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Introduction

ProtaStructure checks the beam-column joint shear limits according to ACI 318-19 Chapter 15 and
18.8.4. In this document, calculation details about beam-column joint shear are explained.

Joint Shear Check Tolerance Settings

The opposite beams may not be on the same line or level at beam-column joints. In this case, the user
should determine both vertical and plan tolerances. Beams that are not within the tolerance limits will
be considered separate joints.

—Jlaoint Shear Check

Vertical Continuity
:l: - Tolerance: 500.00 mm

N Plan Continuity
Tolerance: 500,00 mm

Distance is measured between near sides of beams.

Building Model

Joint shear check is exhibited for a column of a 4-story residential building. 3D and story plan views are
shown below.
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3D and Typical Plan View of Building Models (A and B Block Accordingly)

Material Properties

Concrete
Concrete
—Concrete
C150 General
C173 Material Name C240
C180 sl Cal
208 Material Calor [ 224, 224, 224 E
€210 Mechanical Properties
€340 -
230 Modulus of Elasticity 23392.8 MNfmm2
€300 Shear Modulus 9912.2 Mfmm2
C320
350 Poisson's Ratio 0.18
C400 Thermal Expansion Coeff. 0.00001000 {1/°C)
C500
Cs00 Uit Weight 23.540 kNjm3
c700 Concrete Type: MNormalweight Concrete E
Design Parameters
Characteristic Compressive Strength (Fck) 24,00 Mfmm2
Characteristic Tensile Strength (Fotk) 3.10 Mjmm2
Material Coeff 1.50
Time Dependent Properties
Time Model CEB FIE 90
Compressive Strength and Stiffness 0.000
Creep 0,000
Shrinkage 0.000

[+][x]

|| Apply to all members of this material dass in this storey

" OK ||x Cancel |
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Steel

Rebar

—Rebar
5024 (Round Bar)

SD30 (Deformed Bar)

SD50 (Deformed Bar)
SBPDM 930/1080
SBPDM 10801230
SBPDM 12751420

General

Material Name

Material Color

Mechanical Properties

Modulus of Elasticity

Shear Modulus

Poisson's Ratio

Thermal Expansion Coeff,

Unit Weight

Steel Bar Parameters

Minimum Yield Strength

Ultimate Strength (Fu)

Bearing Strength

Material Coeff

Rebar Symbol

SD40 (Deformed Bar)
I 255, 0,0

204000.0 Nfmm2
786917 N/mm2

0.00001200 (1/5C)
77.010 kijm3

400,00 Njmm2
0.00 Njmm2

0.00 Njmm2

Rib Type Type 2 W
Hook
Prestressed
& || x Rebar Diameters Edit...
Apply to all members of this material dass in this storey v 4 oK x Cancel
The Beam-Column Joint
( 1C7 (300x1000) \
1B6 300x5600
77777777777777 A
7
Ve
/ 1B7 300x600
% -———————————— g — - — — —
\~ | Y,
e \ N
o \ N /
7 \ - -
N b e
N s
N /s C’} - e g
N/ =
| / .
S /
o 188 s
/ | h=120 |
s ‘ N
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Column 1C7 in the first story will be used for calculations. There are two beams connected to 1C7 in
the X direction and one in the Y direction. There is a 400 mm distance between near sides of beams in
the X-direction. Since the "Plan Continuity Tolerance" is set as 500 mm, beams in the X direction (1B6-

1B7) will be considered continuous.
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Column Section and Reinforcement
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Calculation Details

According to ACI 318-19 Chapter 15, beams and columns can be classified to their continuity conditions.
In addition, joints can be referred to as confined or not, according to the properties of the connected
beams. Nominal shear strength calculations are different for particular conditions.

A continuous column should satisfy the following conditions according to 15.2.6:

(a) The column extends above the joint at least one column depth, h, measured in the direction of
joint shear considered.

(b) Longitudinal and transverse reinforcement from the column below the joint is continued
through the extension.

A continuous beam should satisfy the following conditions according to 15.2.7:

(a) The beam extends at least one beam depth h beyond the joint face.

(b) Longitudinal and transverse reinforcement from the beam on the opposite side of the joint is
continued through the extension.

Confinement conditions of a beam-column joint can be listed according to 15.2.8 as follows:

(a) The width of each transverse beam is at least three-quarters of the width of the column face
into which the beam frames

(b) Transverse beams extend at least one beam depth h beyond the joint faces

(c) Transverse beams contain at least two continuous top and bottom bars with:

1)

—b,d
y

2) No. 10 or larger stirrups satisfying ACl 318-19 Table 9.6.3.4
3) According to ACI 318-19 Table 9.7.6.2.2, the maximum spacing of legs of shear
reinforcement along the length of the member and across the member's width shall be
per Table 9.7.6.2.2.
Where for a statically determinate beam with a flange in tension, the value of by shall be the smaller of
bf and 2by, and the value offy shall be limited to a maximum of 550 MPa.
According to ACI 318-19,18.4.4.7.1, Beam-Column joints should satisfy:
PV 2V,
Where;
e V,isjoint shear calculated on a plane at mid-height of the joint using tensile and compressive
beam forces and column shear consistent with beam nominal moment strengths M.

e V,(Nominal Shear Strength ) of the joint shall be calculated per Table 15.4.2.3 in ACl 318-19.

