COLUMN DESIGN FOR FLEXURAL (NON DUCTILE UN-BRACED)

DESIGN CODE ACI 318-2019

General Data
ColumnNo . c9
Level :0mto6.2m
FrameType:=1
B:=24 in
D:=36 in
f'c:=3.5 kst
fy:=60 ksi
fyt:=60 ksi
Cc:=21in
Es:=20009 ksi
¢BM :=0.65
¢shear:=0.75
ptmax:=4
ptmin:=1
ecu:=0.003
lux:=212.6 in
luy:=212.6 in
NoOfFloors:=1
NoOfColumnsInGroup:=1
ColumnType:=1
MinimumEccentricityCheck
CodeDefinedDBRatio =4

DBRatio:=|| if % <4

”

“DesignAsColumn
else
“DesignAsWall”

Reinforcement Provided

1- for Non Ductile, 2 for Special

Width of the Column

Depth of the Column

Grade of Concrete (Cylindrical Strength)

Grade of Main Reinforcement

Grade of Secondary Reinforcement

Nominal Cover to Beam Tension Reinforcement
Modulus of elasticity of reinforcement
Capacity reduction factor for Bending Moment
Capacity reduction factor for Shear and torsion
Maximum % reinforcement

Minimum % reinforcement

Permissible Strain in Concrete

Clear Floor Height along Major Direction@Ilux
Clear Floor Height along Minor Direction@Iluy
Number of Floors considered after merged of levels
Number of column in Group

1- for Braced, 2 for Un-Braced

Simultaneously (Both Axis)

= “DesignAsColumn”

¢l:=11in
N1:=4
®»2:=0.75 in
N2:=18
«p1? «$2? .
Ast:= Kokl ¢ N1+ il ¢ «N2=11.094 in®> e Area of Reinforcement
4 Provided
Flexural Design (Analysis Forces)
AnalysisReferenceNo 4040
LoadCombination [8]:5 (LOAD 1: LOAD CASE 1) +5 (LOAD 2: LOAD CASE 2) -
(LOAD 3: LOAD CASE 3 EQ-X)
Critical Loacation Top Joint

Put:=618.49 kip

Ultimate moment from analysis at Top Node



Muxt:=80.24 kip-ft =~ Ultimate moment from analysis along D at Top Node

Muyt:=—718.01 kip - ft Ultimate moment from analysis along B at Top Node
Vuxt:=—51.04 kip ~ Ultimate Shear from analysis along D at Top Node
Vuyt:=—11.68 kip Ultimate Shear from analysis along B at Top Node
Pub:=618.49 kip @ Ultimate moment from analysis at Bottom Node
Muxb:=—157.3 kip+ft Ultimate moment from analysis along D at Bottom Node
Muyb:=319.91 kip+ft Ultimate moment from analysis along B at Bottom Node
Vuxb:=—51.04 kip Ultimate Shear from analysis along D at Bottom Node
Vuyb:=—11.68 kip - Ultimate Shear from analysis along B at Bottom Node

Sway Calculation (Stability Index)
For_Global_X_Direction
LoadCombination [13] : 1.2(LOAD 1: LOAD CASE 1) +1.2 (LOAD 2: LOAD CASE 2)-1.2 (LOAD 3: LOAD CASE

3 EQ-X)
StoreyHeight (A) =20.34 ft 00 e Height of Story Considered for design
GravityLoad (B) :=13775.05 kip =~ e Summation of Axial Load of Story selected
RelativeDisplacement (C') :=0.126 in - Relative Displacement for Story selected
StoreyShear (D) :=89.96 kip @ e Story Shear for Story selected

GravityLoad (B) RelativeDisplacement (C )

StoreyHeight (A) StoreyShear (D)
----------- Clause 6.6.4.4.1

Check :=|| if StabilityIndex_QD <0.05 =“Sway Frame(UnBraced)”

“Non Sway Frame(Braced)”

