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Chapter Four Structural Analysis and Design

4-1 | Introduction

Reinforced concrete (RC) is a versatile composite and one of the most widely used materials in
modern construction. Concrete is a relatively brittle material that is strong under compression but
less so in tension. Plain, unreinforced concrete is unsuitable for many structures as it is relatively

poor at with standing stresses induced by vibrations, wind loading and so on.

To increase its overall strength, steel rods, wires, mesh or cables can be embedded in concrete
before it sets. This reinforcement, often known as rebar, resists tensile forces. By forming a
strong bond together, the two materials are able to resist a variety of applied forces, effectively

acting as a single structural element.

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in a wide range

of applications such as; slab, wall, beam, column, foundation, and frame construction.

4-1-1 Concrete and its Classifications:

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently

admixtures, Structural concrete can be classified into:

e Lightweight concrete with a unit weight from about 1350 to 1850 (%) produced from
aggregates of expanded shale, clay, slate, and slag.

e Normal-weight concrete with a unit weight from about 1800 to 2400 (%) produced from
the most commonly used aggregates— sand, gravel, crushed stone.

e Heavyweight concrete with a unit weight from about 3200 to 5600 (%) produced from

such materials such as barite, limonite, magnetite, ilmenite, hematite, iron, and steel
punching or shot. It is used for shielding against radiations in nuclear reactor containers

and other structures.

4-1-2 Compressive strength of concrete:

The strength of concrete is controlled by the proportioning of cement, coarse and fine aggregates,

water, and various admixtures. The most important variable is (w/c) ratio.
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Concrete strength ( f. ) — uniaxial compressive strength measured by a compression test of a
standard test cylinder (150 mm diameter by 300 mm high) on the 28th day-ASTM C31,
C39. In many countries, the standard test unit is the cube (200 x 200 x 200 mm).

The concrete strength depends on the size and shape of the test specimen and the manner of
testing. For this reason the cylinder (@ 150mm by 300 mm high) strength is 80% of the
150 mm cube strength and 83% of the 150 mm cube strength, figure (4-1) demonstrate

relation between cylinder and cube concrete test.

S 150 mm
= A§TM f.' = 0.80 f,
= cylinder Cube
3 150 mm
150 mm
fe! feu

Figure (4-1) relation between cylinder and cube concrete test.

4-1-3 Modulus of Elasticity of concrete:

The modulus of elasticity of concrete varies, unlike that of steel, with strength. A typical stress-
strain curve for concrete in compression is shown. The initial modulus (tangent at origin), the
tangent modulus (at 0.5 £." ), and the secant modulus are noted. Usually the secant modulus at
from 25 to 50% of the compressive strength f." is considered to be the modulus of elasticity.

For normal weight concrete, shall be permitted to be taken as E, = 4700+/f." (Map), figure (4-

2) demonstrate stress-strain curve of

|

| |
concrete. e | |
e | ? \——
“—Tangent modulus at 0.5£ \
; Ultimate strain
. typically varies
| modulus {tangent at origin} | from 0.003 to

—— - ( ——t————— 0.004

Secant modulus at 0.5%
i
|

0 0.001 0.002 0.003 0.004

Concrete strain, in./in.

Concrete compressive stress
o
o
ah

Figure (4-2) stress-strain curve of concrete.
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4-1-4 Strength Design method (Ultimate strength method):

In the strength design method, the service loads are increased by factors to obtain the load at
which failure is considered to be “imminently”. This load is called the factored load or factored
service load. The structure or structural element is then proportioned such that the strength is
reached when the factored load is acting. The computation of this strength takes into account the

nonlinear stress-strain behavior of concrete.
The strength design method may be expressed by the following:
Strength provided > [strength required to carry factored loads|

Where the "strength provided" (such as moment strength) is computed in accordance with the
provisions of a building code, and the "strength required" is that obtained by performing a

structural analysis using factored loads.

4-1-5 Load Factors U and strength reduction Factor ¢ :

According to (ACI 318-11 9.2.1) the factor U for overload is given:

u
U= 12D+16L+05(L orSorR)
U=1.2D+1.6L+0.5(L.orSorR)
U=1.2D+1.0W+1.0L+ 0.5(L,or SorR)
U=1.2D+1.0E+1.0L+ 0.2S

u

u

Where:

D : dead load .

L : live load.

L, : roof live load.
S : snow load.

R : rainload.

W : Wind load.

E : Earthquake load.

The factor @ (under strength factor) according to ACI demonstrated in figure (4-3).
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Strength Condition ¢ Factors

1. Flexure (with or without axial force)

Tension-controlled SECtiONS ........ccc.ceueeeeeeeceririneeeece e e 0.90
Compression-controlled sections

Spirally reinforced ..........ooeveceeeeeeceeeeceree e 0.75

OtNEIS .ot st s 0.65

2. Shear AN EOrSTON s s mssssissssmsasssossssassssssimssts s s s s 075

3. Bearing on CONCretei....cuuuiiissiniminssasiiinsiiiaisiiai 0.65

4. Post-tensioned anChOrage ZONES .........cccceeveceeeeueeseerescusaeesessseseseassesenne 0.85

5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ..... 0.75

Figure (4-3) values of understrength factors related to strength condition.

4-1-6 General considerations:

5-

ACI 318-11 Building code will be used in this project.

UBC-97 code will be used for lateral loads.

Ultimate strength design method will be used during the analysis and design of this
project.

The compressive strength of concrete for all structural elements is B300 which
equals to f.' = 24 Mpa .

Yield strength of reinforcing rebar's f, = 420 Mpa .

4-2 | Check of Minimum Thickness of Structural Member:

It will be determined according to (ACI 318-11) to achieve deflection requirements, Figure

(4-4) provided minimum thickness from code.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or other
Member | construction likely to be damaged by large deflections

Solid one-

way slabs U220 u24 28 o
Beams or
ribbed one- U16 U18.5 u21 us
way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight goncrele having equilibrium density, w,., in the range of
1440 to 1840 kg/m”, the values shall be multiplied by (1.65 — 0.0003w,) but
not less than 1.09.

b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + £,/700).
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We take the longest beam and rib, then we compare between them in table (4-1).

Supporting type min. thickness equation | Rib No. of span | min. thickness
&Beam
Both end continuous L 7 5.9
o1 R1o CTh 28.1cm
Both end continuous L B67 8 LS
21 21
Table (4-1)

The thickness of slab provided from (ACI 318-11) to achieve requirements of deflection,
depends on the Flexural stiff ness of slab, by manual calculation comes about

hpin =31.9cm.
So, select Slab thickness h = 32 cm (24 cm Hollow Block + 8 cm Topping).

4-3 | Design of Topping:

4-3-1 Load calculations:

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block

length with both end fixed in the ribs, Table (4-2) shows Load calculations on topping.

Dead Load Form | Thickness & (m) | it weight (%) yxEx1 (k;N)
Tiles 0.03 23 0.03x23=0.69
Mortar 0.03 22 0.03 x22=0.66
Coarse Sand 0.07 17 0.07x17=1.19
Topping 0.08 25 0.08x25=2
Interior Partitions 1x1=1

Z Dead loads 5.54 (k_N)

m

Table (4-2) Dead Load calculations on topping.
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Live load calculations=4 x 1 =4 (%N) w, = 1.2D + 1.6L
R RNY NN YRR NN
4-3-2 Factored Load: 4
40 cm

Total Factored Load:

ﬂ wl?
w, =1.2 (5.54) + 1.6(4) = 13.05 () . 12
Figure (4-5) Topping statically system. wi?

ETy
" _ w,l?  13.05 x 0.4
vTo12 12

=0.174 kN.m.. for (1m)of strip width

Strength condition for plain concrete:

oM, > M, (ACI 22.5.1) ..where @ = 0.55

bh? _ 1000x802

M, =0.421f.'S, WhereS,, for rectangular section of the slab : S,,, = . .

1000 x 802
M, =0.42 x 24 X —————=219kN.m

0.55x2.19=1.2kN.m > M, =0.0.174 kN.m

NO Reinforcement is required by analysis, According to (ACI 10.5.4) ., provide Ag jin for

slabs as shrinkage and temperature reinforcement.
Pshrinkage = 0.0018  According to (ACI 7.12.2.1)

Ag = pbt = 0.0018 X 1000 x 80 = 144 mm? for 1m strip

Step (s) is the smallest of:

1. 3h=3x%80=240 mm control
2. 450mm.

280
fs

) — 2.5C; = 380 (;82"0> —2.5.20 = 330mm
3

3. 5=380(

Take® 8 @ 200 mm in both direction,S = 200 mm < S,,,, = 240 mm..0OK
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4-4 | Design of One Way Rib Slab

4-4-1 Determination of geometry:

Requirements for Ribbed Slab (T-Beam Consideration According to ACI- 318-11).

b, >10cm....select b, =12 cm

h <3.5b,, =3.5%Xx12 =42cm..select h =32 cm

tr = Ln >50mm....selectt; = 8cm
= 12 f

Figure (4-6) shows typical section of rib with overall slab thickness h = 32cm.

