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INTRODUCTION

For an exact elastic analysis of a statically indeter-
minate structure to be performed, the structural dimensions,
loads and member properties must be known. To obtain the
member properties, the members must be designed based on
the forces imposed on them; however, these member forces
are the end products of the exact analysis. To cope with
this situation a preliminary, approximate analysis is often
performed first, a preliminary design of the members is then
carried out based on the forces obtained from the preliminary
analysis, and the resulting member properties are used for
an exact analysis. Results of the latter can then be used
to modify as required the members chosen during the prelim-
inary design.

The purpose of this report is to examine the assumptions
commonly used in a preliminary, approximate analysis. A
six story, three bay steel frame is selected as an example,
gravity and wind loads are assumed, a preliminary analysis
is performed, the preliminary design of the members is carried
out, and the resulting member properties used in an exact,
computer-based analysis. The results of the latter are
compared with the results of the preliminary analysis to
determine the adequacy of the assumptions upon which the

preliminary analysis is based.



DEFINITION OF PROBLEM

Frame

The six story frame selected as an example for this
report is shown in Fig. 1. The column supports are assumed
to be pinned, and girder-column connections are assumed to
be rigid. The frame is an interior bent, and the spacing

between bents is 24 feet.

Loading
The following loads are assumed:
1. Roof dead load = 60 psf.
2. Roof live load = 35 pst.

]

3. Floor dead load 80 psf. (including girder

dead load)

]

4. Floor live load = 100 pst.

5. Exterior wall load = 45 psf.

6. Wind load = 40 psf.

7. Column dead load = 250 1b./ft. (including insulation)

These loads are summarized in Figs. 2 and 3.

Two loading conditions are considered for the design:
gravity loads only and gravity plus wind load. For the latter
condition, the AISC Specification (1) permits a one-third
increase in allecwable stresses. In order to compare member
forces due to the two loading conditions directly, it is

convenient to use three-fourths of the gravity plus wind

loads rather than the corresponding one-third increase in



allowable stresses. Therefore, the two loading cases
considered here will be gravity load and 3/4 (gravity

plus wind load).

Live Load Reduction

Live load reduction is used as provided in Uniform
Building Code (2). In general, the reduction is the smallest

of:

Ry = 40%
- DLy ¢
R2 23.1 (1 + T o
Ry = 0.08 (area supported)%

For the girders R2 and R3 are:

80 _ o
R2 = 23.1 (1 e m) = 41.58%
Ry = 0.08 (24 x 24) = 46.08%

Therefore R, = 40% controls. Figure 4 shows the reduced
floor loads for the girders.

For the columns the reduction is the same as for the
girders except that R, = 60%. The reduction for Column A

at Level 2 is:

R, = 60%

R, = 23.1 (1 + 89y = 41,587
2 . m . (-
Ry = 0.08 (15 x 24) = 28.8%

So, R3 controls. For Level 3 and below R2 will cootrol:

R, = 41.58%

Ry = 0,08 (15 x 24 x 2) = 57.6%



For Columns B and ¢ the reduction is 41.58%, and for Column
D at Level 2, Ry = 23.04% controls, while for lower levels,
RE = 41,587 controls. The reduced flcer lcads ussd to cal-
culate the column axial loads are summarized 1in Fig. 5.



APPROXIMATE ANALYSIS

For the approximate analysis of wind load on the
structure the portal method is used (3). This method is
based on two major assumptions. First, the inflection
points are assumed to be at the mid-points of the members.
Second, column shears are assumed to be proportional to
the width of aisle supported. The portal method calculations
are shown in Table 1.

For the approximate analysis of gravity loads it is

- (5), where

assumed that the girder end moments are 0.045 wL
w is the uniformly distributed load on the girder and L is
the span, taken as the center-to-center distance between
columns. Values of the maximum moments and shears for the
girders are summarized in Table 2. These maximums are the
controlling values of the two conditions: 3/4 (gravity +
wind) or gravity load only.

It 1s assumed that axial loads on the columns are one-
half of the span loads which are supported by the columns.
It is also assumed that the wall loads are applied at the
exterior surfaces of the columns, and that the column dead
loads are applied at the top of each column segment. The
column axial loads are shown in Table 3; the controlling
values are the larger of the two: gravity of 3/4 (gravity
plus wind).

Column end moments are calculated in Fig. 6 based on

the assumption that one-half of the total moment on a



girder-column joint will be resisted by the column above
the joint and one-half by the column below the joint. The

controlling values of the column end moments are summarized

in Table 4.



PRELIMINARY DESIGN

Using the member forces from the preliminary analysis
the frame members are designed using A36 steel and based
on the AISC Specification (l1). It is also assumed that a

3% overstress is acceptable.

