
A Composite Action Duct-Beam System 
DIMITRY K. VERGUN AND KIRIT N. SHAH 

This paper was presented at the AISC National Engineering Conference, Washington, D. C. in May, 7968. 

T H I S PAPER describes a new method of utilizing steel in 

building construction, based on a research program 
undertaken by Reid & Tarics, Architects-Engineers, 
for the American Iron and Steel Institute. Specifically 
the project was intended to generate a structural system 
to be bid competitively for the URBS (University 
Residential Building System) Project of the University 
of California. 

It appears, however, that the field of application of 
this concept may have general interest. Basically, the 
concept is to take advantage of the proven inherent 
economic advantages of composite design and to com­
bine it with a beam shape (unsymmetrical rectangle) 
which will allow the beam to serve as an air duct for 
either warm or cool air. The structural frame of the 
building thus becomes the primary network of hor­
izontal air distribution, eliminating conventional duct­
work in part or in whole. The system has application 
wherever a central system must be used for ventilation. 
I t has the advantages of minimum steel weight and 
long span economy inherent in a composite steel struc­
ture, coupled with the obvious savings in ductwork and 
story height. 

The design team, composed of the authors and Leo 
P. T . Destin and Sidney Hoover (Chief Mechanical 
Engineer and Project Architect, respectively, at Reid 
and Tarics) studied the various ways in which the duct-
beam system could be used mechanically and archi­
tecturally. An important suggestion by our fire con­
sultant, Joseph Yockers (former California State Fire 
Marshal) , pointed the way towards eliminating fire-
dampers from the duct-beam system. This is possible if 
the duct-beam discharges air vertically upward through 
the floor instead of horizontally as it is being done in 
conventional construction. 

In a typical duct-beam application, the beam fire-
proofing would also serve as thermal insulation for the 
beam. Studies indicate that in most building situations 
no condensation would occur on the beam if air condi-
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tioning were used. The details of how the duct-beam 
system can be adapted for air handling on several pro­
jects is covered at some length later in this paper. 

Early in the project, it became obvious that a further 
refinement could be introduced that would make 
the system economically more attractive for a larger 
variety of span and load conditions. This development 
involves the use of high strength light-gage formed steel 
members in composite action. Since the AISC Spec­
ification rules for composite design specifically cover 
the use of rolled sections or plate girders only, it was 
necessary to develop and test design assumptions con­
cerning light-gage material. 

The first phase of the program concerned itself 
with the practicality of connecting light-gage steel with 
concrete to achieve composite action. The second phase 
consisted of a full scale load test of a light-gage com­
posite beam, and the third investigated the effects of 
various holes on the web strength of box beams, as well 
as the behavior of beam-to-column connections. 

TESTS OF COMPOSITE ACTION 

Pushout Tests—The purpose of the pushout tests was to 
determine the strength of concrete embedded studs 
when welded to % 6 - i n . and 10 ga. material. Four 
specimens of % 6 " m - a n d six specimens of 10 ga. were 
fabricated. Some experimentation with current and 
voltage on mockup pieces of plate was performed to 
obtain welds of good visual characteristics, and then 
studs were welded to the specimens. 

After concrete strengths reached / / = 4000 psi, 
the specimens were load tested. All but two specimens 
failed by tearing of the base metal and rotation of the 
studs. T h e two specimens with ^ - i n . dia. studs on 
10 ga. failed by shearing at the base of the stud. The 
load slip curves are shown in Figs. 1 and 2. The test 
results are summarized in T able 1. 

Table 2 compares the test results with published 
values for studs welded to plate equal in thickness to 
one-half the stud diameter, as pe r AISC. As can be 
seen from Fig. 3, the efficiencies of studs on light gage 
as compared with strengths obtainable from thicker 
base plates are on the order of 62 to 73 percent. I t 
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Table 1. Summary of Box Beam Pushout Tests 

Item 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Stud 
Size 

%x2 
%x2 
y2x2 
y2x2 
Hx2V2 
H^m 
H x 2y2 

H**M 
K x 3 
y**m 

Box Wall 
Thickness 

10 ga. 
10 ga. 
10 ga. 
10 ga. 
10 ga. 
10 ga. 
% 6- in . 
% 6- in . 
% 6- in . 
^ 6 - i n . 

