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SLAB ON COMPOSITE DECKING: REINFORCEMENT FOR NEGATIVE BENDING OVER SUPPORTS
EXAMPLE CALCULATIONS
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Example Problem #1

INPUTS
e Two-span condition
e DL=50 psf
e LL=150 psf

e w,=1.2(50) + 1.6(150) = 300 psf

e Spacing of beams supporting slab = 10 feet

e 28-day compressive strength of concrete, f'c =5 ksi (81 = 0.80)
Yield strength of WWR = 80 ksi

Dimension to steel reinforcement centerline, d = 3.75 inches
Slab thickness = 5 inches

Deck rib height, h, = 2 inches

Deck dimension T =5 inches

Deck dimension B =5 inches

Deck dimension P = 12 inches

Deck rib width at top wt = 7 inches

Deck rib width at bottom wy, = 5 inches

e Deck rib pitch ratio, horizontal over vertical = 0.5

e Only tension-controlled solutions are considered valid.
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deck unit width for analysis = P = 12 inches

_ wyl? 300 x 102
v og 8

= 3,750 1b - ft per foot = 3.75 kip - ft per foot

M, P 375 12"

My, required for analysis = 7 X =09 X 7= 4.167 = 50 kip - in per analysis width

_fy  BOksi

_Jy _ _BOKRSL 00276 in /i
gy E = 29.000 ksi 0.00276in/in

_ 0.0034,d

£ —0.003

Set &, = 0.003 + &, (minimum strain corresponding to tension controllled behavior)

0.003B,d
0.003 + ¢, = 0003f,d

—0.003
0.0038,d _ 0.003 x 0.80 x 3.75"

eension controlied =5 370 006~ 0.00276 + 0.006 1.027 inches

1.027< h,=2 - A tension controlled solution will have a trapezoidal compression block.

. . ’ hr 2Wt + Wp o
Centroid of trapezoidal shape,y’ = 3 X ot 1.056", measured upward from wy, position
t b

hr X (Wt +Wb) _

5 12 in?

Area of trapezoidal shape =
My avain = 0.85 X f'c X Ay X arm

arm=d—y'

My qpai = 0.85 X 5 x 12 X (3.75 — 1.056) = 137.4 kip - in

where a = hr: Mn,avail > Mn,reqd for analysis

~ A solution with trapezoidal compression block exists. Must confirm that solution is tension controlled.
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Where a trapezoidal area is defined by a depth equal to the ef fective compression block depth, ayeqq:
Acompression = rib pitch X areqd2 + Qreqa X Wp
Defining the centroid distance of a trapezoidal shape with depth = Qyeqq :

h, 2w;+w

y’=—r><t—bwherea=hr
3 wetwy

, _ Qreqa X2wt+wb

3 Wi + wy

where areqq < hy

The rib dimension wy, is a constant. For ayeqq < hy, the “w;” dimension is defined in terms of wy,.
The rib pitch is a constant.

we = [wp + (2 X ayeqq X ib pitch)]

) _ Greaa 2[wp + (2 X ayeqa X 1ib pitch)] + wy,
3 [Wp + (2 X ayeqa X 7ib pitch)| + wy

, _ Oreqa _ 2Wp + 4(areqd X rib pitch) + wy
I 2wy + 2(ayeqa X rib pitch)

. 3(areqa) Wp) + 4(areqa®)(rib pitch)
6[wp + (@reqa)(rib pitch)]

With constants wy, = 5 inches and rib pitch = 0.5:

r_ 3(areqd)(5) + 4(areqd2)(0-5) _ 15areqd + 2areqdz
6[5 + (areqd)(O.S)] 30+ 3areqd

Mn,reqd =50kip-in=0.85x f'c X Acompression X (d-y")

15a + 20 004>
50 kip - in = 0.85 X 5 ksi X (0.5 X drega® + Grega X Wp) X [d _Treqd © “7reqd ]

30 + 3areqa

3.75 -

50 kip - in = 0.85 X 5 ksi X (0.5 X @yeqa® + Areqa X 5") X

15areqd + 2areqd2
30 + 3dreqq

By iteration or quadratic, solve for aeqq = 0.646 inches.

