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1. Terminology For SAFE M ethod of Calculating Punching Shear

The following terms are used in describing the SAFE method of calculating punching shear:

bo
d

Ixx

lyy =

Ixy

Mux
Muy
Vuy

X1, Y1
X2, Y2
X3, Y3
Xa, Y4
Yvx
Yvy

perimeter of critical section for punching shear

effective depth at critical section for punching shear based on average of d for X
direction and d for Y direction

Moment of inertia of critical section for punching shear about an axisthat is parallel to
the global X-axis

Moment of inertia of critical section for punching shear about an axisthat is parallel to
the global Y-axis

Product of inertia of critical section for punching shear with respect to the X and Y
planes

Length of side of critical section for punching shear currently being considered
Moment about line parallel to X-axis at center of column (positive per right-hand rule)
Moment about line parallel to Y-axis at center of column (positive per right-hand rule)
Punching shear stress

Shear at center of column (positive upward)

Coordinates of column centroid

Coordinates of center of one side of critical section for punching shear

Coordinates of centroid of critical section for punching shear

Coordinates of location where you are calculating stress

Percent of Myx resisted by shear per ACI 318-95 equations 11-41 and 13-1

Percent of Myy resisted by shear per ACI 318-95 equations 11-41 and 13-1

2. Basic Equations For SAFE M ethod of Calculating Punching Shear

Vo = Vu N Yx[Mux =Vu (ys = y2)] [Ivv(ys = y3) = Ixv(Xa = X3)]
U = -
bod Ixxlvy = Ixv?
Eq. 1
Kv[Muv +Vu(xs = xa)] [ Ixx(xa = X3) = Ixv(ya = y3)]
Ixxl vy — Ixv?
Ixx = rZl_xx , Where sides refers to the sides of the critical section for punching shear Eq. 2
sides=1
Ivy = rZl_w , Where sides refers to the sides of the critical section for punching shear Eq. 3
sides=1
Ixv = rZl_xv , Where sides refers to the sides of the critical section for punching shear Eq. 4
sides=1
Safe Technical Note 1 - Punching Shear Revision 3, January 11, 1999
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The equations for Ixx, Ivv, and Ixy are different depending on whether the side of the critical

section for punching shear being considered is parallel to the X-axis or parallel to the Y -axis.
Refer to Figures 1a and 1b.

Centroid of entire
critical section for

Critical section for
punching shear
shown by heavy line

punching shear.

Coordinates are (X,,y,).

Side of critical section
being considered
shown solid

/Center of side of critical
section being considered.

Coordinates are (x,,y,).
Y

Figure 1b: Plan View For Side of Critical Section Parallel to Y-AXxis

Work This Sketch With Equations 5b, 6b and 7

Critical section for
punching shear shown
by heavy line. Side of
critical section being
considered shown solid

Centroid of entire

critical section for T TT——__|

punching shear.

Coordinates are (Xs,y,). _QKV_/
]

Figure 1la: Plan View For Side of Critical Section Parallel to X-Axis

yz'y3

Center of side of critical
section being considered.
Coordinates are (x,,Y,).

Work This Sketch With Equations 5a, 6a and 7

Ixx = Ld(yz2— ys)?, for side of critical section parallel to X-axis Eg. 5a

I xx

[vy

> +——+ Ld(yz2-y53)

dL’®

dL’®
12

? for side of critical section parallel to Y -axis Eq. 5b

? for side of critical section parallel to X-axis Eq. 6a

+E+ Ld(XZ_ XS)
Ivv = Ld(x2 — x3)?, for side of critical section parallel to Y-axis Eq. 6b
Ixr = Ld(x2 — x3)(y2 — y3), for side of critical section parallel to X-axis or Y -axis Eq. 7
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3. Limitations of Punching Shear Calculationsin SAFE

» The shear and moment values used in the punching shear check have not been reduced by the
load (or reaction) that is included within the boundaries of the punching shear critical section.
Typically the effect of this simplification is small except in some cases for deep slabs (e.g.,
mat foundations) and slabs with closely spaced columns.

» Punching shear is calculated for columns punching through a slab or a drop panel. It is not
calculated for adrop panel punching through adlab. The effect of column capitalsis
included in the punching shear calculation.

» The program checks that each slab element in the area enclosed between the face of the
column and the critical section for punching shear has identically the same slab property
label. If so, the punching shear check is performed, if not, punching shear is not calculated
and N/C is displayed.

* When line objects (beams, walls or releases) frame into a column, punching shear is not
calculated and N/C is displayed.

» If apoint load or column falls (call it load/column A) within the critical section for punching
shear for another point load or column (call it load/column B), then it isignored in the
punching shear calculation (that is, the effect of load/column A isignored when doing
punching shear calculations for load/column B.)

» The program only considers critical sections for punching shear that have sides parallel to the
X andY axes. Thuswhen the edge of aslab is not parallel to the X or Y axis, the program
may not pick up the worst case critical section for punching shear. For example, in Figure 2,
the critical sections for punching shear identified in Cases A and B are considered by SAFE,
but CASE C is not considered.

Critical section for
punching shear
shown dashed

Critical section for
punching shear
shown dashed

Slab Slab

Case A Case B Case C
Considered by SAFE Considered by SAFE Not Considered by SAFE

Figure 2: Critical Sections For Punching Shear Considered By SAFE
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4. Other Comments

Equation 1 is based on Chapter 8, Section 50 of S. Timoshenko’s book titled “Strength of
Materials” (Ref. 1) and on the requirements of codes such as ACI 318-95.

For interior columns and edge columns the punching shear formulation used in SAFE yields the
same results as those that are obtained using the equations given in Figure 18-16 of the PCA
Publication (Ref 2). The results are different for corner columns. The reason for the difference
is the ky term that is included in the SAFE equations but not in the PCA equations. For interior
columns and edge columns the term included in the SAFE formulation reduces to zero. The
Ixy term is nonzero for corner columns because the X and Y axes are not the principal axes for
this section. If thexy term in the SAFE equations is set to zero, then the SAFE equations yield
the same results for corner columns as the PCA equations. (Note that there is no way to actually
set the %y term to zero in SAFE.) It could be argued that the SAFE formulation is perhaps more
theoretically sound than the equations given in the PCA Publication. The net effectxef the |
term is to make the SAFE punching shear calculation for corner columns a little more
conservative than that given in the PCA Publication.