Girder Design

Assuming that the slab will provide full lateral support
to the compression flange and using the maximum moments of
Table 2, the girders are designed for an allowable bending

stress of oy, = 24 ksi. The results are shown in Fig. 7.

Column Design

Wl4 sectionsg are used for all column sections. Column
splices are assumed at two story intervals, and it is assumed
that the effective length factor is one for buckling out of
the plane of the frame. The design calculations are presented
in Table 5. Section A of Table 5 contains the maximum moments
and axial forces, Section B shows the trial member and its
properties, and Section C presents the calculated axial and
bending stresses. Section D shows the check of Formula
(1.6-1b), of the AISC Specification (1), and Section E
contains the calculation of effective length factors.

Section F presents the allowable axial stress, and Section
G is a check of Formula (l.6-la) of the AISC Specification

(1). The final column sections are summarized in Fig. 7.



STRUDL ANALYSIS

The Structural Design Language, known by the acronym
STRUDL, is a series of computer programs for solving problems
in structural engineering (4). 1In this problem the stiffness
analysis is carried out by computer using STRUDL. For this
purpose the joints and members are numbered as shown in
Fig. 1. Then joint coordinates, member incidences, member
properties and loadings are input into the computer. Due
to different live load reduction factors for girders and
columns, extra joint loads are required. These extra joint
loads are shown in Fig. 8, and a summary of all the loads
is presented in Fig. 9.

STRUDL output is obtained for three loadings: wind,
gravity and 3/4 (gravity + wind). For each loading the
member shears, axial forces and moments are printed. The
portions of the STRUDL output which show these results are

reproduced in the Appendix.



COMPARISON OF RESULTS AND DISCUSSION

There are two major assumptions in the portal method
for analysis of wind loads.

First it is assumed that the column shears are propor-
tional to the width of aisle supported. This assumption is
compared with the STRUDL results in Table 7, and the maximum
difference is 1.68%. Therefore the shear distribution
assumption is very accurate for this structure and loading.

The second assumption is that the inflection points are
at the mid-lengths of the members. Calculated inflection
point positions based on the STRUDL girder end moments and
column end moments are shown in Figs. 10 and 11, respectively.
For the girders, the difference between the assumed location
of inflection points and STRUDL results is relatively small
with the maximum difference equal to 77%. For the columns,
this difference is quite large in some cases, with a maximum
at 52.3% for column Dl_2 and 10.4% for C3_4. Therefore, the
assumption on location of inflection points for the columns
is not very good.

For gravity loading it was assumed in the preliminary
analysis that the girder end moments are 0.045 WLZ, but the
STRUDL results shows that this is not a good assumption.

The comparison is shown in Fig. 12, where the difference
ranges from 27.7% to 52.3%. To design the girders, positive
moments equal to 0.08 wL2 were used, but with large changes

in negative end moments some of the girders would have to
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be redesigned. The revisions in the girder design are
shown in Table 7. Five girders have to be changed to the
next larger section, and one girder has to be changed to

a section three sizes larger. Also, two sections have to
be reduced to the next smaller section, and one member has
to change three sizes smaller.

Also, 1t was assumed that each column carries one-half
of spans loads which are supported by the column. In Fig. 13
the axial loads based on this assumption are compared to the
column axial loads from the STRUDL analysis. The average
difference is within 3%; therefore, this is a reasonable
assumption.

The last assumption made in the preliminary load analysis
was that 1/2 of the unbalanced joint moment is taken by column
above the joint and 1/2 by the column below the joint. To
check this assumption, Fig. 14 is drawn. For Columns A and
D the difference between assumption and STRUDL result is
fairly small, with an average difference of about 13%, but
for Column B it is 21.8% and for Column C it is 61.0%. There-
fore, the assumption is not very accurate in these latter

cases,
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SUMMARY

Five major assumptions were made in the preliminary
analysis:

1. Column shear due to wind load is proportional to

fhe width of aisle supported by the column.

2., Inflection points in the wind load moment diagram
are at the midpoints of the members.

3. Girder end moments due to gravity loads are
0.045 wL?.

4. Columns carry axial loads equal to the span loads
which are supported by the column under gravity
loads.

5. The column ends will resist one-half of the un-
balanced joint moments due to gravity loads.

In conclusion, it is easy to see that Assumptions one
and four are close and reasonable since the percent differ-
ences between the preliminary analysis and the STRUDL
results are small. For the girders, Assumption two is
relatively close, but for Columns D and C the difference
is large, while for Columns A and B the difference is
smaller. Therefore, Assumption two is not very good.
Assumption three is not close, and most of the girder end
moments from the STRUDL results are two times larger than
those assumed; therefore it is not a reasonable assumption.