Areqa = 0.646 inches < Qtension controtiea = 1.027 inches .. solution is tension controlled!
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Asfy = 0-85f,cAcompression

0.85f':A jon _ 0.85 X 5 x 3.439 in?
Ag = fe ;ompreswn = 80 = 0.183 in? per analysis width
y

12
12" analysis width

0.183 in? per analysis width X = 0.183 in? per foot unit width

D AT S AT [ Minimum required wire size Steel area achieved
6 D9.2
8 D12.2 - N
10 D153 0.183 in? per foot unit width
12 D18.3
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Example Problem #2

U

Two-span condition

DL = 150 psf

LL = 400 psf

wy =1.2(150) + 1.6(400) = 820 psf

Spacing of beams supporting slab = 10 feet

28-day compressive strength of concrete, f'c = 3 ksi (B1 = 0.85)
Yield strength of WWR = 80 ksi

Dimension to steel reinforcement centerline, d = 8 inches
Slab thickness = 9 inches

Deck rib height, h, = 1.5 inches

Deck dimension T = 3.5 inches

Deck dimension B = 1.75 inches

Deck dimension P = 6 inches

Deck rib width at top wt = 2.5 inches

Deck rib width at bottom wy, = 1.75 inches

Deck rib pitch ratio, horizontal over vertical = 0.25

Only tension-controlled solutions are considered valid.
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deck unit width for analysis = P = 6 inches

wyl? 820 x 102
v og 8

= 10,250 1b - ft per foot = 10.25 kip - ft per foot

M, P 1025 6" o .
My, required for analysis = ? X - 09 X 2= 5.694 = 68.33 kip - in per analysis width

_fy  BOksi

__SORSL 00276 in/i
gy E = 29.000 ksi 0.00276in/in

_ 0.0034,d

£ —0.003

Set &, = 0.003 + &, (minimum strain corresponding to tension controllled behavior)

_0.003B,d

0.003 + ¢, = —0.003

0.0038,d  0.003 x 0.85 x 8"
Atension controlled = 75006 = "0.00276 + 0.006
L+ 0. . .

= 2.329 inches

2.329" > h,.=1.5" . A tension controlled solution could have a trapezoidal tee compression block.

2wy + wy Y .
X ———— = 0.794", measured upward from w,, position

Centroid of trapezoidal shape,y’ = ?r T
t b

hr X (Wt + Wb)

5 = 3.1875 in?

Area of trapezoidal shape =
My, avain = 0.85 X f'c X Apyp X arm

arm=d—y'

M, qpair = 0.85 X 3 X 3.1875 x (8 — 0.794) = 58.57 kip - in per analysis width
where a = hy: My gy = 58.57 < My reqd for anatysis = 68.33

~ A solution with trapezoidal tee compression block exists. Must confirm that solution is tension controlled.
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Mn,reqd =6833kip-in= Mn,a=hr + Mn,rectangular

Where My, rectanguiar 1S defined by a rectangular section of slab above the rib of unit width and thickness.

o , o ) thickness
My reqa = 68.33 kip - in = My qp, + 0.85 X f'_ X unit width X thickness X (d —h, — T)

o , o ) thickness
My, reqa = 68.33 kip - in = 58.57 + 0.85 X f' X unit width X thickness X (d —h, — T)

Mn,reqd,rectangular section contribution = 08.33 — 58.57 =9.76 kip in

thickness)

9.76 kip - in = 0.85 X f'_ X unit width X thickness X (d —h, — 3

unit thickness>

9.76 kip - in = 0.85 X 3 ksi X 6" X thickness X (8" - 15" - >

Solve for the thickness of the rectangular component of the compression section = 0.09893 inches.
Areqa = hy + rectangular thickness = 1.5" + 0.09893" = 1.599 inches

Areqa = 1.599 inches < Qtension controliea = 2-329 inches - solution is tension controlled!

T = Asfy = Crip + Crectangte

Asfy = 0.85f"cApip + 0.85f" cArectangte

Ag x 80 = (0.85 x 3 x 3.1875) + [0.85 x 3 x (0.09893 % 6)]
A X 80 = 0.85 % 3 x3.1875 + 0.85 X 3 X (0.09893 x 6)

As = 0.121 in? per analysis width

12
. . 2 . . X — . . 2 . .
0.121 in® per analysis width 6" analysis width 0.242 in” per foot unit width

User defined spacing (inches) Minimum required wire size Steel area achieved
6 D12.1
8 D16.2

a2 . .
10 D20.2 0.242 in? per foot unit width

12 D24.2






