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Plates, Slabs & Grids

Plates, Slabs & Grids
 plates — horizontal plane, rigid
» slabs — thin, flat, rigid

— extremely common in concrete
* grids — crossed beams
> see

— bending

—shear

Lecture 7 ARCH 631

* types & spanning direction

ONE-WAY SLABR THNO-NAY SLAB
(with beams) {with beams)

heavlly reinforced

toresist shear

around columne = 2]
/,

Z
o

THO-NAY SLAB
(with dropped panels)

FLAT PLATE
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Plates, Slabs & Grids

(8) ONE-WAY CONCRETE JOIBTS b} PRECAST DOUBLE-TEES

(d} WAPTLE SLAB (two-way jolsts)

(el Woor Jois™s
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Plate Structures
» waffles & grids

http://nisee.berkeley.edu/godden
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Plates, Slabs & Grids

* loads & behavior
— comparison with beams

3 &
) mest twist
no twist (c) some tiwlst (d)
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Plates, Slabs & Grids

F2007abn

« compatibility
— deflections same, even with stiffer side

— stiffness oc to EI

SECTIOK

— twisting causes
torsional stresses

* supports

— at points
— flexible
— continuous
esicd A e

Figurs 8.47: The daformation ol a baam grid due to an applied poirl losd,

F2007abn



One-Way Plates

« with uniform loads
— like “wide” beams
— moment / unit width
— uniform curvature i beamsr

 with point loads

— resisted by stiffness
of adjacent strips

— more curvature in middle

) mest twist
no twist I some twist
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Moment Redistribution

 continuous slabs & beams with uniform
loading
— joints similar to fixed ends, but can rotate
« change in moment to center = W_'—z
— M, fOr simply supported beam 8

I

MYy = —wiZi12 MG = -wii12
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Moment Redistribution

* total moment for % plate
— value from basic
equilibrium
— because of curvature,
it isn’t uniform at support

— redistribution ;
. . ) 7 %
* bigger with big curvature s
(assumed)
) Sma”er With Sma" Actual reaction
distribution 8
curvature 5
NP
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Moment Distribution Method (a)

* no load

http://nisee.berkeley.edu/godden
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Moment Distribution Method (b) Moment Distribution Method (c)

» add load * release joint 2

.
.
.
4y,
.
-~
.
.
.

http://nisee.berkeley.edu/godden http://nisee.berkeley.edu/godden
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Moment Distribution Method (d) Moment Distribution Method (e)

* release joint 3 « exposure of final shape after cycles over
initial shape

http://nisee.berkeley.edu/godden
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Ribbed Plates
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Ribbed Plates

Walter P. Moore & Assoc.

F2007abn

» design them as T-beams
— flange compression
— stem compression

- ‘effective” flange width

CONTINUOUS
SLAB BARS (AS REQUIRED)

~—USTIRRUPS
(ANGLED TO FM)

1"
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Ribbed Plates

« typical in reinforced
concrete

* pans can be standard
Or Wide (a) ONE-WAY CONCRETE JoIsT2

64" MODULE

G L e B e BT Tl
Y
Py
s
; 10
10" Ribs @ &-4" Module T 1
Single 86" form or two 30" Forms + Cover
Figure 5 — Typical Wide-Module Joist Layout
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Plate Structures

* slabs & columns

http://nisee.berkeley.edu/godden
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Two-Way Plates
 support conditions

—columns
— flexible (beams)
—simple
— i THNO-WAY SLAB
continuous A
heavlly reinforeed
toresist shear v
around columns 2 11y
A
THWO-HAY SLAB & =
(with dropped panels) FEATREATE
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Two-Way Plates
» simply supported
— maximum curvature at midpoint of plate
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Two-Way Plates

 supported by columns
— M, @t midspan of edges

B
>3
- / NS
SN man N
m=0.15w4a2 Mr:(W'a,)(az)z/‘E?
= wa®%8
Moment variation along
line D—-E—F Mye = 0.125w'a2
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Two-Way Plates
* beam vs. wall supports
— stiffer supports, thinner slab
N
/
| |
}
l
/\
£
™ A
> ///
G 25
\\\ //
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Two-Way Plates

