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WELDED PORTAL FRAMES TESTED TO COLLAPSE

: by

JuM. Ruzek™, K.E. Knudsen**, E.R. Johnston®* and L.S. Beedle™®

ABSTRACT

The testing apparatus, measurement techniques and testing
procedure for the investigation of the ultimate carrying
capacity of welded portal frames. are described. Two framesi
of uniform cross=-section (8F40 and 8Bl3, respectively) were
tested, the loading being carried through the plastic range.
to failure. Some typical results are given, _

A method of providing lateral support to the frames. and
a simple device for measuring the change in curvature of

structural members. are presented,

S

* Formerly Research Assistant at Fritz Engineering Laboratory,
Lehigh University, Bethlehem, Pennsylvania, now with
Ce Fu Braun and Company, Alhambra, California,

3k

Fritz Engineering Laboratory, Departmeht of Civil Fngin~
eering and Mechanics, Lehigh University, Bethlehem,
Pennsylvania.
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INTRODUCTION

v s e < 49 m

The investigatlion of wo;ded‘portai frames, the test
equipment for which is described in this paper, is part of a
current study of "Wel&ed Continuous Frames and Their Compon=
ents"tbeihg conducted at Lehigh University in the Fritz
Engiﬁeering Laboratory. .The type of frame considered is
shown in Fige. 1o The research is sponsored jointly by '
Welding Research Council. through the Lehigh Project Sub-
committeé of its Structural Steel Committee, and the Departmsrc
of the Navy,

The objectives of the Lehigh study of welded structures
are.to determihe the behavior of steel beams, columns, weldad
continuous connections, and‘frames, and on the baéis of this
knowledge to explore the possibilities of improved methods of
analysis and design, due régard being taken of limitations

‘¥

- such as large deflections, local znd lateral buckling, and

fatigusa,
Under this program, a study of the plastic behavior of
wide flange heams was completed in 1948 (1). A.pfogrmn of

tests of coluwins under combined thrust and moment commenced
in 1946 under sponsorship of the &ﬁerican Institute of Steel
Construction. The test equipment used in this study is des—
cribed in an earlier paper of these Froceedings (2). The
problem of comnections for welded continuous nortal frames is
treated in three papers (4).

(1) Numbers refer to bibliogravhy at the end of the papers
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Following these investigations of the component parts“of
continuous structures, full size portal frames were tested.
The principal purposses were:

i) to check the behavior of various frame components
(such as'connéctions, columns and beams) with the
numerous isolated tests which héve been performede.

2) %o check actual deformations and internal forces with
those predicted by various analytical treatments.

This report is a descriptidn of the testing apparatus.

used in the frame tests. Some representative test results
are presented as typical examples of the data collected or to
demonstrate the effectiveness of the equipment. in a forth=
coming report the complete test resultswill be presented,

Testing procedures used in other full-scale frame inves-
tigations'are reported upon in Ref, 7, 9-13, all of which list
further references, Ref. 7 also presents a survey of related
research abroad, However, 6n1y avlimited number'of such tests
have been performed in which the loads were carried to com=

plete failure.
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TEST PROGRAM AND SPECIMENS

The first test program for portal frames includes three
specimens, two of which have been tested. The physical

details are shown in Table I.

TABLE 1:-TEST FRAME DIMENSIONS

e e+ e g e e e s o : i
‘Test Frame ; Span {Column | Loading | Beam , Column ; Connection .
f .1 |Heignt Lo Ty

! .
T A S B .
: '

{ i

! ; : o : -
1 . 14' ¢ 7 | 3/8-pt. [BWF40 | 87F40 ‘8B : I
2 ;14 7 i3/e-pt. | 8BS 8B3 8B 7
| 3 [ 14r 1 7t 75 bo selected
i : g :

