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AISC Live Webinars

Thank you for joining our live webinar today.
We will begin shortly. Please standby.

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel.

structural

STEEL

AISC Live Webinars

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the
phone, dial 888 722 1094.

International callers, dial 00+1 212 231 2903.
For additional support, please press *0 and you
will be connected to a live operator.

§ There's always a solution in steel.
)
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AISC Live Webinars

Today’s live webinar will begin shortly.

Please standby.

As a reminder, all lines have been muted. Please type any
questions or comments through the Chat feature on the
left portion of your screen.

Today'’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
888 722 1094.

International callers, dial 00+1 212 231 2903.

For additional support, please press *0 and you will be
connected to a live operator.

There's always a solution in steel.
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NEW COMPOSITE DESIGN PROVISIONS
IN THE 2010 AISC SPECIFICATION
PART I: SPECIFICATION REVISIONS

William P. Jacobs, V, P.E., S.E.
Stanley D. Lindsey & Associates
Atlanta, Georgia

The Cycle

§ There's always a solution in steel.
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e Minimal Change?

2005 Specification 2010 Specification

There's always a solution in steel.

2010 Chapter 1

e Minimal Change?

2005 Specification 2010 Specification

e 5 Main Sections

20
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e Minimal Change?
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e 5 Main Sections e 9 Main Sections
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2010 Chapter 1
e Minimal Change?

2005 Specification 2010 Specification

e 5 Main Sections e 9 Main Sections

e 12 Specification Pages e 24 Specification Pages

There's always a solution in steel. 23

2010 Chapter 1
e Minimal Change?

2005 Specification 2010 Specification

¢ 5 Main Sections e 9 Main Sections
e 12 Specification Pages e 24 Specification Pages
e 22 Commentary Pages

; There's always a solution in steel. 24
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e Minimal Change?

2005 Specification

e 5 Main Sections
e 12 Specification Pages

e 22 Commentary Pages

2010 Chapter 1

2010 Specification

e 9 Main Sections
e 24 Specification Pages

e 39 Commentary Pages

There's always a solution in steel.

25

e Minimal Change?

2005 Specification

e 5 Main Sections

e 12 Specification Pages
e 22 Commentary Pages
e 7 Design Examples

(28 pages)

2010 Chapter 1

2010 Specification

e 9 Main Sections
e 24 Specification Pages

e 39 Commentary Pages

§ There's always a solution in steel.
)
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2010 Chapter 1
e Minimal Change?

2005 Specification 2010 Specification

e 5 Main Sections e 9 Main Sections

e 12 Specification Pages e 24 Specification Pages

e 22 Commentary Pages e 39 Commentary Pages

e 7 Design Examples e 12 Design Examples
(28 pages) (114 pages)

There's always a solution in steel. 27

2010 Chapter 1

Why the Changes?

e Expand Composite Design Beyond Beams
¢ Clarify Existing Provisions for Ease of Use
¢ Provide Additional Guidance for Designers

e NOT to Modify the Substance of Existing Provisions

; There's always a solution in steel. 28
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2010 Chapter 1
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2010 Chapter 1

e Major Revisions and Additions

e Reorganization of Chapter

e Concrete and Steel Reinforcement by Reference to ACI

e Local Buckling Provisions for Axial and Flexural Members
e Expanded and Clarified Load Transfer Provisions

e Consolidated Shear Provisions

e Added Diaphragm and Collector Beam Section

e Added New Provisions for Shear Stud Strength

There's always a solution in steel. 33

2010 Chapter 1

e Major Revisions and Additions

e Reorganization of Chapter

e Concrete and Steel Reinforcement by Reference to ACI

e Local Buckling Provisions for Axial and Flexural Members
e Expanded and Clarified Load Transfer Provisions

e Consolidated Shear Provisions

e Added Diaphragm and Collector Beam Section

* Added New Provisions for ShearStud Strength

5 There's always a solution in steel. 34
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2010 Chapter 1

e Major Revisions and Additions

Reorganization of Chapter
Concrete and Steel Reinforcement by Reference to ACI
Local Buckling Provisions for Axial and Flexural Members
Expanded and Clarified Load Transfer Provisions
Consolidated Shear Provisions
Added Diaphragm and Collector Beam Section
Added New Provisions for ShearStud Strength

(Steel Anchors)

There's always a solution in steel. 35

Reorganization

eOutline

2005 Specification 2010 Specification

I1: General Provisions e I1: General Provisions
I2: Axial Members e I2: Axial Force

I3: Flexural Members e I3: Flexure

I4: Combined Forces e I4: Shear

I5: Special Cases e I5: Combined Forces

e I6: Load Transfer
e [7: Composite Diaphragms
e [8: Steel Anchors

§ There's always a solution in steel.

e 19: Special Cases 36
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I1: General Provisions

¢2010 Chapter 1
I1:
12:
13:
14:
I5:
I16:
17:
18:
I19:

General Provisions

Axial Force

Flexure

Shear

Combined Flexure and Axial Force

Load Transfer

Composite Diaphragms and Collector Beams
Steel Anchors

Special Cases

There's always a solution in steel.

37

I1: General Provisions

e References to ACI

e Reinforced Concrete Detailing by Reference

¢ Non-Composite Provisions of ACI with

Composite-Specific Provisions provided by AISC

§ There's always a solution in steel.
)

38
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e Local Buckling Classifications

I1: General Provisions

There's always a solution in steel.

39

TABLE I1.1a

For Use with Section 12.2

Limiting Width-to-Thickness Ratios for Compression Steel Elements in
Composite Members Subject to Axial Compression

Composite Members Subject to Flexure
For Use with Section 13.4

Description of Width-to- Ap Ar Maximum
Element Thickness Compact/ Noncompact/ | Permitted
Ratio Noncompact Slender

Walls of bit E E E
rectangular Z.ZSJF: 3.00 JF: 5.00 =
HSS and boxes ¥ ’ ¥
of uniform

thickness

Round HSS Dit 0.15 EIFy 019 EIFy 0.31 EiFy

TABLE I1.1b

Limiting Width-Thickness Ratios for Compression Steel Elements in

I1: General Provisions

Description of Width- Ap P Maximum
Element Thickness Compact/ Noncompact/ | Permitted
Ratio Noncompact Slender

Flanges of bit E E E
rectangular 2.26 JF: 3.00 = 5.00 \[F:
HSS and boxes of ¥ Y 4
uniform thickness

Webs of hit E E E
rectangular 3.00 = 5.70 = 5.70 \,F:
HSS and boxes i i ¥

of uniform

thickness

Round HSS Dit 0.09 EIF, 0.31 EIF, 0.31 EIF,

There's alvways a dSUIuuUUILL 111 DLTTl.

40
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I1: General Provisions

TABLE I1.1a
Limiting Width-to-Thickness Ratios for Compression Steel Elements in
Composite Members Subject to Axial Compression
For Use with Section 12.2

Description of Width-to- Ap Ar Maximum
Element Thickness Compact/ Noncompact/ Permitted
Ratio Noncompact Slender

Walls of bit E E E
rectangular 2.26 JF: 3.00 JF: 5.00 J;
HSS and boxes ¥ ’ 4

of uniform

Round HSS Dit 0.15 EIF, 0.19 EIF, 0.31 EiF,

104 131 214
TABLE 11.1b

Limiting Width-Thickness Ratios for Compression Steel Elements in
Composite Members Subject to Flexure
For Use with Section 13.4
Description of Width- Ao R Maximum
Element Thickness Compact/ Noncompact/ | Permitted
Ratio Noncompact Slender

Flanges of bit E E E
rectangular 2.26 \/Fj 3.00 = 5.00 JF:
HSS and boxes of ¥ ¥ ¥

uniform thickness

Webs of hit E E E
rectangular 3.00 = 5.70 = 5.70 =
HSS and boxes ¥ ¥ ¥
of uniform
thic
Round HSS Dit 0.09 EIF, 0.31 EIF, 0.31 EIF,
There's ailvways a SUIUUUIL 111 SLECH, 41

I12: Axial Force

2010 Chapter 1l

e I1: General Provisions
e I2: Axial Force
e I3: Flexure
e I4: Shear
e I5: Combined Flexure and Axial Force
e 16: Load Transfer
e I7: Composite Diaphragms and Collector Beams
e I8: Steel Anchors
e 19: Special Cases
There's always a solution in steel. 42
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I2: Axial Force
e Steel-Only Fix

e Available Compressive Strength need not be
less than bare steel strength

There's always a solution in steel. 43

I12: Axial Force

e Terminology

W10x45 =24 | /— #3@12"
) _\ \ (8)48 BARS
B=6" g | /
¥y T

. =N
o ||~ HSS10x6x% =
A%

2%

)
24

| hg=2d"

. X—t - —|
B
o<

9}’5"

i S || o ‘ o | | o
FILLED COMPOSITE

(
¥y
MEMBER (CFT) ENCASED COMPOSITE

\ MEMBER (SRC)
/5 There's always a solution in steel.

