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Today’s live webinar will begin shortly. Please stand by.

Today’s audio will be broadcast through the internet. Please be sure to turn
up the volume on your speakers.

Please type any questions or comments in the Q&A window.
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presentation.

: Stronger.
: Steel.

Copyright © 2021
American Institute of Steel Construction

AISC Live Webinars

Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display
and use of the presentation without written permission of AISC is prohibited.

The American Institute of Steel Construction 2021

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any specific
application without competent professional examination and verification by a licensed professional
engineer. Anyone making use of this information assumes all liability arising from such use.




AISC Live Webinar
September 2, 2021

Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

AISC Live Webinars

Course Description

Lateral Load Transfer From Diaphragms to Resisting Elements
Part 2 — Horizontal Truss Diaphragms
September 2, 2021

This two-part webinar will examine how loads flow through diaphragms and horizontal trusses to
the vertical elements of the lateral force-resisting system. The second session in this two-part
webinar will focus on horizontal truss diaphragms, with discussions on truss layout and connection
considerations. The AISC 341 provisions pertaining to horizontal truss diaphragms will be reviewed
and several case studies will be presented that demonstrate how to analyze the lateral load path.

Stronger.
: Steel.
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Learning Objectives

e List several reasons why horizontal truss diaphragms may be used on a building project.

* Identify the design requirements that permit diagonal members of horizontal trusses to be
designed without consideration of overstrength.

e Describe the layout considerations that facilitate the constructability of horizontal truss
diaphragm members.

*  Demonstrate how to analyze the load path through a diaphragm using a simple statics

Lateral Load Transfer From
Diaphragms to Resisting Elements

Part 2 — Horizontal Truss Diaphragms
Thomas R. Meyer, SE, PE
Principal

Magnusson Klemencic Associates
Seattle, Washington

approach.
: Smarter.
Stronger.
: Steel.
Overview

= Brief Recap from Session 1

= Horizontal Truss Systems

= (Case Study — Idealizing a Load Path
Case Study — Putting It All Together
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The Role of Diaphragms

Gravity Forces
Inertial Forces
Wind Forces
Transfer Forces

Thrust from Inclined
Columns

= Soil Pressures

= Column Bracing
Forces

Diaphragm Design Requirements

AISC 360, Section B3.5

Design of Diaphragms and Collectors

Diaphragms and collectors shall be designed for
both forces that result from loads as stipulated
in Section B2. They shall be designed in
conformance with the provisions of Chapters C
through K, as applicable.

)
i

Diaphragm Design Requirements

ASCE 7, Section 12.10.1

Diaphragms shall be designed for both the shear
and bending stresses resulting from design forces.
At diaphragm discontinuities, such as reentrant
corners, the design shall ensure that dissipation or
transfer of edge (chord) forces combined with
other forces in the diaphragm is within shear and
tension capacity of the diaphragm.

Diaphragm Design Requirements

Slab on Steel Deck Diaphragm Approaches
AISC 341, Section D1.5a

= Details shall be provided to transfer load
between the diaphragm and boundary
members, collector elements, and elements
_of the horizontal framing system.

12
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Diaphragm Design Requirements Horizontal Truss Diaphragms
Slab on Steel Deck Diaphragm Approaches = Common Instances
n
AISC 341, Section D1.5b Layo%ut .
Considerations

= Diaphragm is the topping slab above the flutes designed = AISC 341 Design s

per ACl 318 ReqU: ; ~ av 2 AN

equirements e Yl AN

= Diaphragm is the slab on deck assembly using in plane * Connection Ideas T_"“'g"‘ -wr 4

shear tests (such as ICC-ES or IAPMO-UES report values)

=}
=}

14

Horizontal Truss Diaphragms . Horizontal Truss Diaphragms .

