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Types of Columns (Geametry & Reinforcement)
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Tied Columns
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Elastic Analysis of Axially Loaded Columns
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’ Elastic Analysis of Axially Loaded Columns (cont.)
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Analysis Assumptions

*  Shrain vories imearly acrass 1he section
* Slraipestress compatibilitios

¢ Loncrete crushes at 2, [F VTR

ki slippage between concrote and stoel

* Cuncriete has no tensile st th

Nominal Capacity of Concentricaily Loaded Short Columns

+ Conasider o reinforced concrete columis subjuected o a comoumie i
lid, Let’s find the

_:;,:C,,__JJ’LJLLF—* |

Ly bS2 5

anial capacity of this columin,

P ..
Y
-
A,
A,

| — As |

Column Sevtiam

WV

o s
[~ y
— ! .
~A | B E =5
(;LJ G ’-’Jt_tr‘! o
i ~
Nominal Capacity of Concentrically Loaded Short Columns
3
£, 085 AT
: f I
wherg -t._. Ar - Ay e the varal areaat longitudinal reinfore e et
Freim equilibriom, we have
P A i
Why Pl ooy
Flagge = WMl —d ) LY
A, ey s
3 | R e ———
e Cam— — Ayl
. 0 — ]I._._ el c
at ?_ P —d i
, —= . T
Column Scction Stam Internal Forces
~— e, .
< concentlic [ 2 Lot e— Fho
-
e A
J & -
Plastic Centroid of Column Sectian r., A : .LJ’(;‘ la. i,n_&i{.;,_- r».tnd
‘ ¢ poui i the calun wilionithrouph ¢, 4, L - "
VIISH the eesuitant celume Tusd vovast fiass 1 | 'l L E/ r—'(t--b)/_:)('-’ r/}.[J/.L'
PHECELe Ut rmatigie 41 Lailuane -
LH5),
. Sy -Frn e B { il | \ ; 4 i"""JJLf Gm:“l
FrC L mit Ly 2y VR ! L (LT |
itz S PR I |
S okl Yo = =03
Mt Camtro]
& & e
- -
C " i .
“ 8 8 & Pl Centauind & = *
AR S 1 ol Netice
ML Sediign Asyinimelng Sectun
& S .




= :
-

- = 2 - .

Effects of Accidental Eccentricity Rainforcement Requirements for Columns (cont.)

+  Toaccount aceidental ecoentonities, the maximum nomnal sxls 2- Mlinimum Number of Longitudinal Bars

pacity is defined as a fartor ot P2, J -
Vgs LS vy Lj'f,-ﬁ’J
o o 4 for triangular tied talumns -

For tied columns {e = 100 1 izt
° { N | for rectanpular or circular tied eolumins

* wo= 6 for spiral columns
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Reinforcement Requirements for Columns {cont.)

3- Lateral Ties

« Size, tl,
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Reinforcement Requirements for Columns (cont.)

3- Lateral Ties 'ﬁ-lﬂ 5
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+ Tearrangement in \L-tllr)n
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Reinforcement Requirements for Columns {cont.)

3- Lateral Ties

s Typical Gearimgenints
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Tied Columns vs. Spiral Columns (Axial Loading)
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Behaviar of Spiral Columes
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« Consider a <piral column.
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Behaviar of Spiral Columns (cont.)

The sam idal apacity of whele cross soetin:
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Behaviar of Spiral Columns (cont.}
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Short Columns

Design for Axial Loads
Interaction Diagram

8, el Uriveryiy of Techrasiagy Design o BC Trmes 11 Start Conmmen-browacin g
M. Extandant Tpreg XI5

Design of Axially Loaded Columns: Known Dimensions

+ Given
s P
w Marerial properties, £ and [, ¢
s Type of lateral reinforcement, tied or spiral A
s Crosssectional area, A,

Column Section

+ Wanted i 2
i _{,M,J,wﬁ BTl

s Ay

-

» Details of reinforcement

~0.85f.A,

A :-_1.._.,_#_. .ﬁ‘.
"= (fy — 0.85f0) |pr

Design of Axially Loaded Columns: General Concept

+ For a satisfactory design
P, <P,
+ Design strength, P,

where 1 is the reduction factor due to accidental accentricity, r = 0,8 for
tied colummns, and 1 = 0.85 for spira!l column.

L}J“L{LD;_’I:‘CQLA

¢ Introducing py = Ag /4, we can rawrite P, as

$P, = pra, f0.85f; + p(f, - 0. asfi )= P,

Sharl Unierity of Tostnology i ot BE o lorm 1 Pt Cohrees Lbowesssn Do
M Fkandar g 141

&P, = pr{0.851c(A; — Ax) + Auefy] 2 P, ColumnSestion

;;; Thard Lnseraty o '-r‘vﬂqu- Detgrs of BT Strucnares 11 _-_.__Q—I_Cﬂ_l.ml_l-n-'—i-nlm
T M, Esandw Soong X5
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Design of Axially Loaded Columns: Known Dimensions
+ Given
= B, =
= Material praperties, f/ and o I
» Type of laterai reinforcement, tied or spiral fu,&’ > 1A
" Py - = e
UJ)*’ Column S
*+ Wanted .
. Ay & ;

C-ri'jj i U alE,
« Details of reinforcement — 7 2240 (L o

P,
A
9= 5r[0.857. + p,(f, - 0.8572)]
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Example 1- Design of Tied Columns | Moment & Load Eccentricity
+ Design a tied rectangular column subjected to the following axial loads:
- PLI = 100 foans, - - o = # - =
s P, =70 tons, ‘ ! I -1 | |-‘1
s Py = 130 tans, I | v | | :I
s Py = %110 tons. L| ‘ el
| i |
The architectural aspects limits the width of the column cross section to — L vt
400 mm. Take (25 concrete and grade Alll reinforcement. The earthquake centign i il
load is extracted from the 4" edition of Iranian seismic code 2800. Gl towd an. ommbgr
L — - - - |
+ 4 ~—). ; | |
; I £ ofs
* o /‘f a) Use the minimum reinforcement, <’ :J Uub’i ~ t-'ffw e ' P
- (;_:.} (‘\bl Consider a square cross section. S N
o -
\ ’.f'l. '(_'}"'tﬂ P.M:h (Left to you) Sestion A4
S
(2 g — R e T A
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Pure Tension Capacity Strain Profiie of Columns under Eccentric Axial Load
+ Concrete is cracked and does not provide any tensile strength.
» Uniform tensile strain all over the section. f r
\
+ All reinforcement yields. l P /{\”
€7ty : liasiag +
- ‘” . — "'Sl-r)‘ L gion
[ T
e Ag e —> A fy & s
: e ] ~
Stram Frofile Siress Profile T . _ .
+ Nominal Pure Tension Capacity L‘l"‘" jL/LJ/ A sls = U_l_y'.'_f(.r'}‘ rc“_‘,-' ,}f{;’i{’, e it i insgtea
T Ta = Agefy | - L g z P
3 e ) 2 ey N L * Is this superposition technigue valid for finding stress distribution
N (&% S
\ ) + When might we have tensile forces in RC members? : : across the column section?
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Strain varies linearly across the section.
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M, = P,e, where

© is measured from
the centroid of section
not the plastic centroid.

P.-M, Interaction Diagram
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+ Strain-stress compatibilities /
+ Concrete crushes at £, = 0. 003. HJ;.OJJ
+ Mo slippage between concrete and steel. =
+ Concrete has no tensile strength, A A k/)__,-:,; Eﬁ'_‘;"
+ Naonlinear stress distribution acting on the concrete can be equivalently i _
replaced by Whitney stress block. . j.lb(g‘ =
KA ( st {-LJ
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Behavior of Column Section under Axial Load & Bending Essential Points for Construction of P,-M, Interaction Diagram
(A) ) < » (©) (E) p (F) + Pure Compression, A
—"-;P' . |,' == 3 o ’]"' * First Tension Crack, C o 2y i
e [ At 1 Ilr e ; P , v i & ﬂaianned Cundi!iol!,ﬂ e -.:-:‘i
| | G | | * £ =0.005,E P, k= - =y
; ; e = ) & Pure Tension, G
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How to Check Adequacy of a Column by Using

Interaction Diagram?
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Example 2- Nominal Interaction Diagram P, — M,

& Construct both B, — M, and F, — M,,, interaction diagrams far the
given column section. Take €30 concrete and grade Alil reinforcement.
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Example 2 (Solution)
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Example 3- Design Interaction Diagram ¢P, — ¢M,,

+ Apply the strength reduction factor on the interaction diagrams of
Example 1. {Left to you)

4 Can the given column section support an eccentric ultimate axial —
compressive load of 300 tons with e, = 10 cm?

+ Determine the maximum ultimate axial load that the columncan
support with an eccentricity e, = 10 cm.
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Nondimensional Interaction Diagrams Design of Eccentrically Loaded Columns by Interaction Diagrams
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Typical Reinforcement Layouts of Rectangular and

Circular Columns Effects of Column Type on Interaction Diagram

a) Rectangular tied columns with bars on end faces only =

b} Rectangular tied columns with bars uniformly distributed on all four faces
c) Circular columns
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Nondimensional interaction diagrams are available for different material
propertiesand ¥y = 0.6,0. 7,0.8,and 0.9. o]
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Example 4- Design of an Eccentrically Loaded Column

4 A short 400x500 mm column is subjected to
the following loads and moments:

i z
P,=BOO kN, i &l
P,=1150 kN, | i
M, =70 kN.m, and | 10
| . L |
M,,=120 kN.m. §i S
! ¢
For [/ = 28 MPa,and [, = 420 MPa, select the |
reinforcing bars to be placed at its end faces .|
only. o]
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Analysis Procedure of Columns under Biaxial Bending
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Bresler's Reciprocal Load Method
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Bresler's Reciprocal Load Method Example 5- Biaxial Moment
; ; : e + Determine the adequacy of a 400 mm square column with 828 bars as
Puu: =oominal auial load strength under pure aval compression Yy shown. The section is to carry loads of P =120 tons, M,,=14 ton.m, and
(comesponds to point C )M, =M, = 0 A | = i 3
L - M, =18 ton.m. Take f' =28 MPa and f =420 MPa. Use both discussed
Py = nominal axial load strength under uninoal eccentricity e, P % 1 H methods.
{comesponds to peint B) M., = Pe, b fos “-'.'__':HI |
P, = nominal axial load strength under uniaxial eccentricity e, e L 'Q'l'
(corresponds to point A § M, = P2, @ =+
P, = nominal axial load strength under biaxial eccentricity, &, & e, : @
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This method is anly applicable for Py > 0. 1P .
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Bresler-Parme Method (cont.) Splice of Longitudinal Reinforcement
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Design of Concrets Compass 2004
Structures, Thirteenth
Edition
762 DESIGN OF CONCRETE STRUCTURES  Appendix A
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Siender Columns
Second-Order FHects

Based on ACI215M-11

Speing 2015
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A Simple Design Problem

+ The girders of a box-girder bridge simply sit on the 700 mm diameter AT
piers locating 10 m apart and their lengths vary from 4m to 15 m. Based
on the applied loads to the bridge in normal conditions, each pier shall
carry a factored compressive axial load of 4700 kN with 155 mm
eccentricity. Design the required reinforcement. Take 2 y = 420 MPa and
fi = 2B MPa.

o o b

F

let-+ ty

3?11

.

A Simple Design Problem (Cont.)

Assume ¢ = 0,65 e R S

| IV TERACTI AR € e

e o 3
I

K, = 0.671 ~
n = p= 304 I,_l&,- e
R, = 0.148

Select 17930 (12017 mm?) |
and ©10@300 for ties :

;' i !
7
L — (Control the provided reinforcament) |

Question: % |

Do you selact the designed
section for ail columns A-F?

Dender Cohwren 1

(Y

Euler Buckiing Load

¢ For 2n axially loaded column with both ends hinged, Euler found the
critical load in terms of the flexural rigidity (E1) and length of column (L)
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Individual Columns with Various End Conditions Sway (Unbraced) and Nonsway (Braced) Columns
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Unbraced Columns (k = 1.0)
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Effective Length Factor i’ Example 1
+ The effective length is the distance between infiection points [zera I + Determine the lower and upper bounds of k-factor for each column.
mamenis) on the buckled deformed shape.
) Ty | et Bty e |
b sanl "
ot Gl Lo B! 3
H F Iy Iy [
APy, Pt i T
<8 A 2,
("’J L’H{ - :I 1, o= o
- [ I e § I I 77/
e I
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i -
+ Introducing the effective length as L, = kL, where k is the effective — Ay = . =)
length factor, the critical load is defined as w2El oLy
e = (KL)? L e
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Columns in Braced Frames

Relative Stiffness of Columns to Beams

& The term 'P is defined at each end of column and it reflects the ratio of
flexural stiffness of columns to the flexural stiffness of beams
connecting at the common joint.

.
R

+ lis measured center-to-center of joints.
& [ should reflects the effects of cracking.
= Simple approach (ACI 10.10.4.1)
)32 4 — Ipeams = 035l o
’t‘ulumru = ﬂ?ﬂ-f HQ‘P) [_. ._._i’_,—:"" W (‘J)f

» More detailed farmulas {Refer AC1 10.10.4.1) s, 2
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Columns in Sway Frames
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K Factor for Columns in Frames (Alignment Charts)
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Notes on Alignment Chart

+ General assumptions:
» Behavioris purely elastic,
s Al joints are rigid.
s Al columns in the stary buckle simultaneously.
| > &— = Al floor panels are rectangular.
5 » The end beam moments at a joint are distributed to connected columns
"/'_;J/ based on their relative fiexural stifiness.