5. References

1. S. Timoshenko, 1958
Srength of Materials, Part |, 3rd Edition, D. Van Nostrand Company, New York, New
York.

2. PCA, 1996
Notes On ACI 318-95 Building Code Requirements For Structural Concrete With Design
Applications, Portland Cement Association, Skokie, Illinois.
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6. Numerical Example

6a. Problem Statement

The numerical example isaflat slab with drop panels that has three 24’ spans in each direction,
as shown in Figure 3. The slab overhangs beyond the face of the column by 6" along each side
of the structure. The columns aretypically 12" x 36" with the long side parallel to the Y -axis.
The slab istypically 10" thick. At the drop panels there is an additional 5" of slab thickness, thus
the total slab thickness at the drop panelsis 15". The plan dimensions of the interior drop panels
are 8 x 8, the edge drop panels where the edge is parallel to the X-axis are 8 x 6', the edge drop
panels where the edge is parallel to the Y-axisare 5’ x 8, and the corner drop panelsare 5’ x 6.

The concrete has a unit weight of 150 pcf and a f'c of 4000 psi. The dead load consists of the self
weight of the structure plus an additional 20 psf. The live load is 80 psf.

Thick plate properties are used for the slab.
Each column in Figure 3 isreferenced with a number. For example, the column at the

intersection of grid lines A and 1 is number 5. These numbers refer to the point object ID’s in
the associated SAFE model

® ® © C),

T 24 24 24 1

@ ' ! !
1
17 18 9 20] 10" thick flat slab with

\[Typical drop panel I drop panels

lan dimensipns

/IAin i Total slab thickness at
(]

| = - drop panels is 15"
® ﬂ QE P iE 6}_

L_/Columns are 12" x 36"

24

> with long side parallel to
o the Y-axis, typical
@ }|—9| |10 |11 IEl— Concrete Properties
_J I_- Unit weight = 150 pcf
f’c = 4000 psi
N %
N Loading
1« DL = Self weight + 20 psf
5] X 6 7 8 LL =80 psf
O3 ! - P
N | | |
Figure 3: Flat Slab With Drop Panels For Numerical Example
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6b. SAFE Computer M odel

In SAFE it is easy to create a computer model for this example, analyze it, design it, and print
out the punching shear results. The following steps are required:

1.

2.

Set the units to kips and feet.

From the File menu select New Model From Template, and then click on the Flat Slab
button to display the Flat Slab dialog box.

In this dialog box:

» Change the Top Edge Distance and Bottom Edge Distance to 2.
» Check the Cresate Live Load Patterns check box.

» Accept the rest of the default values and click the OK button.

From the Define menu select Slab Propertiesto display the Support Properties dialog
box. Highlight the property named COL, click the Modify\Show Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click
OK. Highlight the property named DROP, click the Modify\Show Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click
OK. Highlight the property named SLAB, click the Modify\Show Property button to
display the Slab Property Data dialog box, check the Thick Plate check box and click OK
twice to exit all dialog boxes.

From the Define menu select Column Supports to display the Support Properties dialog
box. With the support property named COLUMN highlighted click the Modify\Show
Property button to display the Column Support Property Data dialog box. In this dialog
box change the Y Dimension to 3. Accept the rest of the default values and click the OK
button twice to exit all dialog boxes.

The SAFE model is now created and ready to run. From the Analyze menu select Run
Analysis. Select adirectory and provide a name for the input file and then click the Save
button to proceed with the analysis.

When the analysis is completed review the messages in the Analysis window and click
the OK button. The model is now ready for design.

From the Options menu select Preferences and click the Concretetab. Verify that the
Concrete Design Code selected is ACI 318-95. |If necessary, change the selection to this
code. Click the OK button to exit this dialog box.

From the Design menu select Start Design.

Safe Technical Note 1 - Punching Shear Revision 3, January 11, 1999
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10. When the design is complete click Display Punching Shear Ratios on the display menu to
show the punching shear results graphically.

11. Change the units to kips and inches.
12. From the File menu select Print Design Tables to display the Design Tables dialog box.
13 Inthisdialog box:

* Inthe Design Output area uncheck the Slab Strip Reinforcing check box and check
the Punching Shear check box.

* Inthe Design Forces area uncheck the Slab Strip check box.

* Check the Print To File check box. Note that the default name for thisfile isthe
name of your model with a.txt extension. Accept this default name.

» Click the OK button to create the punching shear output.

The punching shear output is now in atext file whose name is the same as your input file with
the extension .txt. Y ou can open thistext file in any text editor or word processor, or you can
use the Display Input/Output Text Files feature on the File menu in SAFE to openit. This
feature opens the file in Wordpad, atext editor that is supplied with Windows. If you open this
text file in aword processor or a spreadsheet it should look similar to that shown in Figure 4.

SAFE v6.14 File: PUNCHEX Kip-in Units PAGE 1
Novenber 14, 1998 7:59

PUNCHI NG SHEAR STRESS CHECK

PO NT X Y RATIO COMBO VIVAX VCAP \Y MX %4 DEPTH PERIM LOC
5 0. 00 0. 00 1.000 DCON2 0.179 0.179 -54.696 -1962 1145.680 13. 500 73.500 C
6 288.00 0. 00 0. 802 DCON2 0.144 0.179 -119.738 3778 -348.558 13.500 123.000 E
7 576.00 0. 00 0. 802 DCON2 0.144 0.179 -119.738 3778 348.558 13.500 123.000 E
8 864.00 0. 00 1.000 DCON2 0.179 0.179 54.696 1962 - 1146 13. 500 73.500 C
9 0.00 288.00 0.515 DCON2 0. 092 0.179 94.860 174.953 1463.801 13. 500 99. 000 E

10 288.00 288.00 0.702 DCON2 0.126 0.179 -225.707 464.658 -419.712 13. 500 150.000 |
11 576.00 288.00 0.702 DCON2 0.126 0.179 -225.707 464.658 419.712 13.500 150.000 |
12 864.00 288.00 0.515 DCON2 0. 092 0.179 94.860 174.953 - 1464 13. 500 99. 000 E
13 0.00 576.00 0.515 DCON2 0. 092 0.179 94.860 -174. 953 1463. 801 13. 500 99. 000 E
14 288.00 576.00 0.702 DCON2 0.126 0.179 -225.707 -464.658 -419.712 13. 500 150.000 |
15 576.00 576.00 0.702 DCON2 0.126 0.179 -225.707 -464.658 419.712 13. 500 150.000 |
16 864.00 576.00 0.515 DCON2 0. 092 0.179 94.860 -174.953 - 1464 13. 500 99. 000 E
17 0.00 864.00 1.000 DCON2 0.179 0.179 54.696 1962. 206 1145. 680 13. 500 73.500 C
18 288.00 864.00 0. 802 DCON2 0.144 0.179 -119.738 3777.943 -348.558 13.500 123.000 E
19 576.00 864.00 0. 802 DCON2 0.144 0.179 -119.738 3777.943 348.558 13.500 123.000 E
20 864.00 864.00 1.000 DCON2 0.179 0.179 -54.696 1962. 206 -1146 13. 500 73.500 C

