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ProjectAbstract

In this project, we will make a structural design of aresidential and

commercial Building.

This building consists of many floors has a total area of approximately
6616.6m".

The project is designed mainly on agglomeration, that gives a beauty from the
outside view and very good functional goals, too. In addition, the architectural
design of this building has some good positive properties in the inside of the

building to provide the best service for consumers and producers as well.

Jordanian Code will be used in calculations of Live and Seismic loads, and
the American Code (ACI1318-11) will be used for structural analysis and design
of several sections. It must be noted that we will make use of some computer

software’ssuch as:

(AutoCAD 2014, Atir 12, adobe Photoshop cs.6, Microsoft office 2013).

The project will include a detailed structural study of the identification,
and analysis of the elements of construction, and different loads expected.
Then the structural design of the elements and the preparation of shop
drawings based on the prepared design for all the structural elements; that are
structural frames of the building. It is expected to be able to provide structural
design of all structural elements with permission design after the completion of

the project to be able to provide structural design of all structural elements.
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measured face-to-face of supports in slabs without beams and face to face of
beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.
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W = width of beam or rib.

\Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.
€. = strain of tension steel.

¢.= strain of compression steel.

0 = ratio of steel area.
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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 materialsin
modern construction. Concrete is arelatively brittle material that is strong under compression but
less so in tension. Plain, unreinforced concrete is unsuitable for many structures asit isrelatively

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

To increase its overall strength, stedl 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 asingle structural element.

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in awide 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:

Lightweight concrete with a unit weight from about 1350 to 1850 { T] produced from

aggregates of expanded shale, clay, slate, and slag.
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Normal-weight concrete with a unit weight from about 1800 to 2400 { “—J] produced from

the most commonly used aggregates— sand, gravel, crushed stone.

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 concr ete:

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.

Concrete strength (f.") — uniaxial compressive strength measured by a compression test of a
standard test cylinder (150 mm diameter by 300 mim 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 is80% of
the 150 mun cube strength and 83%of the 150 mm cube strength, figure (4-1) demonstrate

relation between cylinder and cube concrete test.

G0
E 150 m
s ASTM
,‘.EJ_: oylinder
| 130 mm
——— 150 mum
.I*'. ! J‘I’.'..I. : |
rr' - - o ——— —
,..-"'” [ ""1..,‘
e i T
. . . | -' f s
Figure (4-1) relation between cylinder and , ‘; (ol T oot et s D5 \\
1 n-:'( | l.'lliTi.1l £rraln
CU be COI’I Cr ete teSt . II - —;L mit' el mozulds Hegert ot origin ::: II.IE.:E\-?:!I;;:-

i ],{' - - R e T 1
|

Ilf:i:l""- Foverl modudus at 085"
concr ete: [ I
{

] [V [H '.'EI'F [IEEIR] 110
The modulus of elasticity of concrete varies, Goresets mrsin, 1.7in.

4-1-3 M odulus of Elasticity of

Danureqn copaprmssa et
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unlike that of stedl, 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 f£." ), and the secant
modulus are noted. Usually the secant modulus at from 25 to 50%o0f the compressive strength

f."is considered to be the modulus of elasticity. For normal weight concrete, shall be permitted to

betakenas £, = 4700 F(M ap), figure (4-2) demonstrate stress-strain curve of concrete.

Figure (4-2) stress-strain curve of concrete.

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.

4-1-51 oad Factors U and strength reduction Factor @:

According to (ACI 318-119.2.1) thefactor U for overload isgiven:

1.4D
1.2D+1.6L+0.5(L,or5orR)
1.

1.

2D +1.6L + 0.5 ( L.orSorR)

U
U
U
U=12D+10W+10L+ 0.5(L.orSorR)
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U=12D+10E+1.0L+ 025
U=09D+1.0W
U=09D+1.0E

Where:

D : deadload .

L : liveload.

L. :roofliveload.
S : snowload.

R : rainload.

W : Windload.

E : Earthquake load.

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

Strength Condition i Factnrs

1. Flexure (with or without axial force)

Tension-controlled sections ... 0290
Compression-controlled secthons

Splrally reinforced oo, DTS

i T LT T PP PSPPI ST RIE TN | I -~

2 BN N O R s i . TS

3. BeAriNg 0N CONCTETE .o ioniimmiemssss s s e inm bt smain s am e i smsis sesmens 00D

4. Post-tensioned anchorage 20Mes it eeee s LES

5. Skruts, ties, nodal zones, and bearing areas in strut-and-tie models ... 075

Figure (4-3) values of under strength factorsrelated to strength condition.

4-1-6 General consider ations:

1- ACI 318-11 Building code will be used in this project.
2- UBC-97 codewill beused for lateral loads.
3- Ultimate strength design method will be used during the analysis and design of this

project.

4- The compressive strength of concretefor all structural elementsis B300 which
equalsto f." =24 Mpa .

5- Yield strength of reinforcing rebar'sf, = 420 Mpa .

4-2 | Check of Minimum Thickness of Structural Member:
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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
NOMNPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Blinimurm thickness, i
=il TIne A Goth ands
supported | continuous contineous | Cantilever
Marmbers not apport 0 or atachad to paritions or obar
Member comestrueion likely tobe darnuged by krgs dedlscions

Eplid vawe-
wazy slabs &20 b2 #r2a L

Baam:s ar
ribked ane- A1 185 [273] L]
vy slabs
|k oims

e vz given shall be used diresclly for meribers wilh mormabseight corael=
F;r&:& 420 relfarcemenl. For oter sondbiors. the values anell b maditied

1] Fow lphlvwghl goerrnie fesenn cogalizmmn chenealy, e e ramge ol
Yelddh te THAD a-gfrvr’i_ 1w valisas shell b muniplisd by (165 -.umuﬂwj o1t |
ot daes than 1.0

1 For fother nan 420 MPa. the valies shall be mutdzlies by (04 + 7000,

By locating ribs on slab drawing plan and manual calculations,table (4-1) summarize

determination of thickness for ribs that makes maximum values:

Supporting type min. thickness equation | Rib No. of span | min. thickness
Simply supported L Ria 1 4.8 — 30 &
16 16
One end continues L R 6 525
185 185 28.38 cm
' L ) e 3.89
Both end continuous L R, 3 — 18.52 cm
1 21
i L - 1.8
Cantilever . R+ 2 == 295 om

Table (4-1) determination of thickness for ribs from maximum values of cases.

