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Learning Objectives

d 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 "o = = des but g = iy /1, <2

side.
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General

O Bending Behavior of Two-way Slabs
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General

0 Bending Behavior of Two-way Slabs

e Consider the typical floor plan as shown below
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Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — 6



Updated: Nov 02, 2023 Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

General

O Bending Behavior of Two-way Slabs

«* Short Direction Moments

Short Direction

I ORic0” 440 330 220 1.10 000 1.10 220 3 304NN
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General

O Bending Behavior of Two-way Slabs

“ Long Direction Moments

Long Direction

-42 -28 -14 00 1.4 28 4_
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Analysis of two-way Slabs

J Moment Coefficient Method

e The Moment Coefficient Method, first introduced in the ACI 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
continued use is permissible under the ACI 318-19 Code provision,
Section, 8.2.1.

e 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.
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. My,
Note: pos Slab
l, and [, are the clear lengths of the N\ \\\\\\ (continuous on all sides)
short and long sides, respectively. i Mp neg b,neg
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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 Maneg = Cawy s’
2) Mb,neg = CbWule
3) Mg pos = Caar Wyl I+ Caut Wy i1 ld”
D My pos = Cpar Wuar ly” + Cou Waun Ly

where;

w,, = total factored load
w, q; = total factored dead load
w, ;; = total factored live load

CarCoCaa1»Canr Cphar, Cpyy = coefficients obtained from ACI Tables.
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Analysis of two-way Slabs

0 Moment Coefficient Method
< Various Cases of Slab Panel
e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"
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Analysis of two-way Slabs

0 Moment Coefficient Method
< Various Cases of Slab Panel
e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"
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Analysis of two-way Slabs

0 Moment Coefficient Method
< Various Cases of Slab Panel
e Depending on the support conditions, several cases are possible

4 spans @ 25'-0"
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Analysis of two-way Slabs

J Moment Coefficient Method

% Various Cases of Slab Panel

Prof. Dr. Qaisar Ali

4 spans @ 25'-0"
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Analysis of two-way Slabs

J Moment Coefficient Method

s ACI Moment Coefficients Tables

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

a, Negative

m Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case 9
0.50 0.000 0.086 0.000 0.094 0.090 0.097 0.000 0.089 0.088
0.55 0.000 0.084 0.000 0.092 0.089 0.096 0.000 0.085 0.086
0.60 0.000 0.081 0.000 0.089 0.088 0.095 0.000 0.080 0.085
0.65 0.000 0.077 0.000 0.085 0.087 0.093 0.000 0.074 0.083
0.70 0.000 0.074 0.000 0.081 0.086 0.091 0.000 0.068 0.081
0.75 0.000 0.069 0.000 0.076 0.085 0.088 0.000 0.061 0.078
0.80 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075
0.85 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072
0.90 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068
0.95 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065
1.00 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061

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

s ACI Moment Coefficients Tables

Table A2: Coefficients (C; y,z.iv.) FOr Negative Moment in Slab along Long Direction

m Case1 | Case2 | Case3 | Cased4 | Case5 | Case6 | Case7 | Case8 | Case 9

0.50 0.000 0.006 0.022 0.006 0.000 0.000 0.014 0.010 0.003
0.55 0.000 0.007 0.028 0.008 0.000 0.000 0.019 0.014 0.005
0.60 0.000 0.010 0.035 0.011 0.000 0.000 0.024 0.018 0.006
0.65 0.000 0.014 0.043 0.015 0.000 0.000 0.031 0.024 0.008
0.70 0.000 0.017 0.050 0.019 0.000 0.000 0.038 0.029 0.011
0.75 0.000 0.022 0.056 0.024 0.000 0.000 0.044 0.036 0.014
0.80 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017
0.85 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021
0.90 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025
0.95 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029
1.00 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

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

s ACI Moment Coefficients Tables

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

m Case1 | Case2 [ Case3 | Cased4 | Case5 | Case6 | Case7 | Case8 | Case 9

0.50 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.023
0.55 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.024
0.60 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.026
0.65 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.028
0.70 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.029
0.75 0.061 0.028 0.040 0.043 0.033 0.048 0.051 0.036 0.031
0.80 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029
0.85 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028
0.90 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
0.95 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024
1.00 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

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

s ACI Moment Coefficients Tables

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

A\

m Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case 9
0.50 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002
0.55 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003
0.60 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004
0.65 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005
0.70 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006
0.75 0.019 0.009 0.018 0.013 0.007 0.013 0.020 0.013 0.007
0.80 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010
0.85 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
0.90 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015
0.95 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017
1.00 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020

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

s ACI Moment Coefficients Tables

Table AS5: Coefficients (C, ;) For Live Load Positive Moment in Slab along Short Direction

m Case1 | Case2 [ Case3 | Cased4 | Case5 | Case6 | Case7 | Case8 | Case 9

0.50 0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067
0.55 0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063
0.60 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059
0.65 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054
0.70 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050
0.75 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046
0.80 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042
0.85 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039
0.90 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036
0.95 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032
1.00 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030

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

s ACI Moment Coefficients Tables

Prof. Dr. Qaisar Ali

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

A\

m Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case 9
0.50 0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.007
0.55 0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006
0.60 0.010 0.007 0.011 0.009 0.007 0.008 0.011 0.009 0.007
0.65 0.013 0.010 0.014 0.011 0.009 0.010 0.014 0.011 0.009
0.70 0.016 0.012 0.016 0.014 0.011 0.013 0.017 0.014 0.011
0.75 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013
0.80 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017
0.85 0.026 0.019 0.024 0.023 0.019 0.022 0.026 0.022 0.020
0.90 0.029 0.022 0.027 0.026 0.021 0.025 0.029 0.024 0.022
0.95 0.033 0.025 0.029 0.029 0.024 0.029 0.032 0.027 0.025
1.00 0.036 0.027 0.032 0.032 0.027 0.032 0.035 0.030 0.08

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

s ACI Moment Coefficients Tables

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

m Case1 | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case 8 | Case 9
0.50 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
0.55 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95
0.60 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94
0.65 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92
0.70 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89
0.75 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86
0.80 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
0.85 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
0.90 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
0.95 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
1.00 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67

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

Afm Minimum h, in.
A < 0.2 Provisions of One-way slabs apply
fy
b (0'8 + 200,000)
0.2 < apy <2.0 | Greaterof: 36 + 58(apm — 0.2)
5
fy
I (0'8 + 200,000)
arm > 2.0 Greater of: 36 + 98
3.5
* aspy is the average value of a; for all beams on edges of a panel. ay = E¢, I, /E¢ls
* 1, is the clear span in the long direction, measured face-to-face of beams (in.).
» pBis the ratio of clear spans in long to short directions of slab.
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ACI Code Provisions for Two-way Slabs

0 Minimum Slab Thickness (8.3.1.2)

e [f 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.

