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Dr. Husam Al Qablan

Performance of structures under normal
“+-service-load and are concerned the uses
and/or occupancy of structures

Serviceability = Satisfactory performance under Norma]
service condition

- Adequate strength

- Service load deflections

- Long-term deflections

- Tension crack virtually disturb and corrosion of steel
- Vibration

- Fatique

Dr. Husam Al Qablan
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‘Strength Design Method

- more accurate assessment of capacity

- higher strength materials .

Lo
t *_—::‘\

St TjL -

e

more slender members

2
L

i

et
\\)”

more service load problems

Crackings

Deflections

Dr. Husam Al Qablan

| . & s .
. Types of Serviceability Limit States

- Excessive crack width

- Excessive deflection
- Undesirable vibrations

- Fatigue (ULS)

Dr. Husam Al Qablan
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. tensile stresseg
| ‘ 7 HINHE stresses due ~
moments, shears, s - e i¢ to loads

13} Diract temqign

Flexurpaynear

{C) Sraar,

ares ausemune o 1l Qablan

Crack Width Controj

Cracks are caused by tensile stresses due to load
moments, shears, etc,. ~

b}

w

o 18
\

N3 crack of
sieef Crack N

\ Saction

(g} Bond Crathe

=

) Concantraled 0&d

—e cnveemne oo ablan
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Crack Width Control

Large wideiy spaced cracks

/ /

TSN JM

Dr. Husam Al QOablan

- Crack Widih Control

Bar crack development.

F\"'\\_/_,

I

Effect of corrosion, X
SO

Dr. Husam Al Qablall/
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| Crack Wigith Controf

s

Reasons tor crack width control?
! .

‘ @Appearance (smooth suiface > 0.25 to 0.33mm
| = public concern)-

N .
®Leakage (Liguid-retaining structures)

®_0rrosion (cracks can speed up occurrence of .
corrosion)

Dr. H:)sam Al Qablan

- 71

more corrosion if (steel oxidizes  rust ) — |

Crack Width Control

24

present A
& Relative Humidity > 60 %
el |
@ High Ambient Temperatures (accelerates
chemical reactions)

® Wetting and drying cycles

]
| . . -
. & Chlorides ( other corrosive substances)

Dr. Husam Al Qablan
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10.6.3 — Fi=xural tension reinforcement shall be wey [
distnbuted within maximum flexural tenston zenes of 3

Limifs 0n Crack member cross section as required by 10.6.4.

10.6.4 — The spaang of reinforcement closest o e

W i d f i 7 tensicn face. s. shall not exceed that given by

s = 380/ ?;ﬂ} ~2.5¢, (10-4j

.A[. Cl Code’s Basis Prior to 1999 .
' but not greater than 300(280/f,). where ¢, is th= least
. distance from surface of reinforcemant or prestressing
! 7y JW%‘) ‘ steel to the tension face. Il there is only ons Ear or wirs
| : Tor 1RTeroOr Y10 11C nearest to the extrama tension face. s used n Eq. (104)
()?40 Rt lor 1nterion CRPOSUL ¢ is the width of the extremns= tenston face.

|
max.. crack width =
¢

0!33 mm  for exterior cxposurc  Celoulated stiess 4 in reinforcement closest 1o the
. tensicn face at service load shall be computed based
on the unfactored moment. it shall be permitt2g t© take

f; as 2/3f,,.
N WA h ¢ (‘l N ‘.".". ‘1’_ "
ow ACI handles crack width E g (fomce \cm&
. ' ) 4 . ., .1 ) - o .- P ENTN ‘,---‘“ﬂ-\-r:-\f‘
indirectly by limiting the bur spacing and bar cover for beams and
one way slabs ACI 10.6.4.
Bar spacing must also satisfy ACI 7.6.5

Dr. Husam Al Qablan

7.6 — Spacing limits for reinforcement R A

7.6.1 — The minimum clear spacing hetween patrallel
bars in a layer shall be d, but not less than 25 mm.
See also 3.3.2. B

7.6.2 — Where parallel reinforcement is placed in two
or more layers, bars in the upper layers shall be placed
directly above bars in the bottom layer with clear
distance between layers not less than 25 mm.

7.6.3 — In spirally reinforced or fied reinforced
compression members, clear distance between longi-
tudinal bars shall be not less than 1.5dj, nor less than
40 mm. See also 3.3.2.

S

7.6.4 — Clear distance limitation between bars shall
apply also to the clear distance between a contact lap
splice and adjacent splices or bars.

7.6.5 — In walls and slabs other than concrete joist
construction, primary flexural reinforcement shall not
be spaced farther apart than three times the wall or
slab thickness, nor farther apart than 450 mm. Dr. Husam Al Qablar;J

Scanned by CamScanner



—_— e ——— e —— e

-Maximum reinforcement spacing s

—>
; S S “'Ll
(280
| 5= 380[ )- 25C, < 300[38%
' fs s

. s: bar spacing in mm (center to center)
fs= gfy: service load bar stress in MPa

C,.: least distance from surface of reinforcement to the tension face

Dr. Husam Al Qablan

, .Y

b % j

P J——— Example

For beam with grade 60 reinforcement and 50 mm

cover, the maximum code permitted bar spacing is:

i"' b ,
| o
280 280 ol
=380 ————— |—2.5(50) = 253mm (300 ——— [=299 = 0K
s (2/3 * (420)J 300 373 (a20) TR =

Dr. Husam Al Qablan
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Gerely-Lutz Equatfoyl for Crack Width »f \

1
Neutral
im—

| ittt Ittt

Effective tension | TTTTTTT TR aws I :
area of concrete ~_ | ol ‘ i
e JES | | Steel fecmesses doe gt vrivruerite
Nl @ S o Rl ¥ty et QP e S T
. 11 o900 a. i " T | 7
T o] -
AL
Cleeck n Cracking b= 0.011 f3/d 4 »x 107 1t
o¢d!
where f. = tensile stress under normal service. kgicm- = 9.8 7, {if no dat

d_ = concrete cover. cm
2 = distance ratic h,/5, = 1.20 sy bzam = 1.35 for one-way slab
A = concrete area around one bar, cm*

_ total effective area _ 2y b,
number of bars n

Web face reinforcement (skin reinforcement)

4 10.6.7 — Where h of a beam or joist excasds 300 mm,
longitudinal  skin reinforcement shall be  uniformly
distributed along both side facss of the mamber. Skin
reinforcernent shall extend for a distanca A/2 from the
tension face. The spacing s shall bz as provided In
10.6.4, where ¢, 15 the [sast distance from the suriace

of the skin reinforcement or prestressing steel to the
side face. It shall be permitted to include such reinforce
ment in strength computations if a strain compatbilty
analysis is made to determine strasss in the individual
bars or wires.
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g KJA‘) ‘J Q(PE’U
?Q’bf' kx:{)-’\) \J—/‘) J 5} }c/
m@o‘(,l/’é "\).) ,@JJU%EJ&A o j

P—e (Y= wy
Teny W C‘“” o ”j

Longp tudinal skin reinforcement
shall be uniformly distributed
aiong both side of the member for
a distance of h/2 nearest to the
flexural tension reinforcement

'
N
[T

Must be used if /> 900mm
Aslan 2 0. OISwaZ

S, < smaller of (d /6 or 300mm)

A
Total(S Agin)< = /)

ZA_SM\V‘ . -"/.-\\\'Q\’yg
e K }‘\&s

L
S

Dr. Husam Al Qablan
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Reinforcement in tension,
negative bending

ol

hi2

h l/\l ‘/\! : - Fy h L

i } i Z s

;91 le4

1 % [ : S

® 19!

j ) f2

: ] : i il S

@) (&)1

= ol B

@

Reinforcement in tension,
positive bending

Fig. R10.6.7—Skin reinforcement for beamns and joists with h > 900 mm.

AS B e 280000000 4 a0 \rracssvase
—
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‘Tolerable crack widths for reinforced concrete

Tolerable
crack width

Exposure condition in. mm
Dry air or protective membrane 0.016 0.41
Humidity, moist air, soil 0.012 0.30
Deicing chemical 0.007 0.18

Seawater and seawater spray;
wetting and drying 0.006 0.15
Water-retaining structures, excluding

nonpressure pipes 0.004 0.10

Deflection: Elastic Theory for o

Flexure
A | | ‘l
Assumptions: ol
«—4Plane sections remain plane aftewfl\%-
bending %

®Linear stress-strain curves for steel and
concrete | |

N ?TWL @®Perfect bond between steel and concrete

9 Concrete tension capacity is neglected

{‘ Dr. Husam Al Qablan
_/
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Tt

S _‘h -
haded areg = Permitied stress-strain range

%

i
i

Elastic theory can not be used when
Zoncc'ete stresses are higher than
.6 f'c because the assumption of

i_li?fear efasiic Siress-sirain refation
Is nvalid

Dr. Husam Al Qablan

Deflection of Elastic Sections L

TOyyeeN Yy

1) Excessive ceflection— cracking of partitions Wall

,,,,,,,,,
.....

2) Ponding effect of roof -yt

3) Misalignment of machine

4) Visuzlly offensive sag

Working Stress Design (WSD) Deflection is controlled indirectly by limiting

service load stress result In large member.

Ultimate Stress Design (USD) Members become more slender and/or

smaller sections may result in deflection problems. :
r, rusam Ai Qllnll"l
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Allowable
ef!ea—tiaﬁg

ACI Table 9.5(a) = min.
thickness unless 0's are
computed

9.5.2.2 — Where deflections are to be computed
defections that eccur immsdiately on aotlication f
icad shall be computed by usual methods or formulas
fs5r elasfic deflections. considering effects of cracking
and rainforcemant 6f member stiffness.

TABLE 6.5(a) — MINIMURM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLAES
UMLESS DEFLECTIONS ARE CALCULATED

vEmimum Fckness, h

Simply Crng 2nd Bath ends
supparted | continuots | comiinuous | Cantissa

Mermbers not supporting or aflachsd to parttions of othar
Mamber | constructon Ghaly o be damazsd by langs deflecionz

Salid one- 20 524 £28 e

way gzt

Beams of
ntibed ons- 46 #1B.S 21 48
way glshs

tes:
values grwen snall 08 pead lractly 3or members win acrmalwaight conrEe
and Grede 420 r2iadbrcamernt. Fo! ansr conolicns, tha-vaues shall de maainad
as solows:

8) For épatwelghe foncrale havag egquilbrvm densit

1445 Ip 184D gimr, the valiss stak te multplled e !x;.}n'me 5:3
R ) YT, g3 stak muitinile 3 _" -
net ese tian 1,02, ° PRt ¢

E) 767 £, Ohar hen 420 MP2, 712 Varues shall b mulplod Ly {04 - 4700

Dr. Husam Al Qablqn
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 @ACI Table 9.5(b) = max. permissible
computed deflection

T

TABLE 9.5(b} — MAXIMUWM PERWMISSISLE COMPUTED DEFLECTIONS

Type of member DCeflacticn 1o o= conaidersd

C=faciion tmitztion

clemac nat like'y 10 be damaped by large dzlizctions

,f;ﬁf’{g'fﬁ”ﬁ;;“f;’,}f;?, ;ro-sz}tggﬂhggitocnrf’:s:ru:uré slememis | o mediate deflection due to live load L 27480
lﬁﬁc’”;‘; d“:rg‘;;g':’gb‘;’ g‘:ﬁi%é%?:::’m:“m‘ ments immediate defiecticn dus to five jcad L 21360
Aol o ﬁopf-cona1mctic_)n Eueponing or ati_a;f‘.e,d 1o nonstructural | Tnat part of the totsl defecticn o:m.'gin;_aﬁef attachmam 17480%
alemanite likaty 10 o8 damansd by larpe daflections of nonztructural elygmem; (31 of th= long-term

Kool ar foor canstruclion supporting of atached to nonctruciural 3§3§§,’§§ g:g 2 ?;;fgﬂggalﬁfj ég?i:?:- mmedae e240%

waler, ant conalaenng leny-term eflecs ol al 3ustens ‘Gioe. GEMDE!, COHNSTUCIAN MISIANGEE. ant reliabdity o preaars far dranzgs.

neae delng censaersd.

$LITILmay Dy exce2020 I ateqUETE MELBUIRE 21€ 12Ren 10 dr2varl gzmage [0 supenac Of atacned «eTets.

Lk ho. Jalencend to BaleQUETT BJEns {owom. Ponaiin Sho1d T CIEOKEC by BUMEDks calculzsons of Ce3aclan, iChing 30350 QET2LUINE ALE I PAncao

1 oap-1erm gesiection szl ba o2ierined In &Cooraancs wEn §.52.5 or 5.5.4.3, Wi may be recaced by 2Tourt of AsCAROn taisateq to cotut bators aftzamar
07 Y Yot X 2HEr Y GCC 2 wWins.c< R . = —— T D2Nre atze 3
oF horatiussIral Elemments. THe amoun: Bhal 08 GS1EMmINEd on bess Of actepied engire2rng A3t relalng W IME-057aCURN Srarecanses ol memrars smiar o

YAmet Snad et b greater fhan IEECe Frovced 1o NORSIUCIUE] BETEME Limit may b2 BXo2€0x N CATDET I8 JMAVSA SO tat 1ol aeNection munws cambar

QOEs NS axseed IRk,

Dr. Husam Al Qablan
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Deflection Response

of RC B
(Flexure) cams

i \'
< F

M =20 M= i =T
sl - 24 .

The maximum moments for dj

_ stributed load acting
on an indete

'minate beam are given,

Dr. Husam Al Qablan

Deflection Respohéé of RC B‘eams'
(Flexure)

A¥Endsof Beam Crack
| . :
B+ Cracking at midspan

| o
C Instantaneous detlection

Midspan
Note: Stiffness ( slope) decreases as cracking progresses

Dr. Husam Al Qablan

under service load 3 ,

‘ ‘ . i ! /7 B—Crataeg 3l midsean ,v\% IOO\L > ML
C! - long time deflection under | /
service load | prrEmdesmem (1008 D My)en

¥
. . - et

D and E - yielding of H?
reinforcement (; ends & L‘“ MEsepan cofiectcn 3

C Mmid
N
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Moment Vs curvature plot

B (Z‘[..‘, o i S s s
| = g
e £
} ' N /Yieid of teinforcement
b
\ C
/ \\\ /
Moment, M - 6¢ 7
& , S
SN
-1

/ c /r:‘ *é ) ‘,’f:/
= Kl

[
o
£/
Cracking —IA ////m/::‘&r\o‘:a -
moment. Mg, // o™ /: Slope _
s = = —=
EI 4

Vs
//’ a
-

oy
Y
Curvalure, ¢

Dr. Husam Al Qablan

BN =—Ndy

o € \
W\b\uout W W
| SRR - N e

o eyl (Aw e pedinte)

Te =cffect ve Mo MWL
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Cit S

Te -cffecL ve

moment  OF \Wweytin Civ\tﬂ(v\gé\i“ﬁ&>

e

Q.

“Moment Vs Slope” Plot

Ti'l?e cracked beam starts to lose strength as the amount
f crack{i g increases

}/\3’ U"‘“"” ;l,,”

I o
A s < A Uncracked £ 05
)i/ % s
El [}{6 \
) Cracked E/
« | Cracked E B 1.
ST THS i
l/ Crazking moment CMP
Mer X
y A
AV Moment
¥‘)\ / = \i’( ¢ Dr. Husam Al Qablan

(}l”/\’) .
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/:5 malw)ys  of 1 I (\e SR
‘/\/\ o = F‘(‘ -)——\‘) “—f . c

de A [lom Cenbfo) X b0 th  &tieme
temion  Fbey.

N -
N Lo bov I
N L BTN
Ak IREREL :
e H i R "
+ .
. /——Uncracked Ei——?\ 8
U Y= [ uncreckes
. g . p
\‘~——-—Cracked El
Left support Midspan Right support
& To avoid complexity in calculations, an overall
a\/erage effeCtlve moment Of Inertla Dr. Husam Al Qablan

)
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* Beam section before cracking:

| L //Z]

Transformed uncracksd ssciiory
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_Example

|

C;"f\alculate the stresses in
. the beam shown in
| the figure when the
bending moment is |
28 kN.m
I, 113 kN.m

Transformed uncracked section

fy=420MPa; f2=23MPa; Ag=3000mm?*; f, =2.8MPa

b=300mm; h=600mm; d=500mm; n=10 c// \Tesa 1]

r. Husam Al Qablan

N
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y
g — |
H y L e b e v e e s — o —
|
| , (n-1) Ag
| 77 rzz23
| ‘ |
t . > ‘ .
: - =300% 600+ (10 —1)3000) = 2070007mm > ™
' ! L ‘\'7,9"
_ 300x600x5‘£9+9x3000x@d O~ Y
y= 2 =326.1mm N
' ' ' 207000 bh} so (/@ hre _{1/&
13 2 Aé\l S
IT =bh” /12+ Ad 1 Sl el o yPDd
X A
600°
= ;‘2 +(300x 600)(300— 326.1)% + 9(3000)(500 — 326.1)”
=6.34x10° mm*
Dr. Husam Al Qablan
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_ 2.8x6.34x10°

X 10"6 = 65kN.m

| 600 —326.1 Y - e
M=28 [iN.m R i
M 28x 32 -
gy _28x 6; 10% =1.44MPa < 0.45 f
It 634x10 ‘ 9o
\ | . 28x (500 —326.1 -
AR @: n—2% ~10x d 5 ) x10° =7.64MPa <051,
e S — Iy - 6.34%10 -
R\ My 600 —326.1
NP _ Mo 28x( - ) 106—121MPa<f, '
2 Ir 6.34x10°. i /r/Husam Al Qablan
2 | —
N
1o \
' e M N
N

Scanned by CamScanner



(/‘JJ' A

Tof 19
NGNS 98 e Y U Y)

M’ 113kN .m > M

.. N e
| 300 mm | : ?
o= ', v i
8 Locaticn of the N.A |
S S .
1t n A =
L s 1053000 300xy>< =10x3000x (500 -y )
X LN g e N TR W S L s ]
3 Transformed uncracked section y'= 231,7 mm
|
| I =bk/12+ 447
300x231.73 231.7
I, = o +300x231.7x ( ] +(10x3000)x(:00—731 7)?

I, =3.4x10° mm*
My 113x231.7

- = x10% =7.7MPa
Te I,  3.4x10°
My 113x (500 - 231.7
fo=n——"=10x ( ;T )e106 = 89.231p
h I or 3. 4 x10 Dr. Husam Al Qablan
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Moment of Inertia for Deflection
Calculation

For— 4, <1, <1, (intermediate values of E)
| 3 3
Branson % _ M, *Ig + 1_(Mch i
e Aoy e cr
derived M, M,

<Q ./’

£l M‘?/
\/

M, = Cracking Moment= —

I, = Gross moment ofineﬁigtofrc cross-section
, fr = Modulus Of'rupture | " Dr. Husam Al Qablan
Moment of |
Inertia for e -
. M |
Dgﬁe@yqn.- fﬁ( ) T+ 1—(M°f] 10
Calculation M, S\ M,

a

y, = Distance from centroid to extreme tension fiber
M, = maximum moment in member at loading stage for

which I, ( 8 ) is being computed or at any previous
loading stage

 Dr. Husam Al Qablan ’
_/

Scanned by CamScanner



(Flexure)

ook qaceimim
4

1
ACT code

i f‘_,...,.ﬂ ‘

ACI Com. 435

Weight Average

I

e(mid)

Deflection Response of RC Beams

9.5.2.4 — For continuous members, I, shall bs
permifted to be taken zs thz average of values
otained from Eq. {9-8) far the crivical positive and
regative moment sections. For prismatic members. /,
shall bz permitted to be taken as the value obtained
from Eq. {9-8} at midspan for simple and continuous
spans, and at support for cantifevers.