All three specimens have the same overwall dimensibns. The
sections were chosén to agree closely with the previous test
specimens of component frame parts. In an earlier program
of continuous beam tests (5) a portal frame of the type shown
~in Fig. 1 was simulated by a three=span continuous beam
7:(span lengths 7', 14! and 7'), the outer suﬁports correspon=
ding to the éolumn bases in actual frame tests. The effocts
of corner connaections and‘of axial loads are absent in such
simulated framae tests. In the previous connection test |
-program the 3Bl13 seétion and the sameicorner connection types
were uéed. |

An oﬁer—all view of Frame 1 is given ih Fig. 2« The
welded 6orner connection type used in Frame 1 and 2 is shown
in Fige 3. Connection type 2B, planned for Frame 3 is a

commonly used haunched knee {Table T.)..
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The loading consists of two equal concentrated vertical
loads applied to the beam in the plane of the frame at points
1/4 of the span apart and symmetrical about the frame center-
linees This 3/8-point loading was éélected to eliminate plastic
failure due to shear force, This was not completely success=
ful as some shear failure occurred at the beam ends of Framo'
1 (Pigs. 2, 3).

Sinco side-sway ard lateral buckling of the beam would
cause undesirable compligation of the analysis of the tcsts,
such féctors were excluded by providing both longitudinal
and lateral supports as describad in the following. The
testing equipment was designed with éufficient capaéity to

develop the full plastic hinge moments of the rolled sectione
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DESCRIPTION OF TEST APPARATUS

General views of the test épparatus with Frame 2 in
‘position are shown in Figs, 4 and 5, The main parts of the
test apparatus are: |

1) Frame column supports

2) Base beam

3) The horizontal feaction assembly fixing the>distance

between column béses;

4) The iongitudinal support preventing side-sways

5) The supports preventing lateral movement .

6) The loading assemblies by vhich concentrated loads

on the frame beam are a pplied and measured

Column SUpports

The frame columns are welded.to heavy base plates (Figs.
5 and 6), which rest on knife;edge supports. Longitudinal
movement of thevsupport point s isknot allowed but rollers are
provided at one support. The distence between supports is
ﬁeld constant by means of the horizontal reaction assembly

which also makes possible the measurement of the horizontal

reactione

Horizontal Reaction Assembly

On each side of the heavy colunn base plates pinned
connections are provided near the axis of the knlfe-edge
supports (Fige 8) for two round bar ties which extend between

the ends of the columns as shown in Pige. 7. In the side view
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of the test apparatus, Fig. 5, only fhe far tie is shdwnf The
longitudinal distance between supports as indicated by the
dial gages, Fig.7, is maintained constant throughout the tost
by means of turnbuckles. Ring dynamometers; one on each tie
and supported on three steel balls, cenable the ﬁeasurement

of the horizontal forcec. In Fig. 8 this measured reaction‘

is plotted versus the corresponding load on the frame boame

Longitudinal Support

Since éide-sway is not desirecd in these introductory tests,
it is prevented by a longitudinal support at one frame knco
as shown in Migs. 5 and 9. The a1 pport is provided by a
round flexiblc bar welded to the frome. The cross=scction
is reduced necar both ends to eliminate undesirable restraintse
The same basic type of bar 1s also used.for the lateral

supports described below,

Latcral Supports

As indicafed in Fig. 5, latcral support is provided at
four points along the frame beam in locations wherc severe
plastic straining is expected. In additioh, the corner
connaoctions are held laterally at.the top and bottom pointé
of the diagonal stiffener. Iarlier separato testsiof cornor
conncectlons (4)'indicatod tho‘necossity of sccuring both
these points.

The large deflections of tho frame bsam in tho plastic
range viould cause an appreciabletslope in tho latcral

supporting bars if means of vertical adjustment were not
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prévided. The resultant force would pull the frame out of
alignmont; & wmothod was developed to provide for adjusting
thoso bars and is shown in Fig. 10, The corners of the

fréme do not deflect appreciably, and no vertical adjdsbﬁcnt
of lateral support is needed at these polnts, (Fig. 11). The
right-haﬁd connoction for the corncr bars as shown in this
figuwe is too flexiblog the bars should have been welded
directly to the I -boam.

