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between vertical elements. A common location where
planes of resistance change is at grade level of a building
with an enlarged subterranean plan: at this location, forces
may transfer from the narrower tower into the basement
walls through a podium diaphragm (refer to Fig. R12.1.1).

Duaghragm —. - Structural
o [shanr | wall
Coliastor
.?u'n»‘l'.:lm In-plane
(b) Diaphragm transfer forces—Vertical clements of the e i’ P omitmiod)
lateral-force-resisting system may have different proper- il e
ties over their height, or their planes of resistance may \ i
- : & : 3 [ as— resisting
*% | change from one story to another, creating force transfers wal —y e N i
3 "'. [ st | B inctined
r"

=0 cohmn

l ‘lllr:::.pn

Shear ransfer
n ciaghragm —

Dimtribunor——

Fig. R12.1.1—Tpical digpiragm acnens

d




sle ol S cpaita () all S a0

51,508 ol Gislg — Y

S51,548 J510 51 g JUisil

g0 4 151,805 WYl gl axioygy g ply jo Coglie -
- My 3 SB L Glpellass -




bo O S Cppaiin ALl (s il S (e 50

1 2L 5 9 Al —o—Y

903k Slybl 5 byg pd 2056530




e ol HES patdny L) g (il j8K0 e g0

p51 500 513>

51308 sl =Y

(Deck) &S -
(Collector) owsS o> -

(Chord) (Jb) sad s -
(Distributor) owaS & 9 -
(Shear Stud or Shear Friction) Sdao! 4gilo Tl g Wiy -

(Connection) w¥lail -

d



Steel Deck (AKA “Metal Deck”)

Ehear load
path through
steel deck and
fasteners.

Steel chords

Shear load path
through steel
deck and
fastenere.

Concrete stifens
deck and
prevents
buckling.

Steel chords and
callectors.

bo O S Cppaiin ALl (s il S (e 50

Steel deck with reinforced
concrete fill

Ehear koad path Mrough
reinforced concrete and
shear studs.

Chords and collectors
Steel members, of
Reinforoement in
dack

Bhear st

Rainforoement

Shear kad
path thraugh
stead
diagonals and
framing.

Steel chords
and
ooliectons

Deck s for
grevily oy




bo O S Cppaiin ALl (s il S (e 50

(Collector) ouiS aoo>—o—Y

20 (83l )l s (B lagledl a5 (50190 50
JUo ysb ) Wl g2g o510 Jsb pled
s b guinylee OB I (o a5 ale s
aibls (hynS o5180s Job pled 5 s
O Slos (b8 s olusl jo o glacl (wbb
Wy ol il 3 w5130 Shy 59l e
.-.\5)‘0 ‘) Ulﬁ &

(> lb

Sy

s sl “ \
oy LS 53 - N JU pplie 4 ool ans
L et sleg

Spepd 0

(Collector) ouiS aoo>—o—Y

Collector .
Beam Tenston Chord
e T - Collector
Drag Strut / Beam
VLLR .
s VLLR
Elemen b5 Floor or Roof Diaphragm Element
Compression Chord /

d



oo S ity L g Gl S a0

(Collector) owisS o> —o—Y

'
h ‘ b cu.max
1 \ Fa' &
Vl.l
c & c Tl.l max
M Q)P P 00y Ol ‘ '
e Slgs goniSaex N
d ‘ d I
o (1) oS 20 3 yShot (i)

d

(Collector) owisS o> —o—Y

Flawl ol Pl 51,800 10 0usS 2o 3929 LT

10



bo O S Cppaiin ALl (s il S (e 50

(Collector) ouiS aoo>—o—Y

A-—F-—-————————————————————————— - — =~ J --A
Brace “A", Brace “B”
B
1
Al-— — Transfer Length = " T :
| * VLLR Length : I
A--f-7-=-=-==f---—seeer e == F--1f@r—--A

Connection 1 \ Connection 2\
Beam 1 1> v

Beam2

~ - »

£ P e

(Collector) ouiS aoo>—o—Y

e e i-fa

1

1

= ~ o "r /J i

Brace “A’ ol 1
- 1

\ .

1

Brace “B”
A__.____J. ______________________ =L

k- A

Axial force in this beam will be
V plus force from floor above.

™~ Connection 1 Connection 2
\ 3 \\, vy

Va :
—— et |

Cotector ] /\
EBeam

VY, =V

d

11



bo O S Cppaiin ALl (s il S (e 50

(Collector) ouiS aoo>—o—Y

Tl (o0 oS g0z g0yl wilRo )3 5 LT

(Collector) ouiS aoo>—o—Y

SIPe Az A g b enlST x>y gy &9 595
Cobly o0

32 X
¢ !
SENESEENEENNEE NN RN/ S (OITTTTTTTTTTITTTTTT £
Wall Location. Centar Wil Location: End

d

12



bo O S Cppaiin ALl (s il S (e 50

(Collector) ouiS aoo>—o—Y

!