=0.079

StabilityIndex_QD:=

else L Clause 6.6.4.3
“Sway Frame(UnBraced)”
For_Global_Y_Direction
LoadCombination [13] : 1.2(LOAD 1: LOAD CASE 1) +1.2 (LOAD 2: LOAD CASE 2)+1.2 (LOAD 3: LOAD CASE
3 EQ-Y)
StoreyHeight (A) :=20.34 ft 000 e Height of Story Considered for design
GravityLoad (B) :=13775.05 kip =~ - Summation of Axial Load of Story selected
RelativeDisplacement (C) =0.09 i - Relative Displacement for Story selected
StoreyShear (D) :=67.47 ktp @ e Story Shear for Story selected
o B veDi
StabilityIndes QB = Gravity ?ad( ) . RelativeDisplacement (C) —0.075
StoreyHeight (A) StoreyShear (D)
Check :=|| if StabilityIndex_QB <0.05 =“Sway Frame(UnBraced)”
“Non Sway Frame(Braced)”
----------- Clause 6.6.4.3

else

“Sway Frame(UnBraced)”

Effective Length Factor
EffectiveLengthFactorAlongD:=1.66
EffectiveLengthFactorAlongB :=1.32




Calculation of Slenderness Check
Along D:

EffectiveLengthD := EffectiveLengthFactorAlongD - luy=352.916 in

A:=D.B=864 in’
3

Ime::B-ll)—2:<9.331-104> in’

rD::ﬂ(ImZD) =10.392 in

k_D:= EffectiveLengthFactorAlongD =1.66

Actual_Slender_D := £ fectiweLengthD =33.959
rD

LerPerD :=22

Checkl:=|| if LerPerD > Actual_Slender_D

“Column Not Slender Along B”
se if Actual_Slender_D <100
“Slender_Use Approximate method”

el

else

“Slender_P—delta effect (revise)”

Along B:

Area of Cross Section

Moment of Inertia

Radius of Gyration

Clause 6.2.5.1(a)

=“Slender_Use Approximate method”

EffectiveLengthB := Ef fectiveLengthFactorAlongB - lux=280.632 in

A:=D.B=864 in?

B? .
IzzB ::D-H:(4.147-104) in*

rB::\/(Iij) —6.928 in

Actual_Slender_B := EffectiveLengthB =40.506
rB

LerPerB :=22

Checkl:=|| if LerPerB > Actual_Slender B

“Column Not Slender Along B”
se if Actual_Slender_B <100
“Slender_Use Approximate method”

el

else

“Slender_P—delta effect (revise)”

Area of Cross Section

Moment of Inertia

Radius of Gyration

Clause 6.2.5.1(a)

= “Slender_Use Approximate method”



Calculation of Slenderness Moment - Un-Braced (Sway) Frame

Bdns:=

0.6

Ec:=57000-

Ig::D.

3

fc

........... Clause 6.6.4.4.4

—1=3372165476 @ - Clause 19.2.2.1

pst

= (4.147.10") in*

----------- Moment of Inertia of Section

EI:=0.288675+Ec-Ig=(4.037-10") in’

ons:=

Along D:

if StabilityIndex_ QD> 1

|15

else

1

=1.086

----------- Clause 6.6.4.5.3

M1s:=15.06 kip - ft

M?2s:=—155.91 kip - ft

I ( 1—Stabilityl ndew_QD)

——————————— factored end moment on compression
member at the end at which M1 acts, due to loads that
cause appreciable side-sway. Clause 6.6.4.6

Analysis Location P WX My ShearX ShearY Torsion
Columns Level Load Case = = z i i i

No [ft) (kip) (kip-ft) (kip-ft) (kip) (kip) [kip-ft)

(o] 2034117 ft 4040 LOAD 1: LOAD CASE 1 0 =250 0.16 -0.07 0.57 -0.25 0

LOAD 1: LOAD CASE 1 20.34 -2.59 5.19 11.49 0.57 -0.25 0

LOAD 2: LOAD CASE 2 o 126.3 -0.44 64.43 -10.81 -0.41 0

LOAD 2: LOAD CASE 2 20.34 126.3 7.85 -155.3 -10.81 -0.41 0

LOAD 3: LOAD CASE 3 EQ-X 0 0.06 15591 SEAO -0.15 8.41 0

LOAD 3: LOAD CASE 3 EQ-X 20.34 0.06 -15.06 -1.05 -0.15 8.41 o0

LOAD 4: LOAD CASE 4 EQ-Y o 2.65 -0.08 67.12 -5.35 0 0

LOAD 4: LOAD CASE 4 EQ-Y 20.34 2.65 0.01 -41.7 -5.35 o 0

The above value is from the Basic load case

0sM1s:=0ns+M1s=16.353 kip - ft
0sM2s:=0ns-M2s=—-169.292 kip- ft
M1:=80.24 kip - ft
M2:=-157.3 kip- ft
M1ns:= (Ml —Mls) =65.18 kip - ft factored end moment on compression member at the end
M2ns:= (M2 —M2S) =—1.39 kip-ft at which M1 acts, due to loads that cause no appreciable