The thickness of two way ribbed slab provided from (ACI 318-11) to achieve requirements of

deflection, depends on the Flexural stiff ness of slab,by manual calculation comes about

hyin = 23.4 cm.

So, select Slab thicknessh = 32 cm 24 em Hollow Block + 8 em Topping .

4-3 | Design of Topping:

4-3-1 L oad calculations:
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Topping in One way ribbed slab can be considered as a e L AL

strip of 1 meter width and span of hollow block length ./ JOLLLLLILLLILL) L)
with both end fixed in theribs, Table (4-2) shows

Load calculations on topping. = 40 em -

x.‘\-k‘ %
T

wi®

24

- . . kN N
Dead Load Form | Thickness & (m) Unit weighty () y%Ex1 [%}
Tiles 0.03 23 0.03x23=0.69
Mortar 0.03 22 0.03x22=0.66
Coarse Sand 0.07 17 0.07x17=1.19
Topping 0.08 25 0.08x 25 =2
Interior Partitions Z2x1=2
Dead loads 6.54 ,:E}
m

Table (4-2)DeadL oad cal cul ations on topping.

Liveload calculations=3x 1 =3 (%)

4-3-2 Factored L oad:

Total Factored Load:
kN
w,=12 554 +1.63 =11.45 (E}

Figure (4-5) Topping statically system.

" ~w,l? 11.45 x0.4°
w12 12

=0.152 kN.m .. for (1m)of strip width

Strength condition for plain concrete:

M, = M, (ACI 22.5.1) ... where® = 0.55
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bR _ 1000x80°
6 6

M,=0424 ['S, Wheres,, for rectangular section of the slab : S, =

1000 % 807
M, =0.42 x V24 X ———— =219 kN.m

0.55x2.19=1.2kN.m>» M, =0.152kN.m

NO Reinforcement is required by analysis, According to ( ACI 10.5.4)., provideA, ;i fOr

slabs as shrinkage and temperature reinforcement.

Pshrinkage = 0. 0018According to (ACI 7.12.2.1)

A, = pbt =0.0018 x 1000 x 80 = 144 mm* for 1m strip

Step (s) isthe smallest of:

1. 3h=3x80=240 mm control
2. 450mm.

3. =380 X —25C, =380 7 —25.20 =330mm

5 E"'}Eﬂ

TakeD 8 @
4-4 |Design of One Way Rib Slab

4-4-1 Deter mination of geometry:

Requirementsfor Ribbed Slab (T-Beam Consideration Accordingto ACI- 318-11).

b, =10cm... .select b, =12cm
h=<3.5b, =3.5x12=42cm .. select h=32cm
L,

t Zzﬁ =50mm....selectt; = 8cm

Figure (4-6) showstypical section of rib with overall slab thicknessh = 32¢cm.
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Uait width = 520 run

# Load Calculations for &b 1:

=

4-4-2 |_oad calculationsfor Rib:

f.' =24 Mpa , f, =420 Mpa L, =2 (=3)

Dead Load Form | Thickness& (m) | ynit weighty (%) %l [E,:}
Tiles 0.03 23 0.03x23x052=0359
Mortar 0.03 22 0.03x22x052=02343
Coarse Sand 0.07 17 0.07 x17 x0.52 =0.619
Topping 0.08 25 0.08x25x052=104
RCRib 0.24 25 0.24x25x012=072
Hollow Block 0.24 10 024 x10x040=096
Plaster 0.03 22 0.03x22x052=02343
Interior Partitions 1x0,52 =052

> Dead loads /rib 491 {%}

Table (4- )DeadLoad calculations of rib.
Liveload calculations= 2 % 0.52 = 1. 04 {%) /rib

Figure (4-7) shows the location of rib in slab drawing plan.
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Figure (4-7) location of Rib (R9) in slab drawing plan.

Check for chosen effectiveflange width (b,) According to (ACI 318-11)

b, isthe smallest of :

(1) b, = j—} = ? = 635 mm.... where (L)is the smallest clear span of the rib.

(2) b, = b,, +16h, =120 + 16(80) = 1400 mm.
(3) b, =< center to center between adjacent beams = 400 + 120 = 520 mm .. OK

4-4-3Structural analysisof Rib (R9):
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i HI 1 ~lHi
A EE ct oo EE
1 ] o d
. L d : L3 4, )
l T o . uf & T—p— B, I
10 Ak wEn vz FRT o 1a
16 j3=3 I 1.45 17
2,
.
s
13
£ A
Lzading
lermtl cpreeniga rmi. 1
D] Bussd = Faclored Uralszh M. imi=les
b5l &H.p0 5. 4ik h.5d
14 : 3 o AVE i ¥ | : o [ 71 : bt & Wl
1.6 5.95 ‘l- 345 i 17
Live luwl = Facioeed
J' 'J"l I'I'l' A q 'ku i '\1 3 l 1.3 4 L o J' 133 ar
| 1E 5.05 T 3.45 f 17

Figure (4-8) showsrib geometry and loads.

The envelope shear and moment diagrams (for all load combinations). Using the structural

analysis and design program (Atir 12) we obtain the Envelope M oment diagram for Rib29.

Ml rnsits:

Moment:Snear kEnvelape |Fasiored) Linirts ik M, metay

spans 1w 4

' - EREE ] ” - T
1 vl £ L 1 Lok

=250

L VY |

AR S
; R .an

o) 0,05

207

Figure (4-9) Moment envelop diagram.