2 ends continous:
g = 0707y +0.15(7,, +1,,)

av

Iy

1 end continous:
[[e(avg) = O.SSIC(mid) +0.15 (1

\n
€ continuous )

=/ @ midspan, [ ; = I @endi

Dr. Husam Al Qablan

@K~ I<
Ct]" 2 Z‘e):L( L

AV
~e, :]

€
2% Q.5 IRCAH
& Yhes

I 2

7+

Mev =
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Definition of-[g . o

7/

1

\%/ H ‘ A~
ACI code: 7, is the moment of inertia of the gross concrete |
s<|actton neglecting area of tension steel. .
7, might be more accurate if it includes the transformed area
of the reinforcement.

I, is the moment of inertia of the uncracked transformed
section. The transformed section consists of the concrete area
plus the transformed steel area(=the actual steai area times the
modular ratio n= £,/ £.: £ =200GPa, £.=4700~F.).

Dr. Husam Al Qablan

L 9 (Tés‘vJ
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Deﬁmtlon of 7

' Once a beam has been cracked by a large moment, it can

| never return to its original uncracked state; therefore, the

1 effective moment of inertia 7, that should be used in

| deflection computations must always be .equal to thg

| effective moment of inertia associated with the maximum
past moment to which the beam has been subjected.
Often this moment is impossible to determine for most

beams.

Dr. Husam Al Qablan

UncrackedT, ransformed

§e§@£ﬁ@ﬁ -
| Pan (n) =E; /E; Area /n*Area \ Vi ,"yi*(n)A—ﬂx
Concrete 1 by *h / bu*h 0.5%h { 0.5*b,*h*h !
| A n A | (DA’ ¢ [\(nD*A*d
| As 2 As N\ (DA 4 d “(n=1)*A*d
5 FA Z}’i*”*A; }

i

* Note: (n-1) 1s to remove ared
Z . *n. A (n-1) a
. of concrete

Dr. Husam Al Qablan
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}:‘md"n_ the centroid of

Sewon

|
|
_
7

| ZyiAi

2.4,

bf’(!—J +nd.d
_ 2

-\

by + nA,

\mqlv Rumomed Rectan

-2 - -
— b +nay= by(g) +nAd

Solve for ¢

-

1€ quadratic for y 2, 2nA, _
T

b)_» —
5|V tndy—nAd =0

_ 2nA

(7ul']‘ | :‘.‘ J yaH "y,

d

b

b

Dr. Husam Al Qablan

=0

—

cbﬁacﬂnea!i7zuzsﬁbnnnezf
Ehecfﬁoﬂi o

—157"‘"-—‘-'

<

52

|
|

d—

2nA
b

+

Note:

y

_:Icr = —;—bj).s + IZAS(

_2ndd
b y!
= 2 ";'qml::m ‘
d-7) ;
; Tennon stee! -*’r '
L,
n=
E,

\

“Simply Reinforced Rectangular Section

Uppar Hmit ot |
Craghing

P Bl e

D}. Husam Al Qablan
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V #‘4 ﬁ i;bly"l'{emfoued W Section
52 2(n—1)A4. +2n4, o 2(n-1)Ald'+2nAd
b

[iis: ) 3
=by’ +(n-1)A4(y-d'} +nd (d - )
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{C

\

/

/ Uncracked T ransformea” o
Section |
* “Kioment of inertia (ugcxacked doubly reinforced beam)
T, :f:ﬁa
', =-1—b/1 +bh(y—zz—J
« ¢ 12 2)
' con?:rrete ’ ‘
- D4G-dT +(r-1)4 7 -aF
,,]Vo,te:._. o 1 : .. steel ,
I, =—Dbh’ }

12
| Dr. Husam Al Qablat
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I =

Cracked Transformed
Section
Finding the centroid gf.doubly reinforced T-Section
S AT
’/ ~‘§fl /” - : = 1
] . {:’." 1 \,,'g}:’. J / ) : ’
| .\" ;‘}' < '.'-- ’ ‘
W RN
7 ) ! e
yl n 2r(be — bw)'*‘ 2(" — I)Ag +2nA, 7 T
by
(e —by)t? +2(n-1)4d'+2n4,d _ 0
by, Dr. Husam Al Qablan
'/’\ll ‘!/ :_: o 3 ’\* - ‘D‘fi‘cﬁ ah \‘\ .‘\\ ?,{_.
e Npso sngle -
e\ KefCo\t 4
S — _
Cracked Transformed
Section | |
[ inding the moment of inertia for —————— T =
a doubly reinforced T-Section -_ %;-w—%‘ ——

[
i St = \

i r

2 . coa

| t ‘ |

‘ —l—-bt +hot| Y= | *+3 b“(y—t) S
12 2 3

= flange — be;xm
+ (=)L (F-d'V +nad-)
N st‘ca
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Calculate the Deflections

(2) Sustained lQad deflection

Instantaneous Deflections

due to dead 1o

(1) Instantancous (immediate) deflections

ads( unfactored) , hive, etc.

Dr. Husam Al Qablan

\o
. [ ,/( i/
' ]
MDA [ asy mr
- W A ML
Rt ;.(/'..n?« S SO FR }7.:7‘
Calculate the ] —
' . { ¥ 3 1§ ¥ 5 w5 Mt |
Case 1 Amyq = . = .
Deflections S - ek
g’nstanta'neous casez XTI TA L 4,01 . wt  on
[Deflections |
]I Case 3 ;il*‘ { ' R 1 w 1 Mmﬂ f
| . z\‘_ & k Qg = 53 " =T = 35
i - ~
Equations for p ,
! q . - Cased  f— l k 1 PR 1 ,’V_{,;'.i
calculating A, fo e Tk SeeTmtE T W E
? ~ By
COIMMON cases cees L PP .
Nm  m, mk =g w "7
,(J 1 Mr.-,
Case 6 Li [IEIR’ 1 L: Al'.):'g""::‘:'f-:'r
lP P 3 1 Mnu,;(!
1 1
Case7 Jﬁ g = 7 * "Ef_ =%
4 2
Case B (&_ el 3""?:_\16"%—

Dr. Husam Al Qabla®
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- Calculate the
Deflections

Instantaneous

Deflections

Equations for
? . _
calculating A,

CONMON Cases

for

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case7

Case B

g wet
%gi . U-'% Ama = 352 ° TET T W T TE
N i = -
3 1 wt'
%iiiiiéim:m.:
y X 1 et 1 Moes ;
QI I e ah -l
3 lP & I 4 Mt
i £ o= mcE T TE
.. P P . .
! L l -5 A 5 Ml
N, m 03 & e S gmcCE T 72T EH
o U 1
. 1 wi 1 Mmgl'a
HrH++§ mpm Lot 1 Mt
P -
1 -1 Ped 1 Mm!?
% Mp=F g <3 TEH
M
1 M2
Dr. Husam Al Qablan
____/
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| HALET 04T fram n1 . Qucider
H £1
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|
! wl oy
| mm’mﬂ'fﬂmlrwﬁ 1]
a ) 3
- e ] — .-]-..—_1 -....’......_ .. tas et G
R, = 04200 Hyw 11080 ~ 100w 2y = CAL
B W2GER] fm & or O) DCfi]ﬂi
w' ) Wi wi
L R s ound & R D LENS S sem: 14 BE0EF] ) PP P YwEn e bl HNESSEDE PSS
A a8 [ 2 £
1 l4 g * s
£, = 0.2830¢ Ny=1.342a1 A <GOMwl Ko Ll4dwl  Rp =TIt
C.OtE5!*
2y V04U bom A o £] 2 T
wee aswo@in Al Qablan

Sustained Load Deffections

al
R

1N concrete strain

Creep causes an Increase

| Compression steel
present

l

Helps limit this
eftect.

Curvature '
Increases

Increase 1n compressive
strains cause increase in
Stress in compression
reinforcement (reduces
creep strain in concrete)

Dr. Husam Al Qablan
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|
i
|

T~
Sustained Load Deflections
Sustained load deflection = 4 A,
£ l—Instantaneous deflectiog
A=—05 o
1+50p, A(.’l 9.3./_-.3
r . . 1 . . . . 1 o )
' AS at nudspan 1or simple and contimuous beams,
bd atl support tor cantilever beamis

Dr. Husam Al Qablan

/Y

Sustained Load Deflections

& = time dependent factor for sustained load

5 years or more

= 2.0
[ 2 months = 14
6 months = 17?2
3 months = 1.0
20
Also see Figure T
9.5.2.5 from frorf
ACI code o:

LJ L] . i L4 L
0136 12 18 24 20 38 48 60
Duraton of Inad, months

Fig. R9.5.2.5—~Mulupliers for lon p-lerm deflections. t Qablan J
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Yalues ol ¢

1.0 -.

Months §

Ducation of inad

Years

S P S Dr. Husam Al Qablan
0&){(}(\0“5 NINERE 2 @L |
o O
w&o&dﬁ <& e Ny
Loaé)

The total long time deﬂle‘ctioﬁm.m e

% 5LT :5L+/1395D+2«t

6@1*"1» 0

! .
where

iﬁL immediate live load deflection

8, = immediate dead load deflection

—

5., = sustained live load deflection (a percentage of the
i o, determined by expected duration of

immediate
sustained load)

A\, = time dependant multiplier for infinite duration of

sustained load

. = time dependant multiplier for limited load duration

(or &) due to the live loads, the following
found to be generally satisfactory:

To calculate B,
procedure has been

A!.H-, Aue LQ@;!’
sufapned L=
. { a \‘\

CE&‘/ e >

%@L Foc LY

Dr. Husam Al Qablan
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Calculation of long time

1, Calculate the deflection Op+ due to dead and Cllnve .Ioaars agtmg |
“simultaneously. For this calculc.zatton'fells’ fogfj-.; USIH% ?Q}!‘;S ang
. the moment M, is the one produced when DotN aead aina live
" loads are acting simultaneously: |
2. Calculate the deflection &p dué to the dead load acting alone,
. For this calculation Z,is found using EQ. 9.8' and thﬁe moment A,
r is the one produced when the dead load acts alone.

31 Subtract the deflection dp from the deflection Op., T obtain the

desired deflection 9. o
If the long time deflecticns exceeds the value nermitied, the

designer may either increase the depth of membe'rs, or adld

additional compression steel. If the 5a9 produced by the itng
time deflections is objectionable from an architectural or
functional point of view, forms may be raised (cambered) a

distance equal to that of the anticipated deflection.
| ' | Dr. Husam Al Qablan

deflection

Exalj__ﬂEIe. Simply Supportec Beam
J{-————— |
A simply supported beam '
| with the cross section O soomm
’ shown in the Figure has r 1
l a span of 6 m and ¥
/ supports an unfactored
\)’ ; dead load of 30 I<N/m,
b

Jdes2&pud

including its own self- 600mm
weight plus an

unfactored live load of o e © ©
20 kN/m. R

fo=28MPa

, =420 |
f) o Dr. Husam Al Qablalt
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PL=30 iN/m
LL=20 kN/m
f1=28 MPa
Sy =420 MPq
'd =525 mm
h=0600 mm

' VVvvvvverv vV
b=400 nm

Ag =2000 pap?

Dr. Husam Al Qablan

~ '
Y, .

Calculate the deflection and compare it to ACI limit
I- calculate instantaneous deflection due to DL

. L2
; Moment due to DL = wé‘ = 30262 =135 kN.m
St £, = 0711 =0.728 =3.7MPa
" 400 600°
M, = Jr Xif”: > ool2 x107 =88.8
=2 )

M =135> M, = Cracked Section (use 1,)

' Dr. Husam Al Qubian

e Ba SR | Kv.

11

kKN .m
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. For single reinforced rectangular section
—2  2nAg _ 2nAgd
Qs b _ b
,/?i ’ b Y b
| E, =4700/28 = 25000 MPa
L Es 200000
TE, 25000 2

72 4805 — 42000 = 0 / N

- 4 A:
y =168.8mm s / nAs

e .-"\’2 )
/. A - | —]
9

=0

Dr. Husam Al Qablan
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Lor = %bfg’ + ilAs(d - ?)2 =2.67x10" mm

-~

g oo em
1 o SR =72x10° mm*
£ 12 12
M i M 3 :
Tep, =(ﬁ;:J xIg+ 1—(%:} x I o
3 | 3
L ni3s | 135
=3.95%10" mm*
5w 5% 30x 6000

DL 384E.1,;;  384x25000%3.95x10°

=5.126mm

" Dr. Husam Al Qablan

I
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) - Moment due to DL+ T = (30 - ZO)X 6*

2- calculate instantancous deflection due to DI =LE
alfers LY 'c‘b 1z X )

=225 kN.m

=2.95x% 109 mm*

oty = SwL'  5%50x6000%
+LL -
384E. L., 384x25000x 2.95%10°

=11.44mm

Dr. Husam Al Qablan

3. calculate instantaneous deflection due to LL

P . .
N

Airy = LipLeir) T Ricn)

- —————— . e S e 7.

=11.44-5.126 = 6.31mm e
P
_,"/ - A, “;— _‘.,‘.".
: /'\\3:54\\ T T
3. calculate long term deflection A, T

Dr. Husam Al anld?x
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1- calculate total deflection

| slm:r term AT =11.44mm
; long term

[
!
|

1
i

Compare with ACI deflection limits

5L7=AL+/1°°AD+/1,ASL

Orr=631+2x 5126 =16.56mm

- Floors not supporting elements likely to be damaged by large deflectios

A, g Span Jo

‘LT 360 q,g(b)

631< <M-— 16.7mm = OK
360

Dr. Husam Al Qablan

Floors supportinv elements likely to be damaged by large deflections

spmz Laa o W9

480 —

16. 7>%—12 Smm=>N.G

§LTS

Increase depth of the beam or add/gwresswljsteel

PP

b

Qablﬂ"

Dr. Husam Al T
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1Y,

M\m% o -l (/"\. {-'M’b\ Lay
Ve k_,s—) ) - : Y\

"\A 0\\\4\ gfn\r\ e . . L (J- ) 'i:-, e

: 5¢20 A\
[ 4¢20 ) = <
= : ~ . 1260\0 i
o ~ )
o Sm* 12?20
N 35 |

**_2000 mun '

—

PN gy B
A AN | - IE Ill(l i )
‘3%“3’%' / "~ 1325
Q 838 mamn - ‘:_'\ N
600 man ! P
i e | A5 =1286.6 IM"2
- ’_—1 ‘usam Al Qablaﬁ
300 mun :
A\ y '
94 \JD M 7 3 Men
/_\
e )-u/\
/ . Py
Lle vl Gy e

PRS———
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Yokl

7‘\)({

REEANPS anv\ ,oe,

\;__

LMM o1 (m mq]

Example: Continuo
deflectlon us beam

' — \"\& ﬁfo
'['-‘}f"f‘- /h. ,/"1

!
o | AS=1256.6 1nM"2

‘usam Al Qablan

—

300 mun

\/‘ \\ ’
E(mmm

"
a.([
‘\T/"J—‘
y

e M-

?L \'70 /\’1 7 BIA’\C{‘

Mt
~ L

— luf\
le

oy Il
P

R S S e g

befr = 2000mm
fo =28Mpa
fy= 420 Mpa
DL =16kN /m

LL=14kN /m
30% LL sustained

}szactored

Dr. Husam Al Qablan
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B S

Min skl—‘c'imln)mt'hickness

Table 9.5a

%5 e "*%"j}
hpgin = éF —15-5— =4324mm < 600mm = OK
- - o UG .
AR

For moment calculations use ACI moment coefficients

wa,

Mive =34~

M_,, =——

Scanned by CamScanner




E
[N

+Ve moments

_ 16x 87

DI = =731 kN.m

2
14%8" _ 64 kN.m

AILL -
Mpposr =ThL +64= 1571 KN.m
MDL+0.3LL =731 +03x64=92.3 EN.m

Dr Husam Al Qaﬁb
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-Ve moments

2
} _16x8
ML= —=1024 v,

|
| _14><82

i y LL_T=89'6 kN.Hl

i

i ‘A[DL+LL=102'4 +89.6 =192 kN .n
|

Mpriosir =1293 iy,

fr — 0'7\1 f(; = 3.7Mpa
Ec =47004 f; = 2500044p4

n=—%=8§ -
'e\“’g

E

(o

Sig
g

\

" Dr Husam Al Qablan

Gross section at mid span

As = 1256.6 iun™2

i /' 300 un

- "f)

\ =172.5mm

bejfhf +b\h*'hf)

+h,

e

Dr. Hu_v‘am' Al Qablan
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I T —

2
I,=-US  p n|y-—L| + A
£ YT 12

2
(h—h )
+b(h—hf 2f+hf—y =1.11x10'%m*

Cracked section at mid —span
| o

72 E @?e -by, )+ 2(11 - 1);4;/;- 2nAq 3 &
/ b, e \Q/
(B =By ) + 2n-1)gid 12040 0
by, B

Dr. Husam Al Qablan
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+14275-117456=0
—1 —hf

‘ —bi:’ + nAq (d ".?)2 .

.

3
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As =1570.8 mm"2

]—— 300 min—o-|

vy g
Bh>  300x6003 s = el |
1 X
9 4 :
1g= 5 = % =5.4:»Q mm — P@_ ?é

~

2, 2(n—1)A4. +2n4, 5o z(ﬂgwumy

b kwﬂ—’ b =) ':\;.\'L; (sl
1 oy 38
] ) Dr. Husam Al Qablan
ot & P Wlhdle e Ll
R € 4 —p Y ;
\ atiste ! | 5(’(7_-]-{ A \
) g e : i

i -

ey (F)C 6 98)

_193e{2)lC 935 - )
1) (f-6y) & CR)

)
72 +1135-467251=0 -
Ve =166.9mm

- Bsedvon, 1= Lt (-1 A G-4') + 0y (d - 5)
cr 3 ¥

s o

]Cl’ =

2 %x 300x166.9% + (8-1)628(166.9 - 65) + 8x1570(535 - 166.9)°

Iop =2.21x10% mm*
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] ffective moment of Inertia
- Positive moment section
S g =1:11x 1010 jyym 4

e 110!
CrLAw: NET
T () (600-172.5)x 108

M >Mpp = Ip =1 =111x10"mm*

=96.1 kN.m

Mc,>Ms,,sa92.3=>l =1, —111x1010mm
Mcr<MDL+LL-1371:I #1

Ie=(—Mcr J Xlg-l'- l—(“Mcr x 7
Mpy 1L Mppi1LL o

3
; 96.1 96.1 3
e B 17 % 1010 - .
£ ‘(137-1') g S (137.1) x2.402x10°
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_—
.lf J o\ Goy 2 - .

