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INTRODT]O'TION

The original objective of this thesis was to investigate
the amount of eccentriclty which must be providod for in the

design of struotural steel columns in buildingsn Howeveru

after the experimental appartus fdas designed, fabricated. and-

erected, time nras limited, Therefore, the problem to be

investigated was limited. to an experimental- comparison of steel
eolum¡: eccentricities prod.uced lry gusset and seated beam

sonnections. ït is hoped, hoiruever, that the original objective

shall be reached.u through further experimentation by others at
a later öate"

.4.s both the gusset and. seated. beam connections are used.

in structural designo âfl experimental comparison as to their
ability to t,ransfer moment, caused by eccentric loading, Trias

made,

First o íl was necessary to design a Test Frame, oE uhieh

the experimont could be earried. ou.t" In addition, a troad Frame

1¡ras designed., in which the Test Frame might be loaÖed" This

was doneo an.d the plans turned over to Ðominion Brid.ge Co.

Iimitedu who fabricated the steel" Upon delivery, the sieel
Ti'as erected in the l¡iaterials Testing laboratory,

The loads were applied to the Test Frame by means of

Tension Bars which vrere first calibrated." in order that the

iii



amount of applied loao might be knot'un,

at one section on the column leg and. a

esta'olish the points where gauges would

Gauges lvere then placed. a'r, six sections

Length sf the columnu and the frame vrlas

Six gauges ri/ere placed.

preliminary test run to

be most advantageolrs.

, d.istributed. over the

then ready to be tested..

Three tests were ru-n as follows;

Test No" 1, ïIsing the seated beam connections; ã.

load was centrall-y appl-ied on the lower beam of the Test

Frame 
"

Test I'To" Z, ïfsing the gusset connections; a l-oad

lffas centrally applied. on the lower beam of the Test

Frame.

Test No, 3u üsing the seated beam connections; a

load. was centrally applieü on the upper beam of the Test

Frame 
"

For these three tests, the bencling roornent distribution
in the colrrmn of ths Test Frarne n¡as caloulated., and a d.iscussion

gf the results made,

.4" photograph of the troad Frame and the Test tr'rame, âs

assembled., immed.iately follows their d.esign on page 15"

1V



TEST FR.AJvÉ

ïn the oesign of the Test Frame it rryas attempted. to
design a model, which would, as far as possible, resemble a

'oent of a two storey building" The storey heights of the

model l/lJere mad.e 4 ft" 6 ins. and beam spans 6 ft" 0 ins,
For the eolurnns, it vuas necessary to use tvuo angles,

short legs back to backo ifi ord.er to obtain an tf r ratio
reasonably close to that of actuaL eolurnns 

"

ïn the design of the beams, loading was considered. as

being applied at the one-third points" Two sets of beams,

r,vhiah were to be made up of channels back to back, were

clesÍgned.. ûne sot was made stiff enough sg as to have very

litt1e deflection and give a fairly well distributed. load. on

the seat angle' The other set was d.esigned for a stiffness
in relation to the colu.rur, similar to that for a prototype,

vuhich would give results similar to actual f ield cond.Ítions,

Due to a shortage of the smaller ehannels required in the

latter set, the Dominion Brid-ge clo, r¡imited substituted
channels a little larger than those requested., ohanging the
colusü'l and. beam stiffnesses from the desirable ratls,



FTI{.å.I }ESTGXT OF TEST FËAX{E

Õolumns

Tlsing 3 angles 2* x ? x z s.Iob,b,
TJnsuBported 3-ength 4t -6n o, b4,t

I'east r = 0"59

tly = 54f O "5g = 91. b

For an unsupported. length of 4t-6rr the a1lowable

concentric loaö ls A? kips o

Th'e ]..fr ratio is suitable, as it is reasonably close

t'o that of actual aoLumns u therefore t,he å? kips arlowable

concentrj.c load will govern,

Apply loads of Z"b klps at the one-third points,
gccentriclty of l-oad = 1"66? I 0,54 = ¿.Iln

'ï:,';î:. 
;';ï::;;.-::îu==*1. i i,;:

where Bx = "À. = Z"!Ê_ = 4uZE
s1'Í" 0 " 5

Thorefore, this loading glves an equivalent
coneentric Load approximately equal to the
aIlowable of Zf kips,

Apply loads of 4"0 kips a.i; the one-thi-rd points,
Equivalent concentric load = p / X{ Bx

4.Q l{+,0 x z,rl) 4,25 = 3g"g kips.
This load.ing is r4B t/o of the 2? kips allowable,



g

-å.s this load is well under the failure load, it may

be used to exaggerate the colr¡¡ur bend.ing csnd.itions"

Beam Channels

lhe first set vrras designed. for a stiffness in relatíon
to the column, similar to that for a prototype"

f*ppfy load.s of 2,5 kips at the one-thirö points,
TTso Z channels a x bõ/g at 5"4 lbs,
I6'2x6,8=1"6ü4
g= elaexzx!z= 6o,ooon#

$ = 60,000 x 3 = :-7,aQO p"sui"
Y"6

The second set was designeÖ stiff enough so as to have

very litt1e d.eflection"

Apply loads of 4"0 kips at the one-third. points,
Use Z ahannels 6 x Z, a\ B"â lbs"
J= zx:-.zoo= z6"ot'4

M = 4000 x g x lZ = g6,e}0't#

s = 96,000 4 5 = 1],100 posoin
26.0

The beams substituted. for the first set are as follows¡
Àppfy 1oaôs of 8"5 kips at the one-third. points.

e channels 5 x 1S at 6.7 lbs"
I = P, N. 'l "4 = 14,U::n

]ìl[ : àlo} x 2 x I2 = 60,000n#

S: 601000 x Ê"5 = 101100 p"s.ic
T4 "B
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Seat Àngles

TTse four Sf I incn dlameter bolts"
iipply loads of 2,5 kips at t,he one-third poi_nts"

Ðesign for flexure of vertical angl e Ieg at net section
on upper rivet lineo

=.Íl

r{
¡

6\3

{\l
¡l

I

c\t

Use 6x4xS/e angle

1}{ = e500(1_"667 t.øIA)

= 6øg0"iÍ

ï,ength of angfe required.