Copyright ' 2011
by The American Institute of Steel Construction

22



New Composite Design Provisions AISC Live Webinar
December 8, 2011

I2: Axial Force: Encased

e Compressive Strength (unchanged)

e No Local Buckling Effects
e Based on a Plastic Strength Model:
4
P, O_FyAS+FysrAsr+O.85 foA,

e Length (Slenderness) Effects Similar to Noncomposite but
Using a Modified EI:

Bl =Egl+0.SE L, +CEl,

There's always a solution in steel. 45

I2: Axial Force: Encased

e Material/Detailing Limitations
¢ Minimum Ratio of Encased Shape to
Gross Area = 1%

e Minimum Longitudinal Reinforcement
Ratio = 0.4%

e Transverse Ties...

; There's always a solution in steel. 46
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I2: Axial Force: Encased

e Material/Detailing Limitations

2005 Specification: “The minimum transverse
reinforcement shall be at least 0.009 in.2 per in.
of tie spacing.”

There's always a solution in steel. 47

I2: Axial Force: Encased

e Material/Detailing Limitations

2005 Specification: “The minimum transverse
reinforcement shall be at least 0.009 in.2 per in.
of tie spacing.”

; There's always a solution in steel. 48
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I2: Axial Force: Encased

e Material/Detailing Limitations

2005 Specification: “The minimum transverse
reinforcement shall be at least 0.009 in.2 per in.
of tie spacing.”

2010 Specification: No. 3 at 12 in. o.c. or No. 4
at 16 in. o.c.

There's always a solution in steel. 49

I2: Axial Force: Encased

e Material/Detailing Limitations

References ACI 318-08 for intermediate tie
limitations: “every corner and alternate
longitudinal bar shall have lateral support
provided by the corner of a tie with an included
angle of not more than 135 degrees and no bar
shall be farther than 6 in. clear on each side
along the tie from such a laterally supported
bar.”

50

§ There's always a solution in steel.
)
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I2: Axial Force: Encased

e Material/Detailing Limitations

W10x45 hy=24" | /— #wa12'
_\ | (8)#8 BARS

x
o 3
E g
et N T
%‘ ==
% % o 2%
y

There's always a solution in steel. 51

I2: Axial Force: Encased

e Material/Detailing Limitations

W10x45 hy=24" ‘ /— #3@12"
. _\ i (8)#8 BARS #3 J-TIE @ 12' - ASTM A706
5 /_ / WELDABLE REINFORCING

7 \
. 5 7
S X | —#3JTIE@ 12"
x—1 N S I
. W@
%}“ — /f e
%
N L #7 LONGITUDINAL
2" DA 2" RESTRAINING BARS
y

52

§ There's always a solution in steel.
)
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I2: Axial Force: Encased

e Material/Detailing Limitations

y
Wiows - ‘ @iz #3 @ 12" - TWO PIECE TIES
. _\ | / (8)#8 BARS D:t
N /_ Vil CLASS "B
7 = = LAP SPLICE
= %I
X
3 N
=
x—1 - PR d—-t—x _1r_ |— #3J-TIE@ 12"
,§ —— L_.
& e
2" o 9 2" #7 LONGITUDINAL \— PROVIDE FLANGE HOLES
RESTRAINING BARS AS REQUIRED FOR
y PLACEMENT OF TIES

There's always a solution in steel. 53

I2: Axial Force: Encased

e Material/Detailing Limitations
O

54
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eLocal Buckling Effects

e Compact Section

I2: Axial Force: Filled

There's always a solution in steel.

eLocal Buckling Effects

e Compact Section

, E
szFyAS+C2 Je AC+Aeri

I2: Axial Force: Filled

C,=0.850r0.95

§ There's always a solution in steel.
)
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I2: Axial Force: Filled

eLocal Buckling Effects

e Compact Section

Eg
Pp FA+CfCA +Aer

e Noncompact Section (Compositely Noncompact)

where C,=0.850r0.95

There's always a solution in steel. 57

I2: Axial Force: Filled

eLocal Buckling Effects

e Compact Section

Pp F A +C, fc A +ASI”§ where  C,=0.850r0.95
¢ Noncompact Section (Compositely Noncompact)
E
Py =F A+0.7f} A+ Ay, 8 £

; There's always a solution in steel. 58
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I2: Axial Force: Filled

eLocal Buckling Effects

e Compact Section

Pp F A +C, fC A +ASI”§" where  C,=0.850r0.95
e Noncompact Section (Compositely Noncompact)
E
Py FyAS+O.7fC A4 +Aer

e Slender Section

59

There's always a solution in steel.

I2: Axial Force: Filled

eLocal Buckling Effects

e Compact Section

Pp F A +C, f A +ASI”§ where  C,=0.850r0.95
¢ Noncompact Section (Compositely Noncompact)
E
Py=F A+0.7f} 4, +Aer
¢ Slender Section
E
PnOZFcrAS+O.7f A +AS}/,E where Fcr:‘)Es/(h/t)2

; There's always a solution in steel. 60

Copyright -/ 2011
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I2: Axial Force: Filled

eLocal Buckling Effects

PP
O e mia]
r M

Nominal Section Strength, Ppo

Tube Slenderness
Limits per Table 11.4(a), b/f or D/t

There's always a solution in steel.

61

Il

I3: Flexure

2010 Chapter 1l

: General Provisions
I2:
I13:
14:
I5:
16:
17:
I8:
I9:

Axial Force

Flexure

Shear

Combined Flexure and Axial Force

Load Transfer

Composite Diaphragms and Collector Beams
Steel Anchors

Special Cases

§ There's always a solution in steel.
)

62
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I3: Flexure - Beams

eFlexural Strength

e NO SUBSTANTIAL REVISIONS

There's always a solution in steel. 63

I3: Flexure - Beams

eFlexural Strength

¢ Commentary with Composite Beam Equations Added Back

1 085%

1 _
f 4 |% (p, )
el

(P, +C)
N e
)

Fy

M, = C(d,+d,)+ P,(d; - (C-13-9)

where

P, = tensile strength of the steel section; for a non-hybrid steel section
P, =A.F, kips (N)

dy = distance from the centroid of the compression force C in concrete to
the top of the steel section, in. (mm)
d, = distance from the centroid of the compression force in the steel

section to the top of the steel section, in. (mm). For the case of no
compression in the steel section d, = 0.
d; = distance from P, to the top of the steel section, in. (mm)

There's always a solution in steel. 64

Copyright -/ 2011
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Copyright ©

I3: Flexure - Beams

e Steel Headed Stud Anchors

e Added Minimum Free Edge Distances (8 in. and 10 in.)

ﬁr COLUMN ¢ BEAM $ COLUMN
i

_Jr-
| I,

= I I
9" | 12 SPACES @ 9" | 4 EQUAL SPACES ‘ 12 SPACES @ 9" ‘
|(13 ANCHOR PAIRS)| (3 SINGLE ANCHORS) ‘(13 ANCHOR PAIRS)‘

§ BEAM
I

\— DECK NOT
SHOWN _\ |

FOR CLARITY

3" MIN.

