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CHAPTER I
INTRODUCTION

1.1 General.

Typical framing in multi-story buildings consists of
columns and beams which support both gravity and lateral
loads. The use of different types of construction and dif-
ferent types of steel permits many possibilities for alter-
nate choices of members. Sizes of beams used in multi-story
buildings depend to a large extent on the type of floor sys-
tem used. Columns generally have a low slenderness ratio
because the floor to floor height is usually relatively
small and axial loads are high. The nominal column depth
selected for use in a particular design can significantly
affect the overall economy of the structure.

When a structure is designed to resist lateral forces
as well as gravity loads by flexural action, it is necessary
to consider bending moments in the columns. When lateral
loads are resisted by shear walls or braced bents the col-
umns are usually designed assuming that bending moments are
negligible. The structural behavior of multi-story build-
ings under the action of lateral force is quite complex and
highly indeterminant because of the dynamic nature of the
loads. Common practice in design is to replace the dynamic
loading conditions by equivalent static loads.

The purpose of this study is to compare the economies

of using W12 or W14 column sections in both braced and



unbraced multi-story frames. To develop design data from
which costs can be determined, a preliminary design method-
ology was first developed, then a computer program written
implementing this methodology, and finally case studies

developed.

1.2 Limitations of the Study.

This study was limited to a single floor plan with both
braced and unbraced bents for lateral load resistance. (The
computer program is capable of handling almost unlimited
framing schemes.) The building was analyzed for wind loads
found in five areas of the southeastern portion of the United
States. 1In addition, a design was completed for earthquake
loading for the Los Angeles area. Designs using both A36
and A572 Gr 50 steels were made for building heights up to
the maximum number of stories that W12 sections can support.
Total frame weight for each design was calculated but basic
steel and fabrication costs are not part of this study.

The maximum drift for each design was calculated but no
modifications were made because of excessive drift. The
selection of a drift control criterion may be depend on the
area in which the building is located or on the purpose of
the building. For high rise buildings, a deflection crite-
rion may become the controlling factor rather than the
strength of the structural members and certain modifications
are then required to keep the drift index under the desired
limitation. The computer program described herein can eas-

ily be modified to accomplish this purpose.



1.3 Description of Methods Used.

The design methodology presented here consists of grav-
ity load analysis, lateral load analysis, selection of struc-
tural members, and an estimate of lateral deflections for
the frame. The method employed for gravity load analysis is
two-cycle moment distribution and that for lateral load anal-
ysis is the portal method for unbraced frames. Since the
braced frame configuration used in this study is determinate,
axial forces can be computed directly from equilibrium con-
siderations and no specific analysis is required.

Two-cycle moment distribution is performed for a single
story assuming the far ends of the columns are fixed.
Assumptions are made regarding the distribution factors at
each joint; the distribution factor for the columns above
and below the story level are assumed to be equal. Unbal-
anced and patterned live loadings are considered in the anal-
ysis.

The portal method of analysis is based on two geometric
approximations; first, the inflection points are assumed to
occur exactly at the center of all beams and columns and
second, it is assumed that each column in a story resists a
percentage of the total horizontal shear on that story in
proportion to the width of the respective bays. With hori-
zontal shears in each column, column moments and girder
moments can be determined from simple statics. Columns
axial loads due to lateral load effects can then be directly

determined.



The design methodology is explained in detail in Chapter
IT and an extensive set of design examples is presented in

Chapter IV.



CHAPTER ITI
DESIGN METHODOLOGY

2.1 Gravity Load Analysis.

Figure 2.1 shows the assumed distribution of gravity
loads to frames used in this report. For frame A-A of Figure
2.1la the filler beams are transverse to the girders. The
loading is taken as a uniform load along the entire length
of the girders and is equal to the distributed load over one
half of each bay on each side of the girder. For frame B-B
of Figure 2.1b, the beams are parallel to the girders and the
girder load is taken as a uniform load equal to the distri-
buted load over one half the distance from the girder to the
first interior beam. Weight of the exterior wall is included
on girders in frames around the perimeter of the building.
The computer program described later, automatically includes
self weight of the members in the design.