During testing the 1atsral support rods wecre adjusted at
intervals so that their fixed ends werc 1" below the onds.
comnected to the frame. A further deflcction of 2" of the
frame beam ot the point of lateral support could then bo
tolerated bofor@ a now adjustment became nocoséary. The
extrome horizontal deflection of the framc dus to slopc of

these bars is less than 0.002",

TLoading Asser:blics

Loads wcre applied to the framc beam by means of manually
oporated hydraulic jacks, Aluﬁinum tubo dynamomoters of
85;000—1b.'capacity were used for load measuremont on Framc
1 (8WF4O shapc)s For Frame 2 (8B13 shape) the cxpectod
maximum loads were appreciably snallcer, and ring dynamomctors
of 30,000 1lbs. capacity were uscd as shown in Fig. 12.

The concontrated loads werce transferrcd to the framc
beam through load-carricrs wcldéd to tho beam web and flahgcs
as describod in Ref. 1. The loading assemblics are pin=

connected to the load=-carricrs at thoe top and to the basc
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beam at the bottom (Fige 5). A sphorical bearing inserted‘
betwsen tho dynamometer and the framc furthor onsures purc
tension in the loading assomblics and simplifies the procodurc
for alisning the framo prior to toste

Tho maximum stroke of the hydraullc jacks is 12". 1In
Frame 1 rcsotting of the jacks wos necessary since the test
was carriocd on to a center dcflootion of morc than 13 in.
On thc socond test only about half of one stroke was rcquircd
to bring about: collapsc,

Loading schemes used in other frame tcsts (7, 9443) arc
picturcd in IMige. 13s The usc of doad loads procludcs a
studj of framec behavior at doflcctions greater thﬁn that at
the maximun load sincce the asscmbly collapses when tho |
maximwa: load is rcachceds The usc of a tosting machine
usually limits the frame sizo or typofof loading that may be
appliod. The usc of hydraulic jacks is advantogeous for
tosting fullw=sizo frames to detorming ultimate strength and

load=-deformation relationships bcyond the maximum loade

Longitudinal Loading Devico

In a futurc test program.'it is planncd to investizato
the offect of cémbined vortical and side loading in the planc
of the framee Tho sido 1oading would bec applicd as concen=
trated third-point loads on on¢ column with a dircction
causing comprossive axial load in the frame boame. Such @
loading sirmulates the cctual condition of sidc-sway causod

by wind or blast forces on the windword columne This loading
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1s somewhat more complicated to simulate in the laboratory
than a simple tensile force applied along the extension of

the beam-axis, as used in earlie: tests by other inves-
tigators (7) (Fige 13)o However, the difference between

these two methods of producing side=-sway is important.
Application of single tensile force will superimposé tensile
stresses across‘the beam section, whereas application of a
compression load on the windward side is more realistic and
results in an added cowmpressive stress in the beam which would
cause it to buckle laterally at a lower load,

Yor inclusion of side-sway in fuﬁure frame tests, the
_test avparatus may be altered as indicated on Figo 14. The
Qertical loading assembly would he adjﬁsted at each load
Increment to maintain its vertical positidn. The sane
horizontal reaction assembly as described above would bhe used
to measure the horizontalbreaction at the roiler-supported
column base. By subtracting this reaction from the total
horizontal load applied., the other horizontal reaction at

the anchored support may be found.
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MERASUFREMENT TRCINIOUZS

Dynamonctcrs

Ag 1Indicatcd ébovo,.ring dynanomcters fittoed with dial
gages worc used to dotcrming the applicd loads on Framc 2
(Fig. 12), andé to measurc thgo horizontal rcactions in hoth
tosts (Figs. 2 and 5). The Bourdon tubc prcssurc gagos
attached to the hydraulic pumps wero uscd only as & rough
chceck on the aopplicd londs,