4-4-4Design Rib for Flexure (R9):
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Design of (Rib) for positive moments

Assume bar diameter @ 12 for main positive reinforcement.

d, 12
d = h—cover — drryps =% =320-20-10 =g =284 mm

The maximum positive moment in all spansof Rib M, = +22.2 kN.m

Check if @ = hf :

h 80
M,, =0.85f'bh, d—-. =08524. 520.80.284—— =207.06kN.m

2 2
M,, =207.06 kN M"—Zzlz—z-i-ﬁ?kﬁ h
nf = . | | F—— . JmoLL . a = 1

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

p My 222x10° __f a0
"~ @bd 0.9 520.284 @ M=o8sf, "085 24
1, 2Rm __ 1 205882058 _
P = f, 2058 420 -

A, =pbd =0.0014 520 284 = 206. 75 mm*

Check for A min -

£.7 1.4
"q_\: min — u 25 fL ' bwd 2 _bwd
' [y Iy
A =025 v24 120284 =99.37 %
smin — W 420 ’ ' = . mim
A . 120 284 =113.6 % trol
s min — 220 . . = D mm coniro

A, =206.75mm* > A, =113.6 mm* ... .ok

Use 2012 with A, = 2.262 cm?® > A,,,, = 2.06 cm?
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Check for strain:
_AS, | 2262420 4 4E
@=085f,b 085 24.520 oMM

il
C=— =0.85

B B
LY
c_l}.BS_ .o THm

d—c 284 —10.5

g, =0.003 = =0.003 —E =0.078 >0.005 — 0K

Design of (Rib) for negative moments:
The maximum positivemoment in all spans M,, = —23.8 kN.m

Assume bar diameter @ 12 for main positive reinforcement.

d, 12
d = h— cover — dtirrups =5 =320-20-10 =g = 284 mm

M, 23.8 x 10°

Ry =3hd ~09.520 2842 63 MPa
fy 420
m=08sf, 08524 -0°8
1. 2Rm _ 1 20632058 _
P~ m f, 2058 420 e

A, =pbd =0.0015-520 284 = 221. 5 mm*
Check for A min:
Agreq =221.5mm? > A,y = 113.6 mm? .. ok

Use 2012 with A, = 2.262 cm?® > A,,, = 2.215 cm?
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Check for strain:
_AS, | 2262420 4 4E
4=085f, b 085 24.520 ~ >mm
it
c=— =0.85
ﬂ[ 1 ﬁ'l
LY
c_l}.BS_ .o T
d—c 284 —10.5
& =0003 —— =0.003 ——— =0.078 > 0005 — 0K

4-4-5 Design Rib for Shear:

4-4-5-1 Design procedurefor shear:

Design of cross section subjected to shear and Flexure:
v, =V,

Where:

V, : factoredshearforceatthesection .
V, : thenominalshearstrength;

V,=V.+V,
V. : thenominalshearstrenghtprovidedbyconcrete.
T —
V, = P A f./b,d A=10 fornormalweight concrete.

V. : thenominalshearstrenghtprovidedbyshearreinforcement stirrups .
A, fy-d
Vim——
s

» Shear conditions and cases (Items):
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l— Face of Suppart

1

A ©
T :’,-' by slirnips gy,

A by conciele g

e “éi:"
\ W i2
v L 1

IAin. cheai = Shirar "

f ™ wovorcoment| T
Shernmifivcemen rapred reirforcemant e
- - [ 3

u
notrayg'd

W l Shaar carmed

Figure (4-10) Shear diagonal.

Check for dimensions:

| d

Accordingto (ACl), ¥ shall not be taken graterthan V., = f.'b.d, 0:

e

If V> I athesection must be enlarged (Dimensions are not enough) where:

Va
Vs =V, I“'Irn':=E_Fr|':
Casel
1 ; .
V, = > oV, — NO shear reinforcement isrequered.
Casell

1 4 ; .
3 oV, <V, =0V, — Minimumshear reinforcement isrequered (A, i)
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1 —7 b 1 b .
Av,mm E f ) ?l:'r_s = E ?l:'r—s , Or intheform:
"q:u,:rml th 5 f - 1 bw
= € maximum o _— =
5 3 f.}rt
1 ., b
2= fr:' —
16 £t
Here:
d
SITHII = E ar 5.;”;_1- = 600 mm
Where:

§ :stepofstirrups spacingbetweenstirrups .
[y : yieldstressofstirrups .

Caselll:

ﬁl"'r:_- = II"'Fu = ﬁ{l"’,_. + Fs,m-iﬂ)

Alr,mm __Vj,m-fﬂ . A:f,m:’n

s e f d = Fs,m-iﬂ = s f}rt d
¥t

Then, ¥V i isthe maximum of:

1
16

T 1
Fs,m..fﬂ = fr: bl-l-" -d ) Vs,m-iﬂ = Ebl-v d

Minimum shear reinforcement is provided(A,, i, Jwith:

a
Sz S 7 or Sar = 600mm
CaselV:
BVe+ Vimin <Vy=0V .+ 1V, — stirrups are required

Where Vopmin <Ve <V Vs=V,—V = % ~V V=1

f'b,d
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()=
S fud

Here:

R

Spiny S or S,..= 600mm

Case V:

E:{V{. + IFS-} <V, = E:{Ifl. + If’_,,.],,,,,_r} — stirrups are required

Where: Vg <V, <VymuVs =Vo—Ve="2 =V Vo =1/fb,d

Vimax = 3VFcbudAnd (7)==
Here:

S vy = or S,..= 300mm

| R

The shear envelops of Rib that we consider to design it (R29) is:

Shear
=274
221
=134 ,f 2
b Ty T3
o s =
L 1 i
[ T 1 1 | T - T
S 128 ST A8
185 186 '
2356

Figure (4-11) Shear envelop diagram.

The maximum shear force at the distanced from the face of support V,, = 22. 1 kN.
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According to (ACI) Shear strength, ¥V provided by concrete for the ribs may be
taken10%greater than that for beams. This is mainly due to the interaction between the
slab and the closely spaced ribs.

1 1
Ve=11x; f'b,d=11x_VZ4 120 284 =30.6 kN

Ve =0.75-30.6 =22.95kN

OV = "= =1147kN <V, =22.1kN <@V, =2295kN -Casell

S0, Minimum shear reinforcement isrequired.

1 b, 1 120

TN - - W . :
S the maximum of = 3 f:,rt 3 % 370 95.23 x 10 controled
1 b, 1 — 120 .
=— f— = —xV24x—=287.48 x10?
TR fye 16 420

Try®8 stirrup 2legs with A, 4z = 100.53 mm?