: ’ : ¥ !:/
- T Negative moment 'sectiO}/»; \ \\ LA
l‘;:‘ \9 "‘\%7— R . /»'"/

“f’ R /—\9
+ - ! ré':“) 3.7% 5.4x%10 _) '
H M = S —] = —6 —
| cr ) (300 x10 66.6 kN.m

66.6 \° 6.6\ ]
I‘fDL =(T24) x5.4x109+[l—(66—'6) -ix2.2lx109 -

102.4

I,. =3.08x10%mm? T B
| g, =3.08x10" mm A AR
I (66'6)3x54 10° 1' 66.6 Y’
e = 1 x5.4x10% 4|1 . - 9
=\ 1203 ( 129.3) x2.21x10
.[esus = 2.64x 109 mm4
i
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3 3
66.6 66.6 9
I"DL+LL _(19 } XSAXIOQ-*{I_(TEJ }XZ.ZIXIO

Tepirr = 2.34%10% mm*

Average Inertia Value
Beams with one end continuous

Avg Ie = 0'SSIm +0.151 cont end

Beams with both ends continuous

Avg I, = 0.1, +0.15(Ze; +I.2)

o q ~ Dr. Husam Al Qablan

AR (e -

1C\V;Q’3 2 (A% le \9(Te -

1207 @ e o Wl 1q.2
B B 9-‘3‘

)27 /|
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’ 1( rio9 -1\* }cq - Dr. Husam Al Qablan

| J Mo PVt le gl i
" kvﬂ
o\

13 l‘\;fk\i _

A/\ 1908 Wille 19 .2
Mpa 30.( \r——’/ v .
il- < A T T T T T T T e Bt e
- c‘i\j Ez T i Wu‘f
oA2.3 > |
: . - )27
Where

I, : I, at mid span

41, & I,,: I, atboth ends of the beam

¥ R
(SRR I N

Avg T =o,ssx(1.11x101°)+0.15(3.08x109)=9.9x109mm4

epL

A I, = 0.85x-(1.11 x 101°)+ 0.15(2.64x 109)= 9.83 %10 s *

& O

Avg IeDL+LL - O.85X (5.41 X 10 )+ 0.15(2.34 X 10 ): 4‘93 x 109”“”

Dr. Husam Al Qabian
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Short Term Deflection (L, o) RAN
SN 7;}/‘ 'Md )\ L? 7 ('i) ﬁ :) ) 7T VI ?
| o = by S asonloaen i) L
| "‘.'__' .
‘ s[s000?) v 6
A, = 48(25000 51(73.1+0.1(=102.4))x 10
1 x9.9x10 )
\| A;,, =1.69mm
02
Ai =~ 5(8000 ) 1(92.3+0.1(-129.3))x 10°
" 48(250009.83x10° )
A, =215mm

Dr, Husam Al Qablan

S
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Ay = _ sfooo?) _ (137.1+0.1(~192))x10°
it ™ 45l25000x4.95x10°)

; =6.35mm
Ay, =6:35m
Ajpy =Bippar ~Bip
A;,, =6.35mni —1.69mm =4.66mm

Ultimate Long Term Deflection

£ 2
A= = =
S 1+50p  1+500)
Arr=ArL+2:ApL+ 2, A
Ast=A4; =4y, =215-1.69=0.46mm
Apr =4.66+2x1.69+2x0.46 = 8.96mm

Scanned by CamScanner
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Introduction

I 1 1

A\

% A moment acting about a
longitudinal axis of the s s
membel IS CaHEd a (ar Cashlower Seam with a3ceminzally sppiins 9
torgue, twisting moment
or torsional moment, T.

% Torsion may arise as the
result of: )

(\ =2 /.‘E[‘l ma r\/ Or/e\qun] bl:ul/m D Cetton (EOUGh A buam sunporting precsst { 0o A'ats
tofsion: occurs when the
external load has no
alternative to being

A B

:

—
(

resisted but by torsion. A
Examples: curved girders .
and the three structures N “
shown in Figure. N
/ - .\.‘:‘t“} - /) /
RN
nd N WA i
\'\,- .:\};F. - - 9 Gy Adsde RAUDUILL £21 JaAVISU
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’ [11e — Lm\gvjq ,\/Jg\ —p (%/)

4 Yired — )2 Qj;}"‘) —¥  Cp c

Introduction

Secondary or compatibility torsion:

| in statically indeterminate

. structures from the

. requirements of continuity. the
stressing of adjacent members
as the beam twists permit a
redistribution of forces to these
members and reduces the
torque that must be supported
by the beam. .

v,

Dr. Husam Al Qablan

Examples of torsion

S _—

b

 IF _
| ([I)Oeorirrsgsgfnt;':é Compatibility torque
| ms sy i

two way s|ah Syst Pporting one or

- Floor system: .ems)'
(circular bea['necmlhbrium torque

. S).
- Circular tje beams ip, Mmosques

L\ Dr: l{u_un’i/(fffﬂ/
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Torsional effects in reinforced
concrete

TC”" gl WY LT Torsion at a cantilever slab

Equilibrium Torsion

Dr. Husam Al Qablan
T
g
m, .~ al_‘;)“
A =
T ) ./

T AII;- 1f'i:‘ =+ B
7 ]

(F TDJ
Torsion at an edge beam

A B A B

7 /_\\/ i A\/

Stiff edge beam Flexible edge beam

Compatibility Torsion  2r Husam Al Qablaa
Scanned by CamScanner



Strength of Reinforced _Copcrcte
‘Rectangular secrions in rorsion Mg
ACI 1995: Solid section is analysed as @ hollow-box section.

4 :

Tﬁ
e Solid ¢ Hollow
T, hollow section
0 : L ¥
Percent of torsional reinforcement

 Shearing Stresses Due to Torsion in
Un-cracked Members

|
s
y

|

Dr: Husam Al (iﬂb
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2. Radii of sectio

are set up on crosg

sections Perpendicular | Axis
to the axis of the bar g o
shown in Fig.

ration in normal concrate
s a good introduction to the
f other types of sections.
The basic assumptions are: .

. Plane Sections

n stay straight (withgyt warping).

applying the tors;

(a) Stress distribution
Di in a circular bar.

Behavior of Circular Sections

‘
\C

" ®Shear stress is equal to shear strain

~ times the shear modulus in the elastic
range. If ris the radius of th§ element,
J=nrs7/2 its polar moment OT Inertia,
and 1., IS the maximum e!t_ast-uc_ |
shearing stress due to elastic twisting
moment 7, then from basic strength
(mechanics) of material courses

T ¥

T max J

Dr. Husam A] Qablag
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Behavior of rectangular sectiorasﬁ

Such sections do not fall under the assumiptions stated before,
They warp when a torque is applied and radii don't stay
straight. As a fesult axial as well as circumferential shearing
stresses are generated. For a rectangular member, the corner
elements do not distort at all (tmers=0) and the maximum
shear stresses occur at the midpoints of the long sides as

shown in Figure. These complications plus the fact that
reinforced

concrete sections are neither homogengous nor
isotropic make it difficult to develop exact

mathematical formulations based on the physical
models.

A

(b) Stress distribution
in 2 square bar.

“Torsion in plain Concrete members

,,,,,,

A . - T ¥
¢ i ::“-\.“'-\ " - B . ‘i" ‘; i : s 1 TmJ,
e jﬁ' > T 4 11...,»[‘ 1
. ~ ;\\Q/ Rectangular section: 7, = . 1 Lo
<N\ o) %A& sMw § ¢ ax®y | -
//' K\J', =
N
/X 1.0 1.5 2.0 3.0 50 7
7} 0.208 0.219 0.246 0.267 0.290 1/3
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Cr ackmo Sfl‘encth

Plain concz ere recra: 1gul
Hgniay '"Pc'nons n rm_ﬂon

Torsion cracks pi L R

Torsion:

Bending:

f, max at 45°

’f"b =T cos45°
T,=T cos45°

Arse AaNAIMisss s As NCrearasaas

Hollow members

% Consider a thin-wall tube subjected to a torsion T as
" shown in the Fig. below. If the thickness of the tube is
g' not -constant and varies along the perimeters of the
| tube, then equilibrium of an e!ement like that shown in

Figure b requires:

i

I
!
&

)

V,m Vc,-» = 7t S ratdx o g =1,1,=¢

Where q is referred to as the shear flow and is constant,

Jablan
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Hollow members

 1In ordeér to relate the shear flow ¢ to the torgue 7,
consider an element of length ds as shown. This
element is subjected to a force gds and

5 T =1, rqdx
- but rds = twice the area of the shad

triangle, then S

d 241
where A, is the area enclosed by the middle of the wall
of the tube From the above equation t,,, occurs where

Dr. Husam Al Qablan
tis the least.

Prmcupal stres due to torclon
P ,;\ ?W 2 o
Pnncnpal tensile stresses eventually cause \ |
crackmg that splrals around the body, as
Shoyvn by the line A-B-C-D-E
In reinforced concrete such a crack would
Cause failure unless it was crossed by
reinforcement.. This generally takes the form
of longitudinal bars in the corners and closed

stirrups.

et 5
Dr. Husam Al (Jabian
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Principal stresses due to
tor5|on and shear

The two shear stresses components add on one
Slde face (front side) and counteract each other
on; the other. As the result inclined cracking
starts on AB and extends across the flexural
tensile face. If bending moments are large, the
cracks will extend almost vertically across the
back face. The flexural compression zone near
the bottom prevents the cracks from extendmg

Dr: Husam Al Qablan ' / 9’5 1.
R 2 / \\}/

full height. P EN
PR v*‘“ o
»\;f N
Q /
/——%’i—""'

\—\
—

o)
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=
Principal stresses due to

_torsion and shear I

The two |
sidé faces(hffjr:tSt.resses components add on one oA
ol b s side) and counteract each other =t %
Sta!rts o AB. S the result inclined cracking \ 3
teﬁsi|e f and e@ends across the flexural
e \,j-(c‘e If bending moments are large, the
e i _ej(terjd almost vertically across the
ace. Tne flexural compression zone near
the bottom prevents the cracks from extending

full height. =
N
},.,j’ N \ \r‘?}'—l -
\: . Y ‘:l N\ ? / * 12 Cosem gare:
\)\f / - e ,\ ,
\- Dr. Husam Al Qablan ' e e
[ -

-
N

'\j @) 7’:\\ \ ‘ S
o ) r__%}g > \ :
S )D,é'

Behavior of RC members subjected to ;

torsion
When a concrete member is loaded in |

pa'_i"e torsion, shear stresses develop. , || /\
nclined) develop £ |-
s

One or more cracks (i

when the maximum principal tensile £ || / jeuomn
_ stress reaches the tensile strength / 2
sét of cracking | I—

of iconcrete. The on

causes failure of an un‘reinr’orced -
Member. Furthermore the addition of longitudinal steel without

. i f the strength of a beam loaded in
irrups has little effect on the : - ez

;ture tporsion because it i effective only in resisting the
Iongitudinal component of the diagonal tension forces.

A rectangular beam with Iongitudinal bars in the corners and
closedgstirru ps can resist increased load after cracking as

Dr. Husam AT Qablan
shown in figure.

9

441

Scanned by CamScanner



4——’/ .
Behavior of RC members subjected to

tor5|on |
d beam, failureé may occur in

After the crackm of a reinforce :

sff/eral ways. Th?e ctirrups, or longitudinal remf,?:‘f%er?eednﬁ; 2

both, may yield, or, for beams that are over- rek reed

torsnon the concrete between the inclined crac [’DIOI' t(\)/ o

crushed by the principal compreSSlon stresses P

/ hen both
of the steel. The more ductile behavior results W —
reinforcements yield prior to crushing of the |
; |
concrete. L« mmaa
Figure shows that ultimate s rength of . ' - |
rc beams were the same for SO|Id and hollow ﬁ;-/ . '
beams having the same reinforcement. e
T
fromr ]
Space Truss Analogy
~ Theory e
""""""""" B |
ssumptions TR
V. 7/ Y ot !
1. Both solid and hollow. members "~-<.1::-;_.(,’,--’/ Adso T
are considered as tubes. TS
2. After cracking the tube is : el M NS
idealized as a hollow truss B
consisting of closed stirrups, IS S
itudinal bars in the corners | ¥ ot - o
and compression diagonals N e ==
5 Tag o= A% i/; t ' Y.
approximately centered on the =~ it b e
stirrups. The diagonals are e W
idealized as being betwesn the e SR
cracks that are at angle 0, e
generally taken as 45 degqr
ees
for RC. d
Dr. Husam Al Qablan
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q T
[ 24t

§'.reSs equal to the shear stress for
thus the concrete will crack when the

z‘:

The cracking pure torsion

!@Q\A{;Qgrthat the Princinal tensile
elements subjectad ta pure Sh';r
~ PUre shear,

shear stress & -
Cfgnservativelf,qu_a-jl_gtgj?ce_@?s‘I‘_E_ Capacity of cross section. If we use
compression, and rema»:bs L?ﬂ:lle strength of concrete in biaxial tension-
chicibEet by the 6utsid:l e.rmgt that A, must be some fraction of the area
Also, the value of ¢can. ?erlTELer Of the full concrete cross section A,
ratio A,/ P, where p_i N 9eneral, bé approximated as a fraction of the

| rap e 1S the perimeter of the cross section. Then, assuming

a value of %0 approximat
_ : (imately equa < =J
Using these values in Eq. ag)cvqeu;iletlgsz' SECEEEEEE S

K

> (P P-

4

v >
e

\ W\ v Dr. Husam Al Qablan
1 A~ _ '
N
Dyy \2)
C[)’/ (b

~C%
L
4G

>

@ According to ACI-R11.6.1

|
- !

<
: A,
?/A:—?A P -
3

=xy; Pop=2(x+Y)

d

}

|
|

cp?

-t l

e

where: Agp

. substituting values of A, and t

Y

(;i(' Neglect Torsion when
\(\-

L) /s
-4 Q;\w .

(\\
Sl L

|

. T,s¢

.'x“oé/

0 Dr. Husam Al Qablan
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Vertical Stirrups and | ongitudinal ]

steel Reinforcement
“ Steel area in one leg stirrup leg is

/\ ™ 4,1,‘-‘ -
"' '

T\
1,5

, A =—
YA b 2# }"’Ao
L.ongitudinal steel reinforcement
2 Ptﬂ‘mekef oF L outes
A — TuPIl ) h ) J .
I =544 f Mo St cdosed Stif«p.
ij&‘\ By _}L ¢ oJy

)

Dr. Husam Al Qablan

‘Combined Shear and Torsion

; hear St T L
| Shear Stress . = —
b,d
. 1.
Torsional Stress : T =
2A,t

For cracked section : 4, =0.85A4,,; = Aoi / pi
Fhe
k(ﬁw o o st
AR S UAS
out Sc&
Dr: Husam Al Qablan
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Torsional stresses

Shear sir
@ss i
es Torsional stresses Shear stresses
(a) Hollow seclion,
(b) Solid sestion

[,

. 2 2
r:r‘,+r,=l_+_zli_ _ ( V Tph
b,d Ueal
w 17A by, d 17A

/'T oh
/

["{f\/d 6@(,[1[&—\ &,é/ ([
\?\oll_o") Lo

ol

Dr: Husam Al Qablan

ACI Requirefh'e“r'it for Torsional
Deygn

Equilibrium Torsion: Design for full T,

l

{

|

f Compatibility Torsion: reduce T, to the following

f Nonprestressed member without axial force
A.:

¢ f| =F

C'P

Nonprestressed member with axial force

¢ \J f( l) . '
cp () 33A4 g La

Dr. Husam A Qabian
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.Neglecr Torsnon effect if the factored torsional moment is less than

Nonprestressed member without axial force

AL
\;yb ) | 0083¢\/Z CP

Ei)\
i \L,
Nonprestressed member with axial force \S\CUQL, Y/ py73
/ cp CN e L 7 o
viahie 4 008341, 14—
i \ P,
S
\\__/
| gL e e /
ENR
Dr: Husam Al Qablan
. _
i
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N T}_le cross sectional dunensmns shall be such that

N WIS Capered

For solid section -, . _# s Y

5 s 5 / o %

( R [L) | Tupa [ Ve 4066 fc]

S \ b,,d 1. 7Aolz /

For hollowsectiqn

V T;lpll | [
 Tma + <¢ |
:’}é If NOT increase section dimensions N
— —

Dr. Husam Al Qablan
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Reinforcement for torsion
| Recall ACI Eq (11-21)

l’{’\r(d ,{ ‘(‘(éb'\‘{é/ﬁﬁjj ?Cf T

(‘i. ‘/‘\'CN‘O‘! '
o il T A Tu 30 <p<g0°
120 s 24 A, cotd

Combined shear and torsion reinforcement

Av+t _ Av ‘ /ZAI
= -

s

|
|
9
j

-

L‘fi@(:‘))' ¢
A Leys

Dr. Husam Al Qzablan
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- Maximum spacing of torsion reinforcement

Cusdsff ) :
[EEN P

. Sinax = Smaller of 4 8

300 mum

Spacing is limited to ensure the development of
the ultimate torsional strength of the beam, to
prevent excessive loss of torsional stiffness after

cracking, and to control crack widths.
‘ Dr: Husam Al Qablan
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e

;)\‘y‘),\r’, ,\
(¢ I\ \D ,,,,,, =
\9)77 g3 Minimum area of closed stirrups
AR [ 0.35b,,s
Babnl f
i AR yv
)\\L \_)[\> R (A‘,+2A,)=Iarger ofw . 3
o z 0.0624/ f.b,,s v}g P
‘ | Syv W
N
Mlmmum area of longitudinal torsional relrrfgrcement
¢
3o A ”\ 0.42y f1 A, fu
Q B /,min = pp=
where ﬁ’—z 0.175 by
\\9-‘57 (/ ’ fyv Dr. Husam Al Qablan
A\ YV —
N 95 N - ;D 77 1
\ 99'\ j" \_yé z
3 &) 2 > 7
/
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’ where —— ZVU.1/9

s f yv ) 'Dn Husam ,MQL]
\ U \\ﬁ\"‘c’ K// )L 7/ [C M
& 7

NEIRCAN
o)

b) JA /

—

S0

%The longitudinal reinforcement shall be distributed around the

perimeter of the closed stirrups with a maximum spacing of 300
mm

The longitudinal bars shall be inside the stirrups

"}?The l_ongitudinal_ bars Shall have a diameter at least 0.042 times
7 the stirrups spacmg)but not less than @10

WS els] & Il
NS paeg 7z, et &

Dr. Husam Al Qablan
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g CAAE
( k})v‘};\\ ,\){,

.
2o
)‘\J-.

25 Y

" Minimum area of closed st:rrups;
([ 0.35b,,S
e il

Sy
(4, +24,)=larger of 3 ' k
v+24.)=1arg 0.062+) fcbwS \)g
0.962y JeTw?

~N:
fow 3’9/

~

. N

Minimum area of longitudinal torsional reinforcement
{\\‘\y N ]
SARPPIEN 042 feAp (A, Sur
(g - [,min = - s Ph f
- fy y
b
where i-20.175 -
& V S yv /‘\ . .Dz: Husam Al Qablan
1 A = }r[/ —7 o mm
N 9 R : .
SN j/” U/o) s s 7
(}099 | v / ’
/ i
|
;"Il)‘hf.: lo?gituf(‘iiﬁal rleinforcement shall be distributed around the
perimeter of the closed stirrups with i i
mm p a maximum spacing of 300
The longitudinal bars shall be ingjde the stirrups
: ’?‘L;I;)Zeslt(i)gﬁltumnal_bars Shall have a diameter at least 0.042 times
7 PS spacing but not less thap 010
WS el 3 ¢ rto
o Prey 7z, cocHb &
‘Q h d Dr. Husam Al Qablan
/
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Design Procedure for Combined
_Sh_ea_r‘,Torsion and Moment

Step 1. Calculate the factored bending moment
diagram or envelope for the member.
Step 2. Select b, g, /#and A, based on M,. Note: for

problem involving torsion, square cross-sections are.
preferable,

Step 3. Given b and h, draw final M,, V,and 7,

diagrams or envelopes Calculate tne lefn:orcemem
required for flexure.

