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SYNCPSIS

This paper describes the investigation of a mill
building bent of truss and column design, & redeslgn
using a rigid-freme, and en estimated cost of each design.
For sakXe of brevity the overell design of the
building (swey bracing, lateral breeing, purlins, girts,
roofing, siding, and bay spacing) wes essumed toO be the
asme for both designs., It 1s possible that this assumption
cannot be made and the estimeies of cost, therefcre, are
in error. In cetual practlice ihe complete redesign of

the building should be considered.
INTRODUCTION

During the past two deccdes there has been & crowing
appreciation of the many structural and esthetic adventiges
of the rigild-freme type of construction'particularly o8
applied to short span bridges. It has only been in the
last few years that rigid-frame construction hes become
populer in bullding constructlon. me chief adventcges
of this type of construction being its ease of fzbrication

snd erection, and in some cases overall economy of con=

struction.

In compcring the two types of buildings & more Or




less typical mill building wes chosen for study. The
tuilding differs from the usual prﬁportions in that 1t hes
excessive height to the eaves to allow clearence for
stendard gage track end HOX cars.

™e focal point of interest in the comperison of
the two types of construction was the design of the rilgid-
fpeme. This design made use of the theory of virtuesl

work snd uses experimental data to calculate actuzl

stresses in certain sections of the frame.
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CHAPTER I
INVESTIGATICN CF BUILDING LESIGH

1. Description of Building, The building studled was

designed eand bullt for use a8 & werehouse for & steel
wholesaler in Stockten, Californlz. Tt was designed

under the provisions of the Pacific Coast Uniform Building
code which apply to all ruilding constructlicn in theot
city.

Te structural fremework is of typical steel mill
milding design with trussed and column bents. Unusual,
hcwever, was the excesslve helght of the columns. The
heizht was necessary in order to provide cleerance ke~
tween an overhead crane end & standard gage LOX c&l's.

Arc welding wes used to connect the varicus members
that were prefabricated. m™e field Joints of the column,
truss, and leterzl bracing were made with field boltis.

For further deteails of a typical bent refer to Fig. 1.

2., ‘Teoreticel Considerations. mMe trussed rart of the

btent, which consisis of a Fink roof truss, wes investigated
for combined live and wind loods. Section 2305 of the
Uniforn Puilding Code states the followlng:

"Roofs shall be designed for & vertical

- -
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live loed of 20 pounds per square
foot of horizontal projection

applied to any and 21l

slopes,

except herinafter provided.

Where the rise exceeds twelve
inches (12") per foot no vertical
live lozd shall need be assumed,
but the roof shall be designed for
the deed load of 15 pecundg per
square foot of vertical projection.”

Concerning wind loading Section 2307 of the Code

speclfiles:

"por purpose of design the wind

pressure upon the gross
the vertical prolection
and structures shall be
not less than 15 pounds

area of

of bulldings
teken at
per souare

foot for those portions of the _

building less than sixty feet (607)

above the ground and not less then

20 pounds per square foot for those

portions more than sixiy feet ebove

the ground."”

The roof of the buillding has a pitch of about

1 to 24, Therefore, 20 pounds per square foot of
horizontal projection of the roof was used for the live
1ozding. The horizontal force of the wind wes resclved

into 2 force normel to the roof surface by the re-

lzaticnshlip,

P 2 Sim o
H, = S+ S

where o is the angle between the upper and lower choxrda.

For the truss belng considered,
= /5 (690) = 5.6 Yot «
The dead load of the roofing metericl plus the

1ive load on the roof were resolved into 2 uniform

—dpm




load acting along the length of the purlins which span
between the trusses and were assumed to ect s simple

supported beams., These ourlins, supported et intervals

zlong the top chord of the truss, dbring the roof loading
The top chord, in turn, distributes the
The

into the truss.

roof lozd into the truss as panel point loadings.

deecd lozd of the truss members are also essumed to act
at the panel points.

In order to find the maximum possible stresa in the

truss members, two separate grarhical enalyses were nede,

one wlth dezd and live load acting end the other with

wind load alone actling.