=6-stzt
= 6 x5390 = ?,911

(0.6¿s Jz o 18,000

length of angle availablæ

eta"n) /n.eø -1,åF
= 1" 667r¡

; 4"An {Satisfactoyy}

and tension in bolts"

$s = 85oo = 6zb íi'f br*tr,
4

,{"Llowarole in shear = ZT?e lf f Aalrt"

( $atisfactory )

Sfoment of Tnertia of bolt areas and

comtr)rossion area = t/g x +,tls

ri {o. g v)ß I z x o,go? lo "srT I a.BVa)
: 6,Q4" 4

l¡.i ^^!L¿ UÞ

T-*J

Gheck for shear

¡2, Ã

=<i
r*{

¡
6\l

w
t-
f

,R?
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BoIt tension = 8500 x 1.667 x 2,87 â l-g80 p*s"in
6. 04

Àllori'able in tension = 18r000 p.sni. {satisfactory)

Âpply load.s of 4"0 kips at the one-third pointso

. Þesign for flexure of vertical angle Ieg at net, section

on upper rivet line,
Oonsider same 6 x 4 x Sle angle

IriI = 4000 tl,oo? Ç"Brz) = Eq.a1ttli

length of angle required : 6 x E4Z0 = 4,6?tlffi
Length of angle available = 4"Otr

This vuill be satisfactory since at this loadíng the

colurnns are at l:48 -f/o of their allowable"

Check for shear and tsnsion in bolt,s"

Ss = 400Q ã 1000 ll,flot:*.
¿L

.å.11cr¡,¡able in sbear = 70,10 {f /ao:J (satisfactory)

Iv[oment of Inertia of bolt areas anô- cornpresslon

area = 6,Q4"4

Bolt tension = 4000 x 1-667_ 4 Z"B?,= B,\?A p.soi,F
Ål1owable in tensi.on = l-8r000 pus,iu {satisfactory)



o

Gussets

Irse 5ls

-{pply loads of 4,0

inch diameter bolts"

kips at the one-third points 
"

üse bolts in the eolu-m$."

= ^l 
r.?B É 5"06 : ,¿,62 kips/trolt"

¡rllcvsabl-e in shear = 2u93 lr-i-ps/bolt"

=l/r\z l/yec\a=l¡ffid\n/ \4e¡ il\sl \ z*(+)zl

t7

Ë^

l--7 f an

4 kips

I

-1

I

--1

)

{Ëatisfactory)



Use 4 bolts in the beam,

t,o I 6"25 = 2,69 icips/nolt,

i,1lowalole in shear = 2.93 kips/bolt,

{satisractory)

Á detailed. ôrawing of the Test Frame is shown on pag€ B"
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lOÀD FR"A,ÌvIE

The Troad. Frame was primarily d.esigned. as an enclosed.

frame in which the fest Framo eould" be Ioad.ed., It was mad.e

I ft" 0 ilrs, eentre to oentre of eolunns and of such height

as to be cornected to the coiling of the Testing ï,aboratory.

ït was recogni.zeû that sueh a frame could. be used. for
testing other frames, large eulverts, etc" after this test
rras comp3-eted" Yfith this 1n mind., the frame was d.esigned. to

withstanô a central-ly applied. load. of 80 kips.

FINÁ.I DESIGT{ OF TCI.A.Ð FBAUE

Frame to take central Load. of Ê0 kips"

load. Channel-s

The be¿ms, or load. channels of the load. Frame rvere eacLt

made up of 2 channels,

Sach channel to take 10 kips central Load. or

å0 kips uniform 1oa0,

From .linI"S,C" 1 channel 10 x ?,-5/e at 15,3 lbs,
wilL aarry 19,9 kips uniform load. if, l-aterally
supported. 

"

Therefore, 4 i,nah. diameter pipe sBaoers u,ere used,

between the 2 J-aad" ehannels to give lateral support.



10

load. üþannel Connection

tentral load. of ZO kiPs 
"

T'oaÕ'f ehannel * 4 = 10 kiPs.
2

Tlse 1 1 inch diameter bolt in eaeh end',

loaa/nott = 19 = 5,0 kiPs"
2

.A.llowabl-e ln shear = ?,85 kips/bolt'
($atisfactory)

The top load. channels were coped at Qne end to frame

into a concret,e beam. This reÔuced the web avea available tO

resist the shear"

loaû channels 10 x Z-5/B at 15,ã lbs'

Soad/channel ;10 kips'

Ilnd. reaction f cinarrr.el- = 10 = 5 kips '
e

.A.rea required in shear = _flll = 0n4 sqo ins,
1g,000

.å.rea provid.ed. = + x Il4 = 1"0 sq" ins,

{satisfactory)

Columns

The columns of the Ïoaô I'rame Ttlere mad.e up of ? ehannels"

In using channels, the load must be appliedo so that the

columns r,¡¡i11 always be in tension" $ne column was maôe 12 fl'

+-t/+ ins" higho as it was connected. at the top to a fl-oor beamo
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The other eoi-umn was made 14 ft,, :--:-f 4 ins" high as it v,¡as

connocteô at the top to thq ceiling"
tentral load of å0 kips,

Ioad./co1u.û1t3. = ZO = 10 kips.
T

I{et area required. = 1!rl)0¡} = 1/Z sq. in,
eo ,000

l" channeL ø x 1--I/2 at 4.1 lbs" gives

1.19 (r x sf lo) = 1,0 sq, i¡1" (satisfactory)

Holryever, as 10 x A-518 at 15,g lbs" load channels

uiere used, the colu¡ms vuere made of ehannels

10 x Z-Sf A at L5"3 lbs, and 4 inclr d.iamet,er pipe

spacers used for add.ed. rigidity"
The hol-es for the load channel connections were ôriIIed

on the centre line of the columns at intervals of 6 inches,

which worrlö allow the load channels to be m'oved. un or down to

any ôesired position"

Base

Central loaÖ. of ?0 kips,

M = ro = Ê9q-000 x g x IA = 54er000"#

Use l¡ilT 18 x AZ at 65 l-bs,
NAI=533"4"= y=6rl

ñ : î\{¿ = Þ40,!00 x,6 : 6ov0 p,soiu
r 533"4



TA

'ïherefore, allowable = 40r000 pusein

Column To Base Gonneotion

For tbe colurnn to base connection, a

plate was welded to the flanges of the base,

channels bolted to the gusset. The flanges

strengthened by vuelding in a f/e ineh Étate

to fit,

tf e incn gusset

and the column

of t,he beam ïqere

which was ground.

