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SYNOPSIS 

This paper describes the investigation of' a mill 

building bent of truss and column design, a redesign 

using a rigid-frame, and an estimated cost of each design. 

For sake of brevity the overall design of the 

building (sway bracing, lateral bracing, purlins, girts, 

roofing,: siding, and bay spacing) was assumed to be the 

3eMe for both designs. It is possible that this assumption 

cannot be made and the estimates of cost, tnerefcr , 

in error. In actual practice the complete redesign of 

the building should be considered. 

INTRODUCTION 

During the past two decades there has heen a growing 

appreciation of the many structural and esthetic advantages 

of the rigid-frame type of construction particularly as 

applied to short span bridges . It has only been in the 

last few years that rigid-frame construction has become 

popular in building construction. Hie chief adv-at-res 

of this type of construction being its ease of fabrication 

and erection, and in some cases overall economy of con 

struction. 

in comnrning the two types of buildings a more or 
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less typical mill building was chosen for study. The 

building differs from the usual proportions in that it has 

excessive height to the eaves to. allow clearance for 

standard gage track and "box cars. 

the focal point of interest in the comparison of 

the two types of construction was the design 01 the rigid 

frame. This design made use of the theory of virtual 

work and uses experimental data to calculate actual 

stresses in certain sections of the frame. 



CHAPTER r 

INVESTIGATION CF BUILDING DESIGN 

I. Description of Building. The 'building studied v.c~s 

designed end built for use as a warehouse for a steel 

wholesaler in Stockton, California. It was designed 

under the provisions of the Pacific Coast Uniform Building 

Code which apply to all building construction in that 

city. 

The structural framework la of typical steel mill 

hollaing design with trussed and column bents. Unusual, 

however, was the excessive height of the columns. The 

height was necessary in order to provide clearance be­

tween an overhead crane and a standard gage box car. 

Arc welding was used to connect the various members 

that were prefabricated. The field Joints of the column, 

truss, and lateral bracing were made with field bolts. 

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

2. Theoretical considerations. The trussed part of the 

bent, which consists of a Fink roof truss, was investigated 

for combined live and wind loads. Section 2305 of the 

Uniform Building Code states the following! 

"Roofs shall be designed for a vertical 

-3-
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live load of 20 pounds per square 
foot of horizontal projection 
applied to any and all slopes, 
except herinafter provided. 
"Where the rise exceeds twelve 

inches (12") per foot no vertical 
live load shall need "be assumed, 
"but the roof shall he designed for 
the dead load of 15 pounds per 
square foot of vertical projection. 

Concerning wind loading Section 2507 of the Code 

specifies: 

"For purpose of design the wind 
pressure upon the gross area of 
the vertical projection of "buildings 
and structures shall "be taken at 
not less than 15 pounds per square 
foot for those portions of the 
"building less than sixty feet (50 ) 
above the ground and not less than 
20 pounds per square foot for those 
portions more than sixty feet above 
the ground." 

Hie roof of the building has a pitch of about 

1 to 2-J-. (Therefore, SO pounds per square foot of 

horizontal projection of the roof was used for the live 

loading. Bie horizontal force of the wind was resolved 

Into a force normal to the roof surface by the re 

lationship, 
_ P 2 S/n } 
^ = /y- JT/y? cr 

where « Is the angle between the upper and lower chords 

For the truss being considered* 

"So' * 

me dead load of the roofing material plus the 

live load on the roof were resolved Into a uniform 
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load acting along the length of the purlins which span 

between the trusses and were assumed to act as simple 

supported beams.. These purlins, supported at intervals 

along the top chord of the truss, bring the roof loading 

into the truss. The top chord, in turn, distributes the 

roof load into the truss as panel point loadings. The 

dead load of the truss members are also assumed to act 

at the panel points. 

In order to find the maximum possible stress in the 

truss members, two separate graphical analyses were made, 

one with dead and live load acting and the other with 

wind load alone acting. 
The top chord of the truss is assumed to distribute 

the purlin loads into the truss at the panel points. 