» The rotation of beams far ends is equal to the joint rotation. (single
curvature in braced frames, double curvature in unbraced frames)

& Nosignificant axial force exists in beams.

Take ¥ = 1 for fixed end condition (theoretical value is 0).
Take ¥ = 10 for hinged end condition (theoretical value is w),

If beams far ends are not continuous, appropriate modifications shall be applied
on their flexural stiffness.

+ In braced frames k can be taken conservatively egual to 1.0.

* & 4 & °

A cantilever beam provides no flexural rigidity for the related jnint)dt'}’v Fi X 4 el —
L ;
{‘; ¥ ‘U('_;, L__u.ni-l')_’y/) '_J.,"J'{_!_.rJ)r'

St Urrvetny of Tachidogy

T

D of Rasnilonoes ©onowe Brutares [ Bender Cobsmns 1

Example 2
+ Find the K factor for the column AB. For clarity, the crossing beams and

columns at the first and second floors are not shown. All dimensions are
measured ¢/c and are in mm.
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Sienderness Ratio

+ Slenderness ratio reflects the degree of slenderness of the column.

. ki
¢ Slenderness ratio = —ri'

where
k is the effective length factor,
1, is the unsupported column length, and
1 is the radius of gyration of column section.
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Unsupported Columin Length (I,)

+ The clear distance between two column ends in the direction that the A.ru'p

column stability is considered. — e,
v . |} \‘\.‘.

e ‘-;g/ -
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Flat plate Flat slab ‘ &
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Radius of Gyration (r) Is Buckling the Only Concern for Design of Slender Columns?
+ The radius of gyration reflects the effacts of size and geometry of + NO
section on the slenderness ratio. = Buckling of concrete calumns seldom occurs, unless the slenderness ratio ’ A
is bei high. - > s
.- FIRES @(j_,l UE U = Uy 2
LA + Secondary effects must also be considered for slender columns. / )
where 5 | p)(_r"
A Is the gross sectional area, and Vel =
1 is the second moment of inertia of section about the bending “ -
i o R 3
s, ‘ g, —J',‘J’U’-:'f)‘fjﬂ)/
« Approximate relations for r E._g § %
sEg !
2dfe
25D

Secondary moment P-A

Serdler Colurres 17 Design of Reirforesd Conerets Seruactuess 1 Clewwlar Coharen |9
A Simple Design Problem (Cont.) First-Order Analysis vs. Second-Order Analysis
+ Based on the discussed topics, the designer has revised his/her design ¢ First-order analysis
and has considered the following criteria: ) » All equitibrium equations are written based on the undeflormed shape of
= Strength capacity by employing the column interaction diagram the structure.
» Buckling criterion {All columns are designed in such 2 way that the + Second-order analysis
buckling is prevented, Py, << P . a The deformed shape affects the magnitude of internal forces developed
+ Now, do you accept her/his design? in the structure {secondary effects, P-A & P-6).

m The effects of axial force on the element stiffness are taken into account
(stress stiffening).

A L e - e
+ Questions FJCI"«/,JL' A L’L}ﬂ"db -0 Pl "'LJ;/.:’E
& Whenis it required to perform a second-order analysis? ——2 - L ’f
= What is the difference between nonlinear analysis and second-order
anatysis?
u Is the superposition technigue valid for a second-order analysis?
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Second-Order Effects (P-5)

e

Partal frame Deformed Ll
&m|  under gravity shape
load

15,8

Moment
diagram from
1¥-prder
analysis

diagram from
2rd-prder
analysis

i 4
.

Sk Siard ity of Technokgy

Dimsbgr o Fawnitin o Ciswerehe Sirctures [
. Exknrdan

P-8 effects

Effects of deformed
geometry, that introduce
additional forces Caused by
deformation of the
menber.

P-4 effects

Effects of deformed
geometry, that introduce
additional forces caused by
deformation of the fiame.

Second-Order Effects (P-A)
? B fl = A". =
Portal frame Deformed 7
4™ | under gravity & shape
lateral load
{
© Moment = | Moment
- diagram from diagram from
1*arder : b 2™egrder |
analysis | 7Y analysis
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Example 2
Buckling  about K—oX\S Ly (nonsSway)
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Slender Columns

Magnification Factors

Based on ACI318M-11

Spring 2015

Failure of Short Columns vs. Slender Columns

Experimental Illustrations

Shard vty of Tedwumagy
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Failure Modes of RC Columns under Concentric Loading

+ Material failure
+ Stability failure (rarely occurs)
Py

cnmnql Buckiing

t.if:rp_.,.. kiir
RC columi under concentric axial load

Buckling fallure of an RC column
(Algeria Earthquake, 2003)
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Fallure Hodes of RC Columns under Eccentric Loadin
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A B ¢ Codumn section
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| Interaction Diagram of Slender Columns

a a

3 g ‘.

3 z N

2 E

10
as
o Mamgnt, M Momaent,
Construction of interaction Typical Interaction diagram for a
diagram for a slender column column with various slendemess
ratios

< - = -— - =)
Copign. of Rriri =8 Cararete Structusss 1 Swraly Cobews  §
i Taharctart

A Survey of Slender Columns in Typical RC Buildings

+ The slenderness effects may be neglected for more than 90% of
columns in nonsway frames, i.e. 90% of columns are categorized as
short columns in braced frames.

+ Effects of slenderness may be neglected for about 40% of columns in

o _/ /

5 = v g
‘ﬂ*)’.&‘bf’r’ Y_/-.pz’/ d"’_i{_r/.h-);bf"-iﬂ."zl.(_n

v - G e

' Short Columns l

| The slenderness effects can be neglected for short columns.

|
| 4 Short column in an unbraced frame if %‘1 <22
|

+ Short column in a braced frame if e 34-12 [:%‘-) < 40
F4

s
where M /M is the ratio of moments at column ends (|M{/M;| < 1)

(-\'--Iu,-i-- (-\""i”:l*

= cpl

P L
g
) b ’
o fu ~|
Singh Gutvature eolumn. Doubl curvature cotumn,
LETR U R R T MM, = 0
@ T Uity o Tocholingg Pwaigr ol Bekiieom! Cone e Shructes 11 Sender Cokarm 6
™M Eahawing

sway frames,
Columns in Nonsway RC Frames Columns in Sway RC Frames
" Shont
u Slenger
e Unmraty of T-!,nh_*_ Desi ' Ii-'f;t_ﬂ cnrn- "ﬁl‘."_f;\ o D et Cohrem. r__
L
Braced and Unbraced Columns

"+ ACI code states that

= It shall be permitted to consider compression members braced against
sidesway when bracing elements have a tatal stiffness, resisting lateral
mavement of that story, of at least 12 times the gross stiffness of the
cotumns within the stary, = =

gl’@ £s ’_'.[I.d-u_'
il
+ More detailed discussions on ACI criteria for identifying sway and
nonsway stories will be given later,

Coesign of Rawdewrsd Crrerwin Sirustorme 1] Sande Colirrme 8




[ Example 3

[.,__

| # Can the slenderness effects be neglected for the column AB of Ex. 27
+ Check the braced assumption along the y-direction.

e

e 4 00M500 [ Tyg) E
i

3 T 5 F i >
= ¥ 'fﬂ
' | . 2
e . S a.|I|\- IA: s % ): | kpﬂ

|
| ACI Suggested Methods for Considering Slenderness Effects

+ Nonlinear second-order analysis (Complicated, needs computer analysis)
| # Elastic second-order analysis (Effective, needs computer analysis)

s The effects of cracking can be considered by using reduced moment of
imartia.

s The effects of sustained loads can be considered by reducing the flexural
rigidity, El.

+« Moment magnification method [Approximate, easy for hand-calculations)
= Moments obtained fiom the first-order

analysis are simply amplified by a
factor 1o estimate the second-order
effects.
f"& S f Lindeer oy of Toctinasogy Coesbigin i Feker el o el £ L]
Wpay . Esearvlan

| ACI Criteria for Sway and Nonsway Frames
|« First Method
It shall be permitted to assume a colurmn in a structare is nonsway if

the increase in coluriin end moments due to second-order effects doe
not cxceed § pertenl of the first-order end moments

| # Allernative Method 11"""'0 ,L‘-'J'ff

— romtway B oL TS ;o

!
) ; A story within a structure is ayfmﬂd 1o be nonsway if
UWes I . . :
U/'Iﬁf e ._ﬂ'ﬂbni'l‘lj inde X e Q= %—F&‘E‘i < (.05
= us kg
where A
LR, Is the total factored vertical load in the story
Vs Is the total factored horizontal story shear
Ay Is the first-order relative lateral deflection between the
{op and the bottom of the story due to 1.
t P (’ew'ku Center ,f ¢ )50 dﬂ
1@ Shand Unsmrily of Tacsrslogy JU"‘ 'Lmapfh.rhtwmhhmﬁ Serider Calemts. B
™. Exhanien
i Hnment Magmf‘ ication Procedure-Nonsway Columns
| -] g |-
: M. = 8 % maxjy, Mgyl
| Mynin = P15 + 0.03R)
e _Im o100 whee 6,514
W
TaP
M, , .
0.6 + 04— > 04 Notransverse loading
Coy = M,
1 T2 .;‘rﬂ dJr' 1.0 Transverse loading =~ fu
+] .E::E'r e T e
= iy Ze Do (b Y s
e v 04EL, | 02, FERLT ?b:J} %
£ 177 o Tim 2% yeiJ ) Ceep
. e (RN paepe WL i 3 i A"—':J, = e
. hesh I # o aximum factored sub_lm_r:cc_i__a._‘n}_l!rj.l.i <1 The creep paramets:
/W"Jj/ JL Pans maximum factored axial load ] T Ef,mu:dzmru "o &=l
Y S ——— 7%1;
. /,. =) L/ / 'ﬂ g
i oxsb W 5 e
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Notes on Moment Magnification of Nonsway Columns

'__.. * If 8, is greater than 1.4, It is mandatory to enlarge the column section
due to the stability requirements.

| * What is the role of the factor 0.75 in the &, formula?
[
.;l.m

* What is the role of €, factor?

t  Ope=— = 14 { =
T e c
L ) u"‘l-' . 0,757

* We cannot use I, = 0.7/, as what we did for calculating the k factor,
to evaluate P.. Why? lsn't it a contradiction?

+ What does it meanif §,, < 07

;’-" wc,! ft{lluf
" 2l buekle

Conspn of Mrodores: Congrens Stnaemans:: |

gk

Serdder Cofeerm 11

St Un vwaity of Tachywbogy
# Fubarcha:

(xl

laterad soif pressufe,

Notes on the Column Rigidity (EI) for Evaluating P,

For evaluating P, one shall use the column flexural rigidity at tha time

of faliure.
.
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Moment Magnification Procedure-Sway Columns J‘i‘\
i J M,

MI“M'IM“"LMM M:Zﬂfzn,"'ﬁ,M;,

P 4
s Horsway moments 2,
— mmm}l_\gd 1 £
Tl =o—o 21 where 8, <15 /L
or M
1 N ' IR, = the summation for all factored vertical
& = iR, = 1 loads in story
0.75%0 } LF. = the summation for all sway-resisting
= [ columns in a story
0.2E 1, + E,I,. 041,
El = ————— or El = -
1+ ﬂd.& 1+ B
P maximum factored sustained shear load
s = e

maximum factored shear load

iy of Beperems Conerens Sonampa 11

b L

V‘L, '
700 W%,

b
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- Notes on Moment Magnification Procedure-Sway Columns

el

| The ratio of the amplified moment due to the second-order effects to the
moment obtained from the first-order analysis shall nat exceed 1.4,

+ The beams at the column joints shall be designed for a total additional
moment of (8, — 1)M . This additional moment shall be distributed
between the responsible beams based on their flexural stiffness,

For significantly slender columns in sway frames it is possible that the
maximum moment occurs along the length of member instead of its ends.
In'such situations, the amplified sway moments shall be amplified again
by employing the ampfification factor of nonsway columns, i.s,

M: = 5!1-5""2. L ﬁnrt”:m =i E‘Mz;}

« For 'I—" « it may not be required to consider the previous

15
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Final Notes

| * The moment magnification method gives good results for nonsway
columns, but it is not very reliable for sway celumns.

It is recommendad to use the second-order analysis (simplified P-A or
complete P-A) for sway frames instead of the ACI moment
| magnification method.

-

+ The dimensions of members used in the analysis should not be different 5
- (_f_ﬂJUJazu_r""Jr-'“’{"b“ >

from those shown on the contract documents by more than 10%. Why? —

)Q&".‘.‘IU}U’ “10 ‘"‘”I/ iu;..z[-{_f-‘ojj '[L:”’)&

+ Itis recommended to avoid using too slender columns, ki, /r > 100.
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| Example 4

| A first-order analysis gives the following internal farces in the column AB of
Ex.2. Design the column section by considering the second-order etfects.

s Dead load
+ P=2zion Lt //
+ M= ~08] tenm / P ":I

+ Mg = 133 tonm ]
i
My =My =0 .!-- s s J
» Live load i j /
+ Podron i " -
¢ Moo= -023wenm : Pl
« M.y = D3ftonm ’ i . >
S i | i
= A
» Farthquake load SN AR e
« F= (3ton I,J. of first story = 32 mm
* Mea» ”a =0 |V, =95 tCﬂ
* My« 223 tanm EPn = 570 lon
¢ Myg = <113 momm [j_'pJ = 154 ton
wr;«wu\-utndmw Peaign =l Meinlreend Eacivte Hructrsy 1] Blendar Colava 18
iyl
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Floor Systems

Types of Siabs (Behavior)

+ One-Way Slabs
= Supported along one direction only.
Load is transmitted in the direction normal to the supports,

ang span
= Four-edge supported with —Lhm e =20

The majority of applied load is transmitted along the short span. (Why?)
+ Two-Way Slabs

o long span
» Four-edge supported with i < 2.0.

