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Learning Objectives

[ At the end of this lecture, students will be able to
e (Classify one-way and two-way slab systems
e Employ ACI coefficient method for two-way slab analyses
e Analyze and Design two-way slabs for flexure
e Compare manual and Finite Element Analysis (FEA) results

e Design a typical house & regular building for gravity loads
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General

O Introduction

e \When the ratio of long to short span in
a slab supported on all sides is less than
2, then the bending is in two directions.
Such a slab is termed as a two-way
slab.

e In two-way slabs, the shorter side
receives more demand than the longer
side.

Slab supported on all sides, but g = 1,,/1, < 2

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — I 4
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General

O Bending Behavior of Two-way Slabs
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General

1 Bending Behavior of Two-way Slabs

e Consider the typical floor plan as shown below

|< 25' e 25' »;4 25' + 25' »,

m - -
20’

u " !
20’

» » » » .-
20’

n | | | m
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General

O Bending Behavior of Two-way Slabs

«* Short Direction Moments

<—— Short Direction

SHEISAEINSRED 550 440 -3.30 -220 110 000 1.10 220 330 4 30805
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General

O Bending Behavior of Two-way Slabs

“ Long Direction Moments

| Long Direction
A6 42 23 14 00 1.4 28 432
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Analysis of two-way Slabs

J Moment Coefficient Method

e The Moment Coefficient Method, first introduced in the AC| Code in

1963, is applicable to two-way slabs with walls, steel beams, and
relatively deep, stiff edge beams supporting each slab panel on its
four sides (h = 3hy).

e Although, not included in 1977 and later versions of ACI code, its

Prof. Dr. Qaisar Ali

continued use is permissible under Section 8.2.1. ACI 318-19 Code.

The procedure for using this method is explained in the following
slides.
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Analysis of two-way Slabs

J Moment Coefficient Method

e The figure below shows the four critical locations where bending
moments for a two-way slab panel are calculated.

”””””””””””””””””””””””””””””””””

iy Ma,neg

2) Mb,neg

3) Ma,pos

4) My pos Ly

e B ———

Note: Mb,pos

l, and [, are the clear lengths of the | (continuous on all sides)
short and long sides, respectively. My ey Mpneg

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 10
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Analysis of two-way Slabs

J Moment Coefficient Method

e These four bending moments are calculated in the following
manner.

D Mgneg = CaWulaz
2) Mppeg = CoWyly’
3) Mgpos = Caq1 Wu,ai la2 + Couu Wy u laz
4 Mppos = Coat War by’ + Cpuu W Iy’

where;

w,, = total factored load
wy ¢ = total factored dead load
w, ;; = total factored live load

Ca, Cp,Ca a1 »Cantr Cp ar, Cp,y = coefficients obtained from ACI Tables.

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — I 11
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Analysis of two-way Slabs

J Moment Coefficient Method
% Various Cases of Slab Panel

e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"
le le | | N
| I~ | | |
___________________________________________________ 7

|| e
1 T = | —v%
1 1 1 1 1 Q
1 1 1 1 1 3
: : : : : n
E i i E | ®
e e e %13
e &
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Analysis of two-way Slabs

J Moment Coefficient Method

% Various Cases of Slab Panel

e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"
le— le | | N
| ~ | | |
S [ [ [SEEEEEES X3

| ] w
] w----------------u-----------------@----------------- —% W
1 1 1 v-c
1 1 I Q)
1 | 1 3
: ! | | @
_________________ 1 _________________I I 1 __I\)
7 ] Q
i 1] <
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Analysis of two-way Slabs

J Moment Coefficient Method

% Various Cases of Slab Panel

e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"

le— le | | N

| ~ | | [
11 I [ R ~

i || w
,1 ________________ : - == - = | —v%
1 I 1 Q
1 ! l -}
: ! : %)
| | || @
e e e 0
e 1] &
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Analysis of two-way Slabs

J Moment Coefficient Method

% Various Cases of Slab Panel

e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"

le le | | N

| ™ | | |

%f """"""""""""""""""""""""""" i -

i | e
,1 ___________________________________ = | —v%
1 1 1 1 1 Q
1 1 1 1 1 3
: : : : : »
E i i E | ®
e b5 13
e &
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A1: Coefficients (C ) For Negative Moment in Slab along Short Direction

a, Negative

Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case8 | Case 9

m
om0 | oow | oom | oowo | ooss | oos | oowr | oooo | ooss | oo
oe | oow | oom | o000 | ooss | ooss | 00s | oooo | ooso | ooss
oes | oow | oorr | oooo | ooss | oowr | 0% | oooo | oors | ooss

oss | oow | 00w | o000 | oos | o0s2 | ooss | oooo | ooss | oora_
om0 | oow | o0ss | oo | o0s0 | o0s0 | oore | oooo | oosa | ooes
oss | oow | o0s0 | oo | 0055 | oore | oors | oooo | ooss | ooes
o0 | oow | o0s5 | 0000 | 0050 [ 0075 o071 [ o000 | ooz | ooo1_

Note: Horizontal sides of the figure represents long side while vertical side represents short side.
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A2: Coefficients (C, y,,.i,.) For Negative Moment in Slab along Long Direction

Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case8 | Case 9

m
om0 | oow | oon | ooz | oo | oowo | oooo | oow | ooto | ooos
0w | oow | 00w | o0ss | 0011 | o000 | oooo | ooz | oote | ooos
oes | oow | oo | oos | oots | oo | oovo | oon | ooz | ooos

oss | oow | oon | ooss | 00w | o000 | oovo | oosr | ooss | ooar
om0 | oow | oowr | o0ro | oos0 | 000 | oooo | ooe2 | oos2 | oo
oss | oo | oon | oor2 | ooss | oo | oovo | 067 | oose | oo~
o0 | oow | o0ss | 006 | 0050 [ 0000 [ 000 [ oor1 [ ooo1 | ooss_

Note: Horizontal sides of the figure represents long side while vertical side represents short side.
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A3: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Short Direction

Case1 | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9

m
o | ooss | oow | oom | oose | oow | oom | oos | oose | oo

Note: Horizontal sides of the figure represents long side while vertical side represents short side.

0.70
0.75
0.80
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A4: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Long Direction

Case1 | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9

m
o | oow | oo | oowr | ooos | ooo | ooos | ooor | ooos | ooz

Note: Horizontal sides of the figure represents long side while vertical side represents short side.

0.70
0.75
0.80
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table AS: Coefficients (C, ;) For Live Load Positive Moment in Slab along Short Direction

Case1 | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9

m
o | ooss | oom | oom | oorr | oow | oors | oos | oore | ooer

Note: Horizontal sides of the figure represents long side while vertical side represents short side.

