
ShortCol Algorithm By  YP  01/16/2026

Design of RC member for combined action of axial force, bending, 
shear and torsion  in accordance with AASHTO LRFD 10th Edition

Material properties

Strength: ≔
f'c
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Max. concrete strain: ≔εc -0.003
Concrete unit weight: (for stiffness)≔wc ⋅0.145 kcf
Modulus of elasticity:
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Equivalent compression zone coefficient: ≔β1 =max
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Stress block factor: ≔α1 =max
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Resistance factors for flexure and shear ≔
ϕt
ϕc
ϕv

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

0.9
0.75
0.9

⎡
⎢
⎢⎣

⎤
⎥
⎥⎦

Compression () and tension () controlled strain limits in reinforcement per Section 5.6.2.1

≔εcl =+0.002 ⋅0.002 min

⎛
⎜
⎜
⎜⎝

,1 max

⎛
⎜
⎜
⎜⎝

,0 ―――
-――

fy
ksi

60

40

⎞
⎟
⎟
⎟⎠

⎞
⎟
⎟
⎟⎠

0.002

≔εtl =+0.005 ⋅0.003 min

⎛
⎜
⎜
⎜⎝

,1 max

⎛
⎜
⎜
⎜⎝

,0 ―――
-――

fy
ksi

75

25

⎞
⎟
⎟
⎟⎠

⎞
⎟
⎟
⎟⎠

0.005

≔SectionType ="CIRCULAR" 1
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Section properties

≔Ag =if ⎛⎝ ,,＝SectionType 1 ⋅⋅0.25 π D2 ⋅B H⎞⎠ 1385.4 in2

≔Ig =if
⎛
⎜
⎝

,,＝SectionType 1 ―――
⋅π D4

64
―――

⋅B H3

12

⎞
⎟
⎠

152745 in4

≔h =if (( ,,＝SectionType 1 D H)) 42 in

Total area of reinforcement: =∑As 20.32 in2

=nb 16 ≔ρs =――
∑As

Ag
%1.47

Transformed cross-section properties

≔At =+Ag ⋅
⎛
⎜
⎝
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⎛
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⎝

-―
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1
⎞
⎟
⎠

1513 in2

≔yt =――――
∑
=i 0

-nb 1

⋅Asi
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0 in

≔It =+Ig ⋅
⎛
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=i 0
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Functions for strain/stress compatibility analysis
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Number of points on interaction diagram , bar counter ≔Np 30 ≔j ‥0 Np ≔i ‥0 -nb 1
Gradually increase distance from compression edge to neutral axisc

Curvature  ≔c
j

if
⎛
⎜
⎝

,,＝j 0 ⋅0.01 in ―――
⋅⋅2 h j

⋅β1 Np
⎞
⎟
⎠

≔ψ
j

―
εc
c
j

Nominal resistance

Maximum tension ≔Pnt =⋅-fy ∑As -1219.2 kip

Maximum compression

(5.6.4.4-2, 3)≔Pnc =⋅(( +0.8 ⋅0.05 (( ＝SectionType 1))))
⎛
⎜
⎝

+⋅⋅0.85 f'c
⎛
⎜
⎝

-Ag ∑As
⎞
⎟
⎠

⋅fy ∑As
⎞
⎟
⎠

4981.5 kip

Positive moment Negative moment          
Depth to reinforcement

≔ds.pos ds ((1)) ≔ds.neg ds ((-1))
Axial force (+ for compression) 

≔Pn.posj PM2 ⎛
⎝

,c
j
ds.pos⎞⎠0

≔Pn.negj PM2⎛
⎝

,c
j
ds.neg⎞⎠0

Nominal Bending Moment Resistance
≔Mn.posj
PM2 ⎛

⎝
,c
j
ds.pos⎞⎠1

≔Mn.negj
-PM2 ⎛

⎝
,c
j
ds.neg⎞⎠1

Balance point
≔Mnb.pos =max ⎛⎝Mn.pos⎞⎠ 2637.55 ⋅kip ft ≔Mnb.neg =min⎛⎝Mn.neg⎞⎠ -2637.55 ⋅kip ft

≔Pnb.pos =Pn.posmatch ⎛⎝ ,Mnb.pos Mn.pos⎞⎠0

2241.9 kip ≔Pnb.neg =Pn.negmatch ⎛⎝ ,Mnb.neg Mn.neg⎞⎠0

2241.9 kip

Full compression (when c = h)