)f.‘J 3 GQL; ‘SJL;‘J 9 ‘5&.&5 6“5}'&"’ J}q' g.!‘

e S RN [P IV

= 1 g i1 - 1 Siladsn i Sl 3 @YU sl ke
. % fv Sl (sl slay) b glge 4 oud

e L i =L { Aigld o0

Pl bl " ! WpSoe g 50 1y albs Wi Yaome 51,500

E - - = ! —" D wl oVl g 5 gl i slae

BT et 1 463 () SO @ e E9090 ol Wigh Ay S0
45 dgdoe Jlail Gy 3l $y97m0 S9x <3

Gl g
-~ ES Sgb axd,S IS 4o Wb
v : (b
“ . Sy
Sl o
M
il 52 Tl

13



bo O S Cppaiin ALl (s il S (e 50

(Distributor) owuS & 95 —s—Y

N s \;\

iy e ——

otis —
A

S958 45 ol ol oS pen Sy
S04 g0 o0 1y #5130 Sl endi 5o
S o5 Jlo o wilyee B LI
9975 o0 @B plall 511 g ouiiS 2 595

WS (o0 @395 51,800 50

(Shear Stud or Shear Friction) Stuo! ygilo T L g pikis 9y —0—Y

Collector 1

_ _ Collector
reinforcement

reinforcement

]l Shear
reinforcement

il
|
|
|

i

reinforcement

gre

?]i.m'r

(a) Shear and collector  (b) Collector

actions

Arrows indicete direcfion of shear flow —

d

14



bo O S Cppaiin ALl (s il S (e 50

Collzctor Beam

Shear Connection Subjected Collector Beam
to Shear and Axial Load

Shear Connection

Moment Frame Subjected to Shear and
Axial Load
ﬂ m
/1 )
A\
I ;e r— it

Sos LT VLAl (>15b )3 Wl ol by Sgdse Jikio S8y & g & T JLail G2 )b 5l owiiS gor Sagde 5955
i (OYLlail ol ply ogh aid S Ly i glad b wYlail b 50 Cambioo 5yexe g 00,5 Bl 5,90

S g0 Gyl 51,800 (5o e JUESH 53 1, nden

d

15



bo O S Cppaiin ALl (s il S (e 50

S105 5 Jb pwo—Y¥

a4l JLas! cwlio JSUi a1 ayl 05l 13 b o y2 ples

Sluogas g plall py2r (o S 2wl goaio byl 4y JLail g 50 ludo
3,10 (Kwn loss bl Solu

WS (o0 20y leas b g (1 piien Jgome Ujge 4 b 051,800

- 31

S1055 Jb pwo—Y¥

« Vertical frames

o Beams

o Columns

o Braces (if any)
+ Diaphragms

o Deck

o Chords

o Collectors

+ Foundations

- 32

16



bo O S Cppaiin ALl (s il S (e 50

o1 3103 i 0 3l (oSanlis gy —1—0

— tesiies b oo g Sl e olid (Solas Gl

' ,_1; Waojle Sealiyd slagl Slalas & azgi b
e 5 i \ P Tasi inj
~

s £
- | =
: \(/ . e 39232 3l (2l i Tas lade g 00,8 ki (4o
| LT
BLiLS ’\<< e B glgie b amglio j0 ojlw (Al
% ‘\\‘\_\ (>lb Fel b og waled 5395 S
o —_—— W23 o0 (LS 1) Calid (o ay (Sotmuly (!
“—‘——-——-._-__-__'"__‘_—‘——-——-—______
| e e
T RN —— T SR 097y 4 wxgo ojlw g (51N, WlS B s plp

Tisse cgo g 20,500 (uiligyy b add ey gyl

1) QU Gl b a5 YA o)luibiwl (21)b fwl b 395 (yljmo (s & 0jbw Grwly polie Sgud oo

Lis iles 5 sail oo
W30 Gl 5] 392 5 H1 (MU Gigee 4 g9

d

17



bo O S Cppaiin ALl (s il S (e 50

51900 i g 03l (SSunlisd gty —ili—0

i Az )b ilidee Wl YL boge Fwly Jdo &
- e S g0 JLio 1 5 glike ol
s F B oyl Gop plp 50 Cwglio ly il Al o
G g (> b b o Gl Gl iSTas & by
h; wy

h] e
T b e @B gl (2lib sl ol ol Lol
o3l (1) Jaele) bt () b leg i () (LSe) LSl wn ggomo gly slojy