100.55 ;
5 =0523 x107% = §=1055.86mm
But:
d 284

S S 7= = 142mm or §,,.. = 600mm
Use 8@ 12.5¢m <S5,,,, =14.2cm
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4-5 | Design of Beam (B17)

LR B

i cat Bi7 [ ce2 c2zfj z

HIHHHIHIR=

Figure (4-12) location of Beam (B17) in dab drawing plan.

|
e

4-5-1 Beam (B17) geometry:
Figure (4-13) shows the geometry of beam that considered to design and it’s statically
system with section of (70 x 32 cm) Hidden beam:

Gaepreiry s omzhoram

L) Z4 L] 463 0.3 L wi
27 520 1L

32

Figure (4-13)Beam (B.G.83) geometry.
4-5-1 L oad calculationsfor Beam:
There are 3 sources of load that accts on beam.

1. Theown weight of the beam and the weights of floor layerswithin the beam width
asauniform (dead load).

2. Theload that comesfrom rib (R29) asa uniform (dead and live loads).

3. Theload that comes from two way ribbed slab as a uniform (dead and live loads).

Thefollowing isthe 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 layerswithin the

beam width:
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: . ; kN TN
Tiles 0.03 23 0.03x23x07=0483
Mortar 0.03 22 003 x22x07=0483
Coarse Sand 0.07 17 D07 x17x07=0833
RC Beam 0.32 25 0.32x25x07=56
Plaster 0.03 22 003 x22x07=0462
Interior Partitions 2x1=2

Y serviceD, 9 84 {E)

m

Table (4-4)Dead Load calculations of beam..

4-5-1-2 | theload that comes from rib (R9):

Itsequalsthereactions of (R9) divided on reputational unit (0.52 m), Figure (4-14) shows
thereactionsof rib (R9) on beam (B17):

Faacilons
Factored

DzadR 3154 1842 2227
LiveR 5,76 8.1 5,04
Max B JT2T 406,52 2Tz
Min B SRR 2976 AR08

Figure (4-14) Reactions of rib (R9).
So that:

38.42 kN
Factored D, = 5—>- =73 BB{H} , Factored L, =

81

—— =15.57 {kﬁ}
052 m
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So, the load input to analysis seemslikein Figure (4-15):

Leading

Izl U 1w 1
Deeadd [0acl - Fachred

524 \ { 52.0 \ J 524 [
L SR T T B LA

" L : 540 61 %

Linme KM msts-

£

Liwe Il - Factorel

o i W RIS 1% l 5 l ot I I:I'l" k) l b I3 '}1} i 1 s 3
T o 1 1,3 F T

Luaes  (Rireen

4-5-2Design for Flexure of Beam:
The envel ope moment diagrams (for all load combinations). Using the structural analysis and

design program (Atir 12), in Figure (4-16):

Memont/Ehear Envelopo {Faclorcd) Units kM metar
Memants:  apans {1t 3
1523
LT 2 13TE
-114.  =10%2 s
Lo RR DA, S AST

. i LAl h E' i '|.|:|-5: . &
Pl 7 1170 . .05 P

a3 a7 e . 043 ) 1

s o 573
1053
0.31 180 2.62 | .52 | 73 | 124

Figur e (4-16)Envelope moment diagram for Beam (B17).

Design of positive moments:

Assume bar diameter @ 16 for main positive reinfor cement.
d, 16
d = h—cover — dgtirrups =iy =320-40-10 =g =262 mm

The maximum positive moment in all spansof (B.G.83) M, — +105.3 kN.m
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o _ M. _ 1053x10° .
"~ @9bd 0.9 800 262 B
% 420
m=08sf, 085 24 0°B
1. 2Rm __ 1
P = m f, 2058

2.2.13.20.58

220 =0.005367

A, = pbd = 0.0054 - 800 - 262 = 1125. 12 mm*

Check for A min:

fo 1.4
"q_\:min =0.25 L bwd = _bwd
V24
Agin = 0.25 = - 800 262 = 611.2 mm?

1.4
Agmin = = - 800- 262 = 698.6 mm* — control

420

A, ypq = 112512 mm* > A,,,;, = 698.6 mm* —OK
Use5018 with A, =12.723 cm® > A,,,, = 11.25 cm®
Check for strain:

A_.JJ. 1272.3- 420
a =32.74mm

~085f.'b 0.85 24 800

i

c=g . B, =0.85

_3272_ 3852
E_I}.BS_ : mm
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_ 0003 27 _0.003 2613852 _ 01750005 — ok
& =0 c U 3852 |

Check for bar placement:

800—-40x2-10x2-5%18
Sy = 2 =152.5 mm =25mm —0K

Design of positive moment M, = +57.3 kN.m

Also assume bar diameter @ 18

d, 18
d = h—cover — drryps =% =320—-40-10 =g =261 mm

M, 57.3 x 106

Ry =Gpd " 09.800 2612 © 17 MPa

m = 20.58

1. Rm __ 1 2117-2058 _
P=m f, 2058 420 -

A, = pbd = 0.00287 - 800 - 261 = 599.36 mm*

Check for A min:

7.7 1.4
Agmin = 0.25 e -b,d = —b,d
¥ £y
V24
A, =025 -800-261= 608 87 mm?
‘ 420
1.4
Agmin = 370 800 261 = 696 mm* — control

A, ypq =599.36 mm?® < A, = 696 mm® . Take A,,,, = Aqin = 696 mm®
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Use3018 with A, =7.634cm* > A,,., = 6.96 cm*

Check for strain;

__AS, _ 7634420 __
@=085f,b 085 24.800 ~ormm

i
c=2 —0.85

g B

=200 2311

_0003 27 _g.003 2612311 _ 0350005 - oK
£ =0 c U 2311 |

Check for bar placement:

_B{}ﬂ—-lﬂxz—lﬂxz—axlﬂ

S 2 =323mm >25mm —0K

Design of Negative moment M,, = —127 kN.m

Assume bar diameter @ 18 for main positive reinforcement.
d,, 18
d = h—cover — drryps =% =320—-40-10 =g =261 mm

