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Advantages of concrete

1) Relatively low cost material

2) Fire resistance 1 to 3 hours without special fire proofing

3) Suitability of material for structural and architectural functions
4) Rigidity

S) availability of material

disadvantages of concrete

1) Low tensile strength

2) Forms and shoring = k= extra time and work

3) Relatively low strength per unite weight or unite vloume

4) Time dependent Volume changes — Drying Shrinkage due to Hydration
—> Creep (Deformation under sustained load)

Sources of Uncertainty Uncertainty J| &al; L
Safety Factor| 5}

1) Actual load magnitude and distribution may differ from assumed in the design

2) Asumption and simplification in the analysis may result in different internal forces
3) Aactual behavior may be different

4) Actualmember Dimension may differ from those in the desing

5)Reinforcment may not be in its proper position

6) Actual material strength may be different from specified in the design

Safety Philosophy
® Sn >=YQd

Q : strength reductin factor < 1(always)

Y : Over load factor > 1 but it can be < 1 (not always more than 1) o~
Sn: nominal strength Qd : design load or actual load or unfactoral load




Load factor and combaination per ACI code

U=(1.2)DL+(1.6)LL U=(0.9)DL+(1.6 )WL
e
Principle Variable load Combaination action variable load
DL : Dead load ! O3y J2e LL : Live load
U : ultimate load
DL 0.9 safety! C"”i 258l Wslall ¢LLJI 5o JDL U safety J) 13U
(windJl ae Jlo U LA 2) 6% o8 LI L 5 ey DL oY

JS? combaination J3 d’iﬁi WL Ly 33 DL jg;l’j N

Chapter 2 :(Materials)
P /\\/ |

uniaxial loading

rf

C
Stages of micro loading and failure in concrete subject to uniaxial loading :

C

1-Shrinkage of the paste durning hydration -No load bond cracks aggl!s paste| o

2-At stresses up to 30% to 40% of compressive strength — Bond’ Cracks
Aggll OBy - (W

3-Discontinuity Limit at stresses up to 60% of compressive strength (Mortar Cracks)
T.-\.,g, SN Jxy =3 stable crack progation agg]] Olﬁ"”f’. o
4-Critical stress At 75% of the Ultimate load W.s No. of Mortar Cracks increase
— Unstable crack progation ———3 Fewer undamged portions

Ao L odla iy G Gy o) 35501 Byl byl o 5 b5 carry fhe Toad



Triaxial loading \//"\ L

<« <«
—_— - G

Confining Stress

Gives more stress than Uniaxial because confining |

resist indirect stress that try tp spill the sample \r
0

Compressive stressJ| 5153 Confining stress >|} L& (V.()

Comp stress| e élﬂ\ Tension}! ”U.; Confining stress.|

Time dependent Volume Changes ﬁ Shrinkage
ﬁ Creep - (Strain with time (gs ngi W)

Straing

Creep Test

load removal
4)
s load applie!i Elasric Recovery
s b
creep strain
¥ /4
instantaneous jCreep recovery "= permanent
9'\/elastic strain j {~ deformation
f\: 093
Time (resdiual strain)
Reinforcment
sudden failure Cowwo 48
DuctilityJ) dla) G75 gt th i ductili "T .
streng J‘ﬁ uctility J" modulas]| g V'M r@K
GO0 Uaszal Y of elasticity
8 Hooks law 3.k
’ G40 strength JEB ductility L}“T o=¢XE
Lo Ol Gblie § s elastic regionJ| dihis § Jadd
2 Strain
C— /




Chapter Three
The design process

Objectives Of Design -Structure Should Satisfy
1-Appropriateness : Designed to serve it intended use

2-Economy : overall Cost should not exceedes client’s budget -
3-Structure Adquency (s:lsS) :be strong enough to support al anticif);:ed loads
and it should not diflect , tilit (M« ,vibrate or crack in a way that affects its use-

fullness

4-maintainability &luall L3 :Minimum and simple maintence procdure

The Design process

Phase 1  :Defining clients needs and priorites

Phase 2 :Development of project Concept,~ ====p Preliminary cost estimates
=3 No. of possible Layouts

Phase 3 :Design of indivdiual systems

Structural Saftey : sources of uncertainity daLJ| sources U (Slas

consequences of failure : -loss of life -cost of clearing depris

- cost to society in lost time

Limit State and the Design of Reinforced concrete

limit state : When a structure or an element become unfit for it intended use

it said it reached the limit state



Groups of limit state

1-Ultimiate limit state :|structure collapse of part or all the structure

Examples : 1-loss of equilibrium  2-Rupture of critical parts of the structure
3-Progressive collapse %, Lkl 4-instablity due to deformation (buckling)
S-fatigue ) Jﬁ‘“ 399 dnw 6-formation of plastic mechanisim

2-servicability limit state jInvolves distruption of the functional use of the strucuter

Examples : 1-excessive deflection  2-undesirable vibration 3-excessive crack width
RUREAD-CORY VA% B CA

3-Special limit state } invovles damage or failure due to abnormal conditions

1-extreme earthquicks  2-fire  3-explosions 4-vehicular collisions

special 4 Ultimate limit state -2 é&‘ extreme J| oy g 45 gl é oLl 351 Al

limit state desing process
- identifiction of all anticipated modes of failure

- Determination of all acceptable level of safety per ACI code

Design process specified in ACI code

1-strength design D Sn > d
Yad

2-Working stress design @D Sn > Qd

working load or structural load

unfactoral load

Short time load

3-platic design method ,limit design ,capacity design (people)
| Loading and actions [ ———— Varijable
f :
Permanent accidentail 1-explosions >susta1ned load
(weight of the structure) 2-collisions (long durtion)

3-vehicualr



Chapter Four

Flexural basic concept (Rectangular beam)

: ala>e

V2SR
Beam------ >flexural and shear

CI) Mn > Mu coloumns -22*%->axial and bending

@ :strength reduction factor ( 0.6 w Cj‘ v 09 ) D Mn : Design moment
Mn : nominal moment capacity capacity
Mu : Required ultimiate moment

Slagall glo )le 35S 1 v

simply supported beam Cantilever
A Beam B F
[ - 1
A 4 Q
Supports Supports ‘
{ S
2
Mu = ﬂ &:—\—;6}.0 ‘stt.d | 2
L s
Viax = W7 xs S :
V=wlL 2é Sl
Fam pebedlly rge ey 9 pekedlly A iage




Shear stress Bending moment stress strain

prd
i — « Z
- J— —
¥ /
yd

ya|
OBVl 20 LY LuSle
NAL oSy NAL iy
_I S ‘ ke } Ti= %1_“ Aa N.A : Neutral axis
\Y ey OF 13 Uy g jds Oy
SFD | o g fmads O
v
w2 N.AJ| 35 element bis| o NAJ) < element bis o)
BMD 8
f Le —
M frax compression A [T—»0,
‘ _-’1 e T‘— . 4_1 tension
Txy - — Txy —

N.AJI e element b 9
Basic assumption in flexural theory

—
1-Sections perpendicular to the axis of bending that are 1 A T
—

planes before bending remains planes after bending

=t
- e
S iy

2-strain reinforcment = Strain of the concrete at the same level (perfect bonding)
3-tensile strength of concrete is neglected in flexural calculations

4-Concrete is assumed to fail when the maximum compressive strain reaches a limiting value

€., = 0.003




Flexural failure may occur in three ways

? Compressive failure (Over reinforced concrete) |Es <Ey

balanced failure (balanced beam)|Es =&y

Moment

Tension contorlled failure (under reinforcment)

Es>E&y

>

Curvature

Es o)) dabie § et Wyas oy S
€c = Ecu =0.003 (failure U Jos cudl of susy 1)
Ey=0.003 SS9l Ey 5 EC o by, W)
FoT Jlgw duil

Over reinforced beam means that the beam has more reinfocment than required

False

Strain limit method for analysis and design

there are four types ofbeams depending on anticipated modes of failure

compression controlled Tranzition controlled Tension controlled-

beam beam beam

compression controlled fail-© Tranzition controlled fail- @ Tention controlled fail-

ure ure ure
. 7
88 :8y 88 :0.00S

balanced beam



Flexural behavior

DR B
1211/ N LAV
( ( }

under max moment
pure shear EIKY] T..\..g. Lo ye
Lia 45 %5, 11

beams failed as a result of the crushing of concrete at the top of the beam

Stage A : before cracking

Stage B : Cracking (Start from the max moment)