12 Td-F at 65 l"bs " = 5/gn

= afaa

0,265n

5000

1d=
bt

Flange thickness of l2 x

ifeb of 10 x 2-5/8 shannel

Use 3f en weld., throat --

length of weld requireð 
=

9 xL? xlB 17õ which Ís
t2 x 5/B

less than 600"

($atisfactory)

==T,-==

-f il --.1-'tl
tl-f r -1-

__rL__

Ll,õ00 x CI.365
= 1, 67It



t3

i{e1d the width of colu.rur channel = 10'¡

(satisfactory)

Fipe Spacers

The pipe spacers rtlere made up of 4 inch diameter pipe,

with vr¡ashers tack welded. in

each end in order to keep

the bolt central"

J" d^etaileö. d.rawing of the lroad Frame is shown on page 14"
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load. Frame and Test Frame



CåITBR¿i.TIOIT ûF TEI\ÌSIOi{ IOJ"DII\TG B-{RS

-A.s the loading was applied from the load Frame to the
lest Frame by means of Tension Bars, it was first necessary to
calibrate these bars, This was done by placing a strain gauge

on the Íension Bar, and loaÖing the bar in a testing machineo

takÍng care to keep the unit stress below th.e elastic 1imit of
the bar" Gauge readings i¡vero taken at 500 lb" load increments

and the gauge increment was calcuf.ated., taking the read.ing for
zero load. as øero strain"

lhe fotlovuing table of values lvas reeorded, and. a

load. vs C,auge ïncrement graph d.rawno '

l,,oad.
( lus. )

Bar Ï\io " ]- Bar No, I
Gauge Reading Increment Gauge Ëead.ing ïncrement

U

500

1000

1500

u 000

e500

3000

3500

4000

8A33

82,91

8ø48

8404

8459

85J.7

8Ð1 A

86e8

B689

58

1r5

171

226

284

839

395

45Q

7368

7430

'1489

'lã48

7 607

7664

Yry AO

77'ì 6

7834

0

6A

1e]

180

ÐzQ

a96

352

408

+66
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1A

Ilotrr, by using the appropriate gquge increment, the
tension bar courd be used to obtain any desired load."

Tension Bar liïo" l vrras useÖ to apply Load. to the lower
beam of the lrTest Frarne.rl

Tensiòn Bar ivo" ? v,¡as used to ap,oly 1oa0 to the upper
J¡eam of ihe rtTesl, Frame,rI



?R1'ITIMil\ARY TEST

The preliminary test v,ras performed to establish suitable
locations for the strain gauges, six gauges !îere placed on the
colurnn 8r-1rt from the baseu .A. J-oad. was then placed. on t,he rower
beam by Tension Bar No, L irr increments of b00 lbs" up to a

maximum of õ000 lbs., with gauge read,ings taken after each

i.ncrementu The fol]owing table of resul_ts was obtained:

load.

t10So,

Cøuge

I
(.¿tins " )

rA

(tj-ns '

'4
(:¿j.ns. ) l4lns.

o
t.rl4lns. )

7

(,¿ias 
"

I
(.øins 

" )

0

500

1000

1500

e000

å500

5000

OUUU

6058

6l_16

61?1

6AA,?

6285

6943

5994

5990

599e

599 6

5991_

5992

5990

59+B

594'r

5947

5948

594'l

5946

5946

600ã

599 I
5996

5990

5986

598e,

5979

600¿

5987

5980

5974

5969

5964

5955

5986

õ979

5972

596?

5969

5956

5950

598e

59t5

59 69

Ðvb4t

5958

595A

5948

e500 lb"
incrernent

500-3000
0 -1 -i_9 -32 -e9 -2,7
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'back

gauges to the

Gauge Distance Gauge ilistance

]- B0rl

1.8051

0, 54;;

o

7

Ìt

2"2911

0, 81n

o,a4rl

* gauge locat,ion d.iagram for the Freliminary Test

accompanies the graph described belor¡¡"

The gaqge increments for the ?SOO lb, load increment lrdere

plotteû on a graph according to thei:i: l-çcaiiar:. nc;i the angle,

The ccnstruction of ihe remainder of the graph to obtain tlre
axial load in the angle is d.escribed. in the following paragraphs.

Theoretically, the axial load in a column passes throrrgh.

the centre of gravity of the column, Tn. i;his case, where angles

v'/ere used in the coluans, the contre of gravity of each angle

vras in spaceu and it' was impossible to measure the axial strain
directly by means of a strain gauge. Thus it became necessary

to caloulate the strain at this point frorn strain readings taken

on gauges i¡r¡hich lïere on the angleu These gau.ges vuere 3, 4u 5,

6, ? and B vuhich were mentionçd. above, Gauge I is on Tenslon

Bar Ho, 1,

;i"fter the gau€e increment,s for these six gaitges were

plofted according to their location on the angle, lines through

these points on each leg were d.rawn, thus giving a strain line
for each 1eg, The strain on the Y-Y axis as measured by

The d.istance from the centre

of the angle (near gauge 8) is
line of the

as f ollor,rs;



ZT

gaug€ 5, plu.s the diff erence between the strain at the corner
rlear gauge B and the strain on the x-x axis at gauge 7, gave

the strain at the centre of gravity of tho angle. This tiren
r¡ras the axial strain" This value r¡ras obtained graphically"
'fhe strain reading at the y-y axis (gauge 5) on the short, leg
was carried. over to the back of the angle. starting frorn this
point a line viras drav'¡n parallel to the strain line for the long
leg until it intersected. the x-,ï axis at gauge ,l " This point
gave the axial strain for the angleo which should. also be the
axial strain for the column" Fron the graph the axial straÍn
vras found. to be e1,0 microinches"

By actual calculation the axial strain =

troad applied = A5A0 lbs.
- -t -Loaa/ col-Tirnn = 1e50 lþs "

Jlrea of column = A,1å sq. ins"
ÃxialStrain= 18Q0_ =!g,7 x10-6

Z,]-'Zx3Ox106

= l-9,7 microinches.
¿i.s ihese two results check clos€fs, it r¡¡as d.ecid^ed the

axial strain couLd be calcu-Lated. from the strain lines for each
leg of the angle' The lines could be obtained by placing a

strain gauge as close as possible to each corner of the angle,
Thus three gauges were requireÕ, similarly placed. to gauges 4o