M, 127 x 10¢

Ry =Gpd =09 800 2612 > MPa

m = 20.58

1. 2Rm __ 1 22592058 _
P~ m f, 2058 420 e

A, = pbd = 0.00661- 800 261 = 1381. 68 mm*
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Check for A min:

fo 1.4
"qx,min =0.25 L ' bwd = _bwd
¥ f.}'
V24
A, in = 0.25 7o - 800 261 = 608,87 mm”

A Ll 800261 =696 - trol
smin = 750 : = mm?* — contro

A, ypq = 1381.68 mm® > A,,,;, = 696 mm* —OK

Use7016 with A, =14.074 cm® > A,,,, = 13.81 cm®

Check for strain:
__AS, _1407.4.420 __
A= 0857, b 085 24.800 - eomm
i
c=2 —0.85
ﬂl ) ﬁl
_3622_
_ 0003 2= —0.003 282128 _ 4 015> 0005
&=0 g = az6 '

Check for bar placement:

_B{}ﬂ—-ﬁmxz—lﬂxz—?xlﬁ

b 6 =98 mm >25mm

4-4-5 Design Beam for_Shear:

— 0K

- 0K
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Slhwear
-804
-145. e
62 - T B8
i e 0y
I'_,.:i-'"" i P e H
— 35 .-
54, e L
— e 140z
el |8
iia 164,

Figure (4-17) Shear envelop diagram of Beam.

The maximum shear force at the distance d from the face of supportV,, = 160.6 kN

For V,=160.6 kN

; i
Ve =E_Iff'bwd = ~V24 800261 =170.48 kN

oV, =0.75-170.48 = 127.87 kN
Check cases:

Check Caselll:

E"jl"":_- = II"'Fu = Ej{‘"'r:_' + Vs,m[ﬂ)

V¢min isthe maximum of:

1 _
Vimin= 7 - V24 -800-261 =63 93 kN

1
Vsmin = 3 800 - 261 =69.6 kN —controled

Ve, =160.6 kN > 0(V, + Vi) = 0.75 (170.48 + 69.6) = 180.06 kN
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Caselll satisfied.
IEjll"'rr_- = IIIIII'u = Ejﬂ"rr_- + Vs,mm)

Use 08 2legs with Av,,,;, = 100.5mm?*

B 420 x 100.5 X 16

= — =172 mm
e V24 % 800
But:
d 261
S S 7 = = =130.5mm or §,,,, = 600mm

Use @8 @ 12.5cm < 5,,,, =13.05cm

4-6 Check for thickness:

Maximum thicknessfor ribbed slab h=32 cm

Check for the minimum thickness of the dlab:
-All interior beams have a rectangular section of 80 cm width and depth32 cm
_ b+h 80%32°

“T 12 T 12
-All exterior beams have arectangular section of 60 cm width and depth32 cm
s bah _ 60 « 32°

12 12

= 218453.33 cm#

= 163840 rm*4

-The moment of inertiafor the ribbed slab:

8452+ 2440 +244124 (%)

8+ 52 + 24 % 12 = 2145¢m

J,.fl._. =

10.55" 2557 21.45%

Lip = 52 # ~ 40+ + 12+ = 59609.22m*
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fig.(4.18): location of Two way Ribbed slab.

Slab section for exterior beam:

Long direction | =7.45m = 745 cm

s * (54 by)  59609.22+ 22460
e = = = 495763.27cm4
by 52
o _ln_21845333
M= . T 495763.27
Slab section for interior beam:
short direction | =7.1m =710 cn
Toipshthy,) 59609220 1104280,
L= - = L =627616.3cm4
“.' 52
I, 163840

%z =7 = 29576327 0
Long direction | =7.45m = 745 cm

hip* G+1+hy) 5960922+ 24274 80

5 By 55 = 709578.98rm4
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_ly_ 21845333
%3 = 7. T 70057898
hipv G+, 59600224 T84 25 g0
5= = = 627616.3cim4
- B 52
Lol _ 6380
My T 6276163
.44 + 33 + 307 + 261
U = - = 3345 < 2.0

The minimum slab thickness will be:

f 420
L,(0.8 + ) 7450 + (0.8 +—)
: 1400° _ 1400 = 190.33 mm = 125 min

36458 0y — 0.2 36+5+%]+ .3345 - 0.2

h

h=32em=19em — 0K

Neggn = 32 cm, 8 cm Topping , 24 cm Concrete Block

4.7 Design for Twoway Ribbed Sab

4-7-1 Laod calculation:

Dead Load Form | Thickness & (m) | ypit weighty (%} %%l [%}

Tiles 0.03 23 0.03x23x0522=0178

Mortar 0.03 22 0.03 x22x0.52*=0.178

Coarse Sand 0.07 17 0.07x17x0.522=0.322

RC Topping 0.32 25 0.08 x25x0.522 =0.541

RCRib 0.08 25 0.24x012x25x(0.524+04)=08662

Concrete Block 0.24 10 0.24 x10x 0.4 =0.384

Plaster 0.03 22 0.03x22x052°=0.178

Interior Partitions 1.5x0.52°=04
service D, 2.98 (%r}

Table (4-5)Dead Load calculations of two way Ribbed Slab.
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Chapter Four

kN
. Ly =3 {EE)

1

kN
=11.02 [EE

2.98
0.52 x 0.52

.D_Lz

}

kN
m*

1.2+11.02

wd =

18.02

13.22+ 4.8

w

L
r
L

34
&
w'n]

WL

i - 92q m

A
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fig.(4.19): Two way Ribbed slab.