Ultimate Load 
(4 Studs) 

lbs 

29,000 
25,150 
44,800 
41,000 
56,200 
57,800 
68,400 
65,200 
83,000 
73,000 

Ultimate Load 
(1 Stud) 

lbs 

7,250 
6,287 

11,200 
10,250 
14,050 
14,450 
17,100 
16,300 
20,750 
18,250 

Max. 
Slip 
in. 

0.342 
0.203 
0.219 
0.178 
0.177 
0.229 
0.227 
0.162 
0.198 
0.152 

Failure 
Mode 

Stud shear 
Stud shear 

o 

a 

a 

a 

a 

a 

a 

a 

fj = 4,000 psi 
° Spalling of concrete; bending of studs and tearing of parent metal around base of studs 

Table 2. Comparison of Ultimate Shear Capacity of Studs 

Stud 
Size 

y8x2 
%x2 

y4xs 
%xiy2 

q (ult) 
(Min. t of i 

/ / = 3,000 

12.750 
20.000 
28.750 

in kips as per 
conn, plate = 
psi 

• AISGa 

y stud dia. 

/. ' = 4,000 

14.750 
23.000 
33.750 

psi 

q (ult) in kips as 
10 ga. box bm. 

~~ / / = 4,000 psi 

6.770 
10.725 
14.250 

per test r< ssults6 

. plate box bm. 
= 4,000 psT~ 

16.700 
20.750 
18.250 

a Figures shown in AISC Specification Table 1.11.4 are multiplied by 2.5 to obtain ultimate shear capacity of one stud {asper AISC). 
6 Test result values shown are average of ultimate shear capacity of two identical test specimens. 

appears, therefore, that economical connection of light 
gage beam to concrete is a definite possibility. Future 
investigations could conceivably find ways to achieve 
stud configurations of greater efficiency when welded to 
light gage material. 

Load Test of a Full Size Light Gage Composite Duct-
Beam—The beam was fabricated from 10 ga. steel with 
Fy = 50 ksi. Studs were welded to top flange (Fig. 4 ) ; 
one-half of the beam received 52 y-in. dia. x 2-in. 
studs, and the other half 40 ^ - i n . dia. x 2.5-in. studs. 
The number of studs was determined by taking the 
pushout ultimate strength value and dividing by 2.5 to 
obtain safe working value. An air supply hole was cut 
in the top flange and the slab near the center of the span 
(see Fig. 5). 

Figure 6 shows details of the test beam and the load­
ing set up. Figure 7 shows the cross section of the beam 
and the properties of the section, as per AISC. 

The following points^are worth noting: The 10 ga. 
material and thh-hoW5m plate had a yield point of 50 
ksi. A hypothetical working stress of 30 ksi was used to 
obtain an "allowable" moment of 219 kip-ft for the 
section. The allowable web strength, based on AISI 
rules, was computed to be 21.4 kips for the unstiffened 
light gage webs (h/t = 14/0.1345 = 104; v (allow.) = 
5.9 ksi). When the concrete reached / / = 4000 psi, Fig. 5 Air supply hole in top of beam 

Fig. 4. Light gage duct-beam prior to concreting 

87 

J U L Y / 7 9 6 8 



12-0" 

.9" 52 (TOTAL) Vz" <j> X 2" LONG STUDS 

-SEE END DETAIL 

^Uk^ 

LOAD 

-10 GAGE BOX BEAM. 

111=111=1 1=111=111= 

3-9" 

12-0" 

40(TOTAL) 5 / s " 4> X 2'/2" LONG STUDS ^9' 

LOAD 

;<i 

niHiii=iT)= 

^ 

-5 CONCRETE SLAB. 
(HARD ROCK CONCRETE) 

T T T -T-. T T 1 T T IT 'T • t T- T • V T -T " T 

-TTW 
- 7 5 / 8 " X Vs" BOTTOM PLATE. 

-EXISTING TEST PAD. 

IH=|ll=ill=ji 

3 -9 " 

ELEVATION 

-2"X 1-3" HOLE IN BOX BEAM FLANGE 
AND CONCRETE SLAB. 

it 

1-0" 

hTfeuis 

PLAN 

-SEE SECTION BELOW. 

