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6.3.4 Examples:
Example (1):

The various axial loads for a building column have been computed according to the
applicable building code with the following results:

dead load = 850 kN, load from roof = 250kN (roof live load), live load from floor = 1100
kN, compression wind = 350 kN, tensile wind = 290 kN, compression earthquake = 260 kN,
and tensile earthquake = 300 kN.

Determine the ultimate load on the column.

Solution:

D =850 kN, F/=0kN, 7’= 0 kN, L = 1100 kN, Z, = 250 kN, H=0kN, S=0kN, R =0
kN, W= +350 kN (Compression) and -290 kN (Tensile), £ = 4260 kN (Compression) and
-300 kN (Tensile). After including all zero values of the loads in the load combinations, and

expanding the equations to their permutations, the equations are reduced to:

1.4D
1.2D +1.6L +0.5L,

1.2D +1.6L, +L
1.2D +1.6L, +0.5W
1.2D +1.6L, +0.5W

tension

compression

1.2D +1.0W
1.2D +1.0W

+1.0L +0.5L,
+1.0L +0.5L,

tension

compression

1.2D +1.0L

09D +1.6W
09D +1.6W

tension

compression

0.9D +1.0E
0.9D +1.0E

tensile

compression
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Substituting numerical values will lead to:

1.4(850) =1190 kN
1.2(850)+1.6(1100) +0.5(250) =[2905 kN
1.2(850)+1.6(250) +(1100) =2520 kN
1.2(850)+1.6(250) +0.5 (~290) =1275 kN
1.2(850)+1.6(250) +0.5 (350) =1595 kN
1.2(850)+1.0(=290) +1.0(1100) +0.5(250) =1955 kN
1.2(850)+1.0 (350)+1.0(1100) +0.5(250) =2595 kN
1.2(850)+1.0(1100) =2120 kN
0.9(850)+1.6(-290) =301 kN

0.9(850)+1.6 (350) =1325 kN
0.9(850) +1.0(~300) =465 kN

0.9(850) +1.0(260) =1025 kN

The ultimate load on the column = 2905 kN
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Example (2):
For the floor plan shown in the figure (1), if D = 3.4 kN/m? and L = 2.4 kN/m?, find the
ultimate loads on:

e Columns A4, B3, and C4

e Beams B1 — C1 and C2 — D2
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Figure 6-5: Floor plan for Error! Reference source not found.

Solution:
Column A4:

A =6x5=30m’

Column A4 is a corner column without cantilever slab 2> A7, = 1
A, =K, xA; =1x30=30m’

A; < 37.2 m? = No Reduction

P, =(1.2D +1.6L)xA, =(1.2(3.4)+1.6(2.4))x30=
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Column B3:

A; =10x12 =120m’

Column B3 is an interior column 2 A, = 4
A =K, xA, =4x120=480m’

A;> 37.2 m? 2 Apply live load reduction

L=L, [0.25 +4ﬂJ = 2.4(0.25 - ﬂ} =1.1kN/m’

JA, /480
P, =(1.2D +1.6L)xA, =(1.2(3.4)+1.6(1.1))x120 =[700.8kN]|

Column C4:

A, =5x12=60m’

Column C4 is an exterior column without cantilever slabs > A7, = 4
A =K xA; =4x60=240m’

A;> 37.2 m? > Apply live load reduction

A Ne)

P, =(1.2D +1.6L )xA, =(1.2(3.4)+1.6(1.31))x60 =

L:LO£0.25+ﬂ}2.4(0.25+ﬂj=1.31kwm2

4.57 4.57
L =L,|025+——|=24]025+——— |=1.31kN/m’
( JA ] ( \/240j
Beam B1 - Cl:

A :(12;2jx5=35m2

Beam B1 — C1 is an edge beam without cantilever slabs 2> K, = 2
A =K xA, =2x35=70m’
A;> 37.2 m? > Apply live load reduction

L=L, Lo.zs +4ﬂJ - 2.4(0.25 +ﬂ] —1.89kN/m?

A N
W, =(1.2D +1.6L)x L d=(1.2(3.4)+1.6(1.89))x5 =

Extra: Approximation of trapezoidal load as a uniformly distributed load
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| |

t -®

| L |

w=35.52 kN/m? x=5m
2 2
azl—l(z—xj =1—l[@j = 0.769 B=1-X_1-2 _0583
3L 3012 L 12

Equivalent uniformly distributed load for bending moment:
We =W =(0.769)(35.52) =27.31 kN/m
Equivalent uniformly distributed load for shear force:

w,, = Aw =(0.583)(35.52) =20.72 KN/m

W'eq:27.31kN/m I/Veq:20.72kN/m
LTI T ol LTI T Ig
} 2m —t } 2m ——t
Beam C2 - D2:
AT=2><(12+2}<5:70m2

