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Buildings :
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Is a set of mainly gravity loads of different components of the -
structure with out neglecting other types of force.

*types of buildings :
1.Bearing walls
2.Beam - column
3.Combination



1.Bearing wall :

Properties: °

1.load mode :slab>wall>foundation -
2.high cost . -

3.high durability -

4.high dead load. -

5. high cost -

6. a lot time and work -

7. Limited for small number of stories -
building.




Some illustrations for bearing wall :




2. Beam - column :

.

Properties:

1.Load mode :
slab>beam>column>foundation
2.Low cost .

3.Low dead load.

4.Low durability .

Note :

the column and the beam are preferred g TNE I s
to be constructed at the same time . s 2 BS : | BRI L




Beam - columns types :

R

Skelton: small distance with Fixed: big distance with high
low loads loads

|
|‘ )| Figure P-735



3. Combination :

*Combines bearing wall + column beam system .
*commonly used in the stair.



Factor of safety :

There are many equations , the use of each equations varies -
according to the location of the building and the natural
conditions in the surrounding area .

Factor of safety equation in Jordan : -
Wu=1.2x(Dead load) + 1.6 x (live load )



/”/ﬁnition of slab

Slab: is a structural member whose thickness is small
compared to its length and width.

Slab could be: reinforced concrete slab, timber slab or steel
slab.

Slabs are usually used in floors and roofs construction.

it
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= > Classification of slabs

According to transferred loads form slab to
supporting beams and columns, slabs are classified to
two types:

One way slab.
Two way slab.

/ Beam / Beam
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Slab Slab
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ﬁmon of slabs

According to the shape, slabs are classified to:

Flat slab
Inclined (Roof) | I
Dome
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— > Classification of slabs

Reinforced concrete slabs are classified to main
two types:

Solid Slab
Hollow Slab
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e » Solid Slab

Solid slab contains totally concrete and steel.

Thickness of solid slab is a bout 12-15 cm.

Solid slab could be: one way slab or two way slab.

Enncret..,h__‘* It
ﬁﬂiﬁ'iﬁiiﬁ'ﬂﬁl

Steel reinforcement~"
Cross-section for solid slab
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' > Solid Slab

Beam
it

Column

/

Column

7

Plan view for one way solid
clab Flan view for two way solid

slab
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= » Solid Slab

Disadvantages of solid slab:

High deflection and moment.

High own weight of slab with increasing the thickness
of slab which cause heavy load from slab.

Heat and sound isolation are almost zero.

Not good for high rise building because of high dead
load according to high own weight.
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= > Hollow Slab

1. Ribbed
Slab
2 .Walffle
Slab
Top Matt 1te
NA-—— . Sl %—-N.A
© O o g
& | Space || Space |@ é
\4

Cross-section for hollow slab
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s > Hollow Slab : Ribbed Slab

One way ‘ Top Matt
< NAL.—.

£
Space | @ | Space

Twowa
d '

Cross-section for hollow slab

!
=
2

Ribbed Sla

Thickness (t)

Rib
Rib

=Space is filled with hollow block made from: concrete, clay or PV.C.

*Top matt and rib are reinforced concrete members.

*Thickness of top matt is not standard or designed, it is within range (5-9 cm).
*Thickness of rib equals thickness of hollow block.

*Main reinforcement is placed in rib, and the steel in top matt is shrinkage and
temp. reinforcement.
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i > Hollow Slab : Rlbbed Slab

Hollow Block in Jordan:
Length = 40cm.

Width = 20cm.

Thickness = 18,24,... cm
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& » Hollow Slab : Ribbed Slab

One way ribbed slab: Ribs are constructed in one direction
(short direction).

Column

LA - Hollow

4| Block
g
=

+—————S8hort length———» N
Rih
Rib
Rib

*+— 40 cm ™
Long Length -

4

Plan view for one way ribbed
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- > Hollow Slab : Ribbed Slab

One Way Ribbed Slab:
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= > Hollow Slab : Ribbed Slab

One Way Ribed Slab:
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= > Hollow Slab : Ribbed Slab

One Way Ribbed Slab:
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= > Hollow Slab : Ribbed Slab

Two Way Ribbed Slab:
Column
I Beam -
- Hollow Block
‘[ 5 ﬁ “ | or Mold
?n E E ————= Long Ribh ——0r— - E
2 |3 7 = :
P == E =
-a% Long Rib E 7
=
|-
- Beam -
- Long Length >

Plan view for two ribbed slab
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» Hollow Slab : Ribbed Slab

Two Way Ribbed Slab:




» Hollow Slab : Ribbed Slab

Two Way Ribbed Slab:
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e > Hollow Slab : Waffle SIab

This type of slabs is two way hollow slab and used for big
places for spans (9 - 30m).

>

Thickness (t)

'Pop Matt

|
z
i

Rib
Rib

-
Space | ¢Z| Space |

<

Fair face: ready
to paint directly

For space, using special
molds from metal or

polystyrene.
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= > Hollow Slab : Waffle Slab

Waffle slab is suitable for airports, library and any other
bid place because of high absorption of sound.
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» Hollow Slab : Waffle Slab
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> FlatSlab

Flat slab is a slab with constant thickness and it
supports on columns directly.