= Additional Strength . = Additional Strength

= Additional Stiffness ~— — e = Additional Stiffness ‘\ﬁjﬁ‘jﬁ‘*”\“‘i‘;ﬂﬁ

= Direct Load Transfer — ia i i i i it = Direct Load Transfer “f‘\\//\ ~ X\

= Discontinuities = Discontinuities \E\ N Ve

= No Diaphragm = No Diaphragm \\\\ ™ \/\\
Otherwise Otherwise \‘i\?\/ \X,’f\,/x\ 2

* Redundancy ET Pl S » Redundancy \\“ﬂ\ /{’}?\X\X{\\I‘\:

5

=
=}
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Horizontal Truss Diaphragms @ Horizontal Truss Diaphragms o
= Additional Strength = Additional Strength
= Additional Stiffness = Additional Stiffness
* Direct Load Transfer ; = Direct Load Transfer =i M Wil
= Discontinuities = Discontinuities I
= No Diaphragm > Elovation 2 = No Diaphragm A
Otherwise = Otherwise A=l
= Redundancy — Redundancy —
Elevation 1 - L o ,
Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= Additional Strength
= Additional Stiffness
= Direct Load Transfer

= Additional Strength
= Additional Stiffness
= Direct Load Transfer

= Discontinuities =  Discontinuities

= No Diaphragm
Otherwise

= No Diaphragm
Otherwise
Redundancy

= Redundancy

20
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= AISC 341-16, Section B5.2

= Members and their connections shall be
designed for load combinations with
overstrength, Q,

22

Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= AISC 341-16, Section B5.2 Requirements to avoid O, .
=  Diagonal member does not support gravity loads
= Members and their connections shall be *  Diagonal member cannot be in a K- or V- configuration
designed for load combinations with = 30% -70% of diagonals in a given line oriented in tension
overstrength, Q, = 'Il-'r;Jss rzngombers must meet highly ductile proportioning limits
. . . A
* Exceptions — Diagonal members of horizontal * Intermittent fastener requirements for built-up members
trusses that meet certain requirements of SCBF * Net sections must be reinforced
braces = Diagonal member connections designed for maximum probable
brace capacity
=  Gusset must accommodate brace buckling rotations
23 24
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= A|SC 341-16, Section B5.2 = A|SC 341-16, Section B5.2
= Members and their connections shall be designed for = Members and their connections shall be
load combinations with overstrength, Q, designed for load combinations with
= Exceptions — Seismic force-resisting system is OMF or overstrength, Q,
OCBF and = Exceptions — Apply only to the diagonal
= No K-configurations in horizontal truss members

= Horizontal truss diagonal members meet slenderness and

compactness requirements for OCBF braces = Chords always designed for overstrength

= Chords shall meet the compactness and slenderness

= Horizontal truss diagonal connections meet requirements
requirements for highly ductile members

for OCBF brace connections

26

Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= layout Considerations —
Diagonal Members
= Continuous
= Segmented

= lLayout Considerations —
Diagonal Members
= Continuous

= Segmented

28
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= lLayout Considerations — = lLayout Considerations —
Diagonal Members . Diagonal Members
= Continuous = Top of Steel Aligned
= Segmented = Centerline (Centroid)
Aligned
Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= lLayout Considerations — = layout Considerations —
Diagonal Members Shapes
= Top of Steel Aligned =  Wide Flange | s
= Centerline (Centroid) = Angles/Double ",': "L‘/’l
Aligned Angles == -
= HSS :
= WT
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Horizontal Truss Diaphragms

= Connections
= Flange Infill Plates — welded

Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

Horizontal Truss Diaphragms

= Connections
= Flange Infill Plates — welded

Horizontal Truss Diaphragms

= Connections

= Gusset Plates — Flange Welded

©)

opyright © 2021
merican Institute of Steel Construction

34
Horizontal Truss Diaphragms
= Connections
=  Gusset Plates — Flange Welded
36
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Horizontal Truss Diaphragms

= Connections = Connections
= Pay attention to member depths = Gusset Plates — Flange Bolted

Horizontal Truss Diaphragms
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Horizontal Truss Diaphragms

Horizontal Truss Diaphragms
= Connections

Connections
= Gusset Plates — Flange Bolted = Gusset Plates — Flange Bolted
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1. PROVIOE SHEAR CONNECTIONS FOR BRACE FER PLAN REACTIONS AND TYFIGAL DETALS.