The top chord of the tyuss is azssumed 1O daistribute

penel points.
nlous

the purlin loads into the truss et the
top choxrd muet functlion a8 & conti

g znd, a8 well, function &s

Therefore, the

beam sranning the penel point

the top chord of the truss . The method of moment distrl-

bution was used to celeulate the resctions of this contin-

uous beam. The unit stresses due to the beaom action cf
combined with the unit stresses due

the top chord was

to truss asction to gilve maximum possible stresSsS.

me reactions zciing on the columns surporting

the truss were found by coneidering the wind ccting on one
gside of the building and sssunling the gemi-fixed ended

columns to have polnts of jnflection (polnt of zero

—-5"'




moment) 2t one-third of the wey up from their bases. '
yoments were eveluated zbout these polnts to obtein the i
various recctions acting on the columns .

Simple structursl theory wes used for the investliga-
tion of the building bent sxcept for the annlysis of the 10D !
chord of the truss which acts as & continuous beem and,
therefore, 1s 1ndeterminate.1 An enalysis by moment dis- H
tritution was made 1n order to determine the bending

stresses in this indeterminate top chord.

3, Comrutetionas. The computations end results have

been summarized in graphical and tebular form and
placed in the eppendlx for the reader's convenience and

needs no further explanation.

4, Results of Investipotion. section 2307 of the Uniform i

Bullding Code states:

"por combined stresses due to wind
end other loads the e1loweble unit
stresses may be increesed 33 1/3 per
cent in excess of the values specified
in Charters 24, 25, 26, end 27. For
member carrying wind stresses only the
allowable stress may be snereased 33 1/3
per cent. in no cese shell the section i
be less than required if the wind stress L
is neplected.”

A1l 2llowable unlt siresses were increased by

the 33 1/3 per cent since wind losding in combination

with dead and live loads were used in the investigation.

1. L. E. Grinier, pesign of lfodern S8teel Structures »p. 279-307
il




The truss members were found to be stressed within

the alloweble limits as specifled by the Uniform Bullding

Code. The columns were found to be overstressed by 523

when combined desd, live and wind loads were assumed to

be actinz. This calculatlon was made witkh the points of

~third of
L

inflection of the columns cssumed to be at one

the unsupperted length above the base of the scme.

the points of inflectlon ere assumed to be at the mid-point

of the unsupported length of the column, which throws &

greater moment into the footing, the column 18 overstressed

by epproximately 10% .

A 10 x 8 WF-38# column sectlon or comperable will

be stressed within =1lowable limits 1if the points of 1in-

flections are located approximately mid-way between the

one-third point and one-half point of the unsupported

length of the column.




CHAPTER IT
RIGID-FRAE DESIGH

5. Theoretical Consideraticns, The three fundamental

equations of atatics, (2B=0,=V=0, 2ndsM=0) provice
sufficlent conditions for deternining the recctions end
stresses of a structure that is determinate both internally
ond externally. A structure which contains a greater
mmber of reactlions than can be determined by the three
fundemental equations of stetics, on the other hand, 1s
indeterminate. The degree to vaich a structure is in-
deternminate is equsl +o0 the number of recctions in excess
of the three fundomental equations of stotlicse.

The single-span rigid-frene with pinned encs

is indeterminate to the fipst degree since there are

four unknown reactions as shown by Fig. 2.
-]

/3 —_—

Ve Ve
frg. 2

In order Lo conplete the analysis of the structure,

Geve the
one of the unknown reactlons must ke ueuornined on
+he frane uncer the

besis of the elastlc aistortion of




imposed lozds. Note thet if the ends were not pimmed
(able to transmit moment) the structure would have two add-
1tionzl resctions and would be three degrees indeterminate.
The MAXWELIr—1OHR METHOD CF WORK (Unit Dummy Loed)®
provides a method of approach to the zanalysis of any in-
determinste structure and was used for the determineation
of the redundant reaction of the rigid-frame hereln con-
sidered. The Maxwell-Mohr method is based on the fact thot
$f 2 redundant reaction 18 removed, the struciure will
deflect some anount, o1, which can be deternined on the
bosis of & determinate freme, I the dummy load (unit
lozd), assumed to be oneé pound, pushes the structure beck
2 given amount, s g the totzl reaction 411 be cdeflectlon
o , divided by the amount thst one pound will push the

styucture back into its normal position.3’4 The seguence

of calculation are graphically 11lustrated in Fig. 3.