Slab =——> Column >=——> Foundations=—> Ground

This type of slabs are used for industrial places or large
stories.

Advantages:
Simplified formwork.
Better lighting

Saving in clear light of the story and uniform surface for
suspended sprinkles and head crane rails.
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= » Flat Slab

Flat Slab

Solid slab Ribbed slab




» Flat Slab







Solid slab

inforced concrete

isting of re
ird

*Cons

it possesses a high dead

isadvantages

*of the
load .

1S equations

*tow way or one way depend on th

R= LL/Ls.

If (R>2) , so its one way .

If (R<

2) , so its tow way .



Example 1 ¢ select the types of slabs in this plane .

3m , 6m ,
H . H . B
slab1 slab 2
W2 = E
> WL >
X p W2 " '
H — - B
W5
slab 3 slab 4 = E
WL [t |
5 “m "




Solution :

Slab1:r=LL/LS=(3/3)=1<=2 =«
Slab 1 > two way. -

Slab 2 : r=(6/3)=2<=2 . two way *

Slab 3 : r=3/2 =1.5 <=2 : two way °

Slab 4 : r=6/2=3>2 : one way °

Note : steel bars diameters @8, 010,012,014 , 16 ,18 , 20.



» One Way Solid Slab

L.

For one way solid slab:r =~
L,

> 2

Max deflection for simply supp%rtlt_ed
W

span with uniform load:6,,,, = ——
384El
If we take strip in short direction

and another strip in long direction.

= I
= -
HHHHHIHHHM
S ;

}. L

5max(short) — 5max(|ong)

S5ws L& Sw L*

w ||

84 EI
MLs
W Li

I m

384 EI
Lt oy — g, Lt

L ¢



»One Way Solid Slab

For one way solid slab the total load transfer from slab to beams
in one direction which is short direction.

Example: for solid slab 15m*5m, determine the load in short
direction:

«— Ly —»




» One Way Solid Slab

ws
—_
| } Secondary Beam




>ALnalysis of One Way Solid Slab

— =L
r_f>2 =====) one way solid slab === W=W,

Slab’s Analysis procedure:

Take a strip with (1m) width parallel to short direction.

Confirm total load on slab (w) (load/area) to distributed load (load/m’):
Load/m’= (load/m?) * (1m)

Determine the max. shear and max. moment for simply supported span
with distributed. C1

C2

Beam 1

v
—_—
Beam 2 1

C4

Beam 3
Beam 4




» Analysis of One Way Solid Slab

w (kg/m’)

SERIREITRETTRENRRNTY
B& &2

wiyz 1 T wiz
Ls
ot o
1/2
W ——— . V.D
wl/2
M.D
\ WIZ/B /

Mmax - “\7'2/8

Step (3)




» Analysis of One Way Solid Slab

Beam's Analysis procedure:

wbL.L,
Load /m’ from slab on beam1, beam?2 = )1
L
Total load on beam1, beam2 = own weight of beam+ load from slab.
Determine max. shear and max moment: V., = wL
2
w (total load) (kg/m") WL2

CLL P PR ibbrriieiiiegy

Cl where : w = total load
& Beam (1) é
L = length of beam

1 wl/2

.




» Analysis of One Way Solid Slab

Beam’s Analysis procedure:

Total load on beam3, beam4 = own weight of beam

Determine max. shear and max moment: Viax = W7L
w (total load) (kg/m') v _ WK
. 8
c& C3 where : w = total load
T Beam (3) 1 L = length of beam
wl/2 wl/2

- : y




» Analysis of One Way Solid Slab

» Example: For shown solid slab, load on floor w = 20 (kN/m?), own
weight for each beam =5 (kN/m’), determine:

1. Max. shear and max. moment in the slab.
2. Max. shear and max. moment in B1.

5. Max. shear and max. moment in B4.

+ Total axial load on C2

Cl C2
Beam 1

—

Beam 23
Beam 4

———— 4m

Beam 2

10m -




» Analysis of One Way Solid Slab

Solution:
r=10/4 = 2.5 >2 — one way solid slab
w, = w = 20kN / m? :load transfer parallel to short direction.

1. Max. shear and max. moment in the slab.

(T Voo -2 e
% L= dm e wL® _ 20*4°

o M nax = = 40kN.
} T s s '




» Analysis of One Way Solid Slab

Solution:
2. Max. shear and max. moment in B1.

20*4*10

wL,L, = = 40kN / m
Load from slab on Beam (1)=
2L, 2%10
Total load on Beam (1) = 40 + 5 =45 kN/m!
45 KN/’ wL 45*10
V = = = 225kN
PEvvbeveneettbberiiey ™ 2 2
% L=10m % Mmax = WL2 - 45*102 :5625kNm
- . ;




» Analysis of One Way Solid Slab

Solution:

3. Max. shear and max. moment in B4.

Total load on Beam (4) = 5 KN/m!

5 kN/m' WL 5 * 4

EPPVvvesteetttentty Vi =75 = =10KN
% im }? Mmax=W;‘2=5’;42:10kN.m

4. Total axial load on C2.
Total axial load on C2 = load from B1 + load from B4

Total axial load on C2 =225 + 10 = 235 kN.