4-7-2 Moment calculation:

la

=6.31\6.95=0.9

lb

Positive Moment :

From dead load :



Chapter Four Structural Analysis and Design

Ma= CaWd la"2 Mb = Cb Wd Ib"2
Ca =.033 Ma=.033+13.22+6.31"2=17.37KN.m
Cb =.022 Mb=0022+13.22+6.95"2=14.05KN. m

From live load :

Ma= CaWlla™2 Mb = CbWLIb 2
Ca =.039 Ma=.039+4.8+6.31"2=7.45KN.m
Cb =.026 Mb= 0.026+4.8+6.95'2=6.03 KN m

Total positive moment :

Matotal = (Ma fromdead + Ma from live) =. 52
Matotal =17.37 +7.45 = 129 KN.m

Mbtotal = (Mb fromdead + Mb from live) =. 52
Matotal =14.05+6.03 = 10.44 KN.m

Negative Moment :

Ma= (CaW la"2) =52 Mb = (Cb W Ib"2) =52
Ca =.06 Ma=(.06=18.02 = 6.31°2) =.52 = 22.36 KN.m
Ch =.04 Mb=(0.04+1802+6.95'2) = 52 =181 KN.m

Design of slab reinfocment:.

d =32-2-1-14/2 =293 cm
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For negative moment : Mu =22.36 KN.m

m =420/.85+24 =20.588

1, 2Rm __ 1 2:241.2058 _ .
P = m f, 2058 420 e

As=.006124+120=283 = 207.97 mm2

Check for A in

fo 1.4
‘q_\:,min =025 i ' bwd = _bwd
¥ f.}'
A =025 v24 120- 283 =99 “
smin — W 420 ' ' o mm
A gl 120-283=113.2 “ trol
s min — 420 : : - . mm CONLro

A, =207.97mm?* > A, =113.2 mm* ... .ok
Take2® 14.

Check for strain:

Afy ~307.72 - 420

4= 085f.b 085 24 120

=52.795mm

it

c=g . Bi1=085

52,795
~0.85

c =62.11mm
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—0003 27 _0.003 2B 6211 _ 0150005 -0k
& =0 c U 6211 |
For positive moment : Mu=12.9KN. m
Take2 ® 10.

As = 157mm2 > 113.2 mm?2

Check for flang:

_ Asfy 157420 B
T ossfb 08524520 6.2mm < hf =80
i
cC=—-—, =0 85
.Bl ﬁl
6.2 7.29
f —_— T e . mm
0.85

Mn =As= fy+*(d—a/2)157 =420 » (285 —6.2/2) * 10" —6 = 1858 KN.m

d—c 285—-7.29
£=0003 — =0003 ——— =011>=0005 -—-0K
c 7.29

0 =9
@Mn=9+1858=16.72KN.m

Calculatins of load on beam:
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&,.5500

fig.(4.20): Two way load transport on beams.
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The total load on the panel = (6.31+6.95=18.02) =790.26 KN

D. L service fromtheslab=2+3.155+11.09 = 69.97KN/m

D. L service fromwight of beam =6+52+=25=7 8KN/m
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: . ; kN TN
Tiles 0.03 22 003 x22x06=07396
Mortar 0.02 22 003 x22x06=0264
Sand 0.07 16 D07x16x06=0672
Plaster 0.02 22 02x22x(.6+.4)=044
Interior Partitions 2x.6=12

Y serviceD, 2 972 {E}

m

Table (4-6)Dead Load calculations of beam.

JL- &39% EMsm, LL- =357 -kor
LL 12585 KM/, L I8sS ZMAm
S . ..f"f s
ra L - .
_’_.r'-.. .‘_\h ..z_./ ﬂ‘"-.__
./__.-' \\_-‘ .._// ‘\\.-‘
TOT = DFF ERS w O T = A0 TT RS 0
LlL= 38 <k [ L= 13 KkAw s

A . A N
_ . N EAERN

fig.(4.21): Two way load on beams.
4.8 — Designof one way solid slab :
) l
hmin = 20~ 2.7/20 =135m ,selected h = 150 mm.

Assume bar 0 10 for main reinforcment .

10
d = 150—2ﬂ—?= 125 mm
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Load calculation :

KN
DL=25+215+1=375—.
m

KN
W=1.4B.L=1.4#3.?5=5.25E.

¥ 2?2
OMu =W +—5 = 5.25 +——=4.784KN.m
Mu
Mn=—=531KN.m
m = 420/.85 = 24 = 20.588
1. 2Rm _ 1
P=m f,  20.58

As =.00082=1000=125 = 102 mm2

Check for A min -

2.34.20.58

420

A, in =.0018 = b = h = 0018 = 1000 = 150 = 270 mm2

Agmin = As , So take Agmin -

270

n

010 @ 250 mm.

= 0.00082
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SII'HJ'I :

1-3h=3+150=450mm.

2 — 450 mm.
280
3-5§=380————-25+20=330mm.
= =420
3
280
4-85=300*———=300mm.. ... control.
= =420
3
250 < 300 ......... .0k

Tempreture and shrinkage reinforcment :

A,=0018+b=+h =0018 = 1000 = 150 = 270 mm2

270

n

010 @ 250 mm.

N |
1-5h=3+=150=750mm.
2—450mm... ... .. control.
250 < 450........0k

4-9 Design of stair case:

Selected h = 250 mm.

Calculation of load :

rise 17
B=tan—-1 — =tan—1 .— =129 54
run .3
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: ) . kN kN
Dead Load Form | Thickness § (m) Unit weighty () SR8 %1 (%}
Tiles 0.03 27 03 %27 x273 _ 1 404
3
Mortar 0.02 22 02 x22 x4 _ 0 689
- . 25 .17+.3
Stair steps 25 25 == =2125
.3 2
RC flight 0.25 25 25 x.25
c0s29.54 6.5
Plaster 0.03 22 25 %.03
c0s29.54 A
service D, 11.956 (ﬂr)
m

Table (4-7)Dead Load calculations of stair flight.

- . . kN
Dead Load Form | Thickness & (m) Unit weighty () % d%d (%}
Tiles 0.03 23 0.03x23x07=0483
Mortar 0.03 22 0.03x22x07=0483
Coarse Sand 0.07 17 0.07x17x0.7=0.833
RC Beam 0.32 25 0.32x25x0.7=56
Plaster 0.03 22 0.03x22x07=0462
Interior Partitions Z2x1=2
: kN
service D, 984 (—)
m
Table (4-7)Dead Load calculations of stair landing.
KN
Live load = 5—
m2
W=12D+16L
KN

For flight W=1.2+11.9564+1.6=5= 22'34?
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) KN
For landingW =1.2+801+1.6=5=17. t’ilzﬁ

Designof flight :

o, FAKN/ M

Q.75
i
ot
/f/f
e
D78 7
o
v il
fig.(4.22): stair case load.
: ; 22.334 =27

Reaction force = — S = 30.16 KN.
Check on shear strength:

Assume bar 0 14.
14
d=250-20 =g = 223 mm.