!FGIRDER

olo
|
R
00
olo
ofo
ofo
ojo
oo
ol|o
|

i)

1

PLAN
(NTS)

65

There's always a solution in steel.
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I13: Flexure - Filled

eLocal Buckling Effects in Filled Tubes

2011

; There's always a solution in steel. 66

by The American Institute of Steel Construction
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I3: Flexure - Filled

STEEL CONCRETE RESULTANT
bi=B-2tw STRESS STRESS FORCES
[ 0.85 fe
- — of
TR T . I
T <A o é = of 2
g $
= £
8 3y
ki T
* > !
1]

Fy

Figure I-7-2. Plastic moment stress blocks and force distribution

Component Force Moment arm
Compression insteel flange | G = Fht, Yo =a, ,%
Compression in concrete c,=085f(a, 4,)4

Compression in steel web | C, =2F,at,

Tension in steel web T,=2F,(H-a,)t,

Tension in steel flange T,=Fpt,

where:

_2FHi, +085f1bt,

=4y, + 08578,
M, =5 (foros ) (moment arm)

Compact

There's always a solution in steel. 67

I13: Flexure - Filled

STEEL CONCRETE RESULTANT
bi=B-2tw STRESS STRESS FORCES
b 0707
= = C7
4 £ 4 4 ' > Cs o
P 4 K & Co——F—— gl £
AT et g ﬁ{ =
le : T
P 3
A4 I | I 1
s @ . g T
o 5
N = : 1 £
& as i >
SR B & L7
2 - e
Y
Figure I-7-3. Yield moment stress blocks and force distribution.
Component Force Monment arm
t
Compression insteel flange | C, = F,bt, Ya=a, ’f
P . 2(a, -,
Compression in concrete C, =035 (a,~t,)b, Vo= (a,-t)
3
. 2a
Compression insteel web | C, = Fay, o=
T,=Fayt, 24,
i =£,a, Ya=
Tension in steel web "
T, = 2F, (H-2a,)i, Y=
o ¢
Tension in steel flange T, = Fjht, Ve =H—a, ,77
where:
2F,Ht, +035 fbt,
a, =TTy
7 4R, +035/0,
M, =¥ (force )(moment arm)

Noncompact (at Transition)

There's always a solution in steel. 68

Copyright &) 2011
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I3: Flexure - Filled

STEEL CONCRETE RESULTANT
bi=B-2tw STRESS STRESS FORCES
il F, 0.70 f.
— T T
2 i ] C5 ——] .
“ e © Com—T1—7 5 £
: . = 5
e F Py
T ‘i L e -
- 7. s o >
: 3 N
a < T
T2

Fy

Figure I-7-4, Firstyield moment stress blocks and force distribution.

Component Force

Moment arm

Compression in steel flange | C, = F, b,

t
’
Ya =4, )

Compression in concrete ¢, =0357!(a, -t,)

2(a,—t)

b Yo=——3

Compression insteel web | C, = F,a,t,

_2a,

3

Tension in steel web T,=F,(H-a,)1,

2(H-a
o AE)

Tension in steel flange T,=Fpt,

t,
3
Ys=H-a 2

where:
 FHt, +bt, (035 [+ F,~F,)
4 (R +R)+03500,
M, = (force )(moment arm)

There's always a solution in steel.

Slender

69

Nominal Flexural Strength, M,

I13: Flexure - Filled

eLocal Buckling Effects in Filled Tubes

P

Tube Slendern

|
I
I
|
|
|
A Max.
r

ess

Limits per Table 11.1(b), bit or D/t

There's always a solution in steel.

70

Copyright ' 2011
by The American Institute of Steel Construction

AISC Live Webinar
December 8, 2011

35



New Composite Design Provisions

2010 Chapter I
I1:

General Provisions

I12: Axial Force

13:
I14:
I5:
I16:
17:
18:
I19:

Flexure
Shear
Combined Flexure and Axial Force

Load Transfer

I4: Shear

Composite Diaphragms and Collector Beams

Steel Anchors

Special Cases

There's always a solution in steel.

71

e Shear Provisions

e Three Methods Provided for Design

I4: Shear

e For all Member Types Collected into One Place

§ There's always a solution in steel.
)

72
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/) amoonss
/-

y
W10x45—\ hy=24" ‘
;

. i

§ |

2

| hp=24"

x
9% \ 9%

oW

|| o oo ||

y
v, :O.6FyAWCV
6=1.0 (LRFD)
Q=1.5(ASD)

I4: Shear

e Method 1 - Steel Only (Chapter G)

There's always a solution in steel.

73

§ : 2
7

| hp=24"

9% | 9%
|
|
|
|

2

w || o o o ||

|
V,=V.+V

d
Vnzzmbwd+Avj;yf

9=0.75 (LRFD)

I4: Shear

e Method 2 - Reinforced Concrete (ACI)
W10x45\ m:zu! /;3;#@::;%

Q=2.0(ASD)

§ There's always a solution in steel.
)
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I4: Shear

e Method 3 - Combination of Steels

y
W10x45 ny=2a | / #wa@2"
o \ | (8)#8 BARS
] /
Z
ﬂ %
Iy N
%’\ —1 g
X—t-— —f— —-+—x
%"\“ ——
8
2% " 9% 2"

$=0.75 (LRFD)

A S, d
V,=0.6F,A,C,+ "

Q=2.0(ASD)

There's always a solution in steel.

75

2010 Chapter 1l
o I1:
o I2:
o I3:
o I4:
e I5:
o I6:
o I7:
o I8:
e IO:

General Provisions
Axial Force
Flexure

Shear

Load Transfer
Composite Diaphragm
Steel Anchors

Special Cases

I5: Combined Forces

Combined Flexure and Axial Force

s and Collector Beams

§ There's always a solution in steel.
)

76
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e Allowable Methods

¥

W10x45 —\ hy=24" ‘ /— #3@12"
& | (8)#8 BARS

S ]
N
L /_
ya
//< e
s - By
@ &
y—1- N 1, | DIRECTION
OF MOMENT
§ ——
| 25 W% oy 2

y
SECTION

There's always a solution in steel.

I5: Combined Forces

e Strain Compatibility (Just Like Concrete)
e Plastic Stress Distribution Methods

Py = 260 kips
PL =780 kips
Pw="T5.0 kips

—~——] Vw = 95.7 kips
~_] —~ My=670kip-ft

140"

~ T My =670 kip-it
—)— vw=957kips

7

ELEVATION
77

‘When ﬂz 02
E

M,
L A APEI
29l M

= e
When £<0A2
F
M,
g | M ol g
M,

2P | M

E e

I5: Combined Forces

e Plastic Stress Distribution Method 1

e Chapter H Interaction Equations

(H1-1a)

(H1-1b)

§ There's always a solution in steel.
)

78
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I5: Combined Forces

¢ Plastic Stress Distribution Method 1
e Chapter H Interaction Eauations

2,000 1 .
.
1,500 -

1,000 -

Compressive Strength (kips)

] AN
500 /s

Method 1 - Ch. H Interaction

0 200 400 600 800 1,000
Flexural Strength (Kip-ft)

There's always a solution in steel. 9

I5: Combined Forces

e Plastic Stress Distribution Method 2

e Piecewise-Linear Interaction Curve

80

§ There's always a solution in steel.
)
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I5: Combined Forces

PLASTIC CAPACITIES FOR RECTANGULAR, »| \xc
ENCASED W-SHAPES BENT ABOUT THE X-X AXIS \u
Section | stress Distribution [ Point Defining Equations

WE =~ A, B, <084

08y F, F

& t c
S,
A J
T 41
® )
/& % 7
| A
|
©
N eese E|
A4 70 111

jr// rj‘ e

®)

There's always a solution in steel. 81

I5: Combined Forces

e Plastic Stress Distribution Method 2

e Piecewise-Linear Interaction Curve

2,500
-
2,000 4

1,500

1,000 4

Compressive Strength (kips)

500

Method 1 - Ch. H Interaction

0

0 200 400 600 800 1,000
Flexural Strength (kip-ft)
There's always a solution in steel. 82
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I5: Combined Forces

¢ Plastic Stress Distribution Method 2

4,000 4
3,500 P A
3,000 A
o .
2,500 A
L
2,000 1A"

1,500

Compressive Strength (kips)

-
k=]
S
S

500 -

0 200 400 600 800 1,000 1,200
Flexural Strength (kip-ft)

There's always a solution in steel. 83

I5: Combined Forces

e Plastic Stress Distribution Method 2

4,000 4
3,500 4 A
3,000 -
o .
2,500 4
L
2,000 1 A"

1,500 1

Compressive Strength (kips)

1,000 -

500 4

0 200 400 600 800 1,000 1,200 UNSAFE ZONE
I Flexural Strength (kip-ft) [

There's always a solution in steel. 84
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2,500 4
[y
2,000 4 N,

~

1,500 -

1,000 4

Method 2 - Simplified

Compressive Strength (kips)

500 -

0

Method 1 - Ch. H Interaction

I5: Combined Forces

¢ Plastic Stress Distribution Method 3

e "Simplified” Version of Method 2

0 200

There's always a solution in steel.