_ . _
n (0'8 + 200,000) -
36 + 98 a

Rpin = max

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

- . P —~
y
R Ly (0'8+200,000) -
mn 36 +9(,/l) 7
!

e This equation will be used onward to calculate minimum slab thickness.
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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
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Analysis of two-way Slabs

J 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
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Design Example 4.1

Design of Typical Single Story House
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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. The slab is insulated by providing four
inches of mud layer and two inches of tile brick. According to ASCE 7
-10, the expected uniform service live load for the residential buildings
is 40psf.Material strengths are f; = 3 ksiand f,, = 60 ksi.

Design the slab, beam B1 and column
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Design of Typical Single Story House

J Problem Statement

[ 9" brick masonry wall

16' X 12 16'x 12'

9' Wide Verandah

B1 0 B1
\~ RCC Column
Floor Plan 3D Model
Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — Il
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Design of Typical Single Story House

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

Live |Oad: 40pSf //— 9" brick masonry wall
f; = 3 ksi
fy = 60 ksi 16' X 12 16'x 12
q, = 2.204 ksf
D ReqUirEd Data 9' Wide Verandah
Design the Slab, Beam B1 and Column > K =
\__ RCC Column
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Design of Typical Single Story House

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

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

Slab —
9" brick masonry wall | \l/
L . L
[ ' ) : _
j 12" wide beam ——> ! /F
16'x 12 16' x 12" , % 9" Brick Wall _—/I/
—> A l, =8 b
| 9.0 5
lclc
9' Wide Verandah
los = (8 +(9/12) /2 + 0.5) = 8.875'
B1 B1
. Section A-A
> A ’\;
RCC Column
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Design of Typical Single Story House

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

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

IS given by:
9" brick masonry wall
l (0 8 + L) L.
hopin = max "\ 200,000 3.5"
mn 36 + 90 s 16'x 12° 16" x 12

Substituting values, we get

9" Wide Verandah

16 (0.8 + 60,000 ) o1 SERY
200,000 ; ;
hmin = max 16 ,3.5 =44 \— RCC Column
36 +9(13)

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — 32



Updated: Nov 02, 2023  Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan § \

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

| : 0.4 + Jy Slab —
min = 94 100000 | ih
- h
Substituting values, we get % 127 wide beam ™= T
: %9" Brick Wall ——/EL——
. 8875 04 60,000 g k1 =g ———
T 24 100,000/ ~ 0.0 '
lclc

Finally take h = 5" I =(8+(9/12) /2 +0.5) = 8.875'
Section A-A

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — 33



Updated: Nov 02, 2023  Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Typical Single Story House

O Solution
+ Slab Design

> Step 2: Calculation of loads

Material i W = hx y (ksf)
Concrete Slab 5 0.15 (5/12) x 0.15 = 0.0625
Mud 4 0.12 (4/12) x 0.12 =0.04
Tile 2 0.12 (2/12) x 0.12= 0.02
Total dead load = 0.1225 ksf

Wyar = 12D = 1.2 x 0.1225 = 0.147 ksf
Wu,ll = 1.6 X 0.04 = 0.064 ksf
wy, = 0.147 + 0.064 = 0.211 ksf
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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.
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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.

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

o We will analyze this system using both methods.
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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.

Ma neg
Mver (+ve).
™

Ma neg

|

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

Mg+ Mp 4y Mg My Myer(+) Myer ext(-)

19.0 14.0 25.2 20.0 13.2 4.6
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Design of Typical Single Story House

O Solution
<+ Slab Design

> Step 3: Analysis (two-way slab)

® SeleCt Slab case /7 9" brick masonry wall
From the figure, the slab case is 4 ’;‘3
l 19 4 16' X 12 ’;§ 16'x 12
N S §
m=-—==—=0.750 / \i '
lb 16 7777777777777 /
Continous

9' Wide Verandah

Now, with m = 0.75 and slab case 4,
pickup the moment coefficients from = “k B
the relevant Tables REC Column
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Design of Typical Single Story House

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

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

[Ca,neg - 0.0760].076

m Case 1 Case 2 Case 3 Case 4 || Case5 Case 6 Case 7 Case 8 Case 9

.076 0.50 0.000 0.086 0.000 0.494 0.090 0.097 0.000 0.089 0.088
0.55 0.000 0.084 0.000 0.492 0.089 0.096 0.000 0.085 0.086

0.60 0.000 0.081 0.000 0.489 0.088 0.095 0.000 0.080 0.085

0.65 0.000 0.077 0.000 0.485 0.087 0.093 0.000 0.074 0.083

0.70 0.000 0.074 0.000 0.¢431 0.086 0.091 0.000 0.068 0.081

0.75 6-666 £-665 soocen g 0.076 0.085 0.088 0.000 0.061 0.078

0.80 0.000 0.065 0.000 0.071 0.083 0.086 0.000 0.055 0.075
0.85 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072
0.90 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068
0.95 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065
1.00 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061
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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 A2: Coefficients (Cy, y,.,.) For Negative Moment in Slab along Short Direction

Caneg = 0.0760.076

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

C _ O 024 076 0.50 0.000 0.006 0.022 0.4qo6 0.000 0.000 0.014 0.010 0.003
bneg — VY- .

0.55 0.000 0.007 0.028 0.qos 0.000 0.000 0.019 0.014 0.005

0.60 0.000 0.010 0.035 0.411 0.000 0.000 0.024 0.018 0.006

0.65 0.000 0.014 0.043 0.415 0.000 0.000 0.031 0.024 0.008

19 0.000 0.000 0.038 0.029 0.011

0.70 0.000 0.017 0.050 0.4

0.75 8-566 8-023 S-056> 0.000 0.000 0.044 0.036 0.014

0.80 0.000 0.027 0.061 0.029 0.000 0.000 0.051 0.041 0.017

0.85 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021

0.90 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025

0.95 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029

1.00 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033
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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 = 0.0760.076
m Case 1 Case2 | Case3 || Case4 || Case5 | Case6 | Case7 | Case8 | Case9
C _ O 0240 076 0.50 0.095 0.037 0.080 0.459 0.039 0.061 0.089 0.056 0.023
bneg - ] 0.55 0.088 0.035 0.071 0.456 0.038 0.058 0.081 0.052 0.024