Dr: Husam Al O:)bl:m

‘Design Procedure for Combined
,Shear Torsion and Moment

| Step 4. Determine whether torsion must be considered.
I Torsion must be considered if 7,exceeds the torque
' given by

A?
3 C - \
0.0838y fo| =2 P
PCP /-’ L .\:‘-' .
\;\ \
<. ~\e
NS
Otherwise, it can be neglected. Nt

Where ¢=0.75
Dr: Husam A/ Qablan
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Design Procedure for Combined
_Shear, Torsion and Moment

Step 5: If the torsion is compatibility torsion, the
~ maximum factored torque may-be reduced to

L g )
Sl e / o If. 47,

{ TH - ]
i - 3 Py

S

At sections d from the faces of the supports (the
moments and shears in the other members must be
adjusted accordingly). Equilibrium torsion cannot be

adjusted. )
o

Dr. Husam AI Qablan

) e ———
Y e |

| |
! i

Step 6: Check shear stresses in the section under
combined torsion and shear, for solid section

|
!
F v, \ T, :

Tmax = (_J..) +| 2uPu < k. :
: \/"’w" 1742, ) = pa T OOV

The_ critical section for shear ang torsion is located a
distance d'from the face of the support.
. _ »//4\5:‘\
// |‘;'7‘ o \
T ,.(\,,,:—’ -

\ - '\\rlﬁ"

: Dr: Husam Al Qablan

B

Scanned by CamScanner




Design Procedure for Combined
S '€ar, Torsion ang Moment

2
If v, >5\/J?b“d

Cross section.

Increase the size of tha

Dr. Husam Al Qublan

Design Procedure for Combined
Shear, Torsion and Moment

T
e —————— e ———

. . A _ T » = 1w ;’1‘5”\; 3 e
1 Find: s 24 o f 2¢fjf\-‘! \\T_l,/f /

Then combine shear and torsional transverse
reinforcement for a typical two-leg stirrup as:

] | A
e 2! ) (A;*’é ’i“ +2 S’

Check minimum transverse reinforcement requirements:

Ay +24,20062f b5/ f 0003565/ 1 )

Dr. Husam Al Qablan
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Solve for the required spacing of closed stirrups s, ang
compare it with p,/8 or 30cm maximum spacing fqy
torsion (ACI 11.5.6.1) and d/Z or d/4 maximum
spacing for shear.

Dr. Husam Al Qablan

Design Procedure for Combined Shear |

Step 10: Compute longitudinal area of steel using the Iarger

. of:

T4, = Auf P cot® & o
'y
| o |
;A/ e Sx/jTArﬂ _ip f M A: > 0‘175bu'
| ,min — h T =
' 121, I N i

Sat|<fy the spacing (should not exceed 30cm), and bar size
requirements (the diameter of longitudinal bar may not be
less than 5/24 or 10mm). Torsion reinforcement must be
symmetrlcally distributed around all cross section and that
part which needs to be placed where A, is needed must be
added to A, found in step 1. Torsion reunforcement must b
extended at least a distance d+b, beyond the section where

< V- < A op

b = 12 p Dr Husam Al
-

Qablan
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Addi

-
i

-~

The transvers
reinforcement

Longnudmal bar
inside corner

N~

Dlagonal compression

[T TS ot
e .; wd Lk
peed B0
struts & & ‘

(a) Forces at a corner of the space truss

tional remarks R

\

Fy <420Mp3 to limit crack widths ACI 11.5.3.4

Diagoral compressive
\ slresses
A

—= Ay

R ——

(b} Spalling a1 corner of space truss.
Dr. Husam Al Qablan

Additional remarks

| Thus ACI 11.5.4.2 (a)
 requires that stirrups or
‘ties must be anchored
'with a 135° hooks
‘around longitudinal bars
if the corner can spall.
ACI 11.5.4.2 (b) allows
the use of a 90 degrees
standard hook if the
concrete surrounding the
anchorage is restrained
against spalling by a
flange or a slab.

135" nooks Conhirement Q_ 135" hooks
A S S
| ....{‘] — -t } r- --"“-":
1 | atuiting == re- ! '
: : ' d i
1 | \ 1 o ‘
I ] . ? i
[ Syep———— J Cemmanmmoma d - '
-------- 4
Conlinement Conlinement on N
on one side P~ Luth sides (I:Of.z::;":m""
(a) Recommended ~— L i
—

——————

TN
H ' : H ! 1
; : : t :
| l e b !
| b 5
L 4 L H ! d

L e ———

MNaote lack o! canlinement o! anchorages v.hen
compared to similar members in (a)

(b1 No! permilied,

Dr. Husam Al Qablan

. 0 //I
A Q( ccmmene/ ¢ /

~

~

)

J

]
- j/J-'Q'

) D5 Ll
AL
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Additional remarks

3. If flanges are included in the computation of torsional
strength for T and L-shaped beams, closed torsional

/ Dr. Husam Al Qablan
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P \= 85KN \d
/‘DL‘h un_factor:e

e

sl \ \\
D |\

V1 fu=/1,=420Mpa \\//

. \
\\\‘

|/

T " -

Dr. Husam Al Qablan
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Stefd)

Assume

Ry

“s

¥

d = 835 mum

I

!

600 nun

}—— 400 nun ——i

wt =0.4%x0.6x24=5.76kN / m

wit =0.4%0.6x24=5.76 kN /m
WE factored = 1.2x5.76 =6.91 kN /m
Py =1.2x85+1.6x85=238 kN#n

Dr. Husam Al Qablan
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Moments at the support

M =238x1.35+1.0365x1.35+6.91x 1.5x1.5/2 = 330.5 kN /m
T =238x0.15+1.0365x0.15/2 =358 kN /m

Dr. Husam Al Qablan
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| 1350 mm —+150 rum |

330.5 kN.m

. 0.073
M¢
Z

=09

—|
2
&
o
o
@

Vv 4N 1.04

T=35.8 kN.m ! Se 0.75

Dr. Husam Al Qablan

SN &?ﬁi-j 8
0

)

Il

jon

~

1

Design for Flexure

A§§ume a=d/4= 133.75 mm

— o —— e

M, _ 330.5 p :

®f (0 -a12) ~ 09x420(535-133.75/2) 10" =1867.7mm?
Asfy  1867.7x420 i3

085726 0.85x20x400 "
L 330.5 ]

s 0.9x420(535—115.3/§)><10 =1831mm?

As

cdii

—

check for g, _— :‘\
heck T 5y ."“\\\

., .’.,,— - ..-.'53". by
check for A; max oy AL -
check for A;min Y e e
Ag = 1831mm?

\ Dr. Husam Al Qablan

k
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"E;Shé‘iﬂd Torsion be Considered?

P
.J/i‘ V (ij\‘f// g
| Acp = 400600 = 240000 T
LA, =2(400 +600) = 2000mm
[ 2/ =
e ) A 2
$rer Uy =03 (Ao |_ 0.75x JE(MOOOO Jx 1076 =8.05 kN.m

T, =35.8>8.05= Torsion must be considered

Scanned by CamScanner



e me-x S )\€f
Is the section large enough to resist torsion? i

)~ S‘!‘/(c C
| TR gfven -9
| 7 A i
! S i
vV I Vbj 7 Capeac!s
T . = — + 1Py < ¢[ c +0.66 f') -
% e £bwd) [1.7 027,\ b, d ¢

1
i

a7 e 2\

\ ~
i 1 . NATTO =
V,=—+fob,d - R o S O
€ 6 Jebw e D SR S SN
th = area within centerline of closed stirrups ——\Z/’\ -—t—::___ﬂ - Y
G o e
}"(u— 2““(— =
Assume 40mm cover @ 10mm —_ (o LR
<
L
, x
'
Dr. Husam Al Qaplan ; j Q?l ,_@.
o N
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l x =310

2
A,y = xp=510x310 = 158100mm
¥ = 400 —2x40—10 = 310mm
y = 600—2x40—10=510mm
P, =2(x+y))=1640mm

Dr: Husam Al Qablan

A 2 6 2
i - 3

| 8x10° x164

e F4:~.7x_10 L[ 35:8%10°x 10 —1.8MPa
T\ 400x535 1.7x158100°

? N~
’ 1
! EJ,ZOb,‘.d
1.8MPa <075 St 0.66/20 |=2.795MPa A
// \ ,Y'}l; . z

7 et L

The cross section is large enough yd .-‘___\__\ \
. : "‘T,"'_‘ ‘,I'
\\\\‘ (/"'
L
Dr; Husam Al Qabl2?
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Compute the stirrups area required for shear

V, <@, +V,)

1[5 I
Vc=- fcbwd=g 20 x400% 535%10™ 2 = 159.5kN

2457 |
Vi =——-159.5=168.1kN
0.75
Ay, fpd A, Vi 5\'*3:’

\
V.= - or =— : AL
p ; = 7,d \ s\t "
3
Ay — 168.1x10 =0.748mn12/mm
s 420x535

Dr. Husam Al Qablan
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For shear = require stirrups with

Compute the stirrup area required for torsion

L
= 6
35.8x1
T, = 228X o 7106 N
0.75
e 4 T 30°<p<60°
p

2_/‘.‘)‘{/10 CO(/Q S G 3 (,( ]
Ay =0.85x A,;, = 0.85x 158100 = 134385mm>
6 = 45°

A, 471.7x10°

= ] 0.422mm2 [ mm
s 2x134385x420

ﬁ = O.748mm2
- s

[/ mm

Dr. Husam Al Qablan
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~_Add the stirrup area and select stirrups

 Avee Ay | 24,
s s s

A
”T“ =0.748+2x0.422 = 1.59num > / mm

Check minimum stirrups

i bu'
A +24 3f.
M =larger of f",
s 1 4fb,
16 f,
L Dr. Husam Al Qablan
X 0 oo ]
w2
“j \V 7 2
- o 2
oV
5oy \J

% - ./l \‘ / S
o N

c{uljc Ny
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/4%

Vv+1

S

= min

1400
3420

1 J20x400

=0

16 420

317mm’ / mm

=0.266mm" / mm

= 0K

-4
C
(/Q’f’ vl

'Use ®10=> Area for two legs = 157mm”

Av+t
A)

Use &#12=> Area for two legs = 226 mm*

s=142.2mm

157
S

=1.59=> —=1.59=>5=98.7mm

. -'l‘

R . ,‘\. ba /.-
;l’rl’. \ : : ; L » /l
Ny ; blan
o Dr: Husam Al Qa )

e
I"

! 4

L
o

P

Yol

LT

-,

o
K

'/;.

? |
o Y
. D\}j‘x\ g
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, > X
Check s, > 'Y T/
p, 1640 N .
Swae = Saller of ?=\8 =205mm: oK 3 =, 02
T S—— e 300 mm g u’M 6*0"‘"\ - ‘\O/\;’ 225 m\-
| = Use @12 e : i ,
; closed stirrups at 125 mm on center Y ) S :
i Design the lonmtudmal reinforced for torsion [spaey I ff (¥
T ————— 1 Q -

-~ ?V\ )\i T "\5»_ D“Ug 75 Hing i29 Q’\f ’ . ,
\VJ\ l " .48
S P

%, .\).);9;
) R,
\/ d 6
420 L] e 9 2
A, =0.422x I640x(4—25}01 45 =0692nm
5 fc,ACI‘ - i p _'CL
ouin = ']__; f_, ) " f o Dr. Husam Al Qablan ‘
e\
J\f’\// f\/c )
vl e o &J’d S s
Q' sl (¢ b beP JAL C N =
e Do B 5”4 Vs J
, st~ O VIV o Dy s
Wey )\ el ’\/V‘ﬂ) @ v i K(’ ‘

o \ﬁ)f‘ \_
by - \B3\x 2F ¢ __F _

&

o 7/
! l Pt N
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1640

S mae = Sttalley of{g = T =205mm

300 mm

A =0422x 1649x| 22Y 420
420

5 \/_cAc,

1 nin = —=L) p i
2 h
] ( s f ¥

o \
1,
N pod

/
' b Rt

‘\ \
7
X ) \ |
N { 1
‘(}' B b \\" i
SO 4 g r‘
: ' . j
P N v
2y D
! & o
; Tt s -
e @b > W
? i, R
P ‘(C’;} ALY <
| o et
ks
AU
9\ 9" - £ f) e
=e = fMEe
\ @ )‘

\ TT. :
Qb A (el oe® J UL Ly J\\,J/\_)/ . B
afvy 3\ \ L/«tggjf——e “ w \ ' B 7o
e © agl e ’L//) f// 3 1 g(Z’J“J \)\%1 ?D//d'
w7 ¢ Lo J e
- \83 1% at -~ ]
4 fog i) LA
’ (7w
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The min bar dim { | resp apaing™x,

\ a7 ,
( 0 A Y C ol
20 G L
VR s
\”> Z
! j' (1 -p\\"‘
\u\) ‘

-~

%

Dr: Husam Al Qablan

Scanned by CamScanner




692—4(” ‘:4 )=76mm"’to the flexural steel
Qf L 9.3 . P
| A, = 1831+¢6= 190Zmm’ 9 oGl mm A 9

A1

Provide 4414 in the bottom half of the beam and add

24
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E}_xample: Compatibility Torsion
"[E“he one-way joist system shown in the figure below supports a
té)tal factored dead load of 7.5kN/ mzand factored live load of

SkN /m?, totaling 15.5kN /m?® . Design the end span AB, of the
e%xterior spandrel beam on the grid line 1. the factored dead load
of the beam and the factored loads applied directly to it total
16kN [ m . The spans and loading are such that the moments and
the shears can be calculated by using the moment coefficients

from ACI section 8.3.3. Use f¢ = 3(__)MP(1 oSy =Sy =420Mpa

-
-

-

fong S R . Dr: Husam Al Qablan
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Y ¢ / b(70’ lal
NERPIPN R

-1 CO . N {,) L
.- ompute the bending moments for the beam. =

| = 559
In laying out the floor, it was found that joist with an ;E.'/] L )
. overall depth of 470 mm would be required. The slab zw
12j

|
%& thickness is 110 mm. the spandrel beam was made the
same depth, to save forming costs. The columns /- ) o)) |
| supporting the beams are 600 mm square. For simplicity
in forming the joist, the beam overhangs the inside face of
the columns by 50 min. thus, the initial choice of the beam ~*
' 20 mm, b = 650 mm, and d =405 mm. f’j’{?jw

\,_,6'(;«) ==

A5\

sizeish=4

Dr. Husam Al Qablan
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__%Q ki___/'i — v

N Ly
LR

The joist reaction per meter of length of beam is

wl, _15.5kN/m” x 9.30m
2 2

=T721kN /m

The total load on the beam is
w=T721+16=88.1kN/m

Using /

n =6600mm . The moments in the edge beam are as follows

Dr. Husam Al Qablan
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.
wl .
Exterior end negative M, = —1—6’—’ =-239.9kN/m

//a \“E/OJ\

" Midspan pasitive M, = 2= 274.16N I m

2
First interior negative M, = -}-!# =-383.8kN /m

The areas of steel required for flexure are as follows:

|
|
|
|
|
|
1'

Exterior end negative: A = 179 1mm?

Midspan positive: Ag = 2046mm*

First interior negative: A; = 2865mm?

The actual steel will be chosen when the longitudinal

torsion reinforcement has been calculated,

Dr. Husam Al Qablan
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s

Compute the final

_moment, shear, apq

torsion diagramg

564 Bewd g mement o
ToYSiwin. oVv Beow\

e e ————— e =

M"=(z/4 Y

i Although this is a bending moment in the joist,
!

| it acts as a twisting moment on the edge beam.
|

As shown in the figure below, this moment and

1

th £72.1 kN/m act at the face of the edge beam.
e shear of 72 g S ’r\h‘(qQ

The torque at the center of the beam =t =79.3 kN.m/m

AT

81.5kN.m/m the torque transferred 1o the col

Dr. Husam Al Qablan
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If the two ends of the beam A-B are fixed
against rotation by the column,

.._the total torque at each end will be

T= ”Tn - M = 261.7kN.m

i The total shear at end A of the beam will be

88.1x 6.
v, = 'TXGG =290.7kN
V,@d = 88":‘ 88 _ 555w

The total shear at end B of the beam will be

s
V, =1.15x Ss;ljﬁ'fq 334.3kN v
88.1x6.6
V,@d = =298.7kN Dr. Husam Al Qablan
6350 mm w’
16 kN/m S
[ J285 mm b’cgl :éﬁ( ’ |

>

edge beam :

S1.5kN.m/m

E‘

B8.1 KN/m
\——'——"“*“““‘wf

Edge beam

(a) Freebody diagram of edge beam.

2.1k

N

W\
NG
A7

-—

Joist

S89 kN m/m

—)
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79.3 kN .m/m

793 kN.m/m

88.1 kN/m

(b) Forces on edge beam resolved through
centroid of edge beam.

|
|

70 mm

110 nun

|

Jo0 mn

e

60 s

/—

y

f

Dr. Husam Al Qablan
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Should torsion be considered? T

2
Ay =470% 650+ 110x 360 = 345100/m

£ Ter s I3 23
Pop = 470 + 650 + 360+ 360 + 110+ 1010 = 2960m1rrt / ps
42T 2 y g
=0l Ze =07<><——\[3—0 3451007 1, 1976 = 13.8 kV.m e
S ST X T 2960 e (¢
o 7 O \\L.\

37}, =261.7> 13.8 = Torsion must be considered

|
Equilibrium or compatibility torsion?
el
The torque resulting from the 25-mm {I’fseg of the axes

of the beam and column is necessary for equilibrium torque.

The torque at the ends of the beam due to this is

= 88.1x 0.025x 6—:'26 ~7.3kN.m ENSNY
S o0\
. K ﬁ /\0\}\[\\'\/
\ N
BRI W
\» &
\%/ g

Dr. Husam Al Qablan

On the other hand, the torque resulting from

J:.‘lr_t_h_e_gnoments at the ends of the joists exist only

because the joint is monolithic and the edge beam

has a torsional stiffness. If the torsional stiffness

were to decease to zero, this torque woulq disappear.

This part of the torque is therefore compati‘b“ity torsion ~

A : P K /
=>T,,@(I=Q>L:{C Aep vy

Py

J30 (3451002

- _—| = —6
=0.75x% 3 2960 ]xlo =551 kN.m b

But not less than the equilibriun Ny
\ torque A
] Dr. Husam Al Qablan
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Assuming the remaining torque after redistribution
is evenly distributed along the length of the spandrel

beam. The distribution reduced torque t. due to moments

at the ends of the joists has decreased to

=19AN.m

Adjust the moments in the joists

Because the analysis procedure (ACI moment

coefficients) assumed an exterior support (spandrel

beam) with zero torsional stiffness,
No load or moment redistribution would be required.