-24 \AF76 

-PLATE l 2 " X l " X 2 ' l - 0 ' 

10 GAGE BOX-
BEAM. 

- 2 - 6 V F 2 5 SUPPORT BEAMS.-

-EXISTING TEST PAD. 

END DETAIL- ELEVATION 

4J 

T 

U 

24VF76 

p ^ T Y P I C A L 
V .6^14 

-Ziy4"Xl ' /4"xVl6"X 
l ' -2"(2T0TAL). 

END DETAIL- PLAN 

Fig. 6. Light gage duct-beam details 

A I S C E N G I N E E R I NG J O U R N A L 



2-8" 

-No. 4 AT 18 O.C. 
EACH WAY. 

t SYMMETRICAL ABOUT. 

LOAD I L0AD|NG PLATE. 
-SEE ELEVATION FOR STUD 

SIZE AND NUMBER. 

-NEUTRAL AXIS. 

IN.A.= 1270 IN4 

S t = 2 8 2 IN3 

Sb = 87.5 lN 3 

SECTION 

PPf 
" ^ 

K— 

-fc1 = 4000 psi . 
(HARD ROCK CONCRETE) 

-10 GAGE BOX BEAM. MIN. fy = 50ks i . 
Abms5.92SQ.IN. 

-7 5 /e "X 3 /8 " BOTTOM PLATE. MINfy = 50ks i . 
Apl =2.85 SQ. IN. 

c-c 
Fig. 7. Test beam Section C-C 

50 

4 0 

30 

— I 1 

FOR P=0T0 25 KIPS 

FOR P = 0T0 41 KIPS 

COMPUTED DEFLECTION 

20 

1 1 
*f 

AjSjz PAT WHICH THE ALLOWABLE SHEAR 
y\/s7 CAPACITY OF THE WEB IS REACHED 

/AS/ AS PER AISI SECT. 3 - 4 - I. 

O 
O 
O 

CD 10 

jS 

/ 
PAT WHICH THE ALLOWABLE MOMENT 
CAPACITY OF THE SECTION IS REACHED 
AS COMPUTED BY AISC SECT. I - I I . V' 

1 I < / _ 
LOAD-DEFLECTION CURVE ON 
30 FT. SPAN COMPOSITE BEAM 

0 0.50 1.00 
DEFLECTION IN INCHES 

1.50 2.00 2.50 3.00 3.50 4.00 

Fig. 8. Light gage composite duct-beam test results 

Fig. 9. Condition of studs after test 

the shoring was removed from the underside of the 
beam, whereupon the beam deflected % 6 - i n . The 
test load was applied through two calibrated hydraulic 
jacks. When the test loads approached 25 kips at each 
point of application, they were released and the residual 
deflection was measured (Fig. 8). 

Upon reloading, an increase in stiffness was observed, 
presumably due to the redistribution of contact pressures 
between the studs and the concrete. 

Theoretically, the yield point in the bottom flange 
should be reached at P = 26 kips. The test result 
corroborates this, as the deflection curve starts flattening 
out at approximately 25 kips. 
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Ultimate load was reached at P = 41 kips, which 
corresponds to a maximum moment in the beam of 

( p X X) + f - (4 , X ,2) + ( m f * i ) 

= 492 + 40.5 = 532.5 kip-ft 

where W = dead weight of test beam. 

For comparison, the theoretical ultimate capacity is 
computed as follows (see Fig. 8 ) : 

Mbm = Abm XfyXd1 = 5.92 X 50 X 7.31 

= 2160 kip-in. 

Mvl = Apl XfyXd2 = 2.85 X 50 X 14.31 

= 2040 kip-in. 

Msteel = Mbm + Mvl = 2160 + 2040 = 4200 kip-in. 

A, = Abm + Apl = 5.92 + 2.85 = 8.77 sq in. 

Fs = A8fy = 8.77 X 50 = 438.5 kips = Fc 

dc 
Mconc = Fc X - = 438.5 X 4.5/2 = 985 kip-in. 