Figure 4. SAFE CQut put For Punchi ng Shear

Following are explanations of each of the column headings in the output shown in Figure 4:

POINT = SAFE point object ID at location where punching shear stress is reported
X = X-coordinate of POINT
Safe Technical Note 1 - Punching Shear Revision 3, January 11, 1999
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Y = Y-coordinate of POINT

RATIO = Punching shear stress divided by punching shear capacity

COMBO = Load combination that produces maximum punching shear stress

VMAX = Punching shear stress with the maximum absolute value

VCAP = Punching shear stress capacity with a phi factor included, i.e., @vc

\% = Shear used in punching shear stress calculation

MX = Moment about a line through the column centroid and parallel to the X-axisused in
punching shear stress calculation

MY = Moment about a line through the column centroid and parallel to the Y-axisused in
punching shear stress calculation

DEPTH = Effective depth for punching shear calculated as the average of the effective depths
inthe X and Y directions

PERIM = Perimeter length of critical section for punching shear

LOC = l|dentifier for column location: | isan interior column, E is an edge column, and C is

acorner column

We will now derive some of the results shown in Figure 4 using hand calculations. The results
we will calculate are the shear stress, shear capacity and the shear ratio for an interior column, an
edge column with the edge parallel to the X-axis, an edge column with the edge parallel to the Y -
axis, and a corner column. We will calculate these values using the SAFE formulation and then
calculate them again using the formulation in the PCA Publication (Ref 2). Finally, we will
compare the results obtained from SAFE, our hand calculations using the SAFE formulation, and
our hand calculations using the PCA Publication formulation.

6c. Hand Calculation For Interior Column Using SAFE Method
d=[(15-1) + (15-2)] /2= 135"

Refer to Figure 5.

25.5"
bo = 49.5+ 255 + 49,5 + 25,5 = 150" Y -
Yx=1-—— = =0482 N
1 + g 495 Column E- Side 2 : ﬁ
B0 255 \ i
%zl_;zo_sm K i S g
255 Center of column is /:/ | &
1 + g " point (x1, x2). Set : :
EB 49 5 this equal to (0, 0). : : o
L saea ! %

The coordinates of the center of the column
(xa, y1) aretaken as (0, 0).

Figure 5. Interior Column, Point 10 in SAFE Model
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Initial Release Date: November 16, 1998 Page 8 of 31



icl

The following table is used for calculating the centroid of the critical section for punching shear.
Side 1, Side 2, Side 3 and Side 4 refer to the sides of the critical section for punching shear as
identified in Figure 5.

Item Side 1 Side 2 Side 3 Side 4 Sum
Xo -12.75 0 12.75 0 N.A.
Y2 0 24.75 0 -24.75 N.A.

L 49.5 25.5 49.5 25.5 d= 150
d 13.5 13.5 13.5 13.5 N.A.
Ld 668.25 344.25 668.25 344.25 2025

Ldx, -8520.19 0 8520.19 0 0

Ldy, 0 8520.19 0 -8520.19 0

E LdXz 0

025
2 Ld
Y3 = y2 = —O =0
Ld 2025

The following table is used to calculate Ixx, lyy and Ixy. The values for Ixx, lyy and Ixy are
given in the column titled “Sum”.

Iltem Side 1 Side 2 Side 3 Side 4 Sum
L 49.5 25.5 49,5 25.5 N.A.
d 13.5 13.5 13.5 13.5 N.A.
Xo - X3 -12.75 0 12.75 0 N.A.
Y2-Y3 0 24.75 0 24.75 N.A.
Parallel to Y-AXxis X-axis Y-AXis X-axis N.A.
Equations 5b, 6b, 7 5a, 6a, 7 5D, 6b, 5a, 6a N.A
Ixx 0 357472 0 357472 714944
lyy 132515 0 132515 0 265030
Ixy 0 0 0 0 0

From the SAFE output at column point 10:

Vy =-225.707 k
Muyx = 464.658 k-in
Muyy = -419.712 k-in

At the point labeled A in Figure 5, % -12.75 and y= 24.75, thus:

Safe Technical Note 1 - Punching Shear
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= ~225.707  0.482(464.658 ~ (~225.707)(0 - 0)] [265030(24.75 ~ 0) = (0)(-12.75-0)] _
150* 13.5 (714944)(265030) - (0)®
0.324[-419.712 - (-225.707)(0 — 0)] [ 714944(-12.75 - 0) — (0)(24.75 - 0)]
(714944)(265030) — (0)*

vy =-0.111 + 0.008 - 0.007 = -0.110 ksl at point A
At the point labeled B in Figure 5, x4 = 12.75 and y, = 24.75, thus:

v = ~225.707  0.482(464.658 ~ (~225.707)(0 - 0)] [265030(24.75 - 0) = (0)(12.75- 0)] _
150* 13.5 (714944)(265030) — (0)*
0.324[-419.712 - (-225.707)(0 — 0)] [ 714944(12.75 - 0) — (0)(24.75 - 0)]
(714944)(265030) - (0)*

vy =-0.111 + 0.008 + 0.007 = -0.097 ks at point B
At the point labeled C in Figure 5, x4 = 12.75 and y, = -24.75, thus:

w = ~225.707 _ 0.482(464.658 ~ (~225.707)(0 - 0)] [265030(-24.75 - 0) = (0)(12.75- 0)] _
150* 13.5 (714944)(265030) - (0)®
0.324[-419.712 - (-225.707)(0 — 0)] [ 714944(12.75 - 0) — (0)(—24.75 - 0)]
(714944)(265030) — (0)*

vy =-0.111 - 0.008 + 0.007 = -0.113 ks at point C

At the point labeled D in Figure 5, x4 = -12.75 and y4 = -24.75, thus:

| = ~225707  0.482464.658 - (~225.707)(0 - 0)] [265030(24.75 - 0) - (0)(-12.75-0)] _
150*13.5 (714944)(265030) — (0)°
0.324[-419.712 — (-225.707)(0 — 0)] [714944(-12.75 - 0) — (0)(—-24.75 - 0)]
(714944)(265030) — (0)*

vy =-0.111 - 0.008 - 0.007 = -0.126 ksi at point D

Point D has the largest absolute value of vy, thus Viex = 0.126 ks |

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

0.85 BZ + 36‘/112 L\/4000
Ppvc = U U =0.179 ksi per equation 11-35
1000
Safe Technical Note 1 - Punching Shear Revision 3, January 11, 1999
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*
0.85 0 13'5+2 L/4000

Ppvc = 0 150 U =0.301 ksi per equation 11-36

1000

0.85* 4* /4000

Ve = =0.215 ksi per equation 11-37
P 1000 Pereq

Equation 11-35 yields the smallest value of |@vc = 0.179 ksi|, and thus this is the shear capacity.