These conclusions are limited to the structural geometry
and loading of this problem, and could change if other geo-

metry and loading were used.
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RECOMMENDATIONS FOR FURTHER STUDY

For additional study in the future it is possible to
use the STRUDL program for a preliminary analysis, and use
the output of this analysis to design the members. Then
the properties of these members could be used as input data
for the stiffness analysis. After the first stiffness
analysis the results could be used to redesign the members,
with the resulting member properties used as input data
for a second STRUDL analysis.

A key factor in this problem is the assumed geometry
of the structure and the loading. The effect of changes in
these two assumptions on the accuracy of the preliminary

analysis assumptions could be investigated.
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NOMENCLATURE

2y

Moment reduction coefficient

Cross-sectional area, (in.

Allowable axial stress, (ksi.)
Allowable bending stress, (ksi.)
Euler stress divided by factor of safety, (ksi.)

Specified minimum yield stress of the type of steel
being used, (ksi.)

The theoretical maximum yield stress, (ksi.) based
on the width-thickness ratio of cne-half of the
unstiffened compression flange

The theoretical maximum yield stress (ksi.) based
on the depth-thickness ratio of the web for which
a particular shape may be considered "compact" for
combined bending and axial stresses

Nomograph designation of end condition used in
column design

Moment of inertia of a sectiocn, (in.a)
Effective length factor

Span length, (ft.)

Maximum unbraced length of the compression flange
at which the allowable bending stress may be taken
at 0.66 Fy (£t.)

Maximum unbraced length of the compression flange
at which the allowable bending stress may be taken
at 0.6 Fy (fr.)

Moment (Kip-ft.)

Applied load (Kips)

Elastic section modulus (in.3)

Computed axial stress (ksi.)
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NOMENCLATURE (continued)

Computed bending stress (ksi.)
Radius of gyration with respect to the x-x axis (in.)

Radius of gyration with respect to the y-y axis (in.)



TABLES

17
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WIND SHEAR COLUMN

QUANTITY INCREMENT | TOTAL | A B c D
Aisle width (ft) 15 27 24 12
% of total shear 19.23 34.61 30.77 | 15.39
Level 1-2 5.76 5.76
Column shear (K) 11.1 1.99 1.77 0.89
Column moment (X1) -6.66 ~11.94f -<10.62 -5.34
Girder moment (X1r) 6.66 5.28 5.34
Girder shear (X) 0.44 0.44 0.44
Column thrust (X) 0.44 0.00 0.00 0.44
Level 2-3 11.52 17.28
Column shear (K) - 3.32 5.98 5.32 2.66
Column moment (Xi) -19.92| -35.88/ -31.91 -15.96
Girder moment (Kt} 26.58 21.23 21.30
Girder shear (X) 1.77 1:T7 1.77
Column thrust (K) 2.21 0.00 0.CO 2.21
Level 3-4 11.52 28.8
Column shear (K) 5.54 9.97 8.86 k.43
Column moment (Kt) -33.24| -59.81] -53.16] -26.58
Girder moment (K') 53.16 42,53 42,54
Girder shear (K) 3.54 3.54 3.54
Column thrust (X) BT 0.00 0.00 5.75
Level 4-5 1L.52 4p,.32
Column shear (X) 7.75 13.95 12.41 { 6.21
Column moment (Xt) ' -b6.5 -83.7 '-7h,U46 ] -37.26
Girder moment (X') 79.74 63.78 63.84
Girder shear (K) 5.32 5.32 5.32
Column thrust (XK) 11.07 0.00 0.00 11.07
Level 5-6 11,92 51.84
Column shear (K) 9.97 17.34 15.95 | 7.98
Column moment (K'g -59.82 1-107.64 -95.7 | -47.88
Girder moment EK' 106,32 85.0 85.2
Girder shear (X) Tl T sl Tl
Column thrust (K) 18.16 0.00 0.00 18.16
Level €-7 11.52 63.36
Columnt shear (K) 12.18 21.93 19.50}1 7.75
Column moment (K« ) ~146.1 |=-263.2 1 -234.0 1 -117.1
Girder moment (K1) 205.99 164.8 164.9
Girder shear (X) 13.74 13.78 13.74
Column thrust (K) 31.89 0,00 0.00 31.89
Shear at level 7 5.76 69.12 | 13.29 23.92 21.27 | 10.6%4

Table 1:

Portal Method Calculations




Member Mg 374 (Mg+iy,) Vg  3/4(Vg+Vy)

