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Interaction Diagram - Tied Reinforced Concrete Column

Develop an interaction diagram for tkgquare tiecconcrete column shown in the figure belalwout the »axis
Determinesevencontrol points on the interaction diagram and compare the calculated irathesReference and
with exact values from the complete interaction diagram generatgadyumnengineering software program from

StructurePoint
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Code
Building Code Requirements for Structural Concrete (ACF34)8and Commentary (ACI 318R4)

Reference
Reinforced Concrete Mechanics and DesidghE@ition, 2011, James Wight and James MacGregor, Pearson

Design Data
fc6= 5000psi
fy = 60,000 psi
Cover = 2.5 in. to the center of the reinforcement
Column 16 in. x 16 in.
Top reinforcement = 4 #9

Bottom reinforcement = 4 #9

Solution
Use the traditional hand calculatiosgproacho generatehe interaction diagram for tlencrete column

section showmboveby determining the followingeven contropoints:

Point 1: Pureeompression

Point 2: Bar stress near tension face of member equal to(Zexo0)
Point 3: Bar stress near tensiacé of member equal @5f, (fs=- 0.5f)
Point 4: Bar stress near tension face of member eqéial fo= - fy)
Point5: Barstrainnear tension face of member equadt005

Point6: Pure bending

Point7: Pure tension
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Section cracks
'y p C . Zero stress
E \L ure Lompression in tension reinforcement
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ot S~
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@ Maximum axial load st = —05e€
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s
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- fq =1,
651 = _Ey
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o gy = —2.5¢,
s .
3 Pure Bending
2

Pure Tension

| | | I |

Moment, M, and &M, (Kip-ft)

Figure2i Control Points
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1. Pure Compression
1.1. Nominalaxid compressivestrength at zero eccentricity
R, =0.85f L (A, -A)) fA, ACI 31814 (22.4.2.2)
P, =0.85 35000 (316 6 8- 1.(}0 60800 8 2.00° 1,536
1.2. Factoredaxial compressive strengét zero eccentricity
Sincethis column is a tied column witkteel strairin compression:
f =0.65 ACI 31814 (Table 21.2.2)
R, =0.65 31,530 997 kip
1.3. Maximum (allowable)factoredaxial compressive strength
R max=0.803% P, ©.80 997 7988kif ACI 31814 (Table22.4.2.1)
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2. Bar Stress Near Tension Face of Member Equal to Zer¢,t = fs= 0)

’__ b=16.00" —-j { Eeu = 0.003 _

} €' .
s
b 500" ! i I )
a=1080"|=+—Ce 3.0
i ¢=13.50" , 2.60"
h = 16.00" !
|
Strain Diagram Forces and Moment Arms

Figure3i Strains, Forces, and Moment Arift$= f. = 0)

Strain s zero intheextreme layer of tension steel. This case is considered when calculating an interaction diagram

because it marks the change from compression lap splices being allowed on all longitudinal bars, to the more severe

requirement of tensile lap splices.

ACI 31814(10.7.5.2.1 and 2)

2.1. c,a, and strains in the reinforcement

2.2,

c=d 43.5in.

Wherec is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 31814(22.2.2.4.2)

AC131814(22.2.2.4.1)

a=b * &80 135 1G:80ir

Where:

a = Depth of equivalent rectangular stress block

0.0% (f, 24000 0.05 (5000 - 400p
b, =0.85 .85 08l ACI| 31814 (Table 22.2.2.4.3)
1000 1000

e =0

\ £ =0.65 ACI 31814 (Table 21.2.2)
e, =0.003 ACI 31814(22.2.2.1)

. F
e =(c -d,) G (18.50 2.5) 0.003 0.06244 (Compression) g = :ﬂ: 0.00
c 13.50 E, 29,000

Forces in the concrete and steel

C.,=0.853f, & b3 0.85 5,000 10.80 16 3734.4| ACI 31814(22.2.2.4.1)
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f,=0psi - T, =, A, OkKip