P.

tresses PPe 11-20

2, DPercel and laney, Stetically Indeterminate S

%, 1ibid. ©DpP. g0-101
4, AJ.S.C., Sinzle Span Rigid-Fremes in Steel PP 11-12
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The Maxwell-Mohr iMethod of Work formulas for de-
flection and elongation of members will not be derived,

but will be stated and eloboreted uoon.

T™e elonsetion of a member under the action of

an axial load 1s,
L
e = = ;?f?"‘ j

S vhere, of= elongation

S = gtress in the member due to the loed
L - length of the menber
U = stress "in the member aue to the curm
A = cross-section ares of member
E - modulus of elasticity of the member.

y locod

e deflectlon of a member under the action of transverse

load 1is,
AT s Ofx
o - [
vhere, om=deflection
Ml=the deterninote moment at any point in the merber

m = tihe dummy load monent et eny roint in tae nencer

f E = the modulus of elasticlity of the member
: T = the moment of inertla of the cross-gsection at
vhich the moment 1t is calculcted .

Te deflection of & member duec 1O the dummy load acting

i elone and axially is,

o= L p

and the deflection of a member due to the cummy load zcting

alone znd other then axiclly 1s,
m2afx

s = ZSET

w] O~




Merefore, since the redundont recction con be cal-
culated by dividing the M1l lozd deflection by the dcummy
Jood deflection, the redundant recction eouals,

M iy O
S b 7 e

HMHe = 77— =
‘ ) Z 7772 o'x
’ / P &

The effect of shortening of the members has been
nezlected since they are generally smell 1n sirgle-gspan
rigid-frames.

Tese basic principles of the Haﬁwell-nchr rethod
of Work will be arplied in the design of 2 sin~le-sron
rigid-freme in the followins pages of this discussion,

In oréer to apply the ethod of Wori, e ripid-froame of a
given section must be chosen and then investigated since the
deflections are dependeni upon the reletive stilifnecs of
the freme, Once the recctlons of the given rigld-frane

are determined, ithe unit stresses in the verious sections

of the rigld-frame may be commuted and checied egeinst the
ellowzble unit siresses. Tf this stress 1is exceeGed &b

tny point, another rigic~frone secilon musi be chosen and
the cezleulctions for repccetions ené stresses repeatcde

me loadings acting upon the rigid-fronc ore
essentially the sane as those assumed to be scting upon

the truss and colurn vent., Since, the ontwerd dimensions

&) -




of the building are the same in both desipno, the sane
provisions of the Uniform BPuilding Code wlll anply in
regerds to loadings (see poges 3 and 4). In addition,
the affect of earthcucke action end thermal exrension wad
considered. Sectlon 23135 of the Uniform Iuilding Coce
states:

"Horizontal Force Forrwle. In
determing the horizontal force
to be resisted, the following
formule shall be used:
F = CW
Where F = the horizontal force in
pounds
W = the total dead load rlus
one-half the total vert-
jeal designed live loed,
at and sbove the roint of elevotion
under consideration, excent for
warehouses and tanks, in which cose
W shall equal the total dead lozd
plus the total vertical designed
1ive loed at and above the point or
elevetion under consideration.
Machinery or other fixed concentrated
loads sholl be considered as pert
of the dezd load.
¢ eguels & munerical consten
shovm in Tabel XNo. 23-A
Where wind locd as set forth in
Section 2307 would produce Higuer
atresses, wnls loal should be used
1n lieu of the fector shown."

+ «
v 2.5

A check computetion of the maximum possible stress ceused

by earthquake loading showed thet wind load gtress was

creater. Therefore, wind loading waes used in liecu of

ecrthqueke loading.

The resciions caused by thermel expansion were

-12-
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resdily found since the Iree end deflection of tie
rigid-framne 1is the crnount that a steel member equel to

the span of the frame will expend under a glven tempere.ture
differential.

Me rigid-frane finally chosen is of a constent
cross~section except at the knee where it 1s reinforced
to Torm = eirculer knee, (see Fig. 5)e

The square knee end circular knee of rigid-fremes
have been the subject of numerous atucdies ond investiga-
tions. A report wrltten by vp, Ince Lyse cnd 1. W.E.
Flack? does an excellent job of correlailng theoretical
agsumptions with experimental azte to esrrive ot conclusions
to be followed in practical deslign.