0.60 0.081 0.034 0.062 0.453 0.037 0.056 0.073 0.048 0.026

[ca,pos,dl = 0.0439.076

0.65 0.074 0.032 0.054 0.450 0.036 0.054 0.065 0.044 0.028

0.70 0.068 0.030 0.046 0.4

o
o

0.035 0.051 0.058 0.040 0.029

FaWaVaYel
\vpvr o

0.75

P
P
¥
P
P
P
v

0.033 0.048 0.051 0.036 0.031

0.80 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029

0.85 0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028

0.90 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026

0.95 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024

1.00 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
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Design of Typical Single Story House

O Solution
+ Slab Design

> Step 3: Analysis (two-way slab)

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

Caneg = 0.0760.076

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

C _ O 0240 076 0.50 0.095 0.066 0.088 0.477 0.067 0.078 0.092 0.076 0.067
bneg — V- .

neg 0.55 0.088 0.062 0.080 0.q72 0.063 0.073 0.085 0.070 0.063

0.60 0.081 0.058 0.071 0.467 0.059 0.068 0.077 0.065 0.059

Ca,pos,dl == 00430.076

0.65 0.074 0.053 0.064 0.4qe2 0.055 0.064 0.070 0.059 0.054

0.70 0.068 0.049 0.057 0.¢57 0.051 0.060 0.063 0.054 0.050

[ Caposut = 00520076 Tom

0.80 0.056 0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042

P
P
¥
P
P
-
v

0.047 0.055 0.056 0.049 0.046

0.85 0.050 0.037 0.040 0.043 0.041 0.046 0.045 0.040 0.039

0.90 0.045 0.034 0.035 0.039 0.037 0.042 0.040 0.035 0.036

0.95 0.040 0.030 0.031 0.035 0.034 0.038 0.036 0.031 0.032

1.00 0.036 0.027 0.027 0.032 0.032 0.035 0.032 0.028 0.030
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Design of Typical Single Story House

O Solution
+ Slab Design

> Step 3: Analysis (two-way slab)

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

Caneg = 0.0760.076

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

C _ O 0240 076 0.50 0.006 0.002 0.007 0.qo4 0.001 0.003 0.007 0.004 0.002
bneg — V- .

neg 0.55 0.008 0.003 0.009 0.qos 0.002 0.004 0.009 0.005 0.003

0.60 0.010 0.004 0.011 0.qo7 0.003 0.006 0.012 0.007 0.004

Ca,pos,dl == 00430.076

0.65 0.013 0.006 0.014 0.qo9 0.004 0.007 0.014 0.009 0.005

0.70 0.016 0.007 0.016 0.4

Ca'pos'll - 0-0520-076 0.75

11 0.005 0.009 0.017 0.011 0.006

o000
\"rAvAvEY

¢
P
-
3

\4

0.007 0.013 0.020 0.013 0.007

$

0.80 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010

[ Cb pos,dl = 0_013§_O76 0.85 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
) )
0.90 0029 | 0014 | 0024 | 0022 | 0013 | 0.021 0028 | 0019 | 0015

0.95 0.033 0.016 0.025 0.024 0.015 0.024 0.031 0.021 0.017

1.00 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020
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Design of Typical Single Story House

O Solution
+ Slab Design

> Step 3: Analysis (two-way slab)

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

Caneg = 0.0760.076

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

C _ O 0240 076 0.50 0.006 0.004 0.007 0.4qo5 0.004 0.005 0.007 0.005 0.007
bneg — V- .

neg 0.55 0.008 0.006 0.009 0.qo7 0.005 0.006 0.009 0.007 0.006

0.60 0.010 0.007 0.011 0.4o9 0.007 0.008 0.011 0.009 0.007

Ca,pos,dl == 00430.076

0.65 0.013 0.010 0.014 0.4q11 0.009 0.010 0.014 0.011 0.009

0.70 0.016 0.012 0.016 0.¢14 0.011 0.013 0.017 0.014 0.011

Ca'pos'll - 0-0130-076 0.75

0.80 0.023 0.017 0.022 0.020 0.016 0.019 0.023 0.019 0.017

P
P
-
)
$
P
$
v

0.013 0.016 0.020 0.016 0.013

Cb,pos,dl = 0.0520.076 0.85 0026 | 0019 | 0024 | 0023 | 0019 | 0022 | 0026 | 0022 | 0.020
0.90 0.029 | 0022 | 0027 | 0026 | 0.021 0025 | 0029 | 0024 | 0.022

[Cb,pos,ll — 0_016q_076 0.95 0033 | 0025 | 0029 | 00290 | 0024 [ 0020 | 0032 0027 | 0.025
1.00 0.036 | 0027 | 0032 | 0032 | 0027 | 0032 | 0035 | 0030 0.08
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Design of Typical Single Story House

O Solution
+ Slab Design
> Step 3: Analysis (two-way slab)
= Calculate bending Moments

Wu,dl = 014‘7k$f, Wu,dl = 0064ka,Wu = 0211ka, la: 12, and lb = 16’

Coefficients Moment formulae Monzienn:(i\s;lues
Ca,neg = 0.076 Ma,neg = Ca,negWulaz 27.7
Cb,neg = 0.024 Mb,neg = Cb,negWulbz 15.6
teposat SO Woy gl + Covos W ttla? 16.7

a,pos — Lapos,dlVWudlla a,pos,llVVu,llta -
Ca,pos,ll — 0052
Chpos,ar = 0.013 2 2
My pos = Chpos,atWuails”™ + Copos,uWauulp 9.0
Cb,pOS,ll — 0016
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Design of Typical Single Story House

1 Solution

+ Slab Design

> Step 4: Analysis (one-way slab) W, = 0.211 k/ft
YV Y Y Y Y Y YA
h
wy, > | -~ 7N
Myer me(o) = —=2= = 18.0 in. kip/ft 12" wide boam —>| |1
9 9" Brick Wall
| N
2 < =8 —
_Wuln _ P e <— 9.0’
Myer+) = a2 - 11.6 in. kip/ft
Wulnz . . Simple Spandrel
1/9 [1/9 124
Note:
For negative moment above the long wall common to rooms 0,96k fHft
and veranda, maximum moment will be picked from both —
analyses. N2 0.56 k.ft/ft
Moment of 2.31 from two-way slab analysis is more than 1.5,

therefore we will design for 2.31.
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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
Moty | Mpery | Moy | My | Myerine(—) | Mvercr) | Myverext(-)
FEA (SAFE) 19.0 14.0 25.2 20.0 25.2 13.2 4.6
Manual 16.7 9.0 27.7 15.6 18.0 11.6 6.8

e Analysis results from both approaches are almost similar.

e Hence the intelligent use of manual analysis yields reasonable results
iIn 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?

o124y _12x0.11

— = 12.2"
A, 0.108 c/c

Calculated spacing shall not exceed S,,,,, Which is given by
Smax = Min(2h,18") = min(2 X 5,18") =10"

Calculated spacing of 12.2” exceeds 10”. Finally Provide #3@10" c/c.