400 600 800 1,000
Flexural Strength (kip-ft)

85

If P <P

I5: Combined Forces

e Plastic Stress Distribution Method 3

e “Simplified” Version of Method 2

il 2 (C-I5-1a)

<1 (C-I5-1b)

86
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I5: Combined Forces

¢ Plastic Stress Distribution Method 4

e AISC Design Guide 6 ® [ Stee D G Sores
g Stoel Design Guide Se ;
Load and Resistance Factor Design o)
e Based on 1986 LRFD W.Shapgs

e 5, 8ksi Normal Wt Conc.
e 1-4% Rebar Patterns

There's always a solution in steel. 87

I5: Combined Forces

e Research Basis?

e Mechanics Based Formulations Supplemented
by Numerical Modeling Validated by Research

EIeﬂ=ESIS+O.5ESIS},+C1ECIC
e Recent Testing in MAST (Multi-Axial

Subassemblage Testing) Lab at University of
Minnesota to Help Fill in the Gaps

5 There's always a solution in steel. 88
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I5: Combined Forces

e Research Basis?
1

Material shown from NEESR project supported by the National Science Foundation
under Grant No. CMMI-0619047, the American Institute of Steel Construction, the
Georgia Institute of Technology, and the University of lllinois at Urbana-Champaign.

In-kind funding was provided by Atlas Tube Inc. and LeJeune Steel Co.

There's always a solution in steel. 89

I16: Load Transfer

2010 Chapter 1
e I1: General Provisions
e I2: Axial Force
e I3: Flexure
e I4: Shear
e I5: Combined Flexure and Axial Force
e I6: Load Transfer
e I7: Composite Diaphragms and Collector Beams
e I8: Steel Anchors

e 19: Special Cases

90

i

EDF There’s always a solution in steel.
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I16: Load Transfer

e What Is Load Transfer?

91

¥ There’s always a solution in steel.

I16: Load Transfer

e What Is Load Transfer?

N
D? There's always a solution in steel. 92
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e What Is Load Transfer?

1. Force Introduction (16.1)

I16: Load Transfer

¥ There’s always a solution in steel.

93

e What Is Load Transfer?

1. Force Introduction (16.1)
2. Force Allocation (16.2)

I16: Load Transfer

§ There’s always a solution in steel.

94
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2. Force Allocation (16.2)
3. Force Transfer (16.3)

e What Is Load Transfer?

1. Force Introduction (I6.

I16: Load Transfer

1)

There's always a solution in steel.
.

95

Force Allocation (16.2)
Force Transfer (16.3)

-

e What Is Load Transfer? *

Force Introduction (I6.

Detailing Provisions (16.4)

I16: Load Transfer

1)

§ There's always a solution in steel.

96
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I16: Load Transfer

e What Is Load Transfer?

Force Introduction (I16.1)
Force Allocation

Force Transfer

2w e

Detailing Provisions

97

There's always a solution in steel.
.

I16: Load Transfer

e How is External Force Applied?

98
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I16: Load Transfer

e How is External Force Applied?

There's always a solution in steel.
.

99

e Force Allocation

Force Transfer (16.3)

H W NF=

Force Introduction (16.1)
. Force Allocation (16.2)

Detailing Provisions (16.4)

I16: Load Transfer

§ There's always a solution in steel.

100
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Copyright ©

I16: Load Transfer

e Force Allocation Requirement:

The applied external forces shall be
distributed within the composite section
based on the same ratio of steel section
strength to reinforced concrete section
strength as represented by the plastic
capacity model.

2011

There's always a solution in steel. 101

I16: Load Transfer

e Plastic Model

Encased Composite Columns
Poo = AF, + Ay F o+ 0.85Af . (Eq. 12-4)

; There's always a solution in steel. 102
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I16: Load Transfer

e Plastic Model

Encased Composite Columns
Poo = ASFy + A F o+ 0.85Af . (Eqg. I2-4)

There's always a solution in steel. 103

I16: Load Transfer

e Plastic Model

Encased Composite Columns
Poo = AF, + A F o+ 0.85A F . (Eq. I12-4)

104

§ There's always a solution in steel.
)

Copyright -/ 2011
by The American Institute of Steel Construction 52



New Composite Design Provisions AISC Live Webinar
December 8, 2011

I16: Load Transfer

e Example

Pro = AsFy + A, F o+ 0.85Af,
Say: AF, = 67% of Total P,

¥ There's always a solution in steel. 105

I16: Load Transfer

100 kips

e Example
Poo = AFy + A F o+ 0.85AF
Say: AF, = 67% of Total P,

5 There's always a solution in steel. 106
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I16: Load Transfer

100 kips

e Example

Pro = AsFy + A, F o+ 0.85Af,
Say: AF, = 67% of Total P,

There's always a solution in steel.
.

I16: Load Tralgmsfer

0 kips

e Example

Poo = ASFy + A, F o+ 0.85Af",
Say: AF, = 67% of Total P,

T

33kips ;

(concrete) i
(steel)

5 There's always a solution in steel. 108
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16

e Example

Pro = AsFy + A, F o+ 0.85Af,
Say: AF, = 67% of Total P,

: Load Transfer
100 kips

V'r =33 kips '

33kips
(concrete)

Piicasie

Vel

)

67kips
(steel)

There's always a solution in steel.
.

109

I6

e Example
Poo = ASFy + A, F o+ 0.85Af",
Say: AF, = 67% of Total P,

V', = P, (1-AFF,/P,,) Eq.16-1

(For External Force Applied to Steel Only)

V', = P. (AF,/Py)  Eq.16-2

(For External Force Applied to Concrete Only)

: Load Transfer
100 kips

V'r =33 kips '

33kips
(concrete)

Piicasie

Vel

77

67kips
(steel)

§ There's always a solution in steel.

110
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e Force Transfer

Force Introduction (16
Force Allocation (16.2)

W=

Detailing Provisions

1)

. Force Transfer (16.3)

I16: Load Transfer

!

There's always a solution in steel.

111

e Bond (I6.3¢)

I16: Load Transfer

e Mechanisms for Force Transfer

Filled Sections Encased Sections

e Direct Bearing (16.3a) e Direct Bearing

e Shear Connection (I6.3b) e Shear Connection

§ There's always a solution in steel.
)

112
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I16: Load Transfer

e Mechanisms for Force Transfer

Filled Sections Encased Sections

e Direct Bearing (16.3a) e Direct Bearing
e Shear Connection (16.3b) e Shear Connection

e Bond (16.3¢)
oR, = V’. (LRFD)
R,/ Q =V’ (ASD)
R, = Mechanism Strength
V', = Longitudinal Shear

There's always a solution in steel. 13

I16: Load Transfer

e Direct Bearina (I6.3a)

hy=24"
P,
N
CONCRETE
|~ CoLumn aBove
‘ _T/SLAB
‘ A
CONCRETE
L ENCASEMENT
| " b
i i

<

%| 9
~N

/ 1
A A

[N-ENCASEDW10 £ 3" CLIPPED
CORNERS (TYP.)

B— SECTION A-A

NOTE: REINFORCING BARS
NOT SHOWN FOR CLARITY

LOAD INTRODUCTION LENGTH
2h,=48

ELEVATION

; There's always a solution in steel. 114
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I16: Load Transfer

e Shear Connection (I6.3b)

ho=24"

Pr
4
1 CONCRETE
/ COLUMN ABOVE

TISLAB

%" x4%e" STEEL
HEADED STUD
ANCHORS

T o ) :
’6 o==
z
il
4 -
z| T4 e [V o —=
1P B _|Z H
INE3 kS <
8 els
> d L, x
alg =5 ==
SIB 9|
@ Yo
E b4
4 = =] < &
2 CONCRETE
] ENCASEMENT
==
— SECTION B-B
~ NOTE: REINFORCING BARS
%% NOT SHOWN FOR CLARI
ENCASED W10 | LARITY
=5
™ SINGLE ANCHORS OUTSIDE OF LOAD

A INTRODUCTION LENGTH (TYP.)
ELEVATION

There's always a solution in steel. 115

I16: Load Transfer

e Shear Connection (16.3b)

e What Strength to Use?

e What Resistance or Safety
Factor is Appropriate?

e Study of Available Data
Conducted by Pallares and
Hajjar to Answer these
Questions - this became basis
for 18.3: Steel Anchors in
Composite Components.