Mult = Msteei + Afconc = 4200 + 985 = 5185 kip-in. 

or 

Mnlt = 432 kip-ft = MDmL. + M due to P u l t 

_ M u U - AfD.L. _ 4 3 2 - 4 0 . 5 _ 391.5 
u l t ~ 12 ~ " 12 ~ 12 

= 32.6 kips 

It is seen that the actual ultimate load exceeds the 
theoretical by about 25 percent, probably due to the 
effect of strain-hardening and higher strength of con­
crete than specified. 

The theoretical safety factor (ultimate vs. working 
load) is 432/219 = 1.97. The actual safety factor is 
532.5/219 = 2.43. No distress or buckling was noted in 
the beam webs, which at ultimate load had an average 
stress of (41 + 5.4)/2 X 14 X 0.1345 = 12.2 ksi in 
shear and were yielding in tension as evidenced by 
visible yield lines (Lueder's effect) on both webs. 

Upon removal of the load, a residual deflection of 
about 1.77 in. was observed. 

After the test, the concrete in the top flange was 
jackhammered out to expose the studs in a region of 
high shear. No visible deformation of the stud or beam 
flange was noted (Fig. 9). The maximum force in the 
concrete, based on the observed ultimate moment, is 
computed to be 542 kips. Dividing this by the number 
of shear connectors on each half of the beam, 

542/52 = 10.4 k ips /K-in . stud 

and 
542/40 = 13.5 kips/^g-in. stud 

This compares very closely with the ultimate values 
obtained from the pushout tests and discussed pre­
viously. A point of difference is that there was no visible 
deformation of either the concrete or the stud in the full 
scale test, while considerable deformation of the stud 
occurred in the pushout tests. There were no signs of 
cracking or any distress in the region of the hole. 

Conclusions—The performance of this high-strength 
light gage composite beam followed standard composite 
theory very well. The web strength proved more than 
adequate, and the deflection characteristics are also 
quite acceptable. (At full dead + live load of 50 psf, 
deflection = 0.75 in. = L/480.) 

The use of light gage composite beams appears 
quite feasible, therefore, and may be considered as an 
alternative to W7 composite design. Of course, for 
long spans (on the order of 40 ft and above) the web 
shear starts governing, and it becomes necessary to 
either reinforce the web or use thicker plate material. 

I t is impossible to draw a line above which one has to 
use structural plate, as each case will have its own special 
conditions that will have to be met. I t seems, however, 
that for some load-span ratios, the light gage composite 
duct-beam may offer an economy in construction. 

EFFECTS OF WEB HOLES 

Shear Strength of Beams—In some types of application 
of the duct-beam system, it may be desirable to connect 
beams in such a way that air can be moved from one 
beam to another. Also it may be necessary to exhaust or 
supply air through the side of the beam instead of from 
the top. In either case, holes in the webs would be 
required. Since there is little information in engineering 
literature on this subject, it was decided to make some 
tests. Several types of holes were cut in 8 x 14-in. duct-
beam specimens, the details and test results of which 
are illustrated in Figs. 10 through 16. 

Specimen No. 4, a 10 ga. beam with a 9-in. dia. 
circular hole in each web, reached a load of 38 kips 
before it failed (see Figs. 10 and 11, load point 2). The 
shear on the cross section at the hole was 26 kips, giving 
an average stress of 22.7 ksi at the hole. This is very 
near the yield point of the steel in shear (29 ksi). When 
the load point for this specimen was near the unrein-
forced circular hole, the web around the hole started 
buckling and, when the load point was away from the 
circular hole, the beam web at the column support 
nearest the load point showed warping. The ultimate 
load in the latter condition was 70 kips, with shear on 
the web cross-section at the support nearest the load 
point of 48 kips, giving an average stress of 13.4 ksi. 
(Note the allowable shear stress as per AISI is 5.9 ksi 
for h/t = 104; which gives a safety factor of 13.4/5.9 = 
2.28.) 
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Specimen No. 5, a 10 ga. beam with an oval shaped 
hole in each web, reached a load of 60 kips before it 
failed. The 8-in. dia. hole was reinforced and the oval 
hole was stiffened with angles which were welded to 
simulate a beam-to-beam connection as detailed in Fig. 
12. The ultimate shear on the cross section at the oval 
hole was 36.2 kips, giving an average stress of 33.6 ksi. 
The failure was by buckling of the web at the hole. 

