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The advent of programmable calculators has increased the 
productivity of structural engineers considerably. Presented 
herein is a calculator program (written for the Hewlett-
Packard HP-41C, utilizing its unique alpha-numeric ca­
pability) which eliminates the time-consuming calculations 
involved in determining the section properties of (a) 
built-up steel members or (b) composite sections. The 
program requires 314 program lines and 24 storage reg­
isters for execution. This article presents a brief description 
of the program, a printout of the program listing (Fig. 1), 
and a flowchart (Fig. 2). It also includes appropriate ex­
amples utilizing the HP 82143A printer. 

BUILT-UP STEEL MEMBERS 

In industrial structures, it is often desirable to increase a 
steel beam's load-carrying capacity, usually because of some 
change in the function served by the structure. This is 
typically accomplished by field welding either a cover plate, 
a WT section, or a wide-flange shape to the bottom of the 
existing beam (the top flange is usually not accessible be­
cause of equipment or floor slabs). Because the resulting 
section is unsymmetric, the structural engineer is faced with 
several minutes of calculations to determine the section 
moduli for the top and bottom fibers of the section in order 
to check stresses. In addition, the engineer may need to try 
several different sections before he finds one that will work. 
This program will do these calculations in seconds and will 
output location of the neutral axis, moment of inertia, and 
section moduli for the combined built-up section. Knowing 
the shear on the beam, it will also aid in the selection of the 
intermittent welds for welding the pieces of steel together. 
The only limitation is that the existing beam must be a 
symmetrical section (i.e., usually a wide-flange). The 
reinforcing piece can be either a wide-flange, a WT, or a 
plate. Once the existing beam properties are entered, any 
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number of trials can be made. Once the desired combinati 
is found, one can go on to the weld sizing portion of t 
program. 

COMPOSITE DESIGN 

On pages 2-96 thru 2-109 of the 8th Edition of the AI5 
Manual of Steel Construction, a table is presented whi 
gives the transformed section modulus for selected wid 
flange beams acting compositely with concrete slabs. T 
table is somewhat limited, as noted on p. 2-98, in that ( 
3000 psi concrete is required, (b) the effective slab flang 
width is assumed to be \dt + bj, (c) it is set up for only 
4V2, 5, 5V2, and 6-in. slabs, and (d) it is for selected st< 
beams. Therefore, interpolation is required for situatic 
not included in the table. Also, the designer still has to ha 
calculate the transformed moment of inertia if live lo 
deflections are to be checked. This program is good for a 
symmetrical steel member, any grade of normal weî  
concrete, and any slab thickness. It checks all three : 
quirements noted in Sect. 1.11.1 of the AISC Specificati 
for determining effective flange-width of the slab. It a 
outputs location of the neutral axis and the transfonr 
moment of inertia. In addition, it outputs the number 
3/4-in. diameter studs required on either side of the poi 
of maximum moment to develop full composite action 
the assumed simply supported and uniformly loac 
composite member. 

EXAMPLE 1: BUILT-UP SECTION 

Given: Due to a proposed increase in load, an existi 
W16x36 (Sx = 56.5 in.3) is to be unloaded and reinfor 
to carry a moment of 135 kip-ft and a shear of 27 ki 
Therefore, the built-up section must have a sect 
modulus (top and bottom fibers) of (135 X 12)/22 = 7 
in.3 Find a WT section that will give the required sect 
modulus and size the intermittent weld. 

Solution: See Fig. 3 for an actual printout of the progr 
input and output. 
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Discussion: A WT4x9 was tried first, but its section modulus 
for the top fiber was only 70.36 in.3 < 73.6 in.3 A 
WT5xll was successfully tried next; it was found that 
V4-in. welds, l3/4 in. long, spaced at 12 in. (or V4-in. 
welds, \XU in. long, spaced at 9 in.) along both sides of the 
WT stem would be sufficient to carry the shear load. 