§ There's always a solution in steel.
)

116
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I16: Load Transfer

e Bond (16.3c)
e Applicable to Filled Columns Only
e 60 psi Nominal Bond Strength (F,,)

There's always a solution in steel. 17

I16: Load Transfer

e Bond (I6.3¢)
e Applicable to Filled Columns Only

e 60 psi Nominal Bond Strength (F;,)

For Rectangular Filled Columns:
R, = B2C, Fi, $=0.45 (LRFD)
Q=2.31 (ASD)

B = Width of Section at Loaded Face

C,, = 4 if connection away from ends of member, 2 if at
end of member

118

§ There's always a solution in steel.
)
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I16: Load Transfer

e Detailing Provisions i
1. Force Introduction (16.1)
2. Force Allocation (16.2)
3. Force Transfer (16.3) il L
4. Detailing Provisions (16.4)
HERALR!

There's always a solution in steel.

119

I7: Composite Diaphragms

2010 Chapter 1l
I1:
I2:
I3:
14:
I5:
16:
17:
I8:
I9:

General Provisions

Axial Force

Flexure

Shear

Combined Flexure and Axial Force

Load Transfer

Composite Diaphragms and Collector Beams
Steel Anchors

Special Cases

§ There's always a solution in steel.
)

120
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I7: Composite Diaphragms

ePointer to Commentary Discussion

e Composite Diaphragms

e Collector Beams (Drat Struts)

There's always a solution in steel. 121

I7: Composite Diaphragms

eNotes on Composite Collector Beams

e Beware the "Noncomposite” Composite Beam

; There's always a solution in steel. 122
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I7: Composite Diaphragms

eNotes on Composite Collector Beams
e Beware the "Noncomposite” Composite Beam

e Generally Unnecessary to Superimpose
Horizontal Shears

There's always a solution in steel. 123

I7: Composite Diaphragms

eNotes on Composite Collector Beams
e Beware the "Noncomposite” Composite Beam

e Generally Unnecessary to Superimpose
Horizontal Shears c-eem seen

Arrows indicate direction of
/-shear flow

— = = = = = — = -

|
!
Pt N N =N =N =N = ﬁﬂ/—;(ﬂ/—\ﬂ'/—\ﬂ/—\‘il/—\
Y
|
|
[

| Lateral loads decrease net shear

Lateral loads increase net shear netl
in steel anchors within this zone.

n
in steel anchors within this zone. |

ALl LAl L AL R I L I I L 1

Shear flow from lateral IoadsJ | Shear flow from gravity loads (bold arrows) A

; There's always a solution in steel. 124
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Horizontal Shears

I7: Composite Diaphragms

eNotes on Composite Collector Beams
e Beware the "Noncomposite” Composite Beam

e Generally Unnecessary to Superimpose

e Check Interaction of Flexure and Axial Load

There's always a solution in steel.

125

2010 Chapter 1l
e I1: General Provisions
e I2: Axial Force
e I3: Flexure
e I4: Shear

e 16: Load Transfer

e IS8: Steel Anchors

e 19: Special Cases

I8: Steel Anchors

e I5: Combined Flexure and Axial Force

e I7: Composite Diaphragms and Collector Beams

§ There's always a solution in steel.
)

126
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I8: Steel Anchors

Two Main Categories

e [8.2: Steel Anchors in Composite Beams

e 18.3: Steel Anchors in Composite Components
-18.3a: Shear
-18.3b: Tension
-18.3c: Interaction

127

There's always a solution in steel.

I8: Steel Anchors

e Shear Connection Strength (I8.3)

e h,/d > 4.0: 81% of Anchors Failed in Steel
e h,/d > 4.5: 85% of Anchors Failed in Steel
e h,/d > 5.5: 98% of Anchors Failed in Steel

; There's always a solution in steel. 128
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hef

h/d>5.0
R, =

I8: Steel Anchors

e Shear Connection Strength (I8.3)

e h,/d > 4.0: 81% of Anchors Failed in Steel
e h,/d > 4.5: 85% of Anchors Failed in Steel
e h.,/d > 5.5: 98% of Anchors Failed in Steel

2010 AISC Specification: Allows Strength
Determination by Steel Strength Alone If

A.F, Eq.I8-3

There's always a solution in steel.

129

Stud Shear Strength
Steel Formula (0.65-AsFu)
Tests (her/d>4.5 and 4.0<hef/d<4.5)

3.00
2 [ het/d>4.5 | 4.0<her/d<4.5 |
° b )
5 2.00
g T A b,: s =
% L)
3
'_

0.00 T T

0 100 200 300

Test number
e. F, =65 ksi. 224/251 tests. Avg.:
1.541/1.501. St.D.: 0.336/0.353.

From Pallares and Hajjar, 2010

I8: Steel Anchors

e Shear Connection Strength (I8.3)

R, =A.F, Eq.I8-3
0=0.65 (LRFD)
Q=2.31 (ASD)

§ There's always a solution in steel.
)

130
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I8: Steel Anchors

e Tension and Interaction

Loading Condition Norénozﬁcizteelght Lightweight Concrete
Shear h/d =5 h/d =7
Tension h/d =8 hd =10
Shear+Tension h/d=8 N/A”

h/d = ratio of steel headed stud anchor shank length to the top of the stud head,
to shank diameter

* Refer to ACI 318 Appendix D for the calculation of interaction effects of
anchors embedded in lightweight concrete.

There's always a solution in steel.

131

16:
17:
I8:
I9:

2010 Chapter 1
I1:
I2:
I3:
14:
I5:

General Provisions
Axial Force
Flexure

Shear

I9: Special Cases

Combined Flexure and Axial Force

Load Transfer

Composite Diaphragms and Collector Beams

Steel Anchors

Special Cases

§ There's always a solution in steel.
)

132
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Questions?

End of Part 1:

Any Questions?

NEW COMPOSITE DESIGN PROVISIONS
IN THE 2010 AISC SPECIFICATION
PART II: DESIGN EXAMPLES

134

‘(\2‘\‘
DF? There's always a solution in steel.

i
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Outline

eOutline

e Layout and Scope of Design Examples

e Review of Select Design Problems

There's always a solution in steel. 135

Why Update?

e Why the Update?

; There's always a solution in steel. 136
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Why Update?

2005 Design Examples

e [-1: Composite Beam Design

e I-2: Filled Composite Column in Axial Compression

e I-3: Encased Composite Column in Axial Compression
e I-4: Encased Composite Column in Axial Tension

e I-5: Filled Composite Column in Axial Tension

e I-6: Filled Composite Member Design for Shear

e [-7: Combined Axial and Flexural Strength (Encased)

There's always a solution in steel. 137

Why Update?

e Why the Update?

e “Fill in the Gaps” and restore order

138

§ There's always a solution in steel.
)
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Why Update?
e I-1: Composite Beam Design
e I-2: Composite Girder Design
e I-3: Concrete Filled Member Force Allocation/Load Transfer
e I-4: Concrete Filled Member in Axial Compression
e I-5: Concrete Filled Member in Axial Tension
e I-6: Concrete Filled Member with Combined Loading
e I-7: Concrete Filled Box Column with Noncompact/Slender Elem.
e [-8: Encased Composite Member Force Allocation/Load Transfer
e I-9: Encased Composite Member in Axial Compression
e I-10: Encased Composite Member in Axial Tension
e I-11: Encased Composite Member with Combined Loading

e [-12: Steel Anchors in Composite Components

There's always a solution in steel. 139

Why Update?

e Why the Update?

e “Fill in the Gaps” and restore order

e Provide more detailed guidance for the most
commonly used composite members

; There's always a solution in steel. 140
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Why Update?
I-1: Composite Beam Design
I-2: Composite Girder Design
I-3: Concrete Filled Member Force Allocation/Load Transfer
I-4: Concrete Filled Member in Axial Compression
I-5: Concrete Filled Member in Axial Tension
I-6: Concrete Filled Member with Combined Loading

I-7: Concrete Filled Box Column with Noncompact/Slender Elem.