. Unit width = 520 mm
» Load Calculations for Rib 1: i {

) R ] SIS TSI S

i A
3 2
£ /]
£ 4

H
vl 3
'I‘.l'}l““'/"i‘f&

|.bw‘ l= 120 mm

4-4-2 Load calculations for Rib:

f=24Mpa | f,=420Mpa L, =2 (5

Dead Load Form | Thickness & (M) | ypit weight (%) yxEx1 (%V )
Tiles 0.03 23 0.03 x 23 x0.52 =0.359
Mortar 0.03 22 0.03x22x0.52=0.343
Coarse Sand 0.07 17 0.07 x17 x0.52 =0.619
Topping 0.08 25 0.08x25x%x0.52=1.04
RC Rib 0.24 25 0.24x25%x0.12=0.72
Hollow Block 0.24 10 0.24x10x0.40=0.96
Plaster 0.03 22 0.03 x22x0.52 =0.343
Interior Partitions 1x0,52=0.52
Dead loads /rib kN
2 491 ()

Table (4-3) Dead Load calculations of rib.
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Live load calculations = 4 X 0.52 = 2.08 (%N) / rib

Figure (4-7) shows the location of rib in slab drawing plan.

Figure (4-7) location of Rib (R10) in slab drawing plan.

Check for chosen effective flange width (b.) According to (ACI 318-11)

b, is the smallest of :

(1) b, < % = %‘00 = 725 mm ....where (L)is the smallest clear span of the rib.

(2) be < by, + 16hs =120 + 16(80) = 1400 mm.
(3) b, < center to center between adjacent beams = 400 + 120 = 520 mm ..0OK
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4-4-3 Structural analysis of Rib (R10):

Geometry

Units:meter,cm

1 2 3 4 5
1 2 3 4
I:: A A A —— A
A_] . I L. [ A_] . [ p IR ¢
0.6 3.8 ,08 3.5 , 08 51 ,08 2.7 0.8
P 45 o 43 o 5.9 o 3.5
I t t
5 6 7 8
5 6 7 ¢
Al Al Al
0.8 = 0.8 2.7 0.8 3.2 0.6
vl 45 8 3.5 voE 3.9 L
L 1 1 l
I 52. I T 1
32i
12.
A-A
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
4.91 4.91 4.91 4.p1
4.5 43 5.9 3.5
4.91 4.91 4.91
4.5 3.5 39
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.08 2.08 2.08 2.}38
45 43 59 35

[ L

[ =

|l |

4.5

35

3.9

40

Figure (4-8) shows rib geometry and loads.
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The envelope shear and moment diagrams (for all load combinations). Using the structural

analysis and design program (Atir 12) we obtain the Envelope Moment diagram for Rib10.

Moment/Shear Envelope (Factored) Units;kN.meter

Moments: spans 110 7

+

[ 3=1-i P = P 1) riel Y P 4

| 66/0.94\ 7, ' 0. "l "o, 0.81 0. /

U‘ = . Wﬁ»\/&s—sﬁJ ks s T o 4
126

- 127
: 19.8

| 203 , 247 | 245 , 245 | 295 | 295 | 192 1s8| 225 | 225 | 175 175 | 234  1.56]

T T T T T T T T T T T 1

I T

Figure (4-9) Moment envelop diagram.
4-4-4 Design Rib for Flexure (R10):

Design of (Rib10) for positive moments

Assume bar diameter @ 12 for main positive reinforcement.

dp 12
d = h — cover — dgjyryps — 5 = 320—-20—-10— 5 = 284 mm
The maximum positive moment in all spans of Rib21 M, = +19.8 kN.m

Check if (a > hf):
, hf 80
Mnf =0.85f, bhf d— 7 = 0.85(24).(520).(80). (284- —7) =207.06 kN.m

M, 19.8
Mnf= 207.06 kN.m > 7=W= 22 kN.m a<hf

The section will be designed as rectangular section with b = 520 mm.

M, 19.8x10° fy 420
~¢bd_ 0.9-520-284% @ M=085f, 085 24

R, =20.58
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1 2R, m 1 2-0.524-20.58
1- — =0.001264

m f, | 20.58 420

A; = pbd = 0.001264 - 520 - 284 = 186.66 mm?

Check for Ag ;i

fe 1.4
Ao = 0.25 b,d > —— b,d

fy fy

V24 ,
Agmin = 0.25 —— 120 -284 = 99.37 mm
’ 420
1.4

Agmin = 220 120284 = 113.6 mm? — control

A; = 186.66 mm?* > A pin = 113.6 mm? .....select A; = A,eq = 186.66 mm?>

Use 2012 with Ag = 2.26 cm? > Ag,q = 1.8666 cm?

Check for strain:
Asfy 226420
®=085f /b 085 24 520 °52>mm
a
c=— =0.85
8.95
c=——=10.53mm
0.85

d—c 284 —-10.53
& =0.003 (T) = 0.003( 10.53 ) =0.079 > 0.005 —O0K

Note that:

Moments equals or less than M,, = +19.8 kKN.m ,use 2012 for each rib span.
So that other positive moments M,, = +17 ,+12.7,+12.6 kN.m <M, =
+19.8 kKN.m have reinforcement of 2012 for each rib span.
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Design of (Rib10) for negative moments:

The maximum positive moment in all spans M,, = —15.7 kN.m

Assume bar diameter @ 12 for main positive reinforcement.
dp 12
d = h — cover — dgjyryps — 5 = 320—-20—-10— 5 = 284 mm

M, 15.7 x 10°

Rn = 9bd = 0.9-520 2842 = 041 MPa
f, 420
= = = 20.58
Mm=0.85f, 085 24
A _2Rem)_ 1 [ 2:0.41:2058 ) _
P=m f, | 2058 420 e

A, = pbd = 0.00098 - 520 - 284 = 144.7 mm?
Check for Ag pin :
Agreq = 144.7 mm? > Ag i = 113.6 mm? ... select A; = A,oq = 144.7 mm?

Use 2012 with Ag = 2.262 cm? > Ag,eq = 144.7 cm?

Check for strain:

__Af, _ 2262:420 _
®=085f.b 085-24-120 o °omm

a
c=— = 0.85
5 B1
38.8
c=———=45.64mm
0.85
d—c 284 — 45.64
£S:0.003< ):0003< ):0.015>0.005 — 0K
c 45.64
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Note that:

Moments equals or less than M,, = —15.7 kN.m , use 2012 for each rib span.
So that other negative moments:
M, =-11 ,-15.7,-15.6,—-7.5,8.5 kNm < M, = —17.7 kN.m Have

reinforcement of 2012 for each rib span.

4-4-5 Design Rib for Shear:

4-4-5-1 Design procedure for shear:

Design of cross section subjected to shear and Flexure:

V, : factored shear force at the section.
V, : the nominal shear strength ;

Vp=V.+ Vg
V.: the nominal shear strenght provided by concrete.
V.= % AV f. b,d ,2=1.0 for normal weight concrete.

V, : the nominal shear strenght provided by shear reinforcement (stirrups).
Ay fyd
v, =20

» Shear conditions and cases (Items):

j<¢—— Face of Support

d

Shear carmed
by stirrups ¢Vs

(Vy-9Ve)

Vu Shear carried
by concrete ¢V

#Vei2
_

Min. shear Shear ~

reinfort nt ~
Shear reinforcement required reinforcement emnforcemel ~

not req'd

-

Figure (4-10) Shear diagonal.
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Check for dimensions:
. 2 7
According to (ACI), V; shall not be taken grater than V., = 5\/ fe b,d ,So:

If Vo> Ve thesection must be enlarged (Dimensions are not enough) where:

Vu
Ve=V,—-V.=—-V,
)]
Case I:
1 - -
V, < 2 oV, — NO shear reinforcement is requered.
Case I1:
1 . ) )
2 oV, <V, <0V, — Minimumshear reinforcementisrequered (A, ,in)
1 7 bys 1 bys .
., = — . — > - L2 .
Av,mm 16 fc fyt = 3 fyt ) Or in the form:
A, i 1 b
( v'mm)the maximum of > = - —
3 [y
1 7 by

>— . w

— 16 fe fy
Here

d

Smax < 7 or Spue < 600 mm
Where:

S :step of stirrups (spacing between stirrups).
[yt : yield stress of stirrups .