0.70
0.75
0.80
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A6: Coefficients (C, ,) For Live Load Positive Moment in Slab along Long Direction

Case1 | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9

m
o | oo | ooos | oo | ooes | ooos | ooes | ooor | ooos | ooor

0.70
0.75
0.80

Note: Horizontal sides of the figure represents long side while vertical side represents short side.
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Analysis of two-way Slabs

J Moment Coefficient Method

% ACI Moment Coefficients Tables

Table A7: Ratio of Load “w” in Short Direction for Shear in Slab and Load on Supports

Case1 | Case2 | Case3 | Case4 | Case5 | Caseb6 | Case7 | Case8 | Case9

m
om0 | o3 | os | o6 | om | os | oo | om | om | oor
o5 | s | oss | o:2 | om | os | om | oss | oss
o | om | om0 | om | os | os | om
"oz | om | om | o | om | om | ors_

Note: Horizontal sides of the figure represents long side while vertical side represents short side.

0.55
0.50
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ACI Code Provisions for Two-way Slabs

0 Minimum Slab Thickness (8.3.1.2)

e The Minimum thickness of two-way slabs with beams spanning
between supports on all sides shall be as per ACI Table 8.3.1.2.

o | wemmbin
Provisions of One-way slabs apply

fy
L (0'8 + 200,000) )

Greaterof | ———MMMMM—
36 + 58 (apm —0.2)

fy
bn (0'8 + 200,000) -
36 + 93 -

Greater of

* asy is the average value of a; for all beams on edges of a panel. af = E¢p, I /Esls
» [, is the clear span in the long direction, measured face-to-face of beams (in.).

» [ is the ratio of clear spans in long to short directions of slab.

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 23
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ACI Code Provisions for Two-way Slabs

0 Minimum Slab Thickness (8.3.1.2)

e If the beams are stiff enough, then a,,, can be taken greater than 2 and

hence the third condition of the Table 8.3.1.2 would be governed.

fy
L, (0.8 + —)
200,000)

hpyin = Greater of l 36195

Setting 1,, = [, and 8 = [, /;, the equation becomes

- p ~
y
R Ly (0'8+200,000) -
min 36 +9(1,/1,) '

\_ J

e This equation will be used onward to calculate minimum slab thickness.

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — I 24
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ACI Code Provisions for Two-way Slabs

0 Minimum Flexural Reinforcement (8.6.1)

e The minimum reinforcement requirement for two-way slabs is identical
to that of one-way slabs.

Agmin = 0.00184,

O Spacing of Flexural Reinforcement (8.7.1)
e Maximum spacing s shall be the lesser of:
= 2hand 18 in. at critical sections

= 3hand 18 in. at other sections

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 25
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Analysis of two-way Slabs

d Moment Coefficient Method
< Stepwise Procedure
> Calculate minimum slab depth
» Calculate loads
> Decide about case of slab
> Use tables to pick moment coefficients
» Calculate Moments
» Determine required reinforcement

> Apply reinforcement checks

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 26
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Design Example 4.1

Design of Typical Single Story House

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — I 27
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Design of Typical Single Story House

J Problem Statement

A single — story house with two bedrooms and a verandah is shown in
figure on the next slide. The story height is 12 feet, and the thickness
of the masonry wall is 9 inches. There is four inches of mud layer and
two inches of tile brick over the slab. According to ASCE 7-10, the
expected uniform service live load for the residential buildings is 40

psf. Material strengths are f;; =3 ksi and fy =60 ksi. The allowable
bearing capacity of the foundation soil is 1.0ss TSF.

Design the slab, beam B1 and column

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 28
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Design of Typical Single Story House

J Problem Statement

—— 9" brick masonry wall

9' Wide Verandah

—— RCC Column

Floor Plan 3D Model

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 29
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Design of Typical Single Story House

4 Given Data
Dimensions of Rooms: 16’ x 12’ (interior)
Story height, h = 12’
SDL: 4" Mud layer and 2" Tile layer

/—— 9" brick masonry wall

Live load: 40psf

f; = 3 ksi
fy = 60 ksi
q, = 2.204 ksf
| ReqUired Data 9' Wide Verandah

Design the Slab, Beam B1 and Column
—— RCC Column

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 30



Updated: Oct 4, 2025 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Typical Single Story House

O Solution
As can be seen from the figure that the slab over the rooms is a two-

o
way slab case whereas the verandah slab is a one-way slab.

i Slab —]
—— 9" brick masonry wall \I/
l —_—
h
( : ) -1
‘ 12" wide beam ——> ¢
/ /|<—— 9" Brick Wall §
,#i
e =8 ————| |
< 90
’ lclc
9' Wide Verandah % ‘
p lye = (8 +(9/12) / 2 + 0.5) = 8.875'

Section A-A

—— RCC Column

CE 416: Reinforced Concrete Design — I 31
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 1: Selection of Sizes

= For Two-way Slabs: Assuming ay,, > 2.0, the minimum thickness

IS given by:
—— 9" brick masonry wall
fy
R bn (0'8 + 200,000) -
min 36 + 9 g
Substituting values, we get
9' Wide Verandah
16(08 -+ 55000 .
200,000 " "
hmin = max 16 , 3.5 =44 — RCC Column
36+ 9 (ﬁ)

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 32
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 1: Selection of Sizes

= For One-way Slab: For one-end continuous slabs, we have

h. . =L 0.4 + fy Slab —
mn T 04 100000 ‘ v
- 3
Substituting values, we get % PRI =
%’I 2% 9" Brick Wall 7%7
_ 8.875 i 60,000 \ 44 -1 e
min = 24 \" 100,000/ ~ < 90 ‘
lclc
Finally take h = 5" I, = (8+(9/12)/2 +0.5) = 8.875'
Section A-A
CE 416: Reinforced Concrete Design — I 33
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Design of Typical Single Story House

1 Solution

<+ Slab Design

> Step 2: Calculation of loads

Thickness Unit weight _
Concrete Siah (5112) % 0.15 = 0.0625

Total dead load = 0.1225 ksf

Wya = 1.2D = 1.2 X 0.1225 = 0.147 ksf
Wy = 1.6 X 0.04 = 0.064 ksf
wy, = 0.147 + 0.064 = 0.211 Kksf

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 34
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 3: Analysis

e The given system consists of both one way and two-way slabs. A
system where a two-way slab is continuous with a one-way slab or
vice versa can be called as a mixed slab system.

o Strictly speaking, the ACI approximate analysis methods are not
suitable for mixed systems.

= |n case of one-way slabs, the ACI approximate analysis is applicable
where a one-way slab is continuous with a one-way slab.

= |n case of two-way slabs, the moment coefficient tables are applicable
where a two-way slab is continuous with a two-way slab.