2 SEE 175602 FOR COMNECTIONS AT LONER FLANGE.
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Horizontal Truss Diaphragms

Horizontal Truss Diaphragms

= Connections
= Horizontal Gusset Plates with Bolted Double Angles

41 42
Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= Design Example =€ = Design Example
= Transfer Forces  [ziooi-- = Buckling-Restrained Braced Frame (BRBF)
= e
--—-1vr/?\;\-»rf..—vf/f\-‘<.-¥j--7‘.~§§':—:——-
R e e e T R
| .
I Plan
Elevation 2
—
Elevation 1 - b Partial EIevation‘- 1
43 44
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= Design Example = Design Example
= Transfer Forces — AISC 341, F4-3 = Buckling-Restrained Braced Frame (BRBF)
Capacity-Limited Horizontal Seismic Load Effect, E / \ \
.‘. A I'I:ll_‘«'ﬁii - e = 2, N o - e = - = o

s, beams, struts and connections in BRBF shall be
nited seismic load effect. The capacity-limited hori-

The required strength of ¢
determined using the capa
zonial seismic load effec, all be taken as the forces developed in the member
assuming the forces in all braces correspond to their adjusted strength in compression

or in tension,

Partial Elevation - 1

Horizontal Truss Diaphragms Horizontal Truss Diaphragms
= Design Example = Design Example
= BRB Properties = BRB Adjusted Brace Strength
A, =240 inz. o = Tension
F,=42 + 2 ksi (Coupon Test Validation) T = wF,Ag. = 1.26(44)(24.0) = 1331 k
w=1.26 .
B=1.16 = Compression
' P = wfF,As = 1.26(1.16)(44)(24.0) = 1543 k

Copyright © 2021
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= Design Example

= Capacity-Limited Horizontal Seismic Load Effect, £,
=  Brace Angle =379

Tension Brace
(1331) cos37 = 1063 k
Compression Brace
(1543)cos37 = 1232k

l—1?,4'—'|'_25.1'_'l'

49

Horizontal Truss Diaphragms @ e Horizontal Truss Diaphragms @ @
= Design Example = Design Example — Free Body Diagram
= Simplifying Assumptions f 600 ] oo T s {

| 1148k 1148k

Each support (braced frame) resists the same load

Each truss diagonal resists the same load

1232k 1063k 1232k 1063k

52
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Horizontal Truss Diaphragms Horizontal Truss Diaphragms

= Design Example — Member Axial Forces

-I“ 60'-0" -| 60'-0 1 60'-0 -|'
1 b 0k

4T T

Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm

= (Case Study

= Transfer Force
at Core Setback

= (Case Study

= Transfer Force
at Core Setback

56
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Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
= (Case Study = (Case Study
= Transfer Force = Transfer Force

at Core Setback | at Core Setback

dealizing Load Paths in a Diaphragm dealizing Load Paths in a Diaphragm
= (Case Study = (Case Study
= Transfer Force = Transfer Force
at Core Setback _ at Core Setback
= 2,284 k! ‘ 17 = 2,284 k!
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|dealizing Load Paths in a Diaphragm . |dealizing Load Paths in a Diaphragm

* Case Study - i ‘

= Transfer Force
at Core Setback

* No direct load
path available

=T

,,,,,,,,,,

P

61

62

q

=T

,,,,,,,,,,

,,,,,,,,,,

63

64
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Idealizing Load Paths in a Diaphragm

il

=T

,,,,,,,,,,

American Institute of Steel Construction

Idealizing Load Paths in a Diaphragm

NI L
iﬁ;‘)‘. T T )
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Idealizing Load Paths in a Diaphragm

Idealizing Load Paths in
a Diaphragm

Uniform Shear Stress

40

586k : 586k

Idealizing Load Paths in
a Diaphragm

Diaphragm Shear Design

= 5-1/2” normal-weight
concrete on 3” deck

= f'.=6,000 psi

* F,=60ksi

40

586k

586k

39’

1171k
1142k

B e " ek —

1142k

ft

oV, = 0A.y (2\/7’6 + pfy>

1142k x 40" _ K
39" f
oSt ——stegeesmm— -
1142k 1171k Voo 1
— — 1142k 1142k
2o o = 293 k/ft
Idealizing Load Paths in L
a Diaphragm 586k ' 586k
P e e e — —
Diaphragm Shear Design
k 2
V, =29.3—

72
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Idealizing Load Paths in
a Diaphragm

Diaphragm Shear Design,

586k : 586k

40

Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

Idealizing Load Paths in
a Diaphragm

Diaphragm Shear Design,

Solve for p (ACI 318-14, Eq 12.5.3.3)