(k-ft.)  (k-ft.) (k) (k)
1 164,1% -74.3 34.2% 25.9
2 241, 9% -122.0 50.4% 39.1
3 241.9% -141.9 50.4% 4o.5
4 241, 9% -161.9 50.54% 41.8
5 241, g% -181.8 50, 4% 43.1
6 241.9 -256.6% 50.L% ug.1
7 105.1# -48,3 27 . 4# 20.9
8 154, 8% -81.3 4o.3% 31.6
9 154 ,.8% -97.2 4o.3% 32.9
10 154 8% -113.2 40.3% 34.2
11 154,84 ~129.1 40.3% 35.6
12 154.8 ~188.9% 40.3 40.5%
13 105.1% -48.3 27 . 4% 20.9
14 154 8% -81.3 40. 3% 31.6
15 154, 8% -97.2 40, 3% 32.9
16 154 ,8% -113.2 4o,3% 34,2
17 154 .8%# -129.1 4o,3# 356
18 154.8 -188.9% 40.3 4o.5%
0.045wL2 s
Mg My

Table 2: Maximum Girder Moment (controlling values
are indicated with asterisks)
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Sec| Column As_3 AT Bo.3 Bo_3 Cg_3
Loading gravity gravity | gravity 3/4(g+w) [3/4(g+w)
AlM (k') 78.96 112.29 27.44 47.49 23.33
P (k) 102.96 37.20 157.20 117.90 105.30
Try. Sec. W1U4X48 W1l4x4s Wlhxys W1l4x43 Wl4x43
I (1n*)| 485.0 485.0 429.0 429.0 429.0
B|s (1n3) 70.2 70.2 62.7 62.7 62.7
A (1n2) 14,1 14,1 12.6 12.6 12.6
ry (in) 5.86 5.86 5.82 5.82 5.82
ry (1n) 1.91 1.91 1.89 1.89 1.89
f4=P/A (ksi) 7.30 2.64 12.48 9. 36_ 8.36
fp=M/8 (kst)| 13.50 19.19 5.25 9.09 4,58
m (ksi) —— —-—— iy b e
Clgm (ksi)| === -——- 33.5 33.5 33.5
Le (fe) 3.5 8.5 8.4 8.4 8.4
(rt) 16.0 16.0 14.3 14.3 14.3
Fy (ks1) 22.0 22.0 22.0 22.0 22.0
£2/0.6F 0.338 0.122 0.578 0.433 0.387
f%/Fb d 0.614 0.872 0,229 0.413 0.208
D Sum 0.952 0.994 0.816 0.847 0.595
0K yes yes yes yes yes
: Gt 1.57 1.44 0.827 0.827 1.02
E gy 1.57 157 0.827 0.827 1.02
Xx 1.47 1.46 1.20 1.20 1+33
KL/rx 36.1 35.9 31.18 31.18 32.91
KL/r 75.4 75.4 76.19 76.19 76.19
FlFg (kst) 15.86 15.86 15.77 15.77 18.77
P (ks1)| 114.61 115.90 153.70 153.70 137.91
Part T 0.557 0.166 0.761 0.594 0.530
Part Ir 0.460 0.759 0.226 0.374 0.188
G| sum 1.017 0.925 1.017 0.968 0.718
0K yes yes yes yes yes
fa.+ Cmfpx
Fa ( fa) él'o Cm:—-D..85
l""—'—" Fb
O\ Fa / Ky=l.0
I 1T

Table 5:

Column Design




Table 5 (continued)
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Sec| Column Co-3 Do_3 Di-2 Ay_sg Ay_s5
Loading gravity |gravity | gravity | gravity |gravity
AlM (k") 0.00 51.53 75.06 78.96 78.96
P (k) 1.40 86.16 30.34 | 234.48 | 234.48
Try. Sec. W1l4X43 W1l4X43 W14X43 | WlU4X68 | WilX7l
I (1n*)| 429.0 429.0 429.0 724.0 797.0
B|s (1n3) 62.7 62.7 62.7 103.0 112.0
A (1n2) 12.6 12.6 12.6 20.0 21.8
Tie (1n) 5.82 5.82 5.82 6.02 6.05
ry (in) 1.89 1.89 1.89 2.46 2.48
fa=P/4A (ksi)| 11.14 6.84 2.41 Ll Te 10.76
fp=M/8 (ksi) 9.86 14.35 9.20 8.46
Ol (ksi) g i -—— —-—
C|rm (ksi) 33:5 33.5 A e
L, (ft) 8.4 8.4 10.6 10.6
Ly (f¢) 14.3 14.3 23.7 25.7
Fp (ksi) 22.0 22.0 22.0 22.0
fa/0.6F 0.317 0.111 0.543 0.498
£u/Fy 0.448 0.652 0.418 0.385
D! sum 0.765 0.764 0.961 0.88.3
0).4 yes yes Yes yes
Gt 1.02 2.03 1.67 2.35 2.59
E | Gy 1202 2.03 2.03 2.35 2.59
Kx 1.33 1.61 1.54 1.69 1.74
KL/r 32.91 39.84 38.1 40.4 41.41
KL/r; 76.19 76.19 76.19 58.54 58.06
F| Py (ks1) 15.77 | 15.77 15.77 17.57 17.61
Fd (ksi) 94.11 102.90 91.53 87.1
Part — 0.434 0.153 0.667 0.661
Part 1T 0.412 0.568 0.408 0.373
G| sum . 0.846 0.721 1.075 0.984
QK Yes yes no yes
fa‘+ Cmfbx
Fa @_ fa)F é:é.o Cm=0.85
-~— Ry
\ A Fe / Ky=1-0