EXAMPLE 2: COMPOSITE DESIGN 

Given: Determine the section properties of a W18x46 
spanning 24 ft, using a 5-in. concrete slab (f'c = 5000 
psi) with an 8-ft beam spacing. Also, determine the 
number of 3/4-in. studs required on either side of the point 
of maximum moment to develop full composite action. 

Solution: See Fig. 3 for the printout of the input and 
output. 

PROGRAM NOMENCLATURE 

A = total area of built-up or composite section 
Ac = actual area of effective concrete flange as 

defined in AISC Specification Sect. 1.11.1 
As = area of steel beam in composite section 

AY = sum of first moments of areas of built-up 
section relative to top, or of composite 
section relative to bottom 

A-\ = cross-sectional area of existing 
symmetrical section 

A-2 = cross-sectional area of added wide-flange 
orWT 

be = effective composite member width 
bf = steel beam flange width 

D-\ = overall depth of existing symmetrical 
section 

Z)-2 = overall depth of added wide-flange or WT 
Ec = elastic modulus for concrete 

= 57,000/Z'c psi 

Es = elastic modulus for steel 
= 29,000,000 psi 

f'c = concrete compressive strength 
jy = steel beam yield stress, assumed as 36,000 

psi 
IT = total moment of inertia of built-up or 

composite section 
IXA = moment of inertia of existing symmetrical 

steel section 
IX-2 = moment of inertia of added wide-flange or 

WT 
L = composite member span length 
Q = first moment of added section area shear 

load about built-up section neutral axis 
q = maximum allowable shear load for 3/4-in. 

diameter stud connector with no 
reductions = 11,500 lb 

s = beam spacing 
ST = section modulus of transformed composite 

section relative to top 
STR = section modulus of transformed composite 

section relative to bottom 
S-BOT = section modulus of built-up section with 

respect to top 
S- TOP = section modulus of built-up section with 

respect to bottom 
t = composite slab thickness 

V = design shear load 
Vh = horizontal shear to be resisted between 

point of maximum positive moment and 
point of zero moment 

Y = centroidal distance of WT relative to top of 
flange 

YBAR = centroidal distance of built-up section 
relative to top, or of composite section 
relative to bottom 
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ENTER: I X - 1 
A - l 
D - l 

fCOM ACTIONS •• Y E S * 

YES 

YES 

YES 

ENTER: IX-2 
A-2 
D-2 

ENTER: IX-2 
A-2 
D-2 
Y 

ENTER: 
Width 

Thickness 

CALCULATE: 
YBAR = AY/A 

OUTPUT: 
AY 
A 

CALCULATE: 

IT 

T 

ENTER: 
t 
ffc 

_ L 

CALCULATE: 
n=Es 
Ec 

CALCULATE: 
be = L/4 

ENTER: 

S 

CALCULATE: 
be = s 

ENTER: 
bf 

CALCULATE: 
16t 4- bf 

Compare 3 
Eqns. for 
be and use 
smallest 

OUTPUT: 
be 

CALCULATE: 
be/n 

*Enter 0 if the answer to the question is yes 
or 1 if the answer is no. 

Fig. 2. Flowchart 
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YES 

YES 

OUTPUT: 
S Top 
S Bottom 

COMPUTE: Q 

ENTER: V 

ENTER: 

Fillet Size 

ENTER: 

Weld Spacing 

CALCULATE: 
Req'd Weld Lth 
from q=VQ/lt 

OUTPUT: 

Req'd Weld Lth 

NO 

NO 

i 
OUTPUT 

IT 

STOP 

Fig. 2 {cont'd). Flowchart 
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YES 
OUTPUT: 

STR 
ST 

CALCULATE: 

Vh = .85 ffc Ac/2 

CALCULATE: 

Vh = Asfy/2 

Compare 2 eqns 
for Vh and use 
smallest 

CALCULATE: 
N = Vh/q 

OUTPUT: 
Number of 
Studs Req'd 
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Example 1 Example 2 
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Fig. 3. Printout of input and output, Examples 7 arcd ^ 
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