Two-cycle moment distribution is used to determine col-
umn and girder gravity moments. A reasonable approximation
is assumed for the distribution factors for end moments at
column-girder joints. Since a preliminary selection of mem-
bers sizes must be made before relative stiffnesses are
known, the distribution factors shown in Figure 2.2 are
assumed. The distribution factors shown in Figure 2.2a are
for the uppermost story and the factors in 2.2b are for

intermediate stories. After initial selection of members,
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an exact calculation of the distribution factor is made in
the automatic redesign procedure.

To find maximum end moments for the girders and columns
consideration is given to various live load patterns. Maxi-
mum negative girder moments and maximum column end moments
for gravity loading are found from the load distribution
shown in Figure 2.3. Using two-cycle moment distribution,
the maximum moments are found at each location at each level
of the unbraced frames. Maximum positive moments in the
spans of the girders are not critical in typiéal unbraced
frames and are not calculated in the analysis.

A numerical example follows for the geometry and loading
condition shown in Figure 2.4.

Step 1.
Moment distribution factors using the approximate
assumption are shown in Figure 2.5.

Step 2.
The fixed end moments are computed using wL2/12. For
the sign convention used here, the moment at the left
end of the span is negative and that at the right end
is positive. The fixed end moments for an interme-
diate level are shown in Figure 2.5. Total load is
applied to the center span and dead load to the two
exterior loads.

Step 3.
Unbalanced moments at the joint are distributed using

the distribution factors.
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Step 4.
The distributed moments from Step 3 are then carried
over to the far ends of the members. It is noted
that the carry-over moments constitute half of the
new set of fixed end moments for the far ends.
Step 5.
The new unbalanced moment at each joint is distributed
using the same process as in Step 3. Steps 3 and 4
can be continued alternately until the carry over
moment is negligible.
Step 6.
Sum up the moments from all fixed end, distributed
and carry-over moments to obtain the final result.
For typical frames, the unbalanced end moments after the
second distribﬁtion are small enough to be neglected. Thus,
only two cycles of distribution are used in the preliminary

design procedure.

2.2 Lateral Load Analysis.

For the purposes of this study, both wind and earth-
quake lateral loads are represented with static concentrated
loads at floor levels. Applicable building codes are used to
determine wind loading distributions. In general, these
distributions are a function of the location and height above
ground level.

Earthquake loads are represented with an equivalent

static load computed from the formula:

V = ZIKCSW (2.1)

-10-



where Z = a numerical coefficient depending upon the area of
the country, I = occupancy importance factor, K = a numerical
coefficient dependent on the type or arrangement of the
building, C = 1//T§Eﬂ a coefficient dependent on the funda-
mental elastic period of vibration T, and W = the total
building dead load. The total lateral force V is distributed
over the height of the building in accordance with the follow-
ing formula:

w_h

- (o X X
FX =W Ft) Iw.h, (2.2)
iti

where LA and hi are dead load and story height for a'general
level, and wx‘and hx are for a designated level. Ft is the
equivalent load at the uppermost level.

Once: the lateral loads are known the postal method is

used in the following way:

Step 1.

The total story shears due to the lateral loads above
each story are distributed among the columns in direct
proportion to the width of the bays that the columns
support. Thus, in the case of equal bays, the exte-
rior columns of the bent are assumed to take one half
as much shear as the interior columns. An example is
shown in Figure 2.6a.

Step 2.
The moments in all columns of the bent are then com-
puted. Since the point of contraflexure is assumed
to be at mid-story height, the moments at the top and
bottom of a column are equal and each is the product

of the column shear and half of the story height.
-11-



Step 3.
Beginning at the upper left corner of the frame and
working toward the right and downward, the wind mo-
ments in the girders can then be found from joint
equilibrium. The sum of the girder moments adjacent
to a given joint is numerically equal to the sum of

the column moments at the same joint but of opposite

signs.

Step 4.
The girder shears are then determined. The shear in
a girder is equal to the sum of its end moments di-
vided by the span.