The cxpccted magnitude of loads on IFrame 1 (Rnax =
55 kips) rcquircd larger cap&cityvdynamomctors than worc
availablc with rings. Dynamomotors of 85 kips capacity were
fabricoted from 8 1/2" diamctor 618-T6 aluminum tubing
(Figse 2 and 5). The detalls of thoe tubc dynamomcters arc
shown in Fige 15¢ Thesc dynamomctors, désigned for thc tocsts

aported in Ref. 5, are similar to ﬁhosc ddscribcd in an
carlicr Progrcss Roport‘(g). Ebur SR=4 strain gages, Typo
AD-l, orc mountcd on cach tubc in an arrathmont which
eliminatcé thoe effocts of teompceraturc variations and canccls
any bonding stress.e A similar.applicdtioﬁ of SR=-4 strain

gogos on aluwainum torque-meters 1s described in Ref. Be

Deflecti ons

Deflections along the boam and coluwans worc measurcd at
locations shown in FPig. 16. Dial gogcs (1/1000) were

mountced on a Stiff deflcction dial bridge supported on tho

froame at tho interscctions of the boam and column axcs. At
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onc conncction the bridge rcsts on o knifc-cége support

(Fig. 16, Dctail "A"). At tho other knce a rollcr sunport

is provided (Pige 16, Dotail "B") to 2llow for shortening

of thc beam during the tcest. Vdrtical deflcetions of the

beam arc thus measured relative to a linc connceting the framc
corncrs; column docflcctions arc measurcd rolative to tho

longitudinally Tixcd knec,

Tocal Buckling of Flangc

'Dial gogpcs were mountoed botweon flangos ot critical
locations (Fig. 17) td indicate flango buckling. Figs 17
also shows dctails of a "local buckling dial gago" in usce
In the lotor stopes of the test the deformation bocomos

quitc pronounced, an cxamplc of which is showm in Fige 3.

Rotations

Fige 18 glvcs tho typical locations of thosc measurimentse
The rotations of cross=-scction at the ﬁaridus.péints along
the framc arc moasurcd by lcvcl baers of the typc shown in
Fig. 19, Thc lovel bars arc attached to the frome by mcans
of brackets of the samc typc as uscd for the latoral supports,
FPige. 10, thc coffoct of shoar distortion in thc wceb being
climinatcd by wolding the brackets to the flango=-web fillotse
This mecthod of attachment also gives the bost average of the

cross=saction rotation duc to bonding.
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Curvaturc

Tor »urposcs of structural analysis it iIs importaont to
lnow tho rolation bctween the momont M and thce angle changgc
@, for a unit longth'of mombars From this M-¢ rolationship»
slopcs and dcflections may bo computced both in the clastic and
the plastic rangc., Tho dirccet mcasuromcnt of thc curvaturc
¢ is thorcforc an important part of the cxperimental invos=
tigation.

The contor portion of the framc boam is subjcctecd to a
uniform womcnte The curvature @ at the conterline has boon
determincd in the past by threo difforent methodss

1) Dcflcetion rcadings from threc dial goges (Filg., 20).

a

Data from SR~4 straln gagces mouatcd above and bclow

\V)
(v

the ncutral axis of the boam (Fige 20)

-

3) Chonge in slopc as detorminced by mcans of two lcovol

For scvoral roasons it was dosirablo té improve this
tochniquoe Mcthod 1 is ofton inscnsitive in the clastic
rangc, and for dcpendablo results 1t rcquircs that a con=
siderable longth of the mcmbor be undcr uniform momcnt.

Msthod 2 glves a rather localized picturc of ﬁhe M-¢ rolation=
ship, is cxpcnsive in usc of SR-4 goges, and unlcss post=-
yiceld gagos arc uscd docs not provide an adequate range of
measurcment .