Dr. FHusam Al Qablan

Pre

. . . 9
. Is the section large enough to resist torsion?

2
, . (Vu 1 T,,Pf; S¢[ + 0.66 fc)
i 'mﬂl‘“’--\! —b",d 1-7A(;ll

] u ’ - e | ':-\. .
I’c = E'\’]wad o 2 .\;;,'_'.f e
PPN
i o
A, =377x 397 =209989mm N
P, = 2(377 + 557) = 1868mm N
‘ \

>
= 6 -
v 6 f/'[—osmdﬁ 3 fisaaiell "‘8,68] = 1.781MPa
650 x 405 1.7x 209989~

_\Bﬁbwd

=342
1.8MPa<0.75 & +0.66\30 |=3.423MPa

D

i — 4 Dr. Husam Al Qablan
The cross section is large enough & <
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:Mfwkg% 39
k(‘(:.:‘! iF\gJ) 1.5‘—3

d
-

 —— T

i in the edge beam
Compute the stirrups area required for shearn g

: : w103 x 1073 = 240.3134N
,'L'=_é' fcbwd—':'ngEXGDOX-IODXIO

At the left of the beam (End B)

\ /-"3
334.3%10° 540313

Ag Vs Vyl$=Ve__ 075~ __—=12076
s fd fyd o H420x40S

\ ’
AtdfromendB'—\;‘,S\ L WS

103
é98.7km e
A
A}

_ Ve _Vulé-V — 0.75 =0.9286
T fd f,d. 420x 405

Compute the stirrups required for torsion

T
s 2 fnAgcotd  2x0.85x209989x420
-

T\ A
A TN N T gx0®

Dr. Husam Al Qablan

Atend B, T, = 62.8kN.m = au = 0.5583
s
Atdfromend B, T, = 55.1kN.m = g, =0.4902
$

Atd fromend A, 7, =55.1kN .1 = i: 0.4902
s

Add the stirrup area and select stirrups

vy Ay 24,

s ) 5

Avtt _ 0.9286+2x0.4902 1.909
s

Provide No. 13M closed stirrups

Dr. Husam Al Qablan
S ————

B

Scanned by CamScanner



End A:one @75 mm, seven @150 mm
il

. End B: one @75 mm, 12@125 mm, then @200 mm

)
AN

TN = —0

on centers through the rest of the span

Design the longitudinal reinforcement for torsion

A= (A') [jfr”)cot o

A;=0.4902x 1868 x 1x 1 = 91 61122

Al min =

121, 12x 420

Al min = 96011 >

le

Use A; = 960mm?*

5V feAgp [A,)p [f”]_s\/ﬁxusmo

—0.4902x1868x1

Dr. Husam Al Qablan l

To satisfy ACI requirements, we need 3 bars

I3
e e P
i

|
‘ Ag/bar = 960mm /8 =120mm>
Exterior end negative moment

A, =1791+3x120 = 2151mm*

Use 8 No. 19M

First interior negative moment
A =2865+3x120 = 3225mm”

Use 7 No. 25M

at the top and bottom and one halfway up each side

Dr. Husam AJ Qablan
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]

. \ 2 fb

RN
1.7 ”

O
¢ rath Ng J
A
e

Midspan positive moment

-

2
Ag =2046+3x 120 = 2406mm

 Use 5 No. 25M

Na. 13 surmups

Z

]

X1 = JTmnn

I~ Yo oM

T -

A
Y1 = &7 mm
Lot A3UDUIN AE \FAUIAL
T -
|
~
[
il | 1.5m
Al 7No2s ‘ 3No16 1NO16 ench side 1o |
:7‘ - / \ L A__-l
-

- X

PN’
Lap Splice stirrups No13 closed stirrups stirrups ’
2N©0.22M bars — —_—
1@75mm 20@200m 1@75mm
12€0125mm 7@150mm

L, 2
- '\ 3
f No.13 ' No. 13
/A closed 5No25 I closed |

Dr: Husam iojiliﬂ,——J
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Types of A_ﬂ;}n =
footings == ,
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Pressure distribution under

footings.

N
Sl

(a) Footing on sand

l
1

]

(L]

(b) Footing on cilay,

Dr. Husam Al Qablan
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Soil pressure under
a footing: loads
within kern

T_

[a} Loacs on fegting.

[

JL1L1144

;“L“‘S &L .-'

P4

S

(b} Soil pressure distabal.en.

{€) Planview showing Kem cmensions

LA/ T8I0 IR v NS ot e b s e Pt
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E Mo tensiie strength a cross the contact betweenn the
footing and the soji

P My )

qg=—= .
AT T g
M = p.e %ﬁ&’)}

e, =1/6 (kern distance) Mo | o\ Bxeentyic

Load applied within the kern ( the shaded area) will
cause compression over the area of the footing

Dr. Husam Al Qablan

e —
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Pressures under
ah eccentri ically
l0aded footing.

$
fa) Consinltiz Jaay, ¢ = O P
_.{ e

Resumanl o oo

" oo the fonteg

S
o
v
3

Resuitanl of /

50U pressures
R o .-e,

éﬁ.

(o= £003 3 Pearaon Educasion e
O .
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pressures.

9q = allowable soil pressure

9n = net soil pressur "‘\J{’A &

\
4 e NG
N AL
. L . \S“ \/",
e
< VANEL 2

In design

4o = gross soil pressure

s
- B Vs {* } L
"., RS Bt sl pensnuie l 1 1 ‘ Gew PJA
AN o thd i '
o r\‘ i Rel sad sressare
- L A .
. . - DA * -
‘/ n t:\ / Coreight £, Puiauig it
’;’ N \-«'.“b
+ Lo
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_ :/
tom\’@zfi- Nee Soll” plessue + sotl wi, 4 Foo £y Wt — 9 ({ewsble

Y on? %q g (VW-OG i) S\ we - thauffi“B)

oVNounD\e e\ Soil P essuwepe

9. %
S

o O
o,
==

-
AVf42 _:,j/
_DL(structlurg Jfooting surclzarge)+LL %
T q;(tillowablesoil pressun)

Where

Pu
/ Y\—d\'//A“‘

A 3 S, N sl Ak
S, Fre s O o a0 e =

>

B r_’ 1) 1 1 7 .
}unfactoredserwce loads S MBS un D b
D ’ PR Py
‘ackere.] A3
The fuctored net soil pressure used to design the footing are

FactoredLoad
Dnu= A

gy Will exceed g, in most cases. This is acceptable, because the factored loads are

roughly 1.5 times the service loads whereas the fuctor of safety implicit g is2.5103.
Hence, the factored net soil pressure will be less than the pressure that swould cause Sailure
of the soil.

Dr. Husam Al Qablan
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Structural
Analysis of
Strip and

Spread footing

| Flexural action of a o M?"“’"gﬁ;}:_‘,_; o

spread footing.

f2

jMLl:qnqu:/(/'_\m Nvouos
: P .‘.-u\

&) Moreee ating Yoot g

o 2012 e i
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P _ 7
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'/ y
e L= 7
(49 £ Y
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M A7 Py,
2 L/

Critical sections and tributary areas for shear in a spread footing.

i M LB, | l l l H
8 e ‘
'v —2 ) - /

|
S s~ =
!

]

: 1 &‘,,GS J_;! Inclined crac}./ I l I \ H

Inclined crack
(0 ) I

i I Tributary area lor
{ b ~:' Critical secticn for __ Tributary area for \wo-way shear
i ; L ong-way snear / one-viay shear ! J
J ’ 7 ///
[ ]

a2 //

Critical section

/ Tor two-way shear

{a) One-way shear. VA 4 {b) Two-way shear.
s 'QL'}’ / .
L T b e )2 )
}/ = b d 'v(’ r :‘:‘ ’ Vi : l ]
¢ VJebu PRSP P e ;\/ BPotusam Al Qablan
N\ Tl sl
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- I:,/'[‘

\ ’u,
- R & ‘ ‘

L\,) ’f\e ot

(N
s
/d)\““l‘

‘St

Example

(= 300 1un

]
7 , J 1 N /'
- b MO APDol D ALY
@.”’_’9( vy e td J ) , -
J p NI - ) I N oy Ve
I[ ( r// (;r'\' 9 DA oA rfu el ol TOA o }"1 € i
PR

or wall footing T

-

" - i . |
fe=20Mpa \ 9.‘-‘P~ D ALY O

fy=420Mpa ,v,.;]; e

SN ool eaC
DL =140kN / m _/

unfactored
LL=180kN | m

Gy = 240kN [ m?
¥eoit =19kN [ m>

Dr. Husam Al Qablan
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Assume the thickness of the footmg=300mm bl’ S : o %-5“ |
= A]lowable net sgilp;ggs?uref 240kN /.m2 -(0.3* 24+1.2 *}92: 210kN /m~ :
Ar/c"a required = 1‘102—-;% -—-' 155:11;12 / m . o l‘
Trsj"a footingv1.6_;‘r_1 wide , o }[
= [Factored net pressure = 1.2 1401+61.6* L 285kN [ m* :

- 2
In the design of the concrete and reinforcement, we shall use g, = 285kN /m

£ - L~
2 =z U
\ -’ AV’
. e
Y d=300{75-252=212.5mm
=2
\. = ° 4 =210 mmn

Dr. Husam Al Qablan
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/Focling

Critical
< seclion
jor shear

e
R g

A -210 mum
1

300 mm

oo JRE—

£600 mm

—_—

1£tnp

 Tribulary area

ksfor shear
wwo ™

(a) Plan view of footing showing
tributary area for shear.

3

4 . /
Imn o

Critical

| Sectlion for
flexure an
bond

\ |

Tributary
L area for
flexure

N
N

630 smn

(b) Plan view showing tributary

area for moment.

Dr. Husam Al Qablan
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Check the shear K40 mn’
d
4. \1\1\ T
Tu .
255 KN1m 2

\]:]i ]\ N
d = 285KkNan”2

17
V.= 0'75(3' fczbwd) .

V, =285%(0.440* Lin)=125.4kN / m

=0.75 l\)ZO x1000snm x 210 ) _ 1174 kN <V, = NG
6 Y77 1000
& i
"Try 350 mm thickness

d =350 —-75 -25/2=262.5 R
| d=260mm : : \C“
N N @V, = 145kN “ -
30;') A2 e b= 0k | ‘ Dr. Husam Al Qablan
WiV
P52 U
4 2 qa
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«

Uﬁ
c‘wfc D
ls

b

,( oy QCA ) - 2991 }
RN | o
| me C 229)csy)
m&l?e*sign the Reinforcement e "’5‘“” “h’;r_a“ Disher o '6 C °_§)
1M, =285+ 650*;0—3 kN .m = 60, 2kleﬂ1;19‘2 ‘EE:Y‘C ) %
Assume a = 0.15d=39 mm |
M

Y | A= @f},;(q,:a/z)

7
/

60.2x10°

=6.62x10"*m? = 662mm*>

= 0.9 % 420 105(260 - 39/2)x107>

662 *420

Agfy 6627420
s7y = . 106*1
0.85%20x

0.85 /b

—

=0.0163m =16.35mm

Dr. Husam Al Qablan
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. ~ ' 60.2x103

As = x1 = 632.4mm 4
| 0.9x 420 x (260 —16.35/2)x 107>
| _ 632.4%420
poa=— — = 15.6mm
1 0.85%20x10° *1

60.2x10°
Ag f:2x10 = 631.4mm">

0.9x 420 x (260 -15.6/2)x 107>
A, min = 0.0018b/ = 0.0018 1000 *350 = 630mm?> I m

S I .t 2/1 = 700mm ")6
max = SPAEESEY 500mm = S=lsoo Ab
Use ®16@ 250mm = Ag =804mm /' m AS fm
‘A )
O\ W o Dr. Husam Al Qablan \ e
g5l : g
212
. o p
oY |,
Ster
181 L*

Scanned by CamScanner
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Asfy 804%420 10 g6mm

La = =

0.85f:6 0.85%20x10° *1
&= 0.003(@2—52—3"5) —0.03> 0.005= @ = 0.9

DM, =0.9*804%420 *(260—%8—6J ¥107% = 76kN .m > 60.2kN .m = OK

temperature Reinforcement

Ag =0.0018b/ = 0.0018 * 1600 * 350 = 1008121 2
w
Sh=1750mm

500mm < /
"

Use 3922 .- - . Nz

Smax = smallest{

Dr. Husam Al Qablan
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Y
N / 7
gb (g
=
)}
\§
3
&
‘«, s
’__'//

\\
A 3
(i~
W/
~— ;.;’
)
d =
b;>
KR
Y A
N
Ny
4

e \]
300 mm (D e DN
g
r{‘ﬁ_\‘r PR
NUS\///SN// RIS 5
I /
-
l 5N 22 Minimum reinforcament
\I No.16 2230 nun

1600 mn

'c) Reinforcement details.

"* DF. Husam Al Qablan
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Spread FW___

Example

“m Square

SEN /m?> floor load ’-/’—/ dowels
~

—_—
450 apm
—

150 nmwr ]

[

SN NN R R

N, 7O Aoy vy

wff'/ﬂ\h’///mwf,’ AN 1 ,7; Ca
4

Sy =19%NIm® E

"‘j =% __:_& .!\ 2 s o ( Y
RN N V/,\;y,T/; + =
-!
fr =20Mpa
Sy =420Mpa
DL =1750kN | m |
unfactored
LL=1200kN/m T e
Qo =290kN /m* i
Vsoil = 19kN [ m* T
Col (450 X 450)mm Interior col
Dr. Husam Al Oablan
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E o SE—
T
i

P, =12DL+1.6LL = 4020kN

Assume thé thickness of the footing = 700 mm

=> Allowable net soil pressure

i
|
!
'
|

! u /
i

\ g ;C.J\Luh\r\
Wo

g, = 290kN / m? = (0.7%24+0.15%19+0.15 24+ 5)=261.75kN _[.{nz
P\ - Pc - -‘5\
A 00 A

Area required = ﬂl—z— =11.3m> P BT

261.75 G
Try a footing 3.5 m square by 760 mm thick o

: 2*DL+1.6*LL 2
= Factored net soil pressure = 1 35735 =328.2kN /m

Dr. Husam Al Qablan

Check the thickness for two-way shear

|
3 e s for ooy shar 1
'J% Average d =700 -75 mm (cover) — bar diameter |
Al Se oL |
\O g;j-‘ =700 -75 -25= 600 mm
S - . y
65“ \‘\35) ° // ///
NN : |
) Column 4::’( = = F_—_;j
NG A e
| I/ perimeter d

1050 mn

i

‘ —J500 mm __\ﬁ_-"

S

Dr. Husam Al Qablan
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///

di2 = Jor

W//

Critical RATUTD

P m I,shear y

/ppnmeh‘:f

i (J,'.‘-

IClzeck wo-way sheqy

|
|

Interior column

I‘E—\Jﬂ.’ﬂ mip————————|
Vi=3282x(3.5x3.5-1.050x 1.050) = 3658.6 kN

Length of critical shear perimeter o

/,{

by = 4*(300+450 +300) = 4200mm < o

Dr. Husam Al Qablan

@V, is the smallest of

LI\

’

(a ) oV, C[)[Z+£:J \/—Ebod

b, =4200mm

4 )ﬁﬁxmox 600 _ 4226 mv
1.0

OV, =0.75* (2 tTo0)” 12 1000

'b,d
ad _;f_"__"__
b) or —m[-—'bo +‘J 12

40600 2) J20x4200 600 _ ...,

@V, =0.75 *(W 12 1009

Dr. Husam Al Qublan
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) <DVC=(D*% febod

SN 4 3,

1 .600 !
' = * 00 =2817 kN &
OV, =0.75 5 % /20 x 4200 x 000

| @V, <V, = Increase the thickness

Try
h =800 mm
d= 700 mm e

b, = 4600mm

“Dr. Husam Al Qablan

FV R v B [ P E e T e D B R e "R ; XY TS .‘.-_2_ TN R Bs
g, = 290kN /m? — (0.8%24+0.15% 19+ 0.15% 24 + 5) = 259.4kN / m
o 175041200, 3
Area required = 2504 =11.4m>

"{T;, ' (
Try a footing 3.5 m square by 800 mm thick , ,f .
TN |
v, =328.2x(3.5x3.5-1.150x1.150) = 3586.4 kN " i ‘
“ | o . ‘ A (; ’ ) ”V
v }: L)) p
Length of critical shear perimeter b, ¢ 9 b

e\ Y

b, = 4* (350 + 450 + 350) = 4600mm - 0
| 4V G g
1
OV, = (I’*'g feb,d
! 700 -
OV, =0.75%—=x%x/20 x4600 x = N
c 3 ~J0q = 3600 1
V>V, = 0K ' Dr. Husam Al Qablan
/
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v
|
Check the one way

Ve =328.2%(3

shear

5%0.825) = 947,74y

1
oV, = 0.75(34 1o bwd)

i
. OJD(‘\/ 20 x 3500 x 00
6 1000

Y

Critical section for
One-way shear

7]

J5p0
min

Tributary area for
one-shear

-

= 700

-

1525 mm

): 1370 kN >V,

= OK
Dr. Husam Al Qablan

“Design the Flexural Reinforcemer

/
</

t

M, =328.2%(3.5%1.525)*0.7625 = 1335.7kN .m
7 . e

.if\ssume a=0.2d= 140 mm

N\

N /N

Dr. Husam Al Qablan

Crltical scetlon l/ /T,’ A .
for moment ™~ //-’3&-7"'3-?*].:’
e /’//
e 4 i B
s o5
% ¢
ity /‘/,457 ' 39)\ L
Vvl A e @
A7 A v
or moront f\ s S S
!/./// // (gyJ“V”BJ:]
L L« J} b )_9;:"}
1.525m . o
o & .,;M’)L‘ \—5‘2’9‘ (P ¥
e
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2
Do —
(5>°2 (JS bb/\)
Q}Xzo
/Jy;é/
/c\é\ @bm‘
/"/UWZ/‘W il

Mu
AS
o ®fy(d-al2)
| 3 A
Ag= 1350710 - =5.609x 1073 m? = 5609mm*
0.9%420x105(700-140/2)x 10~
A *
a= s/y = 5609 4260 = 39.6mm
0.85f:b 0.85%20x10°*3.5
1335.7x10°
Ag = 5= 5194.9mm
0.9x 420(700—39.6/2)x10
a=37Tmm
A, =5184mm*

Use 11025 = A; = 5610n1m>

G

20 0 |
‘ Dr. Husam Al Quablan
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. //" L
S~ T ’ | Ny > // . 2 ,.»f;’; &
. T 4 Y AT N
Agf 0 . R
a= Sf} A — 5,6‘10 4260 =39.6mm - . T L7
0.85fp 0.85*20x10" *3.5 e
g >0.005= 0K _
" e ( \ (L \ s/'

% 39’2 . <=6 e .
(DM, =0.9%5610*420%| 700 - == |*107° = 1442.4kN.m = OK

Ag(min) = 0-0018b% = 0.0018* 3500 * 800 = 504071m >

2h =1600mm

S = smallest
max . { . S00mm <=

" Dr. Husam Al Qablan
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Check the de
. g 1,810 l’l
2 s pment lengy
The clea ino
ear spacing of the pgps being developed exceeq 2d
?Xceeds
=%b