Stage C : After cracking before yielding of reinfocment when stress transmit
from concrete to steel there will be micro cracking

Stage D : yielding of reinforcment curvture increase rapidly with very little
increase in moment % lall Aol ool Oled oye

Stage E : Failure

A

Moment

Curvature

h : over all depth

I b

Y Yy Y | | Y
N\ L- " “
«c ") n
0 y jternal forces c = - —
T
c

d: effective depth

[\ f we 2. A" *
i AT lgo! T 9C oy 3Ll el s G
| / moment arm o f:J | I 2/ C‘f“l“‘d.. |
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h . d e d- a2

AS
e o o i : T ZZZZZZ] T

(a) Singly reinforced section. (b) Strain distribution. (c) Stress distribt  (d) Internal forces.

g, = 0003 (d _ C) Cc, 0.85 f'c assumed to be easy with
“ calculations and it calls equivalent stress block
o }15 i 3o e

Cc=0.85 f.ba

If ES<EY then fs =E €s
>
r=af

-~ —

k'7If €S > €Y then fs =fy
a=pBc

NG

(Ssa&:&g W)CI) a..o.:é (f’cw)ﬁw

® = 0.9 if & >=0.005 B =0.85 if fc<=28Mpa
(tension controlled)

bio o Dol $=0.85-0.05(fc-28/7)

®=0.65 + (€s-0.002)250/3 if 28Mpa < fc <=56Mpa
if &y <&s <0.005 —
(Tranziton) B=0.65 if fc>56Mpa

=0.65 if €s<=€y
(Compresion and balanced)




Minimum amount of Tension renfocement

As min (Larger of) = 0'25\/ﬁbwd, larger of!| .b-b min (gl Qjﬁ‘{ W
¥ smaller of .b-b max s Q,Kg. U.j
_ 1.4b,,d rectangular beams. ‘:3 bw=>b
£ 'Tr oy T L
: i

e

steel ) Concretel| P bjﬂ\ J&s) e 43? As min CJW‘ Y 29t g
J:-T R D) S Sudden ¢ 2 s C)jga.
To guarantee safe transfer of tension focre (tension &£ L 03ds) from

Concrete to Steel

(2 V)s Y1ty Y1 e oy
Mpalfc (Ba2o53Y9 043)) analysist! Jgw Jo Olghs
mmJL b fs =fy JWby &5 > &y O o, (1
Mpall fyJly  mm2JLAs (0.85f’c ab = ASFy)<------ (T=Cc) ESJLJ(Z

mm sa=ga A3y 2 5leY x Jeemt Dolaf Lwld DVIL el

€S ud ¢ Fc o bty Lo 4ily Gp Bolall e C € (3

5 8ghs < o5 <--- (€8 >EY) U Lisls (2,0l (3o 305 (4
(fs=E €S) Cus Fs<- Fy Jub gy 1 sshsll goyl <---- ¥ <----

Es <8Y &LB f)}’ st Esy %‘bgagci?@j

Bl e € Jgems Dlae Ehan s JUIb b Bge © ed 05 7y s ptsind U Alasdho
SN ) ) i A1 Aolall L322 Yy G Ja5 Lo Oty bl Falae J4 a,,,,w;m NEEW
mmJbe dllss 5> oladl KAl I, E =200"10" 403 oge

(As *E*0.003 (d-c)/c =085 fcb*c* )

(Lo BLL (3 05581 5] = Mn) o M 425

Rectangular beam Il L3

M, = T(d - %) - q(d - g) (1-/

KnmJb by s> 10_}6 EUI ol

Chech As min (7 OMn o3 €8 e o b 23 U (6



Example 1
As = 1530 mm?2 tc=20 Mpa  fy=420 Mpa
250mm | E=200Gpa find the design moment capacity

s
-|J so
&
assume ES>=EY then fs =fy

505mm
T=Cc-----> 0.85fcab=As fy
A
o o ol Y . a*250%20%0.85 = 420 * 1530
a= 151.2 mm c=a/[3 which [3 = 0.85
c=177.88 mm
now check €S ------ > €5 =0.003*(d-c)/c" €5=0.0055

chech ey=fy/E = 420/(200%103 ) =0.0021

€s > €y (yielded) assumption ok
Mn = T(d-a/2) = Asfy*(d-(a/2)) =1530 *420 *(505-0.5*151.2)=275.9 Kn.m
5 oS €S des e @ €s >0.005  D=0.9:1 dMn=248.3 Kn.m\

Now check As min = 336 mm2 or 420 mm2 (the larger) and
420< 1530 then Ok

OMn=Mu a3
As=3060 mm2Jl Uy 3SJs @iludl Jloudl puis Wb o

OMn=W
Cc=T 085fcab=Asfy a=3024mm c=355.76mm 8

check €5 =0.003 *(d-c)/c =0.001512 < ey=0.0021

assumption not ok

c 3o Anlall Joefl O S Fs= E * €5 Eo> Fs pial Fy Jo pialy T=Ce slad) o OV
0.85 f’c*c*[3 *b = As fs

c*0.85*250% 20* 0.85 = (505-c)*0.003 * 1000*200 * 3060 ~  c=312.65mm
C i _
a-:-wl;-‘ 3Yl..’ C JJ{X JW L@B‘J a=c*0.85 =265.76mm
€s = 0.00184 <€y then ok Mn=Asfs(d-(a/2))=or 0.85 f'c a*b*(d-(a/2))=
420 kn.m

@b‘



€s<€ythen D =065 DOMn=273 Kn.m
Check As min then ok

(OMn)

(Mn) nominal moment capacity I (significant effect) & -l dadte (3 upud| 1358;[3)'
design moment capacity e |5 le‘a' U,

€s o & wpudl sl
Design moment capacityJl le y.S Jg:';l'} WGy - w § compression | dzkie (3 Lad| 3L

: T.\:— dala s

Fa o) o<

As
- TR K

(b) Beam with tension and compression sigei.

Reasons of doubly rein forcment

1-Reduce sustained load deflection (the creep ).

As

strain

As and A’s
~ N

time

J2d

e T = Adf,

G kA el
s comp| Zkze
AUl Laiadll s
FHPCEAIK O



2-Increase Ductility
doubly reinfocrmentJ| L~ ‘“3 S I gdl day: C2

CIZ ‘ single reinforcment! 2l u....“f\ Jedl day: C1
cl

NAJ )Y (535 (sl ilate § e plasial OF o
O iuagSl Akt old

3-change mode of failure
compresion

from  palance to tension controlled due to increase of €S

tranzition

4-Fabrication Ease providing small bars in concrete of the stirrups to hold the

steel in place
OB ! 1 Y 2 yeagS1 Ralate oomdas 13)
single reinforcmentS ',:.J\ Jolrg Jogz As” 403

AN

Analysis of beams with tension and compression reinfocment

d’ £,,=0.003 0.85/"
Fb%£ C e >
e o o ?r T T ——le—G=Afy , c —d'
C o a4 ‘T(}-:O.tﬂ)/_’ub &, = 0.003
_______ 0 I I A e C
d Z
o o 0o 0 » x ————T=4/,
o

(a) Cross Section (b) Strain Diagram  (c) Stress Diagram




Doubly reinforcment)! |> (3,

RN AR

gs>=gy --> fs=fy and e's>=gy --> fs'=fy ol »z@1
cga ..\.4fé' As fy =0.85 fc a b +As fy &> T=Cs+Cc (2

(Jow 430 048 08dly puie 35)) JLIE ELEY (3

check €'s

Olli noI)k
Check €s fS—ESS;.A.a- fstaofyd.b,b:-jcfv‘
gyloﬁdM»( ('c..,b-('
‘ ] Asfy =0.85fc a b +As’ f’s

o.k not ok

1Bl (LBCed> §)fs abo fy J Loty oy Checl €
fs=E € Cu> 1
s 4l oSJs 6,31 6,0 Sl Ea F c e £ not ok ok

ok ga Es<E€y eluis & fs xio fy J o>y 6-)\

As fs = 0.85fc a b+ As’ fy ) ,S,. &s "
K. ) 3ol Fafcux

8>
Asfs =0.85fc a b+ As’ fs

Mn=Cc(d-(a/2))+Cs (d-65) Mn £ OK & K US.d Lo un (4
Mn =0.85 f’c ab *(d-(a/2)) + As (fs or fy )* (d-65)

€s sa failure] ¢ o3 susy Ul (failured! g s Joo Lyl €'s al) D uf (S
Min b As Cuo Jadd As min e o3 DMn 3 €8 s D uss



(qmall Zp) AW 23, L)

( |
: . .. compJ! Juad| 43 L ad
e SN G Yo 18 3 P S e
é Cc
° /;’s ° QL & " °
As =Asl + As2
ASI 1 ) .AS.Z L] %
e o o o Tﬁ A
Ce=12
Cs=T1 . AsFy =f¢-ab 0.85
yielded ¢yS¥I dl> (& € o Escladfa ycuxr
Asl Fy = As’ Fy
then Asl =As’
A Uy

®Mnl =Cs (d-65)
OMn2 =0.85fcab *(d-(a/2))
OMn = OMnl +OMn2

N—

Check As min QS

Example ‘
mm 65 Ll O3 a5 ey d Jlael L 13|

find desing moment capacity?