Continuous beam :




Equations to help you to solve problems
without structure analysis .

(WL*2)/8

/N
+ /A +
(WLA2)/10 (WLA2)/10
(WL*2)10 (WLA2)/12 (WLA2)/10

A A A

,N/ /A\\\;//:A\\—-i—«///é \\%

(WL*2)/10 (VL2012 (WLA2)12 (WL*2)/110




Equations :

W]

[N

wiKNM)

=

=

=
M={WL*2} /8

wW(KN/M) /|

| /

Y

MAX + = (9W L 2128

(WL*2)/10

e/

(WL*2)/10

\ wiKNM)

AN /

AN AN

~_

(WLA2)/10

e/

MAX - = (WL*2)/ 8




» Two Way Solid Slab

L,
— <2
L

» For two way solid slab: r =

» For two-way solid slab: load transfer from slab to beams in two
directions.

» All beams in two way solid slab are major beams.

i

<= Slab ==

WL{}

L —»




Rankine - Grashoff theory

!!!!!!!!!W/
lireframe] —»>
*we often use in two way case .
We take a point in the center to B N !
make it easier . /WS
L1,
At the center of the slab : 7
wiL 7"
i e B
SL=Ss | | |
¥ >
7]
;,if'
B | N
- LL -]
|, SWCB-B




Rankine - Grashoff theory :

*sec A-A *sec B-B

w (KN/M) w (KN/M)

= A

B3 " B4 B1 “ B2
5WI1 LI™4 _ 5WsLs™4

384 EI 384 E1I
WL LL = Ws Ls

Ws LiI™4 4
—_— ='r'
Wi Ls™4

*Ws>>WI|



Rankine - Grashoff theory :

Derivations :

Ws = Wi r?

W= Ws + WI
W =r* WL + WL
W = WL (1+ r%)

Load in _
long (W1)

Load on

/'

N
7

short (Ws) <&

1+7r%

wr
14714




» Two Way Solid Slab

Ws :J_f_: r4
W | ¢
W, =W ... (1)

substitute egn(1) in egn(2)

w=er4 W= W=WL(1+ r)
W, = W
1+r*
~owr?
e = e

=l I I
] [ |
(L T
& L v
CTLT L T
& L R




» Analysis of Two Way Solid Slab

» Slab’s Analysis procedure:

1 Take a strip with (1m) width parallel to short direction or parallel to long
direction.

2. Confirm total load on slab (w) (load/area) to distributed load (load/m’):
Load/m’= (load/m?) * (1m).

3. Determine the max. shear and max. moment for simply supported span

with distributed.

**Short direction: Beam 1 I

2

w. L w.L

Vmax = — 1Mmax — =
2 8 « - w
g 2| -

o s

**Long direction:

Beam 2 L




» Two Way Solid Slab

Example: For shown solid slab with load on floor (w) = 20kN/m?.
Determine max. shear and max. moment in slab.

r= % =1.25 < 2= Two waysoildslab
4 4
Wr 20*1.25
— = =14.2(kN / m?
W =1t 141.25° ( )
W 20
W, = = =5.8(kN /m2
“14r4 T 1+1.25% ( )
Short Direction :
_wL _14.2*8 _ 56.8kN
max 2
2 *Q 2
M =We 14278 056N

8

Solid Slab

— 10m

Long Direction:

V wL 5.8*10
2
wL?

max — -

8

=29kN

max =—

2
M 5.8*10

=72.5kN.m

Y

Sm




» Analysis of Two Way Solid Slab

» Beam'’s Analysis procedure:
All beams are major beams with different load.
Loads transfer from slab to beams as two triangles and two trapezoids.

Bl A
45
*] A
_r L 7]
0 ] - Ls .
45 '-‘_L]__ lls—-
45
B2 v
~ ~J
~=t r )
L. > A A




»Analysis of Two Way Solid Slab

Beam's Analysis procedure:

S remtr e %LWJFWXT#HJW%
ow

| |
& )
Lo

= Lo

Beam (1) . Beam (2)

_ (o.w)L, + w*Areaof Trapezoid

Vmax o
2 2
2
M_ = ws E-U-D-L)% = this formula isapplicable just for uniform distributed load
For bending moment calculations only :
AN **For Trapezoid

Equivalent Uniform Distributed load (E.U.D.L) = WZ—S—IZF:



» Analysis of Two Way Solid Slab

Beam's Analysis procedure: Load from slab
** Beam (3) + Beam (4): l

TERERE TR T RN EREREN Lo

FAN )
Ls

= Ll

Beam (3) . Beam (4)

_ (0.w)L, N w*Area of Triangle

Vmax 2 2
z
M, _ = (e:m+EUDL el > this fornmila 1s applicable just for wuform distributed load
g
For bending moment calculations only :
== **tor Triangle

Equivalent Uniform Distributed load (E.UD.L) = Wks-

3




Example 2 : One way solid slab .