Step 5.

Axial forces in the columns due to the lateral loads
are then found by imposing equilibrium at a joint
with the girder shears known.

End moments, shears and axial forces for a typical inter-

mediate story are shown in Figure 2.6b.

2.3 Preliminary Selection of Member Sizes.

For the purposes of this study, only two load combina-
tions were considered: dead plus live, or full gravity
load, and dead plus live plus wind. Since most specifica-
tions and codes permit a 33 1/3 per cent increase in allow-
able stresses if wind or earthquake load is present, only
three-fourths of dead plus live plus lateral load was used.

Preliminary girder sections are determined using the

maximum moment from the two loading cases and assuming

-12-



200

300 Yoo 209

2b L 200 20’ )

—p

a)

T ] 1

Distribution of Lateral Loads

Figure 2.6

b) Moment Diagram

Numerical Example of the Portal Method

-13-



continuous lateral support. That is, the required section

modulus is found from
S = - (2.3)

where M = the maximum girder moment, F, = the allowable bend-

b
ing stress taken as .66 Fy’ where Fy is the specified yield
stress for the material, and SR = the required section modu-
lus. Only the maximum negative moment is considered, since
in most frames it is always greater than the maximum positive
moment. Typically, the gravity loading condi£ion governs
only for the uppermost three or four stories of the frame.
Preliminary column sections are determined using the
maximum combination of end moment and axial load considering
the two loading cases. The initial column sections are
determined from a list of available sections, e.g., W12 or
Wl4 sections. Adequacy of the sections is determined using

AISC formulas 1l.6-la and 1.6-1b. The equations are repeated

here for convenience. Formula l.6-la:

fa : me fbx Cmy fby
-:E—,-a— + fa + fa i 1.0 (2-4)
(1 - =) F (1 - ) F
FeX bx Fey by
Formula 1.6-1b:

£ £ £

a4 Bx o, by 3 (2.5)
0.6F F F —

y bx by

Formula 1l.6-la checks stability of the member and 1.6-1b is

used to check yielding at the member ends. Parameters used

-14-



in these formulas have detailed explanations in the AISC

specification and are not repeated here.

2.4 Estimation of Frame Drift.

The ability of bents to limit lateral deflections is of
prime importance when the serviceability of multi-story steel
buildings is considered. The parameter most commonly used
as a measure of frame stiffness is the drift index which is
defined as the lateral deflection at the uppermost level of
the frame divided by the height of the building. Common
practice is to limit the drift index to 0.002 to 0.0035.
Because of the wide range of acceptable drift indices, no
attempt was made to iterate the designs to satisfy a partic-
ular drift index criterion.

The method developed by Cheong-Siat-Moy as described in
References 1-5 was used. The method, referred to herein as
the C-S-M method, is simple to use and its accuracy has been
confirmed by comparison with conventional elastic methods.
The concept upon which the method rests is that the stiff—
ness of the story can be represented by the sum of the
stiffnesses of its subassemblages. A subassemblage is a
substructure consisting of one column and its restraining
girders as shown in Figure 2.7. The lateral displacement,
A, at any story level for a total story shear, Q, is found

from

A = Q/ST (2.6)

128 ™ Ic
where ST = story stiffness = —7?-2 (Iiiﬁ) and m = number of

h

-15-
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columns in a story, h = story height and ¢y = ratio of column
stiffness to beam stiffness.

Comparisons of lateral deflection predicted by the
method described above and standard stiffness analyses are

presented in a following section.

2.5 Computer Program.

A computer program, Appendix A, was developed to imple-
ment the design methodology described in Sections 2.1-2.4.
The rigid frame, unbraced frame, program can theoretically
handle any size of frame with the following considerations:
First, member sections must be available in the input data.
Second, the frame must be "rectangular", that is, all beams
and columns intersect at right angles with no missing beams
or columns. Third, the accuracy of the preliminary methods
used must be considered.