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 3: Analysis

e The best approach to analyze a mixed system is to use Finite
Element software.

o However, such a system can also be analyzed manually by making
certain approximations.

o We will analyze this system using both methods.

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 36
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 3: Analysis (two-way slab)

e Below are the Finite Element Analysis (FEA) results obtained using SAFE.

IVlver (+ve)

Moments in Long Direction Moments in Short Direction

Two-way Slab Moments (in-kip/ft) for Rooms One-way Slab Moment (in-kip/ft) for Verandah

Mace

37
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 3: Analysis (two-way slab)
e Select slab case 9" brick masonry wall

From the figure, the slab case is 4

Continous |

_ha 2750
"o lb - 16 e Colnti'ﬁ(l)u;
9' Wide Verandah

Now, with m = 0.75 and slab case 4,
pickup the moment coefficients from

— RCC Column

the relevant Tables

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 38
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment CoefﬂC'entS Table A1: Coefficients (C, y,....) For Negative Moment in Slab along Short Direction

[Ca,neg ~ 0.076 ]

Case 1 Case 2 Case 3 Case 5 Case 6 Case 7 Case 8 Case 9

o0 [ om0 | ome | omo | o[ oow | ooer | own | o | oms_

“oss [ oom | oo | owo | ofke | oom | oo | oooo | os | o |

o [ oom | oom | om0 | ofee | oom | woes | oooo | om0 | omes |

s [oow [ oon [ oow [ ods [ oo [ oom [ oom [ oo [ oom
l“

e oior ["ow | oior |"sow | oies |"com | oier [ | o
o | oom | ooss | owo | om0 | oom | wors | ooo | owa | ome |
oss | oom | oo | owo | oums | oors | aors | oo | oma | oo |
10 [ om0 | ooss [ om0 | om0 | oors | vt [ ooo0 | oma | ower
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment Coefficients Table A2: Coefficients (C, y,...».) For Negative Moment in Slab along Short Direction

Caneg = 0.076
Case 1 Case 2 Case 3 Case 5 Case 6 Case 7 Case 8 Case 9

o — 0024 0 [ oo | ome o | o[ sow | som | ows | own | o
bneg — Y-
m 0.000 0.007 0.028 nﬂ 0.000 0.000 0.019 0.014 0.005
m 0.000 - 0.035 “ 0.000 0.000 0.024 0.018 0.006
m 0.000 0.043 m 0.000 0.000 0.031 0.024 0.008

e R e N MR R R R
“oss [ oom | oos | ooes | oo | ooo | om0 | owr | owe | ouer
“osn [ oom [ oow | oo | oo | ooo | om0 | oz | o | oums |
“oss [ oom | oosr | oora | aoss | oo0 | om0 | owr | owe | omm |
1 [ oom [ oo [oore {000 [ 0000 owo0 | owrr | omr | o]
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment Coeff|C|entS Table A3: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Short Direction

Caneg = 0.076
Case 1 Case 2 Case 3 Case 5 Case 6 Case 7 Case 8 Case 9

Coneg = 0.024 a0 [ ows | o | omo | o[ aow | ooer | ows | ow | o
' oss | oo | oow | oorr | o | ouw | oo | oom | oose | oo |
os | oo | oow | oo | ofes | our | oo | oors | oo | oo |

) B R R MT i R AT T R T ST T

on oo [oow [ oow |ode [ oo [ oo [ oow [ oow [ oum
vas [ oser | s [ o | ow [ o | ootz [ oo | oom [ o |
o [ oo | ooz | ows | oo | oom | aow | ows | ows | o |
oss [ oo | oo [ own | omo | oom | oow | oo | ome | ouer
10 [ oow oo [ owe | omr | ooz | wom [ oo | om0 | o]
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment Coeff|C|entS Table A4: Coefficients (C, ;) For Live Load Positive Moment in Slab along Short Direction

----------

Caneg = 0.076
Conog = 0.024 o0 [ ows | ome o | o[ aow | oo | oo | o | o
' oss | oo | owe | oom | od | oom | oo | oo | oo | oom |
om0 | oom | owe | oon | oder | oom | oo | oom | ooes | oo |

Caposar = 0.043 N A W I 2 I N =
( Caposu = 0.052 | o mmm
0% | oom | omw | owo | oo | oon | owe | oo | oom | oum_
os0 | oo | ovss | oo | oo | oow | oo | oo | oo | oo |
oss | oo | owo | oo | oo | oow | oo | oom | oom | oo |
o0 | 00 | owr | oo | vose | oom | voss [ oow | oo | oo |
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment Coeff|C|entS Table A5: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Long Direction

Caneg = 0.076
Conog = 0.024 0 [ oo | ome o | oo | aon | oow | owr | owos | omwe_
' oss | oo | ows | oo | odos | oo | ooos | oo | ooos | oom |
om0 | 00w [ ows | oon | odor | oom | oo | ooz | ooor | oo |

Caposar = 0.043 os | oo | oo | oo | ode | ows | ooor | oo | oo | oms |

0.016 0.007 0.016 0.005 0.009 0.017 0.011 0.006

Caposu = 0.052 Tors Jeotesoot-seros AR

(Coposar = 0.013] “oss [ oom | v | owa | owe | oorr | wov | ows | oo | oo |

o [ oom | v [ ows | o | oo | aoar | ow | owe | oo |
“oss [ oom | oo | ows | ouer | oors | woas | oo | owr | oo |
10 [ oow oo [ owzr | oy | oore [ ooz [ oo | omma | o |

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 43



Updated: Oct 4, 2025 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Moment Coeff|C|entS Table A6: Coefficients (C, ,) For Live Load Positive Moment in Slab along Long Direction

----------

Caneg = 0.076
Conog = 0.024 a0 [ owon | oms o | o[ aom | oo | owr | oms | o
' oss | oo | ows | oo | odor | oons | oooo | oo | ooor | oom |
om0 | 00w [ owr | oon | odes | oow | oo | oori | oo | oowr |

Caposar = 0.043 os | oo | oo | oo | odii | ows | oo | oow | oon | oms |
Caposyt = 0.013 ors Jroomfromtoma]
Chpos,at = 0.052 oss | oo | oo | oo | ooy | ove | oo | oo | oo | oom |
oso | oo | owe | oo | 0w | oonr | oo | oom | ooas | oo |

(Coposu = 0016 oss | oo | oo | oo | oo | owme | owo | oow | ooer | ooas |
o0 | 00 | o027 | oo | vose [ ooz | vose [ oow | oo | 0w |
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

Calculate bending Moments

Wyq = 0.147ksf, W, g = 0.064ksf ,W, = 0.211ksf, l,= 12" and I, = 16’

Coefficients Moment formulae Momfent _Values
(in.Kip)

Ca,pos,dl - 0043
Ca,pos,ll - 0052

Chposar = 0.019 M C Wo, ailn? + CpoosiWy uly?
b,pos = b,pos,dlV¥u,dl'b b,pos,lL"Vu,ll*b
Cb,pOS,ll - 0016

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 4: Analysis (one-way slab)

2

wy,l
Myer int(—) = ”9" = 18.0 in. kip/ft

2

wy,l
Myer(s) = ‘1‘ 4" = 11.6 in. kip/ft

2

Wyl N
Myer ext(-) = ;4” = 6.8 in. kip/ft

Note:
For negative moment above the long wall common to rooms

and veranda, maximum moment will be picked from both
analyses.