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — 48



Updated: Nov 02, 2023  Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan §

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) "
Agmin = T 0.132 in* /ft

Agminfy  0.132 X 60
— Sminy _ = 0261
T 085fb  085x3x12 m

Now,

0.26
@M, = 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 My, min Ag S using #3 bar
Location - '
(in.kip/ft) (in. Kip/ft) (in?) (in)
Ma,neg 2771 = As,min gOvernS 10
My neg 15.56 As min QOVerns 10
M, 105 16.67 27.60 As min QOVerns 10
My, 05 9.02 A min QOVeErns 10
My ver 11.52 A min QOVeErns 10
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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 = Ay = 0.108 in? /ft

. 124, 12x0.11
A, 0.108

=12.2"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

#3Bars @ 6" clc #3Bars @ 18" clc

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

#3Bars @ 18" clc —#3Bars @ 18" clc #3Bars @ 18" clc
supporting bars supporting bars }
L_gp | . L_ongn DR IR P
- f 3—4-0 ‘ g 3-2-8 1 4720
i u-’ r v v v v v o r v j'
\ ‘ Beam
-# 3 Bars @ 10"c/c —#3 Bars @ 10"c/c # 3 Bars @ 10"c/c ~#3Bars @ 10"c/c
L= 120" -L=8-0" b 10J
SECTION A-A
# 3 Bars @ 18" c/c — —# 3 Bars @ 18" clc #3Bars@ 10"c/lc - — #3Bars @ 18" clc # 3 Bars @ 18" c/c — —#3Bars @ 18" clc
supporting bars supporting bars supporting bars
L | . SEAN L_riyn Loy
4 =40 ‘ 3754 ‘ 3754 3 40—
G T f‘l-’ a - T v v > 7 v 3
7 T . 7]
77 V77
% —#3Bars @ 10"clc -#3Bars @ 10"clc é # 3 Bars @ 10"clc #3 Bars @ 10"clc
kgt L= 160" g L= 160"
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 . .,
hmin'40 = m X 12 = 10.9 — Take h = 18 | 27 9"
' |
|
Now, T
5"
by +6hy =12+ 16 x 5 = 92" '
S 15.5"
— wo .
br, = leastof L b, + > = Not applicable 13" A, |
Ly 15.875 ) O
— bw+ﬁ_12+ 17 X 12 =279 .\
br, = 27.9" 127
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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

w= 2208 75) 0150 = 0163 K/t
B 144 ' R /

Now,
Wu,beam = Wy stab X by + 1.25W

By putting values
Wy peam = 0.211 X 5 + 1.2(0.163)

Wy peam = 1.25 k/ft

FFFFFFFFFFFFFFFFrF

FIIIIIIII SIS IS

>l <

<« 1y =8875 —

poole by 8875 11
‘T2 27 2 27 77
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Design of Typical Single Story House

O Solution
<+ Beam Design

> Step 3: Analysis

w, = 1.25 k/ft
w1, 12 115w, 7 /2
v L ACI Shear
L1Sw, 1, /2 w,1,/2| Coefficients
Voo = 8.34 K
7
157
Voo = 9.61 K
1/11 1/11 ACI Moment
0 1/9 |1/9 0 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
M d b A Ay A
o _ _ _S S Smax A, Detailing
(in-kip) (in.) (in.) (in?) (in?) (in?)
343.66 (+) 15 27.875 0.43 0.60 2.42 0.60 3-#4
420.03 (-) 15 12 0.44 0.60 2.42 0.60 3-#4
Shear Design Summary
Location V, (@ d)(kip) PV, (kips) Spax (IN) Detailing
Exterior 8.34 14.78 7.5" 2-legged #3 @7.5" c/c
Interior 9.61 14.78 7.5" 2-legged #3 @7.5" c/c
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Design of Typical Single Story House

O Solution
<+ Beam Design

> Step No 5: Drafting

A B} B < A
[ 1 1 l-8ll i
#3 @ 7.5"clc #3 @ 7.5"clc
L=15-10.5" 15'-10.5"
2 a4 B . 1B A %
‘ I—2— #4 bars ‘ |—3— #4 bars
.% o % 5 & e e
#3@7.5"clc #3@7 5"clc
13" 13"
@ e &+ 3-#4 bars @ o &+ 34#4bars
- |%12"%| o |%12"ﬁ|
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

wy = 1.25 k/ft

l;z,.:m.srs' %;z,,ﬂs.ars' H

wyl /2 115wy ilp/2
) L ACI Shear
115wy /n /2 wyln/2| Coefficients

P,=11.41x2=2282Kkip

> Step 3: Longitudinal Reinforcement

V(o= 8.34 k

Assuming the column as concentric, the | | _%4

Viginy = 9.

axial capacity is given by:

a@P, = 0.8 X 0.65[0.85f/(Ag — As¢) — Astfy]
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Design of Typical Single Story House

1 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

1 Solution

+ Column Design

> Step 4: Determination of Spacing for Shear Reinforcement

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

. vy =0.22 x60,000/ (50x12) = 22.0"

50b
Ay
i ﬁ = 0.22 x 60,000 / (0.75v/3000 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

2 g L
+ Column Design
> Step 5: Drafting - Beam
A
A
<— #3@8" c/c
18"
! <—8- #4 bars
< e
Section A-A
#3@38" c/c
4 - #4 bars
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Design of Typical Single Story House

O 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." = 3ksiand f;, = 40 ksi.

e Design slab and beams of one of the floors.