Input for the program consists of frame geometry, uni-
formly distributed gravity loads for all stories and con-
centrated lateral loads at story levels. Output consists of
critical moments and axial loads, selected section sizes,
total frame weight, and the drift index. So that economic
comparisons can be made, two designs are made for each run:
1) wusing only W12 column sections and 2) using only W14
column sections. Automatic redesign occurs in the program
so that correct distribution factors are used in the grav-
ity load analysis.

In Chapter 4, results of a preliminary design using the

computer program are compared to an "exact" analysis using a

-17-



commercially available stiffness analysis program and manual

checking of all members sizes selected.
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CHAPTER III
DESIGN METHODOLOGY FOR BRACED FRAME

3.1 General.

Basically, a braced frame is defined as one in which
sidesway buckling is prevented by bracing elements of the
structure other than the structural frame itself. It is
assumed in an elastic stability analysis that a braced frame -
has negligible moment resistance from columns and girders,
and negligible shear restraint from diagonals or other brac-
ing. In other words, all joints are assumed to be simple
connections and horizontal forces are carried by the bracing

elements.

3.2 Thrust and Moments Due to Gravity Loads.

Since braced frames are considered to be constructed
using simple connections, the axial forces and moments due
to gravity loads can be calculated as for truss structures.
Beams are designed to carry the maximum midspan moment only
and columns to carry the gravity loads as

M

wL2/8 (3.1)
and
P = w x area + member weights (3.2)
where w = distributed loading and L = span.
Beams and columns are designed for M and P, respec-
tively. The effective length factor for columns is taken as

1.0. For the design program developed in this study, AISC

-19-



formulas 1.5-1 and 1.5-2 were used to determine column

capacity.

3.3 Bracing.

A computer program, Appendix B, was developed to analyze
bents with the three types of bracing schemes shown in Figure
3.1. For each scheme, the story shear was divided equally
between the bracing members in a story and the resulting
axial forces and column thrusts computed. Because of the
wide variety of sections that can be used for. bracing members
and because of the relative ease of design, no attempt was
made to provide final member selection.

Input for the program consists of frame geometry and
gravity and lateral loadings. Output consists of an echo of
input data, column axial forces and bracing forces. A sam-

ple output is shown in Appendix J.

-20-
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CHAPTER IV
DESIGN EXAMPLES

4,1 Limitations.

To study the economics of W12 column sections a series
of design examples was generated. The framing plan shown in
Figure 4.1 was used. Lateral resistance in the long direc-
tion of the building is provided by unbraced frames A-A.
Lateral resistance in the short direction comes from braced
frames B-B. All interior beam to column sections are con-
sidered to be ASCE Type 2, that is, simple connections.
Designs were prepared for wind loadings found in Atlanta,
Georgia; Dallas, Texas; Jacksonville, Florida; Houston,
Texas; Los Angeles, California and New Orleans, Louisiana.
Three designs were prepared for each location: a 7-story
building, a building with a maximum height that can be sup-
ported by W12 columns, and a building with an intermediate
number of stories. Designs were made for both A36 and A572
Grade 50 steels. The following loadings were assumed:

Roof Dead Load 20 pst

Roof Live Load 20 psft

Floor Dead Load = 3.25 in. of 100 pcf concrete + beam
weight + 2.0 psf deck weight
= 30.6 psf
Floor Live Load = 80 psf
Exterior Wall Weight = 20 psf

A reduction in live load as permitted by the Code was used.
Wind Loads were determined using the Uniform Building
Code requirements for the various cities as shown in Table

4.1.

-22-



Table 4.1 Wind Pressure for Various
Cities and Height Zones

eight WIND PRESSURE, psf
Zone
(FEET) |ATLANTA | DALLAS | HOUSTON | JACKSONVILLE | LOS ANGELES | NEW ORLEANS
Less
than 30 20 20 25 29 15 24
31n50 28 25 35 40 20 34
511100 33 30 45 48 25 40
101200 40 40 55 58 30 49
201300 42 40 55 67 30 52
301400 52 40 55 74 30 62
B
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Figure 4.1 Framing Plan for Example Designs
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The example building was also analyzed for earthquake
loading in the Los Angeles area. For the analysis, horizon-
tal shear forces were computed as described previously with
Z, I, K taken as 1.0.