6d. Hand Calculation For Edge Column With Edge Parallel To X-AxisUsing SAFE
M ethod

=[(15-1) + (15-2)] /2= 135"

Refer to Figure 6.

bo = 48.75 + 25.5 + 48.75 = 123" 255"
Y
WX ) 1 ) 1 g 48 7 B 0480 6.75" 6" 6" \| 6.75" /g&ggliilfg{:s%;grfm
25 5 Column ’ :-_____ _S_id_e_z__' ﬁ
\E\ i <
W =1~ @ = ~ 035 E o B
12 2 X ~
1+ | @ "’I g
48 7 Center of column is /:/ : 55 Edge of slab
e L /
1 | K

The coordinates of the center of the > =

column (X1, y1) aretaken as (0, 0).
Figure 6: Edge Column With Edge Parallel To X-Axis,
Point 6 in SAFE Model

The following table is used for
calculating the centroid of the critical section for punching shear. Side 1, Side 2 and Side 3 refer
to the sides of the critical section for punching shear as identified in Figure 6.
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Iltem Side 1 Side 2 Side 3 Sum
X2 -12.75 0 12.75 N.A.
Y2 0.375 24.75 0.375 N.A.
L 48.75 25.5 48.75 =123
d 13.5 13.5 13.5 N.A.
Ld 658.125 344.25 658.125 1660.5
Ldx, -8391.09 0 8391.09 0
Ldy, 246.80 8520.19 246.80 9013.78
o= E Ldx2 _ 0 _gr
Ld 1660.5
ya= Ldy- _ 9013.78 _5 43
Ld 1660.5

The following table is used to calculate Ixx, lyy and Ixy. The values for Ixx, lyy and Ixy are

given in the column titled “Sum”.

Iltem Side 1 Side 2 Side 3 Sum
L 48.75 25.5 48.75 N.A.
d 13.5 13.5 13.5 N.A.
X2 - X3 -12.75 0 12.75 N.A.
Y2-Y3 -5.05 19.32 -5.05 N.A.
Parallel to Y-AXxis X-axis Y-AXis N.A.
Equations 5b, 6b, 7 5a, 6a, 7 5b, 6D, |7 N.A.
Ixx 157141 128518 157141 442800
lyy 106986 23883 106986 237855
I xy 42403 0 -42403 0

From the SAFE output at column point 6:

Vy=-119.738 k
Mux = 3778 k-in
Myy = -348.588 k-in

At the point labeled A in Figure 64 % -12.75 and y= 24.75, thus:
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_-119.738 _ 0.480[3778 - (-119.738)(5.43 - 0)] [237855(24.75 - 5.43) - (0)(-12.75-0)] _

VU =
’ T123%135 (442800)(237855) - (0)?

0.325-348.588 — (~119.738)(0 — 0)] [442800(~12.75 — 0) — (0)(24.75 - 5.43)]
(442800)(237855) — (0)2

vy =-0.0721 - 0.0655 - 0.0061 = -0.144 ksi at point A
At the point labeled B in Figure 6, x4 = 12.75 and y, = 24.75, thus:

4, = ~119.738 04803778 - (~119.738)(5.43 - 0)] [237855(24.75 - 5.43) - (0)(12.75- 0)] _
123*13.5 (442800)(237855) — (0)2
0.325-348.588 — (~119.738)(0 — 0)] [442800(12.75 - 0) — (0)(24.75 - 5.43)]
(442800)(237855) — (0)2

vy =-0.072 - 0.065 + 0.006 = -0.131 ks at point B
At the point labeled C in Figure 6, x4 = 12.75 and y4 = -24, thus:

4, = ~119.738 04803778 - (-119.738)(5.43 - 0)] [237855(-24 - 5.43) - (0)(12.75-0)] _
123*13.5 (442800)(237855) — (0)2
0.325-348.588 — (~119.738)(0 — 0)] [442800(12.75 — 0) — (0)(-24 — 5.43)]
(442800)(237855) — (0)2

vy =-0.072 + 0.100 + 0.006 = 0.034 ks at point C
At the point labeled D in Figure 6, x4 = -12.75 and ya = -24, thus:

,, - ~119.738 04803778 - (~119.738)(5.43 - 0)] [237855(-24 - 5.43) - (0)(~12.75-0)] _
123*13.5 (442800)(237855) — (0)2
0.325-348.588 — (~119.738)(0 — 0)] [442800(~12.75 — 0) — (0)(-24 — 5.43)]
(442800)(237855) — (0)2

vy =-0.072 + 0.100 - 0.006 = 0.022 ksi at point D

Point A hasthe largest absolute value of vy, thus Viex = 0.144 ks |

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

o.ss@m 4 H/a000

36/12 . .
Ve = =0.179 ksi per equation 11-35
pre 1000 Per e
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*
0.85 0 13'5+2 L/4000

Pvc = O 123 U =0.285 ksi per equation 11-36

1000

0.85* 4* /4000

Ve = =0.215 ksi per equation 11-37
P 1000 Pereq

Equation 11-35 yields the smallest value of |@vc = 0.179 ksi|, and thus this is the shear capacity.

6e. Hand Calculation For Edge Column With Edge Parallel To Y-Axis Using SAFE
M ethod

=[(15-1) + (15-2)] /2= 135"

Refer to Figure 7.

bo=24.75+ 495 + 24,75 = 99" 24.75"
Y
o
24 7 Edge of slab A _ _ ] -sqeT _BI b
Column Ni .
Yo =1 e <0320 Sk
9, X i
1+ @ 15 . :
49 5 Center of column is : é
point (x1, x2). Set 1
this equal to (0, 0). : .
The coordinates of the center of the coumn | sues |
(x1, y1) aretaken as (0, 0). D c

The fO_HOWing table iS used_ fOI’ calculatir_lg the Figure 7: Edge Column With Edge Parallel To Y-Axis,
centroid of the critical section for punching Point 9 in SAFE Model

shear. Side 1, Side 2 and Side 3 refer to the

sides of the critical section for punching shear as identified in Figure 7.
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ING.

Iltem Side 1 Side 2 Side 3 Sum
X2 0.375 12.75 0.375 N.A.
Y2 24.75 0 -24.75 N.A.
L 24.75 49.5 24.75 d= 99
d 13.5 13.5 13.5 N.A.
Ld 344.125 668.25 344.125 1336.5
Ldx, 125.30 8520.19 125.30 8770.78
Ldy, 8269.59 0 -8269.59 0
o = Ladx _ 8770.78 — 656"
Ld 1336.5
ys= LLdyz =9 . 0
Ld 1336.5

The following table is used to calculate Ixx, lyy and Ixy. The values for Ixx, lyy and Ixy are

given in the column titled “Sum”.