In the report, they note that the observed unlit
stressés in the compression flarge of the knee is some-
times 507 grester then that crlculated, Therefore, the
report recommended that the actual section modulus of ihe
various rvoints around the curved knee be recduced by an
smount which varies with the asngular distoence of the
section from the polnt of tengency. Hore specifically,
poment of inertia of this section should be reduceéd in
eccoprdance with the reletionship,

I = SC

where S'= reduction factor )
¢ = one~holf the cetuzl cepth of the section

5. Lyse and Black, A.5.C.E., An Tnvestisction of Steel
Ripid Fromes Reprinted from the A.S.C.E. Proceedings;y

Wov. 1940

-1%=-




me velues of the reduction factor were flven in a frevh

wnich has been reproduced.

el
N
R
0.9
\\
h;:\m 08 N
0 ™9
" N
gclr
X i
§ \
0.6 = —
\\
o5 I =
o o0.25 O.50 o775 /OO
Vevwes of 4.—;’,
Grapfs 7or = 09/3/-/77-//70;‘/07 Of o AMocdreed St we Ao Aodii/os

Lriorrs, “drs Nvestigarion oF et fged s [ Oy
Lyse arnd Glack

fig. 4

Me noment of inertis of the arious sections of tne

> ¥ »e recomricndec.
circular lmee vere recuced by the nrocedure

1 P ol e peotucl section
The maximum reduction peing about 71 of the t

rioduius.

Once the resctions were detercined ~n@ the cectlon
checked for the maximun zlloweble unit stress, the aesircn
of the incidental deteils were considered. e detall that
orovided the most complexities of desirn was the circulc
Imee. Here the stress sptroduced by the pent outer flence

roti vel.
ned to be teken by the wides comperatively thin

i

O G,



web stiffners were added at flve points to insure agelinst
mekiing and to promote even distribution of the web
stress. The various welds in the curved lknee area were
gesigned to trensmit the stresses carried by tne members
which they joined together.

T™e base plate was much simpler in desifn. The
point to note 1s that for practical purposed the lead
sheet beneath the base plate and the two anchor bolts
nlaced along the noscible line of rotation ccn be csswned

to cet 28 = pin connection whick is essential for the ccn-

dtions of design.
Me field splice does not differ from the design

of any other such splice. The stress due to flexure is

transmitted by the flange asplice plates, while the web

splice plates transmitis the shearing siress fron one

- - ’: ~ he‘.L
merber to the other. The stress in the welds #re thet

2lloved by the A.I.S.C. and the Uniform Puilding Code specs

ifications.

The peak Or rigicd connecticn desigl involved

celeulating the necessary weld to trensnit the stresses
in the joining nembers. since the sneal at this point
Z LY s - 1= (:.
1s not eritical, there 1s no dencer of the Web buclzling
on

he ti gsed to cesiF
These are fundamentely the theories u e

~15-
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the single-span rigid-freme. It does not pretend to cover
all the remmifications of design, since 1t would talke

volumes to commletly exheust the subject.

-~

6. Computetions. The computations are comniled in &

graphical and tepular form end pleced 1n the Appendiil.

The rigid-freme was divided into short sections
to feeilitete the calculotions of the indctermincte re-
action and also the unlt stresses at varlous sections.
Unit shears were not ecolenlated since o Iew cnecl
computations showed thet the unit shearing stress weo
far below criticzl Tor ell peints. For fartner inferni-
+ion on computation proceures, refer to pered

of the AppendiX.

7. Description of the Sinsle-Svan Rigid-Fraric. The rigld-

frame section found to be cdeguete in regerds to alYoweble

rith reinforced circulelr

-

unit stresses is a 16" x T" WP-457
lmees. As previously nentioned, the redesign of thie

whole building is not within the scope of thls paper.

However, inspection of the two types of fremevork will

show that o minimum of redesign of the roofing, siding and

sway bracings would be required. e economiceal boy

3
N R oy « (9]
spocing will be approximetely the scme for thie WO types”,

6. A.I.S.C. BSingle Spen Rizid Frames in Steel wp. 3-4

16—




also the nurlins, sirts and siding will be the seare in

both cases. Tne mojor redesign vould be that of the

longitudinel brac inga

For the typileal rigid-fraxe bent, bill of netericl,

(O)

ond details refer to Fizs. 5 and

17~
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CHAPTER III
A COST STUDY

&. General Assunptions Used in Cost Estimetes. The

primery assumption throughout the whole study hes been
that the outer shell of the bullding and longituéinel
bracing will remain the sanme in both types of structures.
merefore, the cost of meterial, fabriczaticn, and erection
of the outer shell and longltudinel breecing will be

neglected in the cost comparison since they are equal

in both cases.