1. Max bending moment in the slabs

2. (B4, B1), calculate shear and moment . O.W = 4KN/m
e, Wm

0.4, 4 2.4, 4 0.4, 0.4
o M - m |
CA1 B1 c2 B2 C3
B3 B4 BS
W=10 KN/m*"2 =
= L B

S e e i e

BT C6

.Ij '4.




solution:

W L? _ 10 (4.4%)

1. Max bending in slab . eMAX +ve B.M = = = =19.36
S1: 1= i—i == >2 (oneway) <MAX-veB.M="004)- 247
S2: r>2 (one way) e Unit : KN.m .
(WLA"2)/8
w=10 KN/m -

A“L 44m//é \ 4.4m

B3 (WL"2)/10 (WLA2)/10



2. Beam 4 ( Shear , moment ).

4.4 x 9.4 x10 WLs 10 x 4.4
Load from S1 “W” = =22 KN/m or I A—
2 x 9.4 2 2
Load from S2 = load from S1
(4422422)X 9.4
.Shear V = = 225.6 KN

2

WL? _ 48 X 9.4%

* Bending moment B.M = - =530.2 KN.m
/' /7 o / /' S2 = (WLs)/2 = 22 KN/m
2% S 7 S2 =22 KN/m
PRI | ow=4KN/m
9.4 m
c2 CS

¢225.6 KN $225.6 KN



Beam 3
7/ s /'_ S1 =22 KN/m
S ow=4KN/m
94 m
C1 C4
?122_2 KN 122.2 KN
Shear = 22222 - 122.2 KN
26 X9.4 2

B.M= = 287.17 KN.m

Beam 5
T T,
94 m

S2 =22 KN/m

ow=4KN/m

C6

C3
?122_2 KN ?122.2 KN

26x94 _ 122.2 KN

Shear =

26 X9.4 2

B.M= = 287.17 KN.m




,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ow=4KN/m

A
?3_3 KN ’ 8.8 KN

Shear V = 22*%

4X44°%

= 8.8 KN

B.M = =9.68 KN.m

o I -

shear in column 2 from three
beams (B1+B2+B3).

=225.5 + 8.8 + 8.8 = 243 KN.




Girder :

What is Girder?

Girder is basically a beam which supports other
smaller beams and acts as the main horizontal
support of a structure. Unlike beams, girders are
designed to support major concentrated loads such
as columns or beam reactions and their load bearing N NN\ ,
capacity is much greater than beams. It can be NAK A AN
made from a variety of construction materials such T / N O g
as concrete, stainless steel, or a combination of integral with spande,/ | i /
both. It supports vertical loads and may consist of a integral with column/‘ :
single piece or more than one piece bound together.

R ; : w, |,
Numbers on beams refer to moment value coefficient, x, in the equation: M, = "x"

The number, n, refers to the number of spaces into which the girder span is subdivided by
beams.




Example 3 :calculate shear force in C1 & C2
from beam 4 .

0.4 -t 4 .'l"i: 4 E:-"!‘q 0,4
od MZZZzzzz7277z77777 7777777272 |
C1 B4 ce

S1 S2
B1 B2 B3
W=10 KN/ 2 o
i} - i} -
C3 B5 C4

m m i




225 .6 KN

| /7 N | o.w =4 KN/m
4.4 —— 4.4
beam 4
A A
| 8.8 KN | 8.8 KN
C1= 4X(88) & 225.6 = 130.4 KN

2 6

Nature of load :
*from beam to Girder (concentrated)
*from beam to column (distributed )




Example 4 :

c2

c1
S2 s3

S1
B4

B1 B2 B3
B e - - g_
C4

08

BS
|

G2




(WL"2)/10 (WLA2)/10

/_\ 10 KN /m /\
< //// s //// //// /X/// - //// < g // /%’/// 1~ //// - ///
- A A

4.4 m : 4.4m : 4.4 m

WL? 10 X 4.4%

10 = . =19.36 KN ..m
WL? _ 10X 44> _
. =16.13 KN .m

1(Top)(2D Wireframe)

beam 1 or 4

-

S ] WLSI2 =(10X4.4)/2 =22 kn/m
R A e A i o) A KNI
10.8
C3

C1
?180.4 kn ﬁ‘l 80.4 KN

V max = axial load on C1 and C3 from B 3= (26x10.8)/2 = 180.4 KN
B.M =(26X10.8722)/8 = 379.08 KN.m




bheam 2

S2= WLS/2 =(10X4.4)12 =22 kn/m
V) §1= WLSIZ =(10%4.4)2 =22 knim
/] 4 KNim

10.8

G2

G
¢259,2 KN $259.2 KN

V' max = (48x10.8)/2 = 259.2 KN
B.M =(48X10.8"2)/8 = 699.84 KN.m



Girder 1
250 2 KN M 2502 KN

B
LIS '/A-"”é//' . //}‘l/,.s"”é%/' A 10 KNIm
4 — 4.4 - 4

4 4

s 7 -

C1 i

fﬂEE.E KN | 3202 KN
Y M c1 =259 2x(4.4)+ 259 2 (8.8) + 10 x(13.2)x(13.2/2) = C2(13.2)

Reaction C2 = 325 2 = Reaction C1
Total load on C1 = 3252 + 180.4

TM B =0=M -3252x(6.6)+ 2592 (2.2)+ (10 x6.6)x(3.3) =0
M = 1358.28 KN.m



One way solid : Tow way solid :

W parallel with short direction . r=>1" -2
L short
Load transition from slab to the beam % : W short = W long x r* .
_ Llong . -
o+ — e 2 Always : W short >= W long

C1 B1 c2

Example 5 :
1. Select the type of slab.