Two-Way Plates

» bay proportions

« moments found

Side Bending Moments
) ] Rato  M,=C,wa® M,=C,wb?
— shorter side has bigger El from tables or o . .
handbOOk Simply supported 1.0 +0.0479 +0.0479
. on all four sides
— ratio of longer side to shorter side > 1.5 solutions — 20 woome woaow
- acts like one-way plate — depend on
- support v il
M l’"!' /ﬁ@h conditions 1 ® . 20 +0.0039 +0.0412
‘ll’l 4 , -0.0143 -0.0829
Pl P
~4 > & Free corner 1.0 +0.027 +0.027
& (corner balcony) -0.050 —0.050
1b a
Two-Way Plates Design Considerations
 other constraint condltlons * minimize bending (& depth)
Siola JUL‘JL | ollalsiels|  support conditions effective
T Elastic Deformed Shape (DCON1). [ P3| Elastic hape (LIVE) =1olx]
- — continuous edge support preferred
%1 — fixed more than simple
. « continuous surface
i; /v“‘"i\‘\Q‘ -
IO 200 160 100 CSENNo. o e IENRODSENNE0 75 60 SIS 0 €3
'anslnx‘(vizwlmd\sp}acenﬂlv&{uss : StartAnimation | << 35 [Kipin =] o [ ; [
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Design Considerations (cont’d) Reinforced Concrete Design

» overhangs reverse curvature » economical & common
~ Ay, - resist lateral loads
PR

a9

* bay proportions _——
-<1:15 \
L AN

* load type s
— surface or point : e e or |
* Span range
—rigid plates: 15-60’

5
R

08 |-

Reinforced Concrete Design Reinforced Concrete Design
« flat plate  two-way joist

—57%10"thick — ‘waffle slab”
— simple formwork M—% —3”-5”slab
— 87-24” stems

— lower story heights
- 67-8” webs

- flat slab - o * beam supported slab m m
— same as plate —57%10"slabs
—2 4" —8”drop panels — taller story heights



Reinforced Concrete Design

« simplified frame analysis ’ : :

— strips, like —
continuous beams

* moments require
flexural reinforcement
— top & bottom (2) Column strip for &< &4

B

A

z
%

il

1

l. M
T
%
O

Reinforced Concrete Design

— both directions of slab W_1 s

— continuous, bent or
discontinuous S

i

41;:
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Reinforced Concrete Design

L fn | e n ol fn
™ LI 1
L T T T — | Integral
Simple 2 el 2 = 2 — with
Support %’u W1u_é’n W1u_4€n Support
End Span Interior Span End Span
Figure 2-3 Positive Moments—All Cases
' In In
e T
-"Tlntegral
i 3 | with

Simple FA o o LA Support
a7 wulf”  wulh W wuB Wi spandrel

10 11 1 10 24 Support

Wy 63 wufd Column

_n Hu'n
(2spans) 6 Support
Figure 2-4 Negative Moments—Beams and Slabs
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» one-way slabs (wide beam design)
— approximate analysis for moment & shear

coefficients o
— two or more spans “HHHIIHHIHHIUI]HHHHUMIWlllolisl'fl'wmﬂﬂﬂlﬂﬂmmﬁﬂﬂlﬂlﬂlﬂﬂlﬂwMm ;
— ~ same lengths t ”F ] T
—w, from combos e 22 Condions oA b Coiciens G185

— uniform loads with L/D <3

— 7 is clear span (+M) or average of
adjacent clear spans (-M)
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Reinforced Concrete Design

 two-way slabs - Direct Design Method
— 3 or more spans each way
— uniform loads with L/D <3
— rectangular panels with

| L L
long/short span <2
. |
— successive spans n _¢_0 |
can'’t differ > longer/3 — - -—f5—H—
— column offset no more
than 10% span
P nE s