/ l/ / Load is transmitted along two orthogonal directions,
Bimdonhﬂils-ll .
e CTU Doyt b o T e
-)g,Jd'(P_"/b,_f_: an'bs 2 | B
” -'- - _— I‘*—"""——q F‘—A
__;.IL_J(/ (,JL__J)L/LK{L..AI-—VM What is this symbal? L =2 \ L <2l
:—l’mdl’m e of Baeforomd Corurete Snectarm (1 Floor Sywmen | ' @ Mh—mdhwdm mdmc—-mn) I Foor Sysmes )
— — :
Uz(_pl:J/"LLQJI"'J l«_J_]}_p)/)dLs-".’

Slab

+ Slabs are plane elements used in floors, roofs, and foundations of
buildings to carry normal loads applied to their surfaces.

+ The thickness of a slab is much smaller than its other dimensions (k
<« a,b).

Shaf Urivernity of Tetvuology Doy of Rgafored Corcrels Snatees O Floowr Syvimrs 1
M. Eskaraian

Types of Slabs (Behavior)

+ One-way slabs deform in a cylindrical form (single curvature).
+ Two-way slabs deform into a bowl shape (double curvature).

Deformed shaped of a one-way slab
undler uniform loading

Shand Unieursity of Tecinlogy
I ML Eakare
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Strip Method Types of Two-Way Slabs

# Consider a four-edge simply supported slab under uniform load p. 4 Flat plate
+ Let’s consider the intersecting strips of unit length at the middle of each + Flatslab
span. If fact, the slab analysis is simplified to a beam analysis. + Supported on edge beams
+ The compatibility of deformation and loads leads to + Grid or waffla
+ Voided slab

- - i &
(‘_J’;.)y-ﬁldl__jl‘_(il F-ur'lfi'.lcj;]-/”_{:_, &J}Jo— ﬁ‘]lr":'i_) 1:0-«{" |
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‘i}|+Pr1 = /LJJ

/
AN L
- -~ ” -
Types of One-Way Slabs 7 s Uy fye o
4 Supported on edge beams & <
+ Ribbed or joist =) ) o afr‘“'
= Pan-joist
s Block-precast joist
1
+ Four-edge supported (=X > 2)
- / ) /ﬁ L] Block-joist system with precast
- o - s e concrete joi
w‘if oy M — Jd-S“{_’ L Me._.u:: f’m
S == : =
One-way slab supported on Pan-joist system
_ edge beam
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Block-Precast Joist System

* Notrecommended
+ Fake pan-joist system|

it ol Y17
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Voided Slab (U-Boot)

Dissign of Wb Conerete Siructirs I

Voided Slab-Cobiax

o o Bt Concrmtn Structrs (1 P Systerew 11

Slab Reinforcement Assembly

* Use of Welded Wire Fabric [WWF) facilitates the assembly of slab
reinforcement.

ooy oof Mbrdorcd Conoreos Suctunes 11 oo Syt 12
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Slab Reinforcement Assembly
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+ Identify one-way and two-way slabs in the given floor system.
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Floor Systems
Design of One-Way Slabs

Based on AC1318-11

Spring 2015

Deslon of Rendonced Concrete Struchers 11

Shard Untesnity of Techrobogy
M. Eshbvuta

Design of One-Way Slabs

+ For analysis and design purposes an imaginary 1 m strip is ronsidered.
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Analysis of One-Way Slabs

4 The approximate shear and moment coefficients given in ACl can be
used for the analysis of one-way slabs.
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Reinforcement Layout

+ Flexural reinforcement carries the developed bending moment.

+ Transverse reinforcement is required to distribute the shrinkage and
temperature cracks. tﬂuv_uﬂ
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Design Requirements: 1-Thickness

+ Slab thickness is usually assumed and the reinforcement is designed
based on the assumed thickness.

+ Table 9.5(a) of ACI code gives the recommended minimum thickness of
beams/one-way slabs not supporting partitions likely to be damaged by
large deflections.

4+ If aslab is dimensioned based on Table 9.5{a) of ACI code:
= Deflection need not to be checked.

= Usually, neither flexure nor shear controls the thickness.

# Slab thickness is rounded to the nearest 10 mm.
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Design Requirements: 1-Thickness (Cont.)

TABLE 8.5{a) — MINIMUM THICKNESS OF
NOMPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b
Simp! One end Both ends
mpporty.ocl ‘ conlinuous | continuous | Canlilaver
Members nat supporiing or altached o partiions or other
Member | construction lilkely 1anh?a damaged by iarge deflactions
Solid one- |
| way slabs 20 24 28 u1u. ) ¥ )
Beams or A
riobed ona-| €18 U185 21 us (4"':’ %
- wary slabs i1 -~
cl'lanlul shall ba used d far bars with il concral
ven mcw mambers wmnﬁ i e
wu&'a%]n ranforcomant. I Fer citvar condilions, tha !wm be modifiec
a5 follows:
) For rele having ogudibrium donsity, w,
153«1 m'ﬁ W aiives shal b Multipled by (1,65 - nnmnﬁ bt
p]Far,uuerrm 420 MPa, the values shall be mutipled by (0.4 + 1,/700).
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Design Requirements: 2-Concrete Cover
4 According to Section 7.7 of ACI318-11, for cast-in-place concrete the

minimum clear concrete cover for slabs shall be

Bar Size |
{mm)

I ‘Minimum Clear
| -Concrete Caver
ik (mm)

. Surface Condition

Concrete cast againstand -
-‘j-. __‘__:n:gz\tly Jaarth | EETERRIN S R R

Concrede not Exposed to weather or in

¢ < 40 20 =
contact with ground 5 :
T A e AR
P <18 40

l..mcrece expusaﬁ-mem or weathEr
' ; AT R e B

Disegn ol Reanforosd Concrvta Structurm 11

l Shasf Ursvarsty of Tachnalogy
M Eshanciari

1 f.c__ -—

Design Requirements: 3- Shear

+ Unader normal loads shear forces are not critical and shear
reinforcement is not required.

+ IfV, < &V_then no shear reinforcement is required: "J%_f' i ‘
o V. =0.17/fb,d
Engineers pryfer to desmﬂ slabs with nn shear reinforcement. (Why?)

+ For heawly loaded slabs shear relnforcemenl is provided but it shouid
not be used in slabs less than 200 mm thickness. (Why?)
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Design Requirements: 4- Flexure

4 The flexural reinforcement is designed for a rectangular section of unit

width.
1000 mm
4 Per/meter = A\ gar spacing
& /.

> Abr
+ The area of reinforcement is determined based on singly reinforced
sections.

+ A good initial guess for ais 0. 1d, or (d-;) = 0.954d.
¢ The minimum steel area is equal to the required temperature and
shrinkage reinforcement:
Agmin = A temp & shrink.
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Design Aid: Area of Equally Spaced Standard Bars

Area of Equally Spaced Standard Bars (mm’/m)

. Cantar-1n-Conter Saacing (mm]
fman] ”» 180 125 | 130 | s | 200 e | wo [ 0 | eo | as0
& w | m 16 198 | 162 141 e | my - 5 71 5
" 60 | 09 | ea2 | ms m 1) m | o wa | o 1% n:
10 1ouar | ey | ez | sae | e m M | o M | 2 | 1 | my
1 1508 | 11m | s | s | wa | sm | e " wm m 1 |
“ 2osy | 1939 | 2232 | 1006 | se0 o | 6B | &ie 13 | a0 | s | M2
16 | 2601 | 2011 | 160w | 3040 | n10m | 1008 | #ue | sos | w0 | sie | sas | aar
L] 3390 | 2548 | 208 | 106 | qase | 1am2 | aam | 1o | se | o | e 565
H) AL | 3347 | 2513 | ro0a | 1798 | 1sm | 1ves | 1367 | Lodr N b 1]
12 5008 | 3800 | 3041 | 23 | 2177 | 3800 | 1A | 1521 | 1067 | 1o8e | 9w [
78 Gsay | ason | 3927 | nrvr | 2808 | 2ash | 2am | 1eed | wese | see | Law | rees
Dwsigr of Musrdoreen] Corcrotn Sruchures 11 Oty Sibs 10
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Design Requirements: 5- Temperature & Shrinkage Reinforcement

¢ The minimum amount of temperature and shrinkage reinforcement is

defined as
0.0020 fy <350 MPa
Atemp. 0.0018 fy= 420 MPa
bh | (0.0018)(420
S G 200014  f, > 420 MPa

fy

+ The temperature reinforcement can be placed at any depthofthe —
section, i.e. bottom, middle, or top.
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Design Requirements: 6-Maximum Bar Spacing

+ Fiexural Reinforcement

Smax = min(3h, 450 mm)
¢+ Temperature & Shrinkage Reinforcement
Smay = min(5h, 450 mm)

Temperature & shrinkage & < {5"'
450 mm
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Design Requirements: 7- Bar Size

+ Itis preferable to use @12 or larger bars for flexure reinforcement, as
®10 may be bent out of position by labors walking on it. This issue is
more critical for top bars.

# Sometimes, ®10 is used for bottom bars, and ®12 for top bars.

# Itis more practical to use similar bar sizes for both slab directions and i
needed change the spadnEor tass Spvng add bars. = T
- Y O’U W)M" i B!
+ Use of welded wire meshes lW‘WMj facilitates the slab construction.
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Design Requirements: 9- Crack Control

+ The spacing of fiexural reinforcement shall be less than

280 280
= 380 - 2.5¢, = 300
(F)-25e =3 (%)
where

€. = the least distance from the surface of reinforcement to the
tension face (mm),
[ s = stress in reinforcement at service condition (MPa)

+ Itis permissible to take [, = f, if no detailed information is available.

\‘-Temnon sleal onewsy sas 15

Design Requirements: 8- Deflection

+ If the thickness of slab is selected based on Table 9.5(a) of ACI code, it is
not required to control deflection. (Exception?)

+ For other conditions, the deflection shall be calculated by using the
same procedure discussed for beams.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLEC‘I'IONS ARE CA.I.CI.II.ATEI!
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Curtailment of Bars

+ Development and curtailment of bars in one-way slabs are similar to
beams.

+ If moment coefficients are used for analysis, the Graph A.3 of textbook
shows approximate theoretical cut-off points.
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Typical Arrangement of Reinforcement

Too Hars &t Top bars avnr - .
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Example 7

+ A mechanical utility trench to be covered by precast concrete slabs. The
slabs simply sit on the walls of the cast-in-situ trench. They may be
subjected to a distributed live load on 10 kN/m? during the design life.
Design the slab. If the lifting capacity is limited to 2 tons, find the

appropriate length of precast units. Use €30 concrete and grade Alll
21600

reinforcement. 2100,
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One-Way Slabs with Edge Beams 2pt ¢ 50/
-
¢ Two-way action near the edge beams
r"‘“n‘ f-f.mmm
i, = 4

A i R
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(1) Section A-A (Shert Dinectica)
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{a) Typical Plan
1c) Section B-B  (Long Direction)

Shaell Lineemraity of Tachnology Dagn of Birforon! Conorete Stractune 1L Ow'buy Sinbs 18
M. Esbarlat




Area of Equally Spaced Standard Bars (mmzlm)

Center-to-Center Spacing (mm)

Bar Size
(mm) 75 100 125 150 175 200 225 250 300 350 400 450
6 377 283 226 188 162 141 126 113 94 81 71 63
8 | 6 | so3 | ao2 | 335 | 287 | 251 | 223 | 200 | 68 | 128 | 126 | 113
10 [ nor | 7e5 | e | 58 | 49 | 395 | 248 | 3w | 22 | ma | e | 1
‘12 | 1508 | 1131 | 905 | 754 | e4s | 565 | s03 | as2 | a3z | 323 | 2ms | 1
14 2,053 | 1,539 | 1,232 | 1,06 | ss0 | 770 684 616 513 | 440 | 385 | 342
16 2681 | 2,011 | 1,608 | 1,340 | 1,049 | 1005 | 894 804 | 670 574 | 503 | 447
18 | 3393 | 2545 | 2036 | 1,606 | 1454 | 127 1,131 | 1,018 | 848 | 727 | 636 | s65
20 | 4189 | 3142 | 2513 | 2008 | 1795 | 1571 1,39 | 1,257 | 1,047 | 898 | 785 698 |
22 5068 | 3,801 | 3,041 | 2,534 | 2172 | 1901 1689 | 1,521 | 1,267 | 1,086 | 950 | 8as
25 6545 | 4,909 | 3927 | 3272 | 2805 | 2,454 | 2182 | 1,963 | 1,636 | 1,402 | 1,227 | 1,001
Sharif University of Technology M. Eskandari Design of RC Structures [{
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Footings
Based on ACQ 318M-11
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Introduction

+ Foundations transfer loads from the building members including
columns and walls to the earth.
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| 4} Provide safety against sliding

Shard Unerersty of Technolagy
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1} Distribute transterred loads in such a way that the sml b-ea.rlm;
capacity is not exceeded. 23 J”,u dis fio 1)
2] Limit total uniform settlement (usually specified by deslgn codes] —y £ +
2] Limit differential settlement {usually specified by design codes, mare N
critical than uniform settlement, why?) ., —, ¢ L('b [ L(J-{J—J“m

Rales of Foundatinon

5) Provide safety against overturning

} “‘“'}(_(f_fw(fur..g

A T T
Bonus Question: Find the specified values by Iranian Codes for items 2 to
5 related to building structures.
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o2 0.5 |
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+ Combined footings

& Strip or continuous footings

# Pile foundations

Types of Foundations

Isolated or pad or singie footings

Strap ar cantilever footings
Wall footings

Raft or mat or floating foundations
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Isolated Footings . / _ - . };

O] (7 ] Voo beds 5 )L g8
+ Support a single column JU" ('f/ ' i /
+ Very commaon in low-rise buildings e gt ; = jil
e Suitable for lightlyloaded columns < U7 Lass o ALty 3702 Loet
+ Almost ineffective for large uplifts or moments i 2=
+ Used when columns are not closely spac-ed A [
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Combined Footings

+ Support two or three closely spaced columns

# For columns located at or near the property lines, single footings may
extend across those lines,

L J /” i Proparty line

Diesigs of Loncreie Srucises [
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Strap or Cantilever Footings

# Support two colurans

+ Incomparison with the combined footings, two single footings are
connected by a tiz beam or a strap.