4 spans @ 25'-0"

3D Model

.0-02 © sueds ¢

* All beams are 14" x 20"
e All columns are 14" x 14"

Floor Plan
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J 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" r

Superimposed Dead load : Nil Em |

Live load: 144 psf | | II ! I B
f, =3ksi & f, =40 ksi ' |

1 Required Data

Design slab and beams of one of the floors
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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 a = 1.2(0.0875) = 0.105 ksf

W, = 1.6(0.144) = 0.230 ksf

W, = 0.105 + 0.2304 = 0.335 ksf
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1 Solution

\/
0.0

» Step 3: Analysis

Complete analysis of the slab is done by analyzing four panels

Prof. Dr. Qaisar Ali

Slab Design

4 spans @ 25'-0"
le Sl Sle Sle N
I e i o =
| Panel I i Panel 111 i Panel 111 i Panel I i
i Panel 11 i Panel IV i Panel IV i Panel 11 E
i Panel | i Panel I1I i Panel I1I i Panel | i

IS

,0-,0Z ®© sueds ¢
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J Solution
Panel - |

o Slab DeSig n Table A1: Coefficients (C, y...i.) For Negative Moment in Slab along Short Direction

» Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.000 0.086 0.000 0.4o4 0.090 0.097 0.000 0.089 0.088

= Moment Coefficients

0.55 0.000 0.084 0.000 0.4o2 0.089 0.096 0.000 0.085 0.086

0.60 0.000 0.081 0.000 0.489 0.088 0.095 0.000 0.080 0.085

0.65 0.000 0.077 0.000 0.485 0.087 0.093 0.000 0.074 0.083

[Ca,neg - 0.0710].076

0.70 0.000 0.074 0.000 0.481 0.086 0.091 0.000 0.068 0.081

.076 O,E

0.75 0.000 0.069 0.000

76 0.085 0.088 0.000 0.061 0.078

0.80 6-666 6665 caeon g 0.071 0.083 0.086 0.000 0.055 0.075

0.85 0.000 0.060 0.000 0.066 0.082 0.083 0.000 0.049 0.072

0.90 0.000 0.055 0.000 0.060 0.080 0.079 0.000 0.043 0.068

0.95 0.000 0.050 0.000 0.055 0.079 0.075 0.000 0.038 0.065

1.00 0.000 0.045 0.000 0.050 0.075 0.071 0.000 0.033 0.061

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka
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J Solution
Panel - |

o Slab DeSig n Table A2: Coefficients (Cy, yqiv.) FOr Negative Moment in Slab along Short Direction

> Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.000 0.006 0.022 0.4o6 0.000 0.000 0.014 0.010 0.003

= Moment Coefficients

0.55 0.000 0.007 0.028 0.qos 0.000 0.000 0.019 0.014 0.005

0.60 0.000 0.010 0.035 0.411 0.000 0.000 0.024 0.018 0.006

Caneg = 0.0710.076

0.65 0.000 0.014 0.043 0.415 0.000 0.000 0.031 0.024 0.008

0.70 0.000 0.017 0.050 0.419 0.000 0.000 0.038 0.029 0.011
[Cb,neg = Oozg(ﬂ'076 0.75 0.000 0.022 0.056 0.324 0.000 0.000 0.044 0.036 0.014
0.80 6-666 8-62+ 8-66+> 0.000 0.000 0.051 0.041 0.017

0.85 0.000 0.031 0.065 0.034 0.000 0.000 0.057 0.046 0.021

0.90 0.000 0.037 0.070 0.040 0.000 0.000 0.062 0.052 0.025

0.95 0.000 0.041 0.072 0.045 0.000 0.000 0.067 0.056 0.029

1.00 0.000 0.045 0.076 0.050 0.000 0.000 0.071 0.061 0.033

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka
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J Solution
Panel - |

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

> Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.095 0.037 0.080 0.459 0.039 0.061 0.089 0.056 0.023

= Moment Coefficients

0.55 0.088 0.035 0.071 0.456 0.038 0.058 0.081 0.052 0.024

0.60 0.081 0.034 0.062 0.453 0.037 0.056 0.073 0.048 0.026

Caneg = 0.0760.076

0.65 0.074 0.032 0.054 0.450 0.036 0.054 0.065 0.044 0.028

070 | 0068 | 0030 | 0046 | o0das | 0035 | 0051 | 0058 | 0040 | 0.020
Cb,neg = 0.0290.076 075 | o061 | 0028 | 0040 | 043 | 0033 | 0048 | 0051 | 0036 | 0.031
0.80 H—e-856——6-826——6-634> 0032 | 0045 | 0045 | 0032 | 0.029

[Ca,pos,dl = 0.0399.076 0.85 0050 | 0024 | 00290 | 0036 | 0031 | 0042 | 0040 | 0020 | o0.028
090 | 0045 | 0022 | 0025 | 0033 | 0020 | 0039 | 0035 | 0025 | 0.026

0.95 0.040 0.020 0.021 0.030 0.028 0.036 0.031 0.022 0.024

1.00 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka
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J Solution
Panel - |

o Slab DeSig n Table A4: Coefficients (C, ,) For Live Load Positive Moment in Slab along Short Direction

> Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.095 0.066 0.088 0.477 0.067 0.078 0.092 0.076 0.067

= Moment Coefficients

0.55 0.088 0.062 0.080 0.472 0.063 0.073 0.085 0.070 0.063

0.60 0.081 0.058 0.071 0.4e67 0.059 0.068 0.077 0.065 0.059

Caneg = 0.0710.076

0.65 0.074 0.053 0.064 0.4e2 0.055 0.064 0.070 0.059 0.054

070 | 0068 | 0049 | 0057 | ods7 | 0051 | 0060 | 0063 | 0054 | o0.050

Cb,neg = 0.0290.076 075 | 0061 | 0045 | 0051 | o¥2 | 0047 | 0055 | 0056 | 0049 | 0.046
0.80 —6-656——6-6u+——0-6u5> 0.044 | 0051 | 0051 | 0044 | 0042

Ca,pos,dl = 0.0390.076 085 | 0050 | 0037 | 0040 | 0043 | 0041 | 0046 | 0045 | 0040 | 0.039
090 | 0045 | 0034 | 0035 | 0039 | 0037 | 0042 | 0040 | 0035 | o0.036

[Ca,pos,ll — 0_048q_076 095 | 0040 | 0030 | 0031 | 0035 | 0034 | 0038 | 0036 | 0031 | 0032
100 | 0036 | 0027 | 0027 | 0032 | 0032 | 0035 | 0032 | 0028 | 0030

m=1,/l, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka
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J Solution
Panel - |

o Slab DeSig n Table A5: Coefficients (C, ,) For Dead Load Positive Moment in Slab along Long Direction

> Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.006 0.002 0.007 0.4o4 0.001 0.003 0.007 0.004 0.002

