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CHAPTER V

SUMMARY AND RECOMMENDATIONS

5.1 SUMMARY

The current AISC design model for predicting stiffener load does not follow the

true behavior of the beam-to-column connection.  This design procedure is based on

LRFD recommendations, which assume that the stiffener does not receive any of the load

applied to the connection until the controlling limit state load of the column section has

been reached.  Once this load is reached, it is assumed that the stiffener supports load in a

nonlinear manner when compared to the total applied load.  Results obtained from

experimental and analytical investigations differ from the current design assumptions.

It was therefore found necessary to develop a more accurate procedure for

predicting the distribution of load between the stiffeners and column web.  Experimental

and analytical tests were performed to develop a new procedure for predicting load

distribution based on the behavior of the connection.  Analytical investigations were

performed to insure the accuracy of the results obtained from the experimental tests.

From experimentation, a ratio of the stiffener load to the applied load was

obtained to determine the amount of load the stiffener was receiving.  It was found that

the stiffener received the same percentage of the applied load throughout the entire test

period (starting from load = 0.0 pounds).  This load percentage (or ratio) was therefore

determined to be dependent upon the geometry of the column section and its

corresponding stiffener.

The results obtained from the experimental and analytical investigations were

compared to develop the necessary information to determine the effective areas of the

column/stiffener connection.  It was found that the applied load affected the column over

a distance of le along its length.  The total area affected by the applied load (Acolumn +

Astiffeners) was calculated and the relationship between the affected areas and the load

distribution could then be determined.  A new procedure can now developed, the Area

Method, to accurately predict the load distribution between the column and stiffeners in a

beam-to-column connection.
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5.2 AREA METHOD DESIGN RECOMMENDATIONS

The design procedure for the area method is developed in accordance with

information obtained from experimentation as discussed in Chapter IV.  The area method

procedure incorporates LRFD guidelines for determining minimum stiffener size.  The

recommended area method design procedure is as follows:

1. Assume the applied load and column section are given.

2. Determine the column side limit states as described in Chapter K of the LRFD
Specifications.  If the given applied load exceeds any limit state stiffeners must be
added and the following steps for its design should be utilized.

3. Determine the effective column length and area (k1 and tw are provided in the LRFD
for the section being analyzed).

le = 8.2(k1)
Acolumn = le(tw)

4. Determine the minimum stiffener size requirements based on the suggested following
rules for stiffener design (LRDF):

a. The width of each stiffener plus one-half the thickness of the column web should
not be less than one-third the width of the flange or moment connection plate
delivering the concentrated force.

b. The thickness of the stiffeners should not be less than tb/2 (where tb = thickness of
the beam flange or connection plate).

c. The stiffener length does not need to exceed one-half the column depth if the
concentrated force only acts on one column flange.

d. The weld joining the stiffeners to the column web should be sized to carry the
force in the stiffener caused by unbalanced moments on opposite sides of the
column.

5. Calculate the total stiffener area (Astiff) and it’s load capacity (Ps)allow.

Astiff = Σws(ts) where ws is the stiffener width, ts is the stiffener thickness
(Ps)allow = Astiff(Fys) where Fys is the yield strength of the stiffener

6. Calculate the total area affected by the applied load.

Atot = Astiff + Acolumn

7. Calculate the percentage of load distributed to column and stiffener.
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Pstiff/Ptot = Astiff/Atot or
Pstiff = (Astiff/Atot)Ptot

Pcolumn = Ptot - Pstiff

8. Compare these loads (Pcolumn and Pstiff) with the limiting values for the column and
stiffener.

9. If these loads exceed the limiting values, increase the stiffener size and repeat the
procedure.  If these loads do not exceed the limiting values, then the stiffener size is
adequate.