+ More economical than combined footings

* In seismic regions, closely spaced single footings should be connected

together by strap beams.
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Wall Footings

+ A continuous slab along the wall.

= The width of cantilever parts are determined based on the allowable
soil pressure,
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Strip or Continuous ings &

Support three or more columns in 3 row  —
Limit differential settlement  Zods

+ & b=

foundations). ~ |__, ‘ot g
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More effective than single footings Y- U“‘t"’ LJ I. },‘..,J,
Columns can be supported by a netmrl of intersected stnm (Grid

& =

=

. | »

DS ) /dﬂ) ~
o

Bininl
#' =
- wﬁ
RISy
IS B

G'dmm'-v-

J’/z\_;r,{r-’i-/o"

Ve

’:—) -'._._1.\-_ )’fg‘—h‘ 74 l{-
T e o L= o )] J_,_).}, ,z
Raft or Mat or Floating Foundations Uyt =
A continuous slab that supports all columns 3 e i e &,, O[ :
For low bearing capacity or heavily loaded columns - =g

Reduce differential settlement effectively
Low formwork costs

. 5 F + »

If the total area of single footings is greater than one-half of the
building area, use of mat foundations is more economical.
Why are they called floating foundations?

Piles bearing capacity may be provided by either skin friction or end
bearing.

Piles are categorized as cast-in-place and driven types,

i
I

Pie cope.
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"'}’J —y? 2> 4] * Piles-columns interface consists of a thick stab called pile cap.
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Parameters Affecting Foundation Type 7 [

+ Soil properties and conditions a

+ Structural system and level of loads

4 Permissible differential settlements \

* Engineeu’sexperienne

+ Economy —1 castin P\QCL

+ Feasibility = AJ L(_:.J [-uu-'f P :
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Soil Pressure Distribution of Concentrically Loaded Footings

+ For concentrically loaded footings, soil pressure is assumed to be
uniform.
q=PJ/A

+ The actual scil pressure distribution depends on various parameters,
mainly:
= Soil type
= Foundation rigidity

Uniform distribution | Sandy soi

= =4
@ S Sawmny of Tetbwaagy Dsvoges i Garampte Statimes 11 U_/“/
L=

Soil Pressure Distribution of Eccentrically Loaded Footings

+ Linear soil pressure distribution is assumed.

+ Soil cannot bear any tensile load (uplift pressure).

+ If uplift is unavoidable, the length of uplifted zone shall be limited to
0.25 of the length of foundation in that direction. it is equivalent to
e<L/4. (Prove it) % 5 §
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Design Considerations

+ Soil bearing capacity < size of foundation
Permissible settlements (uniform and differential)
Strength requirements /
Frost line consideration ——— o %p o

= = Ay G
+ Underground water depth "
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Soil Bearing Capacity

+ Allowable soil bearing capacity is determinad from geotechnical tests.

+ |f no data are available for preliminary designs, the following table may
be used.

+ lranian engineers like to express ¢, in kgfom’.

+ What factor of safety is considered for g, ?

Rock or soil Typical bearing value
(kNjm?)
Massive ignecus bedrock 10000
Sandstone 2000 to 4000
Shales and mudstone 600 1o 2000
Gravel, sand and gravel, compact 600
Medium dense sand 100 10 300
Loose fine sand less than 100
Hard ¢lay 300 1o 600
Medium clay 100 ta 300
Soluclay less than 75
R e —
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Strength Requirements

One-way [beam) shear control

Punching {two-way) shear control

Bending moment strength and required steel reinforcement
Bearing capacity at column base

Dowel and starter bars

Bars development and anchorage

w»fbjj/ b e ~/

+—

+ 8+ & & @

Size of Footing Base

+ Size of footing base is determined from the soil stress distribution and
allowable soil capacity, i.e. §mar < Gauowanie-

¢ Soil bearing capacity is given at a certain depth. Thus, for other depths
where the foundation base locates, the weight of excavated or filled
valume as well as imposed surcharge shall be considered [effective
bearing capacity g..).

* For concentrically loaded footings, the required area of footing based is
] obtained as

o
_ Total service load including selfweight & surcharge P‘,t,.,m
net allowable soil capacity q.

/
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Size of Footing Base
+ The service load is the algebraic sum of existing loads in different load

combhinations, i.e. set all load factors to unity. For example,
n, D+, D+L4E, DL+ W

+ In extreme events, it is permitted to increase the soil bearing capacity

+ For strength calculations we need ultimate soil pressure g, = P, M. — f £
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Minimum Footing Depth

* Depth of footing above bottom reinforcement sh?g not be less than
= 150 mm for footings on soil =) P Laf e T
52l L P L,

= 300 mm for footings on piles

+ Considering the minimum concrete cover for bottom bars, the overali
thicknes: of shallow footings should be greater than 250 mm.
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One-Way Shear

+ One way shear or beam shear is calculated along a
section located at distance d from the column face.

PVa = oV, = ¢ (0.17/F ba) 2V,

|
+ The design shear capacity must satisfy '

where ¢ = 0.75. (,J
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Punching Shear (Two-Way Shear)

+ The critical section for two-way shear is located at a distance df2 from
the face of the column.

N —_—
A= 7

D of Conarete Structsres 11 Feting. 1
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Punching Shear Capacity meded hy Concrete

+ Punching shear capacm,r V. Nm gaverning
0.17(1 +2) /Fiboat "\.—]'”"* -

Not governing
V= min unss(“"‘n JTebod 2 i an > 0.1

0.33,/fbyd

B = the ratio of long side to shart side of the
column

i, = 20, 30, and 40 for corner, edge, and interior
columns, respectively

by = perimeter of the critical section

d = effective depth
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Critical Section of Punching Shear

Coucal
(11.11.1.2)

& f'
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7 Effective load area
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Critical Section of Punching Shear (Some Exarnples)
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Critical Section of Punching Shear Near Openings

Ineftective Opening
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Critical Section of Punching Shear Hear_Eéges
* Aand B do not exceed the greater of 4h ut‘Zl‘/
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Punching Shear (Cont.)
+ The design punching shear capacity must satisfy

vV, =gV . =2V,
where b = 0.75.

* ¥, is the factored shear force acting on the critical section, e.g. for a
square column of side ¢ under axial load P, we have

Vi=P,—(c+d)?q,

* 1fbending moment is also present at the column base, the effects of
eccentric shear shall be considered.
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Shear Reinforcement &

+ In either one-way or punching shear control, i shesr ieiniorcement
consisting wires or stirrups is required, the design capacity becomes

Vo=V, +V, = 0.5/f bod
where V, = 0.17./f byd.

+ Use of shear reinforcement in foundations is not commaon.

+ The depth of foundations is usually controlled by shear capacity.
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Critical Sections for Bending Moments

+ At the face of concrete columns and pedestals
+ Half-way between the middie and edge of masonry walls

¥ At distance half-way from the edge of base-plate and steel column face
for footings supporting steel columns
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Bending Moments

+ Bending moments in a footings are resulted from the ultimate soil
pressure acting on the footing base. In fact, the foundation behaves like
an inveried beam supported by columns.

+ In most types of footings like single or mat foundations bending
moments are developed in both directions (two-way action}.
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Reguiied Area of Flexural Reinforcement

+ Reguired area of reinforcement is calculated like singly reinforced
rectangular beams, i.e.

M, _"'ny

:Hy(d-%)' = 085/h
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Clear Concrete Cover for Cast-in-Place Foundations | Maximum and Minimum Spacing of Bars =
+ 75 mm for faces in contact with ground ¢ Maximum center-to-center spacing of reinforcing bars shall be not

+ 50 mm for other faces greater than
Smax = Min(3h, 450 mm)

where h is the footing thickness,

# Minimum clear spacing between parallel bars is as follows:

Smin = Mmaxid, 25mm,1.33d,)
where
d,, = bar diameter
d; = nominal maximum size of coarse aggregate

+ The minimum clear spacing shall be also satisfied at rebar lap zones.
*+ Itis recommended to select center-to-center spacing of bars greater

L N = — - _ than 100 mm. SRS e el
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Minimum Reinforcement . LAJL/ I Abes J& oy Al g,/ Distribution of Reinforcement
‘e /"; 8L LOLIPN AL L fpe
¢ Based on AQl code, for footings and slabs the provided reinforcement 4 In one-way footing and two-way square footings reinforcement shall be
shall be not less than the required shrinkage and temperature distributed uniformly across entire width of footing.
reinforcement. 4 In two-way rectangular footings, reinforcement shall be distributed as
follows:
* In spite of ACI code, some engineers believe that the minimum fRexural = Uniformlyin long direction
/ reinforcement of beams should be considered in footings. (Why?) = A, shall be distributed uniformly across a band width b (centered on
P L a the column centerline) in short direction
o= Ly - 0.25./7 1L4b.d » (1 —yhJshall be distributed uniformly outside the bend width in short
A/ " = )'g'g"f 43 Ay min = Vi b d=— ; vo t'-‘—"’ﬁirer:tmn.
-~ - Iy ¥ (F*ﬂ J} IR _ long side of footing
5 S i short side of footing
* The calculated area of reinforcement based on the developed moments
in footing is usually far less than the minimum reinforcement. UL Wl conbdt
* If the provided reinforcement is greater than 1.33 of calculated ares, it T
is permitted to neglect the minimum required reinforcement, -[
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Bearing Capacity at Column Base

—

+ Column compressive load is transferred to the
footing by bearing on concrete.

P, < PN, = ¢mssjm,J_ ~5 <
‘i

where
Ay = loaded area !
Ay = area of lower base of load path pyramid }‘ SN~
¢ =0.65
¢ The bearing capacity of column at the footing base
shall be aisu controlled
Py = ¢Ny = @LO.B5)f 4,
+ It becomes critical when columns made of high

strength concrete rest on foundations of low grade |
concrete. RSP VO e

» If beaning capacity is not sufficient, the remsined
= égﬂ load shall be transferred by dowels.
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Dowels and Starter Bars - e 3

+ For columns under compressive load, the following requirements for
dowel bars shall be satisfied:

= At least four dowel bars shall extend to the column. Dowel bars should
be placed at column carners.

= The area of dowel bars shall be at least 0.005 of gross area of column
section

= Dowels shall extend to columns at distance equal to the development
length of dowels in compression or lap length of column bars whichever
is greater,

= Itis common and recommended to use the same column bars as starter
bars with a minimum extension into column eaual to the tension lap

'
e el

Developnient and Ancheroge of Bars

¢ Dowels and starter bavs shall be properly developed or anchored in
both coliimn and foundation.

+ Flexural reinforcement shall be properly developed at critical sections.
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Circular or Regular Polygon Shaped Columns

* o order to determin2 the critical sections for moment, shear, and
dewelopment of reinforcement in footings supporting circular or regular
polygon shaped columns, it is permitted to trest them as square
rmembers with the same area,
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Design of Wall Footings

+ Wall footings behave like one-way slabs.
+ Design controls are done for a unit width of the footing.
4 Minimum design controls, but not limited to:
= 50il bearing capacity
= One-wayshear
= Flexural reinforcement in short direction
= Shrinkage and temperature reinforcement in wall direction
= Dowels: Minimum vertical bars located in walls are sufficient.
= Development and anchorage of bars

L

Design of Single Footings

+ Single footings have two-way behavior.

+ Minimum design controls, but not limited to:
= Soil bearing capacity
= Punching shear
= One-way shear

Flexural reinforcement

Distribution of reinforcement

Bearing capacity at column base

Dowels and starter bars

Development and anchorage of bars
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Design of Combined Footings
* I the centroid of fonting caincides with the resultant of the two
column loads, the induced sail pressure will be Ill'l 55 the
foundation base.
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Design of Combined Footings (Cont.)

¢ Desian controls are similar to single footings.
* In long direction, both shear and moment diagrams should be drawn.

+ Ia short direction, the effective width for each column is considered as
the calumn width plus /2 on each side of the column.
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Practical Considerations M
* Itisvery comman to level the base of excavated footing by a thin layer

of lean concrete of thickness 100 mm. What is lean concrete?

+ Lowstrength concrete is commonly used in footings, say [, = 21 MPa.
However, in special cases, high strength mncrete shail be used.
| Minimum £ for structural memhers?

+ For footings subjected to light compressive loads like those supporting
masonry walls, it is permitted to use plain concrate.

+ Excavation method shall be considered.

+ Round foundation dimensions to multiples of 50 mun. &
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Other Topics

if //

Madeling of soil by equivalent springs [k,) ——
Analysis of footing by FEM programs

Pile foundations and pile caps

Foundations subjected to horizontal loads

Design of strap beams
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Seismic provisions for footings
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! Shear Walis

N _— . — - . '« Shear wall is a structural wall that resists the lateral earthquake or wind
4 loads acting in its plane in the presence of axial gravity loads applied
along its longitudinal axis.
|
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Shear Walls ; S
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+ Bearing walls + Short or squat shear walls {h" < 2) sy W*—”M W irtsy

# Shear walls
+ Retaining walls (Nonbearing walls)
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Bearing wall Shear wall SRo—
IR){ 71 Iﬁ Cantilever retaining wall

e Shes Walls 2
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= The structural behavior is dominated by shear.