8 glagllt i1 ls

g wlgs dil)llakiblxe ao g D8 4 paxie
b Job 0 Folko gl y0 b &5 Iz

151038 (B 32k i o6 (oGl (b (59545 Fx g 50 393y Tas Frwly & (Saolyd
opS1,8b5 (>1rb 59, (FPX

d

51900 i g 03l (SSunlisd gty —ili—0

TS 18U (595 9 b (b oglis

18



bo O S Cppaiin ALl (s il S (e 50

o1 3103 i 0 3l (oSanlis gy —1—0

w1

st 25k e glise @B S lall (o g i JU 41 508 Wb iz e eS80

iy o i | (S i il 0 Cenglile 5 09l

d

51900 Gk

19



95599y (x P Jglie (28 b dugliio 50 o51,8L5 09 o0 (29
O 9 o ST BLS (63l

agb & ablioo 5393 G4y 9,

Sl pglio prvmaw 15 (sla Lol
259 bl o oled g sley
el oyl38le i 0 00 S o (e Gl 2 (Sl Gy
&l 39290 6yl glojlw o LGS ol W56 b Lol
83,5 50 ooliiwl bagylois L G, &y (K § 032 35 g0
B b Glodl (s a5 59 20 (M

93,5 o0 & 398

bo O S Cppaiin ALl (s il S (e 50

ko 51348

51909 (G b lei——F

Dirsction of
Diaphragm shear

seismic force
& flexure stfiness
properties Ay & ET —
N,
; \ Ks
Kl
“ Walls—

N\ Wal lateral
stffness,

I—I.Kr
WP

{a) EXAMPLE DIAPHRAGM PLAN

H"
Kz &
Ar BB/ =K Ko Ky -

(@) RIGIC DIAPHRAGM MCDEL

d

20



lo S paitn Al oy (o RS (52

093 8 W gl g bl Jow o 55 289 w5180 s Ldxi Jowo jo
39290 . 3 ,lgbd g 3 wley ((Jloel) g (S ol 00l ouilxiS Sguxo
Sl Julos gbo,l5legi ot 0 oladuduo g Slayl ccunliess glive o
whodosd o5 509
0055 Joe jatio 4y Wl o dw 05 o0 dmwlre 051,50 Elae
3,90 backstay ;6T ;o baST,50 0

.3 35 5148 eolasul

515500 (G diws i yli—1—F

Direction of
Diaphragm shear sesmic force
& fexure stiiness
properties A, & EJ —\\

# \\ K:L
1K _
| - wiall aterat ot
stffness, ” K:
!}p.

(a) EXAMPLE DIAPHRAGM PLAN

(e} SEMI-RIGID DIAPHRAGM MODEL

d

21



o ol S ety AL

519500 (Gwadws i Jli—1—F

F

"""""""""" 695 0% 9 0 051,50 gl logas b dllio )3 o130 S5m0 3

& o (69,15 gV sd gadi e HLr pylie pmaw @36 slag Lol
5297 GBpST LS 1y Jglwio yob bl pdySlasi] wtees’ &lej) el o1 s
©) D9y g 59V gl saadye g ookw sLaailas (51,845 sbaaibes N
g 0 5158 ool 0 y90 (S &I 9 Mg oo a8,F IS )0 (S
el slaylidle s sl wlogae 2 ei GGl ot (olr Sy el
amivo b Juws Slawlo b glojlo ol abgyyo oy glo
ool (ST Jo) 08 yinS

Wglh g0

515500 (Gwadws s Jli—1—F

Directicn of
Diaphragm shear sesmic force
£ flexure siflness
properties Ay & EF —,
LY

4k hS Vs
/ 3
4 ™= wall lateral

siifiness, H K
wp

(a) EXAMPLE DIAPHRAGM PLAN

L & Bl << K B by — Assumed

(b) FLEXIBLE DIAPHRAGM MOOEL

d

u.n.l\‘)s.\Su.\.AjJ

22



bo O S Cppaiin ALl (s il S (e 50

51213 E19) amlio—Y—F

FI3 FI3 Fi3 Fi4 Fi4 Fi4 Fi4
RIGID FLEXIBLE
Center Wall Shear = F/3 Center Wall Shear = F/2
(S S A 29 595 P17 o & 29 598

3(YAee 3 y10ilut) JS10 acbioiT 30 pF1 310 g1 —Y—F

i oS 2ax g B S,8Ls A-Y
it Lalazsbu 5o 5 sl )b 0uisS Jots (slojlu souiS Ygare 45 Laeslila
2 8 slie | LacaS ) sl slonl glag s Jlaml az by 43l £435 plSin 1
Szl Ll o a5 (281 oS et 1l 55 b LapST3bo ol 3o o0 1 (ol

Al sty (ol 3500y Congliia naiglts s

515 50 cltio o bo & ol L ST3L8 Gl 1 laislo gl Judow 43 1-A=Y

— — — — — — — —

23



bo O S Cppaiin ALl (s il S (e 50

3(YAeo & filint) (J515 aolipT 90 o1 300 S99 —Y—F

oS80 b ki ST AStary I'

d

$(YAse 3 y10iluit) (JS19 aobicwiT 48 o1 340 £1g31 —Y—F

Z 2
= 3y 1 o LT 50 oadolonl (38l S 5uis 3STa> o5 glapSl Lo 4o —all
e Wbl al Jagle s Gl i ol 0 5l s (F-YET) 0yl il