The test of Specimen No. 6, a 10 ga. beam with 
unreinforced 9-in. dia. holes and reinforced oval holes in 
each web, gave results not appreciably different from 
those of Specimens No. 4 and 5. The data is shown in 
Fig. 13. The failure mode of the webs is shown in Fig. 14. 

Of unusual interest is Specimen No. 4 (Figs. 15 
and 16), which incorporates a hole 1 2 ^ x 9 in. in a 
beam of 14-in. depth. This would permit the full cross 
section to be utilized for air handling. The performance 
of the "full size" hole with a C-shaped collar showed a 
high shear capacity. There was no evidence of buckling 
of the collar, even after yielding of the collar started. 
Also, the web at the support nearest to the load point 
started buckling. The ultimate shear across the collar 
was 64 kips, i.e., the collar had an average shear stress 
of 12.8 ksi, when it yielded at the inner corners.* 

For purposes of comparison of the actual and the 
theoretical deflections (including bending and shear), 
both curves are shown on the load deflection diagrams. 
Obviously the effect of a hole is to reduce somewhat the 
rigidity of a beam. As an example of the effect of the 
holes on a beam's stiffness, we can approximate the 
effect as follows: Assume a 30-ft long composite beam 
with a 10-ft wide tributary area. The bending deflection 
of the beam is approximately 1 in. at full dead + live 
loads (150 psf total). Assuming 9-in. dia. unreinforced 
holes in both webs at quarter points, the shear at the 
holes is 11.25 kips. From Fig. 10, for a 10 ga. beam loaded 
at point 2, the difference in deflection due to the hole is 
approximately 0.033 in. For holes at each quarter point, 
the total increase is 0.066 in. The total deflection is 
obviously very little affected (by about 7 percent). The 
test results for the ^ 6 - i n . specimens generally showed 
similar performance. The thicker plate produced higher 
ultimate loads even though the yield point was 36 ksi 
vs. 50 ksi for the light gage. Fig. 10 shows the test results. 

Column Test—In order to allow for the passage of 
duct-beams through columns, it is necessary to cut a 
hole in the web of the column. While it is possible to 
calculate the allowable stresses and loads on the remain­
ing cross section, it was decided to verify the results with 
a test. 

* A possible extension of this idea to the problem of reinforcing a 
large hole in a W 7 would be as follows. A plate would be welded 
to the top flange in the line of web and extended past the hole to 
create a "Vierendeel" effect. 
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Fig. 12. Beam details with reinforced round holes and oval holes 

Figure 17 shows a sample test specimen cut from a 
12Wr40 after the compression test. The size of the hole 
was 9 x 15 in. The L/r of the remaining stem section 
(based on L = 15 in.) was 75. Therefore, for A36 steel, 
p a l l = 15.90 X 8.8 = 139 kips. The computed ultimate 
strength was 246 kips. 

The first specimen failed at a load of 267 kips. The 
other two were loaded up to the limit of the testing 
machine (295 kips) without any visible deformation. 
T h e safety factor is 267/139 = 1.93. 

The allowable load on the column without the web 
cutout is computed to be (for L = 12 ft) 188 kips. The 
efficiency of the column with the hole is, therefore, 
(139/188) X 100 = 74 percent as compared with the 
full cross section. 

APPLICATION OF DUCT-BEAM SYSTEMS 

In the short time since the duct-beam concept was 
developed, it has been possible to apply the system to 
several projects in the design stage. 

Figure 18 shows a portion of a school building that 
was originally designed by our office as a W7 composite 
structure, with a bay size of 28 ft x 28 ft. Figure 19 
shows the conventional supply duct network and Fig. 
20 shows the ductwork required to complete a working 
system, if the beams and girders are duct-beams, main­
taining the same ceiling diffusqr locations. 

Figure 21 shows a multistory high school* with a 
bay size of 32 x 64 ft. The larger than usual spans permit 

* Diamond Heights High School, San Francisco, Calif., Reid & 
Tarics, Architects & Engineers. 
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an increased amount of flexibility for future changes 
in room layouts. The movable partitions will be an 
integral part of the air supply system, taking the air up 
from the beam and discharging through a diffuser into 
the room at the required height. In large spaces, a 
flexible duct connected to the top of a partition and 
running above the ceiling will provide efficient air 
distribution. 