Moment of 2.31 from two-way slab analysis is more than 1.5,
therefore we will design for 2.31.

Prof. Dr. Qaisar Ali

CN NN NN NN NN N

W, = 0211 k/ft

-

9" Brick Wall

12" wide beam ——>

—>| <

=8 ——>]

,Jl/,i

Simple
Support

9.0’

114

Spandrel
Support

1/9

1/9

0.96k.ft/ft

vz

15 kUi
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (comparison of results)

_ Two — way Slab Moments (in-kip/ft) One-way Slab Moment (in-kip/ft)
Analysis (Rooms) (Verandah)

Method

ReaARD) | o0 | 1o | m2 | mo | 22 | 1z | 4s
s | o7 | 00 | @7 | ms | o0 | me | oo _

e Analysis results from both approaches are almost similar.

e Hence the intelligent use of manual analysis yields reasonable results
in most cases.
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 4: Determination of Flexural Steel Area
The minimum reinforcement is given by
Agmin = 0.0018bh = 0.0018(12)(5) = 0.108 in?/ft

Using #3 bars with 4, = 0.11 in?

. 124, 12x0.11
A, 0.108

=12.2"c/c

Calculated spacing shall not exceed S,,,, Which is given by
Smax = min(2h,18") = min(2 x5,18") =10"

Calculated spacing of 12.2" exceeds 10". Finally Provide #3@10" c/c.
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 4: Determination of Flexural Steel Area

With #3@10"” c/c, calculate moment capacity

124, 12(0.11)
AS,miTl = S = 10

= 0.132 in?/ft

Ag i 0.132 X 60
= S"’”m,fy = = 0.26 in
0.85f/b ~ 0.85 x 3 x 12

a

Now,

0.26
OM,, = 0.9 x 0.132 X 60 (4 - T) = 27.6 in.kip/ft
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 4: Determination of Flexural Steel Area
The flexural design summary is provided below.

Moments L S using #3 bar

(in.kip/ft) (in. kip/ft) (in)

(in?)

Location

1667 27.60
o2

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 5: Determination of temperature/shrinkage reinforcement

For one-way slab, the temperature reinforcement is given by
Agir = Apin = 0.108 in? /ft

124, 12x0.11

- — 122"
A, 0.108 c/c

Maximum spacing for shrinkage reinforcement is given by

Smax = min[5(5) or 18"] = 18" - OK!

Finally, provide #3 @10 in. c/c
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 5: Determination of temperature/shrinkage reinforcement

= Reinforcement at discontinuous ends

e Reinforcement at discontinuous ends in a two — way slab is 1/3 of the
positive reinforcement.

e Positive reinforcement at midspan in this case is #3 @ 10" c/c. Therefore,
reinforcement at discontinuous end may be provided @ 30" c/c.

e However, in field practice, the spacing of reinforcement at discontinuous
ends seldom exceeds 18" c/c. The same is provided here as well.
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Design of Typical Single Story House

O Solution
<+ Slab Design
> Step 6: Drafting

# 3 Bars @ 18" clc— —# 3 Bars @ 18" c/c #3Bars@18"clc— —#3Bars@6"clc #3 Bars @ 18" c/lc —
supporting bars supporting bars

Lot
SECTION A-A

supporting bars supporting bars supporting bars

#3 Bars @ 18" clc #3 Bars @ 18" ¢lc #3Bars @ 10" clc 1 —#3Bars @ 18" cle #3 Bars @ 18" ¢lc —

L_zign
354

#3Bars @ 10"c/c

SECTION B-B
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Design of Typical Single Story House

O Solution
<+ Beam Design
> Step 1: Selection of sizes

Assume b, = 12"

16.75 " "
Pominao = T X 12 =10.9" - Take h = 18 | 27.9" |
|
Now,
—_— 5"
by + 6hs =12+ 16 X 5 = 92" v
15.5"
S, )
by, = min — b, + > = Not applicable 13" A,
b, + % —12+ 15i8275 x12=279" | e
- 12" |

bf,L = 27.9"
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Design of Typical Single Story House

O Solution
<+ Beam Design
> Step 2: Calculation of loads

Self weight of beam is given by

_ 128 75) 0150 = 0.163 k/fe

T 144 R /
Now,
Wi peam = Wysiab X by + 1.25W f SIS,
By putting values % =8 ——> |
Wy peam = 0.211 X 5 + 1.2(0.163) e e ——
Wy peam = 1.25 K/ft L B EEE

bt=§+7‘”— '2 +>=49~5

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I
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Design of Typical Single Story House

1 Solution

<+ Beam Design

> Step 3: Analysis

wy, = 1.25 k/ft

- 1,=15.875 H—i 1,=15.875'

ACI Shear
Coefficients

~ ACIMoment
| O Coefficients

343.66 in-kip 343.66 in-kip

420.03 in-kip ¥
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Design of Typical Single Story House

O Solution
<+ Beam Design

> Step 4: Determination of Flexural Reinforcement

Flexural Design Summary

Ivlu d b As Asmin Asmax A
(in-kip) (in.) (in.) (in?) (in2) (in2) °
050 | 242 | 0e0

Detailing

- #4
420.03 (-) 3-#4

Shear Design Summary

Location V, (@ d)(kip) PV, (kips) Detailing
Exterior 14.78 2-legged #3 @7.5" clc
Interior 14.78 2-legged #3 @7.5" clc
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Design of Typical Single Story House

O Solution
<+ Beam Design

> Step No 5: Drafting

3- #4 bars

#3@7.5"clc <— #3@7.5"clc

SECTION A-A SECTION B-B
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Design of Typical Single Story House

1 Solution

+ Column Design

> Step 1: Selection of Sizes

Assume column size = 12" x 12"
> Step 2: Calculation of Loads
P,=11.41 x 2 =22.82 kip

> Step 3: Longitudinal Reinforcement

Assuming the column as concentric, the
axial capacity is given by:

aPP, = 0.8 x 0.65[0.85f (A, — Age) — Agef]
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Design of Typical Single Story House

