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l.lTRO.DUO!IOB 

Statement of h-obl• 

01,3eot. The object of this thesis is to ahow ae 

oleul.7 ae poeaible a coapur1son between etresaes 1n beama 
an4 fraaea aa oeloulate4 by mathematics an4 that obtained 

froa ao4ela b7 ti. 4efomot•= aathod. It aleo illutratea 

the poaeild.11t1•• of uing models 1~ the design of atruo-
ture,a. 

Soape: It 1• aot the intention to take a nwaber 
of cU.fterant probl•• an4 show a solution to them. but ,o 
take a fn e1Jlple oaaea a:u4 show the application of the 
pr1no1ples of model testing. 



!he ft nt experSJHat oona1ate4 of the makiq an4 
teatiD.g of a oaJ'4'boar4 aoclel of a be• filCed a't both ea48. 
!he reaulta oo1;aine4 from the mod.el ccnpare4 TeZ'J' faTorabl.7 

with the mathematical eolution as then was a variation of 
onl.7 1.e peneat. 

!'he eeoon4 eXpe'ri.ll&nt was perfcmae4 with a card-

boart mo4el of a bent fixed s.t both supports. The resul te 

frca the mo4el as ot1npare4 to the mathematical solution coul4 

not be made to oheok very cloeel7. There was a variation up 

to 10 percent in the lnf'l:aenoe lines for moment for hortsontal 

loa4a. an4 a difference aa high ae 60 percent for Yeriloal 

loac1.e. 

It ne fount after the experim.ent was perfome4 that 
the mo4ulua of elaat1olt7 of the colUIIUUI wae about four Umea 
ae gnat aa the mo4ttlue in the g1r4er. !hen after making the 

ooneot1on in the aath811&tioa1 solution for '- 41.tferen.oe in 

tbe of elutioit7 then were cml.7 three po111te that 

Dfted a Tar.lat1on of OY•r aiz peroet. aa4 moat of the points 

were 'IUUler Ii peroeat. 



UVI.EW .2l LI!EBATUBE 

!he problem of Structural Engineering is to create 
·a at'l"lotun that will :fulfill safel7 • rationall7. an4 econo-

m1oall.J' the part1eu.lar purpose for which it is intended. To 
solTe such problema a number of d1£fereni methods have been 
cleveloped and the stnotural model is one of them. known for 
a long time but until recently not very often iWed. 

Profesaor Beggs*of Princeton University has develop-
e4 the 4efo1"118ter Mtho4 of model nn&lye1s to a very high de• 

gree. but the higb ooet of apparntua used in hie laboratory 

pr•venta •oat engtn.e•ra fnm being able to experillent 1n model 
testlag. A mo41fioation of the Beggs apparatus hae been 4e-
velope4 b7 !. Werner an41re4 L. nuaaer~ and. it 1s from 
their artiole 1n Civil Engineering that the ideaa were obtain-
e4 for the design of the auparatua uae4 in testing models for 

th1e thes1a. 
Probabl7 the most w1ae17 ueea engineering models 

have been models o"f 4ms, but w1 th the introduction of low 

oon apparatus the cteformeter method of model anal.7ais is an 
ever inoreaaing field of etu47. 

• See B1~11ographJ 
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!he Use ot lmgineering •o4ela* 

lll oouidering the necessit7 ot using models to 
' aolTe engineering problems properl7. the limitations of our 

present engineering knowledge baT& to be clearl.7 realized aa 
well as the complexity ot some of the engineering problems 

that are often assumed to be 81.mple. 
As in ever, exact science, the engineer deals with 

the phenomena occurring in nature. but a pure scientist is 

interested in building up a theory that would explain exact-

ly these phenomena and the laws that govern them •. The en-

gineer takes a different point ot view and feels satisfied 

if a theory can be developed covering a particular angle of 

a problem in a way that would make possible a solution, per-

haps only approximate, but suffioientl7 acour&te for praoii-

ca.l purposes. 

Fresent ma.thematicul knowledge is limited and no 

general solution is available tor the differential equations 

set up b7 introducillg the theory of stress. ConsequantlJ the 

solving of each atruotural problem resolves itself into the 

finding of the partial or approximate solutions of the gener-

al equations which will, with a g~eater or less degree of ac-

curac7. solve the particular stress problem. In order to 

make even such solutions possible a number of s1mpl1f7ing 

* Taken frOJB A. V. KarpoT's arlical on the Use of .Engineer-
ing Models 1n 14ilitary hgineer. V26 n50, Boy. - .Dec. 1934 



asaumption haft to be made. They have to be auch as to make 

possible the solTing of the equations and to assure that. for 

the particular and within certain limits, there ia a 

reaaonal>l7 close agreeaent 'between the eTa.luated and actual 

etreee. 