A dovico callcd a rotation indicator was thorcforc
dovolobod-to mecasurc the rcolative rotation of two ncighboring

cross=soctions, This deviec may be uscd ropeatcdly on
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successive tosts and for instollation only roquirces thoe
weld ing of the attachmont deoviece to the spcocimene -This
rotation indicator is picturcd in IMg. 20. It consists of
two parallcl steol lever arms rigldly welded to the bomm ot
tho fillcts and symmetrically placcd on cach sids of the
séction ot which the curvaturc is to bc measurcde Brackets
similar to thosc uséd for latoral support and dsscribed abova,
Fig. 10, joincd the lever arms to the bcams. The relative
rotation.of theso arms is mecasurcd by mcans of two dial
gages nounted at o known distance (12 1/2") above and bolow
the frome axise The curvaturc of the beam boetweon the arms
cquals the mocasursd anglc chonge divided by the distance
(4") botween the two arms. Donoting tho similtoncous dial

rcading differcnces as R, and R rcspectivoly, tho curvaturc

1 27
¢ is given by

Ry _ R
1 -2

= - = 0,01 (R - R
4x25 (B _2)

The curvaturce as mcasurcd by this rotation indicator is
scnsitive to aboutllo-5 radian, or 2 sconds which is quitc
sufficicnt for all practical purposcs.

‘A conparison of rcsults obtaincd by using thé four
methods for dctermining & is given in Fige 21. The four
mothods give rosults which agree closcly. The rotation in=-
dicator providcs the largcest range of rotation and the dials

may bce rosct 1L nccessarye



20503 2/20/52° ' 15

The rotation indicator will also give satisfactory
rcsults at scetions whore the moment has a gradiont; onc dial
was applicd at the top of the column in a rogion of strain-
hardonings *hilc the strain-gage technique may 21so he uscd
under thesc conditions; mcthod 1 is not feasibles”

Anothor function of the rotatJon indicator - to mecasurc
the rotation in thc conncctions, In the pust this has becen -
accomplished with the aid of lcvel bars (41 a proccdurc that
was also uscd on Irome 1. On Fromc 2; howover, rotation
indicators worc used on both corncr conncctiocns, rcepiacing
tho level bar tochniquo (Fige 18)e The rotation indicatdr ‘
is attachocd to the end of the beam and tho4top of thc colunmn,
adjacont to the connection wusing the somo brackcts as wers
prcviously u;cd for loevcl bar suoperts. The indicator thus
extends across tho conncction and moasﬁrcs the total rotation

due to shoar and momont e

Strains

Strains worc mcasurcd by mcans of SR-4 ages, typilcal
locations bo 1n) indicated in M.g. 18. Many gegss were uscd
on the corncr connecction to dotonﬂino,(l) thoe thrust trahs—
mission from flange to web aﬁd, (2) tho shcar strcss carricd
by tho wob comparcd to dircet strces inAthe stif fcncrse Theso
rcadings will providsc comparison with thc previous tcsts of
cornar conncction (4)

As notcd abovo, A-11 typc gogos in pairs at points 2" on
cither sidg of the f ramc axis yiclded information on the |

curvature of the boam and the columns at various points.
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TESTING PROCEDIRI AND REPRESENTATIVE RESULTS

Test Set-~Up

After erection of the test frame on the knife edges and
roller bearings, attachment of the 16ngitudina1 and lateral
supports to the frame, and mounting of loading assemblies
and the horizontal reaction assembly, a set of zero reacdings
was taken on all deflection dials, local buokiing flange |
dials, level bars, rotaticn indicators, and strain gages.
The initial readings of ths horizontal dial gages shown in
Fig. 7 which indicate the distance between colwan bases are
the basis for maintaining a constant distance between sup=
ports. After each load increment the turnbuckles were used
to return the column base mounted on rollers to its initial
position. The test thus simulated a pin-end condition, and
the loading and moment diagram for the frame is as shown in
Tlg. 23,

If simply supported, the frame beam of Iig. 23 would
experience a maximum moment of