2.Find Load in short direction
and long direction . B3

4m

B4
3.Analyze loads on beams in tow
directions .

W = 20 KN/m?

LA e e A

ARRRHT IR ORI

C3 B2 C4




| Ul

r=-=1.25<=2 towway. *

4
= B0 . 4.2 Wm -
1+ 1.25%
=22 _58KN/m -
1+1.25%
Ws > WL -

W =Ws + WL = 20 KN/m? -

slab tow way solid (r <= 2)

w r w
1. Ws= 7 = 7

1+ r 1+7r

Ws Ls? WL LI?
2. Ms = , ML =

8 8

W Ls W Ls+71r

3. &= , W=

3 2471

slab one way solid (r > 2) -

1. WTotal // short . -

2

7. M=WLS /
8

3 V=WLS /
2




14.2 KN/m =Ws

v

short

4m

(Ws x Ls)/8

Moment

=(14 2x42)/8 =28.4 KN.m

= (W

Ls)/3

v

long
5.8 KN/m = WL
om
ML = (WL x LI"2)/8 =
ML = (5.8 x 92 )/8 =18.125 KN.m

VL=

(W Ls 1)/ (2+r)




Continue to Example 5 :

C1 B1
Load on beams in tow way :

Ls/2

Area = tringle area + trapezoidal area .

1 1
=-(4x2)x2+=(6x2)x 2.
B3 / B4 L short ; -

L5-"l2 — = 2
/ ong - Le \ area slab= 8+ 12 = 20 m
- =

c3 B2 v c4

4m

5m

L long



find shear force on C1&C2 by convert trapezoidal load to concentrated

P =05 x (6x2) x 20 =120

L g O W= 4 KN/m

om

c1

c2
? #‘u’max = (120/2) + (4x5)/2 = 70 KN
70 KN

To find max B.M take the load of the equivalent of the trapezoidal load .
WiLsr 20X4X1.25

By EU.D.L=—— =————=30.8 KN/m .

//// E.U.D.L = 30.8 KN/m

0 O W= 4 KNTm

C1 C2



Total weight of slab = area x W =20 x 20 = 400 KN .

For trapezoidal E.U.D.L = =221
2+r
For triangle E.U.D.L = ==
P P

EUDL EUDL
) OW= 4 KNIm g O W= 4 KNTm

‘ L long A ‘ L long A

C1 C1

V max = P/2 = (Area triangle x W)/2 V max = P/2 = (Area triangle x W)/2
O.W=4 KN/m O.W= 4 KN/m



Example 6 :

Wt on slab = 10 KN/m? , O.W of beam = 0.4 t/m .

r for slab 1 =z>2,@neway.

C1
rforsflab2=1—; =1.11 <2, tow way .

e Forslab 1 :
Wis _1x4 _,
2 2

W LS?
> 2t.m.

t.

V max =

B.M =

\ 4m -
]
B1
Slab 1
- W ==
B3 B4

ST SILS IS

B6

Wli=04




For slab 2 :
eMoment “M” :

Short =

Long =

WsLs? _ 0.6 x 42

8
WILI> 0.6 x 107
8 8

beam 1

A A S

Cc1

M =(0.4 X 4°2)/8
086t

4 m

cz2

=0.8tm

0.4 t/m

#ﬂ.&t

e shear “V” :

W ls 1x9

short = = =&/
3 3
W L 1X9X1.11
long = —— = = 3.21 t/R
2471 2+1.11
beam 2
P=1x05x(10+1)x4.5=2475t
/_\
E.UDL=32tm
R 0.4 tm
10 m

cd  M=(36X102Y8 &

? =45 tm
14 41t

f"u"max =(24.75/2) + (0.4x10)/2 =14 .4t



P=1x05x9x45=2025t

/\ Beam 3

E.UD.L=3t/m ’
7 A, _ e (Ws Ls) 2 = (1 x 4)/2 = 2 t
f;,/{///, 7 /:;/,51 2 tim /ﬁﬁ{ﬁf/fﬁﬁ ( ) (1x4)

s f,f,/;" LS 04 tm xf/’yf"’ e ffx’;, 04 t/m

9m A J 9m
cd \_/ ? > c4
T Beam 4 ? M =(2.4 X 9"2)/8
21 t 1

0.8t =243tm ¢1U.Ht:{2_4x9]4’2

Vmax = (0.4 x9)2 + (20.25)2 +(2 x9)y2 =211 total shear forceon C1 =0.8"B1"+ 10.8 "B3"=11.6 t
M = ((3+2+0.4) x 9*2 )/8 = 54.7 t.m

P=1x05x9x4.5=20.25t

E.UDL=3tm
0.4 t/m

/s

M = ((3+0.4) x 9°2 /8 = 34.45 t.m SIS VIV

9m .
Vmax = (0.4 x 9)/2 + (20.25)/2 =119t '

c3 cs
? Beam 5 f
1191t

1191




Example 7 :
W =12 KN/m? , o.w = 6 KN/m

r for 51 =(13/4) > 2 , one way .
r for52 =(8/3) >2 , one way .
r for S3 (10/8) =1.25 < 2 , two way .

efForslab 1 :
M= Wgsz =12:42 = 24 KN.m
V= W Ls 7 12x 4 7 24 KN.
2 2
e Forslab 2 :
M= 2 1223 _ 43,5 KN.m
v =243 _ 18 KN.