B, and 6 at every point on the co]umn, where readings desired,

P





Grr"UGE C'BOIIP IOCÄTIONS

The next step required was to find suitable Locations on

the column at r,vhich the sets of three gauges could roe placed"

The straln gauge switch box trlrovided for a maximurn of trrrrenty

gauges, two of'which weve requireÖ by the gauges on the Tension

loading Bars, leaving eighteen available for the colunur, lrs

each set required three gauges, six sets could be used." These

were placed. at six points on the coLu¡on, which were d.istributed
as sholvn on the Gauge ï,ocation Ðiagram. The gauges could not
all be placeù at critical pointsu for trruo reasons, Firstly,
the beam connections the¡aselves interfered., and. secondlyu the

critical Boints wouJ-d not be the same for both the gusset and

the seateÖ beam connectierlsu

The d.istance from the centre line of the gauges to the

back of the angle, location and numbering of the gauges is
shown in the following tables"

Ðistance fron centre line of gauges to þaek of angle:

Gauge Distance Gauge Distanee tauge Ðistance
4ù

6

ta

15

J-Þ

1.;801.|

1" ?B

1, Be

1,8å

1,80

! "8g

4

,T

10

1ã

J_O

19

0, å5rf

0"eo

Q "22

0,16

Q "e4
0 "za

5

I
11

I4

J.rl

a0

z "30n

2,Ag

z,54

z,g0

a"29

a "'à9



location

Ï,oad Gauge (lower beam)

load Ga.uge (upper beam)

Section ¿-A

$ection B-B

Section C-C

Seetion D-D

Section E-E

Ðeotion F-F

3, 4 and 5

6, 7 and B

9, 10 and 11

12, !3 and 14

15 u l-6 and l?
18, 19 and ?0

a4

The nurnbering of the gauges at each section is shown in
diagram accompanying the graph for that section"
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Ðimensions to points of
moment, application
through gusset

connections o

Ðimenslons to points of moment

application through seated.

beam conneet,iofis u

J- -*
E

Á11 d.imensigns

shown in feet"

ñ
F

Note;

-tY
-s.

-{-T
Tlr)
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IE$T NO. 1.

For this test the seated beam connections srere used, anô

a load. was centrally applied. to the l_ower beam of the Test

3'rame" The þearns made up of I ehannels 6 x Ê at g,z lbs" were

usçd" They u,ere conneeted to the seat angles by two bolts at
each end. The load was applied. by Tension Bar IVo. 1in
increments of 500 lbs " up to a maximum of 4000 lbs " c*auge

readings were taken after eaeh load. increment, and the read.ings

for øero load in,ere chccked. after tho maxirnum load. was removed."

The gauge readings were tabulated. and. are shown on page 2g,

The gauge readings for zero Load were taken as ..ero

strain, and. from them the gau-ge increments were measured" The

increments for each inÖividu,al gauge rvere plotted against the
applied. load and a straln line d.rawnn From each graph the
total strain increment for that gauge, for a load increment of
4000 lbs., was found"

The total strain increments for the three gauges at each

section wef,e then plotted. according to their location on the
1eg of the angle, and the axial strain calculated in the same

manner as was used in the preliminary Test.

The bending moment strain at the extreme outside fibre
vüas found' by subtracting Ëhe axj.aI strain frorn the total straln
at that' point' The bending moment strain at the extre¡le insid.e



e?

fibre lvas found by subtracting the axial strain from the total
strain at the X-X axis of the angle,

The bending moment at each section was calculated. from
the bending moment strains at the extreme fibres, and an
average talcen, A bend.ing moment diagram for the column was

then drawn as shown on page 4A.
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IJos" ) 3456?Bg10L1
0

500

1000

1500

a000

¿500

3000

U508

4000

5998 6011

6006 6019

6007 60¿0

6005 60e1

6003 6024

6002 60¿6

6000 6Qe6

6000 6029

5999 60eB

5973 5992

5980 5994

5980 599e

5980 5990

5979 59Bl

5980 5985

59't9 59g1

5980 5980

5980 597r1

6005 5993

6008 5998

6009 5999

6009 6000

6010 6000

6010 6001

6010 6000

6010 600e

6010 6001

6024 5981 5983

60¿0 5986 5988

60L5 598't 5989

601A 5989 599CI

6009 5990 5990

6005 5991 5991

6001 5991 5990

6000 5993 599A,

5995 5995 5991

Ï,oad.

(tos,¡ L2 Ig 14 15 16 :-'t 18 19 zo

0

500

1000

1500

e000

2500

ã000

3500

4000

59tA 6027

5980 6019

5989 6009

599't 6000

6000 5993

6007 598e

601e 5g,la

6019 5963

60a6 595e

6016 5989

6009 5990

5998 5990

5987 5990

5977 5989

5969 5989

5960 5985

5952 5985

5941 5982

6005 5999

600a 5988

6015 5981

6015 597?

601å 5g'ra

6007 596't

6000 5961

599't 5958

5990 595]-

6019 5998 6016

6008, 5995 601¿

5999 59gA 6011

|gge, 5990 6009

598? 5986 600?

5980 5982 6005

59?2, 5980 6008

5968 5978 6001

5958 59't5 5999

z8

Test 1üo, 1,

il-ote; *.11 ger,lge read.ings are in microinches.
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Test No" 1.

S,nalysis For Bend.ing lvloment

Section A-Ä (eauges 3, 4, and. 5)

.å,:ciaI strain = I !/tj.n,
Bending iviornent strain at oirtside ed.ge of column

= - yà (l f ) = - t6ltig.s"

Bend.ing Ivioment stress at outsid.e edge of column

= - lg x õ0 x 106 = IZ x 3O = 3g0 p"suio
(Conrf¡ression)106

Bending lloment strain at inside edge of column

= I B- f,l 1) = l?a¡ins,
Bending Ivioment stress at inside ed^ge of column

= I ? x ßo = I 3Io p.s.i" (Tension)

Bending lüomont (outside edge )

f I 590 x 0,7
=-=-= -390 te 0"479= 1\rìttlly 7-"46 : u

Bending l{ornent (insid.e ed.ge)