Vu=30.16 KN
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— 1 -
Ve=- fc is—*d=E\/24 *1000 =223 =182. 1 KN

= A

m = 420/.85 = 24 =20.588

2R, m 1 2+ 976=20.58
1— = 1 -

f,_ “zos8 ' 1 420 = 00238

P=m

As=.00238=+1000=223 = 531.24 mm2

A, in =.0018 = b = h = 0018 = 1000 = 250 = 450 mm2

Agin < As ... ... ... 0k
5324
"="754

014 @ 250 mm.
SII'H'LI.':

1-3h=3=+=250=750mm.

2 - 450 mm.

0Vec=136!
1

EE& Ve =68.:
Calculation

Mu=30.16
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280
3-5=380=————25=+20=330mm.
= =420
3
280
4-5=300+———=300mm.. ... control.
- =420
3
250 < 300 ........0k

Tempreture and shrinkage reinforcment :

A, =0018+b=h =0018 = 1000 = 250 = 450 mm2

~ 0 3510
BT

010 @ 300 mm.
SII'H'LI.':

1-5h=3=250=1250 mm.
2—-450mm..... .. control.

250 < 450........0k.
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Designof landing :

Wr = r =20 IHN
T=1s~““'m

20 KN A m 20 1KMN A m

17 6IKNm

(1 ¢

0.10
fig.(4.23): landing load

Thereaction at each end:

17.61+2.5
R=——_""

> +20.1=1.2=46.13KN.

Check on shear strength:

Assume bar @ 14.

14
d=250-20 -5 =223mm.

Vu=30.16 KN
1 - 1 -
Fc=—ﬁ fc=bw=d =E\/24 +1000 =223 =182. 1 KN
@Vec=1361
1
iﬁﬁ Ve=68.:

‘46.1-::%&51«'.::ﬁH.EIHN.....ﬂK.
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m = 420/.85 + 24 = 20.588

1., 2Rm _ 1
P~ m f, 2058

As =.0024 «1000 =223 = 535.2mm2

1-—

2+99=+2058

420

A nin = 0018 = b= h = 0018 = 1000 = 250 = 450 mm2

Agin < As ... ... ... 0k

3352 _ 514
"=54

014 @ 250 mm.
SII’H’LI.':

1-3h=3+250=750mm.

2 — 450 mm.
280
3-5=380%—————25+20=330mm,
= =420
3
280
4-85=300*———=300mm.. ... control.
3 =420

250 < 300 ........ok

=.0024

Calculation

Mu=46.13
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Tempreture and shrinkage reinforcment :

A, = 0018 +*b=h = 0018 = 1000 = 250 = 450 mm?2

450

n

010 @ 300 mm.
SIH.IJ'I:

1-5h=3=250=1250 mm.
2—450mm... .. .. control.

250 < 450.. ......0k

Iﬁl E Ifﬁw?'I
el el N

fig.(4.24): cross section of column

Check on slenderness:

klu 3

- Flag_a= 33.33 = 22 — long column for bending about x — axis
klu 3 . .
— =l g_s= 20 < 22 — short column for bending about y — axis

Calculation of minmum eccentricity emin, and Mmin:
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emin= .15+ 3=300 =24mm.
Pu=12=*Pd+16+*Pl=12+1746.28+1.6+272. 32 =2531.25 KN.
Mmin=2531.25=024=60.75 KN.m.

El calculation:
Ec=4700 = }Tc =4700=vV24 =23025.2 MPa.

1g=bx" —500+2°% _ 1 1254 10°
g=0*13= 12 '

1.2D 1.2+1746.28

Bdns =40 S 6112174628 1 1.6-27232

82.

EI_.t}#Ec*Ig_.t}*ZSﬂZE.E*1.125#1‘-'
" 1+ Bdns 1+.82

=5668.13 KN.m2.

Determine the Euler buckling load , Pc :

3.14*=El 3.14°+5668.13

Pe = hoE = (i 3y = 6209.5KN.
Cm=.6+4 Ml_ﬁ+4 1=1
m=0rA5 g =T A1=
1
E,s = T TEC R 2.1>14
T 7562005
Take g,;, = 1.4

Mc=14+60.74=8505KN.m
e=emin+g,;,=1.4+24=33. 6mm

e 336 o
h 300

& =d—d"/h=300—(2%40+2+10+20)/300 = .6

fa

6P _ 253125 10 145 = 2. 44 Ksi
Ag 22 S°Bopsz00 0T RS

p = 0275

Ast = 0275 +«500+300 = 4125 mm2
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Selected 140 20
500—-6=20—-80—-10=2

Spacing = - =56 mm > 40mm < 150mm ... ... ... ok
. 300-3=20-80-10=2
Spacing = = =T70mm > 40mm < 150mm ... ... ... ok
@ ® 5 @
m OC o000
- O
i 0o QoQo

fig.(4.25): column reinforcment.
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4-11 Design of basment wall.

Geotic. i
Weight of d

Angleof internal friction = 35

Triangular load vn all span L

Wi o W= wif2
=1 = =
W = iotal load = - ® Amﬂmnzzﬁa
4 w L -
Koa=Va= =W Rg=—=1V
A AT Z 8 5 Va - X -—y
. 0AwW
Mp = = WL ib - Vo=
H 0.aw
1
SR M, b 0.4471
M=+ WL N | -
£D.
+
Biar — (at x —0.447L)

212E1 M= 00eWL
fig.(4.26): Basment wall case.

Load calculation :
Co=1—-sind=1-5sin35=426

W5

KN
Due to soil pressure atrest Po =Co*w=h =426+18=3.41 = 26. IEE'
_Po=h 26.15+3.41

2 > =44 58 KN .

