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Preface

%

This CSSBI Information Bulletin is published as an aid to Des1g1%\£d Bulldmg Code
Officials. It offers a simple and practical approach to the Qsteel deck dxaphragms
consisting of cellular steel floor or roof deck slil@ &ﬂt’al steel,framl_ng systems.‘
Such construction is capable of prov1d1ng an ragm to resist lateral forces when
all components are suitably interconnecte & e design approach is to some extent
empirical, various tests have confirme t%g %(e design values given. More. soph1st1cated
methods have not yet been devel (o} t where they can be s1mpl1f1ed.for, everyday

A\

?\

Care has been exercised to \re that all information contained herein is factual and that

practical applications.

numerical values are acc @ The Canadian Sheet Steel Building Institute, however, assumes
no responsibility for \@ or oversights in the use of the information for designs, drawings

and specxﬁcatlons



DIAPHRAGM ACTION OF CELLULAR STEEL FLOOR
AND ROOF DECK CONSTRUCTION

1. INTRODUCTION

Building structures must resist the lateral forces
to which they are subjected. The nature and
magnitude of these forces depends on the
location of the building site and the geometry
and orientation of the building. The most
common lateral force to be considered is that
due to wind acting on the building surfaces,
the magnitude being a function of the height,
shape and area of the building as well as the
wind pressure which varies with the velocity
and density of the air mass. Earthquake or
seismic shock is a second potential generator
of lateral force in certain areas of the country,
the force in this case being due to the inertia of
the building mass when subjected to ground
motion.

The value of both wind and seismic forces to be
considered in design are usually specified in
the applicable building regulations and
vary considerably from locality to locality.
National Building Code of Canada provi

legal requirements.

such as moving loads, assymetric

éﬁg«,

comprehensive treatment of such for nd
should be consulted in the absence :@eciﬁt@

&

Lateral forces may also be due to ot;er flects
@nﬁg,
d\in the

sway, etc., which must be consid

N

The presence of lateral force, uires that at
each floor and roof level th an adequate
horizontal distribution sys(ngm the plane of
the floor or roof so as to(distribute the imposed
lateral forces to col 7 walls or vertical
bracing systems a ence eventually to
the ground. Such horizontal distribution
system may be effected by horizontal bracing
installed specifically for that purpose; by dia-
phragm action of the floor or roof elements
alone; or by a combination of these methods.

design.

Cellular steel floor and roof decks, combining
high strength with light weight are ideally
suited for use as lateral-force-distributing dia-
phragms in addition to their primary load
carrying function. When so used, the cellular
steel floor or roof deck and its method of
attachment must be checked to ensure that
diaphragm action will occur. In many cases
the strength and stiffness of the diaphragm
alone will obviate the need for an independent
horizontal bracing system. The permissible
lateral deflection of a diaphragm will be govern-
ed by the type of construction and the choice of
materials for walls, partitions and other elements
which may be affected by lateral movement.

DIAPHRAGM
GIRDER WEB

e VERTICAL
-~ BRACING OR EQUIVALENT

-

WIN. WALL LATERALLY SUPPORTED
BY ROOF DIAPHRAGM

FORCE Q
/FIG. DIAPHRAGM GIRDER ANALOGY

&

See

te: Direction of flutes is optional,
Section 2, final paragraph.

DESIGN ANALOGY

As depicted by Figure 1, the diaphragm is
analogous structurally to a plate girder having
its web (the cellular steel floor or roof deck)
in a horizontal plane in order to efficiently
resist the lateral forces applied to the building.
The flanges of the girder consist of the perimeter
supporting members required on all four sides
of the diaphragm. The girder is considered to
span between locations of vertical support
capable of transferring the horizontal forces
into the vertical plane (i.e. shear walls, braced
or moment-resisting bents). To simplify design
the web is considered to resist only shear forces
whereas the flanges (the perimeter members
parallel to the span of the girder) are assumed
to resist only flexural forces, determined by
the relationship:

Pa = M/D
where P = force in tension or compression
M = girder bending moment at the
particular point investigated
D = distance between centre lines

of perimeter members, measured
perpendicular to the span of the
girder

The ability of the web to resist shear depends
not only on the cross-sectional area and profile
of the steel deck but alsoc on the type and
spacing of connections. The design values
given herein are applicable irrespective of
whether the span direction of individual deck
units runs parallel or perpendicular to the span
of the diaphragm girder, or in a combination.