= Moment Coefficients

0.55 0.008 0.003 0.009 0.4os 0.002 0.004 0.009 0.005 0.003

0.60 0.010 0.004 0.011 0.qo7 0.003 0.006 0.012 0.007 0.004

Caneg = 0.0710.076

0.65 0.013 0.006 0.014 0.4o9 0.004 0.007 0.014 0.009 0.005

070 | o016 | 0007 | o016 | od11 | 0005 | 0009 | 0017 | 0011 [ o0.006
Cb,neg = 0.0290.076 075 | 0019 | 0009 | o018 | o3 | 0007 | 0013 | 0020 | 0013 | 0.007
0.80 P—6-629——6-6+——0-026-> 0.009 | 0015 | 0022 | 0015 | 0010
Ca,pos,dl = 0.0390.076 085 | 0026 | 0012 | 0022 | 0019 | 0011 | 0017 | 0025 | 0017 | 0013
090 | 0029 | 0014 | 0024 | 0022 | 0013 | 0021 | 0028 | 0019 [ 0015
Ca,pos,ll — 0.0480.076 095 | 0033 | 0016 | 0025 | 0024 | 0015 | 0024 | 0031 | 0021 [ 0017
100 | 003 | 0018 | 0027 | 0027 | 0018 | 0027 | 0033 | 0023 | 0.020

[Cb,pos,dl = 0-016?-076 m =1,/1, = 18.83/23.83 = 0.78 = 0.80
Slab Case =4
Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka
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J Solution
Panel - |

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

> Step 3: Analysis

m Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

0.50 0.006 0.004 0.007 0.4os 0.004 0.005 0.007 0.005 0.007

= Moment Coefficients

0.55 0.008 0.006 0.009 0.qo7 0.005 0.006 0.009 0.007 0.006

0.60 0.010 0.007 0.011 0.4os 0.007 0.008 0.011 0.009 0.007

Caneg = 0.0710.076

0.65 0.013 0.010 0.014 0.411 0.009 0.010 0.014 0.011 0.009

070 | 0016 | 0012 | 0016 | od14 | 0011 | 0013 | 0017 | 0014 | 0.011
Cb,neg = 0.0290.076 075 | 0019 | 0014 | 0019 | ode | 0013 | 0016 | 0020 | 0016 | 0013
0.80 H—e-829——6847——o-620 0016 | 0019 | 0023 | 0019 | 0017
Ca,pos,dl = 0.0390.076 0.85 0026 | 0019 | 0024 | 0023 | 0019 | 0022 | 0026 | 0022 | 0.020
090 | 00290 | 0022 | 0027 | 0026 | 0021 | 0025 | 0020 | 0024 | 0.022
Ca,pos,ll — 0.0480.076 095 | 0033 | 0025 | 0020 | 0020 | 0024 | 0020 | 0032 | 0027 | 0.025
1.00 | 003 | 0027 | 0032 | 0032 | 0027 | 0032 | 0035 | 0030 | o008

Coposar = 0.0160.076 _; /1 _ 18.83/23.83=0.78 = 0.80
Slab Case =4
[Cb,pos,ll = 0.020(%.076 Wy a = 0.105ksf W, ;; = 0.230ksf and W, = 0.335ksf

Prof. Dr. Qaisar Ali CE 416: Reinforced Concrete Design — Il 74



Updated: Nov 02, 2023  Department of Civil Engineering, University of Engineering and Technology Peshawar, Pakistan

Design of Three-story Commercial Building

O Solution 20 g 2907
N R ':'"‘
0:0 Slab DeSign :2 i Panel - | i Panel = 1ll i (
» Step 3: Analysis (Panel - ) K e =
m=1,/l, = 18.83/23.83 =0.78 = 0.80 ) Panel - Il Panel - IV 2
Slab Case =4 v """""" """""" J

Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka

Coefficients Moment formulae Monzfnn:(i\‘lja;lues
Caneg = 0.071 Mg neg = Ca,negWulaZ 101.32
Chneg = 0.029 Mp neg = Cb,negWule 66.28
Capos,ar = 0.039 y Wl - 1

a,pos = a,pos,dlV’u,dlta a,pos,llVVu,ll*a -
Ca,pos,ll - 004‘8
Cb,pos,dl - 0016 2 5
My pos = Copos,daitWu,ailb”™ + CopositWauulp 42.85
Cb,pos,ll == 002
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O Solution 20 g 2907
N R ':'"‘
0:0 Slab DeSign :2 i Panel - | i Panel = 1ll i (
> Step 3: Analysis (Panel - Il) K e =
m=1,/l, = 18.83/23.83 =0.78 = 0.80 ) Panel - Il Panel - IV 2
Slab Case =9 v """""" """""" J

Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka

Coefficients Moment formulae Monzfnn:(i\‘lja;lues
Caneg = 0.075 Mg neg = Ca,negWulaZ 107.03
Cb,neg = 0.017 Mb,neg = Cb,negWule 38.85
Capos,ar = 0.029 y Wl - 113

a,pos = a,pos,dlV’u,dlta a,pos,llVVu,ll*a -
Ca,pos,ll - 004‘2
Cb,pos,dl - 001 > 5
My pos = Copos,daitWu,ailb”™ + CopositWauulp 33.85
Cb,pos,ll == 0017
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O Solution 20 g 2907
N R ':'"‘
0:0 Slab DeSign :2 i Panel - | i Panel = 1ll i (
> Step 3: Analysis (Panel - Il K e =
m=1,/l, = 18.83/23.83 =0.78 = 0.80 ) Panel - Il Panel - IV 2
Slab Case =8 v """""" """""" J

Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka

Coefficients Moment formulae Monzfnn:(i\‘lja;lues
Caneg = 0.055 Mg neg = Ca,negWulaZ 78.49
Chneg = 0.041 Mp neg = Cb,negWule 93.71
Capos,ar = 0.032 y Wl - s

a,pos = a,pos,dlV’u,dlta a,pos,llVVu,ll*a -
Ca,pos,ll - 004‘4
Cb,pos,dl - 0015 2 5
My pos = Copos,daitWu,ailb”™ + CopositWauulp 40.56
Cb,pos,ll == 0019
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O Solution 20 g 2907
N R ':'"‘
0:0 Slab DeSign :2 i Panel - | i Panel = 1ll i (
> Step 3: Analysis (Panel — IV) K e =
m=1,/l, = 18.83/23.83 =0.78 = 0.80 ) Panel - Il Panel - IV 2
Slab Case =2 v """""" """""" J

Wu,dl = 0105ka Wu,ll = 0230k5f and Wu = 0335ka

Coefficients Moment formulae Monzfnn:(i\‘lja;lues
Caneg = 0.065 Mg neg = Ca,negWulaZ 92.76
Chneg = 0.027 Mp neg = Cb,negWule 61.71
Capos,ar = 0.026 y Wl - .

a,pos = a,pos,dlV’u,dlta a,pos,llVVu,ll*a -
Ca,pos,ll - 004‘1
Cb,pos,dl - 0011 2 5
My pos = Copos,daitWu,ailb”™ + CopositWauulp 34.56
Cb,pos,ll == 0017
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O Solution
«+ Slab Design
> Step 3: Analysis