In the following sections, results of the designs and
comparisons with more rigorous design and analysis methods

are discussed.

4.2 Frame A Design (Unbraced Frame).

4.2.1 Input Data

In the design examples, Frame A is an unbraced frame
five bays in width. The bays are equal, 30 ft. each, and
story heights are 14 ft. for the first level and 12 ft. for
all other levels.

The uniformly distributed gravity loading for each of
the girders based on the design data given is as follows:

Roof Dead Load - 0.3 kips/ft.

Roof Live Load - 0.3 kips/ft.

Floor Dead Load - 0.46 kips/ft.

Floor Live Load - 0.82 kips/ft.

Lateral loads computed from wind pressure data given in
Table 4.1 are shown in Table 4.2 for the five design cities
and to the 24th level.

Earthquake loads for the Los Angeles area 7-story
example building, together with calculations are shown in
Figure 4.2.

4.2.2 Verification of Proposed Methodology
To verify the methodology for unbraced frames described

in Chapter 2, the 7-story frame designed for the Houston,

Texas area shown in Figure E.l was analyzed using the

-24-



Table 4.2

Wind Lateral Loads for Various Levels

Lateral Load, Kips

Storyclty ATLANTA DALLAS HOUSTON JACKSONVILLE | NEW ORLEANS
24 11.74 10.80 14.85 16.87 ' 13.78
23 23.48 21.60 29.70 33.74 27.56
22 do do do do do
21 do do __do do do
20 do do do do do
19 do do do do do
18 do do do do do
17 do do do do do
16 21.60 do do 31.32 26.45
15 do do do do . do
14 do do do do do
13 do do do do do
12 do do do do do
11 do do do do do
10 do do do do do

9 do do do do do
8 19.70 18.90 27.0 28.62 24,02
7 17.82 16.20 24.30 28.92 do
6 do do do do do
5 do do do do do
4 16.47 14.85 21.60 23.76 20.0
3 14.88 13.35 18.52 21.28 18.06
2 11.76 11.40 14.70 16.97 14.16
1 11.70 11.70 14.63 16.96 14.04

-25—




EARTHQUAKE LATERAL FORCES

v

Z I RCSW
Z = area factor = 1.0
I = occupancy factor = 1.0
K = building factor = 1.0
CS = coefficient depending on vibration period
= 1/10°' VT
W = total building dead load
= 290 + 549 (NS-1)
V = [290 + 549 (NS-1)]/10V/ T
for 7-story frame NS = 7, T = 0.7

V = 426.5 kips

DISTRIBUTION OF EARTHQUAKE FORCES

Top Level: Ft = 0,07 x T x V= 0.049V
Other Levels: FX = (V—Ft) X thx
IW.h.
ii

Equivalent lateral load at each level:
7th 10.45 kips
6th 56.24 kips
5th 47.12 kips
4th 37.50 kips
3rd 28.88 kips
2nd 19.76 kips

1st 10.46 kips

Figure 4.2 Earthquake Load for 7-Story
Frame, Los Angeles

-26-



computer program STRUDL. Comparison of results is shown in
Tables 4.3 to 4.5. Table 4.3 compares column axial loads
obtained from the proposed methodology and those obtained
from the STRUDL analysis. The maximum difference is 11.4%.
Beam moments from the two procedures are shown in Table 4.4;
the maximum difference is 7.3%. Comparison of column mo-
ments is found in Table 4.5 with a maximum difference of
4.5%.

Figure 4.3 shows a comparison of frame drift for the two
procedures. The C-S-M method described in Chapter II pre-
dicts slightly less deflections than those given by the
elastic stiffness analysis technique used in the STRUDL
program. -However, the differences are very small and the
C-S-M method is deemed adequate for preliminary design.