Therefore, the top chord must function as a continious 

-nr' pa well, function as 
beam spanning the panel poin > 

the top chord of the truss . me method of moment distri­

bution was used to calculate the reactions of this contln 

uous beam, the unit stresses due to the beam action of 

the top chord was combined with the unit stresses due 

to truss action to give maximum possible stress. 

The reactions acting ™ the columns supporting 

the truss were found by considering the wind acting 

side of the building and assuming the semi-fixed ended 

columns to have points of inflection (point of zero 

5-



moment) at one-third of the way up from their bases-. 

Moments were evaluated about these points to obtain 

various reactions acting on the columns . 

Simple structural theory was used for the investiga­

tion of the building bent except for the analysis of the nop 

chord of the truss which acts as a continuous beam and, 

therefore, is indeterminate.^ An analysis by moment dis 

tributlon was made in order to determine the bending 

stresses in this indeterminate top chord. 

3. Commutations. The computations and results have 

been summarised in graphical and tabular form and 

placed in the appendix for the reader's convenience and 

needs no further explanation. 

4, Results nr Investigation. Section 2307 of the Uniform 

Building Code states : 

"For combined stresses due to wind 
and other loads the allowable unit 
stresses may be increased 33 1/3 per­
cent in excess of the values specified 
?n Outers 24, 25, 26, and 27. For 
member' carrying wind stresses only the 
allowable stress may be increased 33 1/3 
•nor, cent. In no case sha11 the section 
be less than required if the wind stress 
is neglected. 

All allowable unit stresses were increased by 

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

with dead and live loads were used in the investigation. 

1 L E. Grinter, Ppsipn of Modern Steel Structures pp. 279-307 
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Hie truss members vrere found to be stressed within 

the allowable limits as specified by the Uniform Euilding 

Code. The columns were found to be overstressed by 52?Z 

when combined dead, live and wind loads were assumec to 

be acting. This calculation was made with the points of 

inflection of the columns assumed to be at one-third of 

the unsupported length above the base of the seme. If 

the points of inflection are assumed to be at the mid-point 

of the unsupported length of the column, which throws 

greater moment into the footing, the column is overstressed 

by approximately 10^. 

A 10 X 8 WF-38# column section or comparable will 

be stressed within allowable limits if the points of in­

fections are located approximately mid-way between the 

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

length of the column. 

-7-



CHAPTER II 

RIGID-FRAEE DESIGN 

5. Theoretical Considerations, The three fundamental 

equations of statics, (2H-C.2V-0, ewKK-O) provide 

sufficient conditions for determining the reactions and 

stresses of a structure that is determinate both internally 

end externally. A structure which contains a greater 

number of reactions than can be determined by the three 

fundamental equations of statics, on the other n~n&, 

indeterminate. The degree to which a structure is in­

determinate is equal to the number of reactions 

of the three fundamental equations of statics. 

Hie single-span riSid-frane tilth pinned ends 

is indeterminate to the first dearee since there are 

four unknown reactions as shown by Fic • 
P 

#1 

2 -i.rgis of the structure, 
in order to complete the anal/sis ° ^ 

e of the urihnown reactions must be oetorm ne - ^ 

of the elastic distortion of the fw=. un -



imposed loads. Hot© that if the ends were not pinned 

(able to transmit moment) the structure would have two add­

itional reactions and would be three decrees indeterminate. 

Hie mXffELIi—IIOHR METHOD CF WORK (Unit Dummy Load) 

provides a method of approach to the analysis of any in­

determinate structure and was used for the determination 

of the redundant reaction of the rigid-frame herein 

sidered. The Maxwell-Mohr method is based on the fact that 

if a redundant reaction is removed, the structure will 

deflect some amount, which can be determined on the 

basis of a determinate frame. If the dummy load (unit 

load), assumed to be one pound, pushes the structure bacm 

a given amount, <*,' , the total reaction will be deflection 

, divided by the amount that one pound will push the 

+ 3,4 The sequence 
structure bach into its normal position. 

of calculation are f-raphioally illustrated In Fig. 3 

-/ 

i 1 

2. Parcel and Hanoy, Steticall^Mete^ PP* 11-20 

I: pp'-11 
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Die Kaxwe 11-Hohr Method of Work formulas for de­

flection and elongation of members will not be derived, 

but will be stated and elaborated upon. 