Case I1I:

Q)Vc < Vu < Q)(Vc + Vs,min)

Av min) Vs min (Av min)
- = z - V —— e d
( S fyt d s,min S f yt
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Then, Vi, is the maximum of:
1 7 1
Vs,min = 16 ' fc bw -d ’ Vs,min = 3 bw d

Minimum shear reinforcement is provided (A4,,,,i,) with:

d
Smax < 5 or Spue < 600 mm

CaselV:
OVe+ Vpnin) <Vu < 0V + V) — stirrups are required
Vu 1 !
Where: Vi <Vs<Vy, Ve=V,—-V,. = r) Ve, Vo= 3 fc by d
(3)=7.
S fyed

Here:

d
Smax < 7 or Spu < 600 mm
Case V:
OWe+ V) <Vyu< 0(Ve+ Vimar) — stirrups are required

V.,

Where: Vg <V, < Vs,min s Ve=Va -V, = E -V, Vs

Vs,max = E\/ fC, b, d And (A?”) Vs

" fped

or Spae < 300 mm

46
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The shear envelops of Rib that we consider to design it (R10) is:

Shear

226 216

/7 A i A s
AZE %

20.4 1.7 20.
28.

Figure (4-11) Shear envelop diagram.
The maximum shear force at the distance d from the face of supportV,, = 21.7 kN.

According to (ACI) Shear strength, V. provided by concrete for the ribs may be taken
10% greater than that for beams. This is mainly due to the interaction between the slab

and the closely spaced ribs.

1 ’
VC—11>< fcbd—llx V24 -120-284 =30.6 kN

Ve =0.75-30.6 = 22.95 kN

“QV, = 22295 =11.47kN <V, =21.7kN < @V, = 22.95 kN - Case II

S0, Minimum shear reinforcement is required.

Ay, min . 1 bw 1 120
( ! )the maximumof > - -—=—- X——=095.23 x10™3 — controled
S 3 f : 3 20
> f] 2= X V24X =87.48 X107
16 fye 16

Try 08 stirrup (2 legs) with A,y = 100.53 mm?
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100.55

. 9523 x107®* - §=1055.86 mm

But:
Smax < 300 mm
Use P8 @ 30cm < S,,,, = 30cm

4-5 | Design of Beam (G.F,B122)

Figure (4-7) shows the location of rib in slab drawing plan.

(BS7.GF) @

i
48|
Y>\

TS

Figure (4-12) location of Beam (G.F, B122) in slab drawing plan.
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4-5-1 Beam (G.F ,B122) geometry:

Figure (4-13) shows the geometry of beam that considered to design and it’s statically

system with section of (80 X 32 cm) Hidden beam:

Geometry

1 2 3 4
I: A = A A — A :l
LI | S
A A A A
0.25 5.47 06 45 4.1 06 235 0.3
N 5.9 v 5.1 47 ! 2.3 T

32

80.
A-A

4-5-1 Load calculations for Beam:

Figure (4-13) Beam (G.F , B122) geometry.

There are 3 sources of load that accts on beam.

1. The own weight of the beam and the weights of floor layers within the beam width

as a uniform (dead load).
2. The load that comes from rib (R23)&(R24) as a uniform (dead and live loads).
3. The load that comes from two way ribbed slab as a uniform (dead and live loads).

The following is the description for each one:

4-5-1-1 | the own weight of beam:

Table (4-4) shows the own weight of the beam and the weights of floor layers within the

beam width:

Dead Load Form Thickness 8§ (m) Unit weight y (%) yx&x1 (%V )
Tiles 0.03 23 0.03x23x0.8=0.552
Mortar 0.03 22 0.03x22x0.8=0.528
Coarse Sand 0.07 17 0.07x17 x 0.8 = 0.592
RC Beam 0.32 25 0.32x25%x0.8=6.4
Plaster 0.03 22 0.03x22x0.8=0.528
Interior Partitions 1x1=1

Z service D, 9.96 (k—N)
m
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4-5-1-2 | the load that comes from rib (R24):

Its equals the reactions of (R24) divided on reputational unit (0.52 m), Figure (4-14) shows
the reactions of rib (R24) on beam (G.F ,122):

Reactions
Factored

H HH HH H
DeadR 11.35 24.22 24.22 11.35
LiveR 6.67 16.25 16.25 6.67
Max R 18.02 40.48 40.48 18.02
Min R 111 26.75 26.75 1.1
Service )
DeadR 9.46 20.19 20.19 9.46
LiveR 417 10.16 10.16 417
Max R 13.63 : 30.34 13.63
Min R 9.31 21.77 21.77 9.31

Figure (4-14) Reactions of rib (R24).
So that:

. 20.19 kN . 10.16 kN
service D; = 052 38.8 (;) , service L; = 052 19.5 (;)

4-5-1-3 | the load that comes from rib (R23):

Its equals the reactions of (R23) divided on reputational unit (0.52 m), Figure (4-14) shows
the reactions of rib (R23) on beam (G.F ,122):

“Reactions

Factored

—t —4
DeadR 13.52 13.52
LiveR 7.65 7.65
Max R 21.18 21.18
Min R 21.18 21.18
Service
DeadR 11.27 11.27
LiveR 4.78 4.78
Max R 16.05 1
Min R 16.05 16.05

Figure (4-15) Reactions of rib (R23).

So that:

service D; = = , service L; = —— =

11.27 _ 216 (kN) 4.78 9.2 (kN)
0.52 ' 0.52 '
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4-5-1-3 | the load that comes Two way ribbed slab:

The load that comes from two way ribbed slab as a trapezoidal load as in Figure (4-15):

Figure (4-16) trapezoidal load on beam (G.F, B122)

Dead Load Form | Thickness 8 (M) | Unit weight y (%) yxEx1 (%V )

Tiles 0.03 23 0.03 x 23 x0.522=0.178
Mortar 0.03 22 0.03 x 22 x 0.522 =0.178
Coarse Sand 0.07 17 0.07 X 17 X 0.522 = 0.322

RC Topping 0.08 25 0.08 x 25 x 0.522 = 0.541

RC Rib 0.32 25 0.24x0.12 X 25 % (0.52 + 0.4) = 0.662
Concrete Block 0.24 10 0.24x10x 0.4%2 = 0.384
Plaster 0.03 22 0.03 x 22 x 0.522 =0.178
Interior Partitions 1x0.522=0.270

Z service D,

kN
2.85 ()

Table (4-6) Dead Load calculations of two way Ribbed Slab.
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2.85

= =10.54 (kN) L, =4 kN
T0.52x0.52 m2 roTLT (mz)

D,

1 1 kN
service D; from the slab = ELSW =3 X 6.64 X 10.54 = 34.99 (?)

kN
weight of the beam = 0.8 X 0.32 X 25 = 6.4 (;)
kN
weight of the floor material on the beam = 9.96 (;)
1 1 kN
service L; from the slab = ELSW =3 X 6.64%x4=13.28 (;)
kN
service Lyonthe beam = 0.8 x4 = 3.2 (;)

kN kN
Total service D; on the beam = 34.99 (;) and 6.4 +9.96 = 16.36 (;)

kN kN
Total service L; on the beam = 13.28 (;) and 3.2 (;)

So, the load input to analysis seems like in Figure (4-17):

load group no. 1
Loading

Dead load - Service Units:kN.meter
35. | 35 \
2p.1|26.1
38.8 3g8.8 y
21.6 21.6
6.36 [ & 6.36
59 51 375 o095 28
|
I
Live load - Service Load factors: 1.20,1.20/1.60,0.00

—
13.2j13t82\9.92

19.5 195
9.*!0 9.20
2.£U 2.2V .).kv 2.2
54 3.75 0.95 23
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4-5-2 Design for Flexure of Beam:
The envelope moment diagrams (for all load combinations). Using the structural analysis and

design program (Atir 12), in Figure (4-18):

Moment/Shear Envelope (Factored) Units;kN.meter

Momenis: spans 110 4

-319.

.228.3 -242.4
1848
4217 | 1274 _90'159'7_1125
} .43I =1. 2, % /?s:;g {
[ Ib i ; = i : %?zi i, Ll
1.01]1.19 0. T,
4 I Ho7d 56 362 92

| 236 3.54 | 2.81 229 | 235 235 | 168 | 142
1

r T T T T T T T

Figure (4-18) Envelope moment diagram for Beam (G.F , B122).

Design of positive moments:

Assume bar diameter ¢ 22 for main positive reinforcement.
dp 22
d = h — cover — dgjyryps — 5 = 320—-40—-10— 5 = 259 mm

The maximum positive moment in all spans of (G.F ,B84) M, = +270.6 kN.m

M,  270.6x 106

Rn = %bd = 0.9-800.2502 ~ >-6 MPa
f, 420
Mm=0.85f,  0.85 24 >8
A _zRem)_ 1 [ 2562058\
P=m f, | 2058 420 e

Ag = pbd = 0.01595 - 800 - 259 = 3305.2 mm?
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Check for Ag pin :
f. 1.4
Agmin = 0.25 ‘b,d > — b,d
fy fy
V24
Agmin = 0.25 75 800 - 259 = 604.2 mm?

1.4
Agmin = 120 800 - 259 = 690.67 mm? — control

Agreq = 3305.2 mm? > Ag iy = 690.67 mm?  — OK
Use 9022 with A, = 34.212 cm? > Ao, = 33.05 cm?