Iltem Side 1 Side 2 Side 3 Sum
L 24.75 49,5 24.75 N.A.
d 13.5 13.5 13.5 N.A.
X2 - X3 -6.19 6.19 -6.19 N.A.
Y2-V3 24.75 0 -24.75 N.A.
Parallel to X-axis Y-Axis X-axis N.A.
Equations 5a, 6a, 7 5b, 6Db, 7 5a, 6a, N.A.
Ixx 204672.4 146597.2 204672.4 555947
lyy 34922.6 25584.1 34922.6 95429
Ixy -51168 0 51168 0

From the SAFE output at column point 6:

VU =-94.86 k

Muyx = 174.953 k-in
Muyuy = 1463.801 k-in

At the point labeled A in Figure 7,% -12 and y= 24.75, thus:

Safe Technical Note 1 - Punching Shear

Revision 3, January 11, 1999
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_ -9486 _ 0.485174.953~ (-94.86)(0 - 0)] [95429(24.75 - 0) — (0)(-12 - 6.56)] _

" 123135 (555942)(95429) — (0)°
0.320[1463.801 - (~94.86)(6.56 — 0)] [555942(~12 — 6.56) — (0)(24.75 — 0)]
(555942)(95429) — (0).

vy =-0.071 + 0.004 + 0.052 = -0.015 ks at point A
At the point labeled B in Figure 7, x4 = 12.75 and y, = 24.75, thus:

L o_~9486 0489174953 - (-94.86)(0 - 0)] [95429(24.75 - 0) - (0)(12.75 - 6.56)] _
123*135 (555942)(95429) — (0)2
0.320[1463.801 — (—94.86)(6.56 — 0)] [555942(12.75 — 6.56) — (0)(24.75 - 0)]
(555942)(95429) — (0)2

vy = -0.071 + 0.004 - 0.017 = -0.084 ksi at point B
At the point labeled C in Figure 7, x4 = 12.75 and y, = -24.75, thus:

L o_~9486 0489174953 - (-94.86)(0 - 0)][95429(~24.75 - 0) = (0)(12.75 - 6.56)] _
123*135 (555942)(95429) — (0)2
0.320[1463.801 — (—94.86)(6.56 — 0)] [555942(12.75 — 6.56) — (0)(—24.75 - 0)]
(555942)(95429) — (0)2

vy =-0.071- 0.004 - 0.017 = 0.092 ksl at point C
At the point labeled D in Figure 7, x4 = -12 and y4 = -24.75, thus:

o _~9486 0485174953~ (-94.86)(0 - 0)][95429(~24.75 - 0) ~ (0)(~12 - 6.56)] _
123*135 (555942)(95429) — (0)2
0.320[1463.801 — (—94.86)(6.56 — 0)] [555942(~12 — 6.56) — (0)(—24.75 - 0)]
(555942)(95429) — (0)2

vy =-0.071 - 0.004 + 0.052 = -0.023 ksl at point D

Point C has the largest absolute value of vy, thus Vina = 0.092 ksi |

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

o.ss@m 4 H/a000

36/12 . .
Ve = =0.179 ksi per equation 11-35
pre 1000 Per e
Safe Technical Note 1 - Punching Shear Revision 3, January 11, 1999

Initial Release Date: November 16, 1998 Page 16 of 31



*
0.85 0 9;3'5 +2 L/ 4000

Ppvc = U 1000 U =0.327 ksi per equation 11-36

0.85* 4* /4000

Ve = =0.215 ksi per equation 11-37
P 1000 Pereq

Equation 11-35 yields the smallest value of |@vc = 0.179 ksi|, and thus this is the shear capacity.

6f. Hand Calculation For Corner Column Using SAFE M ethod

d=[(15- 1) + (15- 2)] / 2= 135"

Refer to Figure 8.
24.75"
bp=24.75+ 48.75=73.5" Y
WX =1- 48.75 = 0483 Fdge of siab - “Side1 - i
1+ e b
B0 24.75 | b
Column 1
T A
1 ?, X
Wy =1- NG =0.322 . N
1+ 2247 ke ®
EB 4875 this equal to (0, 0). : jﬁ

C

The coordinates of the center of the
column (X1, y1) aretaken as (0, 0).

Figure 8: Corner Column, Point 5in SAFE Model

The following table is used for calculating the centroid of the critical section for punching shear.
Side 1 and Side 2 refer to the sides of the critical section for punching shear as identified in
Figure 8.
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ING.

Iltem Side 1 Side 2 Sum
X2 0.375 12.75 N.A.
Y2 24.75 0.375 N.A.
L 24.75 48.75 p=73.5
d 13.5 13.5 N.A.
Ld 334.125 658.125 992.25
Ldxo 125.30 8391.09 8516.39
Ldy, 8269.59 246.80 8516.39

X3 = = — =8.58"
Ld 992.25
Ld
yaz y2 _ 8516.39 _g5g
Ld 992.25

The following table is used to calculate Ixx, lyy and Ixy. The values for Ixx, lyy and Ixy are
given in the column titled “Sum”.

Iltem Side 1 Side 2 Sum
L 24.75 48.75 N.A.
d 13.5 13.5 N.A.
X2 - X3 -8.21 4.17 N.A.
Yo - Y3 16.17 -8.21 N.A.
Parallel to X-axis Y-Axis N.A.
Equations 5a, 6a, 7 5b, 6b, 7 N.A.
I xx 87332 184673 272005
lyy 44640 11428 56069
Ixy -44338 -22510 -66848

From the SAFE output at column point 5:

Vuy =-54.696 k
Muyx = -1962 k-in
Muyy = 1145.68 k-in

At the point labeled A in Figure 8, % -12 and y= 24.75, thus:
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_ —54696 _ 0.4831962 - (-54.696)(8.58 — 0)] [56069(24.75 - 8.58) - (-66848)(~12 - 8.58)] _

VW =
’ T 735135 (272005)(56069) — (~66848)2

0.322[1145.68 — (-54.696)(8.58 — 0)] [ 272005(-12 — 8.58) — (-66848)(24.75 — 8.58)]
(272005)(56069) — (—66848)>

vy =-0.055 + 0.031 + 0.091 = 0.067 ks at point A
At the point labeled B in Figure 8, x4 = 12.75 and y, = 24.75, thus:

u =~ 54696 . 0.4831962 - (-54.696)(8.58 - 0)] [56069(24.75 - 8.58) - (-66848)(12.75 - 8.58)] _
735*135 (272005)(56069) — (—66848)°
0.322[1145.68 — (~54.696)(8.58 — 0)] [ 272005(12.75 — 8.58) — (—66848)(24.75 — 8.58)]
(272005)(56069) — (—66848)?