Table 5 (continued)
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Sec| Column Ay_s By_5 By-5 By_s Cy_s
Loading 3/4(g+w) |gravity [3/4(g+w) | 3/4(g+w)}| 3/4 (g+w)
AlM (k") 9l 11| 27.44 83.36{ 83.30 | 755,84
E (k) 184,16} 342.48 256.86 | 256.86 | 229.32
Try. Sec. Wlhx7y| WLAXTH WL4XT74 | WLI4XT8 | wilx6l
I (1n#) 797.0| 797.0 797.0| 851.0 | 641.0
Bls (1n3) 112.0 1312.0 112.0 121.0 g92.2
A (1n2) 21.8 21.8 21.8 22.9 17.9
r'y (in) .05 6.05 6.05 6.09 5.98
ry (in) 2.48 2.48 2.48 3.00 2,15
fa=P/A (ksi) 8.45( 15.71 11.78 1122 12.8
fp=M/S (ksi) 10.08 2.4 8.93 8.27 7.27
F (ksi) ——— _— —~—— e -_—
Clegm (ksi) ~— — e -== -—-
L (£t) - L6 10.6 10.5 12.7 10.6
iy (ft) 25.7 25.7 255 28.4 21.4
Fp (ks1) 32.0 22.0 22.0 2h.0 22.0
£a/0.6F 0.391] 0.727 0.545 0.512 0.593
fv/Fy 0.458] 0.134 0.406 0.345 0.330
D | Sum 0.849| 0.861 0.951 0.866 0.923
CK yes yes yes ves yes
G 2.59 1.54 1.54 1.6L 1.52
E GE 2.59 1.54 1.54 1,64 1.52
Kx 1.74 1.48 1.48 1.49 1.48
KL/r b1.41 35 el . 35.23 35.64
KL/ry 58.06| 58.06 | 58.06| 13.00| 53.78
Fl|Fg (ksi) 17.61 17.61 17.611 18.53] 17.55
Fd (ks1) 87.10] 120.4 120.40 | 120.40 16.71
— 0.480] 0.892 0.665| 0.606| 0.730
Part T 0.431] 0.131 0.382 0.323 0.315
G| Sum 0.911 1.020 1.051 0.492¢9 1.050
OK yes yes no ves no
fa‘+ Cmfbx
Fa (1 fa)F Q-O Cy=0.85
-—— Py
L J o\ Fe / Ky’;..o
I I
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Sec| Column Cy_c Cy_5 Dy_5 Dy_5 Dy_5
Loading 3/U(g+w) [gravity |gravity | gravity | 3/4(g+w)
AimM (k)|  55.88 0.00 51.53 51.53 66.60
3 (k)| 229.32 | 305.76 | 197.76 197.76 | 156.62
Try. Sec. Wllx68 | W14X68 | wikxel W1l4x53 | W14X61
I (1n#)| 7240 724.0 641.0 54270 641.0
Bls (4n3){ 103.0 | 103.0 92.2 77.8 92.2
A (1n2) 20.0 20.0 17.9 15.56 17.9
r'x (1n) 6.02 6.02 5.98 5.9 5.98
ry (in) 2.46 2.46 2.15 1.92 2.145
fg=P/A& (ksi)|] 11.47 15.29 11.05 12,68 8.45
fp=M/S (ksi) 6.51 -— 6.71 7.95 8.67
| F! (ksi)| --—- -—- -— —
C|pgm (ks1)| --- ~—- -— _—
Lg (£t) 10.6 10.6 8.50 10.6
Ly (ee) 237 21.4 17.6 21.4
Fp (ksi) 22.0 22.0 22.0 22.0
£a/0.6F 0.531 0.511 0.587 0.405
£/ Py, 0.296 0.305 0.361  0.394
D | Sum 0.827 0.816 0.948 0.792
CK ves yes yes yes
Gt 1.72 1.72 3.04 2 .87 3.04
E |Gy 1.72 1.72 3.04 2.57 3.0U
Ky 1.51 1.51 1.84 112 1.84
KL/r 36.12 | 36.12 | 43.59 41.98 | 53.59
’ KL/ry ) 58.54 58.54 ig.gg 12'88 iﬁ,gg
P (ksi1 AT 5T 17 .57 " : .
w3 (ksi)] 114,38 78.62 8k.73| 78.62
Part T 0.653 0.630 0.797 0.481
Part 1r 0.280 0.302 0.361 0.37T5
G | Sum 0.933 0.932 1.158 0.857
OK yes ves yes no yes
fa Cmfpx
Fa ( fa) é;é.o Cp=0.85
1~=—IFy :
s F344/ Ky-1.o