Check for strain:

Asfy _3421.2-420

= = = 88.045
= 0.85f.b 0.85-24-800 mm

a
c=— , B;1=0.85
88.045
=———=103.58 mm
0.85

d—c 259 - 103.58
) = 0.003(

— 0.003
Es ( 103.58

p ) = 0.00445 > 0.004 - 0K

Check for bar placement:

800 —40x2—-10x2 —11x 20
Sp = 10

=48 mm > 25mm - O0OK
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Design of positive moment M, = +106.6 kN.m

Also assume bar diameter @ 16
dp 16
d = h — cover — dgjyryps — 5 = 320—-40—-10— 5 = 262 mm

M,  106.6x 106

"= %bd_ 0.9-800 - 2622 a
m = 20.58

_Af | 2Rem)_ 1 [ 2:215:2058 )\
P=m f, | 2058 420 e

A; = pbd = 0.0054 - 800 - 262 = 1131.84 mm?

Check for Ag pin :
vfe 1.4
Agmin = 0.25 ‘byd > — b,d
fy fy
V24
Ay = 0.25 —— 800262 = 611.2 mm?
’ 420
1.4
Agmin = 120 -800-262 = 698.67 mm? — control

Agreq = 1131.84 mm? > Ay, = 698.67 mm?  — OK

Use 6016 with A, = 12.064 cm? > A, = 11.31 cm?

Check for strain:
__Af, _12064-420
®=085f.b 085-24-800 = m
a
c== , B, =0.85
5 B1
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31.04
c= =36.52 mm
0.85

d—C)_O (262—36.52

& =0.003 (T 36.52 ) =0.018 > 0.005 -0K

Check for bar placement:

~800—-40x2—-10x2-6x16

Sy = = =120.8mm >25mm - 0K

Design of positive moment M, = +127.8 kN.m

Also assume bar diameter @ 16
dp 16
d = h — cover — dgjyryps — 5 = 320—-40—-10— 5 = 262 mm

M, 127.8 x 10°

"= %bd_ 0.9-800 2622 a
m = 20.58

o _zRm)_ 1 [ 2.2.58:20.58 \ _
P=m f, | 2058 420 e

A; = pbd = 0.00659 - 800 - 262 = 1381.26 mm?

Check for Ag pin :
JI! 1.4
Agmin =0.25 2% b, d > = b,d
fy fy
V24
Agmin = 0.25 75 - 800262 = 611.2 mm?

1.4
Agmin = 120 800262 = 698.67 mm? — control

Agreq = 1381.26 mm? > Agpmin = 698.67 mm? — OK
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Use 7016 with A; = 14.074 cm?* > Ag,eq = 13.81 cm?
Check for strain:

__Af, _ 14074420
®=085f.b 0.85-24-800 ~ -4mm

a

c=— R =0.85
36.22

c= =42.61mm
0.85

d—c 262 —42.61
)z 0.00 (

£ = 0.003( el

p ) =0.015>0.005 -0K

Check for bar placement:

S 800-40x2-10x2-7x%x16
b:
6

=117.6 mm >25mm - OK

Design of positive moment M, = +36.2 kN.m

Also assume bar diameter @ 12
dp 12
d = h — cover — dgjrrups — 5 = 320-40-10 - S = 264 mm

M, 36.2 x 10°

R. = _ = 0.72 MP

"= %bd_ 0.9-800 - 2642 a
m = 20.58

o _zRm)_ 1 [ 2:0.72:20.58\ _
P=m f, | 2058 420 e

A, = pbd = 0.00174 - 800 - 264 = 367.48 mm?
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Check for Ag pin :
f. 1.4
Agmin = 0.25 ‘b,d > — b,d
fy fy
V24
Agmin = 0.25 75> 800 - 264 = 615.87 mm?

1.4
Agmin = 120 800 - 264 = 704 mm? — control

Agreq = 367.48 mm? < Agpin = 704 mm?
take Agyoq = Agmin = 704 mm?
Use 7012 with A; = 7.917 cm?® > Ag,., = 7.04 cm?

Check for strain:

__Af, _ 7917420
®=085f.b 085-24-800 - /MM

c=— B, =0.85
Bl ’ 1— Y.
20.37

c= =23.96 mm
0.85

d—c')_o (264—23.96

& =0.003 (T 23 96 ) =0.03 >0.005 -0K

Check for bar placement:

800-40x2—-10x2-7x12
b:
6

=102.67mm >25mm - 0K
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Design of Negative moment M,, = —242.4 kN.m

Assume bar diameter @ 20 for main positive reinforcement.
dp 20
d = h — cover — dgjyryps — 5 = 320—-40—-10— 5 = 260 mm

M,  242.4x10°

R = = = .

"= Ghd ~ 0.9-800-2602  +28MPa
m = 20.58

_Af | 2Rem)_ 1 [ 2:4.98:2058)\
P=m f, | 2058 420 e

A; = pbd = 0.0138-800 - 260 = 2870.4 mm?

Check for Ag pin :
VI 1.4
Agmin = 0.25 -byd > — b, d
fy fy
V24
Agmin = 0.25 —— - 800 - 260 = 606. 54 mm?
’ 420
1.4
Ag min = 120 -800-260 = 693.33.67 mm? — control

Agreq = 2870.4 mm? > Ay = 693.33 mm?  — OK

Use 10020 with A; = 31.42 cm? > A, = 28.7 cm?

Check for strain:
__Af, _ 3142420
®=085f.b 085-24-800 - omm
a
c== , B, =0.85
5 B1
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80.86
c= =95.13 mm
0.85

d—C)_O (260—95.13

& =0.003 (T 95 13 ) =0.0052 > 0.005 —-0K

Check for bar placement:

~800-40x2-10x2-10x20

Sy = 9 = 55.56 mm >25mm - 0K

Design of Negative moment M,, = —127.4 kN.m

Assume bar diameter @ 16 for main positive reinforcement.
dp 16
d = h — cover — dgjyryps — 5 = 320—-40—-10— 5 = 262 mm

M, 127.4 x 10°

R, =—" — —2.87 MP
"= %bd_ 0.9-800 2622 a
m = 20.58
o _zRm)_ 1 [ 2:2.87:20.58 | _
P=m f, | 2058 420 e

A; = pbd = 0.0065 - 800 - 262 = 1362.4 mm?

Check for Ag pin :
JI! 1.4
Agmin =0.25 2% b, d > = b,d
fy fy
V24
Agmin = 0.25 75 - 800262 = 611.2 mm?

1.4
Agmin = 120 800262 = 698.67 mm? — control

Agreq = 1362.4 mm? > Ag iy = 698.67 mm?  — OK
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Use 7016 with A; = 14.074 cm?* > Agyeq = 13.62 cm?
Check for strain:

__Af, _ 14074420
®=085f.b 0.85-24-800 ~ -4mm

a

c=— R =0.85
36.22

c= =42.61mm
0.85

d—c 262 —42.61
)z 0.00 (

£ = 0.003( el

p ) =0.0154 > 0.005 —-0K

Check for bar placement:

S 800-40x2-10x2-7x%x16
b:
6

=98 mm >25mm - OK

Design of Negative moment M, = —112.6 kN.m

Assume bar diameter @ 16 for main positive reinforcement.
dp 16
d = h — cover — dgjrrups — 5 = 320-40-10 - 5 = 262 mm

M, 127.4 x 10°

"= %bd_ 0.9-800 2622 Pa
m = 20.58

_Af | 2Ram)_ 1 [ 2:2.27-2058 )\ _
P=m f, | 2058 420 e

A, = pbd = 0.0057 - 800 - 262 = 1194.72 mm?
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Check for Ag pin :
f. 1.4
Agmin = 0.25 ‘b,d > — b,d
fy fy
V24
Agmin = 0.25 75 800 262 = 611.2 mm?

1.4
Agmin = 120 -800-262 = 698.67 mm? — control

Agreq = 1194.72 mm? > Agpin = 698.67 mm?>  — OK
Use 6016 with A, = 12.064 cm? > Ao, = 11.94 cm?

Check for strain:

Asfy _ 1206.4-420

= 0.85f.b 0.85-24-800 mm

a

CcC =— R = 0.85
31.05

c= =36.53 mm
0.85

d—c 262 —36.53
>= 0.003(

£ = 0.003( e 53

p ) =0.0185 > 0.005 —0K

Check for bar placement:

800-40x2—-10x2—-6Xx16
Sb: 5

=120.8mm >25mm - OK

62



Chapter Four

Structural Analysis and Design

4-4-5 Design Beam for Shear:

The shear envelops of beam (G.F , B122) as shown in Figure (4-18):

Shear

293.9 -3211

-

269.1

Figure (4-19) Shear envelop diagram of Beam.

The maximum shear force at the distance d from the face of support V,, = 293.9 kN

For V, =293.9 kN

1 1
Ve=c /fc’ byd == V24 -800-260 = 169.8 kN

OV =0.75-169.8 = 127.35 kN

Check cases:

Check Case III:

®Vc < Vu < Q)(Vc + Vs,min)

Vs min is the maximum of:

Vgmin = % V24 -800-260 = 63.68 kN

1
Vsmin = 75 800 - 260 = 69.3 kN

— controled

Vi =293.9kN >0V, + Vgmin) = 0.75 (169.8 + 69.3) = 179.325 kN

63



Chapter Four Structural Analysis and Design

Case III not satisfied.