Die elongation of a member under the action of 

an axial load is, 

e/e = a E  ̂"J 

where., o£ = elongation ^ 
S = stress in the member ciue to tare j.Ot~o. 
L - length of the member 
U = stress "in the member due to the dummy load 
A - cros3-section area of member 
E = modulus of elasticity of the member. 

Die deflection of a member under the action of transvei se 

load is, 

— c/x  ̂
C?/n = E-J £ J ' 

where. deflection a „ +>,0 m^nber 
M1- the determinate moment at any 
m .the dummy load moment at any point in tue mender 
E -the modulus of elasticity of the member 

moment of inertia of the cross-section at 
which the moment Ir- is calculi L,ed . 

Bie deflection of a member due to the dummy load actine 

alone and axially is, 

y -EELjL ; 
c/ffj - /HE 

and the deflection of a member due to the dummy load actinc 

alone and other than axially is, 

/• f-Csfn r — X- J 
rr>*c/x 
jr r 

-10-



Sherefore, since the redundant reaction can be cal­

culated by dividing the full l0£-d deflection by uhe cxl.̂ 7 

load deflection, the redundant reaction equals, 
r Afsn<̂ x 

^ J 
V* ~ * T S <ZZ£̂ Z 

£~I 

The effect of shortening of thB members has been 

neglected since they are generally small in single-span 

rigid-frames. 

These basic principles of the Korvrell-Kchr -e^nod 

of Work will be applied in the design of a single-span 

rigid-frame in the following pages of this discussion, 

in order to apply the Method of Work, a rigid-frame of a 

given section must be chosen and then investigated since the 

deflections are dependent upon the relative stiffness of 

the frame. Once the reactions of the given rigid-frame 

are determined, the unit stresses in the various sections 

of the rigid-frame may be computed and checked against^the 

allowable unit stresses. If this stress is e-ceeoe 

any point, another rigid-frcne section mus o be ci-oser 

the calculations for reactions and stresses repeated. 

Hie loadings acting upon the rigid-franc are 

essentially the sane as those assumed to be acting upon 

the truss and column bent.. Since, the outward di...ension 

-11-



of the "building are the same in "both designs, the same 

provisions of the Uniform Building Code will apply in 

regards to loadings (see pages 3 and 4). In addition, 

the affect of earthcuoke action and thermal expansion was 

considered. Section 2313 of the Uniform Building Code 

states: 

"Horizontal Force Formula. In 
determing the horizontal force 
to "be resisted, the following 
formula shall be used: 

F = CW 
Where F — the horizontal force in 

pounds 
W = the total dead load plus 

one-half the total vert­
ical designed live load, 

at and above the point of elevation 
under consideration, except for 
warehouses and tanms, id_whichc^ 
W shall equal the total aead loan 
plus the total vertical designed 
live load at and above the point or 
fai^vp + ion under consideration. , 
SaoSne?? % other fixed concentrated 
loads shall be considered as p-rt 
of the deed lord. 

C equals a numerical constat ̂  
shown in Tabel No. 23-A ^ , . 
Where wind load as set 

Section 2307 would produce 
stresses, this load should be u„ea 
in lieu of the factor shown. 

A check computation of the maximum possible stress 

hy earthquake loading showed that wind load stress was 

rreater. Therefore, wind loadins »M used in llGU °f 

earthquake loading. 
Bie reactions caused by thermal expansion were 



readily found since the free end deflection of tne 

rigid-frame Is the amount that a steel member equal to 

the span of the frame will expand under a Given temperature 

differential. 

Bie rigid-frame finally chosen is of a constant 

i _L where it is reinforced, cross-section except <~t olie i.nee v_i r 

to form a circular knee, (&ee Fig. 5). 

