1 1
Rn = nBo + n+1Ao + Mn_'l (Q—) - ‘Mn (Q_'I“Q_‘_) + Mn+1 (E———) (23)
n n n+1 n+1
where B, =0 if unit load is not in spén n

n

nBo = — if unit load is in span n
n

‘n+1Ao = 0 if unit load is not in span n+1
an+1 e _—
nt1h0 = 1- if unit load is in span n+1
. Qn+1

Deflection Influence Line Equation

The free-body diagram in Figure 20 is again used to develop a general equation for the
deflection at a distance a,,. Application of equilibrium and sI_ope-deﬂection relationships.to

span n in Figure 20 yields:
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X (2,-x) _
A, = A, t —6EITQn [Mg (22,-x) + M, (2,+x]] (24)
where A =0 if unit load is not in span-n
ap (Qn—x). : :
A = ———[b:+2a b_-(R ~-x)2 ifa, < x
[} 6 E In Qn n n-n n n
bp x
A, = ——— l[a%} +2a,b,~x*] if a, > x

°© " GEI,®,
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APPENDIX C

COMPUTER PROGRAM LISTINGS
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Table 7. Tektronix 4027 Initialization Prograrﬁ.

7

1 c
2 C PROGRAM TO INITIALIZE TK4027 MONITOR
3 ¢
4 TYPE 100
5 100 FORMAT (' 'WOR 0 H")
6 TYPE 101
7 101 FORMAT(* . INMAR®)
8 TYPE 102
9 0?2 FORMAT(* 1pupP")
10 TYPE 103
11 103 FORMAT (' YECH R")
12 TYPE 104
13 104 FORMAT (' 'BUF N")
14 TYPE 105 "
15 105 FORMAT (' IMAP C9 N,130,100")
16 TYPE 10% :
17 106 FORMAT (' 'FAP C1 110, 50,100")
18 . TYPE 107
19 107 FORMAT (' '#AP C2 240, S0,100"%)
20 TYPE 108
21 108 FORMAT (' 'MAP C3 30, 57,100")
22 TYPE 109
23 109 FORMAT (' TMAP C4 180, 50,100%)
24 TYPE 110
25 110 FORMAT (' !'MAP C5 329, 5N,100")
26 TYPE 111
27 111 FORMAT (' 'MAP C6 797, 50,100")
28 TYPE 112
?9 112 FORMAT (' 'MAP C7 0, N0,100%
30 TYPE 113
31 1173 FORMAT (' 'BEL")
32 TYPE 114
33 114 FORMAT (' 'BAU 2500")
34 TYPE 115 o
35 115 FORMAT (' IMON 34 H K")
36 END
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