Febrivation end erection were sssumed to toke plece

in the vicinity of Stocktion, Celifornie where the

following hourly wage rates arply:

For a 8 Hour Dey )
Carpenters .I...!.ll........Il.-D..... ‘_re.ls
Structural Iron WOrkers ecsecsscssccs 2.49
Painters l...l.-...a.....o..-ocootl. 2040
?Ielders .I. .........G-......'...&O'...... ‘—‘.15
Hoist Eng. (1-Arum) eseccesocococcccs <
rruck Driver (over 1% ton) seeseece- i.g%

comonl;abor ...o..loo.ﬂ.o.n.‘-.....

Me price for steel shapes ond pletes reculred

were quoted by 2 joczl steel wholesaler erd included ihe
The &averoge

cost of delivery to the site of fabrication.

steel price is $6.50 cwi.

In estimating the cost of rebricaticn, tice-notlion

operations were visualized in order 1o obtain the cost of

i, B




verious febrication procedures such as shearing, cutting,

assembly, . and welding. The actual cost of welding materials

were calculated by the use of cost data obtained from a
textbook on arc welding procedure.7 From this date the

following table of welding cost was conriled.

7pe of . A of Jojnh |Lbs of £lec|Cost oFf |70/w/ Cos/
ekl | Fosrion | B ot ook skt G o
L UL Horz Vo 0. 24 z ¢ o02f| S
3" G Frat /2 0. 55 3 0.7 |46
v € Vier# 2.5 0.85 P 2/ |2o
3" Fitleb | Flak 37 O. /7 / oz |05
4* et | Frat 30 0.22 z o4 |Coe
4 Fillet Vier-# 26 0. /2 / oz |lo7
3% et | Frat 20 0.36 2 os |09
" fittef | Vers Z&5 o.52 3 0.7 |24

* dssumng Fhe welder wil! be welding 75 % of rhe Fure.
(s of electrodes assomed to be TO.I0 per pourrd.

Jztlle [/

Te erection crew was assumed to consist of one

foreman, two steel iron workers, one holst operztor, end

two loborers. Thais crew is ample to handle any small size

erection Job.

mMese verious ossumptions and coat data vere used

to srrive ot 2 cost estimete of both types of structures.

-~ +
Te setual cost of the structures may be inaccurate, but

the comparative cost should be approximately correct.

Procedure Hendbook of
PO 160~-262

7. Te Lincoln Electric Company,
Arc Welding Design snd Practice.

I o




gince the seme assumptlons verec made in both crses.

9, Cost Estimete of Truss and Column Structure.

estimate was mede for one truss and two colwans only for

reasons stated in Sec. 8. The cost estimcie follows

closely the standard procedure 28 illustrated in texts

on cost estimating.a

COST ESTIMATE

TRUSSED AND CCLUZIN EBEXT
(Totel Weight 4114 1bs.)
1 I2ECR

Structursl Steel.

Columns - 2 WF=-8" 31#, 29' long
Detalls
Bolts

Truss - Assorted angles
Details

Knee braces - 2 /3 =3x2xi 8' long
Detells
Bolts

Totels
Fabrication.

Shearing, punching end cutting: -
columns (%4 cuts) £1.C0
Angles (30 cuts) 4,00
Sketch plates, includling layout 12.§O
Punching 68 bolt holes 3450

Assembly (fitting up) : )

Columms with base, truss, &nN¢ knee
pletes - 1.00
Truss, angles end gusset D &
set in o specielly prepered J16 4,10
After one side is welded the truss

must be flopped over. 1.50

Construction Estimates

FMATERIAL

$126 .00
Taed
0,07

10C .EQ
8.40
8.09
L4

Y 4
. { <
o fadle, (@]

oG all

€. H.E. Pulver,

=20~

)

The cost

2

ond Costs pp. 260-2€2
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COST ESTIMATE (Cont.)