3. DIAPHRAGM DEFLECTION

The two components of deflection of a steel
deck diaphragm are the flexural component and
the web component. They are considered to
be directly additive, thus total deflection is the
arithmetic sum of the two component deflections.
(See Fig. 2)

(1) Flexural Deflection ( AF)
The flexural deflection of a diaphragm is
determined by conventional beam deflection
formulas as shown in Table I. The moment
of inertia of the diaphragm is computed
using only the flange areas; except when
concrete cover over the steel deck is used,

then the transformed area of concrete cover
may also be utilized.

(2) Web Deflection (Ayy)
The web deflection of a diaphragm depends
not only on the shear deformation of the
deck profile but also on the flexibility of the
attachment of the deck to the framing
members and the amount of slip of the side
lap connection of the deck units. It has
been determined that for practical purposes,

to the
’<<i;:’t0 th
t N

deflect in a span of one foot under a shear
of one pound per foot of diaphragm width.

Web deflection formulas are given in Table
I. Design values of the Flexibility Factor for
114 inch deep steel deck are given in
Table III.

4. SHEAR DISTRIBUTION

Shear distribution is governed by the flexibility
of the diaphragm as measured by the flexibility
factor (F). Diaphragm flexibility ranges from
“rigid”’ (F<1) to ‘“‘very flexible’ (F>150).
Diaphragms in which the flexibility factor
exceeds 150 are limited in effectiveness.

ide to the practical limits
ed on flexibility considera-

Table II provides a
of diaphragms,
tions.

With a rigiphragm, lateral forces applied
to the diaphragm are assumed to be distributed
supporting members in proportion

elative stiffness of the vertical supports,
the diaphragm is assumed to be rigid
e to its supports. In the case of a flexible

web deflection is direclly proportional t\g/ Q,L hragm however, the vertical supports are
the product of the average shear (v) @ ssumed to be rigid relative to the diaphragm.
unit width of the diaphragm web a Thus with a flexible diaphragm the lateral
Q loading is assumed to be distributed to the

length of the diaphragm measured he
point of support to the point at
flection is to be determined. Th portidn®

al constant (F), termed the lexibilit
Factor'” of the diaphragm, is mea in
micro-inches per pound. ts the

It rep
average micro-inches a diaphra@eb will

vertical supports in proportion to the contri-
buting diaphragm areas, neglecting continuity
effects. One or the other method of distribution
is usually used for diaphragms intermediate
between rigid and flexible depending on which
idealized situation is more closely approximated.

|
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TABLE I

FORMULAS FOR MAXIMUM DIAPHRAGM DEFLECTION

DIAPHRAGM DIAPHRAGM FLEXURAL DEFLECTION WEB DEFLECTION
SPAN LOADING Ay (inches) Ay (inches)
CONDITION CONDITION
Uniform SWL* (12)°
384E1
Simple Load applied PL® (12)° vLF
at centre 48EI 2x10°
Load applied 23PL(12)°
at each 648E1
third point
Uniform Wa*(12)®
Canti 8EI
antilever varf
Load applied Pa’(12)® .{ 10°
at free end 3EI \
LN o
TOTAL DEFLECTION Afg = Ap + Ay O
4
E = Modulus of elasticity of steel (29.5 x 10° psi)
I = Moment of inertia of diaphragm flange (perime

diaphragm (in%)

&megs)%out centroidal axis of

L = Span of simple beam (ft) @ @
a = Span of cantilever beam (ft) Q,
P = Concentrated lateral load (Ibs) O\/ @
W — Uniform lateral load (Ib/ft) %) Q
F = Flexibility factor (10%in/lb)
v = Average shear (per unit of di@ g ) along length L/2 or a (lb/ft)
¢ 1aBLE 1
DIAPHRAGM LIMIT&IED ON FLEXIBILITY CONSIDERATIONS
DIAPHRAGM | RANGE OF MUM MAXIMUM DIAPHRAGM SPAN/DEPTH RATIOS
FLEXIBILITY | FLEXIBILITY | PAN
CATEGORY FACTOR CD if laterally No Torsion On Structure Torsion On Structure
6 I \‘ supporting
(10 in /‘LQ\ Masonry or Masonry or “Flexible Masonry or *Flexible
Concrete Walls | Concrete Walls Walls Concrete Walls
(ft) Walls
Flexible 70-150 200 2 3 Not Used 2
or as required
for deflection
Semi-Flex. 10-70 400 2.5 4 2.5
or as required
for deflection As
Semi-Rigid 1-10 Not limited 3 5 required 3
or as required for
for deflection deflection
Rigid Less than 1 Not limited as required  Not limited 3.5
for deflection