09 oddicasls 318 slag o b a5z €5 5l lapSlihs g e (AL o 05T 80
Slaols Uy by glaylesn L oilo i (slls slaoslo 29 G iy
5 S 18 azs ol ol Ko oo guilge

ADiaph > 2

AS tory

d

24



sle ol S cpaita () all S a0

3(YAee 3 y1ilut) (JS10 acbiciT 30 pF1 3L £l —Y—F

LA TTICIG JOUP § W IRV J0 P B+ - SN JCL  FEUPL S PSR {1 IR
il s 51800 il il bwgte oo (e i il a8 W) il
shls gy a)liin Lolyan (308 slayo b (o I g8 51 slaeSTabs 555 o

A 8 gyite sl pelinals jl Soges s 45 eSS L Y o 4 dilas s

¥ 1,3 aiwd gl 40 (o Sas wazdls (1-Y-Y)

AT
Diaph <05

AS tory

d

3(YAse 3 1ilut) (JS19 aobicpiT 38 o1 340 S99 —Y—F

2 Whjﬁ@ngJL@TWwﬁlsoﬁ I gaura LA.LDA.A:.: me‘,fb_‘)l._:‘oﬁhu—%:
L 5p5 45,5 i 53 daeSTibs 58,5 Joo b sy il

Apiavh
0.5 < 2Pt
AStory

25



bo O S Cppaiin ALl (s il S (e 50

$(ASCE07-10) o2 15 albiomiT 40 p51 840 193 —F—7

12.3 DIAPHRAGM FLEXIBILITY,
CONFIGURATION IRREGULARITIES,
AND REDUNIDANCY

12.3.1 Diaphragm Flexibility

The structural analysis shall consider the relative
stillnesses of diaphragms and the vertical elements of
the seismic force-resisting system. Unless a dia-
phragm can be idealized as either fIERIBIE or gl in
accordance with Sections 12.3.1.1, 12.3.1.2, or
12.3.1.3, the structural analysis shall explicitly include
consideration of the stiffness of the diaphragm (ie..

_mﬂdeling assumption ).

9 WS1ALS (o (e Wil lojle el
My 1y loi (il pib e @B slagledl
ool ailais pFlbs &5 Wl 4o 32 iy
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$(ASCE07-10) o2 15 aoliowiT 40 p51 500 1991 —F—F

97 sloslw bbb b (JB so¥gd adpe I &5 olapST Bl
o il g bl pd 51 (S Glyls &5y 50 wilewds LSS
P Wgd o0 (guaainb pdySllasil lgie

12.3.1.1 Flexible Diaphragm Condition

Diaphragms constructed of untopped steel
decking or wood structural panels are permitted to be
idealized as flexible if any of the following conditions
exist:

(¥ sulee OB (WB bpldl &5 aleejle o
a. In structures where the vertical elements are steel

braced frames, steel and concrete composite braced
frames or concrete. masonry, steel. or steel and
concrete composite shear walls.

. In one- and two-family dwellings.

c. In structures of light-frame construction where all

of the following conditions are met:

1. Topping of concrete or similar materials is not
placed over wood structural panel diaphragms
excepl for nonstructural topping
1 1/2 in. (38 mm) thick.

. Each line of vertical elements of the seismic

no greater than

=

foree-resisting system complies with the
allowable story drift of Table 12.12-1.

(i oy Bylgo b (5oY 98 9 (S) oS o guiylee slacl

s (598 9 (S) S po b g (63¥ 8 2Ly
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12.3.1.2 Rigid Diaphragm Condition GWed abye L S bl jl a5 oleeSlEbs
Di:lphrag_ms of concrete slnbs_ or cc_mcrete ﬁlljed 50 peS LY Gos 4 Al Comd b o b ondy
metal deck with span-to-depth ratios of 3 or less in o il o il Al 8 odiiel 45 o Wesile
structures that have no horizental irregularities are el . ‘{u = o200 :
permitted to be idealized as rigid. dgb glwdlow) o plgie

| alas | sy |

$(ASCE07-10) o2 )15 aoliomiT 40 o511 540 193 —F—7

12.3.1.3 Caleulated Flexible Diaphragmm Condition L g cabe 2lanS1,80e paisaiwd Glp YU Lyl 51
Diaphragms nol satslying the conditions of o> of . S oats I P -