From the above results, it is apparent that the pro-
posed design methodology is accurate for preliminary design.
4.2.3 Results for Example Designs

The example building was designed for three heights and
lateral load conditions in six cities. Designs were pre-
pared using both W12 and W14 columns in order to determine
the feasibility of using W12 columns in multi-story frames.
Designs reported in this report were based on A36 steel.

A second set of designs was prepared for A572 Gr 50 steels
and the same conclusions were reached. Results for the six
cities - Atlanta, Dallas, Houston, Jacksonville, Florida,
Los Angeles, New Orleans, are shown in Appendices C to H,
respectively. The building heights were seven stories, the

maximum height for which W12 columns could be used, and
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Table 4.3 Comparison of Preliminary Design

and STRUDL Analysis Axial Loads

COLUMN AXTAL LOAD, KIPS

BAY 1 BAY 2 BAY 3
STORY PRELIM. | STRUDL PRELIM. | STRUDL | PRELIM. | STRUDL
7 9.30 | 9.04 18.00 18.87 18.00 18.70
6 33.94 31.56 65.28 66.68 65.28 65.56
5 58.64 53.91 112.68 114.68 112.68 112.36
4 83.49 76.14 | 160.39 162.78 160.30 159.15
3 108.40 98.47 208. 35 211.30 208.26 206.27
2 133.48 120.63 256.64 259.96 | 256.55 253,40
1 158.78 142.52 305.57 308.99 305.48 300.44
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Table 4.4 Comparison of Preliminary Design

and STRUDL Girder Moments

GIRDER BENDING MOMENT K-FT

BAY 1 BAY 2 BAY 3
STORY PRELIM. -.STRUDL PRELIM. STRUDL PRELIM. STRUDL
R 50.61 -48.66 47.46 47.15 46.65 46.61
7 131.40 124.21 125.94 117.54 123.78 117.06
6 146.20 137.77 138.74 129.39 139.18 129.12
5 168. 36 163.93 158.11 147.30 159.79 148. 38
4 186.59 177.54 175.10 168.48 178.39 167.02
3 203.57 197.51 190.54 187.05 194.39 186.20
2 212.78 205.97 198.59 194.95 203.39 192.61
Table 4.5 Comparison of Preliminary Design
and STRUDL Column Moments
COLUMN BENDING MOMENT K-FT
BAY 1 BAY 2 BAY 3
STORY PRELIM. STRUDL PRELIM. STRUDL PRELIM. | 0 STRUDL
7 44,33 44.73 13.30 13.77 10.93 "10.32
6 50.19 .50.71 35.08 35.95 32.80 33.39
5 58.66 59.80 57.03 56.62 54.73 52.58
4 69.61 71.58 77.72 81.20 74.19 73.32
3 79.17 82.18 94,12 95.48 90.78 90.97
2 85.34 87.16 107.63 110.0 104.01 104.76
1 98.37 94.96 105.69 170.71 164.05 166.51
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approximately halfway between the minimum and maximum
heights.

Results for the Atlanta, Georgia location are found in
Appendix C. Figure C.l and C.2 are results for a 7-story
structure using W12 and W14 columns, respectively. Figures
C.3 and C.4 are for a l4-story structure and Figures C.5 and
C.6 are for a 2l-story structure using W12 and W14 columns,
respectively. Comparison of drift and story height using
W12 and W14 columns is shown in Figure C.7. The use of W12
columns results in a slightly larger lateral drift. Compari-
son of total frame weight using W12 and W14 columns for the
three building heights is shown in Figure C.8. The use of
W12 columns results in a slightly increased frame weight.

Results for 7-, 1l4-, and 2l-story designs for the Dallas,
Texas area are shown in Appendix D. Example designs for 7-,
12-, and l17-story structures in the Houston, TeXas area are
shown in Appendix E. Designs for 7-, 12-, and l6-story
frames for Jacksonville, Florida are shown in Appendix F.
Example designs for 7-, 13-, and 19-story structures for
the Los Angeles, California area are shown in Appendix G and
designs for 7-, 13-, and 18-story buildings for the New
Orleans, Louisiana area are shown in Appendix H.