K8Jl1 euch assumptions pertain to the physical pro-

perties of the used in the stl"tloture. The actual 

physical properties of materials are governed by such compli-

cated relationships that they veey seldom can be set forth in 

the form of simple and useful mathematical exp.reseions. The 

most 0011110n method is to introduoea relatiTely simple appro-

ximate relationship covering some of the physical properties 

of the material. Such a simplified expression is applicable, 

aa a general rule, onl7 within a comparativel7 narrow range. 

The b~wt ·nown is the aesaption of direct proportioaalit;; be-

tween strains an4 stresses of the material usuall7 expressed 

bJ etat1ng that the material follows Hooke's law. This as• 

812D1ption 1s ihe basis of the present theory of elasticity and 

covers with & fair degree of accuracy many materials, provid-

ed the stress is kept sufficiently low or within the so-called 

elastic limits. Consaquentl7 the differential equations that 

were solved b7 introducing this assumption are applicable onlJ 

within the limits in which the assumption o.f a linear stress-

strain relationship represents the actual behavior of the ma-

terial. If applied beyond these limits. the solved equations 

will giYe results that may be very different from actual con-
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ditiona. 

!here are large numbers of eases where the partial 

solutions ot the general equations ma, be obtained or 1n41-

oated by the introduction of a n11111ber of auxiliary equations. 

The postulate that the erternal. and internal work have to be 
.. 

equal, the method of least work or defomations, the method 

of virtual displacements, the elastic energ7 theory may be 

cited as a few of the methode that are most extensively used. 

Ever1 structure and evecy element of a structure 

consist of physical bodies that a.re three-dimensional. !here-

fore only a three-dimensional stste of stress is possible. 

the existence of the three-dimensional state of stress is 

clearl7 recognised, but the solving of the involved math•a-

tioal expressions JD&J become very difficult and even illlposei-

ble. 

Since J.IO theor., is available coTering the physie1:1..1. 

properties of materie.la and no general solution of the dif-

ferential equations of the th•ory of atrezs is possible. ever., 

one of the availai.ie. aethods :f'or determining stresses is ap-
prosillate. ill such methods are baaed oa a DllDlber of aesup-

tions an.d aq be applied onl1 Within certain limits. The cor-

reotnees of these assumptions, the practical limits of appli-

cability of each method, and the divergence between the eval-

uated and aotual conditions of a structure mu.st be found b7 

test. from the theoretical point of view, the moat satis-

factory method of testing would be to build in the natural 
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surroundings. a full sized structure and teet it. Such pro-

oe4ure in moat cases would require a large amount of time and 

money. !herefore. a d.emand has been created for some more 

speedy nnd less expensive ?Uethod of testing. 

The use of models is the engineer's response to 

that demand. 

Any advanced model study is a rese~rch problem and 

is to be approached with an open mind. !'he danger of the use 

of improper models must be realized; b7 neglecting the simi• 

larity conditions it is es.sy to build a model the behavior of 

•hieh will have no proper relation to the behavior of the pro-

totne and which will prove a predetermined but erroneous 

theoey or idea. !he behavior of models that fulfill the ma~or 

aimilarit7 oond1tions will have a natural relationship to the 

beha•ior of the prototne and the results of ,studies made on 

suoh models are the ones that will advsnce the art. 

In general a paper design does not add greatly to 

engineering knowledge. A prouerly oonduoted model study, how-

ever, not onl7 is a tool :permitting the best possible solution 

of a partioular problem. but in nearly all oases it will ad-

vance understanding &nd knowledge; 1 t is ins:pirr ... tion for future 

improvements t.md more advanced engineering t:.ork. 

If the present great engineering schieTements are to 

advance still further. much time and effort muEt be devoted to 

the theoretical end resea?'.ch work Y1hich 1'111 enable the en-



gineer to base future structural designs on sound eI1gineer-
ing knowledge. The ue of aoientifioall7 cl.eeigned models 

will oontribute largely to this result. 



S1111111tu4e llequiremente In Uo4el Desiga 

In its broatest seue. a1m111tude uiets when there 
is aome s78'te11at1e relation between the behe.Tior O'f a model 
and. that of its prototn•• lto7 w. Carlson• states thu:t 

meet1Dg the requirements of two eimple but exacting rules 

ccmpriaea th• baeie of model des1gn 1n the field of both 

structures and hy4raulioe. 

!heae two rules are as follows: 

Rule l. - !he model ahall be geometrloall.J' similar 

to its prototype. except as to 41mens1ons 

which do not effect the bohavior of the model. 

Rule 2 .... !he foree ao&ls•re4uct1on factor shall 

be tho eame for foroee arising from eaoh of 
the Tarioua lnfluenoea. 

While these rnlee 1n8ure strict sim1lar1.t7 they also allow 

free choioe to be made of e. certain nnmber of aoale-recluction 
faoton eueh se leagthe. times, widths, an4 elastic mod'ul.11. 