ﬂ
TTEM 1.ADCR TATEIAL TCTAL

Welding:

Colunn and Truss

154" of ; (horz.) butt weld & 2,50 ¥ «H5

142" of £+ (flat) fillet weld .90 50

64" of 3/8 filllet weld o0 40

510" of 3/16 (flat) fillet welcd 2,50 1.05

Paint 591°°' (small members-lihrs.) 9.50 3 .50

Hendling of members 1.00

Totals 55,00 G20 § 513
Trznsportation to site of erection |
Secolumng (10 per load) includes |

loading and unloadlng 70
1-truss (4 per load) includes
lozding and unloeading 1,50 .
' Totcls 2,20 D:ul0
Erection
2=columns 700
l-truss 10,00 _
i Totals 17 .00 17.00
Peinting - 591 ° o
(sggll members - 2 hrs.) 12,80 3.50 10440
Total Labor Cost 77+00 SR B
Totsl Cost of Labor and Moterleal Jiaoga
Equlpment Ownership exnense .
Overhead, including insurance, rower ctc. 140.00

2 40% of 349.7° G
: GHOZ T

Total Cost

10. Cost Estimate of Rigid-Frome Structuro. Here, ££=im,

freme wes considered since ithe

only the cost of the Mglid-

ol rrhes £
other fzcltors were sgsuned to be ecucl in boid tyres oI

structures,

~21- |



COST ESTIMATE

RIGID-FRAE EENT
(Totel Wt. 5383 1bs.)

ITEM IABCR MATERIAL  TOTAL
Structural Steel
Freme - WP 16x7 - 45#, 111' long 8344 ,60
Detalls 23,76
lezd plates 2 .00
Bolts 2.15
Totals 572 51 4372451
Fabrication
Shearing, punching and cutting:
Shearing plates, includes lay-
out $ 2.00
Punching 4 bolt holes 50
4 cuts through frece 1.00
3 notchies of freme, includes
layout 24,00
Grinding edges 2.00
Bending, flanges end cutting
plate for reinforced hip 8,00
Assembly (fitting up)
_ Base pletes, reinforced secilon
and splice plates 2450
Center section, bent to shape 1.00
Welding:
21" of %" (vertical) ¥ butt weld 85 25
o7 of 3/8" (flat) ¢ butt weld 5.£0 4,10
252" of 3/8" (flat) fillet weld 2.30 1,50
88" of %" (vert.g fillet weld 2.10 1.70
308" of 4" (flat) fillet weld 2,00 1.30
78" of 3% (vert.) fillet weld ‘*55 ‘el
turning fresme over . ‘D
Shop Painting: Area 580 8
lerge member - lhr. time 6.50 3450
handling members 1,00
Totels 21,65 12.50 34435
Transportation to site of erection
4 - fremes per load (includes
loading and unloading) 1.50
Total 1.50




COST ESTIMATE (Cont.)

mey - . -
ITEH LABOR UATERIAL  IOZAL

Erectlion
Assenbly of peak ond columns on
ground (welding considered in

fobricetlion cost) & 3450
Setting entire frome in pleace
end bolting 6.50 .
Total 10.C0 5 10,00
Painting 580 °' .
(Laerge members l-7 hrs.) 8,10 5 _3.50 11,50
Totnl Labor Cost Sl,ES
Total Cost of Lebor ond lMaterial 429,95
Equipment ownershlp expense 10.00
Overhead, including oll Insurence,
vower etc. & 40% of 429,96 172,00
Totol Cost 8611 .80

11. Comparison of costs. The cost differenticl between

vor of tle

(]

the two types of siructures Vas §112.20 4in £

truss and column bent. This higher cost of the rigid-

sporme was due entirely to 3 +5 heavier nenders and, con-

sequently, 2 higher meterizl cost. It czould e noted
that the cost differential could be reduced by other

sossible rigld-frome design. Toe precedins design could

pe modified in several respects to glve & Touer first coST.

Tt will be noted, fron the tebulation of meximum unit

PO A
strosses, that a smeller section cculc o€ used for uie

zirder portion of the frome. This would reduce the

welrht and cost of material. ¥any stcel fabricators Tro-

duce & rigid-freme with = oross-seciion thet veries with




the stress reguirements whilcih uses the nininunm of motericl.

Also, it may be possible to lessen the column helight of the
rigid~freme due to its creater overhead clecronce ond still
s1low for the installaotion of on overhead crone thot can
clear a standerd gogpe HOX col.

Taese are only severcl ol the possibilities thot

should be investigated In & nore thorouzh redesign of the

tuildirg.