Beam C2 — D2 is an interior beam 2> K7; = 2
A| :KLL ><A,r =2x70=140m"

A;> 37.2 m? > Apply live load reduction

L=L, (0.25 +ﬂ] - 2.4(0.25 +4'ij —1.59kN/m”

JA V140
W, =(1.2D +1.6L)x L d=(1.2(3.4)+1.6(1.59))x5 =

Extra: Approximation of trapezoidal load as a uniformly distributed load

0
gl

d

N

L
w=33.2kN/m? x=5m
2 2
2(5
wo1 M2 1 2G)) 76 B=1-X_1-2 _0583
3L 3012 L 12

Equivalent uniformly distributed load for bending moment:
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Wy =W :(0.769)(33.12) =25.47 kKN/m
Equivalent uniformly distributed load for shear force:

w,, = w =(0.583)(33.12) =19.31 kN/m

Wey = 25.47 kKN/m Weg = 19.31 kKN/m
QLTI IO 0] S LITTTTTTTITITITITITITITT T 0L
I 2m — } 2m —

Example (3):
For the 2* floor plan shown in the figure below, assuming all slabs are 10 cm thick and:
e Concrete density (p) = 25 kN/m?
e Mechanical, Electrical, and Piping = 0.60 kN/m?
e Ceiling system = 0.30 kN /m?
¢ Roofing = 0.20 kN/m?
e Flooring = 0.35 kN/m?
1- Find the “ultimate load” on columns (A1), (B4), (C2)
2- Find the “ultimate load” on beams (A3 — A4), (C1 — C2), (B3 — C3)

O, © O,

8m 2m I 8m
®
Principal Main o
Office Library
-
[=
= B
£ ®
Computer S| Main Dining -
Lab S Room
=
3 ©
a
Classroom Classroom 6 m

Figure 6-6: Floor plan for Error! Reference source not found.
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Solution:
Dead load calculation:

>D= (25kN/m3 x%mj +0.60+0.30+0.35=3.75kN/m’

Summary of live load values from ASCE-T:

Occupancy Live load (kN/m?)
Office 2.40
Computer Lab 4.79
Classroom 1.92
Corridor above first floor 3.83
Library (reading room) 2.87
Dining room 4.79

Column Al:

A =4x3=12m’

Column Al is a corner column without cantilever slab > A7, = 1
A =K xA, =1x12=12m’

A; <37.2 m? = No reduction

P, =(12D +1.6L)xA, =(1.2(3.75)+1.6(2.4))x12 =[100kN]|

Column B4:

Ar Liv =3x4=12m’

Column B4 is an exterior column without cantilever slabs =2 Az, = 4
Al =K XA =4x%x12=48m?

A;> 37.2 m? > Apply live load reduction

L=L, (0.25 +4ﬂJ = 2.87(0.25 +ﬂJ =2.61kN/m’

Y Vs
Poiw=(1.2D +1.6L)xA, ;, =(1.2(3.75)+1.6(2.61))x 12 =[104.10kN]

Note: No reduction is allowed for dining room love load (ASCE-T7)
A . =3x4=12m’=A

| Din

Puom =(1.2D +1.6L)xA, , =(1.2(3.75)+1.6(4.79))x 12 =[145.97kN]

> P, =P, + Py, =104.10+145.97 ~ [250kN]

Column C2:
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A Comp = Ar (s =3 x4 = 12m?
ATCorr :1X6=6m2

Column C2 is an interior column 2 Az = 4

A =A| e =4x12=48m’

| Comp

A =4x6=24m">

| Corr

Arcomp, Arcass > 37.2 m? = Apply live load reduction
Arcor < 37.2 m? 2 No live load reduction

L(025+457] 479(025+457J 4.36kN/m*

A as

457}—1 92[025+457j—1.75kN/m2

Lo =L, 025+
Class ( \/K m

Lo =L, =3.83kN/m’

Class

Pucom = (12D +1.6L)x A, ., =(1.2(3.75) +1.6(4.36)) 12 =[137.7kN]
P,ows =(1.2D +1.6L )% A, ¢, =(1.2(3.75) +1.6(1.75 )><12:

=(1.2D +1.6L)xA, ., =(1.2(3.75) +1.6(3.83)) x 6 =[63.77kN

L

Comp

u Corr

D Py =P, comp * Puctass T Pocon =137.7+87.6+63.77 ~[289kN

Beam A3 — A4:
2+8

A —( > ] x3=15m

A ., =1x6=6m’

Beam A3 — A4 is an edge beam without cantilever slab 2> KA, = 2

A =2x15=30m’

A; < 37.2 m? - No live load reduction

W, =(1.2D +1.6L)x Ld=(1.2(3.75)+1.6(2.87))x3 =[27.28kN/m]

