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PREFACE

This volume, Working Stress Design Charts for Spiral Columns, and
its companion volume, Working Stress Design for Concrete Columns,
evolved from a series of articles published in Consulting Engineer maga-
zine between November 1964 and April 1966. My purpose had been to
present practically oriented information about the new working stress
design method for reinforced concrete columns. The contents included an
explanation of the method and guide to practical column design, detailed
design examples showing specific applications, and a large number of
time-saving design aids to facilitate the sizing of concrete columns subjected
to axial loads and bending moments. Both, uniaxial and biaxial bending were
considered, with simplified solutions given to the hitherto difficult eccen-
tricity problems with which many of our engineers have grappled for so
long. Reader reaction indicated that significant savings in time and labor
were indeed possible with the described approach, with many of the read-
ers suggesting that the articles be published in book form. The letters
of interest, and what is believed to be a present need in the design com-
munity, inspired me to expand the series of articles into the two-volume
project. I was further gratified to learn that Consulting Engineer entered
my articles in the 1966 Industrial Marketing Competition, and they were
awarded a Certificate of Merit in the “Best Series of Articles” category for
Class, Institutional, and Professional Publications.

I am glad to take this opportunity to express my deep appreciation
to A. M. Steinmetz, the editor of Consulting Engineer, and to the staff
of the magazine for their valuable assistance and fullest cooperation in
making this work possible.

That a work such as this includes information from many sources is
self-evident, and I have endeavored to give credit where it is due. Special
acknowledgment is given to the American Concrete Institute, Bethlehem
Steel Corporation, Committee of Concrete Reinforcing Bar Producers of
the American Iron and Steel Institute, Concrete Reinforcing Steel Insti-
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tute, Consulting Engineer, Hydrocarbon Processing, Portland Cement
Association, State of California Department of Public Works, and Western
Concrete Reinforcing Steel Institute for permission to use material and
illustrations from their publications.

Grateful acknowledgment is made to The Fluor Corporation, Ltd.,
Los Angeles, California for providing the physical facilities and the proper
intellectual environment in which such work could be accomplished. My
sincere thanks are particularly due to Frank B. Harvie, Chief Structural
Engineer at Fluor, for helpful suggestions and his enthusiastic support over
an extended period of time; to Darrel W. Harris and Yung B. Ryeom for
checking the examples and design-aid charts; to Enrique P. Duenas for
painstaking drawing of diagrams; to Mrs. Edith Dives and Miss Helen
Olson for much of the artwork; to Mrs. Thelma Bradley and Mrs. Virginia
Spillman for typing and secretarial services.

To my wife, Cynthia, I am particularly indebted for her continued
encouragement and tireless assistance.

The preparation of the material for the two volumes has spanned several
years during which constant effort was made to avoid errors. It would be,
however, oversanguine to expect that none had crept in. For help in calling
to my attention any errors that escaped detection I will be grateful.

ELI CZERNIAK

Los Angeles, California
January 1968
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INTRODUCTION

Volume II is a companion to Volume I, Working Stress Design for
Concrete Columns. In Volume II we present working stress design-aid
charts, each chart consisting of both interaction diagrams and data tables
for round symmetrical spiral columns. Their sizes, in 1 in. increments, range
from a 10 in. to a 30 in. diameter. The charts for the smaller columns sizes,
10 in. through 17 in. diameters, were given in Volume I, Chapter 12. They
are also included in Volume II for the convenience of the user. Refer to
Volume I for detailed information on the subject of reinforced concrete
column design and on how to effectively use the design-aid charts in this
volume.

The interaction diagrams are for f, equal to 3000 psi and f, equal to
40,000 psi. The corresponding data tables are given for four concrete
strengths: f.” equal to 2500, 3000, 4000 and 5000 psi. The quadistrength
data tables are useful for designing spiral columns in concrete strengths
other than the 3000 psi used in the interaction diagrams.

The dashed lines within the shaded bands in the diagrams denote
longitudinal reinforcement of less than 1 per cent of the gross area of the
concrete section, which is not recommended. The edge clearance in all the
charts was kept at 2 in. for bar sizes #5 through #14 and 2 in. for the large
#18 bars, as generally required for columns exposed to the weather.

The design-aid charts presented in Volume II have been developed
from the working stress design formulas for short columns given in Chapter
14 of Building Code Requirements for Reinforced Concrete (ACI 318-63).
The charts apply only to short columns, where strength reduction for effects
of length is not required by the provisions of Sections 915 and 916 of ACI
318-63. The charts may, however, also be used to aid in the design of long
columns provided that before using the charts the column design loadings
are properly magnified to account for the effects of the length of com-
pression members.

The working stress design interaction diagrams and data tables in
Volume II should be used only by those who are fully familiar with rein-
forced concrete column design.



NOMENCLATURE

Symbols

A, Gross area of concrete section; for round columns A, = 7t*/4.

A, Total area of longitudinal reinforcement.

A, Area of transformed uncracked section; A,, = A, + (2n — 1)A,..

d’ Edge distance of reinforcement measured along the column diameter
from the centers of the longitudinal bars to edge of concrete.