" ‘ dy Sl

Sections 12.3.1.1 or 12.3,1.2 are permitted to be ~ jeram: g 22gne £1F iy
idealized as flexible where the computed maximum il b P e o e amdo Sl IS i
in-plane deflection of the diaphragm under laleral FETICRNINE SN L IO \}J'(_;L,_b ply g0 3l yiien

load is more than two times the average story drift
of adjoining vertical elements of the seismic force-

byye aiub oile il poin Hglxe 3B glagyLoll

resisling syslem of the associated story under equiva- JS—“ < -‘-“3*;..—9 wduols els L.,—-Jl? LS)“;\f)L.’ Wy
lent tributary Jateral load as shown in Fig. 12.3-1. The et Sy Iy Bllasil

loadings used for this calculaticn shall be those
prescribed by Section 12.8,

MAXIMUM DIAPHRAGM

SEISMIC LOADING DEFLECTION (MDD)

AVERAGE DRIFT OF VERTICAL ELEMENT
(ADVE)

Mote: Diaphragm is flexible if MDD > 2{ADVE).
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RAPHRAGH
DESIGN

G Flexibility
6.67 -14.3 flexible
! ) Metal Deck
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100 -1000 semi-rigid
Filled
>1000 rigid
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i
g
E
£
2 om
ADVE = (0.0136+0,0295)//2 = 0.0216 in.
o | | |
The maximum diaphragm deflection, MDD, is o 11 22 33 44 55 66 77 88 9 10 121 132
Distance From Wall "A" [f1]
MDD = 0.0425-0.0216 = 0.0209 in. Y

The ratio of the maximum to the average displacement is
MDD/ADVE = 0.0209/0.0216 = 0,967 <2

This ratio, 0.967, is less than 2.0, so according to Section 12.2.1.3, the
diaphragm may not be considerad flexible.
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- . 205 =
2.0-in.-thick slab _ *\\ !
: - 108 "\ Yt
£ \
E am
~ % 103
T nnaT ~
! E A T \\"\
I 4oz ~ neas =l
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& am
ADVE —(0.0134 - 0.0297)/2 - 0.0215 1. .
The: maximum diaphragm defloction, M, is o2 o u“::urmf“-i" 3:.. " AR B ok 2R

MDD - 0.0595-0.0215- 0.0380 in.
The rarin of the maximum o the average displacemenr is
MDIVADVE = 0.0380/0.0215=1.767 <2

L'his value is less than 2.1, so cven the system with the 2.0-1n. slab is clas-
sificd as semirigil,
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Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.701,
Uncracked 0.701
Walls
Cracked 0.35I; 1.04,
Beams 0.35I
Flat plates and flat slabs 0.251,

[ p—

2- In the same table, where Code specifies 0.35lg for flat slabs
and flat plate, does this value apply to in-plane (diaphragm
behavior) of the slab in case the diaphragm has to be modeled as
semi rigid? Or the in-plane behavior follows the walls

behavior and can be modeled using 0.7/or 0.35 based on thein-
plane stresses?

2. The value for the moment of inertiato be used for elastic
analysis of factored load levels of flat slabs and platesis 0.35(1,)
regardless of modeled rigidity. Note that in a connected concrete
building designed with flat slabs acting a so as a diaphragm that
is part of the lateral force resisting system (LRFS), theflat slab
will generally deform greater than other LFRS frame members
such as shear walls and columns under lateral loading events. To
account for thisrelative difference in stiffness with respect to
other LRFS frame members, the flat dlab or diaphragm member
has a higher reduction in stiffness properties than uncracked
walls or columns.

d
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Los Angeles Tall Buildings Structural Design Council

Table 3. Reinforced Concrele Stilluess Properlies

Fiement Seovicendiliy und Wind MOCE-Lirved Nemlinicr Meeds
Siraetral Walls Flexuml 0075 1z Flexural 1.0 Ee ¥ ¥¥
Shear 1.0 Ag Shear 05 Ag
Bascment Walls Flexural - 1.0 Ig Flexuwral -0 8 Ig
Shenr — | G Ag Shear — 005 Ag
Cenpling Beams Flaxural 0.3 [g Flesursl 021g
Shear 1.0 Ag Shear 1.0 Ag
Diaphragms (in-planc only) Flexural - 0.5 Ig Flexural - 025 Ig
Shenr 08 Ag Shear 0015 Ag
Momenrt Frame Seams Flexural 0.7 Lg Flexural 035 Ig
Shear 10 Ag Shear 1.0.Ag
Momenr Frame Colomns Flexural - 0.9 Ig Flexural — 0.7 Ig
Shear 1.0 A Shear 1.0 Ag

* Modulus of clastieity 15 based on the following cquartions:
E, =357000,/f; for £ < 6000 psi

E‘_—'-lf.i[]ﬂﬂ\l,"f+I><Il]‘s fon [, > GOOK =i (per ACT 365R-925)

Tall Buildings Initiative

Table 7.2 Effective component stiffness values.