HAPTER IV
GEMERAL DISCUSSION AXD COXCLUSICH

12, Gemneral Discussion of the Two Tyoes of Structures.

e colum and truss, or mill bﬁildinc type of siructure
15 the oldest and most commonly used for incustricl
buildings of nominel shens. it is economical and vexry
mrecticel when used in structurcs wiere coverheod
clecrence and appearcice is not eritical, It is sinple

to desipgn and easy to robricote even in the sneller gsvoel

shows, The total weirht cof e trussea S

to be less ifuen that of a rigid-fronc wren used for noninal

spens cnd ordinary roof loadings.

1 the truss end column type of s+ructure remoins the

) R X
Wics imn
” Q
rost economicel for shorit spans and ordinary loadings.~

The rigid-frane 1s beconing more npopular and

econoniczl with the advonce o &rc welding procedures.

Me rigld-frome is ideal for styuctures where overheed

clecronce and appecronce 1s essensicl. They hove been

used considerable in churches, GyMNAsSiurS, suditorivms,

ings and other such structures.

In worehouse structures, its oaventarcs over truss end

column bents are questionzble Sin

S. L.E. Grinter, Design of 1Tocernt Stoel St

-25=

In fact one suthor stotes

ce the overhecd clesronce

wetures p.o07

wey |




- X ~

cnd anpearance is not usuzlly criticcl, IS cesifm 15 &

13ttle more complex since it i1s zon indeterminetc structure.

Loyl ey arloly

1B

Zowever, most desisning ensineers siculd be
the design principles. The fabrication recuires & betuer
equinped snop since cutting cnd bending of lorger sceulons

is necesszaxy.

15. Conclusions. The truss and cclumn tyre of siructure

on

sroved to be about 13: more cconcmicel in first cost tiinn
the rigid-frame, The rigid-Irone design concidered nay
not be the most economical. Illany rigid-francs ore éesloned

-rith o cregss-secticn thet vorles it the stress reouiremenis

2% each point around the frame. Howevel, the cxtre ceost

of Tobricciicn will ternd to recduee ilie sovinis of cost

- e o b

resulting from the reduction of weight. It is rcssible

1met the Lruss znd column structure 113 84111l heve the

wics, U

. (—— e 25 D e
=fproae LTl & VeI foa-an

Toyest first cost even wen & I Gic
seetlon is used. However, when all It

3£ will be found, thot, even on &

2 = Bl

riszid-Ireme is highly coapctitive.

12, Swmerv. The innortent roinis of Uhe narcr cull pe

sumarized as follows:

(2) The truss and colunmn desirm was inveatizesed

nnd the columns were found to nove unlt sitresses exrceedling

Fr o At




the slloweble by approximctely 103.

(b) The principles of tn *lnznrell=ifohr Method of

Yor': were stated and the Gesien procecures outlinec.

(c) A eonstent section rigld-frane it 2 eirculor

mee was designed.

(a) A cost estimete was rede 02 botn structures.

(e) The truss end colunn structure was found to

Lo con=

tove the lowest first cost which ofrees wit:

clusions of several ocuthors. Llowever, o nore complcte
study should investipote otaer nossible ricid-Iron

desisn which ney reduce its Cirst cost.
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APPEFDIX
COLIPUTATIONS
muss end Column Structure:

1. Purlin Stresses and Truss Streases

for Live end Decd 108G sevesesernscssscsnavanns
o, Column Stresses for Wind Loading .eeeececocecee
3. Truss Stresses for Wind Lol secseeraans dia 3 e
4. Fixed End Moments of Top Chord of

TIUSS ceeesseensssssssvsssonsssorcanssvsacanserns
5. Tabulation of Unit Stresses for

Trugs and Golumn 1emnberS sessssccesrssssnasses 3

Rigid-Frame Structuvrer

1.

(= ]

50
6-

Rigid_Frame SQCtion Data e e s as s b eatars

Deflection Due to Dumny Load c.eevescess

Deflection Due to Live and Dead Load ..

Deflection Due to Wind Logd siaas v seemaes

mebulation of the Unlit Strecsses for
vaerious sections of the Rigid-Frore ...
toment Dlagrem for Combined Loalling ..

e o sh o
* s e @e a9
e e " s b0

9 8 % e v 4 &

........

— %
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