Table 5 (continued)

Sec| Column Ag-T A6_7 Bg_7 Be_ 7 Bg-7
Loading 3/4(gtw) | gravity |3/4(g+w)|3/4(g+w) |gravity
AlM (k') 168.8 78.96 218.0 218.0 27 . L
P (k) 298.4 266.0 359.8 359.8 527.8
Try. See. WILX111 | wiuyx111 |wisx136 |{wisxisz |wisxisz
I (1nd)| 1270.00 | 1270.0 | 159070 | 1670.0 | 1670.0
B|s (1n3) 176.0 176.0 216.0 227.0 227.0
A (1n2) 32.7 32.7 £0.0 41,8 41.8
ry (1n) 6.23 6.23 6.31 6.32 6.32
ry (in) 3.73 3.73 3.77 3.97 3.97
fa=P/A (ksi) §.13 11.19 9.89 9.47 12.63
fp=M/S (ksi) 11.51 538 12,11 11.52 1.45
R! (ksi) -—= - - -— —
C|Fm (kst)| === ~—- - -— -—-
La (ft) 15,4 15.4 15.6 16.4 16.4
T (ft) 41.0 41.0 49.2 51.8 51.8
o (ksi) 24,0 24,0 2L .0 24,0 24,0
£a2/0.6F 0.422 0.518 0.458 0.438 0.585
fo/Fy 0.479 | 0.224 | 0.505 | 0.488 | 0.060
D | sum 0.902 0.742 0.963 0.919 0.645
OK Yes yes yes ves yes
Gt 4,12 4,12 2.89 3.03 3.03
E |6 10.0 10.0 10.0 10.0 10.0
Kx 2.45 2.45 2.27 2.30 2.30
KL/ry 56.63 56.63 51.80 52,41 52.41
KL/ry 38.61 3B61 38.20 36.27 36.27
F |7, (ks1)|  17.75| 17.75 | 18.19 | 18.13 | 18.13
Fd (ks1) 46,57 46.57 55.67 54,38 54,38
Part T 0.514 0.630 0.544 0.520 | 0.697
Part Ir 0.507 0.214 0.521 0.494 | 0.067
G| Sum 1.021 0.845 1.065 1.016 | 0.764
0K yves ves no ves yes
fal+ Cafpx
Fa %_ fa)F égé-o Cp=0.85
— )
_J Fe' Ky=1.0




Table 5 (continued)

ad

Sec| Column Ce7 Cg_7 Cg..7 Dg_7 Dg_7
Loading 3/4(g+w) | 3/4(g+w) | gravity |3/4(g+w) |gravity
Aim (k') 175.50 | 175.50 0.00 126.5} 51.53
P (k)| 353.34 353.34 471,12 263.9] 309.36
Try. Sec. W1l4x119 |widx127 |wlLxi27 W14X95 | W1l4X95
T (1n#)| 1370.0 | 1480.0 | 1480.0 1060.0{ 1060.0
Bls (1n3) 189.0 202.0 202.0 151.0| 151.0
A (1n2) 35.0 37.3 37.3 27.9 27.9
Ty (in) 6.26 6.29 6.29 6.17 Bl
ry (in) 3.75 3.76 3.76 3.71 3.71
fa=P/A (ksi) 10.10 9.47 12,63 9.46 31,09
fp=M/S (xsi) 11.14 10.43 10.05 4,10
F! (ks1)| --- -—- -- -
C|pm (ksi) -—- ——— ——— -——
Le (£t) 15.5 13.2 15.40 15.4
Lu (£t) 43.70 33.5 35.60 35.6
Fp (ksi) 24.00 24,0 24,00 24.0
£4/0.6F 0.U467 0.439 0.438| 0.513
fngb ¥ 0.464 | 0.43k 0.419| 0.171
D | Sum 0.932 0.873 0.857| 0.684
OK yes yes yes yes
Gt 2.82 3.05 3.05 4.37 4.37
E ] 6y 10.00 10.00 10.00 10.00| 10.00
Kx 2.26 2.30 2.30 2.49 2.49
KL/rx 51.99 52.66 52,66 58.11| 58.11
KL/r 38.40 38.30 38.30 38.81 38.81
F | Fq (ksi) 18.18 18.11 18.11 17.61| 17.61
F (ksi) 55,28 53,16 Ly, 23| Lu.23
Part x 0.555 0.523 0537 0.630
Part 1r 0.482 0.4ig 0.453] 0.194
G | Sum 1.040 0.972 0.990| 0.824
OK 0ne ves ves ves
fa Cmfpx
Fa fa)F Q-O Cp=0.85
-—ry
s\ Fe', Ky=1.0




Level

1-2

2-3

3-4

4-5

5-6

6-7

Average
Portal

Difference

Table 6:

Col.

