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Rough/Midterm 18/81

Flat plate

Reinforced concrete slab that sits directly on column with no

internal beams.

Minimum thickness 5 "(no drop panel)

Flat slab

Flat plate but with thickened section at col slab junction-

known as drop panel , col capital .

Increases shearing carrying capacity.

Flat plate + drop panel , on

col capital, on 3
drop panel + col capital

flat slab

Neither has internal beam but may have edge beam

On two-way slab
, neinf of shorten din is placed below neinf

of longer din

flat prate, reinf of longer din is placed below neinf

of shorten din

because- total static moment

Mu=uI
so longer din has more moment

placing reinf of btm increases "d".

MXd



Design

Considerations

- place steel at bottom layer for the direction in which

moment is lower .

- minimum Reinf = that of shrinkagea temp crock control

-> 00018bh for grade6o deformed bans

8. 8828bh " 11 48, 55 11
1 3 Table 12. 2

OX, 1( 368

-Maximum spacing = 2h

- moments are considered const within the bound of col/middle

Strip

Eff. beam

Broad strip of slab centered on the col limes in each din

serving as the fund of beam when beams are omitted



Direct Design Method for cl supported slabs

Criteria ,

1. Min three consecutive spans

2. Rectangular w/ dimensions natio 2

3. consecutive span len must not differ by more than 13

of longer span

4. columns may not offset from centerline by mor than

10 % of spanlen

5. Loads due to gravity only ; and LL < 2DL cunfactored)
6. If internal beam present, relative stiffness must be

between 8 . 2-8. 5

Procedure :

1. DDM applicability

2. slab thickness -> eff. depth

from table
Perimeterof critical section

min thickness = 5 "

↑ XO,30n
~

3. FactoredId ↳f
min [4xFibod

,
(2+NFibod ,L +2)xib,

4. shean check ↳
cldim natio

i) punching shean
= IXbd

ii) Beam sheen

5

. moment -> neinf calc (both shorten & longer din

Total factored static mint - neg & pos minut

-> distribute to col/middle strip

6. d-check



Prob 1

Soln ;

The design supports DDM and is analyzed following such.

slab thickness determination:

clear span, In : 226 - 12x12 = 202
"

hinterior = In E : 8 .85"

hexterior: Apf"

: Thickness
,
h = 18

"

Eff . depth ,
d = 10"-0 .75"--" = 8.5



Factored load calculation :

DL = self vt = 155x = 125 psf

Superimposed DL = 20 psf

LL = 100 psf
: Factored Id

, qu : 12DL + 162L

= 12(125+ 203 + 1 . 6 X100 psf

: 0. 334 Ksf

Shear check !

is punching shear
tributary area-area defined by critical

Ve : QuA X
shean penimeten

= 0 .334X/26X24-EX285] ki T
= 207 Kip

28.5"

↓
v : min 4x bod ↓ 28.5"-

(2+X; b. d

(&)Xb
by = 28 . 5 X4 : 114

"

B = 2 : 2
= min (245 ,

368, 305]
&

g
= 48

: 245 Kim

·Va = 8 . 75x145 = 184((ve= 207] [notokS

drop panel to be provided.



ii) Beam shean

Vu=u
A

,
= 0 .334X275 : 92 kiP

Vez = &uA2 = 0 .334x272 : 91 kip T
I

24

vc = 2xFebd

:2 x 10 . 46X12X0 .5 lb ↓
= 135 Kip

1- 26 -

&vc = 0 .75X135-1813 Vay Vuz

[Ok] A = 13- -]x24 fal

= 275 fAL

A2 : /2--3x26 fAL

= 272 fft

Pleas : 12--if
= 18 . 46 fe



Reinforcement colculation(longer din]

Total factored static moment , Mo:lux
= 593 . 3 K-ft

Negative factored moment = 5 . 65 M = 385. 6 Kip-ft

Positive 11 I' = 8 .35 Mo = 207.7 K-ft

Col strip Middle strip

Description Pos Neg Pos Neg

Mont distribution 8. 68 8. 75 8 . 48 8.25

Mu (K-fA] 124 · 6 209 . 2 83 . I 96 . 4

strip width , b [in] 144 144 144 144

d (in] 8. 5 8. 5 8. 5 8. 5

R:M2x12000

P 8.8027 0 .80658. 8018 8. 8821

As
,min = 0 . 00183d (in' 2. 2 2. 2 2. 2 2. 2

As = pld 3. 3 7 . 96 2. 2 22. 57

Ban selection 174 19#6 114 13#4

spacing ?Ih on 18
"