, 
= f r - I z].o l. o.r - ¡ 210 x r"2gt6 = I Z'tZnJ#y 0"54

;å,verage Bending &Ioment at Section À--¿i

/ ^.
= ]-Bry _f eY-e - ?egnü,

e

Ëection B-3 {Gauges 6u 7, and 8)

å"xial strain = 4.5.ø ins"

Benaing fu[oment strain at outside edge of colr:nrn
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= - 22,5 (- 4"5) = L9./,/inso

Benôing X,ioment stress at outside edge of colu-rrul

= - 18 x 30 = 540 pusoi" (Oompression)

Beading [loment, strain at inside ed.ge of column

= 11.5 (- 4"5) = I 6,¿tins,

Bending ivloment sÈress at insld.e ed.ge of colr¡rm

= I 6 x 30 = I 1g0 pns,i, (Tension)

Bending I'ioment, (outsid.e ed.ge) = 540 x O"Ayg = ?,591t#

Bending lliioment (inside edge) = I 180 x I"296 = I ffiTn,íl

;lverage Bend.ing l,,{oment at, Section E-B = 246ft#

Section C-0 (Gauges 9, 10, and 11)

.A.xial st,rain = 3 "jltLns "

Bending lufornent strain at outsid.e ed.ge of colurul

= 3I (- 3J = ZBz,t ins 
"

Bend.ing ïvïoment stress at outside ed.ge of colunn

= 38 x õ0 = 840 p"suiu (Corn.oression)

Bendlng Moment strain at insid.e edge of colirnn

= I B {* 6) = I ltzins"
l3end.ing lvloment stress at inside edge of colur¡n

= I tt x 30 =feøo pus"i" {Tension}

Bending i+ioment (outside edge) = 84O x. t"4?g : 4A2,,1-lÍ

Bending Moment iinside edge) = I 330 x Le96 ã I 4BB"!Í

.A.verage J3ending lvioment, at Section t*0 = +I6"li
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Ëection ll-Þ (G¿.uges lZ, l3 and 14)

:ixial strain = - 36,51/j'ns "

ì3ending ii{omenii strai¡¡ at outside edge of colrrmn

= 160 - (- õ6"5) a { 96,5.¿/ins.

Bending X,ioment stress at out,slde ed.ge of column

= I g6,b x Øa = I aBgS p"suiu (Tension)

Bending Moment strain at inside edge of co1ufim

= d'ln i- 86.5) = g6,5¿/ins,

Bendlng ÏÈoment st,ross at i;:*icie edge of colu:nn

= 36,5 x S0 = - l-Ogb p"$"i. (tompression)

Bend-ing ltoment (outsid e edge l

= lzBgSxo.4ïg = lt\B,ttr,il
Bending Iifoment {insid.e edge)

= 1095xI.296 =-¡1;-7vil
Á.vera'ge Bending tuIoment at $ection D-D = lL1gnlf

Section E:E {Gauges 15, 16 and J,?)

;ixial strain = 7A// ins,
Bending Moraent strain at outsid.e edge of coluinn

: _ B (_fO¡ = /- A?,,//ins.

J3enoing ivloment stress at outside ed.ge of column

= $ e? x Øe : I 660 p"s,i" (Tonsion)

Benöing lïorrent strain at inside edge of colunn

= 97,Ð i- 30) = ,t 
"5//Lns"

Bending i\,Iomçnt stress at inside edge of colu.rnn

"'$uxtv
t-læFt.e,Fqv

Re^--T-^**
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Benolng rloment (ou-tside edge) = I 660 x 0"479 = I 8r6tr/i

Bending lúoment (inside edge) = -..ee1 x 1"i96 = AgAr/Í

4.verage Ì3ending liorrrent at Section lÌ-H = g}qtt#

Secticn F-F (Gauges 18, 19 and. ¿0)

.{"xial strain = ge 
"E lins.

Bending Moment strain at outside edge of column

= 5g - (- 30"5) : ?V,ïgins,
Berrding li4omeni stress at outside edge.of column

= 2'/,5 x 30 = - ge5 p"suÍ. (Compression)

Bending l\{oroent strain at inside edge of colusur

= ar - (- 30,5) = I g",a/Lns,

Bending &toment stress at inside ed.ge of column

= l g,b x 5o = I zgb p.sui, (.Iension)

Bending ]¡,foment {outside ed.ge) = - BaD x 0"4?g = - gg6nlí

Bending Mo¡nent (inside edge) = I ZBE x !.A96 = I g}gitil

.ðrverage Bending I[o¡nent at $ection F-F = gïAn/i
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TEST 1{Û. 2 
"

For this test the gusset cCInnections rlere used, and a
lOad was centrallJr applied. on the lovuer beam of the Test Frarne.

The same procedure of loading, taking gau-ge read.ings,

and calculating the bend.ing moments, as used in Test lfo" l was ,,

f ol1ovred. o

¿bendingmomentdiagramfortheeo1umnwasagaind.rawn

as shown on page 58,
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Test No, Zu

3456ry891011
0

500

L000

1500

a000

å500

õ000

3500

4000

6060 6088 6051

6061 6087 6049

606? 608ã 6048

6070 6081 6045

60't3 6081 604A

60?9 6081 6044

6A82 6080 6Q42

6084 6071 6040

6084 60Y3 6040

6068 6087

6058 6089

6049 6091

6040 6095

60se 6099

6AA,t 6109

6019 6106

6009 6t07

6000 6109

6088 6118

6091 6100

6095 6083

6098 6069

6101 6051

6108 6098

6110 60a1

61L0 6005

6115 5987

6051 6060

6065 6066

6071 6069

6080 6072

6088 6078

6098 6A8g

6L04 6086

6110 6089

6117 609å

I'oad.

(l-ns. )

Gauge

le t3 14 15 16 ]-'t 18 19 ZO

500

l_000

1500

e000

zsQA

3000

3500

4Ð40

6066 606e

60,1t 6052

6Ot9 6042

6085 60s5

6091 6AA6

6101 6019

6108 6009

6110 6000

6118 5990

6063 605e

6056 605e

6048 605t

6089 6051

60s1 6051

60Ê5 605?,

6017 605L

6008 6049

6000 6049

6095 6117

6089 61t-0

608i. 6105

60r,r 6099

6071- 6097

6068 6091

6061 6086

605å 6080

6048 60?A

6L18 61,?t

6LL0 611?