Component Flexural Shear Axial
Rigidity Rigidity Rigidity

Structural steel Beams, Columns and Braces E.f G,A EA
Composite Concrete Metal Deck Floors 0.5E./y GcAg E-Aq
R/C Beams — nonprestressed 0.5E./, GcAg EA,
R/C Beams — prestressed Ely G.A, EA,
R/C Columns 0.5E./, GeAy EAg
R/C Walls 0.75E.l, GcAg EAg
R/C Slabs and Flat Plates 0.5E g GeAg EcAg
Notes:

E. shall be computed per ACI 318, using expected material strength per Table 7.1.
Ge shall be computed as EC/(2(1 +V)). where vshall be taken as 0.2.

d
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5.3 Diaphragm Stiffness Modeling

ASCE 7 permits reinforced concrete diaphragms to be idealized as rigid in an anaysis
model if the span-to-depth ratio is less than or equal to 3 and if there are no horizontal
irregularities as defined in ASCE 7 Table 12.3-1. In al other cases, the flexibility of the
diaphragm must be modeled. By including diaphragm flexibility, the transfer of forces
among diaphragms and vertical elements can be better estimated, especially at locations
where large transfers occur.

The stiffness assumptions used for digphragm modeling affect not only the forces within
the digphragm, but also the distribution of forces among the vertica elements. This is
particularly true at levels with significant changes in mass or tiffness of the vertical
elements, such as at podium levels or the initial below-grade levels of a high-rise structure.
Stiffness reduction associated with diaphragm cracking commonly is approximated by
applying a stiffness modifier to the diaphragm in-plane gross-section stiffness properties.
Stiffness modifiers for reinforced concrete diaphragms commonly fall in the range of 0.15
to 0.50 when analyzing the building for design-level earthquake demands. See Nakaki
(2000). In cases where the analysis results are sensitive to diaphragm stiffness assumptions,
it may be prudent to “bound” the solution by analyzing the structure using both the lower
and upper range of diaphragm stiffnesses, and selecting the design values as the largest
forces from the two analyses.
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12,10.1.1 Diaphragm Design Forces

Floor and roof diaphragms shall be designed to
resist design seismic forces from the structural
analysis. but shall not be less than that determined in
accordance with Eq. 12.10-1 as follows:

{(12.10-1)

where

F,. = tha diaphragm design force
1%; — the design force applied to Level d
w; = the weight tributary to Level 7

Wy, = tha weight tributary ta the diaphragm at T.avel ©

bo O S Cppaiin ALl (s il S (e 50

ab (ol gloj ) Gy
12.8.3 Vertical Distribution of Seismic Forces
The lateral seismiv loree (F.) (kip or kKN) induced
at any level shall be determined from the following

equations:
@: v (12811

&
Wby

and

C.=

- iw:h_-“
il

(12.8-12)

wflae ol ooy P
b od o' b e Fr

lah & boenig: W
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Xzl o @50 oy e n3g 0 W

B smm e e b pely Al s il s Sps

Sect] iy e 3 L

(ASCE07-10) 51,818 8,1 sldg g —Y—Y

where

Fy; = the diaphragm design force

F; = the design force applied to Level §

w; = the weight tributary to Level 1

W, = the weight tributary to the diaphragm ar Level x

The force determined from Eq. 12.10-1 shall not
be less than
min @ (12.10-2)

The force determined from Eq. 12.10-1 need not

exceed
max (12.10-3)

—
Qg buwgs G2S1as g Jilas glag i W idd & 5L pae
bouiS 2o 215k y0
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P " px
7 - .
ZW" +— Fu [from analysis) \
X
. =@ Fpx (Eq. 12.10-1) \
2 = Fpo,min (Eq. 12.10-2) i
Fioor | W | Fx | EF | Zw | Fp | Foumin | Fexman | Fondesion —— Fp,max (Eq. 12.13-3)
Level. (kips) | [kips) | (kips) | (kips) | (Wips) = ({kips} | [kips) {kips) 5 4 == Design Fpx
T(Roof] | 1825 163 183 1825 | 163 124 248 183
[ 162 | W5 | 308 | amer | o 133 27 160 i 4
5 1982 | 115 423 5740 | 144 123 267 144 §
{ " { i { { =
4 1962 | 86 09 T | 130 133 267 123 3 4
3 1962 57 S BETS | 18 133 2T 133
2 1982 28 584 | 11635 | 100 133 267 133 2 1
1 r T - - - \
0 50 100 150 200 250 300
Diaphragm Force (Kips)

Figure 1: Determination of Diaphragm Design Forces by ASCE 7-10 Section 12.10.1.1
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12.4.2.3 Seismic Load Combinations

Where the prescribed seismic load effect, E,
defined in Section 12.4.2 is combined with the effects
of uther loads as sel forth in Chapier 2, the [ollowing
seismic load combinations for structures not subject to
flood or atmospheric ice loads shall be used in lieu of
the seismic load combinations in sither Section 2.3.2
or 2.4.1:

Basic Combinations for Strength Design (see
Sections 2.3.2 and 2.2 for notation).