- and the clear covyey exceeds (
b

| This is case 2 in the table beloyy

Ly for NO 25 bottom bars 7

-
1381mm <1525 _ 75 /‘2.} I/
. S— ID(COV er) =1450mm = 0K Q\/

Dr. Husam Al Qablan

Y

[; =5524x b *Wo* A =1381mm

4

Table 1: Basic tension development-lenoth ratio, 7/dy tmmim)

l, = %— xy A xd, but nor less thar 300 mm
L.=21MPa L =25 MPa f. =28 MPa £ =30 MDa =35 b,
Boron: Top Boton: | Tep | Botom | Top | Bottom | Top | Botam. _TtTJ'Q
Bar size bar har bar | bar bar bar bar bar bar bni‘
finin) Case 1: Clear <paciny of bars being developed not less than db, clear cover not less than db, and stmups
throughout Id not less than code muumum, o
Case 2: Clear spacing of bars being developed not less than 2db and clear cover not Jess than dh
£ = 420 MPa. uncoated bars. nomal weicht concrete
< 620 435 58.7 40.0 52.0 37.8 49.1 38.5 47.5 33.8 439
= 420 5G| 701] 04| 642| 467] B07| 51| a6 aTs| Eis
f, = 300 MPa. uncoated bars. normal weiaht concrets —
<o 572 405] 286] 5711 270] 351] 261] 338] 2a4] 3%
t ‘ASes:
<0 ° ";Zé I g3@] 591 76.9] 558 727] 540[ 702] 500] 650
L = 300 MPa. uncoated bars, normal weight concrete
< 420 368 608 <29 57 405] 5261 391] S09] 362] 471

*  For top liars. sncie than 300 of freshi conerete is cast in the member (e v = 1.3)
* B isthe coaone factor. and 7 is the lighweight concrele factor

Ve =1 for uncoated reinforcement

A =1 for normal concrete Dr. Husam Al Qablan

-
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i

s =
¢ &
- £=21MPa L =25 MPa f£.=23 MPa £=30MPa | £E£=355MPa
S ‘ Top Bottom Top Bottom Top Bottom Top Bottorn | Top
Bar size Ly bar bhar bar bar bar bar bar bar | bar
(mm) Case 1: Clear spacing of bars being developed not less than db, clear cover not fess than db. and sturups
throughout 1d not less than code minimum. or |
Case 2: Clear spaciing of bars being developed not less than 2db and clear cover not less than db
£.= 420 MPa. uncoated bars. nonmal weight concrete
< $20 43.6 58.7 40.0 52.0 37.8 491 36.5 47.5 33.8 | 43.9 |
> 620 53.8 70.1 424 64.2 46.7 60.7 451 58.6 41.2 | 54.3 |
f, = 300 MPa, uncoated bars. normal weizht concrete |
< $20 31.2 | 405 286 371] 27.0] 351] 261 338] 241| 314
Oiber Cases:
< $20 64.5 g£3.8 59.1 76.9 55.9 72.7 54.0 702 3500 | 550
> 20 82.1 106.8 75.3 97.8 71.1 92.5 638.7 89.3 | 32.8 | 827
£ = 300 MPa. uncoatad bars, normal weight concrete
< 420 468 | 608 | 429] 557] 405] 528| 381[ 508] 3\2[ 471
¢ For top bars. rcre than 390 ni of fresh conerete is cast in the member (i.e. .= 1.3)
o [ is the coatng factor, and 7 is the lightweight concrete facior

v, =1 for uncoated reinforcement

A=1 for normal concrete

Dr. Husam Al Qablan
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) 189

19

eV R
|“*v~<-.’,/ ’
matgm.ﬁé ”_&4)' L gV e Y05
b {

)

12.2.2 — For deformed bars or deformed wire, £, shall |
be as follows: '
No. 19 and N
smaller bars and No. 22 and
Spacing and cover deformed wires larger bars
Q Clear spacing of bars or wires
being developed or spliced not
less than dj,, clear cover not

C less than d},, and stirrups or ties

throughout ¢4not less than the | | f TR BN RTATEE

Code minimum l —Li’] d, | —Lt—/i \d

- 24N fF7 WP
Aahisd Clear spacing of bars or wires
. being developed or spliced not
Oy whd less than 2d}, and clear cover

A= c\i?)) not less than d,
ek
Oth BARE EAAA
L er cases l_}.’\’ d, ( y t:—édb
| 1.4% g 1.1 /77
I
s il
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If not = provide 90° hooks

0.24 1,y .2 84/,

/(/h =
A

d, = largerof |
150mm

C

Dr. Husam Al Oablan
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w | L
S g
& g
& f
S iR
Q 14 ¢
S = m
. . ~ Z
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De
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(7
{
|
f /) ¢
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. The maximum bearing load of the column is <+ <
= ;oA AT e

P, —12*DL+16*LL =4020kN
ACI (Section 19, 171)

r
Lﬁ»]y’ ,e-'h‘ ;_.t ) ¥ Ry
. o

g BV |
N = CI)*OSSfAl A <®*1.7f24 Pk %‘:
\)Al | ) B
A 0=

A, is the contact surface between the column and the footing
Dr. Husam Al Qablan
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Voo o\
A0 “\:‘ 0
) Lo
\ | Rl
LW
SRR
.
(v
.'\,
.
.
F
4
'y S 1)
{ J
( 7\
te Nott )
Vo ‘

T
c.é‘u’"\\g}
o e 2

o o2

;fy@)c‘/to )BZ)YCI’V

3200 mm

SO mm

I—_—, JF0mm | 3500 inm

| Jf(){) i

%

43 =0.2G25m

Ay =3.5%35=1225m

1

%=7.77>2:>use 2

Pian
rLoaded arsa &,

(L1

2
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A =0.45%0.45=0.20

Ay =35%* 3.5=12.25m

f

i -

| 2

| (& HIC @

| L -

M S PN v

| - o

A——777>2:use 2
\JAl

25m

The max bearing load on the footing

 N=0*0.85f4%2=

0.65*0.85*20*0. 4:"‘2—4473LN> Y i

L o n s
No need for dowﬁfj L 9\" ™

Provzde minimum area of dowels = © -cc S !

> 0.0054; = 0.005%450% = 101371 2

Dr. Husam Al Qablan ™

£ - N
w S as @
AN . A |
gf};’“ § ?}A‘J ‘LLV u@
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T H {
In case if N < Pu (/. \
e 79
Dowels are needed to transfer the exceed load 900 >
On-M Pu’ 46)
1 1% e 5
Area of dowels required iy ;=065 (52 =
g?f-" _ N 6‘ 9)1 Lq‘?\
Area of dowels > 0.0054; = 0.005%450” = 1013mm*
o A
./'\9\ pu ¢ ¢ P use AS*“ =
£t
9" Dr. Husam Al Qablan
n* % \ AT ,_
bu oV / ()ﬂ
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—

i2.3 — Developmem
and d"‘fﬂnnedm deformed bars

Wire in com gression
12.3.1 — Development leng
e ath for defo, hare
daformed Wi n Gompression, ., shat e gercr, 0
fom 12.2.2 and applicable’ madicatiy om0
3.3, e Shall nat be |ags than 20 smm. s o

12.3.2 — For def T ' ‘
.3.2 — For deforme & i . |
shall be taken as the ;j l:ars. end deformed vire, gy, ' |
_ s, ] © Wrger of {o.29r5,/a ¢ "1y and ' |
{’0‘043{;’-}db‘ 'f;'[th 4 as Yl iio QG BN ‘

- given in 12.2 4 .
constant 0.0003% carizs the unit of mm’—?;;yd) and the '

12.3.3 — Length £4¢ in 12.3.2 shall be -
T [ Iy = 11 d
multplizd by the applicable fators fo: parmitted to be

0.24f y %
ly = —~‘,~—'—_—,},—<ib > larger of
v/

L~ "f2.16.1 — Compression lap splice length shall be
0.071f,dp, for’ff’o‘f’Wless, or {0.13f, ~
24)d), for 1, greater than 420 MPa, but not less than
300 mm. For f¢ less than 21 MPa, length of lap shall
be increaséd by one-third.

8d,
150mm

B > \ Lo

’ 22l G
Al s 5! e o\ web =
) 193 Ze/hfc'ﬂq& wj\clb ,
) CAY e Ceomb Uz
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; OMf

hold the dowels in place.

i
i

length of the column bars (929) (864.8mmi) ~

Try 4919 (A, =1136mm?) dowels each corner bar. The dowels must extends

/'mto the footmg by compression development length for NO 19 bars in 20

a conc: ete, or 428. mm. the bars will be extended down to the level of the

main footing steel and hooked 90°. The hooks will be tied to the main steel to

The dowels must extend into the column a distance equal to the greater of a

compression splice for the dowels (566.6 mm) or the compression development

Use 4®19 dowels; dowel each corner bar. Extend dowels 900 mm into column.

[

o (,‘.'.f\ ([’ /ﬁ/ﬂ ‘

; Dr. Husam Al Qublan
3 \\~Cf')\ N
o ON T G
B 1l C— _
o (L
%"y ?
DS
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Rectangular Footings

The reinforcement ln thé short direction is
“Placed-in-three bands |
SRR Si2 sz | ‘

! ' < - More transverse
| reinforcement hare

N // / 2
| //Coll‘}mn
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T fre reinforcement in the band

- ) .
= * total reinf orcement in the short direction
-+l , D
| . .
[ﬂ _ long side of the ffzw_.‘ylg, vo“a’ >\ &
N Lort side of the footin
short side of /i/_g 3\
=
ST
=

Dr. Husam Al Qablan
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Examplé

Redesign the footing from the previous example assuming the max width =3

]
, -
n \.@ L
e
8] \{’) > 1
2 \ 12y (Y
B=3m ) i~ e
= A=12m",t = 800mm - TN
L=4m B )

The factored net soil pressure = 335 kN/m"2
e m———————

Two way shear

V,,=335x(3x4—l.lsbx'i.isd);:3577 kN
~ Yo
@CV ¢ 2231%

LIR4 e

g1, = 3600> ¥, = OK

Dr. Husam Al Qablan
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\»
Y \\
Ar D
\
Y Y
o N \) )
J - > 79
v / P (/_4/
Ay \ o) .v) a
Ve /
- AN
= - L r Jm
" - y
NN

% ~G / v "',_. f ///

ributary arsa

-y

or one-way shear

r “I ’ i - \ K i
) 1 I\ Critical section

™ PR i d C

4 ) ; ; . for one-wcy shear

\ Column

 One-way shear

Critical sectian for one-way shear.
v, =335%(3%1.075) = 1080kN <

v, =335%(4+0.575)= T70.5kN

@575 m
i ~
i . il 1
A ) “ ) ] ¢VC . 0.75(3‘\ .fsb”,d)

1/ Vo = 1es ! =0.75(%~/53 X3°°°””"x1700000

1 :
/B : {
q JC_»-:;’ l 56 5 ’ Q"V( Dr. Husam Al Qablan

R

):1174 kN >V, = OK
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Design the reinforcement in the long direction =~
M, =335%(3%1.775)* 0.8875 = 1583kN m

AA§_§ume a=0.2d= 140 mm

T M,

Ag =

@f ,(d —as2)

. 3

A = 158310 =6.647x1073 m* = 6647 mm 2 7

0.9x420x 10%(700 — 140/ 2)x 1073 } Q) =
ad . R A L j i /‘—g‘) )4 <

- /
Agd < £ 2=\ o {7‘/‘)' I / butary arca / 7
for mement
1.7735m //‘

Ag(min) = 0.0018b/ = 0.0018 * 3000 * 800 = 4320mm * ! it oo !

. . f,

// / (J
Try 13®25 \ =
&M, = 1685.9kN.m> M, = OK Cover pilice’ asction
P
l; =56.35%dy *y, * A= 143mm < 1775-75= 0K |
V381 -
]
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oo Lin the shoy direction
1 M =335 (4*1.275) 6375 - 1089 n
Assume a = () 2= 4
140 mm i / ! Tributary area
. ) /_ or-moment
= pAY (
AS 4572mm/J <> '

As(min) = 0.0018b1 = 0.0018 * 4000 * 800 = 5760, 2

————

Try 12025 7—4——4/

/ Critical saction
////' for moment
lq =5524%dy*y,* A =138Lmm >1275-75=> NG = _ !

le—1.275m

pr. rnusam At gyaolan

b"P 51.)76‘ ‘.Q%'_,‘_

ey
s
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W 7 A |

-1.275m

vr. nusam At vaoan
I

S

We must consider smaller bars

Try 30(1)16 LI

/ 2 75 OK
Id=4472*d,, Ve *A 71?<1m<1 75 5=

ﬂ: =1.33

Nulb

< = 30 bars= 25. 7bars
ﬂ-rl

e 26 d)16 in the middle strip and prowde 2016 in each end strip
Provide .

P

Dr. Husam Al Qablan
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N 7« \" ‘ 3 " P H .
Vogmed ooy
{ \ ) ) {‘/‘fl e - . TR
ot 1 “\ %, e s P 9 . ) : 3 i » \ R : \
( B S L 250 SO fad (e sdi), S el @
” : i ... b3 P s P L '..4.3
‘ 2 Eirgle ("pu | gle C‘Ombmﬂ

S oo g il b g T
sSingle | 7 T U1 0 b 9 el @ |
Combmed F ootmgs s
R AN 0, @G+& X
FLI RN & .y ¥l 17 L3 eIy —
g,“ k% L 4‘.'” 8 == /‘/ v l‘l"
-t 1 - ‘.4' "
> 7 W b e =
_4.{*“» . Ve "‘-:
CR LG S TTTATTT TT T T 11T
._’.. h -_-xm T Bgnpe [ unit length
Z N ¥ ! 12 .
) e 0,;0, = column loads i
LT Rl ,,«"‘ﬂ Ql + 02
¢ - et (al[)- lzet al[owable soil bearma capacity
i
‘ & X T
‘ B
- 1
&)\ \)\ ‘..)-‘B . - . blan
DS E L #o L - _
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> Mo =0

(Ql +Q2)x= Orly = v = ‘!QEL

Dr. Husam Al Qablan

Design of a combined footing

Col 1

(600x4 0 O)fn m?
DL = 890kN
LL = 650kN

5,,7(‘{‘.)

400

}sen'ice loads
e

Col 2 .

. N S
on r

(600x600)mm*
DL =1300kN

service loads
LL=1000kN

Se=20Mpa
Sy =420Mpa

q = 240kN | m*

Dr. Husam Al Qablan
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‘i =
~ . Byxk
| ___.?'/— !
1 4o !
| Jd g ] -%1‘7——-—--—-—- . '
(g e § . pYM
'*’—‘T | Dy =12m below. finished basement floor
‘ .- - N b T .
(}I‘Q ~ _ e Sgé‘lA \ Léﬁp\fl a@b_}‘ c30o l. l d fSLNI‘
l . _ rtt'ng a-liveloaa o Y [ m
P ! Basekaness = 125 mm-suppo
B - =| Yoty — Jabip ast ,““‘“/ﬁ
Bb V) | g, = 240kN | m? — (1.2x22+5) = 208.6kN /m
?\ Where 22 — an average density for soil and concrete
[) . /C/ .
“ 1000 2 -
4 . . 890+650+1300 1000 _ y5.4pm
) v[ b 2 Area required = 208.6 /\ R
. PN ‘\\45"’) D 'E’g)
b N
, - 3 e Hh7 . Dr. Husain Al Qablan
S "\’,: e gl A ——
Y E Pl R AOY e
| N : :
| A L w” L"\) N i
‘ o - ] \\’L‘ ~ p) /_, y

| e & i
I / = - C} ',’\“{-’ ’
; , w3 {

. T

|
i (.Q;’\é . ’L\" / _
il ' P R IR O TR P VSRR IS ISR IR R R SR TG g b, e 1
| Sb D,V'E g = Y2143 ) .
i L{‘ A Q|+Q2 . F Y. B }

| e
“ ky\}\) e (v | 0, = 890 + 650 = 1540kN _
g2t 98 0, =1300+1000 = 2300kN ol

T 230056 _ 3 594m Rt

b

[ 2300+1540
/ LL2(x+L;)=2(3594+02)="7.588m =7.6m,,,,.,

L (}]\3‘-’“/’{“){) &/\5—;—4
e : Y
B I- % = 184 4 =2.42m = 2.5m ?’é- &

7.6 == lgre

The factored net pressure

. . . . 3.7
1.2(890 +1300) +1.6(650 +1000) o I
dnu = = i =271.3kN / m?

01, = 1.2(890)+ 1.6(650) = 2108kN
0y, =1.2(1300)+1.6(1000) = 3160kN
Dr. Husam Al Qablan
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2108 KN

TTTTTTTTTlTTH?
1
Ts ftit

6O3IL Ny,

\ p
160 )\ /

Dr. Husam Al Qablan

e Moy VY
B‘V‘E to Fu(kof(’,&

B

- Two way shear =

“——"TJ = 1000mmt
- Try d = 900mm
A sum P (VWS

1§ vhe i

cz:l-l'\nv\

)3WQ
are A \"w\ n

H\L RSN

web Sol  peive on the
‘{

|

|

Dr. Husam Al Qablan
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¥
o -
“ Y & o~
Yor) ety \r | C - pe
% / o e @ .
/ P N Tz
7 ) 3y _” X ~
M) N L et g f
= VW o

Interior column

V, =3160-277.3x (1.5x 1.5)= 2536 kN
“~Length of critical shear perimeter b,

b,=4*1.5=6m

@V, is the smallest of

, 4\ febd
(@) Mc:q{uz)———n
B.=10
4

DY, =0.75%| 2+ —
€ ( l.OJ

V20X 6000 900 _ goc6 gy

_

12 1000

_ o @sd | NSkl
() d)Vc—d)[bo +2) T

6000 12

oV, = 0.75*{‘"’"900 +z)m"°°°° x%%: 12074 kN

Dr. Husam Al Qablan

A . K
-y v

(c ) oV, = 0'% Sebod 2

0 e

1 9 0 U .
V. =0.75%=x%/20 x 6000 = N,
v, 3 *6000xmoe 6037.4 ;.N;.,' L

V.>V, = 0K

Exterior column
V,=2108-277.3x(1.5% 0.85) = 1754.4 kN
Length of critical shear perimeter s,

by =2%0.85+1.5=3.2m

Dr. Husum Al Qablan
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AP AR Sy PN PP

R R o T T =

[USICERN o ,‘/ >
RV
s ~ —
- ] 3} /f‘ -
Nugpg o @V a@:?“
, J (‘ x* e J ,
AW " e EoLs NI S\ JE N
(1 -’V(A 5 ,—’\é/yfj - - M\ NS
* ” e - ~ A Wt v \
>h\\_,/\/§/ (0 B’ \E’" v 0/ O‘l’\ . {2 /.;‘ — S j ’/
A e N ) (:': t AL -+ ‘:CJU}—FX o ok,
*';)'/v \? &/,« - _ \”\t}i_ 3 C
. < #
DV, is the smallest of -

. 4\ febod
| (a ) (I)Vc=(b(2+/?c)+2“—=3756.6 EN

ﬂc=1.5

b)) o

=q>((“* 304, }‘]— =8402 KN

() o

1 900
— - 200 =3220 AN <
(pvc_0',75*3x 20%x3 XIOOO )

,_d)*— febod

Ve > V= OK
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S fsw v F; - %;!-CG’) pot Seil pressu-

soil pressufcXofe=

undég the
cok

Val(ove woesy SR = Ve (fom D) — foctoled NEb b
Vi cotg = G Yy (14 d)(Cotd) Fuwewrng St K(?‘f\\:(mA of b=
olq 7« 1 4 Q te ! S, e C(.qu\

56(%}0)

A

H

Check one way shear . jlx»w«/ .y @A£r¢&’ ll‘p(r_al-)“\/", B ‘

One-way shear is critical at d from the face of the interior column (d+300 mm
_—from-the-center of the col)

Vi = 2190 - 693.25 0.3+ 0.9) = 1358.1 kN

Ve —07’( fcbud)

= 0.75(%4 20 ¥2.5x 0.9) =1257.7 kN <V, = Increase tire thickness

h=1 lOOmm
T {

e d= lOOOmm
i R.)