OHe square knee and circular knee of rigid-frames 

have been the subject of numerous studies and investiga­

tions . A report written by Mr. Inge Iyse and Mr. W.E, 

Black^ does an excellent job of correlating theoretical 

assumptions with experimental data to arrive at conclusions 

to be followed in practical design. 

in the report, they note that the observed unit 

stresses in the compression flange of the knee is some-

tines 5Op greater than that calculated. Therefor , 

, , +he actual section modulus of ohe 
report recommended that ue 

various points around the curved knee be reduced by an 

amount which varies with the angular distance of the 

section from the point of tangency. WN specifically, 

moment of inertia of this section should be reduced in 

accordance with the relationship, 

I = SC 

where S'. actual depth of the section 

. rt n if in Tnvftstitration of Steel 
5- Roprfntelh5rEHmX3tc . Proceedings, 

MOVT 1940 
-13-



Oie values of the reduction factor were flvon In a rraph 

which has he en reproduced. 

/.oo 

y/kr/c/er*; of • 

4-

„ , of the various sections of tne 
he moment of inerol~ ox 

^ knee .ere reduced by the P-edure 

he maximum reduction helnc ̂ cut ?1<' °f ̂  " 

modulus. _ th€> cection 
Once tne reactions were determine* _* 

checked for the maximum allowable unit s*r08Ŝ  ^ 

of the lnciaental details .ere consid«-• «- ̂  

provided the meet complexities of oesi.n ~ ^ 

knee. Here the stress introduced by the bent -
„«o+ivel,.r thin, v.eoi _ „* comparabi v 

had to be taken by the .* » 

-14-



Web atiffners were added at five points to insure against 

buckling and to promote even distribution of the web 

stress. The various welds in the carved knee area were 

designed to transmit the stresses carried by the members 

which they joined together. 

The base plate was mush simpler in design. The 

point to note la that for practical purposes the lead 

sheet beneath the base plate and the two anchor bolts 

pieced along the possible line of rotation can bo assumed 

to set as a pin connection which is essential for the con-

ditions of design. 

Bte field splice does not differ from the design 

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

transmitted by the flange splice plates, while tne web 

splice Plates transmits the shearing stress from one 

neuter to the other. stress in the welds ere that 

a T S C °nd the Uniform Building Cone s~-ec 
allowed by the A .1 .S .C . ~na 

lfications. 
The peak or rigid connection design invo ve 

calculating the necessary weld to transmit the stresses 

in the fining members. Since the shear at this point 
~ «-*• fhfi web buckling • 

is net critical, there is no dange -
_ +v,„ theories used to design 

These are fundamentaly 
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the single-span rigid-frame. It does not pretend to cover 

all the rsmmlfications of design, since it would take 

volumes to comnletly erdiaust the subject. 

6. flomnutstlons . The computations are compiled in a 

graphical and tabular form and placed in the Appendix. 

The rigid-frame was divided into short sections 

to facilitate the calculations of the indeterminate re­

action and also the unit stresses at various sections. 

Unit shears were not calculated since a few check 

computations showed that the unit shearing, stress was 

far below critical for all points.. For fur^er inform, 

tion on computation procedures, refer to pages 

of the Appendix. 

7. Desertion of tlr ae riGW-
froac section found to be adequate in ro.....ru.. to X 

unit stresses is a 16" x 7" WM5# vith reinforced circular 

knees. As previously mentioned, the redesign of 

uncle building is not within the scope of this paper. 

However, inspection of the two types of framework will 

snow that a. minimum of redesl6n of the roofing, siding ana 

yinmiired. The economical bay sway bracings would. oe required, n ^ 
spacing will be approximately the same for the two types , 

S. A.I.S.C. SirM2l§_S2§SJ?^^ PP' ̂  
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also the purlins, girts and siding will "be the cane in 

hoth cases. Tne major redesign would he that of the 

longitudinal bracing. 
For the typical rigid-frane Dent, bill ox ruber 

end details refer to Figs. 5 s.nd 6. 

-17-
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CHAPTER III 

A COST STUDY 

8. General Assumptions Used In Cost Estimates, Ihe 

primary assumption throughout the whole study has been 

that the outer shell of the building and longitudinal 

bracing will remain the same in both types of structures. 

Therefore, the cost of material, fabrication, ana erection 

of the outer shell and longitudinal bracing will be 

neglected in the cost comparison since they are equal 

in both cases. 