S

Sincee, > ¢- compression reinforcement hadoid

\ f. =f 60,000 ps

S y

The area of the reinforcement in this layer has been includbe areadb) used to comput€.. As a result,
it is necessary to subtract Of€8rom fs0before computings:

C.=(f. -0.85t) A, (60,000 085 5800 4 2223
2.3. L Pyand- M,
P =C 4 T, 7344 228 0 -957xi

P, =0.65 3957 622ki

M, =C 2 8¢t “%d, - 18
416 10.80 & 3 3 16 5\
M, =734.4 == 8203 25 43 - 26 ki
" &2 2 ¢ % : e 2 @ P

M, =0.653261 Z70kip.1
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3. Bar Stress Near Tension Face of Member Equal 10.5fy, (fs=- 0.5fy)
[~ b= 16.00" ——=| % £ = 0.003
I \ T 77
d, =2.50 x gl 1‘ C.
¢ =10.04" =80 | Ce 5507
dy = 13.50" l i 3.98 i
h=16. -
Z 5.50"
] f .
& = 0.5g, T
Strain Diagram Forces and Moment Arms
Figure4i Strains, Forces, and Moment Ariffis= - 0.5f,)
3.1. c,a, and strains in the reinforcement
f
e ==L = 60 600207
Y E, 29,000
e

e :Ey 000207 600103 g tension reinforcement has notdgd

\ f =0.65 ACI| 31814 (Table 21.2.2)

e, =0.003 ACI31814(22.2.2.1)

c= 4 e, = 13.50 0903 10:04in

e+ g 0.00103 +0.003

Wherec is the distance from the fiber of maximum compressive strain to the neutral axis.

AC131814(22.2.2.4.2)

a=h % 680 10.04 8H3ir ACI| 31814(22.2.2.4.1)
Where:

0.05 fc' 3400 0.05 ( 5000 - 400
b, =0.85 ( () 8.85 ( P 0:8l ACI 31814 (Table 22.2.2.4.3)

1000 ' 1000

e =(c -d,) Q.003 (19.04 2.5) %3 0.08225 (Compression) g
c )

3.2. Forces in the concrete and steel

C.,=0.853f & b3 0.85 5000 8.03 16 3546.%l ACI 31814(22.2.2.4.1)

f,=e, %, 600103 29,000,000 39,000

T.=f, 3A, 30,000 & 120 Kki
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Sincee, > ¢- compression reinforcement haddgd

\ f. =f 60,000 ps

S y

The area of the reinforcement in this layer has been included in theabByesd€d to comput€,. As a result,
it is necessary to subtract Ofg8rom fs6before computings:

C,=(f, -0.85) A, (60,000 085 58)0 4 223
3.3. L Pyand- M,
P=C + T, 546.1 228 120 64%ki

P =0.65 3649 =A22Kki|

ah a § h& 0
M,=C, & = )t - 13
Mn:546.1%%6 8.030 503 % 25 Por 13802° 3P
¢ 2 = = ¢ 2 =

M, =0.65 3339 =220kip.f
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4. Bar Stress Near Tension Face of Member Equal tfy, (fs=- fy)

|—7 b= 16.00" —-—‘ ‘ €y = 0.003

77
+ dy =2.50" 1 € f ! Cs
1—; =8.00" t ¢ =7.99" a=6.39 } Ce 1
i ; A 4.83" 5.50"
d, =13.50 * T
h=16.00" d ‘ t ot
5.50"
! _ B I )
& — E}’
Strain Diagram Forces and Moment Arms

Figure51 Strains, Forces, and Moment Ariffis= - f,)

This strain distribution is called the balanced failure case and the compresstariled strain limit. It marks the
change from compression failures originating by crushing of the compression surface of the section, to tension failures
initiated by yietl of longitudinal reinforcement. It also marks the start of the trangitiomn e  f acolumng in Vfhizhr

cincreases from 0.65 (or 0.75 for spiral columns) up to 0.90.