* For cantilever diaphragms the recommended maximum diaphragm span/depth ratio

the values shown.

is one half of
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5. DATA FOR DIAPHRAGM DESIGN

Data for the design of a diaphragm employing
the common type of 114 inch deep steel deck
units, without concrete cover, are given in
Table III. Allowable diaphragm shear (q) is
expressed in pounds per foot and values of the
flexibility factor(F) are given in micro-inches
per unit of shear per unit of span (10%n/Ib).
When concrete cover is placed to a minimum
depth of 214 inches over the top of the deck,
the flexibility factor of the resulting combination
is normally less than unity and the diaphragm
may be considered as being within the rigid
category of Table II.

7.

The listed values of allowable diaphragm shear,
q, and flexibility factor, F, have been extra-
polated from various large scale test results
in which a safety factor of 3 has been in-
corporated.

. ROTATION OF DIAPHRAGM DUE TO
TORSION OF THE STRUCTURE

When lateral forces are applied to a diaphragm
such that the centroid of these forces does not
coincide with the centroid of resistance of
vertical supports, the diaphragm will be subject
to rotation about a vertical axis. This rotation
creates torsional stresses in the supporting
structure which are superimposed on the
stresses existing if no rotation had o

O\/

ceourr Q
Such stresses may be determined by the @
methods of torsion analysis, taking into t
the centre of rotation of the structure as ole Q‘

and the torsional stiffness of the verticq{/
supporting members, taken as a group. ?\

Q}
<O

Rotation effects can be accommodated by rigid
and semi-rigid diaphragms, including all canti-
levered diaphragms, employed in conjunction
with steel frames. The use of flexible diaphragms
(F>70) is not recommended where the dia-
phragm is subject to rotation. The possibility
of rotation should be avoided in all diaphragms
supported on unit masonry. (See Table II for
additional guide information).

CONNECTION DETAILS

7.1 General

In order for the cellular steel floor or roof
deck units to perform the required dia-
phragm action, it is important that all units
as well as the steel frame be integrated
structurally. This is achieved through

proper connection details. For specific
installations the design of these details is
w

considered to ithin the area of re-
uctural engineer. For
d conditions other than

sponsibility of

deck profil

given in Ta II, it is recommended that
ral engineer consult the deck
the properties of the diaphragm

nsideration. The final design

and information should be shown

suppliér
nde
s

@ y on the structural drawings or in
@ specifications.

In general, the strength and stiffness of a
profiled deck diaphragm is governed by
the type of connection in three main areas.
Therefore, the connection details in these
areas require special consideration.

(See Figs. 3A and 3B)

®%

SIDE LAP
CONNECTIONS

TRANSVERSE
WELDS

FRAMING MEMBER
PARALLEL TO DECK

FIG, 3A - TYPICAL CONNECTION DETAILS-BEAM AND GIRDER FRAMING

LONGITUDINAL
WELDS




SIDE LAP
CONNECTIONS

TRANSVERSE
WELDS

FRAMING MEMBER
PARALLEL T2 DECK

LONGITUDINAL

= ADDITIONAL
SHEAR TRANSFER
ELEMENTS AS
REQUIRED

7.2 Welding of the Deck to
Structural Framing

to as puddle welds with a minimum effective
diameter of 14 inch. The welding process\/

The standard welds are generally referred é

requires melting through the steel d
thus fusing the deck metal to the suppetti Q

structural member.

According to the location, pu el @
are divided into two groups, na (a) th
transverse welds, and (b)the longit a&’.eal

welds.

(a) The transverse welds ar @ted at
the valleys of the dec@rugetion
where the deck is in ct with the
supporting member, the spacing
is governed by t 'pgofile of the deck
itself. It is r ended that the

required number\oi transverse welds
per deck unit'be ‘specified.