Comparison of the maximum number of stories that can be
supported by W12 columns in the six subject cities is shown
in Figure 4.4. The maximum height is 21 stories for the
Atlanta, Georgia and Dallas, Texas area and the minimum is
16 stories for the Jacksonville, Florida area. Figure 4.5

shows a similar comparison using A572 Gr 50 steel. For this

-31-



HATTIIANOSYOVL

NOLSNOH

SNVHITIO MUN

SHTIONY SO1

YLNYTLY

SvI1Ivd

250

20

JybToH A103S °“Xej

Figure 4.4

Maximum Height W12 Columns

Can Support Using A36 Steel

ATTIIANOSHOY L

NOLSNOH

SNYHTIO MHUIN

VYLNYTLY

SYTITIYd

Maximum Height W12 Columns

_ _ |

_
=) ) =) )
N — —

30—
25

3ybTtoH Ax103S °XeR

Figure 4.5

Can Support Using A572 Gr.50 Steel

-32-



steel grade, the maximum story height is 26 stories for both
Atlanta, Georgia and Dallas, Texas and the minimum is 22
stories for Jacksonville, Florida. Obviously, the required
design wind load governs the maximum story height that can
be supported by W12 columns for a specific building plan.
Table 4.6 is a comparison of the weights of the eighteen
designs using both W12 and W14 columns. The maximum percent
increase in weight if W12 columns are used for the example

structure is 3.98%.

4.3 Design for Frame B (Braced Frame) .

Because of the relative simplicity of the braced frame
design procedure, only Frame B-B for the 7-story, Houston,
Texas location is reported here. Sample output for the A36
steel design is shown in Appendix J and member sizes are
shown for W12 and W14 column designs in Figures 3.53 and
3.54, respectively. The W12 design weighs 8.2% iess than

the W14 design.
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TABLE 4.6

Comparison of Frame Weights Using

Wl2 and W14 Columns

Frame Wt., kips & Tncrease

City No. of wi2 | wl4 for W12
Stories column column columns
7 . 72.05 72.09 | -0.05
ATLANTA '14 218.78 | 213.08 2.60
21 450.07 | 436.65 2.98

7 70.79 71.01 -0.31
DALLAS 14 216.91 | 211.32 2.57
21 438.37 | 425.67 2.89
7 78.38 77.80 0.74
HOUSTON 12 191.77 | 185.11 3.47
17 | 357.43 | 344,98 |  3.48

7 79.38 78.89 0.61
JACKSONVILLE 12 197.62 | 191.23 3.23
16 329.13 | 318.56 3.21
7 94.46 | 92.97 1.52
LOS ANGELES 13 234.04 | 225.75 3.54
19 413.71 | 400.03 3.31
7 75.21 75.45 -0.32
NEW ORLEANS 13 208.82 | 204.22 2.20
18 374.46 | 359.54 3.98
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CHAPTER V
SUMMARY AND CONCLUSIONS

5.1 Summary.

The purpose of this study was to determine the economics
of using W12 columns in multi-story frames. A computer pro-
gram was developed to provide preliminary designs of typical
frames in office buildings. The design methodology used in
the computer program is based on two cycle moment distribu-
tion for gravity loadings, the portal method for lateral
loadings, and an approximate technigque to estimate drift.

The accuracy of the computer program and design methodology
was verified using a commercially available direct stiffness
program. The proposed design procedure was found to be
extremely accurate and well suited for office design.

The proposed procedure is limited to "rectangular"”
frames, that is, frames where all beams and columns inter-
sect at right angles and there are no missing members. The
developed program assumes fixed base columns and no provision
is available for pinned based columns. It is generally
assumed that the portal method is valid to approximately 35
stories and the program should not be used for frames above
this height without careful study.

To study the feasibility of using W12 columns in typical
office structures, designs were completed for an office

building 90 ft. by 150 ft. in plan. The building consisted
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of 30' x 30' square bays, 5 bays in one direction and 3 bays
in the qther direction. Lateral load resistance was provided
in the long direction by two unbraced frames along the out-
side of the building. Lateral load resistance in the short
direction was provided by two braced frames on the exterior
faces of the building.