, 13
C1 M | A
B1 C2 B2
B3 SLAB 1 W B4
| o Y
C4 B6 C
SLAB 3
<N p
Ws\
B6 B7 B8
SLAB 2 / \
PRy WL
Cc6 B9 .;7.4 B10
3 v 10




for slab 3 :
WsLs"2 _ 8.5 82

Max B.M Short = : note :
WILLI"2 3.5 (10)2 wr# 12 x 1.28*
Max B.M Long = = (10) S = = = 8.51 KN/m
8 1+ r4 1+ 1.25%
W Ls 12 x 8
Max V short = - o WL =12 - 8.51 = 3.5 KN/m?
WLsr 12x8x 1,25
Max V long = =
B 241.28
P=12x05x8x 4 =192 KN
M = ((32+18+6) x8"2 )/8 = 448 KN.m E.U.D.L =(12 X8)/2 = 32 KN/m
77 7 77 _
Vmax = (192)/2 + (24 x 8)/2 = 192 KN //' / ///%/ (12x3)/2 = 18 KN/m
L g 0] 6 KNim
8m :
B4 \\_// c7
? Beam 7
192 KN 192 KN

total Load on C7 =192 + BO(6 x 3)/)2 + B10"174" = 375



288 KN
192 KN

WA A 1 R
L2 T T T 27 7 77 6 i

3m : 10 m ;
C4 C5

Beam 5 ?
434 KN 416.5 KN

Y M C4 = 192x(3)+ 288 (8) + 30 x(13)x(13/2) = C5(13)

Reaction C5 = 416 5 KN
By YFy C4 =434 KN

* find shaer force on C7 :

V/ // s S // »i B KN/m

‘ 10 m /A

B5

? Beam 10
174 KN 174 KN




How to find max moment in beam 5:

192 KN
EUDL=369tm
7 77 (WLs)/2=(12 x4)/2 =24 KN/m
s 3m 10 m A
2485 KN Beam5 2
416 5 KN
KN
395
7

7777

MAX MOMENT



Hollow slab (one way ):

Hollow—
blocks

Ribs—

L

|

[

|

——Topping slab with central steel mesh

h[ (removable)

b Y
A
A




N.A

g,

FEATY FFEPY 7 T 77
fﬁfﬂf ;’ﬁf %f{f % ’fﬁ;’{”fkf: o -i;:j "'ﬁ’: f"ﬁ:’ff Y,

fﬁﬁfffff;jﬁﬁffffﬂ{ . # I A )

i i

LG, LGP L L1
40 .

green zone : (TOP mat ) reinforced concrete . (7 - 5 cm)
brown zone - blocks (36x40x18) & thickness = 20 cm
red zone : nps (RC)

Dimensions vary depending on the code that we use .
Hollow block dimension = Width (40 ,36 ,...) x 20 x thickness (18 , 25 ,..... )



" One Way Ribbed Slab

Column
"
- Beam - Hollow
><““fﬂ; Block
2 18
=
ks 2 2 2
o o=
=
[ ]
J || ||
<—40cm —»>
- Long Length -
Plan view for one way ribbed
4y ~
Top Matt N
"NA-— # — N.A
QL
S = 2 %
e | Space | pd| Space | é
v
Cross-section for hollow slab




A

nalysis of One Way Ribbed Slab

Column
e
Beam
= =z =
- !

- S -

- Long Length

Plan view for one way ribbed

Area supported by one rib = (Ls) (s)
Load for each rib = (Ls) (s) (w)
Ls*s*w

Load / m.R for each rib = s = WS

Ls




" Analysis of One Way Ribbed Slab
o Example: For shown ribbed slab, if load on floor on slab = 18
(kN/m?). Determine max shear and max moment in each rib.

m Cl C2
-§ =40+12=52cm = 0.52m Bl 4
- Load/m.R for each rib = w*s 2 - l
= 18*0.52 = 9.36 (KN/m) Z & 1
9.36 kN/m'

RN |
: 1 o LSy |
Bl L=5m B2 Dem  40cm c4

’- -‘ - 8m >

_ WL _936*5_ 4 41N

max 2 ’

M = WL 936%6% oo oginm

\ 8




" Analysis of One Way Ribbed Slab

® In one way ribbed slab, the load transter from slab to beams with

same procedure in one way solid slab.