5. (12 +0.2855D + pOy + L+ 028
6. (0.9 — 025p)D + pOr + LGH

12.4.3.2 Load Cambinations with
Overstrength Factor

Where the seismic load effect with overstrength
factor, E,, defined in Section 12.4.3, 1s combined with
the effects of other loads as set forth in Chapter 2, the
following seismic load combination for structures not
subjeet to flood or atmospheric ice loads shall be used
in licu of the scismic load combinations in either
Section 2.3.2 or 2.4.1:

Basic Combinations for Strength Design with
Overstrength Factor (see Sections 2.3.2 and 2.2 for
notation).

5. (L2 +025p0)D + £2,0p + L+ 025
7. (0.9 — 0.25p5)D + .0r + 1.6H

d
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12.10 DIAPHRAGMS, CHORDS, AND COLLECTORS

12.10.1 Diaphragm Design. Diaphragms shall be designed for
both the shear and bending stresses resulting from design forces,
Al diaphragm discontinuities, such as openings and reentrant
comers. the design shall ensure that the dissipation or transfer
of edge (chord) forces combined with other forces in the dia-
phragm is within shear and tension capacity of the diaphragm.

12.100.1.1 Diaphragm Design Forces.

Where the diaphragm is required to transfer design seismic
tarce from the verlical resisting elements above the diaphragm
to other vertical resisting elements below the diaphragm due to
offsets in the placement of the elements or to changes in relative
lateral stiffness in the vertical elements, these lorces shall be
added to those determined from Eq. 12.10-1. The redundancy
factor, p. applies to the design of diaphragms in structures
assigned o Seismic Design Category D. E, or F. For inertial
forces calculated in accordance with Eq. 12.10-1, the redun-
dancy factor shall equal 1.0. For transfer forces, the redundancy
factor, p, shall be the same as that used for the structure. For
structures having horizontal or vertical structural irregularities
of the types indicated in Section 12.3.3 4, the requirements of
that section shall also apply.

SF

Fru=""t (12.10-1)
2
=x
Fp = 02850, (12.10-2)
F.=0455dw,, (12.10-3)

12.3.3.4 Increase In Forces Due to Irvegularities for Seismic
Design Categories D through F. For structures assigned (o Seismic
Design Category D, E, or F and having a horizontal structural
irregularity of Type la, 1b, 2, 3, or 4 in Table 12.3-1 or a vertical
structural irregularity of Type 4 in Table 12.3-2, the design forces
detenmined from Section 12.10.1.1 shall be increased 25% lor the
following elements of the seismic force-resisting system:
1. Connections of diaphragms to vertical elements and to
collectors, and
2. Collectors and their connections, including connections o
vertical elements, of the seismic force-resisting system.
EXCEPTION: Forces calculated using the seismic load
effects including overstrength factor of Section 12.4.3 need not
be increased.

:(ASCE07-10) 5T 1351 g o51,303 o510 slog s —)—A

12.10.2.1 Collector Elements Requiring Load Combinations
with Overstrength Factor for Seismic Design Categories C
through F. In structures assigned to Seismic Design Category
C, D, E, or F, collector elements (see Fig. 12.10-1) and their
connections including connections to vertical elements shall be
designed to resist the maximum of the following:

1. Forces calculated using the seismic load effects including
overstrength factor of Section 12.4.3 with seismic forces
determined by the equivalent lateral force procedure of
Section 12.8 or the modal response spectrum analysis pro-
cedure of Section 12.9.

. Forces calculated using the seismic load effects including
overstrength factor of Section 12.4.3 with seismic forces
determined by Equation 12.10-1.

3. Forces calculated using the load combinations of Section

12.42.3 with seismic forces determined by Equation
12.10-2.

ta

Transfer forces as described in Section 12.10.1.1 shall be
considered.

EXCEPTIONS:
1. The forces calculated previously meed not exceed those
calculated using the load combinations of Section 12.4.2.3
with seismic forces determined by Equation 12.10-3,

2. In structures or portions thereof braced entirely by light-

frame shear walls, collector elements and their connections
including connections to vertical elements need only be
designed 1o resist forces using the load combinations of
Section 12.4.2.3 with seismic forces determined in accor
dance with Section 12.10.1.1.
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= Note:
= g (Redunduncy Fuctor) applies Lo sbructures in SDC D Lo F
= p=10in12.10 — 1, however, applics to transfer forces ASCE (12.10.1)
= For transfer slabs p is the same as that in design of structure
= For buildings assigned ta SDC D to F having

= Any horizontal structural irregularity except Type 5 (Nonparallel System
Irregularity)

= Vertical irregularity Type 4 (In-Plane Discontinuity)
= = 1.25 for diaphragm connections te vertical elements and
collecters (i.e. diaphragms shear but not chords)
= y = 1.25 for collectors and their connection to vertical elements
and collectors (i.e. diaphragms shear but not chords)
= pand £, are not combined in one load combination
= Special transverse reinforcement shall be provided if ¢ > 0.2f. (chords too)
* ACI requires special confinement if o > 0.5f, if Q,F.0r Q,E,, Controls
* SEAQC recommends confinement if 7 > Q,0.2/ if Q,F.or Q,F,, Conlrols