vy =-0.055- 0.079 - 0.045=-0.179 ksi at point B
At the point labeled C in Figure 8, x4 = 12.75 and y4 = -24, thus:

u =~ 54696  0.4831962 - (-54.696)(8.58 - 0)] [56069(~24 - 8.58) - (~66848)(12.75 ~8.58)] _
735*135 (272005)(56069) — (—66848)°
0.322[1145.68 — (~54.696)(8.58 — 0)] [ 272005(12.75 — 8.58) — (~66848)(-24 — 8.58)]
(272005)(56069) — (—66848)°

vy =-0.055 + 0.104 + 0.021 = 0.070 ksl at point C

Point B has the largest absolute value of vy, thus Vina = 0.179 ksi |

The shear capacity is calculated based on the smallest of ACI 318-95 equations 11-35, 11-36 and
11-37 with the by and d terms removed to convert force to stress.

o.ss@m 4 H/a000

36/12 . .
Ve = =0.179 ksi per equation 11-35
pve 1000 P
*
0.85 = 0731:'5 + ZaD /4000
Ve = - =0.404 ksi per equation 11-36
pve 1000 P
* *
Pvc = 0.85 14600”4000 =0.215 ksi per equation 11-37

Equation 11-35 yields the smallest value of |@vc = 0.179 ksi|, and thus this is the shear capacity.
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6g. Hand Calculation For Corner Column Using SAFE Method Except That Ixy IsSet To
Zero

This calculation is done for comparison with the corner calculation using the PCA Publication
method (Ref. 2). Notethat the computer program SAFE does not do the calculation with Ixy set
to zero.

The calculations in this case are exactly the same as in Section 6f, except that XY is set to zero.
Thus, using the intermediate results in Section 6f we can go right to calculating the stresses.

At the point labeled A in Figure 8, x4 = -12 and y4 = 24.75, thus:

v = 54696 04831962 - (~54.696)(8.58 - 0)][56069(24.75 - 8.58) ~ (0)(-12 - 8.58)] _
73.5*135 (272005)(56069) — (0)*
0.322[1145.68 — (—54.696)(8.58 — 0)] [272005(-12 — 8.58) — (0)(24.75 - 8.58)]
(272005)(56069) - (0)*

vy =-0.055 - 0.043 + 0.080 = -0.018 ksl at point A
At the point labeled B in Figure 8, x4 = 12.75 and y, = 24.75, thus:

u =~ 54696  0.4831962 - (-54.696)(8.58 - 0)][56069(24.75 - 8.58) - (0)(12.75 ~8.58)] _
735*135 (272005)(56069) — (0)°
0.322[1145.68 — (~54.696)(8.58 — 0)] [ 272005(12.75 — 8.58) — (0)(24.75 — 8.58)]
(272005)(56069) — (0)?

vy =-0.055- 0.043 - 0.016 =-0.114 ksi at point B
At the point labeled C in Figure 8, x4 = 12.75 and y4 = -24, thus:

=~ 54696  0.4891962 - (-54.696)(8.58 - 0)] [56069(-24 - 8.58) - (0)(12.75 - 858)] _
735*135 (272005)(56069) — (0)°
0.322[1145.68 — (~54.696)(8.58 — 0)] [272005(12.75 — 8.58) — (0)(-24 — 8.58)]
(272005)(56069) — (0)

vy =-0.055 + 0.086 - 0.016 = 0.015 ksi at point c

Point B has the largest absolute value of vy, thus Vina = 0.114 ksi |
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6h. Terminology For PCA Publication Method of Calculating Punching Shear

a = Distance from center of column to centroid of critical section for punching shear

Ac = Areaof critical section for punching shear

by = Length of side of critical section for punching shear parallel to Y -axis for
bending about X-axis, and parallel to the X-axis for bending about Y-axis

b, = Length of side of critical section for punching shear parallel to X-axis for

bending about X-axis, and parallel to the Y-axis for bending about Y-axis

c = For bending about the X-axis, shorter Y distance from centroid of critical
section for punching shear to an edge of the critical section for punching shear
that is parallel to the Y-axis. For bending about the Y -axis, shorter X distance
from centroid of critical section for punching shear to an edge of the critical
section for punching shear that is parallel to the X-axis.

c = For bending about the X-axis, longer Y distance from centroid of critical section
for punching shear to an edge of the critical section for punching shear that is
parallel to the Y-axis. For bending about the Y-axis, longer X distance from
centroid of critical section for punching shear to an edge of the critical section
for punching shear that is parallel to the X-axis.

Jc = Section modulus associated with critical section for punching shear

Jc = Section modulus associated with critical section for punching shear

Mux = Moment about line parallel to X-axis at center of column or load

Muy = Moment about line parallel to Y-axis at center of column or load

Muxwansormed = Moment about line parallel to X-axis at centroid of critical section for punching
shear

Muvransormed = Moment about line parallel to Y-axis at centroid of critical section for punching
shear

Y = Percent of Myx resisted by shear per ACI 318-95 equations 11-41 and 13-1

6. Basic Equation For PCA Publication M ethod
The basic equation for the PCA Publication method is:

_ VU + y/XMUXtransformedCX + y/YMUYtransformedCY

w = Eqg. 8
Ac JIx Jv

Depending on the corner of the critical section for punching shear where you are calculating

stress this equation may be in one of the following forms:

VU :V_U _ y/XMUXtransformedC’X _ y/YMUYtransformedC’Y Eq 9
Ac JIx Jv

VU :V_U _ y/XMUXtransformedC’X + y/YMUYtransformedCY Eq 10
Ac JIx Jv
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VU + y/XMUXtransformedCX y/YMUYtransformedC’Y

Eqg. 11
Ac Jx Jv

6). Hand Calculation For Interior Column Using PCA Publication M ethod

From the SAFE computer output given
in Figure 4 for Point:

b, = 25.5"

Critical section for

Vy = --225.707 k (upward positive) 675\ 61 6| 675%|  /punching shear
Mux = 464.658 k-in (right-hand rule)
Muy = -419.712 k-in (right-hand rule)

>

B

o
~

Column—m~—— ! ]

c' =24.75"

d=[(15-1) + (15- 2)] / 2= 135"

18"

18"
49.5"
= N

- = c
x = Muxtrans formea = 464.6%

To calculate data for bending about X-
axisrefer to Figure 9. Notethat the
direction and sign of Myx shownin e
Figure 15 is consistent with that given

H Figure 9: Interior Column, Point 10 in SAFE Model
In the SAFE OUtpUt Bending About X-Axis

=24.75"
b, =

B e R

6.75"
c

b, = 49.5"
b, = 25.5"

=0.482

1
=1-— -
Yo P[495
1+ —=
B0 255
Ac = 2(by + by)d = 2* (49.5 + 25.5) * 13.5 = 2025 in

I _bud(b +307) + d° _ 49.5*135(49.5+ (3* 25.5)) +135°
3 3

=28886.6in°

B _ tud (b2 + 3b2) + d® _ 49.5*13.5(49.5+ (3* 25.5)) +13.5°
C'x 3 3

=28886.6in°

M uxtransiormed = Mux = 464.658 k-in (direction of moment shown in Figure 9)
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To calculate data for bending about Y -axis refer Y
to Figure 10. Note that the direction and sign of

Myy shown in Figure 10 is consistent with that b, =[25.5"
given in the SAFE output.