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’



S PRoTA

Page -9
Beam in the Direction of Confinement of
Column Vh
Vu Transverse Beams
Continuous or meets| Continuous or meets Confined| 2.0 % A*/f * A
Not Confined | 1.7 * A /f/ * A;
Other Confined| 1.7 %A x/f/ A;
Not Confined| 1.3 xAx/f * A;
Continuous or meets Confined| 1.7 %A x/f/ A;
Not Confined| 1.3 A x/f * A;
Other Other Confined| 1.3 %A x/f/ = A;
Not Confined | 1.0 * A */f/ * A;
Structural Parameters Symbol Value
Modification Factor (For normal weight concrete) A 1
Strength Reduction Factor ) 0.75

Effective Joint Width Calculation

According to ACI318-19 15.4.2.4, effective joint width should be calculated as follows:

If be>bw

If bw>be

b =

; = min{b,, + h¢; (by + 2*x)}

bj = b,
Column S
Effective joint area, A; Effective joint
width = lesser of
Reinforcement (b + h) and
3 (b +2x)
generating
shear L B / b
Y — A —
| — -
Plan xr \ !
h = Joint depth in
plane parallel to
reinforcement
generating shear
ProtaStructure’ ProtaSteel’  ProtaDetalils’ ProtaBIM’
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Verification of Joint Shear Check Results

In this section, Joint Shear Checks are performed for column 1C7.

X-Direction Checks

Beams B1B6 and 1B7 are connected to the column in the X direction.

Calculation of Effective Joint Width, bj:
Since b(100 cm) > b1, bwz (30cm), effective joint width will be calculated per ACI318-19 15.4.2.4.

he=30cm
The beam is at the corner of the column, x =0 cm.
b; = min{30+30;(30 + 2 0)}

bj = 30cm

Calculation of Shear Force:

Vy is taken as the factored shear force in the section.

V, =294 kN

Calculation of Shear Force Limit:

The joint is classified as, Continuous column + discontinuous beams + unconfined column. The
formulation below will be used for the calculation of limiting shear force.

1.3 %A% \/E * Aj
A = 1.0 (for Normal Weight Concrete)
f. = 24 Mpa
b; = 300 mm
h = 300 mm
@ = 0.75
V, =0.75 x 573.18 kN

V, =429.88 kN

ProtaStructure® ProtaSteel ProtaDetails’ ProtaBIM’
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X Direction Checks
Joint Confined Member| by fem) | h(em)| Va IV (kN)| SOMROUS b (e | V. (kN | Ve (KN)
T 7 -Soreyd] N0 X0 IR 1T
B o+ 87 1C7-Sorey1] _ 30.0] 300 294 1
1c7 No 166 1 - - Ty 294| 42988
187 No| 300

Joint Shear Force, Ve =294 kN < 429.86kN v

Y-Direction Checks

Only beam 1B75 is connected to the column in the X-direction.

Calculation of Effective Joint Width, bj:

Since b(30 cm) > bw1 (20cm), effective joint width will be calculated with ACI318-19 15.4.2.4.

hc =100 cm

The beam is at the corner of the column, x =0 cm.

bj = min{20 + 100; (20 + 2+ 0)}

Calculation of Shear Force:

Vy is taken as the factored shear force in the section.

Calculation of Shear Force Limit:

b; = 20cm

V, =598 kN

The joint is classified as, Continuous column + discontinuous beams + unconfined column. The

formulation below will be used for the calculation of limiting shear force.

1.3*?\*\/ﬁ*Aj

A = 1.0 (for Normal Weight Concrete)

fi = 24 Mpa

b; = 200 mm

h = 1000 mm

@ = 0.75

V, =0.75 = 1273.75 kN

ProtaStructure’

V, =955.31kN
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Y Direction Checks

Page - 12

okl Conlined Member| by fem) | b (em)| Vi /Va (kN)| S5O o) v, )| Ve ()
7 2C7-Sory2]  200] 1000 598

BE - No TeT Sory.1] __200] 1000] 7111 T 598 %531
17 {EIE T - - o] M0

Joint Shear Farce, Ve =098 kN < 955,31 kN

Summary

v

This document explains the calculation details of beam-column joint shear design conditions according

to ACI 318-19.
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Thank You...

Thank you for choosing the ProtaStructure Suite product family.
Our top priority is to make your experience excellent with our software technology solutions.

Should you have any technical support requests or questions, please do not hesitate to contact us at all
times through globalsupport@protasoftware.com and asiasupport@protasoftware.com

Our dedicated online support center and our responsive technical support team are available to help
you get the most out of Prota's technology solutions.

The Prota Team
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