4.1. c,a, and strains in the reinforcement

f
e =-—" = 60 600207

Y7 E, 29,000

e = ¢ #9.00207 - tension reinforcement has yiel

\ f =0.65 ACI 31814 (Table 21.2.2)
e, =0.003 AC131814(22.2.2.1)
c= 4 _ 1350 0003 7.89in

e+ g ™ 0.00207 +0.003

Wherec is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 31814(22.2.2.4.2)

a=h % &80 7399 639ir ACI 31814(22.2.2.4.1)

Where:

0.0% (f, 34000 055 005 (5000° 400D

. 08l ACI 31814 (Table 22.2.2.4.3)
1000 1000

b,=0.85

e =(c -d,) Q.003 (B99 2.5) S—'ggg 0.06206 (Compression) g
c )
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4.2. Forces in the concrete and steel

C.=0.853f & b® 0.85 5000 6.39 16 3434.6} ACI 31814(22.2.2.4.1)

f,=1f, 60,000 ps
T, =f, A, 60,000 # 240ki
Sincee, < - compression reinforcement hasyrelded

\ f. =e, €, 0600206 29,000,000 59,778

The area of the reinforcement in this layer has been included in thebyesdd to comput€.. As a result,
it is necessary to subtract Of€8rom fs6before computing.s:

C.=(f. -0.85) A, (59,778 085 5800 4 22221l
4.3. - Pyand: M,
P=C 4C, T, 4346 2221 240 417K

P =0.65 3417 =271ki}

Q

h a o 5 0
Mn:CC % E 9CS _Zadz - Tg -q %

316 6.39 § . 3 16 B, ..
Mn:434.63§e5 == g2e21 % 2.5 34(} 13%)—2 - 386 ki

M, =0.653386 =251kip.f
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5. Bar Strain Near Tension Face of Member Equal to 0.005 in./in(,& = - 0.005in./in.)

DU . i Ecu — 0.003 I

=
dy =2.50" | £ o | = Ce
c=5.06" =4.05" | =
f , T o T !
* 5.50"5.97"
d, =13.50"
h=16.00" : + * *
5.50"
| L - T.
& = 0.005 Ts
Strain Diagram Forces and Moment Arms

Figure6i Strains, Forces, and Moment Arift$= - 0.005in./in.)

This corresponds to the tensioantrolled strain limit of 0.005. It is the strain at the tensile limit of the transition zone

for «, used to define a tensi@montrolled section.

5.1. c,a, and strains in the reinforcement

€,=0.005 > ¢ -tension reinforcement has yiel

\ =09 ACI 31814 (Table 21.2.2)
e, =0.003 ACI 31814 (22.2.2.1)
_q 13.50

= e, = 0003 5.86in
e+ e 0.005 +0.003

Wherec is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 31814(22.2.2.4.2)

a=b % 680 506 485ir ACI| 31814(22.2.2.4.1)
Where:

0.05 fc' 3400 0.0% ( 5000 - 400
b, =0.85 ( () 8.85 ( P 0:8l ACI 31814 (Table 22.2.2.4.3)

1000 ' 1000
e =(c -d,) 9.003 (506 2.5) %gg 0.06452 (Compression) §
c )

5.2. Forces in the concrete and steel

C.=0.853f & b3 0.85 5000 4.05 16 3275.4} ACI 31814(22.2.2.4.1)

10



Structure Point

CONCRETE SOFTWARE SOLUTIONS

_
sfcolumn

f,=1f, 60,000 ps
T, =1, %A, 60,000 # 240 Kkil
Sincee, < ¢- compression reinforcement hasyrelded

\ f. =6 E, 0600152 29,000,000 44,037 |

The area of the reinforcementthris layer has been included in the ar&g) (ised to comput€.. As a result,

it is necessary to subtract Ofg8rom fs6before computings:

C.=(f, -0.85) A, (#4,037 085 5800 4 *15¢1|

5.3. L Pyand- M,
P=C 4, T, 2%.4 158.1 240 195k

fP =0.90 3195 #75ki}

M, =0.90 3320 =288kip.f

11
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6. Pure Bending

|-—— b=16.00 ——-| ‘ ‘ £on = 0.003 } _
I T
= . c=325" ¢ a=2.60
i o, | - 1
} G
5.50" 6.70"
h=1 - 4i—+—
5.50"
& Ts
Strain Diagram Forces and Moment Arms

Figure7i Strains, Forces, and Moment Arifigure Moment

This corresponds tihe case where the nominal axial load capaFBityis equal to zero. Iterative procedure is used to

determine the nominal moment capacity as follows:

6.1. c,a, and strains in the reinforcement

Tryc=3.25in,

Wherec is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 31814(22.2.2.4.2)

AC131814(22.2.2.4.1)

a=ph * @80 325 2#80ir

Where:
0.0% (f, 24000 0.05* (50002 400p
b,=0.85 9.85 08! ACI 31814 (Table 22.2.2.4.3)
1000 1000

e, =0.003 ACI 31814(22.2.2.1)
f

g ==L =2 00207
E. 29,000

e =(d, © 9.003 (18.50 3.25) %gg 0.08946 (Tension) ¥ tensreimforcement has yielde
c .

ACI 31814 (Table 21.2.2)

\ £ =09

e =(c -d,) 9.003 (325 2.5) %g?’ 0.06969 (Compression) g
c .

6.2. Forces in the concrete and steel

AC131814(22.2.2.4.1)

C.=0.853f & b3 0.85 5000 2.6%16 3176.8+

f.=f =60,000 ps

s y

12
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T.=f, %A, 60,000 # 240ki

Sincee, < - compression reinforcement hasyrelded

\ f. =e, £, 000069 29,000,000 26,077 |
The area of the reinforcement in this layer has been included in thebyesdd to comput€.. As a result,

it is necessary to subtract Ofg€8rom fs0before computings:

C. =

S

(fs' -0.85f;) A, (20,077 085 5800 4 363.31

6.3. 1 Pyand- M,

P=C + T, 176.8 633 240 Okip 7P, - OKki

The assumption that ¢ = 3.25 in. is correct

ah a o h3 0
M, =C 2 8cr hd - 18
M, =176.8 50 200 8653 25 Ga0 13802° 2%k
g 2 = = c 2 =

M, =0.90 3238 =214kip.f
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7. Pure Tension

The final loadingcase to be considered is concentric axial tension. The strength under pure axial tension is computed
by assuming that the section is completely cracked through and subjected to a uniform strain greater than or equal to
the yield strain in tension. The stigth under such a loading is equal to the yield strength of the reinforcement in

tension.
7.1. Py and: Py

P.=1f {A A,) 66000 (4 4 +480ki ACI 31814(22.4.3.1)

f=0.9 ACI 31814 (Table 21.2.2)

fP,=0.90 3480 =#A32ki|

7.2. M, and- M,
Sincethe section is symmetrical

M, =fM, Dkip.it

14
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8. Column Interaction Diagram - spColumn Software

spColumnprogramperforms he analysis of the reinforced concretztion conforrimg to the provisios of the
Strength Design Method and Unified Design Provisiwith all conditions of strength satisfyg the applicable
conditions of equilibrium and strain compatibilifyor thiscolumn sectionye ran in investigatiomode with
control points using the 31B4. In lieu of using program shortcutspSection (Figure 9) was used to place the
reinforcement and define the coverillustrate handling of irregular shapes and unusual bar arrangement