sides-way. Clause 6.6.4.6

Columns Level Analysis No [ Load Comb| Load Comb Load Comb Location P Mx My ShearX | ShearY | Torsion
Ref No Analysis No Description (ft) (kip) (kip-ft) | (kip-ft) (kip) (kip) | (kip-ft)

ce 20.34117 ft 4040 I 100 1.4 (LOAD 1: LOAD CASE 1) ] -3.63 0.22 -0.09 0.8 -0.35 o

i1 100 1.4 (LOAD 1: LOAD CASE 1) 2034 -3.63 7.27 16.08 0.8 -0.35 o

2 101 1.2 (LOAD 1: LOAD CASE 1) +1.6 (LOAD 2: LOAD ] 198.97 -0.51 103.01 | -16.61 | 085 o

2 101 1.2 (LOAD 1:LOAD CASE 1) +1.6 (LOAD 2: LOAD{ 20.34 | 198.97 1878 [-23469| -1661 | -0.95 0

3 102 1.2 (LOAD 1: LOAD CASE 1) +0.5 (LOAD 2: LOAD 0 50.04 -0.03 32.14 -4.72 -0.5 ]

3 102 1.2 (LOAD 1: LOAD CASE 1) +0.5 (LOAD 2: LOAD { 20.34 60.04 10.15 -63.87 -4.72 -0.5 o

4 103 1.2 (LOAD 1: LOAD CASE 1) ] S3.11 0.19 -0.08 0.68 0.3 ]

4 103 1.2 (LOAD 1: LOAD CASE 1) 20.34 -3.11 6.23 13.78 0.68 -0.3 o

6 105 4 (LOAD 1: LOAD CASE 1) +4 (LOAD 2: LOAD CASI 0 4949 154.79 | 259.37 | -41.09 5.79 0

[ 105 4 (LOAD 1:LOAD CASE 1) +4 (LOAD 2: LOAD CAS|  20.34 494.9 37.08 |-576.29| -41.09 5789 o]

7 106 4 (LOAD 1: LOAD CASE 1) +4 (LOAD 2: LOAD CASI 0 497.48 -1.19 324.58 -46.3 -2.62 )

7 106 4 (LOAD 1:LOAD CASE 1) +4 (LOAD 2: LOAD CAS|  20.34 497.48 52.15 |-616.94| -46.3 -2.62 o

8 107 5 (LOAD 1:LOAD CASE 1) 45 (LOAD 2: LOAD CAS 0 518.49 | -157.3 | 31901 | -51.04 | -11.68 o

8 107 5 (LOAD 1: LOAD CASE 1) 45 (LOAD 2: LOAD CAS§ 2034 618.49 80.24 |-718.01| -51.04 |[-11.68 ]

9 108 5 (LOAD 1:LOAD CASE 1) 45 (LOAD 2: LOAD CASI 0 615.9 -1.31 2547 -45.83 | -3.27 ]

9 108 5 (LOAD 1: LOAD CASE 1) 45 (LOAD 2: LOAD CAS{ 2034 615.9 65.18 [-677.36| -45.83 | -3.27 o




M1sldr:=M1ns+6sM1s=81.533 kip - ft

1.4-Muxt=112.336 kip-ft s Clause 6.2.6
M1sldr_D:=min (abs (1.4 -Mua:t) ,abs (Mlsldr)) +sign (Mlsldr) =81.533 kip- ft
M2sldr:=M2ns+9dsM2s=—170.682 kip- ft