(b) The lIongitudinal welds are also locat-
ed at the valley of the deck corrugation,
except in this case the framing member
is parallel to the corrugation. In some
types of construction the framing mem-
bers parallel to the span of the deck
are at a lower elevation than the
framing members perpendicular to the
span of the deck. For example, open
web steel joists usually rest on the top
of supporting beams. In such cases,
direct welding of the deck to parallel
framing members is not possible. There-
fore, special attention must be paid to
the connection detail to ensure that
adequate means of transferring the
shear from the deck to the framing
member, or vice versa, are provided.
The spacing of longitudinal welds

Y%

%ﬂd be no greater than the maximum
@ ance obtained from the applicable
éspacing factors given in Table IV.

.3 Side Lap Connection of Deck Units

The shear induced in the plane of the
diaphragm is transmitted from one deck
unit to another through the side lap
connections. The most common form of
connection is the interlocking male and
female side lap. There are two methods
of fastening. One is to button punch the
male and female side lap together; the
other is to seam-weld. The button punch
will tend to slip when subjected to high
stress and therefore is better suited to
situations where diaphragm shear is mod-
erate. Seam welding is produced by fusing
the metal layers in the side lap together.
This type of attachment offers a stronger,
stiffer connection and is more suitable for
high diaphragm shear. However, it is
limited to 20 gauge (0.036 in) or thicker
material to ensure successful welding.

The spacing of side lap connections in-
fluences diaphragm shear capacity (See
Table III) and the appropriate spacing
should be specitied.

When concrete is placed to a minimum
thickness of 2145 inches above the steel
deck, the concrete slab itself is capable of
transmitting the diaphragm shear across
the side lap of the deck units. Therefore,
no special side lap connection need be
provided other than the recommended
minima. (See CSSBI Standards for Steel
Roof ;)eck and Standards for Cellular Steel
Floor



7.4

7.5

Perimeter Framing Members

The members at the perimeter of the deck
diaphragm which function as flanges of
the analogous plate girder are required to
resist direct tensile or compressive force
resulting from flexure of the diaphragm.
It is important that these members be
positioned so .as to allow welding of the
steel deck directly to them. Special atten-
tion must be given to the interconnection
of a line of these members to ensure that
they will act as a continuous flange over
the entire length of the diaphragm. Perime-
ter members which support loads additional
to those resulting from diaphragm behav-
iour should be designed for the applicable
combined stress situation.

Intermediate Framing Members

Cellular steel floor and roof deck are often
supported by intermediate framing members
in addition to those comprising the per-
imeter members and vertical supporting
members of the diaphragm as a whole.
Since the intermediate framing members
are usually the means by which lateral
loads acting on the structure are transferred
into the diaphragm, the welding of the

S

&

deck to intermediate framing members is CD\/

1.6

<K&

v

just as important to proper performance
of the diaphragm as the welding of the
deck to the perimeter members. For safety
and simplicity, it is recommended that the
spacing of the welds connecting deck units
to intermediate framing members be the
same as required for connecting deck units
to the perimeter framing members. (i.e.
based on the computed diaphragm shear,
q, as derived in Fig. 2).

Welding Recommendations

The following is recommended for inclusion
in job specifications covering the use of
cellular steel floor and/or steel root deck
as diaphragms:

“"Welding shall be done only by qualified
welders who sha ake practice welds
prior to actual job welding. Practice welds
shall be mad% e deck to be used to
check ad@ vy of the welding rod
amperag; burn-off rate to produce
satisfac@ tusion for the various welds
requife Both the practice welds and
act job welds shall be inspected by the
e eck erector as to size and spacing
tested by pry tests to assure metal-to-

@Qﬂetal fusion"’.

&

O

LONGITUDINA D SPACING FACTORS
Deck Gauge minal Core Thickness Factor I
22 «U .030 in 1380
20 a .036 1650
18 \~9 .048 2200
16 \2\ .060 2750
20-20 .036/.036 2750
20-18 .036/.048 3120

members parallel to flutes.

1 Divide factor in this Table by the actual diaphragm shear to get spacing of welds in feet to framing
The spacing in no case should exceed 4 ft.