275tznm ‘ As’=852 mm
. . Id ............. As=3060mm
As f’c=20Mpa
g fy=420Mpa  Sol: Assume £5>=gy so that f’s =fy
510mm SS>=€Y ) that fS:fy
As
tttt] T T=Cs+Ce Asfy=Asfy+085fcab  a=198mm
c=233mm

check €5=0.003(c-d’)/c=0.0022 >€y ok

check €5=0.003(d-c)/c =0.0036 > €y ok
Mn=Cc(d-0.5*a)+ Cs (d-d’) = 0.85 f’c a b *(d-0.5*a) + As’ Fy (d-65)=540 kn.m

€s= 0.0036 so D Nl e P=0.65+(0.0036-0.002)250/3= 0.783
OMn=422kn.m now check As min take the largest = 467.5mm?2

As <Asmin then ok



b

- >

-~ 275mm same example with As’=1700mm
o« o o| X t . ,
As Assume €s>=¢gyand €'s>= ey
d
510mm T=Cc+Cs then a=122mm and c=143.5
R N now check €'s =0.0016> ey not ok

fs= €' *E =200*1000*0.003*(c-d’)/c

As fy = 0.85 fc B ¢ + A’s ¥200*1000*0.003*(c-d’)/c
c=166.55mm a=141.57mm

€s = 0.0018 < €y then ok €s = 0.0062 > €y then ok

Mn = 0.85 f’c a b (d-0.5%a) + A’s @ *(d-d’) = 563.7 Kn.m
OMn =507.3kn.m
design moment capacityd| le y.S J.\}';l'.i W -y el Adlate (3 apud| 3oLy L5
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Recranqolae 3y (Ao

beams

il
€

® m
"W—v/

‘be —

% \:\a e L e e
= — :_* ;_ — - A‘:‘:‘j - 022 P (\aehe-\-bw(a-hg)
Nn- C. (jd)
SR see]—>T AN (@-%)

Mn =

.55 Fé (b-bw)fp (J-hbrr) 4082 Prab. (42) -

i




T Beams! 2l J= &b
bl 151 Gl 2 Jd g g i | a1

1 il Caazl datum ! o d3Lull:Y1
4, 2 %Ll Caanl datum ) oy BLLIY2
bk dar jd=2yi Ai/(ZAi)

jd = (A1 yl1 + A2 y2)/(A1+A2) then Mn =T jd

N|

//////%;/%//////

S ag, Ll
'? :g N> RIS N L
: : l a
_ L 1.d0.5*hf d-0.5%
. /1 é AS' i \ —L
Rt | :
b, W
. . =
beam lﬂange beam vaeb
Asf * fy =0.85 * f'c (b-bw) hf Asw* fy = 0.85 * f'c a bw
Mnf = Tf (d-(hf/2)) Mnw = 0.85fc a bw *(d-(a/2))

or M[F 0.85 * f'c (b-bw) hf *(d-(hf/2))
Then Mn = Mnf + Mnw

LExample‘| fc=20Mpa  fy=420 Mpa  As = 3060mm2

) 63\4!\3 wrve+j1}JMYb il dya & L
l | 25 de J£sa <hfal (& ol o oK) compl oy

13 recntagular beamJ| |> |e
610mm
Assume €s>€y and a <hf
-3 C— — T=Cc..... As fy =0.85 f’c ab a=151.2mm>hf not ok
iy o T &1 pulusl FEN T
|-550mm 9@ Lo Je S OV

—>



beam flange
| S00mm

610mm

Ccf=Tf  0.85 f'c (b-bw)*hf=Asf fy

Asf = 1264.9 mm?2

| Th

beam web

é.)b (:.J.OAASf U.b,-ji Lo day
Asw =As -Asf = 3060-1264.9 = 1795.1mm?2

Cew =Tw
0.85fcabw = AswFy

a=1774mm and c =208.7 mm

check €s =0.0058 > €y ok
Mnf =1264.9 * 420 ( 610- 125/2)=290.9 kn.m

Mnw =1795.1 *420 * (610 -177.4/2) =393 kn.m
Mn =290.9 +393 = 683.9 kn.m

€s = 0.0058 >0.005 so O = 0.9

DMn = 615.5 Kn.m

Check As min 406mm?2 or S09mm?2 take the larger and As>Asmin then ok

3¢ tensiond| Jyd> 2=, tension| pes tBLoJ\ ke Oge W s Al

2bw

or

be (flange width)

&‘;Y‘ u.o).a.sai}” bw Jdy Joga

1-flange in tension

1 onb sy oSN

2-beam must be statically determined( Cantiliever or Simply supported )



1375mm

— Tk

o)

| f'c = 20Mpa

| :

¥ '% lLIh, 12S5mm  Fy=420 Mpa
As=1704 mm?2
420mm
Assume €s >= €y a<=hf
As
¢ oo - T=Cc Asfy =0.85fc a b
a= 21.9 mm<hf ok
300mm

¢c=25.8 mm

€s = 0.003*(420-25.8)/25.8=0.046>Ey ok

Mn= 1704*420*(420- 21.9/2) = 292.74 kn.m
D=0.9 OMn=263.47



I
400mm L
|

As’= 852mm?2

As
e o o
e o o

[250mm|

Jold Jlgw

A e o o I"y 100mm
IL— As’ 4‘ f’c = 20 Mpa fy=420Mpa  As=3060mm2

<Cy;\5’7/€_':3 then /?5/:7[3

Ts 7€y then Ffs=Fu  AghP

yz 0.002i DeAs Rl e s B

Fy 240 obis) VL

f‘ﬁ'i‘ﬁ 6:85Fk <+ Ps f’_\s a: 146 LK < hP

i

FLOE O-k

Tz G +Cs

/'\5/'35 = o0.9s Ft ([3}«,? i b (Q‘}ﬁi?)) 4 P! I'?g

gz "Bh.gd

C =z V%6.19 gl

| i'v‘s z ©.009 <Y gt O‘k

| PsPy =0%25¢f%c (Bhe + M (a-he)) +[-“)S"*’~E7"°'°°3(‘;ﬂ)‘
i‘ f 2> L N e 4y
| 0.g5C ‘

i \

| ... @z 162-qlimm =5 <iy

Chedse ~ Zs e = 00003 74/}4 _net ok

Tz Cenls Po= (Ex 0003 (4£))

= .85 fo (Chlp + bw €285¢-he))

¥ B e ("0-003 (‘(*dl\ !
e <
EWIZBE8F ... Gz 125 085,

Mn = 0.5 Rt (bh-bwlng (d- heiz)

—+ 0.35P2Ch.a) (J_ase)

4 fig* P fd 4] = \gt Faum

C’}/: D.ET 'a/bj”; [OF ken. m

checle  As min |




True and False 25w

l-increasing the amount of tension reinfocment in any reincfoced concrete beam will in-
crease the nominal strength and reduce the ductility Tite
2-the nominal moment capacity of any reinforced concrete beam can be increase signifi-

cantly by providing reinfocrment in the compression side of the section False

in the tension side .
3-The ACI requires a minimum amount of tension reinforcment to be placed in the

beamto guarantee safe transfer of the compression force from concrete to steel after

cracking of the concrete before yielding of the reinforcment False

of tension force C:’udﬁ”