Fabrication and erection were assumed to take place 

in the vicinity of Stockton, California where tne 

following hourly wage rates apply: 

Per a 8 Hour Day ;*2.l6 
Carnenters *40 
Structural Iron Workers ^46 
Painters 2115 
Welders 2!l3 
Hoist Eng. (1-drum) 1>?8 
Truck Driver (over I2" tonj 
Common Labor 

The price for steel shapes and plates required 

were auoted by a local steel wholesaler o.na include 

cost of delivery to the site of fabrication. The average 

steel price Is §6.50 cwt. 

in estimate the cost of fabrication, tine-notion 

operations were visualized in order to obtain tne co-t of 

-13-



various fabrication procedures such as shearing, cutting, 

assembly, and welding. The actual cost of welding materials 

were calculated by the use of cosi data obtained from a 

textbook on arc welding procedure.''7 From this data the 

following table of welding cost was compiled. 

Type of 
H/e/d Aos/Z/on 

A/, o/ Join/ 
Ide/ded 

per Abur* 

Hi*, of A/ec-
/rode par 
A/ oflde/d 

C o s f  o f  
f&.user per 
A / .  o f p / e f /  

7b/a/ Cos/ 
per- JacA Type of 

H/e/d Aos/Z/on 
A/, o/ Join/ 

Ide/ded 
per Abur* 

Hi*, of A/ec-
/rode par 
A/ oflde/d 

C o s f  o f  
f&.user per 
A / .  o f p / e f /  A/a//. ioOor 

% 'U -dvd //or^. // O. 2d Z <? O.d/ / . a /  

& A/a/ /Z O. 55 3 0.7 / . 5  

*Z' V VenZ. d - 5  0.35 d /./ do 

f///e/ A/a/. 33 O / d  / o.z o . s  

% ' f///eZ A/a/ 30 O . Z Z  Z O.d OA 

% ' f / / / e Z  \Jeni- Z<2> o . / d  / o . z  0 . 7  

f/7/e/ A/e/ ZO 0.3& 3 OA, 0.9 

'S2'fi//e/ VenZ. 7.5 O• 5S 3 O. 7 Z . d  

'Assuming ffte iA/e/c/<?r t>v'" ne we/n/ng r-> ^ 
** Cos/ of <s/eo/nodes assumed Zo Z>e #0-

7c?6/d / 

The erection crew was assumed to consist of one 

foreman, two steel iron workers, one hoist operator, and 

two laborers. This crew is ample to handle any small si^e 

erection job. 

These various assumptions and cost data were used 

to arrive at a cost estimate of both types of structures. 

-Hie actual cost of the structures may be inaccurate, but 

the comparative cost should be approximately correct 

7. Ihe Lincoln Electric Company, Procedure^HandbooA^oI 
Arc Welding Design and Practice. 
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since the seme assumptions were made in both crses. 

g.m Cost Estimate of Truss and Column Structure. The cost 

estimate was made for one truss and two columns only for 

reasons stated in Sec. 8. The cost estimate follows 

closely the standard procedure as Illustrated In texts 
C 

on cost estimating. 

COST ESTIMATE 

TRUSSED AND COLUMN EENT 

(Total Weight 4114 lbs.) 

ITEp LNECR MATERIAL TOTAL 

Structural Steel. _, „ oo 
Columns - 2 WF-8" 31#* 29* long 7*23 
Details 2 
Bolts 108 "69 

Truss - Assorted angles 8.40 
Details , _, _ „ 8^09 

Knee braces — 2 /? -r3x2Xi 8 long 
Details [72 
Bolts Total, s 2^2 Xo £262.89 

Fabrication. ++ 
Shearing, punching and cutting. ^ 

Columns (4 cuts) V4-!oO 
Angles (30 cuts) io*F0 
Sketch plates, including layout 1-. 
Punching 68 bolt holes 

Assembly (fitting up): , 
Columns with base, truss, c.n - 1,00 

Wis! angles and susset plates are ^ 
set in a specially prePJr®5j J t^1Ss 
After one side Is  welded -  1.50 
must be flopped over. 

H 
— _ + . C o s t s  p p .  2 6 0 - 2 8 2  

Jt. Pulver, 

- 20 -



COST ESTIMATE (Cont.) 