Summary of Analysis
Moment Values (in. kip/ft)
Location
Panel - | Panel - I Panel - 1l Panel - IV
Mg neg 101.32 107.03 78.49 92.76
My neg 66.28 38.85 93.71 61.71
Mg pos 64.48 54.13 57.43 51.81
My, 1os 42.85 33.85 40.56 34.56
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O Solution
«+ Slab Design
» Step 3: Analysis

l 25-0" Sle 25-0" N
|\ /I\ ,l
—— [ NEEEEEEEEEEEEPEPEEE = PR
i i :
1 : 1
4 | 64.48 ' 03,71 57.43 I
] : ! . 1
| 4285 0028 4056 2371 i
: l |
1 : 1
! 101.32 : 78.49 !
/228 e s DR Ft ]
N |
: 107.03 : 92.76 |
1 1
| 1 |
c ! 54.13 ! 51.81 !
= : 38.85 [![61.71 61.71| 1
N I 33.85 | 34.56 ! NOTE
1 1
1 1 1 . . . .
! 107.03 ! 92.76 ! All values are in in.Kip/ft
725 e [ » White values: Long Direction Moments
| 1 T
: : : ‘// * Yellow values: Short Direction Moments
-~ 44—
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O Solution
«+ Slab Design
> Step 4: Determination of Steel Area

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

e As a result, 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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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— ()=6.05><10‘3in.

f'b 3% 12
Now,
A M . 0.005 in?/ft
s = N —+ — V. n
09f,(d=3) 0.9 x40 (6 _ 605 . 10 )
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O Solution
«+ Slab Design

> Step 4: Determination of Steel Area

=  For Positive Moments in Short Directions

Agmin = 0.0018(12)(7) = 0.151in?/ft__

|
Smax = 2h or 18" =14"c/c § g |
1| i i
Mu As = 0005Mu Sreq Flnal S N ' : 1
. . . 2 . : 1 1
(in.kip/ft) (in®/ft) using #4 ! 101.32 : 78.49 !
64.48 0.32> Ag i 7.5" 7" e A-------------o- S EEE
: : e : ! 107.03 ! 92.76 !
54.13 0.27> Asmin 8.9" 7" S ! ! :
5743 | 0.29>A.mm | 83" 7" Q| | |
51.81 0.26> Agmin 9.2" 7" \! : 107.03 H 92.76 H

g‘
|
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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

. 25-0 Sl 25-0 N|
Asmin = 0.0018(12)(7) = 0.151in?/ft__ e N C—
Smax = 2h or 18" =14"c/c 1 g |
q | 64.48 : 57.43 :
' M" Ag ='02. 005M,, ~_5'req Final S N E Take Max. Value E Take Max. Value i
(in.kip/ft) (in®/ft) using #4 \ : m : m i
| 0.54> A 4 : o B ST CEEEREE EEES = EEET SEREEES T
107.03 smin | 44 4 TR e T an |
92.76 0.46> Ag min 5.2" 4" ol | | |
o | 54.13 - 51.81 -
D : :
i @ E 92.76 i
2 I-———-\{yz-----? ————— N~ - ———}/————?-———
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Design of Three-story Commercial Building

O Solution
«+ Slab Design

> Step 4: Determination of Steel Area
» For Positive Moments in Long Directions

Asmin = 0.0018(12)(7) = 0.151in2/ftT

Smax = 2h or 18" =14"c/c

20'-0
o)
o
)
©
©
w
-
—
©
w
N
—

inkipife | i usiSr:ge:]q#4 Final §
42.85 | 021> Agmm | 114" 10 | K -------------------- =EEEEErreeee
40.56 0.202> Agmin | 11.88" 10" =]
33.85 0.17> Agmin 14.1" 10" & i 38.85 E 61.71 61.71E

§
j
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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

e 25-0 Sle 25-0 N|
— — ) IS ZIS 21

Aslmin — 00018(12)(7) = 0.151in /ftT ___________________________________ = —
n : : Take Max. Value |1
Smax = 2h or 18" =14"c/c 10 1°¢ |
3| 42.85 (66.28|1] 93.71) 40.56 @}
M, o = G UIDE, Sreq Final S T | : :
(in. kip/ft) (in?/ft) using #4 ; | !

V B P ———— oy g

93.73 0.47> Agmin 5.1" 4" s ; r--4
: ! Take Max. Value |!
61.71 0.31> Ag min 8.1" 7" o | . .
2 | 33.85 (38.85|;|61.71) 34.56 @)

V2N o spepepepepepeppepepe = pepepepe g ——————— oy
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1 Solution

\/
0.0

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:

e 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

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

I 25-0 L 25-0 N|
[~ T “1
_________________________________________ _1l___ _\
O A 5 A
(@ ! : 1
é A ~‘— B C i —1—B C :
i c | c |
V | o _ 1 __________C 1________|_-________ N _}
Y : |
Nt A | A !
o ! : 1
sl A 1B o T—B C
NV o ___J-----—_—__C i [ A - ___-
b
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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

12 nw ===t ccc-c----c--o-oooooo-

=

.

* 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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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"
- i i i T | T N || R (] E— /AN
LOad In Shorter DIreCtlon T | Pangll Panel IlI Panel Il Panell [
wyl wyl c w
= Mt 5 W g e e e X
a i i i : il | a
. . . . | Panglll || Pane[IlV || PanellV || Panelll ||| @
= Load in Shorter Direction I S S 1 i\ I 1y
< ! ' éi
_ W_ul W + W_ul W ® | Pangll Pane] Ill Panel Ill Panel | | )
2 b 2 b Al; ! SN N | S I ] O Vv
I( Longer Direction >
NOTE:

W,=1-W, ; where W, is NOT equal to 1. It is specified by ACI Table
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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,
w, | wy,l 0.336 X 20 0.336 X 20
—— Wapanet + — Wapanei-11= x0.71 + X 0.83
2 2 2 2
Load on By =5.17k/ft
CE 416: Reinforced Concrete Design — I 91
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1 Solution

<+ Beam Design

e Load On Beams from coefficient tables Panel |
' ' 4 spans @ 25'-0" ' .
BZ |< >|< >|< >|< >|
Table: Load on beam in Panel |, using — gl ——--------- ——-------- N
Coefficients i i i
(w,, = 0.336 ksf) i i o
. 1| o
W;?tsr:a(gs) loaddue| Bl N VYVYwVwPy ] I | I ' _)(_8
Beam| -ength panel | W, | Wy to slab, ! ! ' ' || 2
(ft) Ww,bs | ! | | || &
supported I I I I I
(k/ft) I I I I I
by beam 1 1 1 1 1 @
B1 |[] : ! ! !
B1 | 25 10 Jor| - | 239 | —— e e iy
B2 | 25 10 |o71| - 2.39 éi
B3 20 12.5 - 029 1.22 ! : b
B4 20 12.5 - o029 122 B2 W m W .V
B4 B3 B3 B3 B4
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1 Solution