Bale 1 ••rely signifies that the 14eal model is 
proportioned e:natl7 like the -prototype. all dimensione in 

tho prototype (including thickness ot the indirtdu.al members) 

being reduced b7 exactly the ea.me factor to obtain the model.. 

* lioJ w. Carlson. Similitude Requirement• 1n Kodel 
Deeign. &:agr. Jen Bee •• Aug. 2S, 193' P 2H 
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In other worcla the first ro.le f1xes the relatiTe 41menalOJ18 

of the mo4el. 
lml.e 2 ftxea the properties of the material from 

whioh the motel oa be built an4 &leo interprets the meaaure-
JNJ1ts on the motel in ter.ns of the prototype. It is a:pparent 
that since all 11ltlueneea mU8t be redn.c-4 in the NM propor• 

t1cm, the infl.11encN there Rre the more 41ff1oult it 'be-

eOJMs to fulfill exaotl:, the requ1rementa of Bule a. a-..-
t1JHs the testgner av.st either eacnfloe exaotness or reeon 
to an indirect nae of the model. In a nnmber of simple pro-

bleu. p!'&Otieal.17 the only silllilarit;r oon4:ltion to be met ia 
the 14ent1t7 of the material af model nm prototype. In 

others, thG proper scalar repreeentntion of the prototype &n4 

the external force 1e to be added. 
Jlor the fixed ended beam tested in 'this experiment. 

plate l!I, the only similitude nH].'nirmnent thnt hE1.e to be met 

is that the sea.le :ratio bett1een the modal and protot7Pe be 

known •. llost a?Jl' material the.t will spring back to its ori-

ginal position after being deflected the small amount reqnir• 
ea is satisfactor, tor uae. 

fhe bent, plate IV and v. presGnts e more 41ff1cult 

probl•, aa there are aevera.l req-:J.iremonte to be met. !he 
lengths ot the ... bere must be 1n proportion to thoa• of tbe 

prototne. the ao4ulua of ela.stioi ty• of the 41:f'feNllt lll&m• 

• See 'b1bl1ographJ' of George &rle Beggs worlte. 
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bars mut be 1n the same rstio as 1n tM full a1ze stru.oture. 
aa4 the widths of the ••bere aut be in proportion to the 
nlae root• of the m••nta of inertia of the~ scale croes 
aeotione because the members are of n constant thioknese b. 
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!DOI( ,gt KODEL D~IliG 

llaxwell'e of the rec1proc1t7 of displacement 
is the basis for model teating b7 the deformeter m.etho4. 
!hree oaeee of the law as applied to beams are as follon: 

lf a foroe P applied at a point A 1D a beam oauaea 
a 41aplaoeaer1t t::.e at B. then the same foroe P applied 
at .I will oauae the aame 41splaoement As at point A. 

J. -P {P 
t A 8 I t IA t 

If a ooup1e •'. al'P).let at po1nt A 1Jl a beam oaueea 
a 41eplaoement eis at point B, then the same oouple 

•• applied at J 11111 oauae the 88tle 41splaoement e 9 at 

A. * j5 j 
~-

t IA 6 r" 

If a force P appl1e4 at point A in a beam. causea 
an angalar displacement es at poillt B, then a couple 

•• expreaeed in inoh-pounds an4 numffioall.J" equal to 
the force P, applied at point B, will caw a linear 
41aplaoemo.nt AA at point A. AA a:preaee4 in lnohes 1e 

numerioal:J! :o~nne4 4~£1 
~e L\A 

* lllaet1o lillers7 !heo17 • Yan l>en Broek 
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Influenoe Linea 

All 1nfl•ao• line la a g:raph or obarl showing, for 

nooeasi w pod t1ona of a u1 t loa4. the T&lue of some direct 

11M&r fa.notion of tbe loat on the atn.oture. ln other word•• 

u iafl'UM.IOe l.iDe ehowa the 'ftl.u of the •--t • ahea:r. or 
reaot1oa at 01l9 po1At ill a nnotun due to a llDit load appl1e4 
in nooeaa1on at UQ' B1111ber o'f other po1nta 1D '\he atnoture. 

1D the 4ef.,..ter llfthot et aot•l .. 1ye1a a alt 

twiat ta appl1e4 at one aappori aa4 the tefleatiou •aaun4 
at eeTeral polata 1n the atnoture to obtaS.a the defieotion 
Ollffe wbioh 1a uee4 aa the influnoe line for mcaen.t at the 
tw18'e4 auppon. ID like 11&m1er the npport 1a move4 a unit 

41etan• 1a the 41notioa of the reaotion to o'btaln the d.e-

fleotion crane wh1oh 1a v.M4 as the 1nfluenoe line for r•• 
aoticm a't tllat nppon. !he 1nfluanee 11Jie tor &hear 1e ob-

ta1Jle4 b7 moTlng the n.ppori 1n the direction o'f the shear a 

ud.t Uetauoe and meaftri.na the cte:tlecn1oa. 
fte following paragrSJ)hs oo:nta1n the proof of the 

faot that the 4efleot1cm OU"8e of 4efomed atl"WJtures are the 
1nfl:ume lines of the n.perfluou eleMJlta at the points where 

the 11111t aov•enta an appliea. 