Figure 22 shows a typical plan of a four-story nursing 
home project.* The structure is girdled by horizontal 

* National Medical Association, Foundation Nursing Home. 
Architects: Building Systems Development, Inc., Rex Whittaker 

Allen & Associates, R. J. Nash, A.I.A. 
Consultants: Reid & Tarics 

ducts, one side of which is the spandrel beam. The 55-ft 
long clear span duct-beams tap into the exterior duct 
through the spandrel beam web and distribute the air 
into the interior. The return air is similarly handled 
from the other side of the building. I t is expected that the 
partition system will perform air handling in a manner 
similar to the method described above. Note that the 
clear span again permits the maximum architectural 
flexibility for interior layout and possible future changes 
in the building. 

Figure 23 shows a dormitory or apartment house 
structure. The bathroom chases are used as vertical 
duct shafts. Air is distributed through the duct-beams 
and introduced up into the rooms at the exterior win-
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STEEL BEAM SPECIMEN No.4 (TEST No.HE) 
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Fig. 15. Beam details with "full size" hole 
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Fig. 16. Specimen with "full size" hole during test Fig. 17. Column with web cutout after test 
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Fig. 18. Duct-beam framing layout 
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Fig. 19. Conventional supply ductwork 
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Fig. 20. Additional ductwork required with duct-beam system 
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Fig. 27. Diamond Heights High School duct-beam framing plan 
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Fig. 22. Nursing home duct-beam layout 
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Fig. 23. Apartment house or dormitory duct-beam layout 

dows. The return is through a ceiling plenum or, if the 
ceiling is omitted, through louvered doors into corridors 
and back to the bathroom duct chases. 

A detail not previously mentioned is a column detail 
that allows a two-way beam intersection with full air 
interchange in both directions. This permits two-way 
framing such as shown on Fig. 23 to be used without 
impairing air circulation. 

SUMMARY 

While it is too early to assess the overall economy of the 
duct-beam systems, some features of the concept are 
worth mentioning. Like any composite design system, it 
lends itself easily to long spans. As the span increases, so 
does the depth, and thereby the inherent air capacity of 
the system, shifting the point of optimum economy 
towards the architecturally more desirable longer spans. 
The overall story height of a building may be reduced in 
some applications and in the case of apartment buildings 
with stacked bathrooms it is possible to omit suspended 
ceilings in the living areas. 

ACKNOWLEDGMENTS 

The authors wish to thank the following organizations 
and individuals for their guidance and support during 
the development of this program. 

The High-Rise Building Subcommittee of the AISI , 
Charles I. Orr, Chairman, in cooperation with the 
AISC, Mr. Robert O. Disque, Chief Engineer. 

The West Coast Task Force members: 
Howard Schirmer, AISC 
Lowell Napper, Bethlehem Steel Corp. 
Sterling Ault, American Bridge Div., United 

States Steel 
J. P. Story, Inland Steel Products Co. 
Graeme Plant, Kaiser Steel Co. 
Robert Schroeder, Republic Steel Co. 
John Schwafel, AISI 
Fred Comee, United States Steel 

In addition, the authors wish to thank Inland Steel 
Products Co. for the use of their test rig at Fremont, 
Calif., the Nelson Stud Welding Division of Gregory 
Industries, and Tru-Weld Division of Tru-Fit Screw 
Products Corporation for providing welded studs for 
the tests. The staff of Hales Testing Laboratories, and 
particularly Phil Nishikawa, for their full cooperation 
during the test program. 

Thanks are due to Dr. Alexander G. Tarics and 
John Lyon Reid for sharing with us their experience in 
systems design and for their encouragement and counsel 
in these studies. 

REFERENCES 

1. Manual of Steel Construction, Sixth Edition, American 
Institute of Steel Construction, New York, N. Y. 

2. Light Gage Cold-Formed Steel Design Manual, American 
Iron and Steel Institute, New York, N. Y. 

99 

J U L Y / 1 9 6 8 