8. DIAPHRAGM DESIGN EXAMPLES

8.1 Example One—-Roof Diaphragm for Steel Frame Building
Given: A one-storey steel frame building with 114 inch 22 ga. steel roof deck and steel sandwich
panel cladding. (See Fig. 4). Wall height is 16 ft. and design wind pressure is 20 psf.
Lateral deflection of the diaphragm will not adversely affect the cladding. Therefore diaphragm
deflection is assumed to be not critical and limiting stress is the design criterion.
Required: To determine the number of required transverse welds per deck unit; side lap connection
spacing; longitudinal weld spacing; and the size of the diaphragm perimeter members parallel
to the length of the building.

uss coL (Tve)

DECK DJRECTI

ﬁ ]! ‘(TYP)'
VERTICAL C 1
BRACING

-3 I T L 'l
E—B —B—f %‘}L‘k@;#vp) :
S p N

vV

30 407 = 120%

S
Solution: Q‘
PROCEDUBiO CALCULATIONS
(1) Determine the 1% load due to (1) W=20xlx16
wind acting on of diaphragm. = 160 lb/ft
Assume this a uniform load, -
W, equal to the'wind pressure times
half the wall height.
(2) Determine the maximum dia- 2) 160 x 270
phragm shear, q, with diaphragm 9@ = 337120
spanning between end-walls.
(See Fig. 2) — 180 Ib/ft
WL —
1= 2D
(3) Determine the required transverse (3) From Table III, for 1% inch
weld spacing and side lap connect- deck, 22 ga., 6'-0 span,
ion spacing to resist the maximum using 3 transverse welds/
diaphragm shear, q, (See Table III) unit and side lap button pun-
ched at 24 in. o.c., allowable
diaphragm shear is 240 Ib/ft
q = 180 <240 OK
(4) Determine the longitudinal weld (4) From Table IV, factor is 1380
spacing, a,,, required. a, — 1380 _ 767 f
(See Table IV) 180

7.67 > 4.0 = 38y max.
Usea, — 4.0 ft



Solution: (cont'd)

PROCEDURE
(5) Select a trial perimeter member.
Determine:

(a) axial stress due to diaphragm
flexure (f,). ,

WL
M=T3
Pa=3

P
=22

(b) local bending stress due to
wind load acting on perimeter
member over its unsupported
length equal to the joist spacing
of 6’-0. Assume the two peri-
meter members transverse to
the wind direction each take
one half the total lateral load
on the diaphragm

Wi LW,
M, = W110L1 (for cont. member)

(c) Combined stress
a b < 1.0

F, T

Summary:

CALCULATIONS

(5) TryL3x 3 x 3/16 continuous
A=109in.2;, r=0.94 in.; $=0.44 in3

2
@M = Mgzlo_ — 1,458,000 t-1b

_ 1,458,000 _
P, 25000 _ 12,150 1b

¢ - 12150
2 1.09

= 11,120 psi

(b) W, — 14 x 160
— 801b/it |

M, = 80 xé§v

_ @-u)

%98::12
Q/ O 0w
1888 psi

A
&K
&

(c)KL, 1x6x12 7

N/ T 094
C)?\ whence F,=18,700 psi

(assuming Fy=44,000 psi for L)

Fp—0.6 Fy

=0.6 x 44,000=26,400 psi

fa %y _ 11120 7855

F, % 18700 " 26,400
— 0.595-+0.297

—0.892 <1.0 OK

Use L 3 x 3 x 3/16 continuous

115 in. 22 ga. steel roof deck — 5 span @ 6'-0

No. of transverse welds per deck unit — 3

Side lap connection — button punch @ 24 in. o.c.
Longitudinal weld spacing — 48 in.

Perimeter framing member — L 3 x 3 x 3/16 continuous
Typical details —— See Figs. 5, 6 and 7.
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8.2 Example Two — Roof Diaphragm for Masonry Wall Building

Given: A one-storey masonry wall building with 1145 inch 22 ga. steel roof deck. (See Fig. 8).
The loading, spans and general design are the same as for Example One, with the exception
of the 10 inch thick masonry perimeter walls. In this example the roof diaphragm is tied to, and
provides lateral support for the masonry walls. Therefore diaphragm deflection must be limited
so as to prevent excessive stresses in the walls due to lateral displacement. It is assumed that
the limiting deflection of a masonry wall is given by the expression ("

100h°F
Amax= Ewtw
Where Amax =maximum permissible deflection of the wall (in.)
h =height of wall between horizontal supports (ft.)
F. —allowable flexural compressive stress of wall material (psi.)
Ew =modulus of elasticity of wall material (psi.)
ty —thickness of wall (in.)