4-In the design safety philosophy for reinforced concrete beams the actual strength

is reduced and the design load is increased True

S-when concrete is subjected to uniaxial compression the critical stress occurs at 50% to

60% of the ultimate load False the correction (75 to 80% )

6-when increasing the confining pressure on concrete subjected to tri-axial load-

W]

ing the compressive strength is expected to decrease False Correction (to increase)

7-reinforcment with the highest grade has the highest ductility

False correction ( the lowest ductility)

8-economy is considered as one of the design objectives in the design process T
ure

9-if the structure collapse due to fatigue it is said to have reached the ultimate limit state
Ture

10-the serviceability limit state involves damage or failure of the part or all the structure-

due to abnormal coditions False Correction (special limit state )

11-Steel reinfrocment of grade 40 shows the highest ductility among the other grades

True
12-Increasing in the confining pressure on a concrete specimen increase the compressive

strength True

13-In the uniaxial compressive test on concrete the unstable crack progation starts at the

discountinouty limit False

14-In saftey design philosphu the strength reduction factor is always less than one and

the overload factor is always more then one
False



15-At the ultimate condition if the tensile strain in reinforcement has not reached the
yield strain the beam strain then the beam is called an under - reinforcment beam
False
16-in beam analysis problems more reduction to the nominal momnet capacity is used if
the expected mode of failure is tension-controlled
( less reduction) |15 &80 JI sy .. A gy0eS 20l 90% 2 2 iy L;Y False

17-rigidity may be considered as one of the advantage of the concrete material
True

16-Reinforcment grade 60 has more ductility and less strength than grade 75

True

18-If the structure faild due to progressive collapse due to an explosion it is said to have

reached the ultimate limit state
false

19-Increasing the compressive reinfrocment in a doubly reinforced concrete is not
expected to have a significant effect on the nominal moment capacity but it might in-

crease the design moment capacity True

20-in a creep test for a concrete speicmen the elastic recovery occurs at the

moment of load application False at load removeal

21-Increasing the tenssion reinforcment in a doubly reinforced concrete is expected to
have significant effect on the nominal moment capacity but it might decrease the

Ture
design moment capacity

22-the discontinouty limit ouccurs at stresses up to 30 to 40% of the compressive

strength false

23-An over reinforced beam has more reinforcment than reqiverd  Flase

24-In a beam analysis problems if the tensile strain in the reinfrocment at the ultimate con-
dition is less than the yield strain compressive reinforcment should be used to increase duc-
tility False

25-the working stress design procedure based on the unfactored loads True

26-The ACI code requires min area of steel in beam to ensure tension-cotrolled failure

False (to ensure safe transmit of tension force from conc to steel)s



1-which of the following is NOT a reason why the equavilent rectangular compres-
sive stress block for concrete is used in the analysis of flexural strength

A)the actual compressive stress on the concrete section is of a parabolic shape which
is difficult to deal with

b)it gives good approximation to the magnitude and location of the resultant com-
pressive force on the concrete section

c) It is an exact representaion of the compressive stress for concrete
Answer is C

2-which of the following statement is in correct

a)when a structure becomes unfit for it intended use it is said to have reach the
limit state

b)Rupture of critical parts of the structure could lead the structure to reach its
ultimate limit state

c)servicability limit state involves a structural collapse of part or all the structure

Answer is C

3-which of the following statment is incorrect

A)the actual strength of the structural members will almost always differ from the
values calculation by the design

B)For safe design strength reduction factor is always less than one and the overload

factor s are always more than one Answer is b



which of the following is Not a factor affecting the choice of concrete for a structure
A)Economy , fire resistance and rigidity

B)suitability of material for architectural and structurak functions

C)Low tensile strength and time dependet volume changes

D)Availability of materials and low maintenance

Answer is : C

Which of the following statments correctly describes the mortar cracks that develop in
concrete due to uniaxial compressive loading

A)developed before the concrete is loaded due to shrinkage of the paste that occurs
during hydration

B)Develop when concrete is subjected to stresses greater than 30% to 40% of its com-
pressive strength

c)develops when the load is increased beyonde 50 to 60% of the ultimate load

Answer is C

T or F
1-working -stress design metholodgy considers the redistribution of the moments as
successive cross sections yield

False

2-the formation of plastic mechanism invovles yielding of concrete in the location of
maximum bending stress

False

3-when concrete is loaded by compression instantaneous elasic strain develops . If the
load remains on the concrete ,creep strain develop with time

True



4-the addition of compressive reinforcment to a concrete beam section reduces the
compressive force on the concrete and therefore
reducing the creep strain

True

S-In flexural theory it is assumed that concrete is assumed to fail when maximum ten-
sile strain reaches a limiting value of 0.003

( false (compressive strain

6-The ACI code requiers a minimum amount of tension reinforcment in a beam sec-
tion to gurantee safe transfer of the tensile force from concrete to steel

True



f'c=28 Mpa fy =420 Mpa As=3032mm2

N\
1 \ ¥
a
£ Hsti BN N N

gl & | b l
= 32)
= v ‘
N

300mm 300mm

= TR

r\ a =) (o4 = L3
3 Py mpg

e BOES

3] oo \
¥hib ‘oo

aSSume Cs %y Ps=Fy
T= Col® A= ©.95F (L ba)

\ =
Qsﬁb; O.?Bfa (‘_&;q"‘-) A 232 pam %ob - E>0
s Cz 28 F um = a
‘ : - O.od = i Bos g
Ze= Qo8 (’).ic) = oLeel\\ RLy= -0 b e
Te < &y not ok C\:b
As«E NSO 3 5 F 5 a* =385
C: 2303
C o 503 4 a‘i_c_- S coll < ‘Z,‘:\' B C;E_-

2= = a2
[MAn oL a)

= O.ngc s &* @ el ©. oo\ ( S2o-— %”_ 5)&7.&‘)*
X Rk

~—a

;u—%‘h = “\GO":} kN.w T
= B St

¢/“(V\ = qu\ trvom




AsPy = o5 Fe x B ax3se Pz s M2

A= (365 oy “PHE pot &k

 PsPu-ogsPr g (Pe)  Ae=

___kf ey A c (z2s0-100)i30 + atleey .

 then  ca=15tYmm
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show which beam cross section is adequate to carry the given
load

phi) <l |5) phi Mn - L, ieg Mu L D‘Y ) @.a..g‘»)m\ |
15 O AT )08 L No V) g yes glsd b Lo gl of 4T (Mn
20Kn b iz o) o 4l (e o o) 5 3gmge 39 3 gz

Mu= 20*3+60*1.5=150 Kn.m
2



600mm determein the depth og the neutral axis
fy =420Mpa f'c =20 Mpa As=4020mm?2

As’=852 mm2 d=535Smm d’=65mm

As

150mm 300mm 1S0mm
depth of neutral axis is ¢

Assume €'s >=€y and Es>Ey T=Cc +Cs  Asfy=0.85 f’c (Area) + As’ Fy

L

—— ) pL Amle + Jokitne dlite o5 3)ls Areal|

A Al Jpestl yus = a AV L 506 oS

B 300mm CEEY alss ot Dolall
3 600mm

b =2a0.25 7’ b ~ 150mm

Area = 2* (0.5 *b*a)+ 300*a = 2%(0.5*0.25*a*a) +300 a

As fy = 0.85 f'c *Area + As’ Fy * a Jge>t dolxa
Aol 1Y) -
a=220.4mm c=a /0.85 = 259.3mm

Check €’s =0.0024 >€y then ok
check €s = 0.0032>€y then ok

i the beam section below is reinfoced for negative moment with

150mmI 1900mm?2 of tension reinforcment and 750 mm?2 of compression
T reinformcent assumin both tension and compression reinforc-
150mim, ‘_50])mm ment are yielded determine the depth of the assumed equavlent
stress block fc=25 Mpa fy=420Mpa
150mm | L 3 o3l gmg Al a2 518 ol

d=150+500+150-65

735mm assume a<hf €'s >=€y ¢ E§>=EY

T=Cc+Cs  Asfy=0.85 f’c (300*a) +As’ Fy

a=75.76 mm<hf so ok c= 89.13mm
€5=0.0008 <€y not ok Asfy=0.85f"c *c*0.85* b + As’ E 0.003*(c-65)/c  ¢=112.3 mm
a=95.45mm
check €s=0.00126<€y ok  €s=0.0166>Ey ok



determine the depth of the compression area fy=420 Mpa f'c =30Mpa As=4000mm?2

As’ = 500mm d'=65 100mm __ 250mm E—
e =
¢ Oylall As’
Assume €5>=€y and €s>=€y and a<200 c
T= Cc+Cs As g
- J —§
As Fy= 0.85 f’c (Area) + As’ Fy
Jebad | + Ll d>Lise =Area N 350mm
a 4cldly b Sl Sl o 2 a/b =200/100 - b=0.5a