Check Case IV:

OWVe+ Vsmin) <Vyu< 0(V.+ V)

Ve =169.8 kN

1 [ 1
Vi =3 f byd=3%24 x800x 260 =339.6 kN

O(Ve+ Vsmin) = 179.325kN <V, =293.1kN< ¢(V.+ V) =382.1 —OK

Shear reinforcement are required

V,— 0V, 293.1-127.35

vV, = = 221kN
? 0.75

Use 010 2 legs with A, = 157.1 mm?

420 X 157.1 x 260
Sreq = =77.6 mm

221 x 103

But:

d

Smax < 2 or S, < 600 mm

Select 2010 @7.5 cm stirups
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4-6 | Design of Two Way Ribbed Slab:

4-6-1 Position of Slab:

This two way ribbed slab locating in ground floor as demonstrated in figure (4-19).

49
S

Figure (4-19) the positon of two way ribbed slab in ground floor.

4-6-2 Statically system of Slab:

The figure (4-20) demonstrate the statically system of two way ribbed slab:

pinned
(B~ /,GF)

49
STy

pinned pinned

Fixed

Figure (4-20) the statically system of two way ribbed slab.
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4-6-3 Calculations of minimum thickness of two way ribbed slab:

Minimum thickness of two way h,,;,, is based on the stiffness ratio between the beam and

the slab that will be carried from the beam.

0.52

Assuming that h,,;, = 32 cm X «

- Stiffness of slab:
Moment of inertia of rib:

,  8Xx52x4+12x24x20

Y =T gxsztizxz2a _ 1054cm I
52 X 83 12 % 24_3 —02—F0.12+—02—~
Ly = =+ ——o——+ 8 X 52 X 6.54% + 12

X 24%X9.46%2 =5.9609 x 10~ % m* Figure (4-21): rib geometry

- stiffness of Beams:

for beams (B,G,87 ) Rectangular section 70x32 :

,_70x32x16 _
Y = "70x32 0™

70 x 323 s
18'6'87=T=19l1146 ><10 m

for beams (B,G,93 ) Rectangular section 50x32 :

’—SOXBZX16—16
Y = Ts0x32 o

50 x 323 4
IB,G,93 = T == 13 6533 X 10_ m

for beams (B,G,122 ) Rectangular section 80x32 :

,_B0X32x16 _
Y = "gox3z o

80 x 323 e s
IB,G,IZZ =T= 2184‘53 X 10 4 m

66
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for beams (B,G,92 ) Rectangular section 100x32 :

,_100x32x16
Y =7 100x32 oM

100 x 323 o
IB,G,92 = T = 27 3067 x 10 m

e For B,G,87:

Ly (ileny  5.9609 x 107 x (% +2+0.7)

=37.8 x10~* m*
bes 0.52 m

Is=

e For B,G93:

Lip¢ileny  5.9609 x 107 x (g + 42—6 +0.5)

=32.1 x 107+ m*
bess 0.52 m

e ForB,G,122:

, Ly ditiyy 59609 x 1074 x (0 +21 +0.8)
s = =
besy 0.52

=38.4 x10™* m*

e ForB,G92:

Irib-(%+%+b) 5.9609 x 10~* x (%+g+ 1)

I = =37.8 x10~* m*
s bess 0.52
. . Ip
- stiffness Ratio ch= -
IS
Ipsm 19.1146 Ip1m 21.8453
Olfg7 =I_= o 0.505 , Olf122 = ! = ea = 0.568
S ' S :
Ipop Iyop
Olfos = b9l _ 136533 _ 1 4o ’ Olro = boB _273067 _ (-
I 321 I 3738

af 0.505+0.425+0.568+0.722 6.8
2of = 0.555 < 2.0, p=_2"9 - —-103
4 4 Ln,sh 6.6

afm =

1, (0.8+2%) 6.8(0.8+—=2)

min = 1400 - 1400 =19.77cm < 32cm ..0K
36+50(afm—0.2)  36+5x1.03(0.555-0.2)

h=32cm > h,;, =19.77 cm (8 cm Topping + 24 cm Block).
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4-6-4 L.oad Calculations of two way ribbed slab:

As we calculated previously the load that acts on two way ribbed slab was equals:

2.85

D, = =10.54 (kN) L, =4 kN
L=0.52x0.52" m?2 S (mz

Wya=1.2(10.54) = 12.648 (%V) ,Total uniform dead load.

W, =1.6(4) =64 (%N) ,Total uniform live load.
kN
Factored Load : W, =1.2(10.54) + 1.6 (4) = 16.94 (ﬁ)'

4-6-5 Moments calculations by coefficient method:

. l, 68
e spanratio= *=_—
b .

= 0.9 , l,:shortclear span , l,:long clear span
o Coefficients (case 6):
Coefficients for negative moments in slab:
Coneg =0.079 , Cppeg =0
Coefficients for dead load positive moments in slab:
Coar=0.039 , Cpq =0.021
Coefficients for live load positive moments in slab:
Conu =0.042 , Cpy=0.025
e Moments:
Mgneg = Caneg W laz.bf =0.079 X 16.94 X 6.8%2 x 0.52 =32.17 kN.m
M positve = Maar + Mgy
=[(0.039 x 12.64 X 6.8% X 0.52) + (0.042 X 6.4 X 6.8% x 0.52 ]
=18.31 kN.m
Mppeg =0x16.94 X 6.9%2 = 0 kN.m
My positve = Mpar + Mp
=[(0.021 X 12.64 X 6.9% x 0.52) + (0.025 X 6.4 X 6.9% x 0.52]
=10.53 kKN.m
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4-6-6 Slab reinforcements:

Assume 20012 Bottom Bars for (positive moments)

12
d=320—20—8—7=286mm

1.4
Aszo1z) = 2 X 113 = 226 mm® > Agmin = 50 X 120 X 286 = 114.4 mm*

Asfy 226 x420 a 38.78

- - —38.78 == = 45.62
0.85f b, 0.85x 24 x 120 mm o.C= 8 =70.85 mm

a

a 38.78 6
Mn=Asfy(d——)=226><420><(286— )><10 = 25.3kN.m

2 2
M,=oM,=0.9%x25.3=22.77kN.m (2012 covers positive moments)

check strain :

286—-45.62

£, = 0.003 (=) = 0.003 (2%

)=0.016>0.005 ,¢ =09..0K

~ Use 012 for Bottom Bars
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Assume 916 Top Bars for (Negative moments)

16
d=320—20—8—7=284mm

1.4
Asz016) = 2 X 201.1 = 402.2 mm* > Agip = 550 % 120 X 284 = 113.6 mm?
Af,  402.2x 420 a 69

_ - = 69mm | 2 —81.17
0.85/ b, 0.85x24x120 ' € mm

a B, 0.85

a 69 6
M, = Af,(d _E) — 402.2 x 420 X (284 —7) x 1076 = 42.14 kN.m

M, =@M, =0.9x42.14 = 37.93 kN.m

check strain :

284-0 17

£, = 0.003 (£5) = 0.003 (222

) =0.0075>0.005 ,¢ =09...0K
~ Use 016 for Top Bars (short span). , Use (012 for Top Bars long span).

4-6-7 Design of shear:

Maximum shear coefficient will be in the short direction for the slab with boundary conditions as
in case 8 , W, = 0.79

» The total load on the panel(6.9 X 6.8 X 16.94) = 794.8 kN .
(0.79X794.8x0.52)

2X6.9

* The total load per rib at face of the long beam is = 23.66 kN

The shear critical section is at distance d from the beam face:

Vaa = Vugace — Wy * bess - d = (23.66 — 16.94 X 0.52 x 0.284) = 21.16 kN

The shear strength of one rib in the slab is:
1 1 S
¢V, =0.75x1.1- ‘ X [f'.-byd =075 x1.1 (g>\/24- 120-284 x 107> = 22.95 kN

oV, 2295
— =5 = 11478kN < Vyq = 21.16 kN < 9V, = 2295 KN

No need for shear reinforcement ( but not for exceptions according to ACI).

Provide minimum shear reinforcement

Use 08 stirrups Ay =2 x 50 = 100 mm”
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4-7 | Design of Column (122), Ground Floor.

4-7-1 Design Data:

The following table and figures gives the design parameters of column (122) Ground Floor:

Dead load (service) 1400 kN
Live load (service) 300 kN
Length 3.6m
k 1 (Braced)
D 40 cm
[y 420 Mpa
f. 24 Mpa
Concrete cover 40 mm
Bar size ?16 mm
Type of load Concentrically Loaded

Table (4-6): Design Data of column (122).