I-8: Encased Composite Member Force Allocation/Load Transfer
I-9: Encased Composite Member in Axial Compression

I-10: Encased Composite Member in Axial Tension

I-11: Encased Composite Member with Combined Loading

I-12: Steel Anchors in Composite Components

There's always a solution in steel. 141

Why Update?

e Why the Update?

e “Fill in the Gaps” and restore order

e Provide more detailed guidance for most
commonly used composite members

e Cover new provisions from the 2010
Specification

; There's always a solution in steel. 142
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Why Update?

e I-1: Composite Beam Design
e I-2: Composite Girder Design
e I-3: Concrete Filled Member Force Allocation/Load Transfer
e I-4: Concrete Filled Member in Axial Compression

e I-5: Concrete Filled Member in Axial Tension

e [-6: Concrete Filled Member with Combined Loading

e I-7: Filled Box Column with Noncompact/Slender Elem.

e I-8: Encased Composite Member Force Allocation/Load
Transfer

e I-9: Encased Composite Member in Axial Compression
e [-10: Encased Composite Member in Axial Tension
e I-11: Encased Composite Member with Combined Loading

e I-12: Steel Anchors in Composite Components

There's always a solution in steel. 143

Why Update?

e Why the Update?

e “Fill in the Gaps” and restore order

e Provide more detailed guidance for most
commonly used composite members

e Cover new provisions from the 2010
Specification

¢ Available Online Now at:

WWWw.aisc.org/designexamples

; There's always a solution in steel. 144
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Review

e Review of Select Problems

e I-2: Composite Girder
e I-8: Encased Member Force Allocation/Transfer

There's always a solution in steel. 145

Girder Design
e Problem Statement

GIRDER TO BE W21x50 (46) TYP.
DESIGNED COMPOSITE BEAM
PER EXAMPLE I-1

T
5 N /
o
(s2]
n
= A A
; |t
« \
T
Xy prm
L7 J%" TOTAL DEPTH NORMAL

WEIGHT SLAB ON 18 GAGE
COMPOSITE DECK

PLAN

SECTION A-A
§ There's always a soiution In steel.
)

146
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Al S

Determine Loads

Girder Design

Steps for Composite Beam Design

Check Noncomposite Flexural Strength
Check Noncomposite Deflection Limits
Check Composite Flexural Strength

Check Composite Deflection Limits

There's always a solution in steel.

147

e Why 7 1»"?

Girder Design

Restrained
Assembly
Rating

Type
of
Protection

Concrete
Thickness &
Type (1)

U.L.
Design

No.(234) |

2 Hr.
(continued)

Sprayed Fiber

2" NW&ELW

859 *

2 12" NW&LW

822 *

825 *

831 *

832 *

833 *

847 *

858 *

861 *

870~

871*

21" LW

862 *

212" NW

864 *

314" LW

860 *

Unprotected Deck

314" LW

733 #

826 #

840 #

902 #

907 #

913 #

916 #

918 #

919 #

920 #

412" NW

902 #

916 #

918 #

919 #

§ There's always a solution in steel.
)

148
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and girder weights

> /3

¥ There’s always a solution in steel.

e Select Loading (Dead)
e Dead Load = 75 psf (from deck catalog)+beam

e What about concrete pondi

Girder Design

ng?

e Dead Load = 75 psf (from
and girder weights

e AISC Design Guide 3
Recommends increasing
slab weight by 10%
(after Ruddy, Engineering
Journal, 3Q, 1986)

Girder Design

Select Loading (Dead)

deck catalog)+beam

e What about concrete ponding?

Serviceability Design

Considerations
for Steel Buildings

‘{2\‘
Dpf There's always a solution in steel.

i

150
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Girder Design

e Select Loading (Construction Live)
o 20psf?

There's always a solution in steel.

151

20psf?

ASCE 37-02 “Design
Loads on Structures
During Construction”

“Light Duty”
Operational Class
which includes
“Concrete transport
and placement by
hose”

=25psf

Girder Design

e Select Loading (Construction Live)

SEVASCE 3702

American Society of Civil Engineers

Design Loads on

Struct:

Construction

ures During

§ There's always a solution in steel.
)

152
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Girder Design
o Steps for Composite Beam Design
Determine Loads
Check Noncomposite Flexural Strength
Check Noncomposite Deflection Limits

Check Composite Flexural Strength

Al S

. Check Composite Deflection Limits

There's always a solution in steel. 153

Girder Design
e Check Noncomposite Flexural Strength

e Does the deck brace the beam?

; There's always a solution in steel. 154
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Girder Design
e Check Noncomposite Flexural Strength
e Does the deck brace the beam?

e For deck running perpendicular to the beam...

N

155

Girder Design
e Check Noncomposite Flexural Strength
e Does the deck brace the beam?

e For deck running perpendicular to the beam...
YES

“Shear Diaphragm Bracing of Beams I:
Stiffness and Strength Behavior”

“Shear Diaphragm Bracing of Beams II: Design
Requirements”

Helwig and Yura, ASCE Journal of Structural
Engineering, March 2008

‘f‘p“‘
DE There's always a solution in steel. 156
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Girder Design
e Check Noncomposite Flexural Strength
e Does the deck brace the beam?

e But what about deck parallel to the girder?

There's always a solution in steel. 157

Girder Design
e Check Noncomposite Flexural Strength
e Does the deck brace the beam?
e But what about deck parallel to the girder?

Maybe...

; There's always a solution in steel. 158
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Girder Design
e Check Noncomposite Flexural Strength
e Does the deck brace the beam?
e But what about deck praIIeI to the girder?

159

Girder Design
e Check Noncomposite Flexural Strength

e Design Example uses distance between filler
beams as unbraced length.
W21x50 (46) TYP.

COMPOSITE BEAM
PER EXAMPLE I-1

§ —
\ I

| 450"\ | 450"
7 %" TOTAL DEPTH NORMAL

GIRDER TO BE
DESIGNED

T

| 3@ 10-0" = 300"
=
>
>

WEIGHT SLAB ON 18 GAGE
COMPOSITE DECK

PLAN

‘(\
1)
Dﬁf There's always a solution in steel. 160

i
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Girder Design
o Steps for Composite Beam Design
Determine Loads
Check Noncomposite Flexural Strength
Check Noncomposite Deflection Limits

Check Composite Flexural Strength

Al S

. Check Composite Deflection Limits

There's always a solution in steel. 161

Girder Design
e Check Noncomposite Deflection Limits

e AISC Design Guide 3 Recommends L/360 or
1.0 in. under precomposite dead load

; There's always a solution in steel. 162
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Girder Design
e Check Noncomposite Deflection Limits

e AISC Design Guide 3 Recommends L/360 or
1.0 in. under precomposite dead load

e Could introduce camber to meet these limits
o Camber 80% precomposite Dead Load
o Reduce to nearest % in., with 34 in. minimum

o Be careful with steel anchor cover

There's always a solution in steel. 163

Girder Design
e Check Noncomposite Deflection Limits

2005 Specification: “Stud shear connectors,
after installation, shall extend not less than
1 %2 in. above the top of the steel deck and
there shall be at least 2 in. of concrete
cover above the top of the installed studs.

164

§ There's always a solution in steel.
)
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Girder Design
e Check Noncomposite Deflection Limits

2005 Specification: “Stud shear connectors,
after installation, shall extend not less than
1 2 in. above the top of the steel deck and
there shall be at least V2 in. of concrete
cover above the top of the installed studs.

2010 Specification: “Steel headed stud
anchors, after installation, shall extend not
less than 1 Y2 in. above the top of the steel
deck and there shall be at least %2 in. of
SPECIFIED concrete cover above the top of
the steel headed stud anchors.”

¥ There's always a solution in steel. 165

Copyright &) 2011

Girder Design
eSteel Anchor Length

i I
A

Length

lIf —%

Reference: www.nelsonstud.com

5 There's always a solution in steel. 166
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Girder Design
eSteel Anchor Length
<o 7 O
A

Burn off Values:

e 3/16"” to Bare Steel
D Lafth e 3/8” through Deck

L_tf —

‘ There's always a solution in steel. 167

Girder Design
Steps for Composite Beam Design

Determine Loads
Check Noncomposite Flexural Strength
Check Noncomposite Deflection Limits

Check Composite Flexural Strength

“oR W e

Check Composite Deflection Limits

5 There's always a solution in steel. 168
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Girder Design
e Determine Composite Flexural Strength

169

There's always a solution in steel.