Area = 0.5*0.5*a*a + 250*a  As Fy = 0.85 f'c *(0.5*0.5%a*a + 250*a) + As’ fy
a=193.24 < 200 ok
Opldl o by ot S 28 (3gé fc &l Al O]

= 08357 ¢=23123mm
d=500
check €’s =0.00215>0.0021 so ok

check €s=0.00348>€y so ok

o N—"

Rectangular beam 300mm width and 550mm effective depth determine the maximum area of

tension reinforcmentto be place in the section for it to be a balanced section

Fy=420Mpa f'c=35Mpa
balanced section means €s=0.0021=0.003(550-c)/c  ¢=323.53mm

as f'c >28 and <56 we get ﬁfrom the equation ﬁ=0.8 a=258.82mm

Asfy=0.85fc ab  As=5499.9mm2




=t
?‘c = 2.8 Mpa fu . of 26 Mfy 70
T T T T T o T T T 1 T T 1 T o (_) Q T ?ﬁ
A - SMa? 1y SI»\SI: P&'nﬁn—-mm es! 7:1 S io
As'z o As - 9,0 Ll ’ _/ /
~ As ~\“‘J\ /
| CLbsowt 5 }
Lemsy  fa- by ~
& = =
| T C. o PiFy = ©¥ £l ol
| Hzio & LU0 = © .35 +2Y » Cl% &os
etz |85.33 mm
Ce 218 5
CLE; = Oioo} g (.CJ"C-\ 2 0'00H "e0 .00l + o.le
(..1

Mo = oRS v 08% JB50R3% oo & { sio- 195.332)

|
J| = FRESY kavim
|

| Q5= Vol 2o - 1 PMdn= 604H.29 fom
| ,
|
| b. compure  C p QO‘O"(? ﬁ&‘ﬂ{)orcmew) pst2aqs
‘ -‘té?{; Ty 'U;-(,:L’j P - f—\ggqow'x.
J N =z Ce o C.S » 4 f'\’:-]?rj = O-85fcw Q:’-lo % -As‘ P_‘j
&%= \éC. 2 mm

o T —

\
£8) = o:00B (Q-—f‘é)k} = 0:00\q & Sy Nok Ok

R . g5F'c £ Wb 4 ASs E» g

| €= A2

b

O o0y {Q—‘d) :o‘oo\CtQ'CL.J

\
LS:

= o 7

2.5:’. Doy (d-—c'\ - D-c:oi—tqrﬁ ('LUJ CD:LL

e




5ol Juadl M\,w
gereeirvivinenr (K Ly continous beamwh:uu{djm Jlgl

A B
Jjﬂ‘MbUJer‘Jﬁule
On 3 235 gl m Bl (S0 0 Zpo ol 22 Il phit M gl Y
o zogll ol Usgdy i 355 T beam &) JG O &Y bl syt
J.G.LJKU.C— oJLJ«u.o.«UjB ;J.;-‘ QYJ.E.JL» j\ CJMJLC« r}m‘b W}o)«,w ("")‘
gjl& Lol s

mu}mmw.u;\w,w Dl i o i) Bale 555 i
olss Ll Il

30/301 32430



Second (The Design )

Design of rectangular beam : (the relationship between beam depth and deflection )
(&gl J.>-T d4>9s) Use Table 9.5 hmin to avoid deflection

Loglie 350} ‘JULI (second moment of inertia ) 4s. 530 ] h 3[;3)‘ >N
ACL o2 05K O gt 4y s L fo S5 @ &l Ll ol

LLmuuiuuu{;}mu% continouse béam Lis e

A B C D
T AT 35# 8 o homin 3 41 ) s
! beames or) Ls Jodd| Tar
h L3 | M L2 M | L1 lL[ ( ribbed on way slab

One end 3 L JIE)) o Juatng ol opo (s oo o &l L 1 g5l 2l
hmin = L1/18.5 (L from center to centor ) U4  continous

JUL both end continous g SN jLadls ‘nedl cpe Juate 522 g5l Al

N:é S>> J\ST Jl::.'é- hminl) @; ENG .ﬂ..\.:.c«M éi.;.a | ;J'.%-\ u’*‘-’ 3 ;J'.%-\j, hmin=L/21
JES s 7 p Lo A 2o Jo8 iy ond Lo

Concrete Cover and Bar Spacing

cover for beams is = 40 mm Smin v ——> 25mm
,!».‘ larger of ——> 1.33 max coarse aggregate size

i/

C | —
o Smin h
‘/ Smin H ——>> Bar diameter
_’I_|<_ ]
Smin v —_— 25mm
== .'\ ." /] —> diameter of vibrator
—1.33 max c.a size
y @
- -
Resons of cover : 1-Protect steel from fire

2-Protect steel from abrasion

3-to bond concrete and steel so both act togther



2ds - 0.5db

St Bl (SO RN 00 e 2 o ) el s
bar spacing o lu> -2 (2ds-0?5db) Wluno b el SN

Q b minJ| Clu

bmin : the minimum width of the beam to put the bars in one layer

b min = 2 * cover + 2* sirrups diameter + n ( No. of bars )* diameter of bar + (n-1) * Smin

+2(2ds-0.5db)

bmin = 2* 40 +2*10+ n*db + (n-1) * Smin + 2(2ds-0.5db )

if b>bmin bars in (one layer )

if b<bmin bars in (two layers )

Estimating the effective depth of the beam | (d)

d = h-65mm if one layer d=h-90mm . if two layer

bmin should not be less than : preferably (300mm)
p absolutly (250mm)

10} Y 10| Mu @;\;LJJAS.Q,\;‘::S.\JL;;@;‘M:\,L;@M\

Mpadly mmo; SUI oses
ol 55 1513, 159 (5l o

MLl p
A= of,(jd) Ultimate load or U or W 57|

U=1.2DL + 1.6 LL or U=14DL

L1509 =ba Oy

j=0.9 for narrow comp area (weble ‘& ypegSNlg T j Judadl (::JJ)
j=0.95 for wide comp area (é)l.&)\ szjwjffy T)

oAb o e O gaad! Jl
0.85 f. b olaxs ol slagl JgY!
ollaxe f.bj ji ol.EJuJ;& f:J‘ Jlaj d\.‘ﬂ‘




(slre o slaf) Jll 531 J 22
U=1.2DL+1L.6LL ‘4o U slg| €= 44, b o S5y Mu Jl 51| (1
3 lw ose DL(including Self weight)s 15 Jl> 3 €&
BUEY Iy (‘" self weight MM.Z- 4.y DL(excluding self weight)s L]
5 Self weight = b *h *gamma U o9 ("' DL
Mu= WL/2 for cantiliever =~ Mu = WL"/8 for simply supp E—

d < f.: One layer or two layer »,2i(2
1A iteration (S ety 5 As = Mu/Dfyjd 4<£ (3
As = Mu/Dfyjd ~ As = Mu/Dfy(d-0.52)  As = Mu/Dfy(d-0.52)
a= Asty/f’c 0.85b a= Asty/f’c 0.85b As= requierd
jT S5 lw»JST Hlsly calls L}‘ required} 48 (9455 Joud| -ys As provided A< (4
v Cpe Fedlidy Jad OVl 58T () 8B Cm
two layer (b<bmin)sll 5 one layer (b>bmin )sl check one leayer or two layer(S
(ol 131 =dy iﬁ-ﬁcj L & Y) e C”J‘J 3yl d g 2 G5kl 6-)\ ok ¢l 13]
MinJ! r.J.>’=:,w\ mim.J| 8% J?T éb ‘31 (a.l>’-53 o ib-Y)As max g ( @L:-) check Asmin(6
OMn>=Mu db’.' D’Yj Cawpdl o analysist) -l N (7