• 18 • 

Defleetion Curves as Influence Liaff* 

A R lp Let ua consider the real condition .J;-~-----'-----~~ (.a.~ 
j!--x --1 e> · of the beam. ahown in fig. l(a) • as the 

f'lret state of stress. !he reaction B 

i c,==-==-----i.z at the RJ)pori A 1e taken as the aupe:r--y r - - - - - P. (h.) 
i v ' fluoua elemat. l'or the second state 

1. 

fj 9· l. 
of artnse, ~• fictitious state shown 
1Jl fig. l(lt} 18 eona14eret. !he au.per-

aupport 1e remo-ve4 end 1nstea4 of the unlcnon reaction 
R, a toroe equal to unit7 acting iJl a dow:mrart direction 1a 
taken. !his seoon4 state of etrees ie a very simple one and 
it1 ,4etl.eet1on ourve can be fOUIMl td. thout &.lQ' 41:ff1cult7. 

Let~ tenot• the 4efleotion at the end-'• mi4 7 cbmote the 
4efleot1on at the point of appl1ont1GD. of the foroe P. fhe 

work A•• 'b7 the foroee of state {a) on the oornspon41Dg 
41splao-nta for the etate (b) is P7 - lls. !he work of 'the 

foroe uni t7. o~ the aeccmt state on the oorreapoatiDg 41e-
plao ... nt of the first state is equl to sere beoauae the 
41aplaoaaent of the point A 1n the first eto.te is equal to 

aero. Due to the faot that the displacements at the built 

1l'l enl are equal to se:ro, 1 t ia not aeeeel9&%7 to oonsicler the 

naoticme at this ena., for the oorreapon41Dg work is alwqe 

• J.ppllecl lllaa't1o1tJ' - !laoaheDko • Leaeelle 



equal to sero. 

which B = PJ/r • 
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!be reciprocal theorem g1Yee P7 - lls: O from 

It 1e ••• that in. the case of a mcrn.ng load 

1, the reaot1on R changes in :proportion to Y• !he detlect1on 
oune of the state . (b) gi 'tas a complete picture of the mam1er 

in whioh R vanes 411.e to the motion of P. !his n.rve is oall-

e4 the line of 1nnuence of the reaction R. 

A 

y 

(a..) 

(b.) 

If instead of the reaction at the 

npport A, the react1n couple KD at 

B be ool'l81dered as the supernuous 
reactive element, the two states of 
stress shown in fig. 2 must be oom-

pared. 'the oase 2(a) represents the 

fi 9. e. real oondi tion of the beam. !he case 
2(b) 1a the fictitious state of stress in whioh the super-
fluous fastening at Bis remoYed, ant, 1natea4 of the m:ak:noa 
reae11Ye oouple Kei a 001lple equal to unlt7 ie applied. !hie 
seeonl state of stress is a aiaple one. 
the rotation. e oan easilJ be obtained. 

!he defiection 7 an4 

Appl7ing the reoipro-

oal theora we have PJ' - • & e • O ; • s • !z Again. the ae-
e 

tleotion c'ID'Te for the fictitious state of stress represents 
the line of influence for tbe nperfluous reaot1Te element 116 • 
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Kethod of Proo ectu.re 

Plate ·. I. Set Up · -of Appnr t1:1s 

De~criptio~ of Apparatus Used 

!he apparatua required for finding defiectiona in 

the mo4els b7 the deformeter method is shown in plaie I. 
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!be defometers used, as shown 1n fig. I, are made 

frm. a.114 steel bars one-half b7 three-e1ghte inch 1n cross 

section. Springs are ueed to hold the rocker bar in its 

position on the fixed bar which wae fastened to the drawing 

board by woOd screws l>. !he supports of the model are 

clamped between the rocker bar and the bar B.. l'or rotation, 

(moment) , a filler is inserted between C nna the glass :plate. 

~o:r 110T•ent 1n an axlal direction, f reaction)• fillers of 

equal thioknesa are 1neerte4 between Band C and the glass 

plate. :for lateral movement, (shear). s filler ie inserted 

between A an4 the glass plate. 
!he fillers used in the experiments were !"&ZO:r 

blades, 8J14 a thickness gage. 
!he mirror used was a piece of plate glass mirror 

about t z lf 1nchee on the baok of which a rasor blade was 
gluea. When in use one edge of the rasor rested on a mirror 
plate which was compoeed of a glass plate 2" x •• on ~1ch 
two stripe of paper were glued to keep the rasor blade from 

el1:pp1ng. !he top e4ge of the mirror was mon4 bJ' a airror 
bar whioh was 1n 'h.m b7 the mo«el. !hie mirror ba:r 
was male fr• a pteoe of copper tubing about 12• long with a 

nee4le in one en4 to atiok in the ao4el. ant a piece of paper 
gl.11.e4 to the flatten.et en4 whioh reeted on the mirror rasor 
blacte. 