Muy = Muytransformed = 419.712 k-in

c=12.75"] ¢’ =12.75"

bl - 25.5" Critica_l section for
bz =49.5" 6.75"| 64] 6" | 6.75" gsgmlzga:;u:;r
A'______ _____B i
MY :1_;2 = 0324 Column i i ¢
1+ @ 233 i i i :
5 g g IC

Figure 10: Interior Column, Point 10 in SAFE Model
Bending About Y-Axis

v _bid(bi+302) +d° _ 25.5%135(25.5+ (3* 49.5)) +135°

=20786.6in°
3 3
3 * * 3
J _bd(bi+30) +d° _ 255*135(255+ (3" 495) +135° __ o .
Cly 3 3
Cy = E = 25_5 =12.75
Cc X:E:ZS_'S:]_Z_?S

Muvytransiormed = Muy = 419.712 k-in (direction of moment shown in Figure 10)
The punching shear stress at point A in Figures 9 and 10 is calculated using equation 10:

Vo = 225.707 _ 0.482* 464.658 + 0.324* 419.712 _ 0.111— 008+ 007 = 0.110 ks

2025 28886.6 20786.6

The punching shear stress at point B in Figures 9 and 10 is calculated using equation 9:

Vo = 225.707 _ 0.482* 464.658 _0.324* 419.712 _ 0.111— 008 — 007 = 0.096 ks

2025 28886.6 20786.6

The punching shear stress at point C in Figures 9 and 10 is calculated using equation 11:
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_ 225.707 + 0.482* 464.658 0.324* 419.712

= =0.111+.008 —.007 = 0.112 ksi
2025 28886.6 20786.6

The punching shear stress at point D in Figures 9 and 10 is calculated using equation 8:

Vo = 225.707 + 0.482* 464.658 + 0.324* 419.712 _ 0.111+ 008+ 007 = 0.126 ks
2025 28886.6 20786.6

Point D has the largest absolute value of v, thus Vimax = 0.126 ksi

6k. Hand Calculation For Edge Column With Edge Parallel To X-AxisUsing PCA
Publication M ethod

From the SAFE computer output
given in Figure 4 for Point 6:

b, = 25.5"

Y

Vy =-119.738 k (upward positive) R . /;:Li:gs:nsgez:c;;for

Muyx = -3778 k-in (right-hand rule) shown dashed
Myy = -348.588 k-in (right-hand rule) AEEEEEE EEPTEEY

0
~

I |
19.32"

Muxiransformed = 3128 k-in
ﬂ
\
7] X
\

Muy = 3778 k-in

d=[(15-1) + (15- 2)] / 2= 135" S

c

18"
5.43"

a=

To calculate data for bending about
X-axisrefer to Figure 11. Note that
the direction and sign of Myx shown
in Figure 11 is consistent with that 5 c
given in the SAFE output. Also note _ _ _
et X.-drection bending is bencing T NN AT
perpendicular to the edge.

18
1 =29.43"
48.75

C
bl

Edge of slab

{ )

by = 48.75"
b, = 255"
1
Yox =1~ =0.480
L+ 204875
36l 255

Ac = (2b; + by)d = (2 * 48.75) + 25.5) * 13.5 = 1660.5 in?
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I _ 2b*d(br+ 2ba) + d* (2 + ba) _

6b:
* 2 % * 3 *
2* 48.75° * 135(48.75 + (2* 25.5)) +135°((2* 48.75) + 255) _ 01 51 s
6* 48.75
I _ 2bid(bu+ 2b) + d* (2o + ba) _
C'x 6(b1 + b2)
* 2 % * 3 *
2* 48.75° * 13.5(48.75 + (2* 25.5)) +135°((2* 48.75) +255) _ .y s

6* (48.75 + 25.5)

2 2
o = by _ 48.75 _193>"
2bi+bs (2% 48.75) + 25,5

o= bu(br + b2) _ 48.75* (48.75 + 25.5)
2b1 + b2) (2* 48.75) + 25.5

=29.43'

ax =18+ 6.75-19.32 = 543"

M uxtranstormed = 3778 - 119.738 * 5.43 = 3128 k-in (direction of moment shown in Figure 11)

To calculate data for bending about Y -axis refer ot s
to Figure 12. Note that the direction and sign of L~
Myy shown in Figure 12 is consistent with that by 255"

given in the SAFE output. Also notethat Y-
direction bending is bending parallel to the edge.

c=12.75"] ¢’ =12.75"

Critical section for

75" 6] 6" 75" punching shear
b1:25.5" O.15 OO 815 shown dashed
by = 48.75" PSR IRV

1
1
1
1

0
~

Column\I i
Yo =1- ! -0325 : .
255 ! LY xk
1+ B ! 3
B[} 48.75 ! -
Edge of slab : :;
AN -
D [}

Figure 12: Edge Column With Edge Parallel To X-Axis
Point 6 in SAFE Model, Bending About Y-Axis

Jv _bud(+6b) +d° _ 255*135(25.5+ (6* 48.75)) +13.5°

=18655.3in°
6 6
3 * * 3
i _ bud (n + 6b2) + d _ 25.5*13.5(25.5+ (6* 48.75)) +13.5 —18655.3in°
C'y 6 6
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Muvytransiormed = Muy = 348.588 k-in (direction of moment shown in Figure 12)

The punching shear stress at point A in Figures 11 and 12 is calculated using equation 8:

L= 119.738 + 0.480* 3128 + 0.325* 348.588
1660.5 22917.3 18655.3

=0.072 +.066 + .006 = 0.144 ksi

The punching shear stress at point B in Figures 11 and 12 is calculated using equation 11:

_119.738 + 0.480* 3128 0.325* 348.588

W = =0.072 +.066 —.006 = 0.132 ksi
1660.5 22917.3 18655.3

The punching shear stress at point C in Figures 11 and 12 is calculated using equation 9:

| _119733 _0480* 3128 _ 0.325* 348,588
16605  15046.7 18655.3

=0.072-.100-.006 = —0.034 ksi

The punching shear stress at point D in Figures 11 and 12 is calculated using equation 10:

_119.738 0.480* 3128 + 0.325* 348.588

w = =0.072-.100 +.006 = —0.022 ksi
1660.5 15046.7 18655.3

Point A hasthe largest absolute value of v, thus Vimax = 0.144 ksi

6l. Hand Calculation For Edge Column With Edge Parallel To Y-AxisUsing PCA
Publication M ethod