Lecture 7 ARCH 631



Reinforced Concrete Design

Table 4-6 Two-Way Beam-Supported Slab

[ [T [T
h End Span u Interior Span l:[_-'
@ @ @ @ @
End Span Interior Span
1 2 3 4 5
Span | Slab Moments Exterior First Interior Interior
ratio Negative | Positive Negative | Positive | Negative
&/ | Total Moment 0.16Mg | 057Mo | 070Mg | 0.35 Mo | 0.65Mg
Column Strip Beam 0.12Mp | 048 Mo | 0.54Mg | 0.27Mg | 060Mg
0.5 Slab 002M, | 0.08 My | 009Ms | 0.05Ms | 0.09Mg
Middle Strip 0.02Mg | 0.06My | 0.07Mg | 003Mg | 0.06 Mg
Column Strip Beam 0.10Mg | 0.87 Mo | 045Mg | 0.22Mg | 0.42Mg
10 Slab 0.02Mg | 0.08Mg | 008M, | 0.04Mg | 0.07 Mg
Middle Strip 0.04Mgp | 0.14Mo | 0197Mg | 0.09Mg | 0.16 Mg
Column Strip Beam 006Mg | 022My | 027Mg [ 0.14Mg | D25Mg
20 Slab 0.01M, | 0.04M, | 005My | 0.02M, | 0.04M,
Middle Strip 0.09My | 031 Mo | 038Ms | 019 My | 0.36 Mg

Notes: (1) Beams and slab satisty stiffness criteria: cuta/ty 2 1.0 and Bt 2 2.5.
(2) Interpolate between values shown for different ta/; ratios.
(3) All negative moments are at face of support.
(4} Concentrated loads applied directly to bearmns must be accounted for separately.
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Shear in Concrete

« critical section at d/2 from
— column face, column capital or drop panel

Y | p———— — A ‘
’ Slab ( _— Column
SO S s ’T\ capital A
| ™ & | \
L fdr’? I { K
| l'/ . | | a/2.¢,-+~+-|\<~a/2
(¢; = )l ¢z F'Column d/"21| | <
v /L | | /\\¢,
== <
| - Ci o | r
i S S il o L4
~— (Cy ~ d)—» Crifical section for punching shear
T T T VA =T 2 T T
b, = 2(c; ~ d) + 2(c; + d) z ~ | <
Wails a/2—l | ~—0/2
/i ! Critical L !
[ = sechonsi— i Column
| Column~~ capital
.
la/2] CO¥™ [or2
Section through column and slab Section A-A
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Shear in Concrete
Column b
i at COIumnS - Failure surface

- want to avoid - IS 1
stirrups =

* can use shear
studs or heads
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Shear in Concrete

» at columns with waffle slabs

http://nisee.berkeley.edu/godden
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Openings in Slabs

« careful placement of holes

Space “Frame” Behavior

+ shear strength i T
reduced B —0— e
* bending & r ___________ 777777777777
deflectioncan ¥ | <X | B | J®
increase T e N "
ot
b O el SRR L

Figure 18-11 Openings in Slab Systems without Beams
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Space “‘Frame” Behavior

» shear at columns
 support conditions still important
— point supports not optimal

» fabrication/construction can dominate
design

\VaViVRLVAVANVAVAY;

L
' '
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» handle uniformly distributed loads well

* bending moment

—tension &
compression
“‘couple” with
depth

— member sizes

can vary,
but difficult

M=m_, x spacing
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Folded Plates

* increased bending stiffness with folding
« lateral buckling avoided
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Folded Plates Folded Plates

 common for roofs

» edges need
stiffening

compressionringresists  foided-plate
inward thrust at skylight  dome. ©

AR R R Y /0*0*****000 tension ring
= o T kf . 2 $ resists
— > 4 outward thrust

“powl”
transfers
~——— |oads inward

|l

www.library.illinois.edu b £ A ‘ W—compresslon
w% NE———= % - ring resists

inward thrust

— State Farm Center,
(Assembly Hall) University of Illinois

— Harrison & Abramovitz 1963

— Edge-supported dome spanning 400 feet wound
with 614 miles of one-fifth inch steel wire
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http://nisee.berkeley.edu/godden
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