!he scale, plate II, wae made on a long strip of 
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!late n~ ne Soale 

pap•r D011Diej on .a 1~s• drawing ltoar4. &e uita for the 

•oai. an '-"•~ -.. fo~lo••• 

bJ s inti I a r -t Yi an J le J : 

0,10 : .sL ::. 0-87 : 2+0 
2 

-~ = 240 z. 
d= ss.11s" 
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!he eoale was aau IT.175 inohea long &D4 'than din.led into 
a thousan4 equal parta so that a deflection could be :ree.4 
41rectly to one ten thousan4:th of an :iJloh. 

!he plane table al14&4e, plate I, waa borrcnre4 

frca the 01Til Bngineerin.g Depa:rtaa.t. It was used to :read 
the scale whi,oh was reflected through the mirror. !he 4e-
flect1 ona were rea4 41reotly 1n iaohea ae Jmnn Aeformationa 
were applie4 to the ao4el. 

!o reduoe friction the model rested on quarter inch 
steel ball bearings and these in turn were free~ roll on a 
¼ inch thick glass plate. At aeveral points along the model 
811&11 weights were place4 above the bearinga to keep the 
material from buekl1Dg. 
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Plate 111. 11.zed Ended Be• 

psums 

--- Model 
- - - - Mcrth, 

l 2 3 + S " 1 8 'I 10 11 13 

Jig.. 2. Influence Line for Moment at A. 
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Poiat Koclel Jlath. 

A PaY 
e -,;r 

l O.80 o.a1, 
2 1.62 1.6'5 
3 2.08 2.096 
4 2.48 2.492 
5 2.,2 2.740 
6 2.82 2.860 

' 2.88 2.868 
8 2.76 2.780 
9 2.56 2.610 

10 2.58 2.3'15 
11 1.88 1.,ao 
12 1.13 1.120 
13 0.54 O.618 
14 o.ua 0.1105 

!able I. Data for ng. 2 

PoiD't Kool llath. 

1 O.360 O.867& 
2 1.160 l.1?60 
3 1.880 1.8200 
4 2.280 2.2936 
5 2.600 2.6160 
6 2.,,0 2.8000 

' 2.850 2.8640 
8 2.820 2.8840 
9 2.660 2.6950 

10 2.,,0 2.'69Y6 
11 ,.2&0 4'.1660 
12 3.010 2.9000 
13 1.6'10 1.6380 
14 0.662 0.6285 
ll. 0.8'0 0.8300 

total 32.002 !2.1050 

!able II. Kcaent 1D Inch Pollll4e. 

fJ.rea Vncter Cune) 
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!he resul.ts fraa table II show a variation o'f ODl.7 
o.~ between the total moments of the mathematical an4 model 
solutions. !he :fixed ended moment 1a equl to w'Il/12 which 
gives 31.4 inoh-pouna.s. !his shows the Tar1at1on of 1.11,C. 
:Pig. 3 ie the influence line for reaction. at A. 

--- Model 
- - - Math, 

1 ,2 3 ... s ' 1 8 'I 10 ,., .&2. is 
I 

•+ 

ftg. s. Influence Line for Beaotioa at A. 

Point Xo4el Kath. 

Hi!.,.. (Jla. abou.t B) 

1 .991 .995 
2 .9f0 .t'l2 
3 .MS .M6 
4 .893 .BM 
6 .840 .8'1 
6 .,,, .,,e 
' .n1 .no 
8 .138 .a, 
9 .660 .Hl 

10 .,u .48' 
11 .2,, .29t 
12 .ltl .116 
18 .08' .086 1, .011 .01, 

!able III. Data for ftg. a 
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Plate IV. The Bent. 
Sbowlng poa1t1on for horisontal loa4a. 

].5 I 

J I:: 3 l --d- Q cs ..... - l J l" 1 I•l 

'1 I 

fig .• ,. 



nat• v. !he Bent. 
Showing poeltion tor Tel'tioal loa4e. 

!he Bed 

!he bent, aa ahown. in fig.,. waa firet eol.Te4 
aatbematloall,- ld.tbov.t b0Wle4ge of the faot that there wae 

a 41ffezuoe 1D the aohlu of ela.atieit7 of the 41tterent 

-l>en • 
.After t1D41ng that too great a 41ffennoe ooov.red 

'be'iwMA tlle •th•atioal a&4 ao4el aolutiona the mocllllu of 

elaat1o1t7 of ill• at111Hra waa oheoke4 an4 fou.ncl to be 1n a 
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ratio of about 4 to l, (the columns being of the.stiffer cart-
boan). ne bent wae then so1Te4 taking into account this 

difference in. the ao41llua of elast101t1, table IY. 