From the SAFE computer output given in Figure 4 for Point 9:

Vy =-94.86 k (upward positive)

Mux = 174.953 k-in (right-hand rule)

Muy = 1463.801 k-in (right-hand rule)

d=[(15-1)+(15-2)]/2=135"

To calculate data for bending about X-axis refer to Figure 13. Note that the direction and sign of

Mux shown in Figure 13 is consistent with that given in the SAFE output. Also notethat X-
direction bending is bending parallel to the edge.
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Figure 13: Edge Column With Edge Parallel To Y-Axis

Point 9 in SAFE Model, Bending About X-Axis
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moment shown in Figure 13)

To calculate data for bending about Y -axis refer
to Figure 14. Note that the direction and sign of
Muy shown in Figure 14 is consistent with that
given in the SAFE output. Also notethat Y-
direction bending is bending perpendicular to
the edge.
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Figure 14: Edge Column With Edge Parallel To Y-Axis

Point 6 in SAFE Model, Bending About Y-Axis
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6b:
* 2 % * 3 *
2* 24.75° * 135(24.75 + (2* 49.5)) +13.5°((2* 24.75) +495) _ o g1 s
6* 24.75
v _ 2bd(bu+ 202) + dP(2bi+ br) _
Cy 6(b: + b2)
2* 24.75° * 135(24.75 + (2* 49.5)) +135°((2* 24.75) +495) _ ., 0. 3
6* (24.75 + 49.5) '
2 2
o = b1 _ 24.75 - 6.19"
2i+b2 (2% 24.75) + 49.5
'y = bu(br + b2) _ 24.75* (24.75 + 49.5) —18.56"

2br + b)) (2* 24.75) + 49.5
ay =6+6.75- 6.19=6.56"
MUy transformed = 1463.801 - 94.86 * 6.56 = 841 k-in (direction of moment shown in Figure 14)
The punching shear stress at point A in Figures 13 and 14 is calculated using equation 9:

_ 9486 0.485*174.953 0.320* 841

u = =0.071-.004 —.052 = 0.015ksi
1336.5 22462.3 5141.0

The punching shear stress at point B in Figures 13 and 14 is calculated using equation 10:

_ 9486 0.485*174.953 + 0.320* 841

u = =0.071-.004 +.017 = 0.084 ksi
1336.5 22462.3 15422.9

The punching shear stress at point C in Figures 13 and 14 is calculated using equation 8:

_ 94.86 + 0.485*174.953 + 0.320* 841

w = =0.071+.004 +.017 = 0.092 ksi
1336.5 22462.3 15422.9

The punching shear stress at point D in Figures 13 and 14 is calculated using equation 11:

_94.86 + 0.485*174.953 0.320* 841

u = =0.071+.004 —.052 =0.023ksi
1336.5 22462.3 5141.0

Point C has the largest absolute value of vy, thus Vi = 0.092 ksi
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6m. Hand Calculation For Corner Column Using PCA Publication Method

From the SAFE computer output given
in Figure 4 for Point 5: b,=24.75"

VU = '54696 k (upward pOSI'[IVG) - . slrji:lié:'_lailnsge:}iggrfor
Mux = -1962 k-in (right-hand rule) L6 / Froon s
Muyy = 1145.68 k-in (rlght-hand rUle) Edge of slab\'A_"' “““ &

16.17"

Muxtrans formed = 1493 k-ir

d = [(15 = 1) + (15 - 2)] /2 - 13.511 column—— | |

=8.58"
(9
s\

To calculate data for bending about X-
axisrefer to Figure 15. Notethat the
direction and sign of Myx shown in
Figure 15 is consistent with that given

H Figure 15: Corner Column, Point 5in SAFE Model
n the SAFE OUtpUt Bending About X-Axis
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6* (48.75 + (2* 24.75)) |
2 2
o= 4875 =16.17"
2(bi+b2) 2*(48.75+ 24.75)
o, = Db+ 2b2) _ 4B.75* (48.75+ (2% 24.75) _ o, o
2(lz + b2) 2* (48.75 + 24.75)

ax =18 +6.75- 16.17 = 8.58"
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M uxtransiormed = 1962 - 54.696 * 8.58 = 1493 k-in (direction of moment shown in Figure 15)

To calculate data for bending about Y -axis refer

to Figure 16. Note that the direction and sign of YA A
Myy shown in Figure 16 is consistent with that R
given in the SAFE output. b, =|24.75"
b — 24 75" c'=20.58" |c=417"
h — .
b2 = 4875" =2 Critical section for
6"l 6+ 6" | 6.75" punching shear
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Figure 16: Corner Column, Point 5 in SAFE Model
Bending About Y-Axis
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=20.58"

ay =6+6.75-4.17 = 8.58"
Muytranstormed = 1145.68 - 54.696 * 8.58 = 676 k-in (direction of moment shown in Figure 16)

The punching shear stress at point A in Figures 15 and 16 is calculated using equation 11:
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_ 54.696 + 0.483* 1493 0.322* 676

W = =0.055+.043-.080=0.018ksi
992.25 16824.6 2724.0

The punching shear stress at point B in Figures 15 and 16 is calculated using equation 8:

s = 54.696 + 0.483* 1493 + 0.322* 676
992.25 16824.6 13455.1

=0.055+.043+.016 = 0.114 ksi

The punching shear stress at point C in Figures 15 and 16 is calculated using equation 10:

_54.696 0.483*1493 + 0.322* 676

W = =0.055-.086+.016 = - 0.018ksi
992.25 8348.1 2724.0

Point B has the largest absolute value of vy, thus Vi = 0.114 ks

6n. Comparison Of Punching Shear Stress Results

A comparison of the punching shear stress results is shown in the table below. The hand
calculations using the SAFE method yield results the same as the SAFE computer model for all
cases, that is for the interior column, the edge column with the edge parallel to the X-axis, the
edge column with the edge parallel to the Y-axis and the corner column. The hand calculations
using the PCA Publication method (Ref. 2) yield results the same as the SAFE computer model
(and SAFE hand calculations) for all cases except the corner column. For the corner column if
the Ixy term in the hand calculations using the SAFE method is set to zero, then this calculation
yields the same result as the hand calculation using the PCA method.

Punching Shear Stress Results, ksi
Hand Calculation Hand Calculation
SAFE Computer Using SAFE Using PCA

Column Type Model Method Publication M ethod
Interior 0.126 0.126 0.126
Edge parallel to X-axis 0.144 0.144 0.144
Edge parallel to Y-axis 0.144 0.144 0.144
Corner 0.179 0.179 0.114
Corner with Ixy =0 N. A. 0.114 N. A.
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