Mg = 3 PL (1)
8

The horizontal reaction H at the column bases causes a re=-
straining haunch moment

W= Hhq (2)

and the beam moment between load points is decreased by
this amount:

MYy = Mg =My = PL =~ Hhq (3)

[ R
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The horizontal reaction H is carried by the beam as an
axial compressive force. In the plastic range the beam de-
flection & becomes large and the additional beam moment
due to this axial force,
| My = HS (4)
can no longer be neglected. The magnitude of this correction,

in percent of the total moment at the beam (Frame 1), is:

0.6% at working load, Py , p = 26k, § = 0.5"

1465 L

1 % at calculated yleld load, p=239k, 3 =o0,9"

11 % as shown in Fig. 24 for. p=>50k,d =72
20 % at the ultimate load, P = 55K, S =12,4"

A correction may alsovbe considered due to the friotion
force.O(P at the roller hase, where ™ is}the coefficiént of
rolling friction. The haunch moment Eq. (2), corrected for
this influencs, becomGS'(Fig. 23)

M, = Hhj -~ XPhg (5)

The value of <X can be talken as 0.01%, and its effect on
the criticél moments at the haunch and the beam center is
then between 2.3 and 3.0 %. An error in the assumed value
of ¢ will therefore be of small conseguence.

The maximum moment iﬁ the beam including the effect of
beam defledtion and roller friction, neglecting the small

product e-®, finally becomes ' )

U, = Mg =My + (H-xPB=P (2L +xhz) = H(m=5)

— 8

*0,005 for each contact surface. See Marks! MECHANICA
ENGINEERI NG HANDBOOK,_5.Ed., 1951, p. 223.
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At the lmee, the critical moment occurs in the beam or the
column next to the comparatively rigid corner comnectlon. For
the loading and proportions of these frames the critical
section is in the column at a distance d from the theorectical
cornér (d = depth of the rolled section)f f'rom EQe (5) this
moment M, is gliven by

) ()

M, = H(h =-4d) - ocP(h, -d
2

A5 the test is carried into the plastic region, yilelding
must be expected to develop due to these two critical moments’

Y
b
by the consideration of avoiding plastic shear failure, caused

1, eand M, Zqs. (6) and (7). Tho 3/8-point loading, dictated

the center moment to,be’the'larger of the two., In the absecnce
of residual stresses and stress cohcentrations, plastic de~
formation would therefdre first occur in the csnter portiop

of the beam and would be followcd by pnlastic deformation near
the ton of the columns. Since both stress concentrations and
residual stresses were present, location of the first yield
line would probably not follow the predicted pattern, TUl-
timately, however, significant plastic deformations would be
expectcd both at the center portion of the beam and at the
haunches. This behavior was verified by tests, as picturcd

in Figs. 25 and 3,
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Testing Proccdurc

After frome alignment was comploted and boforc the actual
tost was run, a "friction tost" was performcd, the purposc
of which was to give a chock on tho completc tost sct upe:
Rcadings on 2all gages werc. taken duringva loading up to about
onc~third of thc load calculated to give initial yiclds The
obscrved dcflcetions, rotations, ctc. werc plotted in com-
parison with thce corrcsponding thcorcticnl curves; discro=-
pancics would indicato tho need of further alignmcnt‘ofvtho
framc or adjustment of tho gagces,

The main tcest was then carricd oute In the clastice
rangc, load was applied simultancously at the two load points
until the dynamometors indicatcd thb.dosircd loads Tho
horizontal translation of the rollcr support during load
application was thon climinatcd by mcons of the turnbucklas
on the horizontal rcaction asscmblics, and tho nccossary
rcadigns, ?hotographs, and yield linc skctchcs wore taknn;
Duc to stress concontrations and residual strcsscs, local
yiold was oxpcected and did occur at loads below the thcoow
reticclly predicted initial yiold loade