D, Diameter of circle through centers of the longitudinal reinforcement;
D, =t—2d.

e Eccentricity of the resultant load on a column measured from center-
line of concrete section; e = M/P.

e, Maximum eccentricity permissible with no reduction in the maxi-
mum allowable axial compressive load; e, = M, (P, — P,) /P,P,.

e, Maximum permissible eccentricity of P,; for symmetrical spiral col-
umns e, = 0.43 pmD, + 0.14 t.

e, Distance from column centerline to edge of kern, within which
axial compressive loads cause no tension anywhere in the section;
ek = Str/Atr'

E, Modulus of elasticity of concrete; E, = w'*33V/1{. in psi for values of
w between 90 and 155 1b per cu ft.

E, Modulus of elasticity of steel; E, = 29,000,000 psi.

E Axial nominal unit stress; f, = P/A,.

£ Bending unit stress; f, = M/S,..

4 Specified compressive strength of concrete in psi determined by tests
of standard 6 in. X 12 in. cylinders made and tested in accordance
with ASTM specifications at 28 days or such earlier age as concrete
is to receive its full-service load or maximum stress.

f, Allowable compressive stress in longitudinal column reinforcement;
for spiral columns f, = 0.4 f, = 30,000 psi.

£, Allowable tensile stress in longitudinal column reinforcement; for

billet-steel or axle-steel concrete reinforcing bars of structural grade,
18,000 psi; for deformed bars with a yield strength of 60,000 psi or
more and in sizes #11 and smaller, 24,000 psi; for all other reinforce-
ment, 20,000 psi.



Symbols

Specified minimum yield strength or yield point of reinforcement in
psi determined in tension according to applicable ASTM specifica-
tions.

Nominal allowable axial unit stress; F, = 0.34 (1 + p,m)f_”.

Allowable bending stress that would be permitted for bending alone;
F,=045f%

Ratio of diameter of circle D, through bar centerlines to overall
column dimension t; g = 1 — 2d’/t.

Plastic modular ratio; m = f,/0.85f,".
External bending moment.

Bending moment permitted with maximum axial load;
M, =M, (1-P,/P,).

a 8
Bending moment corresponding to P,; M, = P.e,.

Allowable moment when column section is in pure flexure; for sym-
metrical spiral columns M, = 0.12 A, f, D,.

Resisting moment of transformed uncracked section; M, = F,S,..
Ratio of modulus of elasticity of steel to that of concrete; n = E,/E.,.

Ratio of area of longitudinal reinforcement to the gross column area;
Pg = Ast/ Ag'
External load.

Maximum allowable axial compressive load on a spiral column with-
out reduction for length or eccentricity; P, = A, (0.25f/ 4 f,p, ).

Value of axial load below which the allowable eccentricity is con-
trolled by tension and above which by compression;
Pl; = Pﬂ - [1 + (Poeb/Ms)]'

Concentric load factor used in interaction formula; P, = F,A,.

Section modulus of gross concrete section; for round columns
Sg = @wt*(32.

Section modulus of transformed uncracked section; for columns with
longitudinal bars spaced uniformly around a ring
S, =S, + (2n — 1)A,D2/4t.

Diameter of a round column.

Maximum allowable tensile load without reduction for eccentricity;
To = ftAst
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fe= 3,000 psi
fy=40,000 psi

P n-9.2 m-1s.7

207 KIPS

o
o
|

(0] 5
COLUMN BENDING MOMENT -

A "
BARS A.s d P° M_s EC;CENT!:ICITLm.
sq.in.| in. [kips|ft.kips| "o k b
NONE|0.00/0.00(115]19.1]|0.72(1.50]| 1.68
6-#5|1.86(2.31(145(|23.2|0.51|1.42|2.50
T-#502.17|2.31|150(23.9(0.49|1.41 | 2.64
6-#6|2.64|2.38|158|24.7|/0.45/1.38(/2.82
7-#6|3.08(2.38(165(25.7(0.43(1.37|3.01
6-#7(3.60/2.44(173|/26.5/0.40|1.34|3.21
183/27.8(0.37/1.33|347
28.6|0.34(|1.30|3.66
204|30.1(0.31(1.28/3.99
30.6(0.29(1.25|4.14

227/32.6(0.27(1.23| 4.55
33.2|0.25(1.20/4.74
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fe- 3,000 psi
186 KIPS fy=40,000 psi

n-92 m-157

1 .
70 ECCENTRICITY in.
BARS A.’ d F.>° M.s e e eI
sq.in.| in. |kips|ft.kips| o k b
162 NONE|0.00|0.00|115(19.1[0.72[1.50(1.68
B8-#5|2.48|2.31|155(|24.6|0.47(1.40(2.77
9-#5(2.79|2.31|160(25.3|0.45/|1.39(2.91
(50 B 8-#6(3.52(2.38|172(26.6(0.40(1.36(3.20
9-#6(3.96(/2.38|179(27.6(0.38[1.35(3.39
{ &1 8-#7(4.80|2.44(192|29.0 (0.34|1.31 [3.72
9-#715.40|2.44|202|30.3(0.32(1.30(3.98
- - 8-#8|6.32(2.50(216(31.7|0.29|1.26/4.32
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