6104 611e

6Ð92 6109

6090 6106

6088 6105

6080 610e

60¿r9 60gN

6058 6090

61¿9

6L2?

6]-28

6LZT

6rea

6tzl-

61L9

6117

6114 I

Notel Å11 gaug.e read.i-ngs are in microlnches,
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Test No. Z,

Analysis tr-or Bending Mornent

$ection ¿l-Å (Gauges 3, 4, and 5)

Äxial strain = - 9.O,¿tLns"

Bending lr{oment strain at outsid.e edge of eolumn
I

= l g0 (- 9) = I 39,¿tíns,

Bending Ïr{oment stress at outsiôe edge of column

= I gg x 30 = I 1I?0 p.$ui, (Tension)

Bending Moment strain at inside ed.ge of colurnn

= - 'à4.5 (- 9) = !S,5,Uins"

Bending l[onrent stvess at insid e eclge of colu¡rin

= - I5"b N gO = - 465 pns,j_, (Compression)

Bending }ioment (ou.tside edgei

=I11?ox0"4,t9=I56ot#
J3ending iVloment (inside edge) = 465 x 1,e96 = 6OZn/l

ilverage Bending ifloment at Seetion á"-'q. = 581tt#

Section B-i3 (Gauges 6, 7 , anö 8)

å,xiaI strain, = Z"Ql,t ins"

Benôing l{oment strain at ou.tside eÖge of colurnn

= 1? (- Ê) : -,y1zLns,
Bending Xiloment stress at outsid.e edge of aol-umn

= -'15 x 5O = 2e50 pus"i" (Gompression)

Bending lr,,loment st,rain at insid.e edge sf cclumn

= I aB {- A) = I lT-¿tLns"
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Bending lloment stress at insid.e edge of eolumn

= I 6e x 8O = I 9oo pus.i" (Tension)

Bending Mo¡nent (outsioe edge)

= 2Z5AxQ"4?9 = 1Q80,r#

Send.ing L{oment (inside edge)

= l gooxt.zg6: l116brr#

Average Bend.ing Moment at Section B-B = 3¡1ZAn{l

Section Cl-G (Gaugos I , 10, and 11)

Äxial strain = "l "Q ¿ins.
Bending l\{oment strain at outside eÕge of colu¡nn

= - 146 - (- ?) : I7gztins"

Benùing Moment stress at outsiöe edge of colu$n

: - 139 x ZQ = 4lf0 posoiu (Compression)

Bending Mo¡aent strain at inside edge of colu"mn

= I 4s {- ,?) 
= I D6zins.

Bending Moment stress at inside edge of col-umn

= I 56 x õo = I 1680 pos,i. (Tension)

Bending Moment {ouÈside eôge)

= b 4ll1 x 0"479 = - 4000't#

Bending l[oment (ineide edge)

= { 1680x1"396= l?L?Anlf
Á.verage Bend.ing Ltoment at Section C-G = AOBTnlÈ
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Section D*Ð (Gauges LZu 13, and 14)

¿xial strain = - 31"0,¿/Lns,

Bend.ing Moment strain at outside edge of column

=l6b-(-öL)=lg6ttins.
Bending I$ornent stress at outside edge of colu¡nn

= I g6 x 30 = I e8g0 p"suio (Tension)

Bend.ing ltfoment' strain at insid.e edge of coh:mn

= 6V (- 3I) = _ 36Jlinsu

Bend.ing l¡Ioment stress at insid.e edge of colu.un

= - 86 x 3Q : - 1090 posai, {Gcmpression)

.,Bending Moment (outside edge)

ã / aBSo xe.A?g = ltg}en{-
Bend.ing X[onent (inside edge)

= 1080 x 1u296 = 1400n#

$.verage Bend.ing l¡lornent at Seoiion Ð-Ð = agggn$

Seotion E-E (Gaqes lb, 16u and l?i
Axial strain = f0,0 ,uj'ns"

Bencling nÍoment strain at outside edge of colurnn

= l5 (-go) =llt,qinse .

Bend-ing [{onrent st.ress at outsiùe edge of colunn
: I g5 x BO = I r05o posni, (Tension)

Bending Moment strain at insiöe edge of eslu¡nn

: - +4 (- 30 ) : I4,¿t ir¡.s n

Bending llloment stress at inside ed.ge of colu¡m
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= 14 rc 30 = - 4ZO p.sui" (Compression)

Bending ltoment ioutside eôge) = I 10b0 x. 0,4?g z I 5O6n#

Bending };ioment (inside edge) = 4?O x !"?,96 = S+gt #,

.å.verage Bending Moment at Section Il-il = 5?,5n#

Leçtig{r E:F (Gauges 18, 19, and e0)

¡[xial strain = õ5"01/Lnse

Bend.ing Moncent st,rain at outsiÖe ed.ge of colurnn

= - 7'l - (* 55) = 47tins.
Benôing i!îoment stress at outsid.e edge of column

= - 4e x S0 : 1¿60 p.s,i" (Compressisn)

Bending lvloment st,rain at insid.e edge of column

= Ze (-55) =Itg_¿/ins"
Bending Moment stress at insid.e ed.ge of coLumn

= I tg x B0 = I B9o pos,i, (Tension)

Bendlng Monent toutsid.e ed.ge) s - 1â60 x 0,4'19 : \Ognlf

Bend.ing r[oment {inside edge) = I Sg0 x t"Zg6 = 1b05"#

Average Bending IlÏoment at Section F-F = 554t1lf
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TllsT N0" g"

For this test the seated. beam connoctions were used, and

a load was centrally applied. to the upper beam of the Test
Ffame.

The same procedure of l0ading, taking gauge readings,
and. calculating the bending moments, as used" Ín Test IIo" l was

f oll-oweü,

A benüing moment diagram for the eolumn uras again dravrn
as shown on page'14. rn additj-on, a bending moment diagram was

d.rawn, comblning ihe bending moments from Tests ITo" l and No" 5

and is shown on page ?5" This co¡.siders the possibility of
loading both beams simultaneously, using the seat,ed. beam

connection,s 
"



Ï,oad.

(IOSoj

Gauge

3456?891011
U

500

i.000

1500

a000

e500

30CI0

5500

4000

600e 6t3,t 5979

6030 6]-2,4 5949

606't 6109 5939

6049 6108 59e8

6056 6096 5918

606',t 6090 5905

60?8 60't 6 5892

6096 6066 5880

610ã 6050 5861

598e 5998 5985

5998 598.3 5966

5992 5918 5952

5998 5970 Õ948

6000 5960 5940

6{J0õ 5955 5927

60CI5 59+7 5916

6008 5940 590s

6CI06 59A7 588?