40

586k : 586k

Solve for p (ACI 318-14, Eq 12.5.3.3) ?g
ot =01 (27 05
v . ! :--)-_-_.a» t—s--r- 'i---.k-.. H__q-— . —
_BA, AT L 17 I
P fy 1142k 1142k
73
Idealizing Load Paths in 40
a Diaphragm 586k ' 586k
P e e e — —
Diaphragm Shear Design,
Determine Ag Fe))
(32}

Ay = pAc, = .0073(12)(5.5) = 0.48 in?/ft

#5 @ 7-1/2” both directions above flutes

1171k
1142k 1142k

PN}
%)
PV = DAy (2\/f_,c + Pfy)
e S W
29.3 i
_ 0TS anEs) — 2v/6,000/1000 w0 l 1171k T
60 ' 1142k 1142k
74
Idealizing Load Paths in 40
a Diaphragm 586k ' 586k
P e e e — —
Diaphragm Shear Design,
Check Upper Limit o™
o

v, < @8A[,,\/7'C: 75(8)(12)(5.5)V6000,/1000 = 30.7

76
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Idealizing Load Paths in 40°
a Diaphragm sacl . shek

e L e

Shear friction connection to core

Idealizing Load Paths in
a Diaphragm

40

586k

586k

Shear friction connection to core
= ACI 318-14, Section 22.9 o

OV = QuAAyrfy

Shear friction connection to core
= Normal-weight concrete
= |Intentionally roughened surface

’

o 293
VI ™ 0.75(1.0)(1.0)(60)

1171k
1142k 1142k
Ay = 0.65 in?/ft
#e @ 8”

': EMVOORI I e | =
l 1171k T
1142k 1142k
77
Idealizing Load Paths in a0
a Diaphragm 586k ' 586k

': EMVOORI I e | =
Solve for A, ¢ l 1171k T
Vu 1142k 1142k
Ayr =
T puaf,
Idealizing Load Paths in 40
a Diaphragm 586k ' 586k

Shear friction connection to core

Check upper limit (ACl 318-14, Table
22.9.4.4)

OV, = 90.2f" A, = 59.4 k/ft

OV, = 0(480+.08f' )A, = 47.5 k/ft ;14\

oV, = 916004, = 79.2 k/ft

o

ot

2]
o

= -

1142k

80
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Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
Collector/Chord Axial Force Distribution Collector/Chord Axial Force Distribution
586 k 586 k = Member design forces
0k 0k

’\ 188 k-ft

B YA S0 8 S
_______ Okt
AXIAL FLEXURE
Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
Collector/Chord Axial Force Distribution Collector/Chord Axial Force Distribution £ Lo i
= Seismic Load Combinati = Member Unbraced Lengths
eismic Load Lombinations = Seismic Design Manual, Table 8-1
* (1.240.25,,)D+f,L = 1.41D+0.5L = Major Axis Flexural Buckling — Full
" S4s = 1.06 Length
* Minor Axis Flexural Buckling — Not ‘:H:‘ =
=f;=05 Applicable H
= Mp=114 k-ft, M =53 k-ft = Constrained Axis Torsional
Buckling — Full Length
M,= 188 k-ft = Torsional Buckling— Not
= 1.2Mp+1.6M, =222 k-ft Applicable

Copyright © 2021
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Idealizing Load Paths in a Diaphragm

Collector/Chord Axial Force Distribution sf
= Constrained Axis Torsional Buckling
= Seismic Design Manual, Eq 8-2

9[n251y(h5 +d?) 1

F,=0.
¢ 412, /1 L + 1, 4+ 0.25Ad?

Idealizing Load Paths in a Diaphragm

Collector/Chord Axial Force Distribution
=  Constrained Axis Torsional Buckling
W14x193, L., = 39" = 468 in

—0 9rnz(29000)(931)(14.12 +15.5%) (11200348 1
e” oL (4)(4682) ( B4 5350 + 931 + 0.25(56.8)(15.5)2
1
F, = 0.9[133542 + 389760] ————
¢ [ * ]6742.55
F, = 69.9 ksi

86

Idealizing Load Paths in a Diaphragm

Collector/Chord Axial Force Distribution
= Constrained Axis Torsional Buckling
» W14x193, L., = 39’ = 468 in

F, = 69.9 ksi

5 0.72 < 2.25
F_ . .

e
F., = 0.65872x50 = 37.1 ksi
@P, = 0.9(37.1)(56.8) = 1896 k

87

Idealizing Load Paths in a Diaphragm

Collector/Chord Axial Force Distribution
= Strong-axis Flexural Buckling
= W14x193, L, = 39' = 468 in,r, = 6.50