# Flexural or slender shear walls (% = 3)-7‘

n The lateral loads are resisted mainly by the flexural action like a

cantilever beam.
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{ Geometrlcal Forms of Shear Walls
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* Rectangular

+ Wall Assemblies

S
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I.ayout af Shear Walls ina Building Floor Plan
# ltis desirable to consider the fnllnwlng points for the location of shear
walls in the plan
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150 mm is suggested.
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___E * Itis recommended to consider the thickness of shear walls not less than

+ To facilitate the construction of shear walls, the minimum thickness of
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s Concentrated at edges
# Transverse or Horizontal reinforcement

Shear Walls Reinforcement
+ Longitudinal or Vertical reanioroement [ |
= Uniformly distributed (At aa 4

Uniformly distributed
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J‘ General Requirements of Concrete Walls _ Shear Strength Provided by Concrete (Simplified Approach)
i’

+ Refer to the Section 14.3 of ACI code to see the requirements of Jt# '{D V178 . For walls under shear and compression
| reinforcement in concrete walls, \d

| Ve=0.17/fhd
+ These requirements shall be met is all concrete walls including shear
e

walls. HA + For walls under shear and tension force, N, (negative in tension)

® The reinforcement of shear walls shall also satisfy other requirements

0.29N
discussed later in this lecture. V.=0.17 (1 + -

L

)Jﬁhd

where A, is the gross cross sectional area of wall.
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Shear Strength Shear Strength Provided by Concrete (Detailed Approach)
Jr : W
# The shear strength of wall is provided by both the concrete and V. =min(V., V)
| horizontal shear reinforcement
' where
PV 2Vy
N —
V,=V.+V, <083/ ihd B 3 M Vo= 037y fehd + o ‘
 Lloxs s | 2 ia;f/) - .
where ¢h = (.75 and d is the effective depth of section. i ' L, (I]. 1/ +0. le.;)l
Ver = 0.05FC + T hd
+ Itis permitted to take d = 0.81,,. I-'_: = Tw I

. h‘% —J?" < D, the second relation shall not apply.
|

+ See clause 11.9.7 of ACI code for the critical section,

)
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| Shear Sl:rength Provided by Reinforcement
.1'
| * WV, > PV, the shear reinforcement is required

I —v“ v —iﬂf_}‘:‘.
¢ 5

where A, , is the area of transverse shear reinforcement.

—@ Wil Lo veraty ol T ec wokogy Uy of Lo e Seuctares
MOE agraldlr,

e wialis

13

! Requlremants of Shear Reinforcem '5nt

;f" ._,_j.l_.l
4 Pimin = 0.0025, p,=2u <
Jamin Sh—— o 5 )Q L,\
450mm) Asls S

|
| ¢ Symar = min (30,
i
.

|* P1=0.0025+0.5(2.5 - 7%) (p, - 0.0025) > 0.0025

* Simax = mnt{:!h 450 mun) *ML

* IfV, > 1;:'- the minimum shear reinforcement shall be provided.

Ve . s < ;
o 1V, < 2 aither the minimum reinforcement of shear walls (given
il

above) or the minimum reinforcement of concrete walls (see Section
14.3 of ACI code) can be provided.
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Flexural Strength el r‘ﬂ-

* When the wall is subjectad to pure moment, J: ol
the flexural strength of wall is determined in a

similar way of beams. i e e e

[ A

! F.__._'l:.__ __|
| = When the wall is under axial foree and

mament, the wail can be treated as a short
coiumn. Either the column interaction I

diagrams or simplified Tersion-Compression El:,,f—-"| -
methods can be used for analysis or design | e
purposes, sl I
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+ Coupled shear walls
| & Shearwall assemblies
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11.6.4 — Shear-friction design method

11.6.4.1 — Where shear-friction reinforcement is
perpendicular to the shear plane, V, shall be

computed by /ZN W nv'FH ) fA

(é’oyjﬂb’ﬂf%b L Vo= Ayfyul (11-25)
é}) where u is coefficient of friction in accordance with
11.6.4.3.

11.6.4.2 — Where shear-friction reinforcement is
inclined to the shear plane, such that the shear force
produces tension in shear-friction reinforcement, V,
shall be computed by
Va=Ayfy(usina+cosa) (11-26)
where ais angle between shear-friction reinforcement
and shear plane.

COMMENTARY

In this equation, the first term represents the contribution of
friction to shear-transfer resistance (0.8 representing the
coefficient of friction). The second term represents the sum
of the resistance to shearing of protrusions on the crack
faces and the dowel action of the reinforcement.

When the shear-friction reinforcement is inclined to the shear
plane, such that the shear force produces tension in that
reinforcement, the nominal shear strength V,, is given by

Vi =Ayef, (08 sina+ cosa) + AKsin*a

where & is the angle between the shear-friction reinforce-
ment and the shear plane (that is, 0 < & < 90 degrees).

When using the modified shear-friction method, the terms
(A, fy1A.) or (A, pf sina/A, ) should not be less than 1.4 MPa
for the design equations to be valid.

R11.6.4 — Shear-friction design method

R11.6.4.1 — The required area of shear-friction reinforce-
ment A, is computed using

A= s
EACTAT

The specified upper limit on shear strength should also be
observed.

R11.64.2 — When the shear-friction reinforcement is
inclined to the shear plane, such that the component of the
shear force parallel to the reinforcement tends to produce
tension in the reinforcement, as shown in Fig. R11.6.4, part
of the shear is resisted by the component parallel to the
shear plane of the tension force in the reinforcement.'!-%

Assumed crack
and shear plane

Applied shear

qu.

Shear friction
reinforcement, A,s

\ Fig. R1l.6.4—Shear-friction reinforcement at an angle to
assumed crack.
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11.6 — Shear-friction

11.6.1 — Provisions of 11.6 are to be applied where it
is appropriate to consider shear transfer across a
given plane, such as: an existing or potential crack, an
interface between dissimilar materials, or an interface
between two concretes cast at different times.

11.6.2 — Design of cross sections subject to shear
transfer as described in 11.6.1 shall be based on
Eq. (11-1), where V, is calculated in accordance with
provisions of 11.6.3 or 11.6.4.

11.6.3 — A crack shall be assumed to occur along the
shear plane considered. The required area of shear-
friction reinforcement A, across the shear plane shall
be designed using either 11.6.4 or any other shear
transfer design methods that resuit in prediction of
strength in substantial agreement with results of
comprehensive tests.

11.6.3.1 — Provisions of 11.6.5 through 11.6.10 shall
apply for all calculations of shear transfer strength.

COMMENTARY
R11.6 — Shear-friction

R11,6.1 — With the exception of 11.6, virtually all provisions
regarding shear are intended to prevent diagonal tension
failures rather than direct shear transfer failures. The
purpose of 11.6 is to provide design methods for conditions
where shear transfer should be considered: an interface
between concretes cast at different times, an interface
between concrete and steel, reinforcement details for precast
concrete structures, and other situations where it is consid-
ered appropriate to investigate shear transfer across a plane
in structural concree. (See References [1.43 and 11.44.)

R11.6.3 — Although uncracked concrete is relatively strong
in direct shear, there is always the possibility that a crack will
form in an unfavorable location. The shear-friction concept
assumes that such a crack will form, and that reinforcement
must be provided across the crack to resist relative displace-
ment along it. When shear acts along a crack, one crack face
slips relative to the other. If the crack faces are rough and
irregular, this slip is accompanied by separation of the crack
faces. At ultimate, the separation is sufficient to stress the
reinforcement crossing the crack to its yield peint. The
reinforcement provides a clamping force A gfy across the
crack faces. The applied shear is then resisted by friction
between the crack faces, by resistance to the shearing off of
protrusions on the crack faces, and by dowel action of the
reinforcement crossing the crack. Successful application of
11.6 depends on groper selection of the location of an
assumed crack.!1-10:11:43

The relationship between shear-transfer strength and the
reinforcement crossing the shear plane can be expressed in
various ways. Equations (11-25) and (11-26) of 11.6.4 are
based on the shear-friction model. This gives a conservative
prediction of shear-transfer strength. Other relutionships
that give a closer estimate of shear-transfer
strength! 1611431196 cap be used under the provisions of
11.6.3. For example, when the shear-friction reinforcement
is perpendicular to the shear plane, the nominal shear
strength V, is given by!! 451146

V, = 0.84,.f, + A K,

where A, is the area of concrete section resisting shear
transfer (mm?) and K; = 2.8 MPa for normalweight concrete,
1.4 MPa for all-lightweight concrete, and 1.7 MPa for sand-
lightweight concrete. These values of K; apply to both
monaolithically cast concrete and to concrete cast against
hardened concrete with a rough surface, as defined in 11.6.9.

American Concrete Institute Copyrighted Material—www.concrete.org
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11.6.4.3 — The coefficient of friction & in Eq. (11-25)
and Eq. (11-26) shall be taken as:

Concrete placed monolithically.........cocvvninnineee. 1.44

Concrete placed against hardened
concrete with surface intentionally roughened

as specified iN 11.6.9..ci e eecer e cceeee e seeeeee. 1004

Concrete placed against hardened
concrete not intentionally roughened................. 0.64

Concrete anchored to as-rolled structural
steel by headed studs or by

reinforcing bars (522 11.6.10).cccccicecemeerenrerennen. 074

where 4 = 1.0 for normalweight concrete and 0.75 for
all lightweight concrete. Otherwise, 4 shall be deter-
mined based on volumetric proportions of lightweight
and normalweight aggregates as specified in 8.6.1,
but shall not exceed 0.85.

11.6.5 — For normalweight concrete either placed
monolithically or placed against hardened concrete
with surface intentionally roughened as specified in
11.6.9, V, shall not exceed the smallest of 0.2 A,
(3.3 + 0.08f;)A; and 11A., where A, is area of
concrete section resisting shear transfer. For all other
cases, V, shall not exceed the smaller of 0.2 A, or
5.5A.. Where concretes of different strengths are cast
against each other, the value of f; used to evaluate V,,
shall be that of the lower-strength concrete.

11.6.6 — The value of f, used for design of shear-
friction reinforcement shall not exceed 420 MPa.

11.6.7 — Net tension across shear plane shall be
resisted by additional reinforcement. Permanent net
compression across shear plane shall be permitted to
be taken as additive to Af,, the force in the shear-
friction reinforcement, when calculating required A,y.

COMMENTARY

Equation (11-26) should be used only when the shear force
component parallel to the reinforcement produces tension in
the reinforcement, as shown in Fig, RI11.6.4. When & is
greater than 90 degrees, the relative movement of the surfaces
tends to compress the bar and Eq. (11-26) is not valid.

R11.6.4.3 — In the shear-friction method of calculation,
it is assumed that all the shear resistance is due to the friction
between the crack faces. It is therefore necessary to use
artificially high values of the coefficient of friction in the
shear-friction equations so that the calculated shear strength
will be in reasonable agreement with test results, For concrete
cast against hardened concrete not roughened in accordance
with 11.6.9, shear resistance is primarily due to dowel
action of the reinforcement and tests'™"” indicate that
reduced value of = 0.64 specified for this case is appropriate.

The value of 4 for concrete placed against as-rolled structural
steel relates to the design of connections between precast
concrete members, or between structural steel members and
structural concrete members. The shear-transfer reinforce-
ment may be either reinforcing bars or headed stud shear
connectors; also, field welding to steel plates after casting of
concrete 1s common. The design of shear connectors for
composite action of concrete slabs and steel beams is not
covered by these provisions, but should be in accordance
with Reference 11,48,

R11.6.5 — These upper limits on shear friction strength arc
necessary as Eq. (11-25) and (11-26) may become uncon-
servative for some cases. Test data'**!'50 on normal-
weight concrete either placed monolithically or placed
against hardened concrete with surface intentionally rough-
ened as specified in 11.6.9 show that a higher upper limit
can be used on shear friction strength for concrete with f;
greater than 28 MPa than was allowed before the 2008 revi-
sions. In higher-strength concretes, additional effort may be
required to achieve the roughness specified in | 1.6.9.

R11.6.7 — If a resultant tensile force acts across a shear
plane, reinforcement to carry that tension should be
provided in addition to that provided for shear transfer.
Tension may be caused by restraint of deformations due to
temperature change, creep, and shrinkage. Such tensile
forces have caused failures, particularly in beam bearings.

When moment acts on a shear plane, the flexural tension
stresses and flexural compression stresses are in equilibrium,
There is no change in the resultant compression A, f, acting
across the shear plane and the shear-transfer strength is not
changed. It is therefore not necessary to provide additional
reinforcement to resist the flexural tension stresses, unless the
required flexural tension reinforcement exceeds the amount

American Concrete Institute Copyrighted Material—www.concrete.org
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11.6.8 — Shear-friction reinforcement shall be appro-
priately placed along the shear plane and shall be
anchored to develop f,, on both sides by embedment,
hooks, or welding to special devices.

AN
)_,u.‘»)}w@uﬂ_;“dwly.w’ﬂ

A

11.6.9 — For the purpose of 11.6, when concrete is
placed against previously hardened concrete, the
interface for shear transfer shall be clean and free of
laitance. If ¢ is assumed equal to 1.04, interface shall
be roughened to a full amplitude of approximately 6 mm.