601e 6081 59'17

6005 6014 5963

6000 6005 5949

6000 600a 5945

5998 5998 594L

5999 5991 5929

5992, 5989 Sgtg

598A 5985 5910

5976 5915 5895

60

Test No. 3,

3oad.

(J-oSr,

Gau€e

tz I8 14 15 16 17 18 19 Z0

0

500

1000

L500

e000

2500

3000

5500

4000

596A 60å0 6005

59+9 6014 5990

5940 6009 5985

5956 600? 598e

59gl- 6005 5980

Ðgeo 6000 5965

59Lg 5998 595't

5904 5995 5948

5B9l- 5988 59ß5

6443 6025

6051 6010

602,5 6003

602ß 5995

6080 5998

601A 5981

6006 5976

5996 5971

5986 õ9ö0

5985 6019

5980 6010

59'tg 600?

5969 6009

5966 6003

5958 lss8

SgEe 5ggÐ

5946 5988

5938 5980

598õ 601 8

59?Z 60ã4

5968 6018

5954 601i-

595A 6015

5946 6006

594L 600å

5937 6000

59õ0 5993

Note: Á11 gauge read.ings are in rnicroinehes,
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Test

:inalysis For

Section i,-¡1, (Gauges 3, 4, and

Ifo " 6n

Bending Moment

a)

¿l"xial strai-n = - 40 ltLns.
Bending lltoment strain at outside edge of column

= { eB - (- 40) : I rcetrrLns"

Bend.ing }iloment stress at outside edge of c01umn

= I 138 x 3O = I 4];o p"s,iu (Tension)

Bend.ing Moment, strain at inside edge of eolurnn

= 90 (- 40) = - 501¡ins"

Eending Ir.[ornent stress at inslde ed.ge of colwtn

= 50 x õ0 = 1500 p,s,i, (Compression)

Bending irioment {outsid.e ed.ge)

= { 4t4o x a"479 : / rglgril
Benöing Uloment (inside edge)

= - 1500 x 1,296 = ;-9421rif

.A.verage Benðing Moment at Seciion .4.-A = 3J llttli

Seotion B-3 (Gauges 6, '1 , and S)

Axial strain = 44,¿/ ins.

Bend,ing Moment' strain at outside ed.ge of column

= þ z,t (* 44) = I y:-,¿ti.ns,

Bending hlsment stress at outside ed.ge of colunn

= I ,ll x 5O = I ?i.go p,s,io {Tension)

Bending nÃoment strain at inside edge of colunn

íil*/[trySì

k=tffiË¡nFv
'- ôe ,oÐ
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= 69 - (- +4) = - a1.uíns"

Bending Moment stress at inside edge of coluinn

= 25 x gQ = 750 p's"i. (Compression)

Bending Mornent (outsid.e edge)

= I erso x 0.4?9 : I toazßlf

Bond.ing fuIoment (insiAe od.ge) = 750 ir 1"296 = - 972n#

-A.verage BenÖing lr,[onent at Seetion B-B = 99'/n/f

Seetion C-C (Gauges 9u 10, and. 11)

Lxial strain = - õ7' zins'
Behding ltlornent strain at outsid.e ed.ge of column

: 5't (- 5e) : - ,rins,
Bending nü.onent stress at outside ed.ge of colum

= 5 x 30 = - 150 p"sei" (Com.pression)

Bend.ing Mornent strain at inside ed.ge of cslumn

@ * q4- ( - SZ) = l Btr/íns.

Bend.ing Moment stress at insiùe edge of column

= I Ix3o=I240p'sui' (Tension)

Bending Ivloment (outside eûge) = 150 r 0'4?9 = ?2"1i

Bend.ing Moment (insiûe edge) = I 240 x 1"e96 = I g]:l-'t'rf

.A.verage Bending Moment at Section 0-C = l-gJ-ttlf

Seetion Ï-Ð (Gauges !2, !3n and 14)

.A.xial strain = - 5"5 /f jns '
Bending &toment stra.in at outside edge of coluuxß

= TB - (- 53) = - z1arLr'se
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Bending Mo¡nent stress at outsid.e edge of column

: 25 x 30 = - ?50 p,sni" (Cornpression)

Bend,ing lvlornent strain at insid-e edge of colusm.

: - 40 (- 5Z) = I rT//Lns

Bending Moment stress at inside ed.ge of colu.tnn

= 113 x 30 = I ã90 pos"i. (Tension)

Send.ing Mornent (outslde edge) = 750 x O"4?9 = 359n#

Bending Moment (insid.e edge) = l39O x I.296 = I lalnif

.Àverage Bending Irrloment at Section Ð-D = AïZnil'

Section E-E (Gauges 15, 16, and 17)

Âxiel strair. ='- 5?, /íns"
Bending }Íoment strain at ou'r,side edge of column

= 68 - (- 5zl = - 16.t/Lns.

Bending li,Ioment stress at outsid.e ed.ge of colu¡nn

= 16 x 30 : 480 p.sui. (Compression)

Bend.ing Morncnt strain at, insid.e edge of oolurßn

= 46 (- szll = / 6t/Lns,

Bend.ing Moment stress at inside ed.ge of column

: l6 x õ0: l1B0 pos"i. (Tension)

Bendi.ng lfioment (outsiÔe edge) = 480 x 0"419 = - Z1Otl#

Bend.ing l,[oment (inside edge) = I 180 x 1.e96 = I 233n#

jr.verage Send.ing ivioment at Section E-E = ZhTttiÍ
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Seetion F-F (Gauges 18, 190 anni ?0)

i.xial strain = 36.5 ,¿li.ns ,

Bending }[oment strain at outside edge of col¡¡in

= I 3z (- ã6,5 ) = /. 4.5,¿/ ins .

Bend.ing &lornent stress at outsid-e edge of coh:"mn

s / 4.5 x 3Q = I !ß5 pnsui" (Tension)

Bending ll¿lonent st,rain at ínside ed'ge of column

: gg (- 36'5) = - Z.1zLns.