!ahle IV sh.owe the eolumn analogy solution for a 
loa4 at point 14, 

11ga.na 5, 6, aa4 Y show the caparison beh'een 

tbe mathaatioal aa4 aodel influence llnee for moment , shear 

an4 reaotion reepeotiv•l.J• 
!ables Y, n , an4 nI ahow the nluee of the in• 

:tlunee liMa 1n the ••• o:rter aa f1prea 5. 6, an4 9. 



Nop? : See Cro.)s o- 11 o,..4]41"\ ,, 
on Conrinvo vs Frarne.:l o f 
Reinforced C O r'.C rere1' for 
Com plct('. dera ,1., . 

bl~ r ti '.f:r = 3 cl-
+-
0 

lA 

·- 7.5 - -1 

-- ---· -- ... C - 0 

u~J_ 
a 

El'°+ 
l_ 

PRoPEl'TJE.S oF- SE:cT1f"\N 
G1v£N Co,- purF"n 

oi ) f:-L. STATICAL. .PR ODUCT3 
I.A .... 

AREA M ft~ S-NT., . ,....t- J oJ ll I 4. C> ,:, f:I (: "Z X, ~. ax2 ay~ ... "' a a1: AtJ ~X'J 
...J +i.t +i,,, +f .,,., 

a. 10.4 4 -j_7y -0.;?.. 2.. b -9.15 -.5i. ~.58 . /Of 1.95' 
0 23.44- 0 

b 7.5 .3 0 s 2 .5 0 125 0 &Z.50 0 
l l. 72. 0 0 

JO.D + 3.75 0 2. .5 9.375 0 3S. 15 0 0 
C, 0 20. l52. 0 

C OltRE.c1 ,oHJ fO 7., --37S JJ. 98 83.45' 106.8'+ I.9S 
C•N T"OIO -.0494 J.576 A .0% 18. 88 -.592. 

Co1uu:cr10NS f-Oll l>uuYMMf;T"Y 
83.+3 8 7. 984- 2. . 542. 

,07 .07 - 83.36 87. 91 

F-1 .t..STIC ( 1""1.4 n 
GJVEN CoM P JTF-D 

.p )( ':J Mx. My 

234-4 0 5 0 Il,720 
-115. 9 3, ,90 
+ l 15. 9 8030 
-' 2~.2. .1 3 . .'f 
- 11,.2 8026.S" 

M. -'= E. -t MJC' X .. M.y 
1 A Ix Tr M = M,-.Ki 

·TA~·LE N. COLUMN ANALOG y (Lo4d. at f'""t 1'-) 

C>I ..... 



1o1D.t Kodel 

la -1280 
2a -1860 
3a -2280 
4a -2610 
5a -2820 
6a -2960 ,. -2980 
8a -2980 
ta -1900 

10a -2780 
10b + 60 
llb + 80 
lib + 180 
lS'b + 2,0 
1,b + 820 
16b • 380 
16b + 280 
l'lb + 120 
18b + 20 
180 -2f,&() 
190 -2680 
200 -2uo 
!lo -1890 
220 -16'0 
2So -1140 
24e - 810 
260 - 620 
IGo • 260 
2,0 - 'IO 
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Math. ~1, Variation Ka-th. 
Ocmetrmt 11 fr• mot.el B:4:l 

Constant 11' 

•ll86 ,.z •1205 
•lf94 3.5 -18'6 
-2232 2.1 -2326 
-2625 s.2 -2662 
-2690 4.6 -2879 
-8765 6.9 -2996 
-2766 7.6 -3022 
-2688 9.8 -299-i 
-2682 9.2 -2904. 
-2658- e.o -2810 

0 0 0 
+ " '°·o + 82 
+ 101 ,s.o + 181 
• 140 61.0 + 269 
+ 160 150.0 + au 
+ l&f 12.0 + SSl 
+ 12, M.O + 276 • 6'1 44.0 + 162 
+ 0 0 0 
-2166 ,., -2820 
-2196 , •. 1 -263' 
-202,i t.6 -2220 
-1850 2.1 -1es, 
-ino 1., -1'815 
-1105 s.o -1118 
• 801 1.1 - '" - 486 , .. _,_ 
- 23S 10.0 • 218 - 61 11.0 - 67 

fab1e Y. VaJ.ues ~or •1;. 5. 
(Moments in foot-pounds.) 