≔Mnc.pos =linterp ⎛⎝ ,,c Mn.pos h⎞⎠ 1041.4 ⋅kip ft ≔Mnc.neg =linterp ⎛⎝ ,,c Mn.neg h⎞⎠ -1041.4 ⋅kip ft
≔Pncf.pos =linterp ⎛⎝ ,,c Pn.pos h⎞⎠ 4997.1 kip ≔Pncf.neg =linterp ⎛⎝ ,,c Pn.neg h⎞⎠ 4997.1 kip

Resistance factor per Section 5.6.2.1. Maximum net tensile strain in reinforcing

≔εt.pos ⋅εc
⎛
⎜
⎝

-1 ――――
max ⎛⎝ds.pos⎞⎠

c

⎞
⎟
⎠

≔εt.neg ⋅εc
⎛
⎜
⎝

-1 ――――
max ⎛⎝ds.neg⎞⎠

c

⎞
⎟
⎠

Resistance factor is interpolated for between (0.9) and (0.75)εt =εtl 0.005 =εcl 0.002
≔ϕposj ϕf ⎛

⎜⎝
εt.posj

⎞
⎟⎠

≔ϕnegj ϕf ⎛
⎜⎝
εt.negj

⎞
⎟⎠

Factored resistance

≔Pr.posj ⋅ϕposj min
⎛
⎜⎝

,Pn.posj +⋅⋅j 10-6 kip Pnc⎞⎟⎠
≔Pr.negj ⋅ϕnegj min

⎛
⎜⎝

,Pn.negj +⋅⋅j 10-6 kip Pnc⎞⎟⎠
≔Mr.pos

→―――
⋅ϕpos Mn.pos ≔Mr.neg

→―――
⋅ϕneg Mn.neg

Combine results for positive and negative bending in a single array:

≔Pn stack ⎛⎝ ,reverse ⎛⎝Pn.neg⎞⎠ Pn.pos⎞⎠ ≔Mn stack ⎛⎝ ,reverse ⎛⎝Mn.neg⎞⎠ Mn.pos⎞⎠
≔Pr stack ⎛⎝ ,reverse ⎛⎝Pr.neg⎞⎠ Pr.pos⎞⎠ ≔Mr stack ⎛⎝ ,reverse ⎛⎝Mr.neg⎞⎠ Mr.pos⎞⎠

≔ϕ stack ⎛⎝ ,reverse ⎛⎝ϕneg⎞⎠ ϕpos⎞⎠
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Calculate Demand/Capacity Ratios

              Acting Loads
≔Mr (( ,Pu Mu)) if

else

≥Mu 0
‖
‖
‖‖

“Interpolate Mr for given Pu”
linterp ⎛⎝ ,,Pr.pos Mr.pos Pu⎞⎠

‖
‖ linterp ⎛⎝ ,,Pr.neg Mr.neg Pu⎞⎠

Load_Case

“Str1”

“P max”

“P min”

Pu
((kip))
3000

70

-100

Mu

(( ⋅kip ft))
1400

1200

-1300

≔Mr1 =
→――――

Mr ⎛⎝ ,Pu Mu⎞⎠
1451
1496

-1308

⎡
⎢
⎢⎣

⎤
⎥
⎥⎦

⋅kip ft

≔DCRPM =――
Mu

Mr1

0.965
0.802
0.994

⎡
⎢
⎢⎣

⎤
⎥
⎥⎦

=
→――――――

Check ⎛⎝ ≤DCRPM 1⎞⎠
“Good”
“Good”
“Good”

⎡
⎢
⎢⎣

⎤
⎥
⎥⎦
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Service Load Analysis Functions
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Design for Shear and Torsion    

Loads Resistance factors            

≔Pu ⋅300 kip ≔ϕf 0.9
≔Vu ⋅300 kip ≔ϕv 0.9
≔Mu ⋅⋅1000 kip ft
≔Tu ⋅⋅500 kip ft

Transverse reinforcing                                    

Yield strength, ≔fyh ⋅60 ksi

Spacing of transverse reinforcing,  ≔s ⋅6 in
=Hoop_bar 5

=Abh 0.31 in
2

Number of hoops in the bundle, ≔nh 1

    Torsional properties                                

≔

pc
Acp
ph
Aoh
Ao

⎡
⎢
⎢
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎦

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

if

else

＝SectionType 1
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←pc ⋅π D
←Acp ⋅⋅0.25 π D2