Eending tli.oment stress at inside ed'ge of column

= 2"5 x ZO = 75 pus"i, (tompression)

Bending x¡ioment (outside ed.ge) = / 135 x 0"479 = I 65"1f

Bending 1llornent (insiÔe ed.ge) = * 75 x 1"e96 = - g'l',È

.å,verage Bending llfornent a'i; Feetion F-F = Blu#
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Dï* C1TS,SIOrii 0r' RESrrirS "

Â comparison of the colurnn bending moment d.iagrams for
Test No. I and. Test I{o. a reveals that the gusset connection

rias more rigiå than the seated beam conneetion since the mosient,

prod.uced in the column vr¡as much larger for the gu,ssetsu rhe

total moment proðuced. in the column throug'h the seated beam

connection was 3550 in" lbs" whereas for the gusset connection

the total moment ruas 4050 ino lbs,
In the design of ì-,he seat angleo the ecåentricity of the

loaü fyom i;he column r¡ras calculabed to be 1,667 inches. To the

eentre line of the colulur thç tci,ei *cce.iltricity i¡ro"rel-d- be

A"66V / A,54 = A"AOY inches" 'vlith a central loadL of 4 kips on

the beam, the apparent mcment produced in the column is Fe or

4000 x 2"20? = 4114 ir.* I'os" Hoiii,evÐr, the bending mornent

diagram for Test 1[o. 1 shows the total moment being taken 1n

bofh tension anü compressíon in tho coh:-mn , and ihe maximurn

moment i;o be desígneö for is 1650 inn lbs, fhis is less than

one-ha1f of the apparent rnonient," -ålt,hough the experimental

eccentricity is not knor,.,rn exactly, it appears the eccentricity

used. in design is nruch t'oc large"

In the design of t'he gusset connectionu the eccentricity
1r,as falcen from the çentre lino of the eolur¡n to the centre of

the rivet group oi: the gussetu and was 4"5 inchesu In this
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case, again using a cent,ral loa.d of 4 hips on the beam, the

apparent moment produ"ced in the colu-rnn is å000 x 4"5 = 9000 in,
l-bs. The bending moroent diagram for Test itÏo" 2 shovr's the

maxirnuni monrent to be designed. for is e350 1nn Llrs, This is

cJ-ose to one-quarter of the apparent moment, again showing the

moment consid.ered in oesign work as being much too high.

From the first tvuo tests it seems safe to say that in
designing columns, the load to consid-er v¿ould l¡e the axial load

p3-us the equivalent concentric Load for one-half of the

apparent moment,,

The bending nooment diagrams for Tests lfo" i and IYo. â

follovu the same general pattern e*'{cept that the seated beam

çonnection did not transfer much moment into the beam of the

st,orey above the one where the load was applied, The $rsset

connection transfereô abou.t one-half of the maximum mornent into

the beam of the store¡' above the loadeö storey" ;ls the base 0f

the column was bolted d.ov¡n in both casos, the moment in the

çolufim at tbe base, is proportional to the rest of -r,he two

mornent diagrarns " The Boint of contraflexu.re in the lower

srvorêy of the column agrees closely for 'l¡oth types of beam

conneetions n For the gusset connectic.rls , the bending monrents

have almost a st'raight line relatisnsirip with the storey height.

For Test I{o" 3 the bend.ing moment diagram shows the

maximum moment to be at tile point of applicationu and. has a

value of e100 in, lbs" ilven though the moment is taken in
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tension on on15r one side of the colunn at this point, the

maxirnurn moment is stil1 less than one-haIf of the apparent

moment of 44!4 j,n. lbs " The moment at the storeS' belolv is orr@- 
.

quarter of the maximum, and. two storeys below it is one-eighth

of the maximu.m" rrt the same rate of reduction the moment could

be neglected at about three storeys away from the point of

application"

0n page '15 a bendÍng moment d.iagrarn is shown, combining

the bend.ing moment,s from Tests No. 1 and i[o. 3. This takes

into aecount the possibility of har¡ing both beams loaded

sirnultaneousi-y" This eombination of loading tends to bríng the

points of contraf1exure nearer to the mid-height of the storeys.

Thus t'he moment is the least at the Boint where the column

action is generally considered the greatest.

For comparison purposes the moment distribution in the

frame, consid.ering all connections rigide was calculated, The

d,istribution and the resulting graph for a 4000 lb " load

centrally applied to the lower beam are as follows:

Columns

Beams

I x-x 7 ç.7rr4

r *-* = z6,au4

tolumn stiffness factor(top storey)

= Q"7

L 4.5 x1å
= 0.0]e95
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Colr¡-su1 stiffness (bottom

r 0,?1(:- I +,54l-. x l?
Seam stiffness

e6.0 - ^ n.1
vcuú¿6x1å

st.orey )

0,01e85

| (ri = 0"561)

(lc = o,o1a95) (x = 0,01e95)

4000 lbs"
tl

loq ry

0,361)

(r = o"ota8S) 0 " 01¿85 ) rl
<l
|.cJ

ô
$
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Tt is interestinE to
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note that the acconpanyÍng bending

moment d.iagram , which was

plottoè from values

obtained. by the moment

d.istribution method., ag?ees

very closely with the

moment d.iagram for the

gusset connections in Test

No " Z.

Note : ill1 rnoments in in. lbs , âEd

d.rawn on the tenslon side,

It may be suggesteô that if further research is carried.

out on a simi]ar frame in the fu.tu-re, the following points may

be considered."

For the seated. beam connection, a roller cou.ld he placed.

und,er the 'beani so that the point, of load application, and

therefore the exact eccentricity of the load. might be knownn

I"or the gusset corueectionu one bolt couLd. be used in the

connection to achieve the sarne pìtrposÊ"

In ord.er to study the effect of eccent,ric loading on

interior colimns, a two panel frame coul-d be used. and. the load.s

and their points of application varieö, as would. be the case in
unequal floor load.ings "

11nô

]100
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ïn concrusionu tr,vo statements appearing in the discussion
raay be repeat,ed.,

r. From the information eorr_ected, iË seems safe to
say that in d'esigning colu.mns, the Load to consider would
be the axial road. plus the equivalent concentric r.oaö for
one-half of the appa_rent mome¡lt.

zo d.s the points of coatraflexure are not far fronr
the mid-height of the storeys, it may be said that, the
bending moment is least at the point where ihe coluimn
action is generally considered the greatest,