10.  Design the welds between the stiffener and the column web and flange.

5.3 EXAMPLE CALCULATIONS

The following example uses the procedure described above for a W10x88 column

connection.  It will be necessary to design column stiffeners given the following loading

and material information:

Given:

1. Column:  W10x88
    tw = 0.625 in. d = 10.875 in.
    bf = 10.25 in. k = 1.625 in.
    tf = 1.0 in. k1 = 13/16 in.
    Fyf = Fyw = 36 ksi
    Connector plate width bf = 9.5 in.
    Connector plate thickness, N = 1.0 in.
    Fys = yield stress of stiffener material = 36 ksi

Design Load:
 Papplied = 300 kips in tension
 The load is applied at a distance greater than d/2 from the member
 end and acts all column flanges.

Solution:

2.  Calculate column side limit states.

•  Local Flange Bending:

Rn = 6.25(tf)
2(Fyf)

     = 6.25(1.0)2(36)
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     = 225 k < 300 k

•  Local Web Yielding:

Rn = (5k + N)(Fyw)(tw)

     = [5(1.625) + 1.0](36)(0.625)

     = 205 k < 300 k

•  Web Crippling:

Rn = 135tw
2[1 + 3(N/d)(tw/tf)

1.5]√(Fywtf)/tw

     = 135(0.625)2[1 + 3(1/10.875)(0.625/1) 1.5]√(36x1)/0.625

     = 455 k

•  Web Buckling:

Rn = [4,100tw
3√Fyw]/h

h = d - 2(tf) = 8.875

Rn = [4,100(0.625)3√36]/8.875

     = 677 k

Web yielding controls: Rn = 205 k < 450 k, therefore stiffeners are required.

3. le = 8.2(k1) = 8.2(13/16) = 6.66 in.
Acolumn = le(tw) = 6.66(0.625) = 4.16 in.2

4. (a).  ws + 1/2(tw) > 1/3(bf)
  ws > 1/3(9.5) - 1/2(0.625)
  ws > 2.85 in.

 Use ws = 3.5 in.

(b).  ts > N/2
  ts > 1/2

  Use ts = 5/8 in.

(c).  Use 2 full depth stiffener (concentrated force is acting on all column
  flanges).

5. Astiff = Σws(ts) = 2(3.5)(0.625) = 4.375 in.2

(Ps)allow = Fys(Astiff) = 36(4.375) = 157.5 kips
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6.   Atot = Astiff + Acolumn

= 4.375 + 4.16 = 8.535 in.2

7. Pstiff      = (Astiff/Atot)Ptot

    = (4.375/8.535)300 = 153.8 kips

      Pcolumn = Ptot - Pstiff

     = 300 - 153.8 = 146.2 kips

8. Pcolumn = 146.2 < 205 kips
Pstiff = 153.8 < 157.5 kips

9. Stiffener and column section are adequate since the limiting values were not
exceeded.

10. From the LRFD Specifications, Section J2, Table J2.4, the weld size should be
a minimum of 1/4” in length.

From the Area Method, two 5/8 in. x 3.5 in. full depth stiffeners were used.  If the LRFD

design procedure were used, two 1/2 in. x 2.85 in. stiffeners would have been sufficient.

5.4 RECOMMENDATIONS FOR FURTHER RESEARCH

The current design procedure for assigning stiffener force does not follow the

behavior of a beam-to-column connection.  This research was therefore performed to

develop a method that would accurately predict the distribution of force between a

column and its associated stiffeners.  Column W-shaped sections were the focus for

moment connections requiring the use of stiffeners for this research.  Experimentation

was limited to one section type subjected to tensile loading only.  Laboratory testing was

only performed on two of the W-shaped specimens.  Additional experimentation would

be necessary in order to validate the use of the Area Method over the current LRFD

procedure for the design of column stiffeners.  It is also recommended that further

research be done to incorporate different column-shaped sections such as angles or

channels.  Compressive forces could also be introduced into the experiment separately or

in combination with the tensile force.  Future research is needed to extend the

applicability of the Area Method Design Procedure to other column sections subjected to

compressive and tensile loads.