N/

Figure (4-25):

cross sectiona of colums (122).
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4-7-2 Factored Loads:
P,=1.2D+1.6L
P, = 1.2 (1400) + 1.6(300) = 2160 kN

4-7-3 Selecting Column Dimenssion:

Assum Ast=0.015Ag

@Pn,max = $0.85[0.85.fc(Ag — Ast) + Ast.Fy]

2160 = 103=0.75%0.85[0.85*24*(Ag-0.015Ag)+(0.015*420)]

Ag = 128371.4213 mm’
Ag=n/4 . D’
128371.4213= /4 . D’

D= 404 mm, take D= 400 mm

Ag=T/4 . 400% =125600 mm’

@Pn,max = $0.85[0.85.24(125600 — Ast) + Ast.420]
Ast=2070 mm’
Use (11016 with As=2211 mm* >Ast= 2070 mm°)

p = Ast/Ag
2070/12560 = 0.0164

Design Spiral rein. :

Use Spiral @10 with As =78.54 mm?

Dch= D-2.Cover
Dch =400-(2*40)=320 mm

Ag= /4 . D* =125600 mm’

Ach= /4 . Dch? =80384 mm®

_ Ag 4\ Sfe _
ps = 0.45 (Ach ) 7 =0.0145

73



Chapter Four Structural Analysis and Design

__4as(Dch-ds)

pS o S.Dch2
4 +78.54(320 — 10)
ps = = 0.0145
S.320 * 320
S=64.45 mm

Check for code req. :

1- clear spacing longitudinal bar diameter of the centroidial circle of bar:

1400-40%2-10%2-16 = 284 mm

11816 D=49

] w284 — (11 16)
clear spacing = 11 = 65mm

65 mm > 40 mm

> 1.5 db=1.5*16 =24 mm

2- 0.0l <pg =0.0164 <0.08

3- NO of bar 11 > 6- for circular member enclose by spiral -ok

4- min. spiral 010 - ok
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5- clear spacing for one loop :
Clear spacing = S-ds = 65 — 10 =55 mm

25 mm < 55 mm <75 mm —ok

D=40

11816

@10/ /Spiral stirrups,S=65 mm
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4-8 | Design of Staircase:

kN , ,
live load of L; = 4 (ﬁ) ,assuming rise of 155 mm ,

and runof 300 mm, f =24 Mpa, f, = 420 Mpa .4-8-1 plan and

materials of stair:

The following figure demonstrate the plan of stair that we consider to design it figure (4-29)

which is carries a uniform

2,89 1,65

1,76

lc

1,65

€'/

2,89 1,65

Figure (4-29): Stair Plan and structural system.
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4-8-2 Structural system and minimum thickness:

1. The structural system of this stair was taken as a simply supported (one-way solid

slab) since that the flight of stair will be supported at the ends of upper and lower
landings.

2. Minimum Slab thickness for deflection is (for simply supported one-way solid slab) is

L 1.65+2.89
h,in = 0= 20 - 22.5cm , but in this case presented here where the

slab ends are cast white the supporting beams and additional negative reinforcement

L 165+289

is provided , minimum thickness can be assumed to be h,,;, = 28 28

16 cm.

Take h,,;, = 25 cm

4-8-3 L.oads and Reactions calculations:

The applied live loads are based on the plan area (horizontal projection), while the dead
load is based on the sloped length. To transform the dead load into horizontal projection

the figure below explains how figure (4-30).

o

0 =tan! (rise) = tan~! (155> =27.32
- run) 300/
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f«—300 mm -»
ml| 7 250 mm
t
155 mm }
v

qKN/m

>

wKN/m

L

Figure (4-30): Transformation of dead load into horizontal projection.

Flight Dead Load computation:

Table (4-7) shows Dead Load calculations on Flight of stair:

Dead Load Form . . kN kN
Unit weight y (m3 wo(—)
m
Tiles 27 0.155+0.35
23 X (—>x0.03 x1=1.36
0.3
Mortar 22 0.155+0.35
22><(—>><0.03><1= 1.11
0.3
Stair steps 25 25 N (0. 155 x 0.3) “1-193
0.3 2 -
Reinforced concrete 25 25x0.25x 1
=7.04
(solid slab) cos 27.32
plaster 22 22x0.03x1 -
cos27.32
Z Tota Dead loads kN/m 12.2

Table (4-7) Dead Load calculations on flight.
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e Landing Dead Load computation:

Table (4-8) shows Dead Load calculations on Landing of stair:

Dead Load Form Unit weight ¥ (% yx8x1 (k_N)
m
Tiles 23 23x0.03x1=0.69
Mortar 22 22x0.03x1=0.66
Reinforced concrete 25 25x0.25x1=6.25
(solid slab)
plaster 22 22x0.03x1=0.66

Z Tota Dead loads kN/m

7.6

Table (4-8) Dead Load calculations on Landing.

kN

o Liveload: L; =4 (ﬁ)

o Total Factored Load: w=1.2D; +1.61L,

For flight: w = 1.2 (12.2) + 1.6(4) = 21.04 (;)

kN

For Landing: w = 1.2 (7.6) + 1.6(4) = 15.5 (";"’)

4-8-4 Design of flicht 1:

The support reaction of flighting is:

[(7.75%3)+(21.04+3)]

2

kN
=43.1 (—) as shown in figure (4-31).
m
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2L.04KN/M
7.75KN/M 7 75KN/M

Figure (4-31): Loads and reactions on statically system of flight.

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter 14 for main rinforcemnt.
d, 14
d= h—cover—7= 250—20—7= 223 mm

Assume wall width 30 cm

V,=43.1-7.75 % (0.155+ 0.223) = 40 kN

=—,/fcbd —x\/ 4 x 1000 x 223 = 182.7 kN .. for 1 m strip

¢ = 0.75 — for shear

¢V.=0.75 x182.7 =136.55 kN .. for 1m strip
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1
Vimax = 40 kN < — ¢V, = 68.27kN

& The thickness of the slab is adequate enough

e (alculation of maximum moment and steel reinforcement:

6 3 1.5
My max = 43.1 (E) ~7.75-(1.5) - (1. 5 +E> —21.04(1.5) (T)

=79.47 kN.m /m

assume bar diameter 914 for main rinforcemnt with ,d = 223 mm

R o= Mu _ 79.47 x 10° A _fy 420 206
"TGbd  0.9x1000x2232 VPTG g5 T 0.85 % (24) <
~ __2Rm)|_ 1 2:1.77:206\ _

p= f, | 206 420 e

A, = pbd = 0.00441 X 1000 x 223 = 984.5 mm?

Agmin = 0.0018bh = 0.0018 x 1000 X 250 = 450mm?

Ag = 984.5 mm? > Ag i = 450 mm? ,use 014

Use 7014@15 cm with Agppe, = 1077 mm?* > A; = 984.5 mm?for (1m) strip

Check maximum step for main reinforcement (the smallest of):

1. 3h =3 X250 = 750 mm
2. 450mm.

280

3. S=380(f 280

X420

)— 2.5C, = 380 (z

3

)—2.5x20=330mm

s

280
) =300 | = 300mm — controled

280
Smax = 300 (
= X 420

S

S=15cm < S0 =30cm — OK
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e Temperature and shrinkage reinforcement:

As(temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?
Use 3014@30 cm with Agypo, = 461.7 mm? > Ag = 450 mm? for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

1. 5h=5x%x250 =1250 mm

2. 450mm. — controled

$§=30cm < S,,;,, =45cm - 0K

()
> ¢ 1190
#14915 1185, %’00 %;,D w4015 z-305) 'O
=80
#14D78
L=180 |15

SECTION (A—A)
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4-8-5 Design of flisht 2:

The support reaction of flighting is:

[(7.75+3)+(21.04+2.7)]
2

kN
=40 (—) as shown in figure (4-32).
m

2L04KN/M
7.75KN/M 7. 7SKN/M

Figure (4-32): Loads and reactions on statically system of flight.

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter 14 for main rinforcemnt.
d, 14
d= h—cover—7= 250—20—7= 223 mm

Assume wall width 30 cm

V, =40 —7.75x (0.155 + 0.223) = 37 kN

=—,/fcbd —x\/ 4 x 1000 x 223 =182.7 kN .. for 1 m strip
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¢ =0.75 — for shear

¢V,.=0.75 x182.7 =136.55 kN .. for 1m strip
1
Vimax = 37kN < E([)VC = 68.27kN

& The thickness of the slab is adequate enough

e (alculation of maximum moment and steel reinforcement:

Mymax = 31.5 kN.m / m

assume bar diameter 914 for main rinforcemnt with ,d = 223 mm

_ M, 315x10° f, 420
~Obd_ 0.9x1000 x 2232 Pa .M =0.85f,  0.85x (24)

A [ _2Rem)\_ 1 (| 20708206\
P=m f, | 206 420 e

A, = pbd = 0.0017 X 1000 x 223 = 380 mm?