Girder Design
e Determine Composite Flexural Strength
e Method 1: Manual Tables

; There's always a solution in steel. 170
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Girder Design
e Determine Composite Flexural Strength
e Method 1: Manual Tables
e Method 2: Direct Calculation w/Chapter I

There's always a solution in steel. 171

Girder Design
e Determine Composite Flexural Strength
Method 1: Manual Tables
Method 2: Direct Calculation w/Chapter I
Method 3: Push "Go” in Ram...RISA...etc...

; There's always a solution in steel. 172
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Girder Design
e Determine Composite Flexural Strength
e Method 1: Manual Tables

Table 3-19 (continued)
Composite W-Shapes
I Available Strength in Flexure,
W36 Kip-ft

Fy = 50 ksi

Mpl 2] cnMy o |
Shape kip-ft | PNA® e | 20 2
ASD | LRFD in. | kip | ASD | LRFD

W36=210 | 2080 | 3120 | TFL |0 3100 | 3140 | 4720
0.340 | 2680 | 3100 | 4660
3 | 0.680| 2270 | 3050 | 4580
4 1.02 | 1850 | 2990 | 4490
BFL | 1.36 | 1440 | 2920 | 4390
6 |5.04 | 1100 | 2840 | 4260
7 903 | 774 | 2680 | 4040

There's always a solution in steel. 173

Girder Design
e Determine Composite Flexural Strength
e Method 2: Direct Calculation w/Chapter I

5 There's always a solution in steel. 174
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Girder Design

e Determine Composite Flexural Strength
e Method 2: Direct Calculation w/Chapter I

|
»
N
>
-
S a
>
L

frh _d,?".i_ _J_______ e

c
7 ,
N i W= 294
" ‘—"‘7*1 A/\,;,l:s :{g’k
P” \1,"1\~ v . ~
2| gen N4
a8

' Wr-stn: D07
rm_.

— -t — £
a T
%72y ;
T

T ; ‘5,((,‘,;,(3\11 |
\ . ' ) Jjﬁu]ff’ng_,, B——

There's always a solution in steel.

175

Girder Design

e Composite Percentage

. 2.0
0, — n
/o Composite = AF, < Steel Yielding
0.85f/4, < Concrete Crushing

§ There's always a solution in steel.
)

176
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Girder Design
e Composite Percentage

e No Minimum Specification Requirement

There's always a solution in steel. 177

Girder Design
e Composite Percentage
¢ No Minimum Specification Requirement
e Design Aids Limited to 25%

; There's always a solution in steel. 178
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Girder Design

Composite Percentage
No Minimum Specification Requirement
Design Aids Limited to 25%

Commentary recommends 50% minimum

There's always a solution in steel. 179

Girder Design

Composite Percentage
No Minimum Specification Requirement
Design Aids Limited to 25%

Commentary recommends 50% minimum

Less than 50% composite action requires...

180

§ There's always a solution in steel.
)
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Girder Design

Composite Percentage
No Minimum Specification Requirement
Design Aids Limited to 25%

Commentary recommends 50% minimum

Less than 50% composite action requires...

...Large Rotations

There's always a solution in steel. 181

Girder Design

Composite Percentage
No Minimum Specification Requirement
Design Aids Limited to 25%

Commentary recommends 50% minimum

Less than 50% composite action requires..
...Large Rotations
...Can Result in Very Limited Ductility

182

§ There's always a solution in steel.
)
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Girder Design
e Composite Percentage
e No Minimum Specification Requirement
e Design Aids Limited to 25%
e Commentary recommends 50% minimum
Less than 50% composite action requires..
...Large Rotations
...Can Result in Very Limited Ductility

...Premature Departure from Elastic Behavior

There's always a solution in steel. 183

Girder Design
e Composite Percentage

5 o o =
A G S

Flexural Strength Ratlo, M,/ M,
o
e

0.0 T T T T T el
0.0 0.2 0.4 0.6 08 1.0

Normalized Shear Connector Strength, ZQa / A.F,

Nominal Partially-Composite-to-Full-Composite

; There's always a solution in steel. 184
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Girder Design
e Determine Composite Flexural Strength

e Step 1: Determine Concrete Compressive Force

AF, < Steel Yielding
C=MIN{0.85f’4,  « Concrete Crushing
20, < Stud Anchor Strength

185

There's always a solution in steel.

Girder Design
e Determine Composite Flexural Strength

e Step 2: Calculate Plastic Neutral Axis (ZF,)

S 7/777%

X
it

—-PNA

7
(Aby X) Fy—a=|

(NTS)

Z F;bove PNA - Z F{oelow PNA

; There's always a solution in steel. 186
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Girder Design
e Determine Composite Flexural Strength

e Step 3: Calculate Nominal Flexural Strength (M)

Z - =

X Y1
PNHT —-PNA = by xFy
IY2
(As-by x) Fy—m—]

(NTS)

M, =C(%)+(4,~b,2)(F,)(%,)

There's always a solution in steel. 187

Girder Design
e Determine Composite Flexural Strength

e 2010 Commentary condenses this method into
Commentary Figure C-13.3 and Eq. C-I3-10

| 0856,
L 1 a_[J=—7—
1 4 {% (p, )
ds F, | 2
RO |
2

F

M, :C(d1+d2)+AsFy(d3_d2)

; There's always a solution in steel. 188
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Determine Loads

Al S

Girder Design

o Steps for Composite Beam Design

Check Noncomposite Flexural Strength
Check Noncomposite Deflection Limits
Check Composite Flexural Strength
Check Composite Deflection Limits

There's always a solution in steel.

189

reduction in design Live Load)

full design live load

Girder Design

e Check Composite Deflection Limits

e AISC Design Guide 3 recommends L/360 or
1.0 in. for Live Loads applied after composite
action has been achieved (allows 50%

e IBC 2009 Table 1604.3 requires L/360 under

§ There's always a solution in steel.
)

190
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Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

191

There's always a solution in steel.
.

Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

Ieﬁ”:Is-i_ (I/h'/l/h)(]tr_ls)

192
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Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

i 1, =1 +\(20,/C,)(1,~-1,)

of
STEEL CONSTRUCTION

b “for realistic deflection
i calculations, I should be
g taken as 0.80 I or 0.75 I 4

Third Edition

As an alternative...”

Ip=1+4 (YENA —d, )2 +(2Qn /Fy)(2d3 +d, =Yy, )2

There's always a solution in steel. 193

Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

e Retained I, ; Method from 3 Ed.
e I ,should be taken as 0.75I

equiv

Ieﬁ” :Is +\/(an /Cf)(]tr _Is)

5 There's always a solution in steel. 194
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Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

e Retained I,; Method from 3 Ed.

* I+ should be taken as 0.751,,

eff — Ts n f tr s

qum'v = Is +\/<2Qn /Cf)(ltr _Is)

MANUAL

There's always a solution in steel. 195

Girder Design
e Check Composite Deflection Limits

So what moment of inertia should be used?

e Retained I, ; Method from 3 Ed.

SPECIFICATION ° Ieff ShOUId be taken as O'7SquuiV

For Structural qu“iv - IS + \/(Z Q" / Cf ) (I r 1 s )

Steel Buildings

June 22, 2010

196

§ There's always a solution in steel.
)
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So which method is “correct”?

Girder Design

e Check Composite Deflection Limits

There's always a solution in steel.

197

So which method is “correct”?

e Neither are perfect...

Girder Design

e Check Composite Deflection Limits

§ There's always a solution in steel.
)

198
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Copyright ©

Girder Design
e Check Composite Deflection Limits

So which method is “correct”?

e Neither are perfect...

e Design Example compares both methods and
takes the HIGHER moment of inertia.

e Subject of ongoing research

There's always a solution in steel. 199

Review

e Review of Select Problems

e I-2: Composite Girder
e [-8: Encased Member Force Allocation/Transfer

2011

200

§ There's always a solution in steel.
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Load Transfer
e What Is Force Allocation/Load Transfer?

¥ There’s always a solution in steel. 201

Load Transfer
e What Is Force AIIocationF{Load Transfer?