←cb +clr ⋅0.5 dbh
←ph ⋅π ⎛⎝ -D ⋅2 cb⎞⎠
←Aoh ⋅⋅0.25 π ⎛⎝ -D ⋅2 cb⎞⎠2

←be ――
Acp

pc
←Ao ⋅⋅0.25 π ⎛⎝ -D be⎞⎠2

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

←pc ⋅2 (( +B H))
←Acp ⋅B H
←cb +clrtb dtb
←ph -pc ⋅8 cb
←Aoh ⋅⎛⎝ -B ⋅2 cb⎞⎠ ⎛⎝ -H ⋅2 cb⎞⎠

←be ――
Acp

pc
←Ao ⋅⎛⎝ -H be⎞⎠ ⎛⎝ -B be⎞⎠

return stack⎛⎝ ,,,,pc Acp ph Aoh Ao⎞⎠

=
pc
ph

⎡
⎢
⎣

⎤
⎥
⎦
131.95
117.18
⎡
⎢⎣

⎤
⎥⎦
in

=
Acp
Aoh
Ao

⎡
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥⎦

1385.4
1092.7
779.3

⎡
⎢
⎢⎣

⎤
⎥
⎥⎦
in2

For rectangular concrete cross-section:

Number of links in the direction of shear force:
≔nv 2

≔Link_bar #5
≔Avb =Asb ((Link_bar)) 0.31 in2

Area of torsional reinforcing ≔At =⋅Abh nh 0.31 in
2

Area of shear reinforcing
≔Av =if ⎛⎝ ,,＝SectionType 1 ⋅⋅2 nh Abh +2 Abh ⋅nv Avb⎞⎠ 0.62 in

2

Area of longitudinal reinforcing on flexural tension side    ≔Ast =⋅As ⎛⎝ ≥ds ⋅0.5 h⎞⎠ 11.43 in
2

Area of concrete on flexural tension side                        ≔Act =⋅0.5 Ag 692.721 in
2

Effective depth for flexure ≔de =――――――
⋅
→――――

⋅As ⎛⎝ ≥ds ⋅0.5 h⎞⎠ ds
Ast

30.831 in

Location of neutral axis ≔cna =linterp⎛⎝ ,,if ⎛⎝ ,,≥Mu 0 Pr.pos Pr.neg⎞⎠ c Pu⎞⎠ 11.453 in

Effective depth for shear ≔dv =max
⎛
⎜
⎜
⎝

-de ⋅⋅0.5 cna β1
⋅0.9 de
⋅0.72 h

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⎞
⎟
⎟
⎠
30.24 in

Effective width for shear ≔bv =if (( ,,＝SectionType 1 D B)) 42 in
Minimum bending moment to consider ≔Mu =max⎛⎝ ,||Mu|| ⋅Vu dv⎞⎠ 1000 ⋅kip ft
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Consideration of torsion                                                         

(5.7.2.1-6)≔K =min
⎛
⎜
⎜⎝

,
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+1 ―――――――

Pu

⋅⋅Ag 0.126 ‾‾‾‾‾‾⋅f'c ksi
2
⎞
⎟
⎟⎠
1.364

(5.7.2.1-4)≔Tcr =⋅⋅⋅0.126 K ‾‾‾‾‾‾⋅f'c ksi ――
Acp
2

pc
416.6 ⋅kip ft

=Tu 500 ⋅kip ft
(5.7.2.1-3)≔Consider_torsion? =⎛⎝ >Tu ⋅⋅0.25 ϕv Tcr⎞⎠ 1

Calculate and β θ

(5.7.3.4.2-5)≔Veff =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+Vu
2 ⋅Consider_torsion?