9 - 14 II



Reinforcement colculation (shorter din] :

Mo : A34X26x(24- 541 .41 . fa

Neg factored moment = 0 . 65 Mo : 351 . 9 K-ft

Pos 11
11

= 0 . 35 Mo = 189 · 5 K-ft

Col strip Middle strip

Description Pos Neg Pos Neg

Mint distribution 8 . 68 8 .75 8 . 48 8 . 25

Mu (K-fA] 113 . 7 263 . 9 75 . 8 88

strip width , b [in] 144 144 168 168

d (in] 8. 5 8. 5 8. 5 8. 5

R:M2x12000

P 8.8025 8. 006 8. 8014 8. 8016

As
,min = 0 . 00183d (in' 2. 2 2. 2 2. 57 2.57

As = pld 33.86 7. 34 2>2.57 2. 28 -> 2. 57

Ban selection 164 17#6 13#4 13#4

spacing ?Ih on 18
"

9 & 14 14



d. checki

man neg moment, Muneg = 289 . 2 K-ft

Muney : @pbdrfy (1-0 . 39#
=) 289 .2x12= 0 . 9x0 .0065X144xdx60(1-0 .5005X6
=> d = 7 2. 85 int

·: d = 8 . 54 (pro = 8.5

Drop panel :

Thickness:f slab thickness

= X18" = 2. 5 "

Extension
,

On longer din = 5X261 = 41-4 "

on shorten din: X24' : 4



L 82/84

Brob01

16 in sen interior col

DL = 200K, LL = 80" , LR = 20K

---

I : Allowable bearing capacity - Soil test report

& = Reactive force on footing from soil

Bu : Factored Id -> check one-way shear

two-way sheem

Det" of moment in fating at critical section

↳ reinforcement

I el

↳ Mc= Pul = que

&



on nect
,
considen

largest D Lun)

↳ b

I I

-> CubDCon publb)
D

I I
b

&m
= 4 . 34 Ksf b = 0-4" = 112

"

D: 48

Mu = CubD = 4 .34x
= 324 k-ft

R= 96 - 13

p = 0 . 0017 As = 0 . 0017X112X20 = 3. 8 int

As
,
min = 0 . 0018bh = 4 . 84 int) 3. 8 in

-
. As

, ned
= 4 .84 in

? ↳ for one dim

col & fasting joint , impo for EQ

ensures Id transfer from cal to footing
col concrete stren) footing
be Id is concentrated on sol while spread out

On footing



Development length (table A . 10
, A

. 11)

minimum required- 21
,

12"
,

---

D-cover(3)) la

As = 4 .84 int 197 = 5: 40 int
---

Dowel ban

Bearing cap of col at base
I not for exam

TAS As

> min 4 bang 3-4'

3 ques from design -> flat plate Tables be given
Coh inch fleruna neint

footing

Assignment : Full math -> tuesday



Rough/Final 85/85

Flat plate

Panel : 24"x26
"

Column = 28 "X28"

Wa = 20 psf; Wa = 1 psf

fi = 4kSi ; fy : 60kSi

The provided info supports DDM analysis and is done below :

1. slab thickness :

Enterior panel, h=2-209
.E

Interior panel, h==1-28 : 8059

:n = 18
"

· d : 10"-075"- A- : 85
"

2. Factored load :

self wt = 150 x : 125 = 0 . 125 lsf

- : Qu= 1 . 2 Wy + 16W = 1 :2(25425) +16 (10) = 334 psf

= 0 .334 ksf



3. shean check :

Punching shear:

Vu= duLAA-Az] 20+ 8. 5 = 28.5

I

= 0 . 334(24X26-E
28a

= 206 . 53 Kip ↳
" 20 . 5

# bod : For X114y 8. 5

= 61 . 28 X153 bo : 285X4 : 114 in

B =
2%20 = 1

· : v = min (4xFib.d
,
(27) xEibd , (2+)is a

= min (4x61 . 28
, (2+ 4) X61 . 28, (2+5) x 8128) x10

= min(245 . 12
,

367 . 68
,

305 . 323x103

= 245 . 12x103 ly = 245 . 12 kip

· : DVn = 8 .75x245 . 12 = 183 . 84 /M : 206 · 53)

: Drop-panel to be provided



Beam sheen check:

Vu= QuMan(Ar , As
bs As

= 8 .334X275 = 91 . 85 Kip
*

Al

=2 bud

= 2x 500 x 10 . 46X12X 8 .5 be

= 134 . 96 Kip

be: --1146 in

-> * Un = 181 . 22 kip [0K]
b= 10 .4

Al = beX &s = 11.46X24 : 275 fA
?