O Solution
+ Column Design

> Step 3: Longitudinal Reinforcement

Assuming Ag, = 0.014, = 0.01 x 144 = 1.44 in?
a®P, = 0.8 X 0.65[0.85 x 3(144 — 1.44) — 1.44 X 60]
= 144.10 > P, = 22.82 kip - OK

Using #4 bar with A, = 0.20 in?
No. of bars =1.44/0.20=7.2 ~ 8

Hence, Provide 8-#4 bars.
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Design of Typical Single Story House

O Solution
+ Column Design

> Step 4: Determination of Spacing for Shear Reinforcement

Using #3 bar with 4, = 0.11 in?,S,,, 4, is the least of:

. “Avly =0.22 x 60,000/ (50x12) = 22.0"

50D
A
i ﬁ = 0.22 x 60,000 / (0.75v3000 x12) = 26.8"

i. 16d, of longitudinal bar = 16 x 4/8 = 8"
iv. 48 d, of tie bar =48 x 3/8 = 18"
v. Smallest dimension of member = 12"

Smax = 8". Provide #3 ties @ 8" c/c
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Design of Typical Single Story House

1 Solution

= T <
+ Column Design
> Step 5: Drafting - Beam
A
A (® °
#3@8" clc
18" | o
U ) , 8- #4 bars
| 18" |
Section A-A
#3@38" c/c
4 - #4 bars
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Design of Typical Single Story House

4 Crack in slab in village house due to absence of negative

reinforcement
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Design Example 4.2

Design of Three-story Commercial Building
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Design of Three-story Commercial Building

J Problem Statement

e A 100" x 60" three-story 4 by 3 bay commercial building is
shown below . The 7 in-thick floors are subjected to uniform

service live load of 144psf. Taking f." = 3ksi and f,, = 40 ksi.

e Design slab and beams of one of the floors.

4 spans @ 25'-0"

< > i< >t >
?.J' __________  EEEEEEEEE | R I_(
1 | | |
1 I | |
| | |
l I I w
- Y o
-J:] 1 1 1 I/( §
I 1 1 1 1 w
l : : : :% ®
e S
i i i i i o 3D Model
1 | | | !
I | | | , - All beams are 14" x 20"

* All columns are 14" x 14"
Floor Plan
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Design of Three-story Commercial Building

O Given Data
Dimensions of floor : 100’ x 60" (center — to — center )
Story height, h = 12’
All beams are 14" x 20"

All columns are 14" x 14"

Superimposed Dead load : Nil

Live load: 144 psf
f¢ =3 ksi & f, =40 ksi

O Required Data

Design slab and beams of one of the floors

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 66



Updated: Oct 4, 2025 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Three-story Commercial Building

O Solution

Slab Design

> Step 1 and 2: Selection of Structural Configuration and Sizes
Structural configuration and slab thickness are given, hy = 7°

> Step 2: Calculation of Loads
Self weight of slab = % X 0.150 = 0.0875 ksf
Wy q = 1.2(0.0875) = 0.105 ksf
Wy = 1.6(0.144) = 0.230 ksf

W, = 0.105 + 0.2304 = 0.335 ksf
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Design of Three-story Commercial Building

O Solution
+ Slab Design
> Step 3: Analysis

Complete analysis of the slab is done by analyzing four panels
4 spans @ 25'-0"
|

le |l

[ < J J |

.IJ‘ _____________________________________________________________ R—
Panel 1 Panel 1

w
1 | m
 ECCECEEECECECEN CEECECECEEEIEES! ECECEEEECECECE EECECECEEEEEECEY 7w~ 3
: : : : 3
i Panel 11 E Panel IV i Panel IV i Panel 11 E ®
: : : : : N
e * <
: I I : Q
l I I l h
i Panel I | | Panell |

1 | | 1

! I I il
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Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab Des ig n Table A1: Coefficients (C,, y...) For Negative Moment in Slab along Short Direction

Y N N

> Step 3: Analysis
Case 1 Case 2 Case 3 Case 5 Case 6 Case 7 Case 8 Case 9
. . 0.000 0.086 0.000 n- 0.090 0.097 0.000 0.089 0.088
= Moment Coefficients m-
m 0.000 0.084 0.000 n- 0.089 0.096 0.000 0.085 0.086
C 0.071 m 0.000 0.081 0.000 “ﬂ 0.088 0.095 0.000 0.080 0.085
aneg — *“- m 0.000 0.077 0.000 “ 0.087 0.093 0.000 0.074 0.083

0.000 0.000 “ 0.086 0.091 0.000 0.068 0.081

0w [ oom | oo [ om0 | oo [ oom | woes | oo | owss | 0w |
o | oom | o0ss | om0 | oo | oom | wors | oooo | ows | ome |
s [ oom | ooso [ om0 | omss | oors | wors | oooo | ome | o |
10 [ 00w | ooss [ om0 | oo | oors {wori [ o000 | omo | ower

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105k5f Wu,ll = 0230k$f and Wu = O335k5f

Prof. Dr. Qaisar Al CE 416: Reinforced Concrete Design — Il 69



Updated: Oct 4, 2025 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab DQSig n Table A2: Coefficients (Cy, y,..i) FOr Negative Moment in Slab along Short Direction

----------

> Step 3: Analysis
. Moment Cosfficients  HEEN NN NCTN XN ko T A
oss | oo | ooor | oo | ods | oo | oo | 0w | oom | ooos |
c 0071 [oso | oo [ oo | ooss | odn | oo | oooo | ower | oore | oooo |
arieg s [oss | oom [ oo | oo | odn | oo | oo | omsr | ooar | oon |
om0 | oo [ oo | oo | ods | oom | oo | oo | oo | oorr |
[ Coneg = 0029 | ors | oo | 0wz | oow | odar | oom | oo | oom | oo | oo |
ow | oo | owr | oo | oose | oom | oo | oo | oose | owr |
os0 | oo | owr | oo | oo | oom | oo | oo | owe | oo |
oss | oo | oo | ooz | oo | oom | oo | oo | oo | oom |
0 | oo | oo | o0 | oo [ oom | wowo | oo | oosr | oum |

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = OlOSka Wu,ll = 0230k$f and Wu = 0335k5f
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Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab DQSig n Table A3: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Short Direction

----------

> Step 3: Analysis
. Moment Coofficients  IECIIES KECa RO Mo R RN R R KR KN
oss | oo | ows | oon | o | oom | oo | oom | oo | oom |
C 0076 om0 | oo | 0w | oo | oo | 00w | oo | oo | oo | oo |
aneg = - oes | oo | owe | oos | oo | oom | oose | oo | ooes | oom |
om | oo | oom | oo | ofe | ows | oosr | oom | oo | oo |
Chneg = 0.029
( Caposar = 0.039) ow | oo | oo | 0w | oow | our | oo | oow | owe | oo |
osn | ovs | oom | oo | oo | ows | oo | oom | 0w | oo |
“oss | oo | oom | oor | oow | oum | oo | oow | oo | ooas |
0 | o0 [ o0 | vow | ooar | our | oo [ ooz | w20 | oo