Example 600mm

fc=20Mpa *H.H.LMM* |:|600mm
ty=420Mpa

LL=35 Kn/m DL=14Kn/m (excluding self wt ) gamma=24Kn/m

-6
sol :::  self wt =gammabh =24*600*600*10 =8.64Kn/m
DL=8.64+14=22.64 kn/m U=1.2DI+1.6LL=83.2Kn/m

Assume One layer d=h-65=535mm
As requierd = My/Dfy jd =3657mm2  now itreations

a=Asfy/f’c0.85b =150.6mm  As=Mu/Dfy(d-0.5*a) = 3830.4mm?2
a=157.7 mm  As=3860.2mm2 a==159mm  As=3865.6mm that is As required



As provided from table =4080mm2 8No25SM

J‘{ST ji required)] 32< 5,0 sdey febs e joy
ob llael 1 abll ste Jpoorl -y o €8T 5y (pine ol 5
Lae bar 1J iA=Ll cg
= As req /As of one bar=él:m'}!\ dde J){)U Sy Ll

check one layer bmin=40%2+2*10+8*25+7*25+2(2*10-0.5*25)=490mm <600 ok

e ! BB Y As #d Ol sey two layers 231 aoryl bmindl e J31 b ol o
Maadl Sl | s gl e 23 Lo O S Al 1S5 56 ol 8855 e Jio Tino
check As min = 854mm2 or 1070 mm2 larger is 1070mm?2 and it is ok

tension controlledJ] - US T analysisSU - oYl
As fy = 0.85 f’c ab a=168mm ¢ =197.6mm &€s=0.0051 then it is tension con-

<trolled Mn=772.8Kn.m Phi Mn=695.9Kn.m  PhiMn>Mu then ok

Li> e 5l$ %55 b and h and As are Unknowns : 431 43, LI

steel ratio
Ag i y d

p= __ 2 |reinforcment ratio q4= X
bd percentage of reinfocrment p f 2 0.85
Iy wd
w = 7 Mechanical steel ratio a = ——
c 0.85
KnorR = wfi(1 — 0.59w) Mu=OMn=0(bd’ of (1 — 0.590))

flexural resistance factor

_ Mu
dKn

bd*




Lo 8 bV ol o B LN w585 ) i 02,550 oy 1 K01 5) 930 REQY v
(JEll g Js5
1-estimation of self weight : the weight og rectangular beam will be roughly (10%-15%)

. of the unfactored loads it must carry

1-self weight =(10%-15%)*(DL+LL) 2- h=(1/18 to 1/12 ) of L
L : span length in mm
then b=0.5 h then self wt = gamma*hb

Sleglas hy b W8y 325 Y self wtll 23 Olds jwdah 5b fa

2- PP Aes
P for economic considrations= 0.01 (Lil.ua el lgiad o5 S Lo 13)] )
P Ductility considrations= (0.35-0.4) Pb  Pb=balanced steel ratio

A‘;b balanced condition ES=EYJ) dll> § wasdl deS: Asb
p=— 2
b bd

by placing considreations it may be hard to place the reinforcment

if P exceeds =0.01S that means PIMax = 0.015 oluss a3¥ L

strains stresses L L& e
¢,0.003 strain compatibility

[ k,c] . 0.003 _ 0.003 +¢,
c| o c “d
d | oo fmac I\D 0.003 |

" C= d
0.003 +¢€,
| T=Af,

strain compactability

_ Asly  pbdfy pbd fy 6 ol oS
“T085 b 085 b ‘=858 Ay oK &
, ' Qe e OF G

from 1 anddl” o, = 0.85f{31fc Q.OOOSﬁOZ’)X E _ 0.85fé1fc<6020£ ey> ey d;,,,
) y ) ) 20 o Olghasd) juds

dosd)l Jas €y Ju

3- (L&l M;g\js =) Kn g Mu £

2o M dd @3 sy b Lo (53 o) by O
b Kn 150 b Rub st Somsa¥l e 0 0.5b=d T 5 s I ) ek
layersJ| wjmh&fﬁ?%ﬁd@juﬁ.ﬂx

one leayer h=d+65 two layers h=d+90

4- bd



5-check h min  hmin e J\Si C)ﬁ D‘}! s Lalls &;\ h 4.8
dJ) | cq-)‘j hminJ| 34> KL 13)
6-check self wt and recvise Mu
Self weight) L)) Gagdl st by VI by h dad opdyle bas &1 L
self wt new = gamma *bh ~ wnew =1.2 DL +1.6 LL DL self wtJ| Cea’ o b
Mu new =WIZ /8 if simply supp or WI%/ 2 if cantiliever

, 38T 41 10% 350311 05 Y Of g
bd= Munew /Okn  Lasty Ste designl a8 51 10% (3350501 =oK713)

7-find As and do the iterations then As privided then check Asmin and max
8-check b min 9-analysis

S— - S
Example s S

L Ocoan N osip S g

| ) Q‘SI%"’;&% DL ws ,bvlm (@an@ sejﬁuﬁ)

Fe- 95MpPa Fy - :L@_/‘i&r N P

L Estimate S@lf wt AU __

brv ogh = C?ﬁ? Lus)

GeF wr - gbh - (365-83) - Rhkvin

o b GL J—ou

d2_- /Ay /th wL’L W‘.\z(\qsﬁzh\s(_\

i LIRS
z 0d1lx4%2° _ o-163 . Flen= o oq L 25 (0.1 (1~ S168)

23 T ‘f__,,,ﬂi,ﬂ SRS B

R | bd* = ®42 . 2u8T Fwws o
TR R U UL - T S—

LS osbresd 4D TR /TN




h=ds90 «R3Pmm  (asome 2-layer)
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Maximum Area of tension reinforcment

. -
T /a‘jﬁ
4 ;N,&n:al__ . fC

E 0.3196 — \bd

.......

l / As max =
oo o d=4n

TN €s=0.005

A.'sl Cﬁjc\ U As max j P max _.£ Ol:;’:;}!lg \
Asmax = Pmax bd > P max

44y ,blls doubly reinforcment 15! jay As>As max > Lg

beam 1 ~ beam 2
oo o ©
Asl As2 €s=0.005 dlﬂb already yielded 2 fo(Z
eec oo eec oo
‘ T=Cc) 2
As2 =As max ((J S €@ ) €92 yry (T=Co) @

CDan—CDAsz fy (d-0.5*) ! (3

vt £ Asl ity DML o & DMn1=Mu-OMn2 ;o PMnl it (4

G s b | Asl 4ed | provided o b Ay provided]! o (’" As %9:3"‘-’
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Final

shear in beams

Sittups :  shear reinfocment web reinforcment
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SN 51 il b o 0058 OGO gt dpad | O L
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|| c) Inclinedg shear reinforcement.
||

Shear stress MaxJ| Eosupp]! -po 0 AL sirrups]| vh.u A

Internal forces in beam without stirrups

l

cy

Vcy : Shear in the uncracked concrete section

Va :Shear transferd across the crack by interlock

Vd  :Dowel action of longtidunal reinforcment

Ve =Vcey + Va +Vd
Vc : concrete resistance strength

(Shear carried by the Conctere)

With stirrups : Vs : shear carried by the stirrups

Vn=Vc + Vs Vn:nominal shear strength

OVn >= Vu| O in shearis always = 0.75

w, = 4.12Kkipsl/ft

Vu
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' L Vu : at face of the support

Ve Vu@d po Lblust Jolatly 4 S

<€
(Wul/2)

d
&>critical section

d : effective depth
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SNE—— amount-of steelin-acolumn, particularly if lapped splices are used.

Design of Short Columns:

-Slender or Long Columns and Short Columns E_.

M @ends = Pe ' /—-—2'
M @ midheight =P (e + d)

-The deflection increases the moment for which =
the column must be designed. |

- Because of the increase in the maximum moment \ﬂf /)
due to deflections, the axial-load capacity is reduced.

This reduction in the axial-load capacity results from what are reférred, to as
A slender column is defined as a column that has a significant reduction (>5%) in its
axial-load capacity due to moments resulting from lateral deflections of the column.

Choice of materials properties and reinforcement ratios :
-In small buildings, f'c in columns =f'cin floors =28 — 31 MPa.
-In tall buildings, f'c in columns > f'c in floors, to reduce the column size.
-Per ACI code section O 01 <ps:<0.08
Although the code allows pmax = 0.08 it is generally very difficult to place this

Example: 400mm X 400min column, Ast_ 0.08 X400X400 = 12,800 mrn?
If No.25Mused ==y 25 bars are required.
It will be.d1fﬁcu1t to place 25 bars in'a 400X400 mm column.