.03
17.

13

21,
90,

19

Shear on Column (kips) and % Difference
From Shear Assumption

9%

+05
23.

.06
21.

4

1%

.35
23.

.42
18..

.78

2%

2%

8%
9%

2%
1%

Col.

36.

30.

10,
35'

13.
33.

19.
37.

0
32.

34,
34,

Col.

.84
9%

.84
.0%

% 3
9%

.94
1%
.40
6%

.03
5%

.8%
47

Col.

7
13.

.08
17.

D
.5%

#8.1
47

1?8
13.

14

16

lll
17+

15.
15,
1%

4%

8%

1%

10
5%

5%
4%

28

Total
5.76

17.29

28.80

4o.32

51.84

63.36
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STRUDL Calculated
Member M, 374 (Mg+M,,) Mg 374 (Mg +My) Change
(k-ft.) (k-ft.) (k=ft.) (k-ft.) in Size
1 -171.87% -134.56 164.16# -T4.25 +one
2 -249.01% -207.46 241,.92% -122.01 none
3 -251.79% -232.19 241.92% -141.95 none
4 -253.58 -255.50#% 241.92#% -161.88 none
8 -257.35 -287.87% 241 ,.92% ~181.82 nene
6 -259.72 -337.21% 241.92 -256.60% +three
7 -106.47%* -84.85 105.10% ~48.30 none
8 -156.77* -132.77 154, 83% -81.30 none
9 -157.44% -187.67 154.83+# 97.20 none
10 -158.34%4 ~-162.28% 154 .83% 113:16 none
11 ~158.36 -184.,28¢% 154.83% 129.10 +one
L2 -158.14 -226.27% 154,83 138.94+ +one
13 ~-81.76% -66.57 105.10% -48.30 -three
14 -136.85¢% -120.89 154 .83% -81.30 -one
15 -138.45% -137.76 154 ,83% 97.20 -one
16 -140.57 ~154.65% 154 ,873% 113.16 none
17 ~-142,72 -175.51% 154 ,83% 129,10 +one
18 -136.51 -218.91% 154.83 188.94% +one
Table 7: Changes in Maximum Moments

and Girder Sizes (controlling
values are indicated with

asterisks)
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2.28 u/ft
r D T s et A S R S S T i Vi Fd 4 FARVi / / i Fawi Vi
12.96k 12.G66k
4,32 k/ft
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Fig. 2: External Wall Load and Floor Load
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k
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3K 3K 3k l;.;k
11.52k
B :._V
Fig. 3: Wind Load and Column Dead Load
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2.28 k/ft
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3.36 k/ft
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Fig. 4: Reduced Floor Locad for Girders
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L Ll L Tt T r T 7t 77— 7 7 7 7
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2.32 k/T:
Il!f_llll!//il.’llff//lf////.//
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Fig. 5: Reduced Floor Load for Columns
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COLUMN A 3k 2%
l 2.3k
Level 1 3 CL
M=92.3+34.2 (pi-)=112.3k" 112_31{,,}%
k:D?B ok
o™y *
T 50. U4k |
12.91(1 L 136, 1k’
Lavel 2 ] : Q;
1 7 e
M= (2)[(136.1)+(50.8-12.9) (75=)]  78.9K" /¥
=78.9k"’
R/
78.9Kk"
Levels 3 to 5-same as level 2
T8.9k"
A

Level 6 lj 9 €

Level 7 ;i{

Fig. 6: Calculation of Column End Moments



Fig. 6 {(continued) 35
COLUMN B
4,2k 27 .4k
92.3k'3 J LT 59.1k!
Level 1 g 3 GF 3 é
-
M=59.1+(27.4-34.2) (1-)-92.3 :\;'/\37_%'
=.37.2k?
27 4%
50. 4k T[1R0. 3k
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=27, 4k
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27 . Lk ~
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Level 6 _ f ) (= i =)
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27 . 4k
1]\T
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Lavel 7 Okt



Fig. 6 (continued)

COLUMN C
27 .Uk 27 .4k
53.1k' J [, 9,1k’
Level 1 2 — Q —L{ 3 €
M=59.1-59.1+(27.4-27 4)("1—) UOk'
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e
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7 Nk
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A
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Levels 3 to 7-same as level 2