ITEM LASOU MATERIAL TOTAL 

2.50 a .65 
.90 ..60 
.60 .40 
2.60 1.05 
9.50 3 .60 
1.00 

45.00 

Welding: 
Colunn and Truss 
154" of i (horz.) butt weld : 
142" of z (flat) fillet weld 
64" of 3/8 fillet weld 
510" of 3/l6 (flat) fillet weld 
Paint 591°' (small members-lthrs.) 
Handling of members 1 .OQ -r-™ r, ,n 

Totals 45.00 6.^0 v 51».A> 
Transportation to site of erection 

2-columns (10 per load) Includes 
loading and unloading *'0 
1-truss (4 per load) includes 
loading and unloading . 2 . 2 C  

Totals 2.20 -* 

Erection v no 
2-columns _n 
1"*truSS Totals 17400 17.00 

Painting — 591a" 12 CO 3.60 16,40 
(small members - 2 hrs .) *"77 ~oo 

Total Labor Cost 549.79 
Total Cost of Labor and Material. 10.00 
Equipment Ownership expense 
Overhead, including insurance, power eec. 140.00 

A 40/ of 34-9 .79 £499.79 
Total Cost 

10. Coat Estimate of Here' EG£ln' 

only the cost of the rigid-frame was consleered _ince 

other factors were assumed to be equal in bo ty.re­

structures . 
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COST ESTIMATE. 

RIGID-PRAITE BENT 

(Total 1ft* 5383 lb3.) 

ITEM T AF.CR LA TE RIAL 

Structural Steel 
Frame. - WF 16x7 - 45#, HI Ions 
Detaiis 
Lead plates 
Bolts 

Totals 

Fabrication 
Shearing, punching and cutting: 
Shearing plates, includes lay-

$ out 
Punching 4 bolt holes 
4 cuts through frame 
3 notches of frame, includes 
layout 
Grinding edge3 
Bending flanges and cutting 
nlate for reinforced hip 
Assembly (fitting up) 
. Base plates, reinforced section 
and splice plates 
Center section, bent to shape 
Welding: 
21" of (vertical) butt wel 
3C7" of*"3/8" (flat) & butt weld 
252" of 3/8" (flat) fillet weld 
88" of £" (vert.) fillet weld 
328" of £" (flat) fillet weld 
78" of i" (vert.) fillet weld 
turning frame over , 
Shop Painting: Area, 580 
Large member — Ihr • time 
handling members 

Totals 
Transnortation to site of erection 

4 — frames per load (includes 
loading and unloading) 

Total 

2.00 
.50 
1.00 

2.00 
2.00 

8.00 

2.50 
1.00 

c. >85 
5.80 
2.30 
2.10 
2.00 
•.55 
.75 

6.50 
1.00 
21,55 

1.50 

.25 
4.10 
1.50 
1.70 
1.30 
.15 

3.50 

12.50 

TOTAL 

§344.60 
23.76 
2 .00 
2.15 

372.51 §372.51 

34.35 

1.50 

-22-
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COST ESTIMATE (Cont.) 

T^.r LAS OR MATERIAL TO^-L «L « •— — — 

Erection 
Assembly of peak and columns on 
ground (welding considered in ^ 
fabrication cost) tf 3.jO 
Setting entire frame in place ^ 
and bolting Total 10*00 v 10.00 

Painting 580 D' . p n0 11.GO 
(Large members l-~ hrs .) r ^ ?y 1 

Total Labor Cost _ ^ ^ . 51. O 429.95 
Total Co-st of Labor and lie.ueriai 10.00 
Equipment ownership expense 
Overhead, including all insurance, 172 .00 
rower etc. 1 40Jo of 429.96 boll.^o 

Total Cost v 

11. Comparison of Costs. The cost differential betw 

the two types of structures was |112 .2.0 in F-vo* OJ. 

truss and column bent* Ttiis higher cost ox wie 

frme was due entirely to its neaviei " * 

sequently, a higher material cost. It ~~ould 

tbet the coot differential could be reduced by o^_cr 

possible rigid-frame design. ft. preceding design could 

be modified in several respects to give «. loi.er 

It will be noted, from the tabulation of maxima.. onit 

+ „ o^oiie-n section could be used for the stresses, that a smaiuer 
TITI " would reduce the mirder portion of the frame. Thi- JOUXU 

,;9lrilt end cost of materia!. * steel fabricators pro­

duce a rigid-frame with a oroes-Bectlon that varies with 
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the .stress requirements which uses the minimum. of r.aucrir.l 

Also, it may be possible to lessen the column height of th 

rigid-frame due to its greater overhead clearance and stil 

allow for the installation of an overhead, crane that can 

clear a standard gage box car. 