Tables A-10 and A-11 give pmax for various column sizes for square and
circular columns. (3-5 or 6%).

- Most economical tied- column sections ====d  pg (1-2)%.

For Spiral columns pst (2.5-5)%, because they resist higher axial loads.

Per ACI code: Min. No. of bars in a tied column is 4. and Min. No. of barsina
spiral column is 6. :

- Almost universally: an even No. of bars is used in a rectangular column’
maintain symmetry about the axis of bending. All bars are the same size.

Estimating the column size:
For very small values of moment, the column size is governed by the maximum axial

load capacity
_Féltieijqolumns/—ﬁr, a}) P ¢
»\\

’ (../—7'3 C\ S
. ! g
-Hor spiral columns e-4 (ﬂC i \p’é 14) loadl
7 Lz
> @+
" Pu

ﬁg (hrial) =
o o5 (Fe + vby)



/

/
Both of these equations will tend to under estimate the column size yf there are
momenis present, because they correspond roughly to the horizontal hrre portion of
the @ Py, @M y interaction diagram. ?

Although the ACI — Code does not specify a minimum column sike, the min.
dimension of a cast —in- place tied column should not be less than 8 in (200mm) and
preferably not less than 10 in (250mm). The diameter of spiral column should not be
less than 12 in (300mm). '

Bar spacing requirements and cover requirements:
- Per ACI code, the clear cover 21.5 in (40 cmp

- Min clear distance between longltudmal bars /
Largerof |  1.5db @

1.5 in (40mm)
1% Max. size of course Agg.

Clear distance limitation also apply to lap-spliced bars.

ﬂ-:E_

i

A bar is adequately supported against lateral movements if it is located at a .

corner of a tie and if the dimension X is 6 in (150 mm; or less. O
’\9&—/ o~ NGy XG

pos 58 S 2
Choice of Column Type: =

e/h = Eccentricity Ratio K. F2 ok Lo Al ; h
AR s gaw‘)‘w ;

e/h <about 0.10 ~ Spiral column is more efficient; in terms of load
Smafi cRG v capacity, ©@=0.70 (S) and 0.65 (T). In terms of maximum
frami ot ; . o
axial load capacity, 0.850Pn (S) and 0.80Pn (T)
e/h>0.20 A tied column with bars in the faces farthest from the
lisg cternu¥) axis of bending is most efficient. Even more efficiency
Ly Mo can be obtained by using a rectangular column to
increase the depth perpendicular to the axis of bending.
e/h< 0.20 and M A Tied column with bars in four faces are used.

exists about both axes

A - _ i gj»{f 65 —
Spacing for Ties: ‘ . : 7
Smax shall not exceed * igég\ — Jig3 ¥ 1| g
. G ail W—ﬁ—%g-- _ 1 J.eastdimension of the colulmn (b) | N §



may L
> | .45 [, P (Aﬂr-l) Ac = T N2 \
R e— —1 e :
'\/ [De_: (';l'/‘,‘mpg--pr' Q'a Core *

F .e
5“(\ Omin = _|owgelr. of

| \‘ 2 / 1.33 Max (pre Aoyg

| | W eecuse v amind) plasi) o

ﬂ | Min e ¢4 b '\‘0 tuwoid [roblems in
—ral Contrere Ploeing

T b 1B | o7 G5 Dslall o8 alls b dn

| ose max o] mm_l\j75mmw5ll\d&d...w

x o ¥h g —
h= gamma *h +2 X i ! T
{X—LUVCI +ds—+ db/2) X \i\?’ L i
Y j‘ Jod-t 59795 50 gamma Sas é'z.? TR l L
interpolation I adsed ayy =: 2
TECEPR DI i gy f fo2 e 1(-~~ 7 arer
T y
M TC e oP Jof Sl T ol 5l (3
) o J> S nh = ok J<w
Cbpn Pu j” M f'Cbhz 9 f’c bh o Lﬁw 2 Jj r
dodall 26 Lol e sS1 I3 interpolation Jesig P o 2 51 P st

< ~
,(QL?(J' . : : ’ 1 5 : ) \\1




0.04 pasial #1130 0.04 oo allas 3 ba o, oK 1001 <008 p3Y P do S (4

((3r9) k= Oluad sue ji=1) Jodd| e providedd] o r"’ As= pbh > Asuf VI (5

spacing of bars Jud< OV (7 Y Lad D’Yj spacing of ties Jyd< Y| (6
’ ~  15db Spacing for Ties: ‘ )
Larger of | = at Y . 16db ®
: : e YWe—
. 1'15 o (4011.1m) Smax shall notexceed =1 _df(dy ) - =8 % : }
1%5 Max. size of course Agg. N ;7@”\4” »y / 9,,A 4 A

M

Smin 4w x G bmin | Ggl e X Jz-ji check Smin value of X (8

Smin <= X <=15 cm ‘:)jg»'o ¥l —%9

Desing Tide colomun example Design the coloumn which Pu=1550Kn  square colomun

Mu=150Kn f’c=20Mpa ty=420Mpa

Ag =Pu/0.4(fc+ Pfy) Ag=1550*1000/0.4(20+0.015 *420)  Ag=147338mm2
b=h  b*b=h*h=147338 b=h 384 mm s & b=h=400mm

7 X = 40+10+25/2=62.5mm
! |h=gamma*h+2x gamma=0.69

Sl B (gamd gy ) pusnd by SN e ) o Al
I =
/,\H_ (_,{)__IZL ¥ l6’50 st ¢/q0 " LSC’ = ,_"_"__Q_:

Eebh 26 X #1006 X Lfoo Pebh* 20 PR

”

gamma = 0.6 p=0.033 D e
(o3¢ p St

gamma=0.65 p=22 p=0.03 £ | Be ootnlun

gamma=0.75 p=().28 ok .k :

Hiass 058G 3 (3m9) id ] Oluad sue ki o3y
As = Pbh =4800mm  use 10No25M As=5100mm . e
99 Ul s

now we get Spacing of ties (400mm or 488mm or 400mm) take 400mm

now find Spacing of bars (Smin ) then check X ~ Smin=40mm
X *4 +2*(2ds-0.5db) + 25(9 + 2*10 + 40*2 =400

posidy Ogp % Y 3k 100 ol Lo o
Oluiall i g Lo kil iz 1 Olisd

Smin <=X<=150mm

then ok



Development length

Development length : is the shortest length in the bar in which bar stress can in-

crease from zero to fy

if the distance from a point where the bar stress equal fy to the end of the bar

is less than (Ld ) then the bar will pullout of the concrete because there is no

enough bond stress to produce equilibrium

. M, = avgbond stress
T =T Ay Bond Stress

(w)

dy force = n db lJ_an * L
/ T2 =T Ay

The Hashemite University M
J‘;s}” T o\£L bond stress ! &t

S LpaLd )80 p3Y
—
by 2 .
L | Ug contious OK'15] Ld =2.5m calls 4 Lol ok o Ld =15 calb ¢ : Was Ogp
hooks.! rmﬂ& Qlj

T1 + Uavg *ndb*Ld =T2
Ag

Development Lenath
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[ Development Length of Straight Bars and Standard Hooks

table below. Note that ld shall not be less than 300 mm.