—
¥, = 2190 693.25x (0.3 +1.0)= 1288.8 AN

vol.S<

oV, =07r{ fobd |=13975 LN>I,,=>01.(? ST
3V ¥ )92) :
) S ;N J Di~. Husam Al Qablan
~n o)\ - N Ao 7 q} N )9? d» =
S
g Jo O\ 07 9 s
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pi—————— \“
. ; itudi irection
Design the Flexural Reinforcement in the Longitudinal Dire

“dssumea=0.1d= 0.1 m

\X |1 _ M,
O T e, (0-al2)

\\ s |
)
~N 1 3
‘\f/j' | Ag = — 2:782'6)(10 = 7748.8mm2
7 T 0.9x420x105(1000-100/2)x 10
/\%\
44 ) * : N
g Asfy _ T749*420 _ 076m g

0.85f:b 0.85%20x10%%2.5

Ag = 7654mm*
ad

As =7651mm?>

Dr. Husam Al Qablan

Ag(min) = 0-0018bh = 0.0018 * 2500 * 1100 = 4950mm >

AR » ’ -
Use 17D25 = A; = 8340mm “ a
\f - 1 \/0 l * = 3

©)

<

v

\

Interior col (positive moment)

As needed at the face of the support < Ag(min) = 49:':0)&:: 2

(,5\) 11025 = A = 540Lmm*>

v
\L_N
43 54\0\ A
/ \} (}/ t Dr. Husam Al Qublan

{x\ 5

Q
N
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B

4

&S.)ﬂg

Design for tran

9
‘ - 1.154

sverse beam

|
\
S
\ o

—

0.4 0.75d
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oS J2 @ oA B s Qs
|

) . )
_wl? _1264%095 : e
- - !
0.4x10% ) , RIS
Ag = 570.4x1 5= 1588.4mm2
0.9 420(1000— 100/2)x 107 :
) e ' 3160
. - N\ -
Ag{min) = 0.0018bh = 0.0018 El@ ¥1100= 4158mm> j
_f‘ ?ﬁ-- f S
) % C A 5
Use 9925=> Ag= 4417.9mm }{9 Lo 0.9 [

Pttty

/// 3160 2.:::1264 k“’\:ﬂ"
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wi®  843.2%0.957

M, = = 380.4kN / in
2
2
Ag(min) = 0-0018b% = 0.0018 *1150 *1100 = 2;77:;:": o
b A= —t =

Use 5025 Ag =2454.4mm 2

Check the development length ?

}—— 0.95

—_—

peeeteeetit

21082.5=843.2KNm

T o.75q

/--—-'17(1325

/

f.--o-ooo' CECEICICECEC)

:’oooo/

5'1’25/1 1025
A{min) = 0.00185h

e
79

Gy o7
Y2 Al
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~ Biaxial Bending of Short

f
)
"y
[

A

.,_grmwmr*-

Codlood,

ik

B SN,

Strain distributions corresponding to points on the interaction diagram.

e o Uniform complesson

1

r\(

¥ I.::.l

3

&

2 Baianzod lailure

%

>

<

o
E
pLomoest resstance M,
P )
. g« 1 P A s e e

‘: vr. Husam A4} Oublan
PN ] -4
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TABLE 11-1 Strain Regimes and Strength-Reduction Factors, . for Columns and Beams

Maximum Strain Compression-Controiled Transition Region Tension-Controtled .
Max Compressive Struin - &, = 0003 compressiun £y = DOU3 compreszion £, > 0003 compression
Maximum Tensile strain & hetween 0 (H13 £, between 0.002 sension strain £y equal toor
ar ultinuute compressian strait wnd and Q005 wension strain greuter than

(L(K)2 tension srain 0.00)5 tension
ASCE 7 Load Factors  Values of Strength- Values of Steengih- Values of Strength-
(= 1.2 = 1.0 Reduction Factor, ¢ Reduction Factor, & Reduction Factor, ¢
ACT Code Secton 9.2 Tied columns p = Q65 Tieed colinny Tted colwmns

R

- 250
S o= 63 gy - OLK2) b & = .90

Spircl columay & = 1).73 Spiral volunns Spreral coldinniny
G E 075 F e - QG2 30 (115 ¢ = 00

Al rom ACTCode Sections 9.3.2.0 and 9.3.2.2

Dr. Husam Al Qablun
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o0

AV

maTnac

3 : b 1) g
~ conTrois Pl (L
; A O s
z "3 ".""'Hf =
° $ - 2 -
Axiz 5 Balaniced $irain
v conditicn

compression |

’
-

~7 1/

~ ‘\ \n,

~ Region | SNy

; Maximum zxizl comprassion permitted by AL o

: . Primax) = U.BO& (Kied] i\) 5 QQ-{)(‘/»/;’,:J
: TR sy = 0.BEE (spirally reinforced) ) A

4 — L Cri s
AN ~ Regien -

Compression . ,

’
; - Region [
g . Tension
Ll controls
L

M, . bending moment

* ' Dr. Husam Al Qablan
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; \ :Poinlwhere load A, is applied
|

I,

X
i > e
% X— L Y

My=P, ey,
Tt

—_—T
f)’;\ Muy =P,

R e U

Dr. Husam Al Qublan
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Interaction Surface for Axial Load and Biaxial Bending :

My

Lappreer 301 o B hom s, oo ;B v Mk

Dr. Husam Al Qublan

N\
R ‘
- > |
~ .,‘.\;} - ‘
_F,’ - "\:‘\ ,\. ' //
- .\\:5 ,/
\ '-‘*-33‘" -
h‘ '/

Approximation of section through intersection

surface (see Fig. 11-32)

surface
|
! 1
]
45° /
Iﬂo,
Horizontal section
A through interaction
™\ Approsimation 1o section
raugh interaction surface

[P
- BT Gt i i v e

Dr. Husam Al Qublan
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‘esley
I Re *Ciprocg] Loaq Mety
1od

1
— = 1
By e 1 @YX (-
P" (Dpru Rﬁ’)‘ op ? LJ N Lle
no
where
P

no~ axial loqq Stre;
€, =0; e, =0

P

- axial |
ny oad strength under uniaxial eccentr, zcxty

Column

(/““0\9{“ btc\)l N [}(5\\&‘\\43

{ex = ‘)9 6 0
M"J’ =Pnex

Dr. Husam Al Qublan

Sx =

MY
U

P ro= @[;"BGPCSKAS A+ Ac@)

Notation

.- facto: ed a.ual load, positive. in_compression
-eccentl icity parallelto X
e; —eccentricity par allel to y |
Mux = Pu,xey .
]Vuy =P, X€x

Example

p, =1100 kN
M, =138 KV
Muy =68 kN.M

Dr. Husam Al Qablan

f£=20 MP”

£, =420 MPa
¥y

211

i

Scanned by CamScanner



Estimate the columi size

—T Ted-column

(n ial) =
0.4/ + Prfy
Sptral column ~ < reco
Ag(rr ial)> “
0. S(fc +pfy

The most economical range jor pi

Assumed tied column with p = 0.015

”‘C /-2) 7 \,y;x
‘y\ﬁ\ff//’/
\

is 1-2%

Dr. Husam Al Qablan

= Ag (trial )=

1100x103

0.4(20 + 0.015 % 420)
ooF 323 mmsquare

= Try(400x400mm) square column
use 8025 and @10 ties

= 104563mm 2

—_.___..__,..

':Jumm
s
|
|

..JP__ _________ gl
I Tie —
B

o o ¢

/
’ 1/ i fZ/"!‘/C/;
[ Y,* , £
./_’, 'L// 7~/
- ' -
-~ /J
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PN

/41 =400 - 40~ 40— 20 _ 25
( = 275mm

-4l

y=275/400 = 0.689

Pr

' 400x 400

| 8x 510 e
E = = 0.0255 i . \\_\’]
{

Compute ®P,

M, =

uy P,e

u*-x

M 68

< = =0.0618

0.0618
0.4

=0.155

Dr. Husam Al Qablan

From Fig A-9 y= 0.6

PP e =12.1MPa

bl
=

Jou
mim

From Fig A-10 y = 0.75

= PP _ 12.4MPa
bh

Interpolation gives

124-121_ X 5 x=0.178

0.75-0.6 0.689-06
DPpy _ 178 +12.1=12.3MPa
bh

= OP,,

=

N
_12.3x10° x0.4x0.4= 1968kN

=400

\

/,y ‘\
N

Dr. Husam Al Qui)lan
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- Compute PP,

(@ ) )
+ )

® + @

oo o

M= =
: 400
; Jn{ ’ 138 mim
i XD O = [{AY = _ 0.125”1
\ j P, 1100
0.125
= 4= 3136
[y, 0.4
o /:_;::\ =F‘:" -

v =400 mm

Dr. Husam Al Qab!a(t

From Fig A-9 y=0.6

oP, .
— " —8MPa

bh

From Fig A-10 y =0.75

f P, ,
= ™ 8 7MPa
bh

Interpolation gives

P,
PPy _ g.amPu
bh

= OP,, = 1344kN

Dr. Husam Al Oublan
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-LCwnpute@

no
X = O e O e .'.':\
— 19— 17,63 AT
ol 1Pa
| = ®P,; = 2816kN
Or '
= 0.65(0.85 £, (4, — Ay )+ A, f,)
0.65
0.85%x 20x (4
1000{ 8 >< ‘,x( 00><400 8x510)+ 8x 510 x 420)
)_ 52816{?_4“: | |
\ N //\ . A
. e Y'IN \l Dr. Husam Al Oablan
AL \ e aedy, Aca e
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RN
“pp T—c 1
P, (DPH_\_ @ - 5\
< 1 _ 1 W P
~o=—_y 1
U By 1968 1344 2816 8.97x 104 /"/, 3
& B =11147 sy
Thel‘efm A t/

Dr. Husam Al Qublan

[
e |
e o1 - ' l
E . [ » ’_," ;—,3‘ ,.// Yy
N xample A so0inm
E 7 e i
| |
P, =1200 kN
; :
M. =90 kN.m J00 B
‘ Ux mim
|
— kN .m

f2 =28 MPa = 4Ksi ’
f, =414 MPa = Grade 60 Ksi
)l ton /o

of the trial design

Dr. Husam Al Qablun
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e e e— T

s e e

P —
-

|\ S,

U

A

v D it 1

A
[ S .5\ |
'

Bending about y-axis

_500-40-40-20-25
500
‘ €x _ 0.15 — 03
[, 0.500
5893

=—""7" -0.0392
Pr 500% 300

—

M, =P.e,
e = Moy = 180 =0.15m
*oop, 1200

=0.75

- B
~ ,;._J.J
it
' A -~
-"“."
- »
"’

Dr. Husant Al Qublan

- P;\m»\\ el tov hkelseceion

From Fig A-9b

PII.\‘ — (P S
-—-—bl =178\ ksi =12.272MPa
7

= P, = 1840.8kN
1Ksi = 6894 KPa

=

Bending about x-axis )

M, =P,e

uty

My 90
YooP, 1200
_300-40-40-20-

=o€

|

|
o
=)
N
W

S

300
y 0,075
=-L-2TD 435
1, 0300 7

Dr. Husam Al Qablan
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b

o
S — C

From FLgA 9a

DP,

= bl”y =1.82\ ksi = 12.547 MPa
1

= ®P,, = 1882kN

®P,, = 0.65(0.85 £ (A g~ Ag)¥ Ag f y)

®P,, = 9—6—5—(0 85 x 28 (500300 — 5893) + 5893 x 41
no — 1000
®P,, = 3815kN
Dr. Husam Al Qablan
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RO IS S
P, ®P, @P, @P,
1

ny

11 11
. P, 1840.8 - 1882 3815
= P, =1230.7kN > 1200kN = OK

'
e
Therefore, the column design is adequate

!

~

Dr. Husam Al Qablan
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Slender Columns

Dr. Husam Al Qablan

\omoL(’.o.MtJ)\ v Lo Qe U5 Momew \ Ly %’Jlf\}l\

Coluan I\ \'6\5_4,«’:&9 L

~L.. 5o st G e o

1
1

:
M, =He+d)

f\Nhen the eccentric loads P arc applied, the
:column deflects laterally by amount &,
|i‘"howevcr the internal moment at midheight

The deflection & increases the moments for
which the column must be designed

1

P
a1 Cotumn

P
s Tragepog, duagrar

Dr. Husam Al Qablan
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\ovds Q“P&is)\ e bin> a8
Coluan A \é\MNMD

Qs‘L

O G Momews § 11 @l 53\

.:L_.._.___.. S

When the eccentric loads P are applied, the
column deflects laterally by amount J,
]10\\ ever the internal moment at mldhelght

Mf =P(e+é)
The deflection & increases the moments for
which the column must be designed

5
W -

il Calumn

\T/.w, s Pie o .
\

p

i Frasspody diagram

ff'ff N
ps (AP

bk %_,., ‘*k’ P & \ Dr. Husam Al Qablan
’,/ :.((}Z‘ T

5,/\/“ T

’\L el vl &
T TN

NIV SIC e
252
.
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Failure occypg
when the loaqg-

-moment curye

- 0-B for the

- point of
maximum
moment
intersects the
Interaction

diagram of the

Axial load

I/

A
S é’_Co\\le Q‘\&Q\{\

8
_Shon-column
Interaction diagram

e

Load-maximum
moment curye

Cross section

Dr. Husam Al Oablan

[rrve——— s e ey

A slender column is defined
has a significant reduction i

deflections of the column. I

as the column that
n its axial load

Capacity due to moments resulting from lateral

n the derivation of

- the ACI code. " a significant reduction” was

- arbitrarily taken anything g

reater than 5%

Less than 10% of columns in braced frames

(non-sway frames) and less than
In unbraced or sway frames woul

half of columns
d be classified

as slender following ACI code procedure

Dr. Husam Al Qablan
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£ N L~
. g
N =1
a O =
BUCk/ing Buckling of a pin-ended column.
P ”
P

 Leonhard Euler solution

) /
2 2
| n“n*EI j - )
()? .Pc = 13} Cotwmn iy Froe-dacy diagea
cC\ttea) \w'k‘k l"
Ba W \L \on .
A Rumber of half-sine
waves in length of
g / a-z;.\‘
- column ' g "
Y=\ By \ood &
‘\\o( 1¢) Numbat of hasl-uina wavos.
AREY ) o R A i
J —..}:«{
E Dr. Husam Al Qablan
\“-.3‘ If

The lowest value for F; will occur with n = 1

This gives the Euler Buckling Load

PC = —

@)

\.fl 2
Effective length concept rEl

|
2 2
chzﬂEI__ﬂ' EI |

| (1,)2" (1)’
et

Effective Length Factor =k
KL Etfective lew) ;

(a)

Dr. Husam Al Qablan

_ 2272E] «

@y

(0) (c)
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Effective lengths of idealized columns

s —
7 —‘E [ )%4 :
4
X -;-, (Haif -aine wave) - C
{ Hali-sing wave Hall~sine wave A 2 A .
N i :
;‘, '—':' .
"'i" : i e
—,‘; {Halt-sine wave) /. . R
. - .- s ‘.“4‘ S
’ ..'; '\\E:i‘ f-,
. . 1. _’1 “ ;":" N
@l o= V& ) o = 2, ki = Ei gt /
) \’f'.(‘- /
~
A N
Frames braced against sidesway EAN = 4
a..: '..
D"
&
‘ T
;','- (Hoil-sine wave)
i f
-;- {Hait-sing wave)
1 i
! ' ~
N o k=2
cyn= 1, kix! (d 2% )

Frames free 1o sway laterally.

Husam Al Qablan

Cogravegit BT9° 30w 00 pond 43 3000 A/N 30 08 (WAL A TN
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Effective Length Factor

e C AN
e e N T
S EI.Il, of column
S Ely /1, of beam

g

W, and ¥Yg are top and bottom factors of columns.

For a hinged end " is infinite or 10 and for a fixed

\

‘{7

NS g
ke
eom

2 s“? =
end ¥ iszeroor 1. {'\ =S
" E =47004 £,
i raphs: .
Assumptions for nomograp Iy = 0351,
- symmetrical rectangular frames I, = 0'7013,
U:-Z, equal load applied at top of columns _
/ |‘ = (L T
- unloaded beams =T 23 <

-all columns buckle at the same moment

Dr. Husam Al Qablan
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Nomographs fork =~~~

TKe
Ky
™

100
5.0 -3
3.0 —
2.0

top

W

1.0 -
0.8 -

2.6
0.5 -
0.6 —

C.3

0.2

0.1+

o

X

- 1.0

) ]

Los

LK. | K,
—== bot ~'\C
TKe bottem TRy

o

y w
w00 | | 120.07]
E. 50 50.0:
~ 3.0 20.0
-~ 20

10.0 |
= 1.0 ﬁz:
~ 0.8 5'.0_:
~ 0.6 4.0
- 0.5 7
- 0.4 3‘0__
— 03 2.0
- 0.2 ]
> 1‘0—.
— 0.1 ]
L 0] 0

2K %
‘ == pollom
" K

EKp

o &
3= 100 -0 s
T 5

-}~ 5.0 -
A 40 -

- 3.0

T 177 @ 1ill
D

2
T

]
N
(=]

- 15

— 1.0

‘u[—r|I|i
(=

{a) Nonsway frames.

‘-‘.M‘{,";I:NH::'-G.\.AI"vaH!ﬂ’».l‘!wﬂ" e

(o) Sway frames.

Dr. Husam Al Qablan
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DN ".

As a result of these very idealized assumptions,
nomographes tend to underestimate the values
of the effective length factor k for elastic frames
of practical dimensions up to 15%. This leads to
an underestimate of the magnified moment Mc

The Iowest practical value for k in a sway frame
is about 1.2 due to friction in the hinges. When
smaller values obtained from nomgraphes, its
good practice to use k=1.2

Dr. Husam Al Qablan
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R R S LR o 7“ i Fp it )
TABLE 12-2 Effective-Length Factors for@onswaﬂ(Braced) Frames
Top 13

0.81 0.91 0.93 .00}

e 7

Hinged »’.'T'.x: i‘@;
Lol

Elastic

=31 —’— 0.90

Elastic, flexibie

=16
stiff -
o =04 '
Fixed 1“;""'
‘ L e | | Lo
i e e Bl
Fixed " Elastic, . )
=il flexible Blastic | Hinged
Bottom

e T s boatias ik

Dr. Husam Al Qablan J
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B

TTENY megnikler o
QS'&“—G’MC&J\ Fﬁme&)

MC$ Sy\g /\I\,Lw—%“’\(ae)’\
v s Birst o3

ey Mo rme. L

fv\'7.7f\\

N

/ R
r.;OJ i
@ = -~ |=m

| Single curvature column.
0= MM, =10

A

Double curvature column.

o o

—1= M/Mp=0

Dr. Husam Al Qablan

l (-~,(”[
L R

, 9
C -

g Un 'Drn.l')/é / c\-itﬁ'\:r:“- ,"
::—). .
iI Ky 935 Neglect
| r ™ slenderness
I i
f .
| K Approximate
22< /ri <100~ hethod
l
p-A analysis

Kl 100>
r

< —

Nonsway frame

4 2 [\,“\
(( H=

2 : - P (
b—f‘iJs«t—lzﬂ <4o
.l M

S RS

2

\

y k
e 34-12] <M <100
.