202

Copyright © 2011
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Load Transfer
e Problem Statement
hy=24"
Pp=260 Kips | wiods
. 5 |_— (®)#8BARS
P,=780 kips %
1 I
\./ \— SECTIONS (a) THRU (c)

P P Pr RIGID CAP

! ! ! [ PLATE

I T

i i

i i

i i

i i

i T 1

H i i

i I i

i 1 i

b ) b

(a) (b) ©

EXTERNAL FORCE EXTERNAL FORCE EXTERNAL FORCE
TO STEEL ONLY TO CONCRETE ONLY TO BOTH MATERIALS

¥ There’s aiways a soiuuon In steel. CONCURRENTLY 203

e Real World

Load Transfer

204
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Load Transfer
e Calculate Longitudinal Shear

P =1.2(260 kips)+1.6(780 kips)
=1,560 kips

There's always a solution in steel. 205

Load Transfer
e Calculate Longitudinal Shear

P =1.2(260 kips)+1.6(780 kips)
=1,560 kips

¢ Allocation based on Plastic Strength Model

P, =FA+F,A,+085f4 =3,410 kips

ysrsr

F,A =665 kips < Steel Only
F A +0.85f’4 =2,742 kips < Concrete Only

ysr* s

; There's always a solution in steel. 206
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Load Transfer
e Calculate Longitudinal Shear

F A
Vr’:PM(l— 1y3 S] (Spec Eq. 16-1)

no

207

Load Transfer
e Calculate Longitudinal Shear

F A
V' =pl|1-"2 Sj (Spec Eqg. 16-1)

no

Pno _FyAs
! P

no

208
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Load Transfer

e Calculate Longitudinal Shear

F A

[ S] (Spec Eq. 16-1)

B,

})no_FyAs
P

no

Member Strength - Steel Only
Member Strength

There's always a solution in steel. 209

Load Transfer

e Calculate Longitudinal Shear

I—FyAsj (Spec Eq. 16-1)

Pno_FyAs]

no

Member Strength - Steel Only
Member Strength

Concrete Strength)

; There's always a solution in steel. 210
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Copyright ©

Load Transfer
e Calculate Longitudinal Shear

7= p Concrete Strength
" "{ Member Strength

=1,560 kips 2,742 kips k?ps
3,410 kips

=1,255 kips

For force Applied to Steel Only

2011

There's always a solution in steel. 211

Load Transfer
e Calculate Longitudinal Shear

Vr’:Pu (A;)FyJ (Spec Eq. 16-2)

no

_ B,( Steel Strength j

Member Strength
— 1,560 kips| 00> KPS
3,410 kips
=304 kips
For force Applied to Concrete Only

; There's always a solution in steel. 212
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Load Transfer

¢ Mechanisms for Force Transfer

Encased Sections Filled Sections

o Direct Bearing (16.3a) ¢ Direct Bearing (16.3a)

e Shear Connection (16.3b) * Shear Connection (16.3b)
e Bond (16.3c¢)

There's always a solution in steel. 213

Load Transfer

e Direct Bearing

hp=24"
Pr
N
1 CONCRETE
/ COLUMN ABOVE
A  TISLAB
CONCRETE
ENCASEMENT
b
i L
T <
=
[0}
P4
w
z 2
o o
=
5|2 [/
| &
g1& T 1
gl A A
z
2 [N-ENCASED W10 %" CLIPPED
9 CORNERS (TYP.)
— SECTION A-A
NOTE: REINFORCING BARS

I
ELEVATION NOT SHOWN FOR CLARITY

214

§ There's always a solution in steel.
)
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e Direct Bearing

Load Transfer

There’s always a solution in steel.

215

e Direct Bearing

Load Transfer

/5o
S

“|_—YIELD LINES (TYP.

216
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hy=24"

Load Transfer

e Shear Connection

P,
b

CONCRETE

|~ COLUMN ABOVE
 TISLAB
.

Emm——

HEADED STUD

¥," x4%¢" STEEL
/ ANCHORS

|

T o
B == E——1
&
4
z = Fa [l o —=
Elo B B _|Z —n | &
ol 3k
& = E 14
8 5 = = o5
T <5
E z
Z =3 =i < x
2 CONCRETE
S ENCASEMENT
== =
— SECTION B-B

ENCASED W10 |

~ NOTE: REINFORCING BARS
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Load Transfer

e Shear Connection

Use 18.3 - Steel Anchors in Composite Components

Loading Condition Norénoalic}z?éght U G
Shear h/d =5 h/d =17
Tension h/d =8 h/d =10
Shear+Tension h/d=38 N/A"

to shank diameter

h/d = ratio of steel headed stud anchor shank length to the top of the stud head,

* Refer to ACI 318 Appendix D for the calculation of interaction effects of
anchors embedded in lightweight concrete.

QI’ZV = EJASQ
0 =0.65

There's always a solution in steel.
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Load Transfer

e Notes on Section 18.3

e h/d ratio, head geometry, and spacing limitations
in Spec. preclude concrete pryout in shear

e They do NOT preclude concrete breakout towards a
free edge (generally not a problem with composite
columns)

e Commentary warns against the possibility of edges
parallel to the line of force breaking out

There's always a solution in steel. 219

Load Transfer
e Shear Connection
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§ There's always a solution in steel. 220
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e Shear Connection

AVc

I/cbg =2

ecV
Veo

Load Transfer

\Ped,V\IIc,V\Ph,VI/b

There's always a solution in steel.
.
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e Shear Connection

Load Transfer

A [ - [ - [ ‘ - (] -
Ve =2, @@@fﬁw

§ There's always a solution in steel.
S
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Load Transfer

e Load Introduction Length

2005 Specification: “The shear connectors
shall be distributed along the length of the
member at least a distance of 2.5 times
the depth of the encased composite
column...

There's always a solution in steel. 223

Load Transfer

e Load Introduction Length

2005 Specification: “The shear connectors
shall be distributed along the length of the
member at least a distance of 2.5 times
the depth of the encased composite
column...

2010 Specification: “Steel anchors...shall be
distributed within the load introduction
length, which shall not exceed a distance
of two times the minimum transverse
dimension of the [composite column]...

224

§ There's always a solution in steel.
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There's aiways a soiution In steel.

Load Transfer

e Load Introduction Length
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§ There's always a solution in steel.
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Load Transfer
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There's always a solution in steel. 227
.

e Summary & A Look Forward

e 2010 Specification and Design Examples Greatly
Expanded / Reorganized

¢ Main Revisions to Reinforcing Detailing / Local
Buckling / Load Transfer / Shear Provisions /
Collector Beams / Steel Anchors

e Problems Provided for Each Member Type (Beams,
Filled Columns, Encased Columns) for Each Action
(Compression, Tension, Shear, Combined)

e 2010 Specification Available Now at www.aisc.org

e 14th Edition Manual Available Now at www.aisc.org

5 There's always a solution in steel. 228
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Questions?

End of Part 2:

Any Questions?

¥ There’s always a solution in steel.

CEU/PDH Certificates

Within 1 business day...

e You will receive an email on how to report

attendance from: steel@wyndhamjade.com.

e Be on the lookout: Check your spam filter!
Check your junk folder!

e Completely fill out online form. Don’t forget
to check the boxes next to each attendee’s
name!

§ There’s always a solution in steel.
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CEU/PDH Certificates

Access available in 24 hours...

e Go to:

http://www.wynjade.com/aiscfalll1l/webinarCEU.
Username: Your Web ID (found on your
registration receipt)

Password: Your Last Name

e Completely fill out online form. Don’t forget
to check the boxes next to each attendee’s
name!

e Questions? Please email us at

L] L]
....,("bg
@i There’s always a solution in steel.
NEV,

S 2

AISC elLearning

Over 80 hours of presentations
available anytime, online.

CEUs/PDHs are available.

www.aisc.org/elearning

§ There's always a solution in steel.
)
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AISC Live Webinars

Webinars 2012

February 2, 2012 : Field Problems, Solutions
and Prevention

Presented by Jim Fisher

....,("bg
@i There’s always a solution in steel.
NEV,

S 2

AISC Steel Camp

2 day, 4 topics, 15 hours of Continuing
Education,
One low price.
Steel Camp 2012

Los Angeles, CA
Portland, OR

www.aisc.org/steelcamp

§ There's always a solution in steel.
)
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AISC Seminars

The NEW 14th Edition Manual Seminar

Over 31 cities scheduled for Spring
2012

www.aisc.org/seminars

There's always a solution in steel.

Please give us your feedback!
www.aisc.org/cesurvey

Thank Youl!

§ There's always a solution in steel.
)
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