1.4 Muxb=-220.22 kip- ft

M2sldr_D :=min (abs (1.4 -Mumb) ,abs (M23ldr)) +sign (M2sldr) =-170.682 kip- ft

Along B:
M1s:=1.05 kip-ft factored end moment on compression
p
M2s:=—1.91 kip -ft member at the end at which M1 acts, due to loads that

cause appreciable side-sway. Clause 6.6.4.6

0sM1s:=0ns-M1s=1.14 kip - ft

0sM2s:=0ns-M2s=—2.074 kip- ft

M1:=-718.01 kip - ft

M2:=319.91 kip- ft

M1ns:= (Ml —Mls) =—719.06 kip -+ ft factored end moment on compression member at the end

M2ns:= (M2 —M28) =321.82 kip-ft 2 which M1 acts, due to loads that cause no appreciable
sides-way. Clause 6.6.4.6

M1sldr:=M1ns+6sM1s=-717.92 kip-ft =~ Clause 6.2.6

1.4-Muyt=-1005.214 kip-ft e Clause 6.2.6

M1sldr_B:=min (abs (1.4 -Muyt) ,abs (Mlsldr)) -sign (Mlsldr) =—T17.92 kip - ft

M2sldr:=M2ns+ 6sM2s=319.746 kip- ft

1.4 Muyb=447.874 kip- ft

M2sldr_B:=min (abs (1 4 -Muyb) ,abs (M2$ldr)) +sign (M2sldr) =319.746 kip- ft

Final Design Forces for Flexural Design
At Top Node:
Put=618.49 kip
Mux :=M1sldr_D=_81.533 kip- ft
Muy:=M1sldr_B=-717.92 kip- ft
At Bottom Node:
Pub=2751.181 kN
Mux :=M2sldr_D=-170.682 kip- ft
Muy :=M2sldr_B=319.746 kip- ft

Final Critical Design Forces
At Top Node:
Put=618.49 kip
Muz_Final := M1sldr_D=81.533 kip - ft
Muy_Final :=M1sldr_B=-717.92 kip - ft

¢ Pn, Max Check
fy 1:=||if fy>80 ksi, =60 kst e Clause 22.4.2.1

|80 ksi
else

ny




LoadCombination [8]:5 (LOAD 1: LOAD CASE 1) +5 (LOAD 2: LOAD CASE 2) -
(LOAD 3: LOAD CASE 3 EQ-X) )

Critical Location Bottom Joint

Pu:=61849 kip s
Muxl:=—-1573 kip-ft = e
Muyl1:=319.91 kip-ft = e

Ag:=B-D=864 in> = e
Ast=11.094 in>

_ Ast-100
"

pt: =1.284 e

Factored Axial force
Factored Bending Moment along Major Direction

Factored Bending Moment along Minor Direction

Cross Section Area

Area of Reinforcement Provided

% Reinforcement Provided

¢Pnmaz:=0.8-¢BM+(0.85- f'c-(Ag—Ast) + (Ast- fy_1))=1665.571 kip

Check := || if Pu<¢pPnmax =“0Ok”
“Ok”
else

b2

“Revise

Minimum Ast Calculation

fy_2:=||if fy>80 ksi| =60 ksi
H 80 ksi
else

ny

----------- Clause 22.4.2.2

----------- Clause 22.4.2.1

LoadCombination [8]:5 (LOAD 1: LOAD CASE 1) +5 (LOAD 2: LOAD CASE 2) -
Pu_maz:=681.465 kip (LOAD 3: LOAD CASE 3 EQ-X)

_0.442.f'c+ Ag—Pu_max

AstReq:= =-22.094 in’

(0.442- f'c)—(0.52- fy_2)