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = OlOSka Wu,ll = 0230k$f and Wu = 0335k5f
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Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab DQSig n Table A4: Coefficients (C, ;) For Live Load Positive Moment in Slab along Short Direction

----------

> Step 3: Analysis
. Moment Coefficients  ICEN NN NN NN o e e N
oss | oo | 0w | oo | og2 | oom | oo | oo | ooro | oo |
c 0071 om0 | oo | owe | oon | oder | oom | oo | oom | oo | oo |
aneg = 0 oss | oo | ows | oom | oder | ooss | oose | oom | oo | oom |
om | oo | oo | oosr | ofer | ousr | ooeo | oom | ooss | 00w |
Coneg = 0.029
Capos,ar = 0.039 ow | oo | oow | oo | oo | oon | ovee | ooss | oo | oo |
os | ovs | oow | oo | oo | ouwr | oo | oo | oo | oow |
(Capos = 0,048 ) oss | oo | oom | oosr | oo | oo | oo | oom | oosr | oow |
0 | o0 | o0z | voar | oo | ou | oo [ oom | ooz | oo

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = OlOSka Wu,ll = 0230k$f and Wu = 0335k5f
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Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab DQSig n Table A5: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Long Direction

----------

> Step 3: Analysis
. Moment Coefficients  ICEN NN NN N o o e O R
oss | oo | ows | oo | odes | oom | oooe | oo | ooos | oom |
c 0071 om0 | oo [ ows | oo | odor | oom | oo | ooz | ooor | oom |
aneg = 0 oss | oo | ows | oo | odoo | oom | ooor | oow | ooo | oo |
om | oo | oow | oow | ofin | ows | oo | oow | won | oo |
Coneg = 0.029
Capos,ar = 0.039 ww | oo [ oo | oo | oo | oon | oo | ooas | oo | oow |
os | owo | oow | oo | oo | ouw | ooar | oom | oo | oos |
Caposns = 0.048 “oss | oo | oo | ows | ooes | ous | ooas | oow | ooar | oov |
0| o0 [ o0 | voar | ooar | v | ooar [ 0w | vozs | oo

[Cb,pos,dl = 0-016] m = 1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = OlOSka Wu,ll = 0230k$f and Wu = 0335k5f
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Design of Three-story Commercial Building

O Solution
Panel -1

3 S Iab DQSig n Table A6: Coefficients (C,, ,) For Live Load Positive Moment in Slab along Long Direction

----------

> Step 3: Analysis
. Moment Cosfficients  IEN NN NN N o o e R
oss | oo | ows | oo | odor | ooos | oo | oo | ooor | oom |
c 0071 om0 | 00w [ owr | oo | odes | oow | oo | oori | oo | oo |
aneg = - oss | oo | ovw | oo | ogn | oo | oo | oow | oo | oo |
om | ooe [ ove | oo | odu | oon | oo | oow | oo | oorr |
Chneg = 0.029 o7 | oo | oow | oo | odie | oow | oo | oom | oow | oo |
Capos,ar = 0.039 ow | oo [ oo | oo | ooy | ouw | oo | oo | 0w | oo |
os | owo | oom | oor | oo | owr | ows | oom | ooas | ooz |
Caposns = 0.048 “oss | oo | o | oo | oo | owme | oo | oow | ooar | oos |
0 | o0 | o0z | vos2 | 00w | our | oo [ 0w | voso | oo

Chpos,at = 0.016 m =l /1, = 18.83/23.83 = 0.78 ~ 0.80
Slab Case =4
[Cb,pos,u = 0.020 ] Wya = 0.105ksf W, ;; = 0.230ksf and W, = 0.335ksf
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O Solution
+ Slab Design
> Step 3: Analysis (Panel — )
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20!_0" \I

200"

m = 1,/l, = 18.83/23.83 = 0.78 = 0.80

Slab Case = 4

Wu,dl = 0105k$f Wu,ll = 0230k$f and Wu = 0335k5f

Coefficients Moment formulae

Ca,neg = 0.071 Ma,neg = Ca,negWulaz
Cb,neg = 0.029 Mb,neg = Cb,negw/ulb2
Ca,pos,dl - 0039

_ 2 2
Ma,pos - Ca,pos,leu,dlla + Ca,pos,lqu,llla

Ca,pos,ll == 0048

Cb,pos,dl - 0016 5 2
My pos = Cbpos,aiWau,ails”™ + CoposuWauulp

Cb,pos,ll - 002

CE 416: Reinforced Concrete Design — Il

Moment Values
(in.kip)

101.32

66.28

64.48
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Design of Three-story Commercial Building

0 Solution o 20
7v, """"""""
< Slab Design 2| |
> Step 3: Analysis (Panel - II) F =
m = l,/l, = 18.83/23.83 = 0.78 = 0.80 2 || Panel-1

Slab Case =9

Wu,dl = 0105k$f Wu,ll = 0230k$f and Wu = 0335k5f

Coefficients Moment formulae Momfant _Values
(in.kip)

Caneg = 0.075 Mg neg = Ca,negWulaz 107.03
Chneg = 0.017 Mp neg = Cb,negWulb2 38.85
Ca,pos,dl == 0029 5 5
Ma,pos = Ca,pos,leu,dlla + Ca,pos,lqu,llla 54.13
Ca,pos,ll == 0042
Cb,pos,dl = 001

Cb,pos,ll = 0.017

_ 2 2
My pos = Cbpos,aiWau,ails”™ + CoposuWauulp
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1 Solution

+ Slab Design

> Step 3: Analysis (Panel - Ill)
m=1,/l, = 18.83/23.83 = 0.78 = 0.80

Prof. Dr. Qaisar Ali

Slab Case =8
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200"

Wu,dl = 0105k$f Wu,ll = 0230k$f and Wu = 0335k5f

Coefficients

Caneg = 0.055
Cpmeg = 0.041
Caposar = 0.032
Caposi = 0.044
Cppos,ar = 0.015
Cpposu = 0.019

Moment formulae

2
Ma,neg = Ca,negWula

_ 2
Mb,neg - Cb,negWulb

_ 2 2
Ma,pos - Ca,pos,leu,dlla + Ca,pos,lqu,llla

_ 2 2
My pos = Cbpos,aiWau,ails”™ + CoposuWauulp

CE 416: Reinforced Concrete Design — Il

Moment Values
(in.kip)

78.49

93.71

57.43
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1 Solution

+ Slab Design

> Step 3: Analysis (Panel - IV)
m=1,/l, = 18.83/23.83 = 0.78 = 0.80

Prof. Dr. Qaisar Ali

Slab Case = 2
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Wu,dl = 0105k$f Wu,ll = 0230k$f and Wu = 0335k5f