R,

=20.6

Agmin = 0.0018bh = 0.0018 x 1000 X 250 = 450mm?
Ag =380 mm? < A i = 450 mm? ,use 014
Use 3014@30 cm with Agppey = 461.7 mm? > Ag iy = 450 mm?for (1m) strip

Check maximum step for main reinforcement (the smallest of):

4. 3h =3 X250 = 750 mm

5. 450mm.
6. S =380 (280) —2.5C, = 380 <228° ) —2.5x 20 = 330mm
fs 3x420
280 280
Smax = 300 ( f ) =300| ;—— | =300mm — controled
S

-x 420
3
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$§=30cm= §,,,, =30cm — OK

e Temperature and shrinkage reinforcement:

A (temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?
Use 3014@30 cm with Agypo, = 461.7 mm? > Ag = 450 mm? for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

3. 5h=5x250 =1250 mm

4. 450mm. — controled

§=30cm < S,,,;,, =45cm - 0OK

SECTION (B—B)

85



Chapter Four Structural Analysis and Design

4-8-6 Design of flicht 3:

The support reaction of flighting is:

[(7.75%1.7)+(7.75%1.5)+(21.04%1..2)]

kN
5 = 25 (—) as shown in figure (4-33).
m

2L04KN/M
7.75KN/M 7. 75KN/M

Figure (4-33): Loads and reactions on statically system of flight.

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter 14 for main rinforcemnt.
d, 14

d= h—cover—7= 250—20—7= 223 mm

Assume wall width 30 cm

= 25— 7.75x (0.155 + 0.223) = 22 kN

=—,/fcbd —x\/ 4 x 1000 x 223 =182.7 kN .. for 1 m strip
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¢ =0.75 — for shear

¢V,.=0.75 x182.7 =136.55 kN .. for 1m strip
1
Vimax = 22 kN < E([)VC = 68.27kN

& The thickness of the slab is adequate enough

e (alculation of maximum moment and steel reinforcement:

My max = 36.87 kKN.m / m

assume bar diameter 914 for main rinforcemnt with ,d = 223 mm

_ M, __3687x10° f, a0
T Pbd 0.9x1000x 2232 - PO TG 85 T 0.85 x (24)

A [ _2Rem)_ 1 (| 2142:206)\_
P=m f, | 206 420 e

A; = pbd = 0.0035 X 1000 x 223 = 780 mm?

R,

20.6

Agmin = 0.0018bh = 0.0018 x 1000 X 250 = 450mm?
Ag =750 mm? > A i = 450 mm? |, use 014
Use 6014@17.5 cm with Agprep = 923.4 mm?* > Agin = 450 mm?for (1m) strip

Check maximum step for main reinforcement (the smallest of):

7. 3h =3 X250 =750 mm

8. 450mm.
9. S =380 (280) —2.5C, = 380 <228° ) —2.5x 20 = 330mm
fs 3x420
280 280
Smax = 300 ( f ) =300| ;—— | =300mm — controled
S

-x 420
3
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$§=17.5cm < S,,4 =30 cm — OK

Temperature and shrinkage reinforcement:

A (temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?

Use 3014@30 cm with Agypo, = 461.7 mm? > Ag = 450 mm? for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

5. 5h=5x%x250 =1250mm

6. 450mm. — controled

§=30cm < S,,,;,, =45cm - 0OK

2,7 2.1 2,9
ST
LI o /J |
Y ol ap
3,2 ”
0 L=120
£=200 3& L P
?sl 1 MAD L=2OE
=130 15
=90 1 o
LSO
151 L=180
L=-180
L"w | 16
P ATBO L

SECTION (C—C)

Figure (4-33): structural detailing of stair.
88



Chapter Four Structural Analysis and Design

4-9 | Design of Shear Wall case W12 :

4-9-1 plan and materials of Shear wall:

The following figure demonstrate the location of shear wall that we consider to design it on
key plan figure (4-34) , with materials of .+ = 24 Mpa , f,, = 420 Mpa . and height
of h,, =21 m and thickness b = 250 mm with width L,, = 4. 8 m and ratio of

Ah
displacement over height Y 0.0071, vertical load N,,or p,, = 1231 kN

w

)

—

S,7

Wi2

138
-

| Tm

Figure (4-34): location of shear wall on key plan.
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4-9-2 Elevation and internal Forces:

The following figure demonstrate the elevation and internal forces shear force of shear wall

that we consider to design figure (4-35):

W12

- \
- —91KN \

> \Qu KN.m
] — 174KN \

— \

1060 KN.m
200KN
1780 KN.m
260 KN
2716 KN.m
4 326 KN
3857KN.m
Shear Wall Elevation Shear Force Diagram Bending Moment Diagram

Figure (4-35): Elevation and internal forces of shear wall.

4-9-3 Design:

e Moment M, at critical section, ( z.) is the smallest of:

L, 4.8

Z,= —=——=2.4m - Controlled
2 2
hy,

Z, > > 0.5m

M,, = 3074.6 kN at critical section Z,
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Design as a rectangular section with L, = 480 cm ,b = 25cm.

e Calculation of effective depth (d) , the smallest of :
d=0.8x%xL, =0.8x%x4800 = 3840 mm — controled
d=0.8xh, =0.8x21000 = 16800 mm

e Design of shear force (Horizontal reinforcement 4,,;,) :

maxV, = 326 kN

Shear strength of concrete V is the smallest of :

1. V. =2\/fc hd =224 +250 + 3840 + 10~% = 783.83 kN

2.V, = 0.25./f.bd + ’;’Tlf

3
— 0.25v24 x 250 x 3840 + 1231:;;:;*”" — 1421.95 kN

My1_lw
Vu 2

lw( fcl+211vv—uh) bd
10

3. V.= 1[0.5.f.+

= 221.31 kN — Controlled

3074.6 x 106 4800 10
326 x 103 2

V,=|0.5v24+ 4800(m+2.01)] 250 x 3840

V., =556.27 kN
oV, + oV, =V,
oV, =V, — 0V,

%4 _Vu vV, = 326 221.31=213.35 kN
ST € 0.75 e '
Av, Vs _213.35><103”_013
sn  fyd 420x3840
. (Avy
min (S—) =0.0025 x b = 0.0025 x 250 = 0.625 > 0.13 — 0K
h

Select 10 ,Two layers
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e Max steps ( S;nax) in (Horizontal reinforcement A,,;) is the smallest of :
L, _4800
5 = 5 = mm

3(hor b) =3 x 250 =750 mm

750 mm — controlled

Av, =2 %79 = 158 mm? , 22 = 0.625 ,s), = —= = 252.8 mm
s 0.625

Select s, =200 mm < S0 = 750 mm

e Design of uniform vertical reinforcement 4,,,, :

hw Avh
A,y = [0.0025+0.5 (2.5— l—)x ( . b—o.oozs)]x hx§,
w snx
Ay 2 158 _ _
S = [0.0025+0.5 (2.5— 4.8) % (200x250 0.0025 )] X 250 = 0.47

Select 12 ,Two layers

e Max steps ( S;nax) in (vertical reinforcement A,,,,) is the smallest of :
L, _4800
5 5 _coomm
3(horb) =3 x250 =750mm

750 mm — controlled

Ay, =2x 113 =226 mm? , "= =0.47 ,5; = = 240.42 mm

Select s, =200 mm < s,,,, = 750 mm
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4-9-4 Details of shear wall:

Figure (4-36) shows the structural detailing of shear wall:

U Hoke 9102 20cm
U Hoke ©10@20cm \/@
0210220em
& . . 2 L =5.02m
it
’:;::';m both side T
d&- m ——— S
+12.00
©10220em
e L =502m
Verticalbars inbothside Horizontal barsin both side
0122 20cm
_a&___L — Second
+8.00
010220cm
> L =5.02m
SESRE——— Horizontal barsin both side
012@20cm Fi
irst
L=5m
+4.00
010220em
Vertical bars in both side * L=50m ,
012@20em — Horizontal barsin both side
L=46m
+0.45
010@20em
> L =5.02m
Verticalbars inboth side Horizontal barsin both side
912220cm bacemint
L=4.60m _3.30

Figure (4-36): structural detailing of shear wall.
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4-10 | Design isolated Footing(F1):

4-10-1 Materials and Loads:

Isolated footing that we consider to design with materials of:
fco =24 Mpa,f, =420 Mpa.

Dead Load (service) = 2000 kN.

Live Load (service) = 320 kN.

Total services load = 2000 + 320 = 2320 kN.

Total Factored load = 1.2(2000) + 1.6(320) = 2912 kN.
Column dimension( a X b) = 30 cm X 60 cm.

. e kg
Soil density = 20 (ﬁ . .
Allowable bearing capacity q,;,; = 400 (ﬁ)
f\'

$EQ2C in_ both dirction

-330m

S ]

0.1
Lk

440m
20014@15cm ,L=2.85m

0l pss

- -S10m
MY P BT Gorea 3 ~y -520m
2.7 18014@15cm,L=3.15m

7

Section A—A

Figure (4-37): Footing Section.
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Assume h = 55 cm.
kN
q atl—net = 400 — (25 X 0.55) — (20 X 0.55) = 366.25 (W)

e Area of footing:

2320
A= — = 6.33 m?
9 gll—net 36625

Assume rect. Footing

Select B=2.5m
Select L = 2.8m

e Bearing pressure:
2219

~25x28
4-10-2 Design:

kN
qu =416 (—)
m

e Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume = 55 cm .