ﬂ.\lajor Beam
c1 C2
- Beam (1) 4
1 [ ] 1
i IIII 1l l' { f
||5| (' !\ H 1?1 f\
Secondary Beam g ~§ _V:’
p— 2 13 . _
: econdary Beam
T A O
‘l‘l 1 I‘ll =‘[ll lnf I'll
: Beam (2) v
C3 C4
- .F lﬁ.l LL =
lj)hjor Beam




" Analysis of One Way Ribbed Slab

e Example: For shown ribbed slab, if load on floor on slab = 18
(kN/m?) , own weight for each beam = 4 (kN/m). Determine:

1. Max shear and max moment in B(1).
2. Max shear and max moment in B(3).
3. Total axial load on C1

Cl C2

B3
B4
Sm

C3 12cm 40 cm C4

< 8m >




" Analysis of One Way Ribbed Slab

® Solution:
1. Max shear and max moment in B(1).

wL,L, 18*5*8
2L,  2*8

Load from slab on Beam (1)= = 45kN /m

Total load on Beam (1) = 45+ 4 =49 kKN/m".

49 KN/m'

TR Vi = Y= 2 = 106k

)

1 :

&
C1 L=8m
r

[
<
3
2
I




" Analysis of One Way Ribbed Slab

® Solution:

2. Max shear and max moment in B(3).
Total load on Beam (3) = 4 kN/m"".

4 kN/m'’

HHHHHHHHHLH Vmax=v‘;L=4;5=10kN
é‘; L=5m I_"? Mmaxzwé‘z =4’;52 —12.5kN.m

3. Total axial load on C1.
- Total axial load on C1 =10 + 196 = 206 kN.

- Total axial load on C1 = (1/4) load of slab + (1/2) load of beam
= 0.25*(18*5*8) + 0.5*(4*8) + 0.5*(4*5) = 206 kN.




B4 BS

Example 9: ) C2 }
calculate max V&M in rip and B2 C1 . . -03'-
one way hollow slab .
W =12 KN/m”2 .

= Slabl 1 Slabl 2
o.w of beam =4 KN/m S

10 cm B1 BZ BS E
5
NN /%
c4 B [ ] []



Solution :

/_\ Wrib=WX (1 BLOCK +1rib ) =0.5x 12 =6 KN/m

J1rs %
+4m//% 4m_ "

B1 B2 B3

Max shear and moment in rip :

max B.M +ve = (W L2 }/10 = (6 X 42)/10 = 9.6 KN.m
max B.M -ve = (WL*2)/8=(6X4"2)/8 = 12 KN.m

Max shear and moment in beam 2 :

S1= (WLs)2 = (12 x4)/2 = 24 KN/m

Vmax = (52 x 7)/2 = 182 KN
Y S1=(WLs)2 = (12 x4)/2 = 24 KN/m
M max = (24 +24 +4) x742) /8 = 318.5KN.m /// ,{ //{/ .

total load on C2 = 182 + (4X4)/2 + (4X4)/2 = 198 KN
shear from BS or B4 = (4 XO.W)/2

m

o Ch

180 182



" Two Way Ribbed Slab

e For two way solid slab: load transfer from slab to beams
in two directions.

e All beams in two way solid slab are major beams

{} W I
<3 Slab — > -
WL {}
o o
- LL -




" Two Way Ribbed Slab

W
W, = Column
1+r* h . Beam
4 o - Hollow Block
W - Wr ﬁ />/ 4| or Mold
5_1_|_r4 e ——=— LongRib —~
o T = 2 g
g m |8 ‘5 8
.g l au] s M
A Y | 7
73
J N | Beam ' B
e
< Long Length >

**Load / m.R of shortrib=w, *B*1
**Load /m.R of longrib=w_ *B*1




" Two Way Ribbed Slab

e Example: For shown ribbed slab with load on floor (w) =
20KkN/m?, O.W for each beam = 5kN/m. Mold = 65x65 x65 cm. Rib

width = 10cm. Determine:

1. Max. shear and max. moment in slab.

2. Max moment in Beam (1). c1ll Beam 1 rcz
3. Total axial load on C2. & — —-—-ﬁ ZaN|
r=12_125 = £ Iz - :
12 - 1o E /M
4 4 — o
wr 20*1.25
Wg = = =14.2(kN/m?
* 1+rt 14125 ( ) i
W 20 v 3l | =:Brve B c4
W = :5-8(kN/m2) |<-B=o.75m-.|

1+r* 1+1.25%

- 1Sm >

**] oad / m.R of shortrib=14.2*0.75*1=10.65 kN/m
**Load / m.R of long rib=5.8*0.75*1=4.35 kN/m




" Two Way Ribbed Slab

e Example (continue):

1. Max. shear and max. moment in slab.
10,65 KN/

**Short Direction: HHHHHHHHLHH
Vo = wh _10.65*12 _pngryy < . o
2 2 - Short direction -
2 2
M gy = e = 200972 197 76N m
8 4.35 KN/m
*x 1 1 .
Long Direction: T
[ = wi = 4.35*15 = 32.625kN < 1-15m !
2 5 2 N 5 - Long Direction ]
M. = W8L ~ 439715 190 3akNm




" Two Way Ribbed Slab

e Example (continue):

2. Max moment in Beam (1). L oad from <lab
"‘ELJDI_:W_LSL %%S%Im

24T 4[\@ 1Y
Cl C2? oy
_ 20*12*1.25 —923kN /m j 15m R
2+1.25 Beam (1) .
*Total Load =5+ 92.3 =97.3kN/m
% _ wlo g
Mimax = —— 37375 _ 5736.56kN —m

8

3. Total axial load on C2.
Total load on C2 = ¥4 load of slab + 15 load of beam
=1 *(20*12*15) + 12 *(5*15) + 1, *(5*12) = 967.5 kN.