3hese are only several of the possibilities tliat 

should be Investigated in a more thorough redesign of the 

building. 



CHAPTER XV 

GE1JERA.L DISCUSSION AND COITCLUSIOH 

12. General Discussion of the Two Types of Structures, 

Tie column and truss, or mill building type of structure 

is the oldest and most commonly used for mucus -rial 

buildings of nominal spans. It is economical and very 

practical when used In structures where overhead 

clearance and appearance is not critical. I ̂ 

to design and easy to fabricate even in the smaller steel 

shops. The total weight of the trussed structure tends 

to be less than that of a rigid-franc when used for nominal 

spans and ordinary roof loadings. In f act one author states, 

that the truss amid column type of structure remains the 

most economical for short spans and ordinary loadings.-

The rigid-frame is becoming more popular and 

economical with the advance of arc welding -^ocedur 

Tie rigid-frame is ideal for structures where overhead 

clearance and appearance is essential. They n-ve -ten 

used consiaerable In churches, gymnas*umo, c.uditcn i ' 

two storied industrial buildings and otner s-'.cr- ^rucoi-cs. 

In warehouse structure, Its odwmtscoo over true a and 

column tents are questionable since the overhead clearance 

-'-a-—— q+,-o"! Structures p.507 
9. L .E . Grinter, Design 01 uQoern St-Q- ... 
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and appearance is not usually critical. Its dcsxrn Is a 

little more complex since it is an indeterminate structure. 

However, most designing engineers should "be faux liar wxtr 

the design principles. Hie fabrication requires a Decker 

equipped shop since cutting and bending of larger see 

is necessary. 

13. Conclusions. Hie- truss and column tyre of structure 

proved to be about 1% more economical in .first ccst than 

the rigid-frame. Hie rigid-frame design considered may 

not be the most economical. I'any rigid-frames arc resigned 

with a cross-section that varies with the stress requirements 

at each point around the frame. However, the extra cost 

of fabrication will tend to reduce the savings of ccst 

resulting from the reduction of weight. It is possible 

that the truss and column structure will still have the 

lowest first cost even when a rigid-frame vxt.i a <• 

section is used. However, when all factors aro considered 

it will be found, that, even on a first cost basis, «-c 

rigid-frame is highly competitive. 

14-. Summary. Hie important points of the paper can ee 

summarized as follows: 

(a) Hie truss and column design was investigated 

and the columns were found to have unit stresses e..cced_*-0 
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the allowable "by approximately 10£. 

(b) me principles of the Maxwell-Mohr Method of 

Worh were stated, and the desirn procedures outlined. 

(c) A constant section risld-frane with a circular 

Imee was designed. 

(d) A cost estimate was made of both structures. 

(e) The truss and column structure was found to 

have the lowest first cost which agrees with the con-

elusions of several authors. However, a more complete 

study should ir.vestico.te other possible rieid-frane 

desian which nay reduce its first cost. 
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APPENDIX 

COMPUTATIONS 

2russ and Column Structure: Pag© 
1. Purlin. Stresses and Tines Stresses 

for Live and Dead Load ^ 
2. Column. Stresses for Wind Loading — 
3. Truss Stresses for Wind Load 
4. Fixed End Moments of Top Chord of 

Truss - :>J 

5.  Tabulation of Unit Stresses ior 
Truss and Column Members - * -3 '' 

Rigid-Frame Structure: -r 
1. Rigid-Frame Section Data - JJ 

—T /-

2. Deflection Due to Dummy Load 3 
3. Deflection Due to Live and Dead Load 
A Deflection Due to Wind Load -> 
5. Tabulation of the Unit Stresses for 

various sections of the Rigid-Frame 
6. Moment Diagram for Combined Loading 
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