49 spColumn - Tied Square Concrete Column.col =@ = ]
File Input Solve View Options Help
EIEIEE o s 2 5 3 I 8P P = e R S
- .= - *—=—=-~  ~*"~-~->-~-~>-~-— == == >~~~ - _>-—
-
General Information L= ] Material Properties - (] D
e ©& o o Clabek -
Bt Concrete Reinforcing Steel Wicth (slong X} IT B
Tied Saquare Concrete Column Stength Fe: 5 ki Stengh, e B0 ke
= Colum: Engheer: Depth (2ng¥)i]16 i
4» Interior SP ¥ Standard ¥ Standard
x
Elasticity, Ec: [2030.51 ksi Elasticity, Es: | 23000 ksi
- Design Code ————————————— ¥ Cancel
IRETER = Mar stiess, fo: [4.25 ksi
® @ o ® Betall) 0.2 Compression-controlled strain limit,
Units Run Option
& Engish & Invedtigation Ultimate strain: |0.003 Eps_pt: 0.00206837
16 x 16 in  Metic  Design
3.13% reint. 5
n i -DK Cancel
T & pboutRAds " Biawial
YT —
Ec = 4030.51 ksi
fc = 4.25 ksi Consider slendeiness?  Yes & No
Betal = 0.8
fy = 60 ksi L R o
Es = 29000 ksi 3 T
SECTION:
Ag = 256 in"2
Ix = 5461.33 in"4 L
ly =5461.33in*4
Xo=0in
Yo=0in
REINFORCE
Hearis: AC| 318-14; Investigation \

Figure81 GeneratingspColumnModel

15
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&% spSection =& s
Main  View
5 kd & s
General Maodify ik
Options

Reinforcement

® Barsize 25 ~

Bar area [in]

ol
T
L]
“Q
Cover (Longitudinal bars)
e
Cover [in] 2,000 ale s
L] [] L (]
® Clear To bar center Ql

MNumber of bars +Q
X direction 5 - —

- Q
Y direction 5 - X
[ Y

Commands «F *

Start point .v
X[in] -3.000 :‘[
Y [in] -9.000 L

L] [] L (] ¥
!
—X
.4
[}
Bars: ASTM A615 = Rectangular bar pattern - Specify start point X =-3.000 Y = -0.000 Units:  [in]

Figure9i spColumnModel Editor (spSection)
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16 x 161In

Code: ACI 318-14
Units: English
Run axis: About X-axis

Run option: Investigation

P (kip)
1600 -

Slenderness: Not considered
Column type: Structural
Bars: ASTM AG15

Date: 06/06/17

Time: 08:53:55

(Pmin)

-600 -

(Pmin)

STRUCTUREPOINT - spColumn v5.50 (TM). Licensed to: StructurePoint. License 1D: 00000-0000000-4-25EF2-2C6B6

Project: Tied Square Concrete Column

Column: Interior

fc=5ksi fy =60ksi

Ec = 4031 ksI Es =29000 ksi
fc=425ksi e_yt = 0.00206897 infin
e_u=0.003in/in

Betal = 0.8

Confinement: Tied
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65

File: CATSDA\spColumn\Tied Square Concrete Column.col

Engineer: SP
Ag = 256 in"2
As =8.00In"2
Xo =0.00in
Yo =0.00in

Min clear spacing = 2.54 in

8 #9 bars

rho =3.13%

Ix = 5461.33 in"4
ly = 5461.33 in*4

Clear cover =1.94 in

Figurel10i Column Sectiornteraction Diagranaboutthe X-Axis (spColumi)
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STRUCTUREPOINT - spColumn v5.50 (TM)
Licensed to: StructurePoint. License I
C:\TSDR\spColumn'\Tied Square Concrete

Page
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ngth Design of Reinforced Concrete Sections
£8-201¢, STRUCTUREEPCQINT, LLC.
rights reserwved

Licensee stated above acknowledg
the accuracy or adegquacy of the material
program. Furthermo STRUCTUREPOINT neither
correctness prepared by the
the program is
responsibility for analysis, design and
STRUCTUREPOINT disclaims all

3 that STRUCTUREPCQINT

responsibility in co

(52) is no

e be responsible for either
input for

the spColumn computer
=d with respsct to the

supplied as

processing
makes any warranty expressed nor imp

spColumn program. Although STRUCTUREPCINT has en

not and cannot be fied infallikle. The final ¥

engineering cuments is the licensee's. Rccordingly,
act, neg. or other analysis, design

the use spColumn pr

1
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