As = byX le = 10 . 46x26 : 271.96f)



4. Reinforcement : (Longen din)

factored static moment
,

M= Albux2x
= 593 .3 K-ff

Neg . Moment
, Moluegy = 8 . 65 M

.
= 385 . 6 k-ft

Pos momemb Molposs = 0 .35Mo = 207 ·7 R-ft

component &umn strip Middlestrip
-

Pos Neg Pay Neg

Moment distribution 8 68 8 .75 8. 48 8. 25

Moment 124 . 62 289 . 2 83- 88 96 .4

b 144 144 144 144

d 8 . 5 8. 5 8. 5 8 . 5

P 8.88273 8. 38656 8. 88188 8 . 88218

Asmin : 8. 8018bd 2 . 2 2.2 2. 2 2. 2

As = pbd), As
,min 3 . 34 8.83 22. 28 2. 57

S = Zhon 18 28" 28" 281 28"
Math

Ban selection 17 #4 19#6 11 #4 13#4

S & & 14 12



4. Reinf
. (shorten dind



5. d-check :

Mu= 2 . 9 pbd-fo (l-0 .50
= 289 . 2x12 = 0 .9 ...()

2) d = 8 . 45 (8 . 5
"

G . Drop panel

thickness=E = 25 in

Entend = 1 x261 = 2 .331

YX 24 = 41



Design of column :



Theory :

fs : ufe ; n = E

P = fiActfyAst

Pm = 8 .85f, LAg-Ast] a fig Ast

#Pu = 0. 80 + [0 .85 fiAg-AsA) + fyAsA)
T

S ↑ 8. 65 for tied

8.85 for spiral 8
. 751 spinal

tie-> #3 on larger for #10 & smallen longitudinal

#41 11 11 3
,
#11 bany

Ast 1% to 8 of Ag Spref <4%1



# Assignment 86

fc : 3 ksi ; fy : 60ksi

16
"

↓
Pr =1

88 2

- EH8- * 18"
I

-

-

0

,
0 a

-
#3 & 14 " His

111111

1. Reinf . natio check :

p:t = 2 . 19 % O

2. Num of spacing

From table [J
,

For h : 14"
, #8yan = 12) 8 [OR]

3. man factored load :

Pr = Pn = 0 . 80x0 . 65 [0 . 85 fi LAg-AsA] + fyLASA]]

= 8 . 80x8 . 65 20 .85x3X(16X18 - 8X0 .79) + 68x0 . 79X)

= 570 .7 Kip



4. check spacing of fies :

Smam= min 116dy , 48dt, bmin)

= min 116X2",
48x3/b 16 "]

= 16 "7 14 " [Ok]

5. check spacing of longitudinal bars (man 6") :

s :14
-1.

5x2 -
2x % - 3x40

= 5 . 62" 16"



Assignment 7 . 1

1. Tributary area = [ ]Lx] = Do

2. Factored load :

Dead load : slab wit = 0..150xE = 0 .075 1st

mechanical & electrical = 8 . 005 ksf

Partition wall = 8. 015 Rsf

8 . 895ksf

·: Op
, 7

= 0 . 095x900 + 0 . 150(3x(15 + 153xx+) + 0150x (1x(5+15)xx)

= 133 . 5 Kip

PL40050 Ksf X goo off = 45 kip

Roof :

slab wof = 0 .575 Kif

Roofing & insulation

-05kt
·: PD

, roof
= 0 . 080x000 + 440 . 150 (box) = 120 kin

PL
,
norf = 0 . 000 x 900 : 27 kip



· Load on ground sevel :