Extra: Approximation of trapezoidal load as a uniformly distributed load
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w= 2728 kN/m? x=3m
2 2
2(3
w1 (2 1 26)) gi0s p=1-X 1220625
30L 31 8 L 8
Equivalent uniformly distributed load for bending moment:
W, =aw =(0.8125)(27.28)=22.17kN/m

Equivalent uniformly distributed load for shear force:

w,, = Aw =(0.625)(27.28)=17.051kN/m

Weg = 22.17 kN/m Weg = 17.05 kN/m
w LLTTTTOTTTTTTTTTOTIITITITR o LLITTTTTTTOTTTOTIOTTITITO TR

} 8dm —m—m—m—— —+— 8m }
Beam C1 — C2:

248
ATComp :AT Class :(Tj 3 :15m2

Beam C1 — C2 is an interior beam =2 K7 = 2

A A =2%x15=30m?

| Comp = M\ Class

Arcomp, Arcass < 37.2 m? < No live load reduction

W, comp =(1.2D +1.6L )x Ld =(1.2(3.75) +1.6(4.79) ) x3 =

uComp

W, e =(1.2D +1.6L )x L d=(1.2(3.75) +1.6(1.92))x3=[22.72kN/m

SW, =W, o W, 0, =136.49 +22.72 =

Extra: Approximation of trapezoidal load as a uniformly distributed load

t® T ®
[ N

L |
w=59.21 kN/m? x=3 m
2 2
2(3
azl—l(z—xj 2O gsi0s B=1-X 1230625
3L 308 L 3

Equivalent uniformly distributed load for bending moment:

w,, =aw =(0.8125)(59.21) = 48.11kN/m

€q

Equivalent uniformly distributed load for shear force:

W, =Aw =(0.625)(59.21)=37.011kN/m
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Weg = 48.11 kN/m Weg = 37.01 kN/m
o LTIl SEEEREEEERRRRRRRRNRRRRRRRRNETY
: 8§m ——t I 8m —
Beam B3 - C3:

A =1x6=6m’

T Corr
Beam B3 — C3 is an interior beam = K, = 2
As per ASCE-7, dining rooms - NO LIVE LOAD REDUCTION

A =2x6=12m?

| Corr
Arcor < 37.2 m?2 = No live load reduction
W, i = (1.2D +1.6L )x ld= (1.2(3.75) +1.6(4.79)) x3=36.49kN/m

W, ¢ =(1.2D +1.6L)x L d =(1.2(3.75)+1.6(3.38)) x 1 =[10.63kN/m|

Extra: Approximation of trapezoidal load as a uniformly distributed load

= r P
X | I
I I
t Mo
I L I
w = 36.49 kN/m? (Dining room load only), x = 3 m
: 2(3)Y
a:l—l(z—XJ 2O g1 p=1-X 1220625
3L L 30 8 L 8

Equivalent uniformly distributed load for bending moment:
w,, =aw =(0.8125)(36.49)=29.65kN/m
Equivalent uniformly distributed load for shear force:

W, = Aw =(0.625)(36.49)=22.81kN/m
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Weg = 29.65 kN/m Weq = 22.81 kKN/m
UL LITTTTTITTIITTIITIITT000d JITTITTITTIITIITIITIIT0Tg
+— tm —t +— 6m ——t
Weq = 10.63 KN/m + Weg = 10.63 KN/m
UL LITTTTTITTIITTIITIITT000d JITTITTITTIITIITIITIIT0Tg
+—— 6m ———— +—— 6m ———
Weg = 40.28 kN/m Weg = 33.44 kN/m
UL LITTTTTTTTITTIITIITT0I00d JITTITTITTITTIITIITIIT00Td
+— 6m —— S L

jo i 103 Dr. Alshaiji ©



College of Department of Civil CE 261
Technological Studies Engineering Technology Theory of Structures

6.4 Problems:

Question:

For the floor plan shown in Figure (1), assuming all slabs are 10 ¢m thick and:
Concrete density (p.) = 25 kN/m?

Mechanical, Electrical, and Piping = 0.5 kN/m?

Ceiling system = 0.25 kN /m?

Roofing = 0.28 kN/m?

Flooring = 0.40 kN/m?

1. Find the “ultimate load” on columns (A1), (D3), and (E5).
2. Find the “ultimate load” on beams (A1-A2), (E5-E6), (C4-E4) and (A6-C6).

P Y 9 YPE

+——4m—+—5Sm————6m——«—4m— _@

& | Storage Clinic Classroom

g (Heavy)

l Computer [ e

X Lab =

g’ Corridor

* 1 —(o)

+~ | Storage Libra

= Light i '

l (Light) Library Classroom ; _@
Classroom Office ;‘

+~— 4 m—<-2m><+~—4 m—

Figure 1: Partial school floor plan (2" floor)
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