11.6.10 — When shear is transferred between E.s;,,-—?

rolled steel and concrete using headed studs or
welded reinforcing bars, steel shall be clean and free
of paint.

e ¥ " f_J B
11.7 — Deep beams — “—"¢b& o /A~

11.7.1 — The provisions of 11.7 shall apply to
members with £, not exceeding 4h or regions of
beams with concentrated loads within a distance 2h
from the support that are loaded on ane face and
supported on the opposite face so that compression
struts can develop between the loads and supports.
See also 12.10.6.

188

COMMENTARY

of shear-transfer reinforcement provided in the flexural
tension zone. This has been demonstrated experimentally,! 5!

It has also been demonstrated experimentally''** that if a
resultant compressive force acts across a shear plane, the
shear-transfer strength is a function of the sum of the resul-
tant compressive farce and the force A, f, in the shear-fric-
tion reinforcement, In design, advantage should be taken of
the existence of a compressive force across the shear plane
to reduce the amount of shear-friction reinforcement
required, only if it is certain that the compressive force 15
permanent.

R11.6.8 — If no moment acts across the shear plane,
reinforcement should be uniformly distribuicd along the
shear plane to minimize crack widths. If a moment acts across
the shear plane, it is desirable te distribute the shear-transfer
reinforcement primarily in the flexural tension zone.

Since the shear-friction reinforcement acts in tension, it
should have full tensile anchorage on both sides of the shear
plane. Further, the shear-friction reinforcement anchorage
should engage the primary reinforcement, otherwise a
potential crack may pass between the shear-friction reinforce-
ment and the body of the concrete. This requirement applies
particularly to welded headed studs used with steel inserts
for comnections in precast and cast-in-place concrete,
Anchorage may be developed by bond, by a welded mechan-
ical anchorage, or by threaded dowels and screw inserts
Space limitations often require a welded mechanical
anchorage. For anchorage of headed studs in concrete, see
Reference |1.16,

——
ot
-

R11.7 — Deep beams

R1L7.1 — The behavior of deep beams is discussed in
References 11.5 and 11.52 through 11.54, For a deep beam
supporting gravity loads, 11.7.1 applies if the loads are
applied on the top of the beam and the beam is supported on
its bottom face. If the loads are applied through the sides or
bottom of such a member, strut-and-tie models, as defined
in Appendix A, should be used to design reinforcement to
suspend the loads within the beam and transfer them to
adjacent supports.

American Concrete Institute Copyrighted Materia—www.concreta.org
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Design of RC Structures |l —Spring 2015 HwW1 Short Columns
Due: 18" Esfand, 1393 Related Chapter: Ch. 8
Notes: Page 1of 3

Take f; = 28 MPa and f, = 420 MPa, unless otherwise noted.
For nondimensional interaction diagrams refer to the Appendix of the textbook.
All dimensions shown on figures are in millimeter, unless otherwise noted. n 9

In all problems X and Y are the right figures of your student ID number, i.e. 92150XY. )

An interior rectangular short column in an office building with clear height @f 3.X m (e.g.
3.7) should be designed for a factored axial compressive load B, = 5Y0 ton (e.g. ). The
lateral force resisting system of the building is provided by shear walls. Architectural aspects
limit one side dimension of the column to the maximum value of 300 mm. Design the
column for p, = 2.X% (e.g. 2.7%) and sketch your final design with enough details.

Sz

The following sections are proposed for RC columns in an ordinary building frame. All
reinforcing bars shown are @22,
a) Sketch an appropriate tie arrangement for each section. Determine size and spacing of

ties.
b) Calculate the location of plastic centroid for the L-shaped column.
B00
500 300 300
75 B8 B8 , BB 88 75
I EX
: _ e e
oY
e @2 o o @ g 2
0 ® @
= L=
F— -ﬂ
e @ g 5 8
@ ® @ ]
s}
R 8 2
o e © @ o o ™ E @ [
Y
"~ ~
7 150 150 150 Fi
600

“73. Draw the design interaction diagram ¢P, — $M,, for the given column section. f =
2X MPa (e.g. 27), and f;, = 4Y0 MPa (e.g. 400).

L4 430
—— L ® L @ -
we 2 Y
Moment @paccty 97 ® L>x o g
. 10528 8
& ™ ) L
85 180 190 120 65




Design of RC Structures Il —= Spring 2015 HwW1

Due: 18" Esfand, 1393

Notes:
« Take f, = 28 MPa and f, = 420 MPa, uniess otherwise noted.
¢ For nondimensional interaction diagrams refer to the Appendix of the textbook.
¢ All dimensions shown on figures are in millimeter, unless otherwise noted.

s Inall problems X and Y are the right figures of your student ID number, i.e. 92150XY.

4- Select reinforcing bars for the following short columns subjected to the applied loads shown.

300 i
o
It -e o @
! »
|
Q 1
wes— H3| L
M |
; isa! 370 Ie::,
B o --—9 @ @ . - E
= i 500
L] ; .
(8) (b) e _ 2 v,
P,=1X0tons W0 ton e Ll“-ﬂ P, = 2¥tons, W~ ol
Mac=2YLM 9% fonm Ty e, =50mm “Y=50
(Spirally reinforced column)

T

5- A nonslender corner column is-subjected to a factored compressive axial load P, = 200 kN,)
a factored bending moment My, = 180 kN.m about the x axis, and a factored bengimg
moment_ M =100 /}4 m about -t axis, as shown. Design a rectangular tied column
section to rcsist biaxial bending moments,

i. Use the Bresler-Parme equation.
l ii. Use the reciprocal load method.

Hint: When a rectangular column with unknown dimensions is 1o be designed under biaxial
bending moment, it would be ;easonabie to select the column dzmemmm‘ proporiional to the

B //“If applied bena’:-nimomem? ie. — = x:; %51; GL' b _ ?m
'. /_’ . : | T —— - e =
Vil 1) y \ |
. xc(C Moy
) 3,.39(C) | L -
W= 600 = ) E

|
Ry W lsx  \ My b
p i 2 / £ ﬂ% ux :/’.I_.\i.— ‘p
=z o .

L

}/ _ | &
\\527. - . ] 'C L_\ 2 (\f\@/ﬁf@ %Eﬁ___ -
- { if (’ﬁ.a-' (P i ’____ﬂ_._.—_—-—-—"""_f
,/‘ . j{; ’ | @k— | { L : T



Design of RC Structures Il —Spring 2015 HW1 Short Columns

Due: 18" Esfand, 1393 Related Chapter: Ch. 8

Notes: Page 3 of 3
e Take f, = 28 MPa and f,, = 420 MPa, unless otherwise noted.

e For nondimensional interaction diagrams refer to the Appendix of the textbook.
All dimensions shown on figures are in millimeter, unless otherwise noted.

s Inall problems X and Y are the right figures of your student ID number, i.e. 92150XY.

6- The square column shown in the following figure is a comer column subject to axial load and
biaxial bending. X

A—Qf—efm-.'w, (\". to AE'

a) Find the unique combination of P, My, and M, that will produce incipient failure with
the neutral axis located as in the figure. The compressive zone is shown shaded. Note that
the actual neutral axis is shown, not the equivalent rectangular stress block limit;
however, the rectangular stress block may be used as the basis of calculations.

b) Find the angle between the neutral axis and the eccentricity axis, the latter defined as the
line from the column center to the point of load.




Project 1: Interaction Diagram

B e

el A

J

& Write a worksheet in either Excel or Mathcad for constructing the

interaction diagram for the RC column section assigned to you. J P,
: . . . / N
= The dimensions of the section, area of reinforcement in each layer, and ’{ Hé"-’
material properties, and type of lateral reinforcement are given. i

m The interaction diagram shall be constructed for both major axes.

m Verify your results by a commercial program like SAP2000, CSICOL, or
ETABS.

s A short ENGINEERING report is required.

m Due:
¢ Group 1: 22" Farvardin, 1394
¢ Group 2: 24" Farvardin, 1394

@ 6 (6) (7

(1) (2)

% Sharif University of Technology Design of RC Structures 11 Short Columns-Interaction Diagram 36
- &g M. Eskandari Spring 2015
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Design of RC Structures 11 — Spring 2013 HW2 Slender Columns

Due: Group 1: 15" Farvardin, 1394 Related Chapters: Ch. 9
Group 2: 17" Farvardin, 1394

Noftes:

o Take f. = 28 MPa and f,, = 420 MPa for all problems.
s Al dimensions shown on the figures are in millimeters, unless otherwise noted.
s X and Y are the right figures of your student ID number, e.g. for 90150307, X=0 and

Y=7 ‘.?'5[’5,’ e :%ol-‘f‘: :mgrvss.‘v&

I\

s 7%
il
{L R

1- The structure shown in Fig. 1a requires tall slender columns at the left side. It is fully braced
by shear walls on the right. All columns gre 400 X 400 mm, as shown in Fig. 1b, and all
beams are 600 X 450 mm with 150 mm monolithic floor slab, as in Fig. 1c. Trial calculations
call for column reinforcement as shown. Alternate load analysis indicates the critical
condition with column AB bent in single curvature, and service loads and moments as
follows:

» from dead loads, P = q‘;(*gkN (e.g.500), Moy = 81 KN.m, My = 52 kN.m; —— T)&a,i

*+ from live loads, P = 4Y1 kN (e.g. 471), Mo, = 54 kN.m, My = 33 kN.m, — 5 Live_

Is the proposed column, reinforced as shown, satisfactory for this load condition? Consider

the moment of inertia of reinforcing bars in El calculation. \

o ye < 50 L'

o 6600 —sje— 6600 —#1a:3300 o Lo ¢!

,
N

—

Fig. 1o

6 No. 32 bars

No. 10 ties

40nun Clear Cover
Fig. 1b
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Design of RC Structures 11 — Spring 2015

HW2

Due: Group 1: 15" Farvardin, 1394
Group 2: 17" Farvardin, 1394

A
w 73

Q\;\Q‘;O ufrj(

Slender Columns
Related Chapters: Ch 9

2~ The first three floors of a multistory building are shown below. The lateral
frame consists of 500500 mm exterior columns, 600x600 interior columns, an

4
(!oad-:es:stmg N —) MK} wwj

wide x 600 mm deep girders. The center-to-center column height is 4800 mm. For the second

story columns, the service gravity dead and live loads and the horizontal wind loads based on

an elastic first-order analysis of the frame are:
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Design of RC Structures I — Spring 2014 HW3 One-Way Slabs
Due: Group 1: Ordibehesht 5, 1394 Related Chapters: Ch. 13
Group 2: Ordibehesht 7, 1394

I- A reinforced concrete building floor system consists of a continuous one-way slab built
monolithically with its supporting beams of dimensions 450 mm wide and 650 mm high, as shown
below. Service live load will be 5X0 kg/m? (e.g. 570). Dead loads are due to self-weight plus 1Y0
kg/m’ (e.g. 190) for suspended loads. Using ACI coefficients from Chapter 12, calculate the design
moments and shears and design the slab. Use all straight bar reinforcement. Summarize your
design with a sketch showing concrete dimensions, and size, spacing, and cutoff points for all
reinforcement. Assume steel reinforcement grade Alll and f = 25 MPa.

Note: X and Y are the right figures of your student ID number, e.g. X=7 and Y=9 for 5215079.
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2- Solve problem 1. if the precast joist and block floor system is used. Use the Bulletin No. 543 and
sketch your final design for the precast joists, blocks, and the slab. Polystyrene blocks are used as
the filler.
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Design of RC Structures Il — Spring 2015 HW4 Footings
Due: Group 1: Ordibehesht 26", 1394 Related Chapter: Ch. 16
Group 2: Ordibehesht 28", 1394

1- Design a reinforced concrete wall footing for a 300 mm masonry wall. The intensity of service linear
dead load is 45 kN/m and a service linear live load 50 kN/m of wall length. The frost line is assumed
to be 600 mm below grade. Given: y; = 18 kN/m®, q, = 90kPa, f; = 21 MPa, f, = 400 MPa.

2- A rectangular or square footing is required to support a square 600 mm
column located in 45° offset from the footing axes, as shown in the
figure. The applied loads are listed in the following table. Design the
footing. Your design shall include base dimensions, footing thickness,
reinforcement layout. g, = 1.8 kg/em?.

Load P (ton) Mx (ton.m)

Dead 85 0

Live 44 0
Earthquake 33 15

3- Two interior columns for a high-rise concrete structure are spaced 4.5 m apart, and each carries
service loads D = 220 tons and L = 257 tons. The columns are to be 550 mm square in cross section,
and will each be reinforced with twelve ®32 bars centered 70 mm from the column faces, with an
equal number of bars at each face. For the colurnns, f = 30 MPa and f;, = 400 MPa. The columns
will be supported on a rectangular combined footing with a long side dimension twice that of the
short side. The allowable soil-bearing pressure is 3 kg/cm?. The bottom of the footing will be 1.8 m
below grade. Design the footing for these columns, using f/ = 21 MPa and fy = 400 MPa. Specify
all reinforcement, including length and placement of footing bars and dowel steel.

é‘i A00 mm
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Design of RC Structures II — Spring 2015 HWS5 Shear Wall & Shear Friction
Due: Final Exam

I- Check the moment and shear strength at the base of the structural wall shown below. Also, show that
the given horizontal and vertical reinforcement satisfies all of the ACI Code requirements regarding
minimum reinforcement percentage and maximum spacing. The given lateral loads are equivalent
wind forces, considering both direct lateral forces and the effects of any torsion. Use a load factor of
1.6 for the wind load effects. The given vertical loads represent dead loads, and you can assume that
the vertical live loads are equal to 60 percent of the dead loads. Assume the wall is constructed with
normal-weight concrete that has a compressive strength of 30 MPa. Assume all of the steel is Grade

AlIL
}120 1o 0n
i
33m | {25 ton i1 ton
o ,,II,,_ HETNCREE0E, S T} "
33m | {25 ton .
i e R Horizontal reinforcement:
33m | {2 5 b - ®12(@400 at each face
e R e Vertical reinforcement:
33m | {25 on | 4o ®12@300 at each face
B SN SRS [ i
45m

s | Typical wall section

2- A 300 mm wide by 600 mm deep beam shown in the figure below is proposed to be cast between
two existing walls A and B. One proposal is to roughen wall A only to minimum 6 mm amplitude
at the interface of the new beam. Wall B was originally cast with good quality smooth form ply
and will be cleaned prior to casting the new beam. Take f. = 30 MPa and f,, = 400 MPa.

a) Determine the area of shear friction reinforcement required at the beam supports.
b) Do you believe that this solution is good for the right support?