Fig. 6 (continued) 37

COLUMN D
27 .4k
59.1k!
Level 1 , §€
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1
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Level 3 B C D
1 W21xhb w1835 W18X35
0 oM o
= =1 =
2 b bl b
pl Waux61 = walxiy = wa2lxud
= = =
3
Wa2u4x61l W21xih Walxhy
=r [ow] [e0]
~ ~ O
4 = = .
= = =
5
Wal4xe61 Wwa21xuy walxid
ﬁ o fa]
6 o ~ o
= wahxel B Walxhy Z walxil
— i —
= = =
T
Fig. 7: Members From Preliminary Design
Level A B C D
1
To.mc o.oekr 0.00k 0.00k
2
! ! ‘ T
3 , 6k 1.08k 0.96k 0.48%
'} é
4 .6k 1.08k 0.96k 0.48k
f 4 4 }
0.6k 1.08k 0.96k 0.u48k
5
'Y $ 4
g 0.6k 1.08k 0.96k 0.48k
4 4 4
7 0.6k 1.08% 0.96k 0.48%

Fig. 8:

Difference Between Live Load Reduction and
Girder Live Load Reduction

Wil4xu3

Wiixel
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Distance from Midpoint for Girders

Level A C D
16.02 13.98 11.83 12.17 11.16 12.84
6.0% 1.4% 7.0%
16.13 13.8711.70 12.30(11.23 12.77
T.5% 2.5% 6.U%
15.72 14.28111.89 12.11|11.47 12.53
4.8% 1.0% L.34%
15.458 14.5111.97 12.03}111.55 12.45
3.3% 0.3% 3.8%
15.20 14.80011.94 12.06(11.80 12.20
1.3% 0.5% 1.6%
15.30 14,701 12,01 11.99}111.75 12.25
2.0% 0.01% 2.1%
30.,0* 24,0 24.0°
Fig. 10: Location of Inflection Points (ft.) and %



Level

39.8%

1707%

18.0%

12.9%

43.3%

Fig.

A B c D
8.39 6.61 6.92

10.3% 15.37% 52.3%
3.61 5.39 5.08
7.02 5.64 6.67

10.6% 11.1% 19.8%
4.98 5.36 5.33
7.08 6.64 6.63

10.6% 10.4% 21.3%
4.92 536 Be 31
6.77 6.71 6.79

11.7% 13.0% 15.8%
5.22 Be 2D 5.21
B.B7 7.38 7-31

22.9% 21.8% 45.6%
3.41 4.62 4.69
g 30.0¢ o240t 2kt
e i 2 1 )
11: Location of Inflection Points (ft.) and %

Distance from Midpoint for Columns
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28.
30.

83.
9l.

138.
lul .

193.
197.

247

301

309.

35.5*% 66.9% 58. 4%
4h.5% T 1% +.8%
37.2 6L4.6 57.7
9g.7% 162,1% 141 .4
7.0% 1% % .6%
107.6 157.2 140.4
163.9% 257 0% 224, 4
3.0% 8% 6% T%
168.7 249.8 223,1
228 .4 351.5% 307.7%
2.6% .6% 6% 5%
234.5 342.5 305.8
292.9% Lys, B 390.0%
2.4% 1% 6% .3%
300.2 435.1 388.4
341,7% S540.6% 47y, 5%
6.6% 3% 1% 4%
366.0 527.8 471.1
Fig. 13: Actual and Assumed Column Axial Loads (Kips)

(STRUDL wvalues are indicated with asterisks)
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Level

1 A B c D

5 6.70% |=-102.6 14.9%(B1.2 51.5% |-6.09 6.50% |68.
-89.7 30.5 -1.95 £0.

3 16.0%|-83.8 25.5%128.7 51.8%|-1.98 1158157
-115.8 L‘8-3 "6.25 ?3-

5 k,60%{~-107.9 10.1%| 45.0 40.9%|-5.83  13.7%(69.
-98.5 36.7 -2.44 63.

5 14.9% -90.2 26.6%|32.5 87.0%|-0.68 12.9%|58.
=-121.7 56.0 =-G,.52 76.

6 24,2%1=-127.7 32.0%( 58.8 73.7%{-11.3 22.8%179.
-77.9 29.8 -1.71 b9,

7

Fig. 14: Actual Column End Moments (Kip-ft.) and %

Difference From Assumed Values
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ABSTRACT

The basic assumptions made in the preliminary analysis
of multi-story steel frames are examined in this report.
A six story, three bay frame is selected as an example, and
a preliminary analysis of this structure is carried out.
Using the member forces obtained from the preliminary analysis,
a preliminary design of the girders and columns is completed.
The properties of the members selected in the preliminary
design are used as imput data for a computer-based, exact
analysis of the frame. The resulting member forces are
compared with those of the preliminary analysis to determine
the adequacy of the assumptions upon which the preliminary
analysis is based. It is concluded that some of these
assumptions do not provide a very accurate estimate of the

actual member forces.