<+ Beam Design

e Load On Beams from Coefficient Tables Panel Il

BZ ,( >,< 1< rd|
Table: Load on beam in Panel |, using el B et - - N
Coefficients i i i i i
w, = 0.336 ks ' I I I !
e = | | | ||
. B1 | I I = | v%
Width (bs) Loaddue| — Mty s - A ©
Length of slab to slab ! ! ! -
Beam g panel | W, | W, ’ , : : || »
(ft) supported Wwybs ! ! !
PP (k/ft) : ! ! 1 ®
by beam B1 I I 1
= M v e b HY N
| —“NO
B1 | 25 10 |o083| - | 278 | &
B3 20 12.5 - o017 | 0714 ! 5 B
B4 20 12.5 - 1017 | 0.714 B2 | W b V.
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

\/
0.0

Beam Design

Table: Load on beam in Panel |, using

Coefficients
(w, = 0.336 ksf)
Width (bs) Load due
Lenath of slab to slab
Beam IN panel | Wa | W, ’
() Wwybs
supported (k/ft)
by beam
B1 25 10 0.55 1.84
B2 | o5 10 | 0.55 1.84
B3 20 12.5 - [045] 1.89

Prof. Dr. Qaisar Ali

B2

B1

B1

B2

e Load On Beams from Coefficient Tables

Panel Il

4 spans @ 25-0"
/|\ 7|

l

/l\

,0-0¢ @ sueds ¢

CE 416: Reinforced Concrete Design — Il

Nle
A — . — A —
! . ! !
1 ] 1
: I :
: | | i
i | :
| | | | |
1 1 1 1 1
1 1 1 1 1
] 1 1 1 1
B4 B3 B3 B3 B4
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1 Solution

\/
0.0

Beam Design

Table: Load on beam in Panel |, using

Coefficients
(w, = 0.336 ksf)
Width (bs) Load due
Lenath of slab to slab
Beam IN panel | Wa | W, ’
() Wwybs
supported (k/ft)
by beam
B1 25 10 0.55 1.84
B2 | o5 10 | 0.55 1.84
B3 20 12.5 - [045] 1.89

Prof. Dr. Qaisar Ali

B2

B1

B1

B2

e Load On Beams from Coefficient Tables

Panel IV

/l\

,0-0¢ @ sueds ¢
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sNe
— r—
i i i i
: | | I
: | | |
: I | :
i | | |
| ' | |
1 1 1 1
1 1 1
1 1 1 1
B4 B3 B3 B3 B4
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1 Solution

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

l = <o <o N
B2 230w [ 184Wm | i 1K\
1 | | | |
1 T | | |
1.22 |i 1.22 k/ftl1| 1.89 k/ft 111.89 ki/ft i !
kAt | : ! ! !
| 230w\ || /.84 kit | | |
Bl — [k e S B Lt  EEEEEEEEEEEEEEs 1% ©@
! 2.77 k/f ! 2.39 k/f ! ! ! %
1 1 1 1 m
0.71 |! 0.71 k/fl1[1.22 K/f 1[1.22 k/ft : || 3
Kift | ' ) ! ! Nl @
No277kt || 239wt | ! IRE®
Bl — [ §ECEECEEEEEEEEEEEE NECEECEEEEECEEEEEr SECEEEECEECEEEECEE 1=K no
! ! ! ! ! Q
i | | | R
- | I | | | 1R
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

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

le Sle Sle Sle |
B2 23owr [ 184Wr | i 1K
1 | | | !
1 | | | !
122 || 3.11 kift| | 3.11 kit | 5
kit |: | : | :
| 5.16 kift i 423 k/ift | i |
Bl — e e o i
: : : : | | ©
| | | | 1 Q
0.71 |i 1.93 k/ft || | 1.93 kit : : ?
Wit | | | | 11 ®
: 516 kift |, 4.23k/ft |, : 1R
Bl - T e r— — — 1 A/e ?
: : : | 1l Q
B2_ S S S ——— B —— ! _\/_
B4 B3 B3 B3 B4
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Design of Three-story Commercial Building

1 Solution

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

sle Sle S|

sle
B2 — T T T—— T—— Y
1 T 239Kkrt || 184K | ; 1K\
) : : : | ;
20 122 || 3.11 kift| | 3.11 kit | |
l kit | | : | |
. | 5.16 k/ft i 4.23 kift | i !
l—14"—| B] — Ml § EECEEEEEEEEEEEEEE § EECEEEEEEEEEEEEE  EECEEEEEEEEEEEEEE 1Y w
| I | | I wn
| | : | | 1l
Self weight of beam 74 | 1.93 K/t |! ' 1.93 kit : || 2
k/ft 1 1 1 1 1
14x13 ! ! ! ! '
=12 x 8 % 0.15 | saewtt || a23wm | | || @
____________________________________________________________________ =)
Bl — T T T T T /e N
= 0.23 kip/ft ; | | | ] <L
! ! ! ! ! Q
Adding this with the ! | | | i =
calculated loads on | | | i |
I L R L p T Al e A
B2
beams:
B4 B3 B3 B3 B4
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1 Solution

L X4

B2 —

1.45 k/ft

B1—

0.94 k/ft

B1—

B2—

Prof. Dr. Qaisar Ali

4 spans @ 25'-0"

» Beam Design (after including self-weight)

I\

N
,0-0C © sueds ¢

CE 416: Reinforced Concrete Design — Il

I~ >|\ 1< > < —>|
| 262wt ||| 207w
1 | 1
i || 3.34 it i | ;
| sagwt || 446kt | | 5
1| 2.16 it
i | | | i
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O Pictures of a Multi-story Commercial Building

:‘m;' ‘“‘rul

i’ﬁ;ﬂ' Bt
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d Example 4.3

Homework

e Design the given slab system using the data provided.

Slab thickness, hf = 6in.

SDL = 60 psf
LL = 40 psf
fi = 3 ksi

fy = 60 ksi

Prof. Dr. Qaisar Ali

4 spans @ 25'-0"

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

le SNle SNle SNl N
I D b e ———
Panel 1 Panel II1 Panel II1 Panel I
i Panel 11 i Panel IV i Panel IV i Panel 11 E
| Panel 1 Panel III Panel 111 Panel I |t

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