L
< =720
Tx

OF,, = 30.8 ksi

®P, = (30.8)(56.8) = 1749k
Controls

88

Copyright © 2021
American Institute of Steel Construction

22



AISC Live Webinar Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

September 2, 2021
Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
_ S i L ! Collector/Chord Axial Force Distribution

Collector/Chord Axial Force Distribution ]

= Flexure (no LTB) " Interaction

. W14x193 = PP, =1749k

OMy = 1330k —ft o " OMy =1330 k-ft
" |Location [ Pu(k) ____[BxMu(kft) [DCR |
End 1142 0 65
% Point 867 195 63
Mid-Span 571 230 48
89 90

Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
Collector/Chord Axial Force Distribution Collector/Chord Connection at Core
* Connection axial design forces i3
e . ]
586 k ! 1759k 5861k :293k :,: ™ EMBEEIDDSETA\L i)

EMBED DETAIL

o
zzzzzz

1142k

92
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Idealizing Load Paths in a Diaphragm Idealizing Load Paths in a Diaphragm
Collector/Chord Connection at Core , Collector/Chord Connection at Core
- | | -
(|
SECTION
®H
Putting It All Together Putting It All Together
Case Study Case Study
= Combining = Two-story - /\ =
Multiple Effects braces e B
= = - ey — = = / = i
COJALA]-
'; S _-;.'.I e \\1 = ?,: E
@": PARTIAL ELEVATION
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Putting It All Together @ e Putting It All Together @ @@ e
Nodal Floor Internodal Floor
= Braces (=] * Braces
connect -\" \g’ fZ =3 e bypass
= :n_ . \}(/ — V/é T |

e \*( : " \‘% §/ \ Wi

E = = |
PARTIAL ELEVATION PARTIAL ELEVATION
Putting It All Together Putting It All Together
Internodal Floor |
= Relies on [
column  fmeeeeeeeeees «.-... ............ - } ............. «.-... ............ -
bending [
PR S X «» | PR N - } PR S X . »..« ............ -
[
PARTIAL ELEVATION PARTIAL ELEVATION
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Internodal Floor
= Does not

brace
columns

Putting It All Together

¢ ¢—¢

Putting It All Together

Nodal Floor

Loads -

= |nertial loads

¢

PARTIAL ELEVATION PARTIAL ELEVATION
Putting It All Together Putting It All Together
Nodal Floor Nodal Floor
Loads p— Loads e r I
" Transfer Jeececemerereeeee e e = Column e e e
Loads from l bracing loads l
Internodal =
floors = - laedffnaieakdlRelosg oo | e S n L N s s s R
—F 1 —— D e — )
PARTIAL ELEVATION PARTIAL ELEVATION
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Putting It All Together

Nodal Floor Design Considerations

= Combining Inertial Forces generated at multiple
levels
= Inertial Forces, F,, ? (ASCE 7, Chapter 12)

= Transfer Forces, F,? (From analysis)

105

Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

Putting It All Together

Nodal Floor Design Considerations

= Combining Inertial Forces generated at multiple
levels with Column Stability Forces
= Consider random directionality?
= AISC 360-16, Appendix 6 Commentary
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Putting It All Together

Nodal Floor Design Considerations
= Complete Load Path!

= Provide a complete path for forces generated on
internodal floor all the way to the lateral system

Copyright © 2021
American Institute of Steel Construction
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Lateral Load Transfer from Diaphragms to Resisting Elements
Session 2 — Horizontal Truss Diaphragms

CEU / PDH Certificates

For those participating at their own connection...

* Reporting attendance is not necessary.
* Certificates will be issued based on AISC’s attendance record.

* You will be receiving certificates via email from registration@aisc.org.

: Stronger.
~ : Steel.

CEU / PDH Certificates

For those participating at one connection with a group...

* Main registrant will report attendance via an online form. (The link will be
provided in an email from registration @aisc.org.)

¢ Username: Same as AISC website username.
e Password: Same as AISC website password.

* Once attendance has been reported, each group member will be receiving
certificates via email from registration@aisc.org.

 Stronger.
~ : Steel.

) ESmarter.
Stronger.
' : Steel.

AISC | Thank you
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