Designs were developed for five locations in the south-
eastern United States and for Los Angeles, California. For
each location three building heights were investigated,
seven stories, the maximum height that can be supported by
W12 columns and a height intermediate between the maximum and
minimum heights. Designs were completed using both W12 and

Wl4d columns of A36 and A572 Gr 50 steels.

5.2 Conclusions.

From the results reported here, it is known that the proposed
design methodology is adequate for preliminary design of
multi-story frames within the limitations stated. From the
case studies presented it was found that A36 W12 columns can
be used to a maximum of 21 stories. Additional designs not
reported showed that W12 columns could be used to a maximum
of 26 stories if the material is A572 Gr 50 steel. It was
found that the use of W12 columns results in slightly
greater drift and slightly greater total frame weight. How-
ever, it is believed that W12 columns can be economical
depending on freight and fabrication costs for a specific

project.
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5.3 Future Work.

Future improvements to the proposed design methodology
are possible. A procedure to redesign a frame for a stated
drift index limitation can be easily implemented. Usually
the most economical way to control drift is to increase the
stiffness of the girders. If this is necessary in a design,
there is no need for the use of high strength steel girders.
An economical design, then, may be A572 Gr 50 columns and A36
steel girders. The present design program can not handle
different steels in columns and girders but tﬁe implementa-
tion of this feature would be relatively easy.

A design procedure for non-standard frames may also Be

inVestigated.
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APPENDIX A

COMPUTER PROGRAM LISTING FOR UNBRACED FRAME DESIGN
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APPENDIX B

COMPUTER PROGRAM LISTING FOR BRACED FRAME DESIGN
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APPENDIX C

DESIGN EXAMPLES FOR ATLANTA, GEORGIA



Figure C.1 Design for 7 Stories, W12 Columns
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218.78 kips

Design for 14 Stories, W12 Columns
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Figure C.5 Design for 21 Stories, W12 Columns Continued
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APPENDIX G

DESIGN EXAMPLES FOR LOS ANGELES, CALIFORNIA
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APPENDIX I
PRELIMINARY DESIGN RESULTS FOR 7-STORY UNBRACED FRAME,

HOUSTON, TEXAS
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APPENDIX J
PRELIMINARY DESIGN RESULTS FOR 7-STORY BRACED FRAME,

HOUSTON, TEXAS
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Mr. J. L. Garrett

Senior Engineer-Technical Services
ARMCO, Inc.

1455 West Loop SOuth

Houston, TX 77027

Dear Joe:

Enclosed are two copies of Jim Lin's final report concerning the
economics of USlng W12 column sectlons in multistory buildings. The
results sARJacH cieNpemn. =Srheuwrdeswre, are quite encouraging. The
‘use of W12 column sectlons only sllghtly increases frame weight and
frame drift. Mpefgjﬂmxﬁuhf1ﬁ§e increased cost of the steel can be
easlly compensated for by reduced freight weight.

er

The study concentrated on unbraced frames é:c Don Ballard's
direction. However, the program developed for braced frames is opera-
tional and can be quite useful.for their design.

Concerning your request that the programs be pessdsdsy used by
the design profession, probably the best way to handle it would be to
use me as a consultant. This summer I have worked with a steel
fabricator and a consulting structural engineer on the preliminary
design of multistory frames. To further test the accuracy of Jim
Lin's programs, the designs were based on his resulfs. The final 6
designs were very close to the preliminary designs aﬁﬁ situations ﬁur 445
the framing plan was not changed. Therefore, I am quite confident
that the results are reasonable and I would be happy to work with you
on a trial basis to provide alternate designs to the steel industry
and design profession. If this situation is suitable, please contact
me and we can negotiate fees. If it is your plan to provide the
services yourself, I would be most happy to work with you 1& installéssg,
the program on your computer system.

We appreciate the opportunity to work with you and we trust that
the results of our study will be of some value to ARMCO, Inc.

Sincerely,

Thomas M. Murray
PIC
FSEL

TMM: sbs