The initial load incromg nts for Frome 1 were 2,5 kips
or 10% of tho load cxpcctad to cousc inlticl yicld. Aftor
yiclding had occurrcd, the incroments werc roduced fo 1.0
kips, or 2% of thc ultimatc loads For the woakor Framo_?,
load incroments of Oed kips worc applicd throughout, cor=

rosponding to obout 4% of tho initial yicld loads
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In the plastic range appreciable deformations take

placo undcer constant load for somc time aftcr the application

of o load incrcmonte This is duo to the ponetration of

yicldcd zoncs ("wcdges") into the spocimens. 4 critcrion

"is therceforc nceded to indicatc when such plastic crocp has

ceascd to bc of importenco, and whon readings can be takons
The o dopted criterion was as follows: Whon the incrcasc of
dceflcction of the framc centerlino over a 15=minute period
was no groator than 0,0015", it was assumod that sufficiontly
stablc conditions had beon rcached, and rcadings wcerc takone
Curves showing tho incrcasc in conter defloctlion undor
constant load arc plotted for various load incroments in
Fige 26+ This criterion was sclccted on thce basis of
provious oxpericncc with continuous boom tosts cmploying the
samo cross=soction and involving similar momcnt distribution,
It appcars to be adequato~also in thosc framc tcstse With
thc adoption of this.critcrion; howecver, a consldorable
amount of timc was rcquircd for performancc of cach toste
This may be scoen from Plge 26,

Thce possibility of reducing the critcrion roqulroment
without introducing apprccilablo oxpcrimontal crror is of
intorcsts For the prescnt, the sclecction of the criterion.

is rathor arbitrary, being solccted for cach particuler

membor. In cach caso, thoe critcrion to bc adoptcd will bo

a function of the longth of mcmbor yiclding, the typo and

sizo of cross=scction, and lcngth of spans Tho attainment
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of a goneral critorion applicablo to a varicty of conditions
will rcquirc further studye

Aftor the maximum load was roached tho test was con=
tinued through larger doformations in ordor to study the
cffocts of cxcossive rotation at critical scctions and to
obscrve the ability of the framoc to dcform and at the s ame
time to carry an apprccilablc percoentage of the maximum loade
For oxamplc, tho onorgy cbsorption is an important factor
in studying thce rcsponsc of structurcs to blast loading,
There 1s an obvious difference 1ﬁ bchavior of the two framqs
whose load=-dcflcction rolationships arc plottod in Fige 27

Expcrimental points on the "unloading" portion of tho
1oad—dofioction curves arc detorﬁincd by dofdrming the f rame
until 2 pro=dctcrmincd ccntorlince dceflcection has been |
roachod, Aftcr allowing the framc to comc to cquilibrium,
recadings of load and doflecetion werc then bbtainod. This
proéoduro is being followed currcntly on tests at the Fritz
Loboratory, dcformation of the gfructure being increasedfuntil
thc load has dropped bolow about 70% of the maxt mum valuo

rccorded during the test,.

Test Rosults

A roport of tcst rcsults and analysis will bé proscnted
in o scparatce article. Only a fow rcprosontative results

rclatced to tho testing tochnique arc proscntcd hore,
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The frame tested is stafically indeterminate to the
first degres, By mﬁasuringlthe horizontal force applied to
each column base, the test frame becomes determinate, an@
statics may be used to determine the moment distributi on.
However, in more complicated types of frames it may not be
possible to measure all reactions, with the result that ths
frame as tested may also be indeterminate,

The question of interest to the experimental is as
follows: with what accurécy may the distribution of stresses
around the frame be predicted on the basis of mqasuremeﬁts of
strains, rotations and deflections ? it is probable that littlg
difficulty would be experienced in the elastic range. However,
in the plastic renge the measured relationship between moment
and defomation in as-delivered steel members does nob
correlate well with available theory (5)0 |