Coefficients

Caneg = 0.065
Cpmeg = 0.027
Caposar = 0.026
Caposy = 0.041
Cpposar = 0.011
Cpposu = 0.017

Moment formulae

2
Ma,neg = Ca,negWula

_ 2
Mb,neg - Cb,negWulb

_ 2 2
Ma,pos - Ca,pos,leu,dlla + Ca,pos,lqu,llla

_ 2 2
My pos = Cbpos,aiWau,ails”™ + CoposuWauulp

CE 416: Reinforced Concrete Design — Il

Moment Values
(in.kip)

92.76
61.71

51.81
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Design of Three-story Commercial Building

O Solution
+ Slab Design

> Step 3: Analysis

Summary of Analysis

Moment Values (in. kip/ft)
Location

107.03

54.13

33.85

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I

Panel - IV

92.76

61.71

51.81

34.56

79



Updated: Oct 4, 2025 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Three-story Commercial Building

O Solution
+ Slab Design

» Step 3: Analysis

25'_0" I 251_011 I

AN . """""""""""" - """"""""" - ——
! : :
: ! I

o | 64.48 | o371 57.43 I
! 1 1
g | a2gs OOBRT 4 5g 93T i

: ] .
1 : 1
: 101.32 ; 78.49 !

e | CEECEPTPeRpreReeRE o
: 107.03 : 92.76 i
: : 51.81 :
l 5413 l c

= : 38.85 | !|61.71 61.71| 1

Y . 33.85 . 34.56 ! NOTE:
1 1
1 1 1 . .

I « All values are in in.kip/ft
! 107.03 ! 92.76 . P
Eeeeeeeeee e T i ———-| + White values: Long Direction Moments

1 1
! ! . J/ * Yellow values: Short Direction Moments
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Design of Three-story Commercial Building

O Solution
Slab Design
> Step 4: Determination of Steel Area

o As there are several bending moments, making it exceedingly time-
consuming and lengthy to calculate the steel area for each one.

e As aresult, we shall use the "Unity Rule" in this situation.

o Calculate the area of steel for a unit moment and multiply it by the
actual moments to obtain the necessary area of steel as described
on the next slide.
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Design of Three-story Commercial Building

O Solution
+ Slab Design

> Step 4: Determination of Steel Area

o ForM, =1in.kip

2.614M 2.614 x (1
a=d—\/d2— u=6—\/62— ()=6.05x10‘3in.

f:'b 3 x12
Now,
A M - 0.005 in?/ft
s = a = —3 = U. n
0.9%,(d-%) 09x40 (6 _ 605 . 10 )
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Design of Three-story Commercial Building

O Solution
+ Slab Design

> Step 4: Determination of Steel Area

=  For Positive Moments in Short Directions

| 25'-0 L 250 |

Ag min = 0.0018(12)(7) = 0.151in?/ft __'. ___________________ . "\
Sy = 2h or 18" =14"c/c 1| § |
N INCOR INCORS
i 101.32 i 78.49 :

Sreq | pingls [l SECEEEEECSCEEEREE | EEEEEEEECEEECEE ==

(in. kip/ft) using #4

64.48 0.32> Agmin 7.5" 7"

20-0

= —
S 2
S o
£ w
(o]

S S
~ ~
o) (o))

) T

51.81 0.26> Ag min 9.2 : : : J
) e
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Design of Three-story Commercial Building

O Solution
+ Slab Design

> Step 4: Determination of Steel Area
» For Negative Moments in Short Directions
le
Agmin = 0.0018(12)(7) = 0.151in%/ft Tf. ___________________ o =
Smax = 2h or 18" =14"c/c i i

20!_0"

I

, :

64.48 | 57.43 :
:

1

|

S | :
u req 9 | |
-y finats R .

107.03 | 0.54> Agmin 4"
92.76 0.46> Ag min 4

200"
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Design of Three-story Commercial Building

1 Solution

X/

» Slab Design

> Step 4: Determination of Steel Area

» For Positive Moments in Long Directions

Ag min = 0.0018(12)(7) = 0.151in*/ft
Smax = 2h or 18" =14"c/c

u req .

S.

20!_0"

. 1
40.56 0.202> A pmin 11.88" 10"
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Design of Three-story Commercial Building

O Solution
+ Slab Design

> Step 4: Determination of Steel Area

= For Negative Moments in Long Directions
Asmin = 0.0018(12)(7) = 0.151in2/ft
Smax = 2h or 18" =14"c/c

S
u req o

20!_0"

61.71 0.31> Aq min 7"

200"

42.85 ( 66.28 |,

93.71

40.56

33.85 (38.85

1
1
1
'61.71
I
1
1

34.56

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — I
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1 Solution

+ Slab Design

> Step 5: Reinforcement Detailing

Finally, three set of spacings
have been provided as shown.

A=#4 @ 10"c/c
B=#4@7"c/c
C=#4@4"c/c

Note:

o Reinforcement at discontinuous ends
have been provided equal to 1/3 of the
Positive reinforcement as per ACI Code.

e Yellow values: Short Direction
White values : Long direction

Prof. Dr. Qaisar Ali CE 416:

20'-0"

20!_0"

Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

L 25'-0" L 2 |

I I I
pE———

A A I

HA B Ctl B C i

I C C
| e | —— =

i A i A i

H A B C B C |

C c
O == e -

[/ | R

Reinforced Concrete Design — |l
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Design of Three-story Commercial Building

O Solution
<+ Beam Design

e In the following session, only the mechanism of load transfer from
slabs to beams will be discussed; the analysis and design portions
can be completed as usual.
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Design of Three-story Commercial Building

O Solution
<+ Beam Design

e Load Transfer Mechanism

* In case of one-way slab system the entire slab
load is transferred in short direction.
* Load transfer in short direction = (w, % £/2 x 1) + (w, x £/2 x 1)

* Load transfer in long direction = w, x £/2 x 0
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Design of Three-story Commercial Building

O Solution
<+ Beam Design

e Load Transfer Mechanism

e In case of two way slab system, entire slab load is NOT transferred in

shorter direction. 4 spans @ 25'-0"

n i i i %J'"“ I I LTJ_ __________ [ _T
Load in Shorter Direction T | Pangll i Paneflll [i] Panelll [ij Panell [
=— W, + — W, e o S, e S Iy T Y o

2 ¢ o2 5 . . T E
= 1 1 1 (2]
@] 1 1 1 1 1
. . . A | Panglll | Pane| IV | PanellV |, Panel Il |, (®)
» Load in Shorter Direction g . . . Iy
_8 T __________ e ] E— [T]_ __________ [ _T ?
1 1 1 1 1 Q
_ WulW + Wyl W ® W pandit [l Paneln [ Panetm || Panert ||
2 bt o TP L - | | I I i
I( Longer Direction ——>
NOTE
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Design of Three-story Commercial Building