» Load on Solid Slab

Laesign= Wy = 1.2D +1.6 L + 0.5 (Lygor OT S)

Dead load: own weight of slab + weight of finishing + weight of
partitions + another sustained load.

Live load: depends on type of structure.
**Example: live load for private house = 200 kg/m?
live load for school = 400 kg/m?

Intensity of load for slab = force/area = kg/m2 = kKN/m?
=lb /ft2.




1. Dead load for solid slab
Example 12 : calculate dead load for this solid slab .
Study area = Tm x Tm = 1 m? .

0,

w

F
im
E

N
N

(
c
C
(
(
(
(
C
(
C
(
g
-

n
Q)
o

3
.

Q@ 9

3
:

plastering

5m

)

)
b
;@
by
b
;

6m




Solution :

1. plastering : e DL =63 +300 +45 +84+60 =552 kg/m?
lem —— 21 kg/m?

3cm — X e partition = (100-150) kg/m?

=21 x> = 63 Kg/m? x 1m? = 63 kg. e Total load = 552 + 100 =652 kg/m?
2.slab : oLL = 400 kg/m?

2500kg/m3 x 0.12 = 300 % x 1m? = 300 kg. oWu = 1.2(652)+ 1.6(400)= 14.22 KN/m?
3. Sand :

1500kg/m?3 x 0.03 m= 45 kg/m?.
4.Mortar :

2100kg/m3 x 0.04= 84 kg/m?.
5.Tile :

lem— 20 kg/m?
3cm——— X
= 60 kg/m?




2.Hollow slab one way .

Example 13 :
5m
Tile
= a1 B1 )
O
= mortar
7
| fes By | e 0,552
12cm A | D '
A ]
0
g3 B2 c4
0. |

Z

Giiiainiigniign/its

7
o

04

.

o

ﬁ top mat

7
/

2

0.3

I

Slab:5x6m
Block : 40 x 20 x 18

ﬁastering



Dead Load ( 1mA2) : 02 02 02 02 o2

1. Plastering :

0.2

1 cm 21 kg/m

3cm (>

0.12

2.Top mat :
2500 kg/mA3 x0.05 m = 125 kg/mA2.
3.5and :
1800 x 0.05 =90 kg/mA2.
4. Mortar :
2100 x 0.02 = 42 kg/mA2.
5. Tile :
1 cm 20 kg/mA2

4cm (>

0.2

1m

6. Partition :
=100 kg/mA2



Block and rip calculation : *rib .

study area = 0.52 mA2 = 2500 kg/mA3 x0.18 x0.12x 1=
54kg/mAN2
O.w Block=5x15kg =75 kg S54kg —0.52 mA2
0.52mA2— " 75kg eKg__ ., 1mA2 -
I mA2 —  2Kg = 103.8 kg/mA2 -

= 144.23 kg/mA2
Or you can take area study one block (0.2 m)
0.53x0.2=0.104 mA2 -
block=1x15 =15kg -
for TmA2 =(15/0.104) = 144.23 kg/mAN2

Y DL = 63+144.23+103.8+125+90+42+80+100 = 748 kg/mA2
Wu = 1.2(748) + 1.6 (400 ) = 1537 kg/mA2

\\




3.Dead load for hollow tow way slab .
/ Example 15 : H.B =60 X 60 X24 cm .

g[tile
1 )
:;nnr;ar g%é T /// /// // 001
iy ///
g block +1ib
/ 0.03
(T /////////////////////////////// | plastering

085, 06




Solution:
1.partition = 100 - 150 kg/m?.

2.plastering :
1 cm 2kg/m?
3cm °?
= 63 kg/m?*

3.top mat = 2500 kg/m? x 0.07 m = 175 kg/m?*
4.sand = 1800 x 0.03 = 51 kg/m?
5.mortar = 2100 x 0.04 = 84 kg/m?*
6. tile =
lcm —— 20kg/m?
4cm —— ©¢¢
= 80 kg/m?*




0.15/2 0.15/2

' rip study area = 0.75x 0.75 = 0.5625 m"2
1 | block=1x17kg=17kg
A O
© N
o o
Al 1
0 15/} 0.15/2

Block =1x17 kg =17 kg—— 0.5625 m?

22 _ ]mz

_ 17 _ 2
Wt = “eegs 30.20 kg/m

rib = 2500kg/ m? x 0.24 x (05625 — 0.62) = 121.5 kg / 0.5625m? = 216 kg/m?
> DL = (150 + 63 + 216 + 175+ 54 + 84 + 80 ) = 852 .2 kg / m?

Wu = 1.2(852.2) + 1.6 (400) = 1662.7 kg/m?
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