Case o8 8 -< $20 > $20
Case 1: Clear spacing of bars being
developed not less than db, clear S #® Q\a
cover not less than db, and stirrups CC‘"
throughout /d not less than code -
minimum , = J,ePA 4 ' = fa,@’l
109! g sy Jﬂb I su> | T T | 17J_
or )
Case 2: Clear spacing of bars being S17 s
- developed not less than 2db and clear Cof’f“
cover not less than db
Other cases Z(; \ .f_vaéi d o fyaé/i g
A R LIS

The terms in the foregoing equations are as-follows:
o = reinforcement location factor
Horizontal reinforcement so placed that more than 300 mm of fresh concrete is cast

in the member below the development length ..o NS )
Other reinffieen IR TEEEY, . a.........ccoenesemserasssaesrsssnssarsssssssnsassanssans ne 15
e —
& B = coating factor (O Q . &)
Epoxy-coated bars with cover less than 3db, or clear spacing less than 6db .. sled
AT Other epOXY-COALEd DAIS ..e..vvveuvrrurrerrseeressercssssresssiesisi s s 1
Uncoated reinforcementun . ... loresruerriesesasnsniene A - 1.0
A = lightweight aggregate concrete factor ,
When horhtwexght panereteis Used wommmmmsmsmsssmasibons T — 13
Normal weight concrete is used.......oveeevniiiinmini S— 1.0

Dr. Dwairi




When there is insufficient length available to develop a straight bar, standard hooks are used.
The standard 9C degree hook is shown below:

ban

- . ,‘ﬂﬂ " 5 ___,.’___,__l —
|
| F T R ? $28 to $32: R=4dy

| i [ © $50:R="5d
g ||l |

x \4&;

Ll R : > ,

The development length of a hook, ldh, is given by the following equation. Note that the
development length shall not be less than 8db nor less than 150mm:

» o » ,f'/r‘r‘ f'/&
0241 ) 8d, XS e 25
dh =-"——££—df, > larger of |~ = oV
‘. J? P 150mm
\h\\,__c/l % /

where B = the coating factor = 1.2 for epoxy coated bars and. 1.0 foruncoated reinforcement, and
) is the lightweight aggregate factor = 1.3 for lightweight aggregate concrete. For other cases B
and A, shall be taken as 1.0

Standard Hooks - ACI sections 7.1 and 7.2.1

Ade or_
65 mm

180 Hook

$10t0 $25: R=3dy
$28 and $32: R =4ds
$50:° R = 5dy




Bar Cutoffs:

Bars can be cutoff where they are no longer needed to resist tensile forces or

where the remaining bars are adequate to do so. The followmg rules apply per

the ACI code:
L 2 OaY) £ ar Ty

1. Every bar must continue a distance (d or 12dp) beyond the theoretical
cutoff point. (B-C) & (H-1).

2. Full developmeiwt._length I¢ must be provided beyond the critical sections
(A-C) & (B-F). Critical sections include points of maximum.pesitive and
negative moments and points where reinforcing bars adjacent.to the bar
under consideration are cutoff or bent.

3. Atleast As’/3 (one — third of the positive moment reinforcement) but not
less than two bars in simple spans or As’/4 in continuous'spans must be
continued at least 15cm into the supports. (B-F).

4. Atleast As /3 must bé extended beyond the point of zero moment a
distance not less than d or 12d,, or /n/16.

5. Cutoff 50% of the positive mement steel and extend the other 50% into the
supbnort.

6. At least As'/4 at mid span, not less'than two bars, shall be spliced at or
near the mid span. :

7. Atleast As/6 shall be spliced at or near mid span.
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Oluad 5 K pad|

I w=96
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iGia

= an 0.22 44 ass 048
z o 0.40 0.50 80 jo0 120 ¥
z 0 0.62 0.93 1.24 1.55 1.56 b
5 2 083 .13 176 23y 264
5 0.4 1.20 1.80 240 R, =5
3 872 1.58 237 3,16 205 o 473
5 1.00 200 - 3.00 4.00 so0 . 600
10 127 254 38 5.08 c35 a2
.58 212 468 6.24 780 936

Area (mm?) of sMuitinle S Rsipnforcement Bags

gy e —

' Number of Bars
; ! 7 3 4 5 Gy

213 284 485 426

387 516
597 756
852 1140
1160 1550
5l - 040 - ——
1930 4580
2460 3220
3020 4020

.am Width (in.) for Multipie U.5. Bars pef Layer; tntsriof

number of bars in single layer

3 : 4 5 3
85 10.0 155 130
8.5 135 120 135
9.0 11.0 125 140
s.0 119 13.0 15.0
95 15 195 , aidss
- 10.0 125 145 17.8
8.0 105 139 155 18.0
3.5 110 14.0 17.0 195

a

4y i raximun-glze aggregaie.
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77 — Consrete protection for reinforcement 9.5 — Control of deflections

7.7.3 - Castin-Flace concrete (nonprestressed) 9.5.4 — Reinforced concrete members subjected 10
2 % (lexure shall be designed tohave adeguate ctiffness o

toliowing miRimUM concrete cover shall be pra===  jimit deflections of any deformations ihat adversely

or reintoresment, but shall not be less than ~*_tect strength of serviceability Of a structure-

by 7.7.5 and 7.7.7: s ; :

FRE S Ll g.5.2 — One-way construction (nonprbstressed)
= o - “gover, mm :
cast against and : BT e Minimum thickness stipulated in Table
exposed (0 Eah weurwmrmmwereserrrs 75 9.5(a) shall apply for one-way construction not sUp-
porting of attached to partitions oF other construction
ip) Concrete axposed 1o eafth of weather: . likely to be damaged by large deflections, unless com-
. o putation of deflection indicales a lesser thickness can
Ne. 18 through No. 57 bars TSR o be used without adverse effects.
o, 16 Sar WW200 or MD200 wire, ;
< and smalier e W — e 40 :
{c) Concrete nol exposed to.weather ¥ TABLE 9.5(ay—MINIMUM THICKNESS OF .
or in contact wilh ground: g NONPHESTRESSED BEAMS OR ONE-WAY SLABS
Siabs, walls, joists: ~ UNLESS DEFLECTIONS ARE COMPUTED
Wp. 43 argd No. 57 DAS..covemeressmmes ....40 _ R Rkness,
No. 36 bar and Sraller coemreeemnee o Gne ond | Both ends

PY . ’
supporied continuous conlinuous Cantilever

peams, solumns:

Primary rﬂiniorcement ties Members not supporing of attached to partitions of
1 al =3 1 1 {

oiher construction likely 1o be damaged by farge

Strruos, SPIrals IR 40 ~ Member deflections.
i Solid one-
ohells, folded plale members. : wayslabs
No. 48 bar ang 1arger... e 20 Beams of
No. 15 bar, MW200 of MD200 wire, ; {‘i’bazeg:g‘;‘ i
and e:m:\"er e e 4 —

1) Span length L is in mm. 0 . .

2) Values given shall pe used direclly for members with notmalweight con:
crete (W = 2300 kg/m”} and Grade 60 reinforcement. Fof other congitions,
\he values <hall be modified as {ollows:

a) For styclural Tightweight concrele having unil weight in the @nge 1500-
2000 ka/m, 1he values shall be multiptied by [1.65— 5.0003w,) bul not less
\han 1.09, where e is \he unil weight in kg/m™.

by Fox f other than 420 WPa, the values shall be rmuttiplied by (04 + f;,."TOO).

M !..XIMUY:\’E PERMISSIBLE CQMFUTED DEFLECTIONS
—— =

. —

—_— R SO ..o i
Deliection imitation

N Al s
o of rnemoer Deflection 10 be ronsigered l
SOl e beedtBIBE A - o

s Frema ey W ST
o or attached lo non- immediale delieclion due 10 live load L

ely lo be damaged bY /180"

WO S T A -’-uf—*‘_)f)—*-——.“—ﬂ'-—f—*—“ e pe Bl e e
sunpering of arached to nonstiue: Immediate detiection due to live wad [

enis five'; o be dzmaged by farge : . £/360

o

ut;ii;n supporﬂnévf)—r
ural elements likely 10 be
silections

That par of Ihe total deflection oocurring attes
atiachment of nonstructural clements (sum of /480 -
\he long-term deflection due 1o all sustained )

\oads and the immediate deflection due 10 any _—
additional live load)

(s Rtamaledins
¢hy'aige 3

or consiruclion supporting o7
i nonsiruciurat slements not likely 1o

i .G by large dellections
aleguard 2gainst ponding. Ponding should D& ehecked by suitable calculations of detlection, including added del
{ong-term etiects of all susizined ipads, camber, construction 1olerances, and reliability ol plovisions for drainage.
shall be gatermined in accordance with 8.5.2.5 of 9.5.4.3, but may be r_edut:Ed by amount of dellection calcutated io oocul beloie atach:
ments, This ameunt shall be delermined on basis ol accepted enginesring data relating io lime-dellection characlerisiics ol membeis sim-
ered. 2

il adequale measures are 1aken 1o prevent damage 1o supported Of atached elemenis.

nan tolerance providcd ot nonslmciural elernenls. Limit may be exceeded i camber is provided s0 that 1otal grlieclion minus camber

_ ——
loctions due 10 ponded

3N
O