:(ASCE07-10) 5T 1351 g o51,303 o510 slog s —)—A

= Collector Seismic Design Force (ASCE 7-10, SDC C to F)
' (Collector Elements shall be designed for the maximum of:
2 {[1.3 + 0.2555)D0 + Q5 + 105+ L+ 028 (Based on 12.0 0r 12.9)
(0.9 — 0.28,0)D + 8,05 (Dased on 12.8 o1 12.9)
2 {'[1.2 10255400 1 QuE, 1 1705+ L 1| 0.25 (Bused on 12,10, ++ lgnore Lhe min.)
(0.9 — 0.2850)0 + O, F,

i3

(Rused on 1210, == [gnore Lhe min.)
(1.2 4+ 0.285,5)D + yp(0.25,51.W,,,) + 1/0.5+ L4+ 0.28 (Based on 12.10)
{ (0.9 — 0.25,000 + yp(0.285550, Wy, ) (Dased on 12.10)
= ** Need not to be more than
(L2 + 0.25,000 + yp(0.4S psloWoy) + 1/0.5% L+ 0285 (Based on 1210 — 3)
{ (0.9 —0.2Sp)0 + yp(0.4Spsl Wy ) (Bused on 12,10 — 3)
= | oads on transfer slabs shall be considered

= Note:
" o = 1.0 except for transfer forces
= pand O, are not combined in ane load combination
= Special transverse reinforcement shall be provided if o = 0.2 (chords too)
= ACI| recommends fo increase the limitto ¢ = 0.5f, ,E.or Q,F,, Controls

Ui px
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Table 7A-4. Collector forces

Level Q*F, (K Q*F, (K P* i ) | P*Fpn () Froecter (K)

= = : — S E s ==
6ith 525 H68 263 526 526
5th 398 500 263 526 500
4th 290 440 263 526 440
3rd 180 383 263 526 383
2nd 90 330 263 526 330
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ETABS / Home / Modeling technigues
Diaphragm forces
fb 9 Adved by Trely Guaman, Jast adited by Truly Guamsn o Jul 17, 2014 (view change

How do | obtain collector forces within a floor diaphragm?
Answer: The collecior forces within a floor diaphragm may bs measured through the following process

1. Define a semi-rigid dizphraam. then apply dizphragm forces. as shown in Figure 1:

EEE (T

Tigure 1 - Apply dlaphragm farces m

57



oo S ity L g Gl S a0

(o590 o131 i) (1S (S g b g o1 3L Sl (S igy — Ve

2. Tora given Izad casze, display 2ny stress or shzll foree, as showm in Tigure 2:

T T T R T T
Flgure 2 - Cisplay siress or shell force

A

(o590 o131 i) (TSNS S g b g o1 3L Juld (S igy — Ve

3. Whers maximum chord forees are swpacted, draw or define a section cut, as shown in Cigure 2

Flgure 3 - Maximum cherd 1oroes

d
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4 Moments about the 2-3xis represent in-plane moments Ensure that the resuftani-force andie 15 90 In order to enforce vertical ine, then select Refresh
as shown in Figure 4

Sechon Cusing e

S Pt

EnaPer

Flbiland Faaca Lataitn i drga

Sigure 4 - In-plane moment

£. Comoresslon and tenslon chord Torces are then gien as the valle of eacn Z axls momsent dvided oy SlaC width, as shown In Figura 52

T T T i
guie 3 Comgiession and lension chiond loices
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. Forshzar and collector forces IoZatzd at the connzcticn batween the diaphragm and a shear wall, draw or detfing a zeclion cut nexito the suppor which
fellows the wall directizn, az shown in Figure G2

SN 300, 200 [T 00 00 300 400 SO0 GONMEE
Figuie 6 Shzar and wlleclon fnoes

d

(ysma iz ins) 19 Slg gl g 51,510 Juled slosigy — 1o

7. Again, ensure that the resultant-force angle is 90, and refresh as necessary. Given this example model, the shear/collector force, which is presented in
F1, s 2952 Ibs., as shown in Figure 7

Section Cufling Line

® 2 i
Start Poirk GAIE] (GREE]
End Fairt EEL 827095 3942

Resubant Forcs Location and Angle

® ¥ z
[Enm EEET [asazs
Inchade W Fows [# Besma [T Fail = [H
Integrated Feeces
Right Sida Lak Side
2 Z ] 2 Z

Fesce 00607 | 296212 TEaEE | O | ZBEZ
Marent 0051 36200185 -0.8374 00504 | -387E.241

Close Refath

Figure 7 - Shear and collactor forces
€. Local axlz of sectlon cut 1, 2 and Z are siriiar to a frama alement, resultant force angle Indicates angls between X global axiz and zection cul lozal | axis
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