O Solution
<+ Beam Design

e Load Transfer Mechanism

e The load transfer to B1 from Panels | and Il in the short direction can be

calculated as follows;
Wa,Panel—I = 071, Wa,Panel—II = (0.83 and W, = 0.336

Now,

wy ! 0.336 x 20 0.336 x 20
0.83

wyl
x 0.71 + > X

2 apanel—1 T 2 VVa,Panel—II=

Load on B; = 5.17k/ft

CE 416: Reinforced Concrete Design — I 91
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design

e Load On Beams from coefficient tables m
. 4 span%@ 25'-0 5 .
B2 [ 2IS I 1
Table: Load on beam in Panel |, using — - - - .- N
Coefficients | :
(w, = 0.336 ksf) | | o
| 1
Width (bs) B1 I ! A %
of slab oo - W,
o slab, g i i g g
panel Ww,bs 1 1 1 1 1 a
2 | : : : (| ®
B === = S
: i CI;
o [ s |- on| iz [ I
(8 [ 20 | 125 | - [ozo] 12 [ e a2
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design

e Load On Beams from Coefficient Tables m
. 4 spans @ 25'-0" . .
B2 | < 1< 1< |
Table: Load on beam in Panel |, using .- .- - .
Coefficients ' | :
(w, = 0.336 ksf) | | 1 oo
B1 i i i 2
Width (bs) Bl M ——————a——————— VO
of slab Load due ; . N %
panel Wb : : H
y : : [ ®
e — X1
1 : I-
: ! || <L
-- 0.17 i .
| B4 | 20 [ 125 | - oz ] ors [ e 103
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

O Solution
<+ Beam Design

e Load On Beams from Coefficient Tables m
4 spans @ 25-0"

le |
I 1
Table: Load on beam in Panel |, using = [iesmmml SECEECEECEECEL i vl Wi v wer % SCCEECEECEEEEE SRR N
Coefficients | :
= 0. ksf I i
(w, = 0.336 ksf) i i |
(bs) I : N '8
Width (bs)l | |, e e —— e —— —— e ———— e ————
of slab Load due 1 1 1 | | £ %
1 1 1 1 1
i Wb : : : : ! =
1 1 1 1 1 @
B1 1 1 1 1 1 N
al=— % EES
1 | 1
e ’ || =
-- B2 2
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design

e Load On Beams from Coefficient Tables Panel IV
. . 4 spans @ 25-0"
B2 | > < < I
Table: Load on beam in Panel |, using - - -
Coefficients ' | :
(w, = 0.336 ksf) ] i | o
| 5 | || @
W(;?tsr;a(?) Load due L~ = T~ ~ U EEE— ; x %
panel Ww,bs : ; : | @
| | [ ®
i
s 1| =
-- g
B4
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design
4 spans @ 25'-0"
le

o |l |l |
| 1T | ]
pR—R---------"----%----------------""%----------------"}#%----------------- N
[ 239K 184Kt | | 1K)
1 | | 1
122 | 1.22 kif}[1.89 Kt 189 kit | i
kit | '
| 1.84 K/ft | | 5
Bl — =i = Bssseoseeeoeeseos: Eoseeseeeeeeeeeoe: —% W
- - 239k/ |i - - %
1 1 1 1 1 ©
071 | 0.71 k/f. 12;-)/ :122k/ft : : S
kit | : I i | I
N o277kt || 239kt | ! @
Bl — R——------R------------------------- - )
: i | | =)
1 | | ! 1
: I | : o
: ! ! ! 2
! ! ! !
: I ! :
| ! ! ! \
el el et —~
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design
4 spans @ 25'-0"
le

le le |
| 1 | | |
pp—®_-—- - -~ "-----~"-~"-~"""""&-"-"~~~~-------- .
[ 23owi ||| te4wm | | 1K)
1 | | | !
122 |! 311 Wt} | 3.11 Kt | i
kift | ! ! | :
| 516kt |l 423kt | | :
Bl — M e e * @
: : : : : O
1 1 1 1 1 m
0.71 |i 1.93 k/ft |, | 1.93 k/ft : : 7]
Wit | | | : 1 ®
! 516 kit |! 423 kit | : : N
Bl — @& ——-—-—--"---------%------- -l i~
i | | 1] <
1 | | 1 =
: | | |
: | | |
1 | ] :
i | | |
p— ey A
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

<+ Beam Design
4 spans @ 25'-0"
le

B
| > ] |
gpp— - ”°---------""""-----------""""&----------------- -~
1 [ 230kt ||| 1s4kmt | | 1K)
1 | | | !
20 122 |! 311 Wt} | 3.11 Kt | i
1 kit | | | | :
— : 5.16 k/ft I 4.23 k/ft I I :
le—14"—] pl— X c(;:
| : i i i I
Self weight of beam 071 |! 1.93 K/t |! )| 4 e | : >
k/ft 1 1 1 1 1
14x13 ' ' ' ' -
=12Xx—-=x0.15 | saekmt || 423k |! ! || @
Bl — e e e X o
= 0.23 kip/ft i | | || R
: I | : (@)
Adding this with the ; | | ] b
1 | | 1
calculated loads on i | | ;
e R
B2 =
beams:
B4 B3 B3 B3 B4
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1 Solution

+~ Beam Design (after including self-weight)

4 spans @ 25-0"
|

I -~ “l I I
B2 — ?j _________________ 1 R —— 1 EEEEE—— ——
| 262kt || 207kt || |
1 | | |
1.45 K/ft ! | 334t | |
: | | |
: | | |
= Rl S N ASCELCLCLCLICLEL CCEECEECEECELCCE:
| sagwit ||| 446Wit | |
0.94 kift ! 1| 2.16 it
B1— B S S e
i | |
: | |
: | |
: | |
| | |
p—
B4 B3 B3 B3
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Design of Three-story Commercial Building

O Pictures of a Multi-story Commercial Building
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0 Example 4.3

Design the given slab system using the data provided.

Homework

Slab thickness, hf = 6in.

SDL = 60 psf
LL = 40 psf
f; = 3 ksi

fy = 60 ksi

Prof. Dr. Qaisar Ali

4 spans @ 25-0"
le— le | | |
| I~ | | |
e I :
Panel | Panel |
é ____________________________________________________________ ]
| PanelIl [if PanelIV  [1| PanelIV [if Panelll |
:;]_ _______________ d d d :
Panel I Panel I

* All beams are 18" x 24"
* All columns are 18" x 18"

CE 416: Reinforced Concrete Design — Il
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