PD = 2xPD
, front Pr

, roof

= 2x 133 . 5 + 128 = 387 kip

Ph = 2XPr
, floor

= 2x45 = 38 Kip

↑
Lm

:- 27 kip

1 : 83 Pin = 49 <PL

·: Pu = 12 Pp + 16P2 + 0. 5 Prim

= 621 . 9 Kip

3. Reinforcement :

Pu Pur Ag = 16x16 = 256 in2

= 0 . 65X0 . 80 (8 .85fc (256-As) + AsaX60) = 621 . 9

=) Ast : 5 . 75 in
-

[8#8]

p : N : 2. 27 % [as



4. Design fies : #3

&
man

= min (16dy , 45da, buin]

= min 46x1 > 4x3) 16"]

: 16 "

: #3016 "Uh

16
"

8 8 *#8

-

16
"

z ·
#3816"C/CJ

8 z 8

is

check annangement :

dean spacing :

16-2415

-
2x3 - 3x1

= 4. 63" 16 "



Recap : Design of interior column :

1. Tributary anes

2. Unfactored load : Po
, from , R

, from , Po
, roof ) Ph

,roof

3. Factored load : Pu = 12 Pp +6 P + 8 . 5 Pin

4 . Reinforcement

5. Steel natio

G . Design ties

7. Detailing

* check annangement



Design of exterior column :

Assignment :

L = 222 kips fc' : 41si

22 : 297 kips fy : 60 ksi

My : 136 K-ft

Mc = 194K-fA

[a] Factored load : Pr: 1 . 2 Lp + 161
,

= 741 . 6 kins

Factored moment : Mr = 12 my + 16Mc

= 4736 K-ff

size of column : 20 "Y 20
"

Clean coven : 2 . 5
"

steel natio : Uh = (28 - 2.5x2)

=U= = 0. 75

Kn:P:2020
= 0 . 713

Rn:MuOxy20 = 0 . 273

P(=70)
= 8. 866

3
Pr

= 20570
. 0615 ·: Ast = 8 . 0615 X 25x20

= 24· 6 in [16#1]



6) when no live ed onroof :

---

Design ties : #4

Smam = min (16dy , 40da , bmin]

--..

28"

888888

8 &

20"
8 &

888088

20· 2x15 - 2x-ext
clean spacing =

- 1 . 551
5

clean spacing:



86/85

Design of footing

Assignment 10 : 16 "san interior cl

L : 2001 , L : 80"
, Lun : 201

Ca = 35 1sf

fe of col: busi
,
fc of footing: 3ksi

fo : 60 KS:

1 . Fasting size :

Pt = L + (p + Lum = 308 Kip

: A : fi== 85 .7

·: b =
5. 7 = 9 . 0 ' n9'- 4"

g' - 4"

2. Thickness :

YoH/

h : /LOND - 24 "7, 12
"

= 24"

3. Factored load : OH:
-16

Pu= 1 . 1 (p+ 164 + 0 . 5Li
= 48 in

= 378 kip

1 : 83 Pin= 36 . 6 (88

· In= : 4 . 34 Keto

but SF is high



4. shear check : h - coven-ban did

d = 24"- 3"-2" = 1
"

Punching shean :

V = qu(A-Ac] ·
= 434[@+]? (3 36"

= 339 Kip I I

D'-4'

* bod : (2sexinux 20) into B= = /

b = 36x4 : 194 in
= 157 .7

: vn = min[44Fib .
d

,
(2+xFibd ,

(2) xFibrd)

= min (630 . 8 , 946 , 1192]

= 638 . 8 Kip

* vn = 8 .75 x 630. 8 = 473 . 1 Kip) Va

Beam shean :

Ve= Am (A1]
= 4 .34x (2.33x(9 + =3) A ,

p

= 94 .38K

b
,

Un = 2 x bod

= 250X (DX12th) x20 = 245. 38" bi (+-
·A = 1847 ve = 2 . 33'



5. Reinforcement :

Ma:
x

:xx
= 324K-ff

Mu= 0 pbdfyL-0 . 59 Pi D:+-

= > 324x12:09XPX(ex12th) X202x60(1-0 .50)
: 4

= D = 5 , 00164

: As = pbd = 8 . 00164x(9X12+ 4)x28 : 3 . 67 in
h

Asmin = 0 .8018bh = 0 . 0018LX12th) (24) = 4 . 04 in

· As : 4 . th int



Recap : Footing

1. Det area -> size of footing [A=
2. Deth thickness -> 0 .5(OH)

3. Deth factored load -> Qu= 1 .2+16 ht 5. 5 Lim

4.Check shean [for beam shean, bu = by

5 . Bef" neinf (Mu = CD