Ho

KN
Due to surcharge Ps =Co*w=+=hs = 426+=18+278=2.18 e

Hs=Ps+h=213+3.41=726KN.
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Moment calculation:

Using the moment coef ficients:

L L
Mu—l.ﬁ*Hﬂ#ﬁ+1.ﬁ#H5#—B

1
Mu=1.6#44.58#,?5+1.6#'?.Zﬁ# =37.38KN.m.

726 3738

RB=1.6(7+2) - =16(="+27) -1

=18.62 KN .

RA=16(Ho+Hs)-RB=1.6(44.58+7.26)-18.62 =64.32 KN .

Maximum positive bendng moment within the span occurs at the secton of zero shear:

26,15
341

Fu=14.38—1.6s§# x2-1.6+2.13x=0.0.

x=1305m.

For positive moment .

1.305°%
2

26.15

—— = 1.305%+ 2,13 =
341

Fu=14.38#1.305—1.6#{%# )=16.23KN.m

20
Assume wall thickness h =300mm ,d =300-75 = = 215mm

Take @ =.9 for flexure.

Mu=37 38 KN.m

m =420/.85+24 =20.588

1. 2Rm _ 1 2.922.2058 _
P~ m f, 2058 420 -
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As =00224=1000 =215 = 483 mm2

Check for A in

7.7 1.4
Agmin = 0.25 L -b,d = —b,d
¥ £y
V24
A in =025 —— - 1000 - 215 = 626.95 mm*
' 420
1.4
A min = 120 1000 - 215 =716.67 mm* — control

A, =483mm?* < A, ,;, = 716.67 mm® ... .ok
Take As = A, = 716.67 mm*

Take7 0 12 or .0 12@125.

Mc=16.23 KN.m

12
d =3[}ﬂ—?5—i=219mm

m = 420/.85+ 24 = 20.588

1— 1—

2R, m 1 2
1_

-..375-20.58

f, 2058

As =.0009 «1000 =219 = 19769 mm2

Check for A in

420

=0.0009
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7.7 1.4
Agpmin = 0.25 e b,d = —b,d
» f.}'
V24
A =025 — 1000219 = 63861 mm?
: 420
A == 1000219 = 730 mm? trol
smin = 750 : = mm contro

A, =197.69mm?* < A, ,,;,, =730 mm* ... ok

Take As = A, = 716.67 mm*

Take70 12 or .0 12@125.

For the horzental reinforcment we use minimum steel ratio from the code that is

=002 .

mm2
As=.002=1000= 300 = ﬁ{}ﬂ7

Take4® 12 or .0 12@250......ateachside.
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4-12 Design of Footing.

The load from column :

D.L=1746.28KN , LL=27232KN , qo

Assume h=50cm.

KN
wight of footing concrete =5 =25 =12 SE'

Assume soil depth = 1m.

ight il=1+=18=18—
=] % — .
wight of soi

Total surcharge on footing.

KN
w=12.5+5+18=355—.
m2

KN
gnet =400 —35.5 =364.5—.
m2

Requered size of footing:

Pn 1746 28+272.3
= = 5.54m2
gnet 3645

A=L2 =>[ =235m.
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2:50

0.50

Lot
O

fig.(4.27): Footing.
Depth of footing and shear design:
Pu=12D L+1.6L L=2531248KN

—2531'243—453 35KN/m2
T e m

One way shear:
Vu at distansed fromthe face.

L a 2.35 .3
I-"u=qu*b*{i-—i-—d]=453.35*2.35{T—E—d],

Let Vu = 0Vc = é = /24 *2350% 75*d.

d =4387m

Assume cover = 75mm, bars = 020.
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h=439+75+20=534mm
Take h = 55m,thend = 455mm.
For twoway shear :

LetVu = 0Vc.

Vu=45835+=(2.35*—~ .5+.455 .3+.455 =2200 75KN.

B=2=167 , bo=2 .5+455 +2 .3+455 =3.42m

3

as = 40 — interior column.

Vc=§-e= 1+§ «fc*bo*d where l—st 1+§ = 366
_ 1 as+d o 1 as«d
Ve=—= 24+— =+fc*bo*rd whee —= 24+— =61
12 ho 12 ho
Ve = ix/fﬁ*bo*d where i =.33.....control

Ve = 33Vfc*bo*d=. 33v24* 3420*455* 10" -3=2286.99K N.
@Ve =1715.243 < 2200.75 ... ... ... NOT OK.
Tryh =650mm  d=650-—75—20=555mm.
Vu =45835+(2.35°—~ .5+.555 .3+ 555 =2117 79KN.
bo=2 5+ 555 +2 .3+ 555 =3.82m
Ve =.33Vfc*bord=. 33v24*3420*555* 10" -3=3115.89K N
@Ve =2336.92 > 2200.75... ... ... OK.
Design for flexure in long direction :

Take steel bar of 020.

20
b=235 ,h=650mm .d =65'I]—'?5—E=565mm.
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2

Mu = 458.35 235+ = 565.83KN. m
m = 420/.85 » 24 = 20.588
1. 2Rm 1
P~ m f, 2058

As =00203=2350 =565 = 2705.82 mm2
Ay min = 0018 = 2350 = 650 = 2749. 5mm?2
Ay pin > As ... take Ag iy

Selected 15 0 16.

 2350-75+2-15+16
- 14

5 =140 mm.

SII’HJ'I

1-3h=3=250=750mm.
2—-450mm..... .. control.

140mm < 450mm ... ... ... ... ok.

2..838-20.58

420

=0.00203
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16
b=235 ,h=650mm ,d=650-75-16—-—=551mm.

2

Mu=45835+235= =460.8KN.m

m = 420/.85+ 24 = 20.588

[ 2Rm _ 1
fy 2058

P=m

As =.00174=2350 =551 = 2250.75 mm2
Agmin = 0018 = 2350 = 650 = 2749. 5mm2
Ay pin > As .. take Ag i

Selected 15 0 16.

 2350-75+2-15+16
- 14

5 =140 mm.

SII’HJ'I :

1-3h=3=250=750mm.
2—-450mm..... .. control.

140mm < 450mm ... ... ... ... ok.

2

)

2..717-20.58

420

=0.00174
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