'I, Tariat.1oa 
from motel 

B-4:1 

5.8 o., 
2.0 1., 
2.0 
1.1 
1., 
0.6 
0.1 
0.1 

0 
1.6 1., o., 
1.0 
0.16 
1.1 

21.0 
0 

2.8 1.a o., 
1., 
1.6 
2.1 
6.6 

12.0 
16.0 
18.0 
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1 
J,- ',. 

1 • 

? 

I I 

t, 

a. C 
b 

4. 

:~ . 

2. 

l 2'1. 

M~tn. E ratio 4:1 

----- --- -- ---- --



- 34 -

Pob:t Ko4el Kath. 

la .990 .990 
2a .946 .950 
3a .855 .896 
"8. • '194 .860 
5a .,,o • '190 
6a • '102 ·'" 'la .641 .656 
8a .61-& .640 
9a .481 .530 

10& .469 .,,, 
l0b .015 0 
llb .046 .oss 
12b .068 .066 
lSb .086 .086 
1,b .091 .091 
16b .084 .084 
16b .061 .064 
17b .ozo .032 
18b 0 0 
18o .496 .478 
190 .42'1 .426 
20c .374 .36'1 
210 .306 .300 
22c .229 .240 
23c .183 .179 
Uo .146 .122 
!60 .0'16 .o,s 
260 .045 .OM 
2'1o .OlS .009 

!able VI. Values 'for Jlig. 6. 
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H.1. 11. 12. l'-< .... 14. 15. 16. l" I • 16, 

10 18, 
I B. b. c. 
I 

q t 19. .. 
I 

8. I ~0. 

7 . 21 . 
I 

6, I ')9 .... -. 
I 

a. c. I 
I' 23 • .., . 

• 24, ... .:: . 
.., 25 • .. 
') 

)~ -· -'::>· 

1 -
,,,. ... 
;;, I • 

--. 

~o..:.el 
l1a.th. (E r~tio 4:1) 
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Point Jl.oclel Jla"th. 

la 0 .001 
2a .023 .ozo 
3a .0-48 .060 
,4a .10, .104 
6a .137 .156 
6a .214 .219 
7a .290 .806. 
8a .406 .3'18 
9& .443 .476 

lOa .680 .584 
lOb .992 1.000 
llb .886 .907 
12b .148 .780 
13b .6Z4 .644 
14b .496 .501 
15'b .&59 .359 
16b .221 .221 
l'lb .091 .090 
18b 0 0 
18e .58? .585 
190 .480 .475 
20c .39'1 .3'15 
21c .305 .289 
220 .224 .212 
23c .153 .148 
24c .069 .095 
25c .053 .053 
260 .015 .025 
270 0 .006 

Table VII. Yaluee for .Pig. 7. 
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l , . 
..J• 

10. 
,. 17. 

lb, 
18, 

b, , 
I v• 

I 
8. 

I 
1~. 

I ,.., 
I 2L'. 

I 
G • I 

~.l. 

I .... 
y ...,. c. n~ ·-.::. 

i . ., .... "-- . 
' v• 24, 

,-·~· 2:... 

.... z . 
. 

'"'I • 

.. l' 

... 
:Mo:lel 
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Application of Ko.tel 

'lhen a known set of loade are 1n "'14enoe it 1a 

no't neoeaaa17 to oo:natruot the whole 1nfiuenoa line. but 
juat tint the shears aD4 react1ona at one 81JJ)port 
for each loa4. With tb.eae Taluea the. mOMJXt diagram can be 

worltea out &D4 the oroae aect1011e oheolte4 to aee 1f the7 
are prOl)ttrl.7 etnsaed. 

Illv.stration 1. 
1000 pourids 

a£ points S 4 I 4- S" 

D 
A 
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Koment at ll (mm. a.'bo11t :B) 

+ 380 - 91.6 X 10.4: -634 ft. lba. 

Koa«nt at O <••• about. C) 

- 634 • 3750 + 496 x 7.5 a -664 ft. lbs. 

Moment at D (mom. about D) 
?91.6 x 10 • 664: +252 ft. lbs. 

l(J1 131 i 
188 ,.- J l-839.S D \~------.,/ 

B C fl-

/(JOI 

A 
77() 

- Z 8 2.0 

]) 

! 131 

Koaent at B (mom. about B) 

230 

l.JO 

-1000 X 5 -2820;, 10.4 X f,0: -t-188 ft. lbs. 

K01Hnt at C Cm•. about O) 

+188 - 13V x V.6 a - 839.5 tt. lbs. 

Kment at D (ama. about D) 

t230 x 10 - 839.6: + 1460.5 ft. lbs. 



total Koments 

•. 2e20 320 • -2600 n. lba. 
B • .. 634 + 188 • • 444 ft. lba. 

C : • 839.5 - 6M a •16015.6 ft. lba. 
D = 1,w.s t 212 = + 1n2.a n. 1ba. 