It therefore seems that the strains, rotations or
deformations from which ths stress distribution'anvund_the
-frame would be deduced should be measured on parts of the
frame which remain in the elastic range throughout the test.
If forces and moments can be predicted from the above-
mentioned measurementé al ohe, then more complicated‘frames
may be tested with assurance that the measurements would
afford some means of explaining the behavior observeda

As a partial answer to this quéstion, the moment dis=
tribution around Frame 2 is calculafed on basis of 3R—~4 strain

gage readings at locations A, B, and C, Fig. 28 These
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strain gages rcmain in the elastic range throughout the teste

" Bach poir of thcse gages permits the detecrmination of cur-

vaturc at the corresponding framc cross=scction, from vhich
the moments arc computod as shown by dotted lincs in Fige 29
for four load lcvels ' during the tost. Those moments agrco
well with tho actual moment dlstribution as detormined from
the applicd loads P and the moasurcd horizontal reoctions He
Thus, the momonﬁ distribution could have been dotermincd with
sufficicont accuracy without mcasuring He

A similar cvaluation of the axial forcc in the mcmbers
from the SR=-4 strain gage rcadings gave a poor agrecment
with the actual valuss, Thils deficlcncy is ascribed to tho
fact that both gages in all the pairs (Fige 28) wecre mountcd
on the same side of the web, thus including strain duo to
bonding.bf the members about its woak axise Such bending is
introducod vy the latcoral support rods during dofloctioh of thc
bdmn, and by possible qccontricity of the horizontalurcaction
asscmblye In casos when the SR-4'gnges would bc dependcd ubon
2lso to indicatec axial forces thoy should be mountcd in pairs
on bbth sidcs of tho wob,

Mige. 21 shows the rclation boetwoon the momont M and the

curvaturc @ at the mid-point of tho boam. Tho four curves,

- as mentioned carlier, corrcspond to tho four different

mGthods of mcasuring d. Follow ing the proporti onality hc=
twoen momont and curvaturc in the olastic region, the curvaturc

incrcascs grceatly in the plastic range with practically no
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incrcasc in moment, until strain hordening occurs and ¢ ausos

furthor incrcasc in moment=carrying capacity of thescctions
Figze 30 shows the deflcction at mid-span of the bemm

as a function of the load P for Iramosl and 2. The col=

culatcd ond thoe obscrved initial yicld loods arc indicotcd,

Both froamos demonstratc an apprceclable rcsorvo strength

above this load.
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SUMMARY

A testing technique is described for investigating the
behavior of full-size welded portal frames (Fig. 1) through
the elaétic and plastic range to collapsee.

The frame tests described are part of an investigation
of welded continuous frames and their components. The com=
plete results of the tests will be presented in a'paper now
in preparation. This report describes and evaluates testing
methods and equipment summarized below:

1. The test set-up (Fi-g. 5), and the technique used for
measuring deflections (Fig. 16), slopes (Fig. 19) ,
curvatures (Fig. 20), strains (Fig. 18), and loads
(Fig&; 7, 12, 15) are described in detall. The perfor=
mance of the test equipment proved satisfacfory.

2+ The loading device (Fig. 12) made it possible to epply
loads through tﬁe elastic and plastic range and also to
determine the load-deformation relationship beyond the
maximum load, |

3. The scheme shown in Flg. 14 is recommended for tests in=
clﬁding side ldading.

4, A rotation indicator (Fig. 20) used for the first time
 in these tests allows the measurement of curvature of
structural members and may also be used to determine

corner connection rotations (Fige. 22)., This device has
a larger range, is simpler and ymors ecoenomieal in use than
combinations of deflection dials, level bars, or

SR~ 4 gages.
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Se

The distribution of moment around the test frames
may be predicted with satisfactory engineering
accuracy by means of SR = 4 gages mounted on parts
of the frame which.femain in the elastic rangs
throughout fhe test (Fige 29).

Representative results from the tesﬁ of two fuil—siZe

portal frames are shown in Figs. 8, 21, 27 and 30,
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