(1) ‘““Recommended Practice for Engineered Brick Masonry’’—Structural Clay Products Institute—I1969.

Required: To determine the number of transverse welds per deck unit; side lap connection spacing;
longitudinal weld spacing; and the size of the diaphragm perimeter Kmbers parallel to the

length of the building.
f\s
U

/710" MASONRY &@) Q%—HSS coL (1vP)
—=F L r 3 c -

3

DI

:
?

K DIR
—

- . . Vo
A fe 5a,6'=30" i
O |
AN 9a 30'=2701' \J
\\% FIG, 8 - BUILDING PLAN - DESIGN EXAMPLE TwO
K\
Solution:
PROCEDURE CALCULATIONS
(1) Follow steps 1 to 5 inclusive of (1) See Example One

Example One. This results in a
diaphragm design which is suffici-
ently strong but not necessarily
with sufficient stiffness.

(2) Determine limiting deflection of the 2 t, =10in.
16 ft. high masonry wall. Assume E, =1.18x 10° psi.
1500 psi. concrete block units with F. =0.32x 1,150=368 psi.
types M or S mortar. (See Tables h =161t

4,43 C and D National Building

Code of Canada 1970) A 100x 16" x 368

100h’F, max=T15x 10° x 10
Ewtw ' =0-_829 in.

Amax =



Solution: (cont’d)

PROCEDURE

(3) Compute diaphragm deflection.
(See Table I)
(a) Flexural deflection

A =area of perimeter
member in2.

1 =1!!;1)22(12)2 in.4
Ap —SwLA(12) 3

38¢EI
(by Web deflection
v =Wlpm

R =ratio of deck span to
deck length

F ={lexibility factor (Table III)

Ay = ————2‘;[ 108 in.

(c) Total deflection
Ar=AfF+Aw

%O\%
(4) Re-design diaphragm so tha

AT = A pax O@ \?‘@
o™ ’
,&O

S
N

(5) Repeat step 3 using new
values.

Summary:

1145 in. 22 ga. steel roof deck—5 span@6'-0

No. of transverse welds per deck unit—5

Side lap connection—button punch @ 12 in. o.c.
Longitudinal weld spacing—48 in.

<K&
&

CALCULATIONS

@
(a) For L 3x3x3/16; A=1.09 in.2
1 - 1.09x 1202 x 122 in.*

2
AF=5 x 160 x 270* x 12° x 2
384x29.5x10°x1.09x120°x 12°

=0.573 in.
(b) , _160x270 _
v = gx1z0 — Wb/t
_ 56 _
R — =02

F =z%ues (0.2)=60.2
( ; 270 x 60.2
w 2 x 10¢
0.731 in.

A

%S%T=o.573+o.731=1.304 in.
AT> Amax (0.820in.) NG
Diaphragm stifiness must be
increased.

(4) Try:
L 3 x 3 x 14 as perimeter member;
5 transverse welds per deck unit;
side lap—button punch @ 12" o.c.

(8) 4 3
5x160x270°x12°x2

Ap =
(@) 2 384x29.5x10°x1.44x120*x 122

=0.435 in.
=18+46.3(0.2) = 27.3
_ 90 x 270 x 27.3
v 2x 10°
=0.332 in.
(c) AT =0.435+40.332=0.767 in.
AT < Amax (0.820 in.) OK
Diaphragm is adequate

(b) F
A

Perimeter framing member—L 3 x 3 x 14 continuous

Typical details—See Figs. 7, 9 and 10,
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FIG, 5 - SECTION A-A - DESIGN EXAMPLE ONE
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FIG. 6 - SECTION B-B - DESIGN EXAMPLE ONE

/
o
L) wAnn
BUILT-UP INSULATION
ROOF ING AND VAPOR
BARRIER
1%" STEEL
DECK

SHEAR TRANSFER
ELEMENT, AS REQUIRED

LONGITUDINAL WELD
P s o.c.

FIG. 7 - SECTION ¢-C - DESIGN EXAMPLES ONE AND TWO
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FIG. G - SECTION A-A - DESIGN EXAMPLE TWO
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FIG. 10 - SECTION B-B — DESIGN EXAMPLE TWO