⎛
⎜
⎝
――――

⋅⋅0.9 ph Tu
⋅2 Ao

⎞
⎟
⎠

2

504.802 kip

Concrete shear stress ≔vu =―――
Veff

⋅⋅ϕv bv dv
0.442 ksi =―

vu
f'c
0.11

Tensile strain at centroid of Ast

(5.7.3.4.2-4)≔εs =―――――――――――――
+-――

Mu

dv
⋅0.5 Pu Veff

+⋅Es Ast ⋅⋅Ec Act
⎛
⎜
⎝

<+-――
Mu

dv
⋅0.5 Pu Veff 0

⎞
⎟
⎠

0.002

≔εs =max⎛⎝ ,εs -0.0004⎞⎠ 0.002

(5.7.3.4.2-1)≔β =――――
4.8
+1 ⋅750 εs

1.777

(5.7.3.4.2-3)≔θ =⋅⎛⎝ +29 ⋅3500 εs⎞⎠ deg 36.936 deg

Concrete shear resistance ≔Vc =⋅⋅⋅⋅0.0316 β ‾‾‾‾‾‾⋅f'c ksi bv dv 142.7 kip

Minimum shear reinforcement requirements                                                  

≔Shear_reinf_required =⎛⎝ >Vu ⋅⋅0.5 ϕv Vc⎞⎠ 1

5.7.2.5-1≔Av.min =⋅⋅⋅0.0316 ‾‾‾‾‾‾⋅f'c ksi ――
⋅bv s
fy

Shear_reinf_required 0.265 in2

=Av 0.62 in
2 =Check ⎛⎝ ≥Av Av.min⎞⎠ “Good”

Check maximum allowable spacing of shear reinforcement
≔smax =if ⎛⎝ ,,<vu ⋅0.125 f'c min⎛⎝ ,⋅0.8 dv ⋅24 in⎞⎠ min⎛⎝ ,⋅0.4 dv ⋅12 in⎞⎠⎞⎠ 24 in
=s 6 in =Check ⎛⎝ ≤s smax⎞⎠ “Good”
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Torsion resistance                                                                                 

(5.7.3.6.2-1)≔Tr =⋅ϕv ―――――――
⋅⋅⋅⋅2 Ao At fyh cot((θ))

s
482 ⋅kip ft

Demand/capacity ratio ≔DCRtorsion =―
Tu
Tr
1.037 =Check

⎛
⎜
⎝
≤―

Tu
Tr
1
⎞
⎟
⎠
“N.G.”

Shear resistance                                                                                   

Calculate hoop reinforcement required for torsion

≔At.req'd =⋅⋅Consider_torsion? ―
Tu
Tr

At 0.322 in
2

Shear reinforcement after reduction for torsion
≔Av =-Av ⋅At if

⎛
⎜
⎝

,,＝SectionType 1 ―
π
4
1
⎞
⎟
⎠
0.377 in2

Steel shear resistance (5.7.3.3-4)≔Vs =――――――
⋅⋅⋅Av fyh dv cot((θ))

s
151.4 kip

Maximum shear resistance (5.7.3.3-2)≔Vn.max =⋅⋅⋅0.25 f'c bv dv 1270.1 kip

Factored resistance (5.7.3.3-1, 2)≔Vr =⋅ϕv min⎛⎝ ,+Vc Vs Vn.max⎞⎠ 264.7 kip

Demand/capacity ratio ≔DCRshear =―
Vu

Vr
1.133 =Check

⎛
⎜
⎝
≤―

Vu

Vr
1
⎞
⎟
⎠
“N.G.”

Longitudinal reinforcement requirements - 5.7.3.5 and 5.7.3.6.3               

Areas of longitudinal reinforcement required for:

a) Flexure and axial force (1st half of (5.7.3.5-1)   ≔Asf =―――――――

⎛
⎜
⎝

+――
Mu

⋅ϕf dv
―――
⋅0.5 -Pu
ϕf

⎞
⎟
⎠

fy
4.571 in2

b) Shear (2nd half of (5.7.3.5-1) ) ≔Asv =―――――――
⋅

⎛
⎜
⎝
-―

Vu

ϕv
⋅0.5 Vs
⎞
⎟
⎠
cot((θ))

fy
5.711 in2

c) Torsion (distributed around perimeter, based on (5.7.3.6.3-1)) 

≔Al =⋅
⎛
⎜
⎝
――――

⋅⋅0.45 ph Tu
⋅⋅2 Ao ϕv

⎞
⎟
⎠
―――
cot((θ))
fy

5 in2

Total longitudinal reinforcement req'd on the flexural tension side of the member (5.7.3.6.3-1)
≔Ast.req'd =+Asf

‾‾‾‾‾‾‾‾+Asv
2 Al

2 12.161 in2

Provided reinforcement  =Ast 11.43 in
2

Demand/capacity ratio  ≔DCRlong.reinf =―――
Ast.req'd

Ast
1.064 =Check

⎛
⎜
⎝

≤―――
Ast.req'd

Ast
1
⎞
⎟
⎠
“N.G.”
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