J
(—EI—"->100
r
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A Lb' A
c= N\ - (o
> -’ ‘-\’"
ffj\k‘ :
7oTeN
Sway frame g Nonsway frame
it ¥ \.‘A' ,.v"
R B e —— e X
:, o e ‘,‘\\’\ _J,' :", i "J{j»l""
%M\\br;w__/é //§ -’.“.‘ . Jus = jt 3
Ii rll §22_> \Y Neg/ect ( - ,‘lll 434_12% <4-b >J’1¢7V*/ By {M

slenderness ~

\ )

22< K 100 Approximate 34 1My Ky oo
r method My v

\ 2

' | Kl
éﬁ‘— >100— P-A analysis “«— T" > 100
r
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.. Section 12-4 Design of Columns in Monsway Frames = 551

frame:, k should never be taken less than 0.6. Tn sway frames, k should never be taken Jegy
than 1 2 for (olumm restrained at both ends.

Calculation of k from Tubles

Table 12-2 can e used to select values of & for the design of braced frames. The shagag
areas correspond to one or both ends truly fixed. Since such a casc rarely, if ever, occurs i,
plactlc\., this part of the table should not be used. The column and row labeled “Hinged™

“elastic” through to “fixed” represent conservative practical degrees of end fixity. Because
k values for sway frames vary widely, no 51m11ar table is given for such frames.

Calculation of k via Nomograpl'zs

The nomographs given in Fig. 12-26 are also used to compute £. To use these nomographs,
il is ca;» ulated at both ends of the column, from (12-27), and the appro‘mate value of / is
found ¢s the ,»:er-wction of the line labeled k and a line joining the vah'Ps of i at th= '
ends of the coiurar.. The calculation of i is discussed in a later section.

T he nomographs in Fig. 12-26 were derived [12-15], [12-16] by considering a typi-
cal intcrior column in an infinitely high and infinitely wide frame, in which all of the
colums « have the same cross section and length, as do all bearns, Equai loads are apphed
at the tops of zach of the columns, while the beams remain unlonded. All columns are a

rrwd i buckie at the same moment. As a result of these verv iderlized and ~»i*> sreal.

B As TLTTOLS, 'L S -'-I:":'J'..“ Lot dndzesiundis e eafue T Tl o
TKe TKe | K
1 =% bottori € to L
Ey ’ I;Kb P k Ko bottom
—_— ! a2 0 — _fm . (==}
jr Gl £ ool | 10007 100 £ 100.0
i E . 50.0 T 500
. , F‘ %0 |- - -+ 50 e
- C -
e T R K 20.0 - 4.0 — 20.0
Ak 1 F 20 o 1 .
15 | 1004 -1 3.0 - 10.0
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550 = Chapteri2 Slender Columns

ki
———

0.6 < kf, = 1.0

Half-sine wava .-
(2) Nonsway frame.

> 2y,

Half-sine wave
I >?u
|

1.2 < kly < w
\ 2.2<k1’u<°°\

\‘.- E— ) \\

(b) and (c) Sway Frames.

Fig. 12-25

Effective lgngths of columns in frames with foundation rotations.-

'
\

TABLE 12-2 Effective-Length Factors for Braced Frames

Top ' : k 1
' 3
Hinged LLLL L &
Elastic . b B
Yy=3.1 T
Elastic, Flaxibiz ... y
Fixed - | ) )., 0, -
b | =L
i . . Elastic
! . Suft Flexible Elastic Hinged
Bottom
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o(éblumns in Nonsway Fra:mmzs -

Section i2-4  Design =

.

al stiftnesses of the columns and the Yoy

. “the (Texur N
i\\.lhilf‘.i“ll\." :“:;l '?l::\;l":,ll]:-..l?:i,:jt”:l.\.\,;:iilllitn}-ly. Al (:x,i'\\l':lm—ln-{kmling joi, ML <, l,:(;:’;lr{h
i"o; R ll)x';xc)u‘Lallhc‘()itll:lll restrained at its upper end, and = Ky, is replaced by the fOlliong| Stity.
ness of the footing and soil. taken equal 10

M o
Kr= 0, (1225,

applied to the footing and 6 is the rotation of the footing, The

wher yment . :
vhere M is the mc the sum of o = P/A. which causes a uniform downwarg setile

stress under the footing is

c b enyses a rotation. The rotation 64 is |
ment. and ¢ = My/I, which causes 4 rota / /
A b |

6/' = -\— (12-3p,

where v is (he distance from the centroid of the footing area and A is the displucemen, of
that [)O-in[ relative to the displacement of the centroid of the footing area. 1F /¢ is the coef;;.
cient of suberade reaction, defined as the stress required to compress the soil by a un
amount (k, = «/A), then 6/ is

U My

() = e— = ———

|
= = X —
I,y Iy kev
Substituting this into (12-29) gives
Ky = Ik, (1231

where ¢ is the momanit of ine:tia of the contact area between the bottom of the footine and
the soil and £, is the coefficient of subgrade reaction, which can be taken from Fig. 1227,
Thus, the value of 21 2 footing-to-column joint for a column restrained at its upper end is

z
: 4E.1 e,
E ‘f'= = (12347

a1y
2
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Section 12-4 Design of Columns in Nonsway Frames/%i@
e o

Summary of Moment-Magnifier Design Procedure
for Slender Columns in Braced Frames
> )

[Fa column is in a nonsway frame. then design involves AC] Sections 10.11. “Magnified

Moments—General,” and 10.12, “Magnified Moments—Nonsway Frames.™ which give
the following conditions:

1. Length of column. The unsupported length. {,,. is defined in ACI Section 10.11.3.1
as the clear height between slabs or beams capable of giving lateral support to the column.
2

= Effective length. ACI Section 10.12.1 states that the effective-length factors, &,
of columns jn nonsway frames shall be 1.0 or less. The effective-length factors can be esti-
mated from Table 12-2 or from Fig. 12-26. These procedures require that the ratio. .. of
EI1/{ of the columns and beams be known. This fuctor is given by (12-27). ACI Section
10.12.1 says that ¥ should be based on the £ and 7 values in ACI Section 10.11.1.

3. Evaluation of wheiher the frame is braced. Frequently, this can be done by
InSpection, by seeing whethe: 1l bracing elements, such as walls, are considerably

stiffer than i1 columns, Alteraatively, the frame can be assumed to be nonsway if Q
from (12-33) is not greater than 0.03.

4. Radius of gyration. For a rectangular cross section, r = 0.3h, and for a circular
y cross section, r = 0.25h. For other sections. r can be calculated from the area and moment

| of inertia of the gross concrete section asr = VI,/A, (ACI Section 10 11 7,

.5 Consideration of slendprnese. ¢t 027

el ey 03

2.5 aliows skencerness iz be neglected if

Nt s ST 0GnhY 2% TLLLL el

148 M
2 —<3y-nt (12-20)
; s r fl73
¥ For column: m unbraced frames. ACI Section 10.12.2 allows slenderness to be neglected if
{ k(,/ris less than 22, If k{,/r exceeds 100, design shall be based on a second-order analy-
i; sis. The sign convention for M|/M, is illustrated in Fig. 12-13c and d. ‘
6. Minimum moment, For columns in braced frames, the larger end moment. M-,
shall not be taken less than ~r - M1 ), M2 piv
, Mamin = P15 + 0.03h) (12-21)

(ACI Eq. 10-14)

about each axis separately. whese 15 and /1 are in mm,

7. Moment-magnilier equation. ACI Section 10.12.3 states that columns in non-
sway frames shallbedesizied for the factored axial load. P,. and a magnified factored mo-
ment, M,. given by

) 2L A B P TIR A At LR LRI B IR A

M‘. = 6,,_‘/‘43 ) “2-22)
\ s 2 (ACI Eq. 10-8)
where Ma is the larger end moment and
Brs = ———C'—ﬁ = 1.0 (12-23)
e (ACI Eq. 10-9)
_ with
/'f B Bal A
C. = 0.6 + 04{—%) > 04 £32-14)

- AnCLEy. i0-13)

263 ‘
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where hfl/i‘fz In (11-1-’7}' 13 p()\'i[i\lc [or Sillgle-CUf'\’ﬂlurc bcn-’jl_::g and 151

Tl
curvature bending, as illustrated in Fig. 12-13c and d. &
arEl Q%
P = (2,
(ke,)? (ACL Y, o
1 \ [ .‘q‘ 10~“
and
0.2E.I, + El "
s Pu (ACI 1y
or
-
=55 . 0.40E.1
X y
uns U+ Ba : © (ACILEq, 1
- - . s : 1 i
n/() The term B4 has three definitions, only onc of which applies to columns 1 nops
.\/ / fran}t;\.s,Eopnoa-s;\\'ay columns,
’ (oo
\-"¢ B C(x =_~ _ maximum factored axial dead load in the column »

i\ 6, LL ‘*‘\'/I/E—C:— B total factored axial load in the column

Equations (12-18} 214 {12-19) could also be used to compute ET for use in'(12
The ET values given in ACT Section 10.11.1 cannot be used to compute E; foru
(12-24). The EI vaives in ACI Section 10.11.1 approach the average values for an:
story in a frame and are intended for use in first- and second-order frame analyses.

If P, exceeds 0.75F, in (12-23), §,; will be negative. If the stiffness were lowe -
expected, such a column would be unstable. Hence, if P, exceeds 0.75 P, the column
section should be enlarged. Indeed, if 6,; exceeds 2.0, strong consideration shot

, .zven 1o erlarsing ihe columi cioss sevtinn, hacauss Layond that the ealeulatiang ke

" oery seusitive to i assunien wmads,
LE 12-2 Design of itz Columns i @ Braced Frame

Figure 12-28 shows part of a typical frame in-an industrial buildine. The frames ar Spa
apart. The columns rest on 1200-mm-square footings. The soil bearing°capacity is 190 kPa.
colurans C-D and N-£. Use /. = 20 MPa and f, = 420 MPa for beams and columns. Use 1o
binations and strength-reduction factors from ACI 318.02 Sections 9.2 and 9.3,

1. Caiculave irte column loads from a frame analysis,
A first-crder elagti. an~tvars of the frame shown in Fig. 1228 gave the forces and momens int

e e Column CD Column DE _
Scivies o | Dead = 350 kN Dead =220 kN
Live = 105 kN Live = 60 kN

Service iments a Dead = —80 kN-m Dead = §7.5 kN-m

Lops of columns Live = =19 kN-m Live = 15 kN-m
Service moments at Dead = —28 kN-m Dead = —43 kN-m

botto:ns of columns Live = =11 kN-m _ Live = =11 kKN-m s

/
Clockwise moments o:: the ends of members are positive. All wind forces are assumeS Ch .

by the end walls of the building.

P
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225 mm e —— (L

L 385 mm
4{.,9_2? 7300 mm /% L‘{-/
section A-A.

6000 mm
Cc
N 1200-mm-Sauare_,
! R i : .
) (‘ _ _u_».(;' & Li T4 {¢) Mcmenis in columns ot
Cen b TR (D and DE, (N-m) ) "
221 L B 0L
d frame—Example 12-2. LLLA T . :
b 2 e '

2. Determine the factored loads.
(a) Column CD: ‘

P, = 12X 350 + 1.6 X 105 = 58
moment attop = 1.2 X =80 + 1.6 X —19 = —12A.4 kN-m

moment at bottom = 12X =28 + 1.6 X A-U = «-5{:11\;4_.“

The factored-moment diagram is shown in Fig. 12-28¢ Ey definition (ACI Section
10.0), M, is always positive, and M is positive if the colurnn js bent in single curvature
(Fig: 12-13¢ and d). Because column CD is bent in double curvature (Fig. 12-28¢c),
M is negative. Thus, for slender column design, M, = +126.4 kN-m and M, =

—51.2 kN-m.

¢b) Column DE:
P, = 360kN

moment at top +93 kN-m
moment at bortom = #r69.2 kKN-m

Thus M = +63 kN-m and M, = +69.2 kKN-m. M, is positive, because the column is _

in single curvature. .
3, Makea preliminary selection of the column size. From (1 1-21a) for p, = 0.015,

. . P
T e ———
Ag(uial) = 0.40(f% + fyor)
10’
D S 420

» e

PR - <] SR
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Because of the slendemess and because of the.large moments, we shy)) lake a |

350 mm X 350 mm columnns throughout. .
slender? From ACI Section 10.12.2 3 ¢clun

. 4. Arc the columns \n in
<hort if k€, /r is loss than 34 == 123 /#.
(a) Column CD:
£,= 6000 mm ~ 610 mm - - (ACI Seetig
= 5390 mm
From Table 12-2, k = 0.77. Thus, .
r=0.3 X350 mm = 105 mm (ACIS
3 0
| L_ﬁ . 0.77 X 5390 ~195
r 105
| © 512
3412 2o ~31—12(— o) )—3
M, . 1264

Since 39.5 > 38.9, column CD is just slender..
(b)" Colinnn D7: .= )

€, = 7300 mm — 610 mm = 6690 mm

k= 0.86
KE, _0.86X6690 .,
7 105
34—12 My =34_.12(°9'2)=é5.1
M, ) 93

. Thus, column DE is also slender. Neithe: cojumn exceeds the ké,/r =100 lﬂhi
—————— Section 10.11.5,- — = = ' ——

5. Check whether the moments are less than the minimum. ACI Section 10,1&_3;2

quires that braced slender columns be designed for a minimum eccentricity of ( (15 + 0.03k) mm. Fg

350-mm columns, this is 25.5.mm. Thus, column CD must be designed for a moment M, of at Jent

. Py = TR % 235 2 107 == 1S kNem” B

e and cenin SR for 2 mzieant of o ey €2 BN - Sinac
the columns shall be designed for the tetna) momouts,
6. Compute EI. Since the reinforzement is not knows,
cither (12-16) or (12-19) to computz EJ. From (12-16),

- - . v L 33
I e R . :
Lt GUwal Ml acie cattd these v
L

at this stage of the design, we 2

where

Tg =350% 712~ 177252 % 106 g
0.40E.J. = 10,51 7 v 109 Nemni?
. (a) Column CD:

_12x%350

=().7]4
Pq 585 il
10,513.87 x 10"
El=— = 6134, 9 Nornm?
T+ 0714 11 X 10° N-mm
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Section 12-4  Design of Columns in Nonsway Frames © 5b9

(b)  Column DE:

1.2 X220
= —=0.73
P 360 3
§
Fl= 10'515';337;10 = 6066.86 X 10° N-mm?

7. Compute the effective-length factors. Two methods of estimating the effective-length
oo !c, have been presented. In this example, we calculate k by both methods, to illustrate their use.
1 practice, only one of these procedures would be used in a given sct of calcultions. We begin with

factors

SEI /%
To V v = SE /€y
where AC{ Section 10.12.1 says that E and ] shall be as in AC] Section !0.11.1. Thus, {. = 0.70/, and
{b ='0-351 g Where I, is the gross moment of inertia of the cross section. For the beam section shown
in Fig. 12-28b, ACI Section 8.10.2 gives the effective flange width as 2275 mm. Us's  {nie width
gwef I, =15.07 X 10° mm*, so I, = 0.35 X 15.07 X 10° = 5.27 ¢ W’ mm*. Similaniy, .. = 070 X
350°/12 = 875.36 % 10° mm*. In (12-27), £, and £, are the spans of the celump and bearm, respec-
tively, measured center to center of the joints in the frame. .

(12:27)

(a) Column DE: The value.of § at E is

, 6
e E, X 875.36 X 19 I/7?oo 0173
Se X527 287 /760G

where E. = E. Thus, ¢ = 0.173. The value o 7o 721 1, g
L. . 760:9 7%3 Wb

=0.472

_ E, x875.36 x10° /5695 + E, X 875.35x 10 /7300
b E, X5.27%10° /9100

The value of k from Fig: 12-26 is 0.625. Thé value of k from Table §2-2 15 3.86. o
As was pointed out in the discussion of Fig. 12-26, the effective-lenglh nomogrzphs tend to
underestimate the values of k for beam columns in practical fromes [12-14]1 Because Table 12-2

cives reasonzble values without the need to calculate i, it has been usai i compute & 12 this exam-
ple. Thus, we shall use k = 0.86 for column DE, . . .

(b) Column CD: The value uf ¢ aiDis

![/D =0.472

The column is restrained at C by the rotationa! resistarice of e so:l under the
footing and is continuous at D, From (12-32),

- o R ¢
s Ijk: i 4h

where Iy is the moment of inertia of the contact area betweer the footing and the soil
and ;4 is the coefficient of subgrade reaction obtained from Fig. 12-27. Thus,
4 e

4
21200 _1925%10° mm* bL3
!
/ 12 X éoo -9
4% 21,019 % 875.36 X 10° ( —~ )
Ve = 1200°/12 X 0.0472
L H\ED

1 TN = -ll
From Fig. 12-20: k=0.7
From Table 12-2: k = 0.77

U‘:- ’l; - f_l.77 I’,‘

r colamn CD.
A

4~
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. tosessgeme= - -

where . :
Clll

(2) Column CD:

C —

N .
=0.438 .4

- w2 El

[ (keu)z (IZM)

¢, = 5390 mm (ACI E.q_lo.n:)

From Tuble 12-2 assuming the top enil is the nterseciion of
columns, and the bottom end is “stiff,” k=0.77.

% 6134.11 X 10° N-mm’

P
€T T (0.77%.5390)
=135,147,333 N=3514.7 KN
o 0.438 s
w1 588/(0.75% 3514.7) o
=0.5642].0 N
y ,‘J‘ 'fherefore, Bps = 1.0. This m’eans that the section of maximum momznt rzmzir.s%}
) 'm / ‘the end of the columin, so that ;
' M.=10 X 126.4 = 126.4kN-m
T ~"Column CD is designed for P, = 588 kN and M, = M = 126.4 xi¥-iix :

(b) - Column DE:
. . . N . - ,.' \

C, =06+ 0.4(%’3—2) =0.900 : ‘ ,

[}
-

. -

F
o (0.86 X 6690)*

: _ 0500
=30 —
" 0.75% 1809

=1.225

7 0USRE M 1D L 10 )
= 1309 I .6

=1.0

Th.is column is affected by slendemness, so

M.=1225X 93 = 113.9kN-m
Column DE is designed for P, = 360 kN and M, = M, = 113.9 kN-m.

9, Select the reinforcement. Figure 12-29 gives interaction diagrams for3‘f/ s
350 mm columns with four No. 25M bars, four N§..29M bars, and four No. 32M bars- Jos
the following for reinforcement:

Column CD: Use 350 mm X 350 mm column with four No.
DE: Use 350 mm X 350 mm column with four No.

25M bars.
25M bars.

Column

268
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