pt:=| if AstReq<0 =0
o
else
AstReq
Ag

ptmin:=max (0.5 , pt) =0.5
UserDefinedpt:=1

Finalpt := max ( ptmin ,UserDe finedpt) =1

----------- Clause 22.4.2.2

------ Clause 10.3.1.2



PM Curve

Interaction Surface - C3

{Hestiis } 20

FRoNT @

O

Member e Analysis P I My Angle M Res M Cap Ratio
L uvc (kip) (kip-ft) (kip-ft) Ideg) (kip-ft) (kip-ft)
cy 2 (Bot) 101 138.57 451 103.01 8972 103.01 64363 0.16
9 2(Top) 101 198.97 18.79 23459 8542 23544 §41.75 0367
o 3(Bot) 102 60.04 003 3214 83,95 3214 5463 0.053
cs 3(Top) 102 60.04 10.15 6387 3097 6467 555.93 0.116
9 4(Bat) 103 ERL [] 0 0 0 767.97 0
c9 4(Top) 103 31 0 0 0 0 767.97 0
o 6 (Bot) 105 4548 1682 258,53 57.05 308.27 72459 0427
cy 6 (Top) 105 4545 3708 576.38 8632 57757 79192 0729
o 7 (Bat) 106 49748 12 3301 8979 301 811.81 0407
P =618 kip o 7 (Top) 106 49748 5215 62036 8519 62255 78401 0754
rsim ,;;n - g'n s.;u ﬁ'n m‘m H‘m H'm cy 8 (Bot) 618.49 ann 31991 36261 69193 0524

Resultant Moment (Combined Action)
Moment Capacity Check

Ast-100
Ag

Ptcalculated := =1.28

% Reinforcement Provided

LoadAngle :=83.52 tan-1 (Muy_Final / Mux_Final)

Mres:= \/Mua:_Final2 +Muy_Final® =722.535 kip - ft

Resultant Bending Moment

¢Mcap:=739.79 kip - ft

Moment Capacity from PM Curve

Clause 10.4.2

M
CapacityRatio:=——=0.977
dM.

Check := || if CapacityRatio<1
} “Ok”
else

“Ok”
Clause 10.4.2

“Revise”

=
|
I
H
||
1




Design Data for All Load Combination

Column/Wall C9

Level 0ft To 2034117 £t

Frame Type = MNon-Ductile

Design Code . ACI315-19

Grade Of Concrete (f'c) = 35 ksi

Grade Of Steel (Main) = 60 k=i

Grade Of Steel (Shear) = o0 k=i

Column B . 24 in

Column D = 36 in

Clear Cover = 2 in

Bt = 129 %

Design Table:

SR N e 1c Analysis & Analysis Msldr or MC Design Meap Capa.c ity

L/CNo Mx My Mx My Mux Muy | MuRes Ratio
(kip) | (kipft) | (kipft) | (kipft) | (kipft) | (kip-ft) | (kipft) | (kap-ft) | (kip-ft)

4040 BOT 1 100 -3.63 022 -0.09 - - 0.00 0.00 0.00 76743 0
4040 TOP 1 100 -3.63 727 16.08 N - 0.00 0.00 0.00 76743 0
4040 BOT 2 101 19597 -051 103.01 051 103.01 -0.51 103.01 | 103.01 | 64364 016
4040 TOP 2 101 19597 1878 | -23469 | 1875 |-23469 | 1875 | 23469 | 23544 | 64175 0367
4040 EOT 3 102 60.04 -0.03 3214 -0.03 3214 -0.03 3214 3214 546.31 0.059
4040 TOP 3 102 60.04 1015 -53.87 10.15 -63.87 1015 -63.87 64.67 555.93 0116
4040 EOT 4 103 -311 019 -0.08 - - 0.00 0.00 0.00 76797 0
4040 TOP 4 103 -311 623 13.78 - - 0.00 0.00 0.00 76797 0
4040 BOT 6 105 404090 | 15479 | 25937 | 16820 | 25953 | 16820 | 25953 | 30927 | 71865 043
4040 TOP ] 105 40490 3708 | 57620 | 37.08 |-B7638 | 37.08 | -57638 | 57757 | 78852 0732
4040 BOT 7 106 40748 119 32458 -1.20 330.00 -1.20 330.090 | 33010 | 81069 0407
4040 TOP & 106 40748 5215 | 61694 | 5215 | 62037 | 5215 | 62037 | 62255 | 77951 0.799
4040 BOT 8 107 61849 | -157.30 | 31991 | 17071 | 31991 | -170.71 | 31991 | 36260 | 68532 0529
4040 TOP g 107 618.49 8024 | -71801 | 8154 |-71801 | 8154 | -71801 | 72262 | 73250 0987
4040 BOT a 108 615.90 -1.31 25470 -1.31 25470 -1.31 25470 | 25470 | 80285 0317
4040 TOP a 108 615.90 6518 | 67736 | 6518 | -67736 | 6518 | 67736 | 68049 | 74103 0918




