
OPEN FORUM 
PROBLEMS AND SOLUTIONS 

Design of Hanger Steel in Ledger Beams 

Ql : When designing the hanger steel in ledger beams, 
how much of the ledge force is carried by the stem? 

Al: To determine the requirements for hanger steel Ash• it 
is necessary to calculate the portion of the shelf load V11 that 
is carried by the stem of the ledger or inverted T beam. This 
portion is calculated by subtracting the shear carried by the 
ledge, V1, and the shear carried in torsion from the total 
shear, Vw This article deals with the calculation of the shear 
carried by the ledge, V1 (see Fig. 1). The shear carried by 
torsion will be the subject of a separate article. 

The shear carried by the ledge is determined by integrat­
ing the shear stress in the ledge based on the equation: 

ht 
v;, f Q(x)dx 

V/ = x=O 
I 

(1) 

Thus, the portion carried by the stem (ignoring the torsion 
effect) is : 

V5 = V11 - V, (2) 

The moment of inertia, I, is calculated as follows: 

A X Ax Ax2 Io 

h x b h/2 h2b/2 h3b/4 h3bll2 

h1 X W1 hJ2 h/ wtl2 h/ wJ4 h/ wJl2 

The neutral axis is at: 

The moment of inertia is: 

I= 2.1
0 

+ I,Ax 2 -x-2 2,A 

Therefore: 1 = h
3
b + h?w1 + h

3
b + h?w1 

12 12 4 4 
(3) 

The moment of the cross section above position x is: 

Integrating the moment of the cross section over the depth 
of the ledge yields the following equation: 

(4) 
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Fig. 1. Cross section of ledger beam. 

Finally, the portion of load carried by the stem, V5 , is de­
termined from Eqs. (1) through (4): 

v, = V.,[l-l(b_:3_:_:---'t'-L--'-,(~fh~~~::J l)) 
3 4(hb+h1w1) 

(5) 

Eq. (5) can be converted into dimensionless variables by 
setting a= w/b and f3 = h/ h, resulting in the following: 

(6) 

Eq. (6) is plotted in Fig. 2 for values of a ranging from 0 
to 1.0 and values of f3 ranging from 0 to 1.0. Obviously, the 
deeper the ledge (i .e., the closer f3 is to 1.0), the less shear is 
carried by the stem. 
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Fig. 2. Portion of applied load carried by stem. 

The most conservative curve in Fig. 2 corresponds to 
a= 0 (i.e. , no ledge). Then Eq. (5) reduces to the following: 

(7) 

which appears in the equation for m in Table 6.14.1 of the 
PCI Handbook, Fourth Edition.' 

DESIGN EXAMPLE 

Consider the ledger beam (Example 6.14.1) in the PCI 
Design Handbook, Fourth Edition.' 

Given: 

Vu = 18 kips (80 kN) 
h = 36 in. (914 mm) 
h1 = 12 in. (305 mm) 

b = 8 in. (203 mm) 

w1 = 6 in. (!52 mm) 

a= 6/8 = 0.75 
f3 = 12/36 = 0.33 

By Eq. (7): 

Vs = 1.8[1 - (3- 2 X 0.33)(0.332)] = 18(1 - 0.259) 
= 13.3 kips (59 kN) 
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By Eq. (6): 

4(1 + 0.75 . 0.33) 6 

1

(1 + 0.75)[0.33
2
(1 + 0.75. 0.33

2
) - 0.33

2 J] 
v = 18 1-

s (1 + 0.75 . 0.332
) (1 + 0.75. 0.332

)
2 

3 4(1 + 0.75 . 0.33) 

= 18[1- (
0

·
0313

)] = 12.8 ki s (57 kN) 
0.1079 p 

As seen in this example, the more complicated Eq. (6) re­
sults in a small (4 percent) decrease in shear force carried by 
the ledger beam stem. 
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DISCUSSION NOTE 

November-December 1997 

The Editors welcome discussion of reports and papers 
published in the PCI JOURNAL. The comments must be 
confined to the scope of the article being discussed. Please 
note that discussion of papers appearing in this issue must 
be received at PCI Headquarters by March 1, 1998. 
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