Bar diameter @2 () for main reinforcement and 7.5 cm Cover.

d =550—-75-20=455mm

B- 2.5-0.3
Va =qu><< ] a—d>XL=416><<T—O.455>><2.8=696.5kN
™

IR
P

= EEE
|

e ey

Figure (4-38): one-way shear calculation.
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1 1
Q)ch@xgx,/fc,xbxd=0.75xgx\/24x2500x455=751.29k1v

@V, = 751.29kN >V, = 696.5 kN - Safe

e Design of Tow-way shear strength:

Vu=DPu— FRy

FRy, = q, x area of critical section

V, =416 x [(2.5*2.8) — (0.6 + 0.455)(0.3 + 0.455)] = 2017.26 kN

The punching shear strength is the smallest value of the following equations:

1 2

1. @Vc=®><g(1+ﬁ)x,/fcrxboxd
1 S

2. @Vc=®><ﬁ(%+2)x,/fcrxboxd

d
3.0V, = @x%x,/fc, X bo X d
Where:

_ column Length (a) 60
¢ columnwidth (b) 30

b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2X%X(0.64+0.455)+2x(0.3+4+0.455) =362 cm

as; = 40 for interior coulmn

Substituting values in equations:

1 2
Ve =0.75 X% g(l + E) X V24 X 3620 X 455 = 2580.64 kN — CONTROL

V. = 0.75 1 (40 +0.455
=0.75 X —|———5—
¢ 3.62

7 +2) X V24 X 3620 X 455 = 3544.16 kN

1
Ve =0.75 X 3 X V24 X 3620 x 455 = 2580.64 kN — CONTROL
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@V, = 2580.64 kN >V, = 2017.26 kN

e Design Bending moment for long dirction:

Critical Section at the Face of Column

select 020

d = 550-75-20/2 = 465Smm

1.1
Mu=4-16><2.8><1.1XT=704.7kN.m

R - M,  704.7 x10° 120 MP
"~ 3bd2 0.9 x 2800 x 4652 a
420

m=o85x2s 2058

A | zmR\_ 1 [ | 2x2058x129\_
P=m 420 | 20.58 420 =

Agsreq = p x b xd=0.0023 x 2800 x 465 = 2994. 6 mm”

Agmin = 0.0018 x 2800 x 550 = 2772 mm?
Asreq = 2994.6 mm? > Agpiy = 2772 mm? - 0K

Check maximum step (S) is the smallest of:

1. 3h =3 x 550 = 1650 mm

2. 450 mm — control
Use 20014 with A ., = 3078.67 mm? > Aq,,, = 2994.6 mm?

S=2800-75%2-20%14 /19 = 124.7 mm

S=124.7 < Smax =450 mm, select S=100mm
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Check for strain:

_ Asy,  3078.67 x 420 22 64
@ = 0.85bf. 0.85x2800x24 --oxmm
_a 2264
€T3, 085 ->Pemm
- 465 — 26.63

& =0.003 (T) = 0. 003( ) = 0.0494 > 0.005 ...... Ok

26.63

e Design Bending moment for short dirction:

Critical Section at the Face of Column

select 14

d=550-75-14-14/2 = 454mm

0.95
Mu=416x2.5x0.95xT=469.3kN.m

R - M,  469.3x10° 1 01MP
"= 0bd? 0.9 x 2500 x 4542 a
420

m=o85xz2a 2058

A |, zmR\_ 1 [ | 2zx2058xto01)_
P=m 420 | 20.58 420 =

Ag,eq = p x b xd=0.0025x 2500 x 454 = 2837.5 mm?

Agmin = 0.0018 x 2500 x 550 = 2475 mm?
Agreq = 2837.5 mm? > Agp, = 2475 mm? - 0K

Check maximum step (S) is the smallest of:
3. 3h=3 X550 =1650 mm
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4. 450 mm — control
Use 18014 with A .0, = 2970.88 mm? > Aq,,, = 2837.5 mm?

S=2500-75*2-18*14 /17 = 123.4 mm
S=123.4 < Smax =450 mm, select S=100mm

Check for strain:

_ Asy,2970.88x420 24 46
= 0.85bf, 0.85x2500x24 - romm
_a 2446
€T3, “ogs “oemm
—0.003 (d_c) —0.003 (454_28'78) = 0.044 > 0.005 ......0k
g, = 0. —)=0. 878 = 0. 005 .....
0.1 25 01
4 2
18014@15an,L=3.15m <> © >
0.4
S
A rI %1 4920 (W] A
'\ S o 11
h

20014@15cm,L=2.85m

Figure (4-39): Detailing of footing.
99



adl)

b

ealdd)

Sl gilf 9 pilidl)

LAadia 1-5
) 2-5

Sasll 3-5

100



Sla il g Cul:ul\ e Al) Juadl)

dadia 1-5

,3aae V) a5 Jie e Uad1 (e aall e (o gind S il A 081 4l cillabde o Jgeanll 2 g g il 28 b
Cada g Ailia) 5 Caulie JSE 3aae S o sill sale ) Jie anill e Alby & ye cilladadiall o3g] (38001 5 sl all 2ay g
L jlendd) llalad ) dlae) a5 dlanally 5 el A slladdl ek gl 5 alall JSEN 5 clgal gl (s Jirad s Lgaany
AW Jraaliil) o arenaiady z a0 & 5 e dedie dla pe 8 Jiaall ALY sl Aalall ALy cilalad )
& sriall (Blse B jualiall

gl 2-5

A yaall 5 5l @il i i (g5 S el e 108 5% o AL panae Sl allla JS e iy ]

Ao snall Lparanaill el aladind

mplall (g o8l il s gl dasday iaadls Alasnall Lmdal) Jal gall ¢ Sliie W) Cany W38T angy A Jal g2l (4.2

Ll e

ey (el Al g il 5, 0ol A (yo AdKA Rl AALEY) juslinll G Ty 5l A4S o LAY ppansil] Ol shad aal (50 .3

Shie Y G haally Uapnall i ylall 381 e cananaill 288 48 jaa g 3 siie JS5) Leasanail ualiall o2 43 a3

Al aladid o5 LeS Liiall S35 5 dagalal T k5 culaiad) 8 (Ribbed Slab)ie sial) ciliie HUas aladiul 23 381 4

Clae Y cilaie (e dleld ST L3 sk g AT halia s 7Ll s (3hlie 3 (Solid Slab ) &l 33521

Crinds b S dalis 3sa s s (Waffle Slab) @iake aUas aladiud a5 1LaS ¢ 35S jall Jlaal) da glia 5 Jans b

AP Py

~Aaadiudll Cogulall el 26

it s f el 138 8 Lgadiind o5 (o sala el o s2e Sllia

Alay) yealiall Aladall e s ) Jaad lly 5 - AUTOCAD (2007+2014) .a

ALasy) ealiall SLEY) Jilatill g meaill ATIR 12 b

T A)s Gl s a geaill LS Jia g g pliall (1 Ailina o) 3af & anlasind 3 -:Microsoft Office2010 .c
pranaill 48 yall Jglaall dlae) 5 & 5 il

Y Jlaa¥l 258 e il g 5 il 13 8 deddiad) Aal) JaaY1 7

O e A a1 5laiy LA (a5 Al asigh on) i caanmal) gy Coaly 0 ang Al lieall (06 .8

O e S5 @ g pliall (A yias

101



Sl gil) g giliil) ualdl) Juadll

il gl 3-5
ey Jallat 5 Jaualds (e Lgd Lo S5 40LEY) oy jLiiall Al Liagd (Bami s s 55 (8 S 50 & 5 pdiall 13] (1S
DY hbdy el maill 300 2 sed Gl Jab clpa sl (0 de gana pais of - A el 220 JBA (e - Lia 355 s

iy Al aaad ae bl Mo L) Al Gy jlerall Cilaladidll 38S Gagats Gl ol of oy (Bylag)
s )8 I (e cplsall Ay 5 Jaai s 5 4y yig adgall (o ALald Claslea i g8 e dla jall 028 32V 5
& obaxall anxigh) 3y 8 ae ALl Bausiill 5 (381 610l Baac V) 5 Alaladl () jaad) 8] s0 3aad K5 GlD dey Ailaiall @lliy als
OsSS Gy cdalusdl Ll AN Glaall e (See 38 ST e J sl As el 02a (3 ALY Getiga) slag
G (e e 5 OV I Jleal e glia 8 2xy Lad Lgalaiin) 20 ¢ el el 281S 6 alatie 408 o alatia (S de ) 5

gy

102



	CH00.pdf
	CH01.pdf
	CH02.pdf
	CH03.pdf
	CH04.pdf
	CH05.pdf