14: : + 6902 

5 a~· 1260 

(+) 

I I 

:Jlnal ___ , J)lagnm 
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Illuetration 2 
Uniform load on girder of 1000 lbs. per ft. 

A D 
I 

hca the area un4er tb.e n.nea: 

KOIIGt • 1600 ft. 11:HI. ( A ) 

Shear, 4'12 lbs. (A) 

lleaotion, 3'160 lba. (A) 

- 33/D ( I I I I I I l ( l I ( 11 I 11 I I l I I I / / - 32 '-" 

"'---~· ri-472 D C _4_7_2_ 

472 A 
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Jloment at B (mom. about B) 

• 4'12 z 10.4 + 1600: • 3310 tt. lbs. 

Koment at C {mom. about O ) 

• 3310 • 7500 z 3.Y6 + 8760 ::z: T.6: • Z260 ft. lbs. 

Jloment at D (mom. about D) 

• 3260 + 472 x 10: + 1460 ft. lbs. 

Koment at center of gtner 
t 1600 • 4'2 ::z: 10., 3760 z 3.76 

• ST60 x 1.875 a+ 3755 ft. lba. 

Bending ll«.ent l>1agram 
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DISCVSSIQI 9! DSULfS 

A.a a whole the reeulta obtaine4 eompare4 Te;q 

fayora'bl.7 w1:\h 'Ule math•atical. theory. !he -rariation :trca 
the 11athematioal solution was cble to three aaJor causes: 
naael.7. the uder-4enloped teo>mique of the experimenter. 
the limited amount of materials and apparatus, and the 1n-
acourac1ea ooouring b7 not carrying the mathematical solu- · 

ti on far enough. 

BYen though the writer 414 not have •uoh a :t1Del7 
develope4 technique he has everJ' reason to believe that the 

ao4el la lust ae aoourate as the mathematics. fake, for n:• 

811J)le, the results on the fixe4 ended beam. When the 111-

fluenoe line for moment was construote4 mathematicall.1' and 

the mcacm.t f01ID4 1:t7 ~alting the area under th• ourre, an er-
._.,._ 

ror was 1ntro4uoe4 b7 not oaff11ng the solution to the last 

4Miaal plaoe. 

thctn there 1a a ohuoe for inaoouraoiea in cutting 
out ~e '1<-4lel. It ia not a 41ff1oult probl• to make a 
mol.el of a 'be811l. but extra preea:a.t1on au.at be taken in form-
ing a aoAel of a structure where the oroaa-aeotional area of 

the Uf:tereat ••'Den are not the ..... 
!he apparatus use4 waa reaaoubl7 accurate, but 1:t 

one wanted to experiment further in model testing. the defor-
aeter should be redesigned.. !hat ie, rotation should ocour 



abOllt a point on the oan.ter 11 .. where th• ao4el ooaea out 
of the deforaeter 1mtea4 of about a point which ia four 

tenths of an 1noh from tbe outs1cle face of the clamp. 
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co•m,us101s 

1. !he reeulte fr• the 4efometer aetho4 of mo4el 
testing oan be aaae as aeourate as the aot.el aD4 the appara-
tus uaea. 

Ca) file motel oan be made aa true a representation 
of the full sise structure ae ie desirable. 

2. !he motel 1a bel1eTed to be more aocv.rate·1n 
its results when ~•signing auch etruotures as bents becaue 
there has alwa7a been,a question aa io where the oolumn en4s 
an4 the girder 

s. !he ohanoea of aak1ag aieiakee when designing 
b7 JR04ela are gnatl7 re4uoe4 411• to the :faot that the atepe 
v.ae4 1n reaohing the solution are few in D.1111lber aa ooapare4 
to the aatheaatioal anal7eie. 

,. lhere the atru.otun oontaina meabera of T&rial>le 

oroaa-aeotion 811.0h aa a haUDOhe4 beaa or a tapere4 column, it 
ie the op:1nion of the writer that lesa tiae would be COD.8Dlle4 
in 4eaign1:ag 'by the uae of a than b7 the use of 11athe-
11&tloa. 

5. !he use of model• enables one to see luat how 
the struoture will act when deflected, therefore making it 
easier for the designer to show •h7 reinforoement ia plaoed at 
certain points in the structure. 

6. !he uae of 1104els in design 1e an enr 1noreaa-



1ng fl.el.I, an4 1 t 1a to be expeotet that ao4el testing will 

attain a Tery 4efin1te an.a important position ae soon aa en-
gineera cum. be made to realize the poee1bi11 t1ee of this 

method. Alread7 oerta1n tnes of models are being used 1n 
the lesign of the largest ag1Jl8ering projeote aa a oheclt on 
the aathematical solution. In oloaing it might be a44e4 "11at 

the fv.turf) of the deformeter aetho4 of model teat1q depend.a 
upon the aeo'fU'807 of the result• obtained b7 the uperiMn• 

tera. 
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