W= 100 kN/m

N\

;

wall A

8

) ~Roughenedto Ot roughened
[ min. 5 mm amplitude ‘\-.
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770 DESIGN OF CONCRETE STRUCTURES Appendix A .
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Area of Equally Spaced Standard Bars (mm®/m)

Center-to-Center Spacing (mm)
Bar Size
(mm) 75 100 125 150 175 200 225 250 300 350 400 450
6 377 283 226 188 162 141 126 113 94 81 71 63
8 | 670 | s03 | a02 | 335 | 287 | 251 | 223 | 200 | 168 | 144 126 112
10 | 1,07 | 785 | 628 | 524 | 449 | 303 | 349 | 314 | 262 | 224 | 19 | 175
12 | 1508 | 1,131 | 905 754 | 646 | s65 | 503 as2 | 377 323 | 283 | 251
14 | 2053 | 1539 | 1,232 | 1,026 | ss0 | 770 | e8a | 616 | 513 | 440 | 385 | 342 |
16 | 2,681 | 2,011 | 1,608 | 1340 | 1,149 | 1,005 | 894 | s0a | 670 | s7a 503 | 447
18 | 3393 | 2545 | 2,036 | 169 | 1,454 | 1,272 | 1,131 | 1018 | 848 | 727 | 636 | s65
20 | 4189 | 3142 | 2513 | 2098 | 1795 | 1571 | 1396 | 1257 | 1047 | so8 | 785 | eog |
22 | 5068 | 3801 | 3081 | 253 | 2172 | 1901 | 1689 | 1521 | 1267 | 1086 | 950 | sas
25 | 6545 | 4909 | 3927 | 3272 | 2805 | 2,454 | 2,182 | 1963 | 1636 | 1402 | 1,227 | 1001
M. Eiskandari Design of RC Structures {1

Sharif University of Technology
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2
Ao, 105 0T yhf s
h 0 I Mpa = &)
3 Pt
b
= 10 ka= (v
Area of Groups of Standard Bars (mmzl
Mumber of Bars
Bar Size
(mm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
g 50 101 151 200 | 251 | 302 | 352 | 402 | as2 | s03 | 553 | €03 | es3 | 708 | 754 804 855 905
"0 T8 | 257 [ 236 | 318 | 393 | a1 | sso | 628 | 707 | 785 | s6a | o942 | 1021 | 100 | 278 | 1257 | 1335 | 114
_:__1251_3_ :72_25_ | 339 | as2 H_EL jﬁ_ |_1_92_ Msb_sm 1,018 | 1,131 | 1,20 1,357 | 1470 | 1583 | 1,69 1810 | 1923 | 203
14 154 | 308 | 462 | 616 | 770 | o924 | 1078 | 1,232 | 1385 | 1538 | 1,603 | 1,847 | 2,001 | 2155 | 2,309 | 2463 | 2617 | 2,771
16 | 200 | a0z | 603 | soa | 1005 | 1,206 | 1,007 1608 | 1810 | 2011 | 2212 | 2,413 | 2614 | 2815 | 3016 | 3217 | 3418 | 3,619
s | 280 | s0s | 763 | 1ows | 1,272 | 1527 | 1781 | 2,086 | 2290 | 25505 | 2,799 | 3,054 | 3308 | 3563 3817 | 4072 | 4326 | asso
2o | me | s | |3am | 1 | v | 20 | a3 | 2 | sam | sase | 370 f oee | ases | azi2 | so | s | sess
22 380 760 1, 140’ 1,521 1,907 2,781 2,661 3,043 3,421 3,801 4,181 4,562 4,942 5,322 5,702 6,082 6,462 6,842
5o | Taer | 9az | 1473 | 1963 | 2,454 | 2945 | 343 | 3927 | 4418 | 4909 | 5.400 | 589 | 6381 6872 | 7363 | 7858 | 8345 | 8336
s | eis | 1232 | 1807 | 2463 | 3079 | 3,695 | 4310 | 4926 | 5542 | 6358 | 6773 | 7,389 | 8005 | 862 | 923 To8s2 | 10468 | 11,084
a0 1707 | 1a2a | 2121 | 2827 | 3.534 | 8,241 | a,9a8 | 5655 | 6362 | 7,069 | 7,775 | 8482 | 9,189 | o896 10603 | 11,310 | 1207 | 12723
"3z | o4 | 1eos | 2413 | 3217 | s0m | 425 | 5630 | 6430)| 7,238 | soa2 | 88a7 | 951 | 1055 11,259 | 12,064 | 12,868 | 13,672 | 14,476 |
“a0 | izsr | 2512 | 3770 | 5027 | 6288 | 7540 | 8796 | 10,02 | 11,310 | 12,566 13,823 | 15,080 | 16,336 | 17,503 | 18,850 | 20,106 | 21,363 | 22,619

Bundled Bars :
“Two, three, or at most four bars can be bundied together to act as a group.

For more details of bundled bars refer to ACI 318-11 Section 7.6.6.

4 o B B

Two bars Two bars Three bars Three bars
(Vertical paitern) (ITerizondal patiern) (Trianguiar pattern) (L.~shaped paticrn)

{: -
i
i ot T
s M. Essannan

Four bars
(Square pattern)

Fall 2014




Minimum Required Beam Width* (mm})

Bar size Number of bars in single layer of reinforcement
{mm) 2 3 £ ] 8 1 86 7 8
g 181 223 254 305 | 345 388 429
10 183 227 270 313 | 356 400 443
12 185 231 276 321 366 412 457
14 187 235 282 328 376 424 471
16 189 239 288 337 386 436 485
18 191 243 | 294 345 396 4438 459
L 20 193 247 300 353 406 460 513
jl____gz 195 251 306 361 | 416 472 527
| 25 198 257 318 373 431 490 548 |
28 201 263 324 385 446 s08 | 569 |
BE 205 271 336 a01 | 466 532 | 597 |
= in the presence of lop splices, the tabulated volues may need revision,
Note: v
‘h{s:ablj_his rga::rzrepared based on the following assumptions: y ‘;"L"‘:"":h@f_,w 4*%*’
e ¢ =40mm y }_: reviie

8 Dma-‘: = 25mm
For other cases, the following equation can be used:

’ d
b = max(dy, 25, 13304 ) (n—-1)+ 2 [c + ds + max LZd,_.,?g)] +(n-1)d;

where,

Bynin = Minimur required beam width {mm}
¢ = clear concrete cover (mm)

d; = bar diameter (mrn)

d, = stirrup diameter {mm]

n =number of bars

D,... = maximum aggregate size (mm)

7 o

2ds |
) 0.5dp
(2 — 0.5¢0) 7 ¥ o0sds
\ | /’ ' 0.50

L.
= P A ds

Concreta
Caver

dy s dy s dp l

< 5

rcunc:ate | ds Concrete
Caver ¥ Cover

I
r
3
k

N ESKANDAR!



Minimum Concrete Cover* (According to ACI318M-11 7.7)

’_Casting Type | Surface Exposure Type Member Type Bar Size Minimum
' [ (mm) Concrete
Cover (mm)
Cast-in-place Concrete cast against and = - 75
concrete permanently exposed 1o
{nonprestressed) earth
Concrete exposed to earth " D218 50
or weather <18 40
Concrete not exposed to Slabs, walls, joists d=40 40
wc.aihcr ‘ D<40 20
or in contact with ground e e x 40
Shells, folded plate D218 20
members d<18 3
Precast concrete Concrete exposed to earth Wall panels D240 40 T
(manufactured or weather <40 20
;Faﬁrcomml Other members D240 50
conditions) 16<®<40 40
®<16 30
Concrete not exposed (o Slabs, walls, joists =40 30
we.m.her . <40 16 B
or in contact with ground Beams, columns (primary - =&
reinforcement) (bar diameter)
) But 16<cover<40 1
Beams, columns - 1G
(Ties, stirrups, spirals) |
Shells, folded plate @18 16 i
- ! =
members D<18 | 10

* The listed minimum concrete covers are only for general conditions ond in

cancrete cover may be specified, ser Sectinr= 77610 7.7.8

" For the required concrete covers of prestressed concrete me

* For bundled bars see Section 7.7.4 of ACIZ18M-11.

—

Stirrup

mbers refer to Section 7.7.2 of ACI318M-11.

Z

S

&,

z
\&:

<)

Concrete
Cover

M. ESKANDARI

Concrete
Cover

case of corrosive environments ond fice protection greater

Concrete
Cover
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Bending-moment envelope for extariar epan with exterior Bending-moment envelope for exterior span with

support built integrally with a spandrel beam or girder discontinuous end unrestrained
Ry 1.0
& Gf /
EEN o 0.8A4 \
\ N\
- N
0.3 T AN
U.DQBP,-, 0.2 5 h' .146£n
Q1 - - A f \
1 | 0.1,
10'1 0'2 03 D.d 0—1 ‘_“__
0.2 0.108¢, J4u! ,
00;13 61 02 03 04 05¢ 04
0.5 : X
o6 Exteriorend
0.7
0.8
?0.9
1.0
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[ Bending-moment envelope for exterior span with exterior

Bending-moment envelope for typical interior span
g p yp P support built integrally with a column
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Project # 1 of designing concrete structures 2 Dr.eskandari 2nd semester of 1393-94
St name : Habib-ollah Sadeghi St ID : 91105047 Group : B

For the following rectagular cross sectional beam let's develope the interaction curve diagram
under the given properties :

b:=400 dimensions of section cover:=65

h:=500

n:=4  number of layers of bars

Enter the area of the bars of ech layer from top to the bottom in the matrix format :

[2463]
| 2463 |
{24631
| 2463 |

sum:= 3, As for instance we have 4 layers of 4¢28 bars

i=1

sum=9.852-10"

Asgi=

o -II the first input for the es
nl:=4 number of bars in the first layer £s: _i t of different steel layers

Dstir:=10 Diameter of the stirrup

f {. \Iln
Il\h—2-cm=er—2-Ds£fir-| i I J
E \menl) =84
n
Y= Itor mel..n &
] f (As A | 1;' [ 82]
| H | | 1| i | 166]
H lly wlcm:er+ i +Dstir+(m—1)- SJ Y= 250|
| ™ 2 | 334]
y

we assumed that the bars were in equal space " s " from each other

Astotal = sum total area of the steel Astotal =9.852-10"
Atotal:=b+h total area of the section Atotal=2-10"

Ac:= Atotal — Astotal pure area of concrate

fy =420 Ey::—fy— Ey:D.ﬂDQ]. FE5:=200000
Flei=28 200000
( Asl \U"?
d1:=h—cover —Dstir —| d1=411
\m-nl)
Ts:=0 tensile force of bars
Cs:=0 compressive force of steel
Ce:=0 compressive force of concrete

Page 1



Project # 1 of designing concrete structures 2 Dr.eskandari 2nd semester of 1393-94
St name : Habib-ollah Sadeghi St ID : 91105047 Group : B

Bli=if fle<28
I 81 —0.85

else if 28<fe<56
!' B1 —0.85—0.05.5¢=28)
i 7

else if f'e>56

181 —0.65

#1

31=0.85

let's calculate pure axial load capacity :

Pno:=0.85-f'c- Ac+ Astotal-fy Pno=8.6634.10"
lets calculate Pure__tensile'l'c':éd cé-pacify .

- Pnlo:=—Astotal - fy Pnlo=-4.1378.10"

lets calculate the balanced point of interaction curve : y
" At the balanced paint the £¢:=0.003 and the tensile steel is yleided $

_g! ci=100
(=1
=
ﬁ
‘%I 0.003-(dl—c)=ey-c
o >
2l c:=find (c) c=241.7647
&7

c=241.7647

ax=31 ¢ a=205.5

Page 2



Project # 1 of designing concrete structures 2

St name : Habib-ollah Sadeghi

£8i= ”forfé €el..n—1

|
i |

|
|
I

l
r

—_

|Iify <c

[0.002
O
| 0.0001 |
| 0.0021

fs::”forz’s l..n

| if es > ey

l
Il else if es <ey

|
Il :
s

Ts:.—_”forie l.n

I

lify >e

Ce:=0.85-fc-a-b

Page 3

}l | fs —fy-As

St ID : 91105047

!!fslc—ssl-Es'As 1

i

|
I
|
l
|
I i 0.003- (yj c) |
|
|
i
l

Dr.eskandari

[
l
fs=|

Group : B

9.7657+10°

4.6312-10
[ 5.0339- 10
|1.0345.10"

5

1

1
|
|
|
I

Ts=1.0848.10"

Cec=1.9564-10"

2nd semester of 1393-94

Cs:=0



Project # 1 of designing concrete structures 2
St name : Habib-ollah Sadeghi St ID : 91105047

Cs::!|fori61..n
e
[ =N

I > '
1 i! E!CS‘_CS+IS=“ H

i

Pb:=Ce+Cs—Ts

[h_a)

(573}

Mbi=lforiel..n
i

[ i!,Mb+—Mb+,f3-{£—vy\

i3 )

i

Mb:=Cecs

I ||elseif 3 >¢

oy ——
H H }iﬂu’bhﬂfb+fs-{yi—-g-\-
o |
H Hﬂ.fb

Mb=5.7793.10°
Pb=2.3112.10"

Dr.eskandari

Group :

Cs=1.4397-10"

Pb=2.3112-10"

2nd semester of 1393-94
B

Mb=5.7793-10"

Let's find a point in the Tension controlled region :
we assume a C smaller than the one in balanced point :

e=¢—bi

es=lforie1 D
i | ¢ y <c

I
I I

elseif y >¢
T
I

| ”53.‘_(0.003.(3,,_.9)): |

= %

i
i
| e

Page 4

Mb is the moment about the neutral axis at the balanced point
Pb is the total axial force at the balanced point

[0.0017]
___lo.oo04|
“8=10.0000 |

| 0.0022]



Project # 1 of designing concrete structures 2 Dr.eskandari 2nd semester of 1393-94
St name : Habib-ollah Sadeghi St 1D : 91105047 Group : B

a=31.c a=163

Ja= lforie1..n
H " if s = EY

|
|
S
* A |
I H alse if ssigsy i !
|
|

I H H.fs‘_'—fsi-Es-Asl,' {5.4588-105}
I : _ 11.9855.10°
I Hf .1 9 I __f___ | 4.4878-10° |
Ts:=0 | Ca=0 . |1.0345.10"]
Ts;:i]fmiel..n
” Hlf'yl>(. i
| | 1ot
I uTJl 2 - - .
| ! Ts=1.4832-10 : L
Ce:=0.85-fc-a-h Ce=1.5518-10"
Cs::“foriel_-n L]
I uc%cﬁfs;;
i 41 it
i €2 ; Cs=1.0444-10"

Pl:=Cec4Cs—Ts

(h

P1=1.113-10"
AMl=Crs (3 %} |

Mi=|toriel. .n Ll
I Jityse i
Il Il 11
Il '1 “'lzflc—ﬂ,f1+_f3 (2 yl]:

I || i
I|I ||eiselfy>c

! |
H H 55M19M1+_fs-[ —EJJ,-i
i M A4
| H

Page 5



Project # 1 of designing concrete structures 2 Dr.eskandari 2nd semester of 1393-94

St name : Habib-ollah Sadeghi

Page 6

M1=5.0715-10"
P1=1.113.10"

St ID : 91105047 Group : B

M1 is the moment about the neutral axis at a tension controlled point
P1 is the total axial force at a tension controlled point

Let's find a paint in the compression controlled region :
we assume a C bigger than the one in balanced point :

ci=c+ 100

Es:=ilforis Y

I
i

0 e i e
o ll :

I I else if y';‘:c

i ([J.ﬂ(lt}-(yl—c))'

ity <e

(c—yi) «(0.003

T.-a-.:|! foriel..n

I
|! i llssi._ .
| I € [0.0022]
I = _,_|0.0013]
“Iin.uumjl
0.0004
fs=:I|tbri el..n
Hif £8 >EY
” H !Ifslq-—fy._.{_g‘
| else if es <&y Cs:=0
= i Ts:=0
I !!fs g3 +EseAs |
! [1.0345-10" ]
|
hfs |s.37~10‘" |
fs=| |
| 2.1154.10” |
H if y e |2.1392-10" |
E s —To+fo |l
: I "l
|TS T3:2.1392-lﬂs Cc:=0.85-fc-a-b Cﬂ‘—"l.ﬁﬁlﬁ-lﬂh

Cs=1.883.10"



Project # 1 of designing concrete structures 2
St name : Habib-ollah Sadeghi

P2=Ce+Cs—Ts
M2i=Ce. [ _a)
iz 2)

]ifort'e l..n

A2:=

I (h I
-y M2 M2+fs - y] -'
- 27%

||| else if y >c

|
I H I MZ«—M'2+}'5 L

M2=5.0674.10"
P2=3.2208-10"

ol
2)|..

Dr.eskandari
St ID : 91105047

P2=3.2208.10"

2nd semester of 1393-94
Group : B

M2 is the moment about the neutral axis at a compression controlled point
P2 is the total axial force at a compression controlled point

Let's find the point at the begining of tension controlled Zone where =t =0.005 :

g =100
=1
6—
% 0.003+(h—¢)=0.005-¢
%_
= c:=find (c) c=1R7.5
u[?&'
c=187.5
ES5:= HfuraEl .1
| Jifyse
bin il
e—y\-0.003 | |
L

E5 +—
i

H | : £

| I elseif y >e¢
L

u |
R s Uiy

Page 7

[0.0017]

| 0.0003 |
*={o.001 |
| 0.0023




Project # 1 of designing concrete structures 2 Dr.eskandari 2nd semester of 1393-94
St name ! Habib-ollah Sadeghi St ID : 91105047 Group : B

a=pl-c a=158.375

_f.s'::Hfurie 1.:4,

“ Il iffs_z&'y JI
I |
I |; ﬂf";’_fy""s. h‘;.3151-1|n“°‘1I
H Il elseif s <ey ] 1.6945.10" |
I I Hfs —es+Es-As || o L) 6
H L i | 11.0345-10
|| ”_fs
Cs:=0 Ts:=0

Ts::“furi el..n
I H ity >e

H HI HT‘.s-e—Ts—f—fsi:

I ff o
I ‘T*‘ Ts=1.5271-10°

Cc:=0.85-fc-a-b
Ce=1.5173.10"

C.s::”forie l..n

H H if y{gc
H H lCs—~Cs+fs |
I |
I llcs | Cs=1.001-10"
P3:=Cc+Cs—Ts P3=9.9115-10"
(h _a)

M3 r:C‘c-LE—— 2}

M3=llforie1..n
| jifyse |

Il h o\l
I [IM3e—M3+fs |2y
i 277
I llelseif y >c
] ” i
H !I “Ms._MaJrfs_.(y,

i
i 'tﬂf:i

Tl
)i

w| =

-

Page 8



Project # 1 of designing concrete structures 2 Dr.eskandari

St name : Habib-ollah Sadeghi StID : 91105047 Group : B

M3=4.0023. i i
AM3=4.9923.10 controlled point

P3=9.9115-10"

Now let's plot the interaction diagram based on the points we found :

Mb5:=0
[ 8.6634-10" |
[ Pno ] : 3 ) [M5]
| P2 | | 3:2208:10 |2
p*—l Py | bl 2.3112.10" oMb
I 1;‘;‘- { | 0.9115.10° EM?'I
- M1
1.113.10"
anlaJ et 10 p [MEJ
| —4.1378.10° |
interaction diagram
I'Hix
) \\\\
| ‘K_"x.\_
1 3
st
“\,\__
v
—
T T e v
“LE}- =y ///
| A12 =g
| Mb & i
| Ar3 et
M1 i
| 15

Page 9

N\

2nd semester of 1393-94

M3 1s the moment about the neutral axis at the begining tension

P3 is the total axial force at the begining tension controlled point

0
5.0674.10
5.7793- 10
| 4.9923.10
|5.0715. 10

Lo

.

8

——— e ey

U=

8

]
|
|

i
|
|
J

SEy






o Ly._))/) or*/ éz/f/_,a-' <o LL»/},) L 0*’;_;!

dﬂépb(fﬁ,b r_-!ua}wﬂffujb’

e

b
}Jﬂuwdpbrblcpbb .c,_L)Jinffc/ -

~
di,.«_” Ha,}-}/bcy S c_;[;jl"JC}",&‘U/J

a Lﬁ//b*’«’ € i’%'atuf,) C}"/J

S

cm 200 X em 60) )Py 0

= /
¥ S2ob eyt b

—_—

g P Y s T . T X
) Uy (_f',.r"rf,'—}}/!- (_f_L’ )':,L{'_,?;) Hﬂb}ﬂ)’(f’”)-" ~SI _:?,J(P;f' bt

et

- — -

(f’/)dy—’a-

W&mj S/ fbf’d(ﬂ'r'-’b' uly e—>b 5
/ P a_u/cbw
o
- ’ il i
bossrtd y @), Jbos 3

2 5 qu‘f’_ i J(prJc/oMc-/(J.n""cy-*"L’

L) r:{}}c;/wﬂ )_)_Jl_-’/)«"?
O‘ot-“:?’ 9/ em2 y d/ g ) f:iéujzopﬁ»(ﬂz?/’d

e C}f" ’4"-‘5‘”‘ 2 Uy bt Lo section designer — Sp sec®ht
’ B o " AS519n —3 number 7 owtput station (

' P)fo* il 0")‘-"{,“ Al b s =

— 41
$+,



~ . - = — . /'.—' . & -~ .,
/.:’L'rl/{')-’ t—*"é}"u}b"é—— A — 1, .)L»JIO.‘.:J(_;/JJ_}JJ‘J-/I— g

~ of - -
("bf/ﬁcy‘/ﬁrﬁ-,r Ob')"’»"" «— a,;_,: ()/c{,b sl e A2l

wbgast w2 Dl -V

. ~ _ )
ACJ'—MM ¢ - oyuzuycmr}/ww -\

fer - I

! l (_;_,baulo-v' Ja-ﬂ-r’c/*" -
/ E/JJ" O;//dé -

O)L_JJWJP&;_,—J‘)M ,i,-of—gbu)/be-ﬂ v; )
gyfu’;-r'ﬁc/' (__-C))JUL-’J-‘ JJJc_JL_;L:x/!_/!,..



olfA.:S.'u' PY) ‘5".5-33 oﬁb &hi.n A .b,.u.n C:L:.ul.‘mo

4000

1000 }——

Pn ton

3000

-1000 -

;52 1o (L N - i PSS [——
Mn tom.m

- /..-—' e /.__ ﬂ" . Fh e ; . 1_,.
Shoar Gl Gt -._JMH_,-JJ)'L_JJJ:/),{/W u.g,,o,—'o,uq,bw,) ALl eg) b oo
v {- AL

o> Seip /prpt_ﬁé(‘:ﬁb ) lr»*‘_CJJ—’(rﬂb,)fu Il uﬂuf,;ﬂ
. (eJ,.’(;«;/J C“,ﬂ-""d}ﬁl}:,} wgb‘-',ﬂ 5-~5

lol ™
A e o
Aty 9= (A Y 5o azthl ) 396
UL S arb 2 241\
50 m 5 =
(‘J"’J‘_’ Ao = l}-l.”“"“"\
a, N /
3—\-‘ ‘ ) Ol
/L r‘:u': (T x50 x (G.ZBQ-{-U-ISO?_)XQ_I.\L[ -9y g5
ik @elien o
M = 2xJIXxE0 = 300 ton.m

Mu = 1.4 Mw+M = 1622.94 }on.m <PM,, ¢ 700

ton,
oK e

/:rJLJZS'dg-muB‘pj_ﬁbu a_f)/b_,—‘«...!r’o-'io-_,: c.f’_/b._b c.l_,u.[_J/)[, ,)wl)/j I .
v
7 c.__}Jl_;:D-.:-',-u,)c_}{l_Jc__: b-’f,—-? f’)_/o)wf)ﬂﬂ LuJ/,_s)/J; o)



/ —

Aptos = S0 evm —y beyoigu 20928@ 250 e @)oo
—_ e 1.]/ 50 o (_’ s hm
EJ-”JED-L’/? = i “*5‘!7“}',-"“’0’{‘0))?‘

- J'?:. ‘IﬂLl- : |

Fy
S & e 10 @epo N\ p
ICHIRE W & S
| gy L gn"'\‘-\-‘ b 2,5
pe SMq'-‘—' M.iv\( CL, é@@hﬁ) € ) | ' y
27 =N = nes 5o n. ! ’
A OD=2m

S : -~ . =
= L Fogl e
P s Al s b i ?%’)?’MW?JEO’?;H/;!{'@V@?L

-—

Lf)] = - =5 " 3 | Lars
by U’_f DY (! @y CMLU‘U/J D Gl (_J’,,—’L-')/;U»cr‘f"dta

- —_—

/ / 7
O);’uwcwf /J,}gfw rf-w) .ulc««}/;fds/;/jﬂ/ff rﬂburd,v ) gl
(J

(- ‘-—*J'Uy;b*-‘ﬂdbab:—‘(pﬁﬂ w Shlef
‘Vl;s l.A Vw+ VL Ty = (%*H)x'io)g (0.2959+ o. Esm_) UUF dow
272 (V, =3 ton
V= W84 3 50 8.sg
Ve =00t{F] boud & 0.3l Ac = O 25kt LSOOS-ZSCDQL[QE.S ton
e
u“i%&: 0151-1‘%—3?- RS — vo need o 5\1e: veind- bt we fﬂbviﬂ‘e

2410 @S0 am

e o 113 %v}ﬂ% (; Ve=Ve=¥ =1
P > 2300
:‘fﬁhb H)‘r (C""PKH Vi, =

abﬁ db CL:SON'H Abtl‘g"\

400
L—d-—..; . _
( Llx(x S25 (_‘_))Jb -—H'Q:!-c{b HL}O mm ‘—’?/’ 'Jﬂi'uas}
bs< 0.0% Tydy Lo y400 428 =HS L 'M:’;r‘“‘i’
- SV S g em 8O has Job L N ey 4>zé ,Jgéc‘#cr JHuB' J]



5SS 5l g5e B glai)] 0 JISgi 0l alade 4y bogype Siliilxs

Interaction Diagram For H=5 m from ground
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Interaction Diagram For H=10 m from ground
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Interaction Diagram For H=15 m from ground
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Interaction Diagram For H=20 m from ground
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Interaction Diagram For H=25 m from ground
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Interaction Diagram For H=30 m from ground
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Interaction Diagram For H=35 m from ground
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Interaction Diagram For H=40 m from ground
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