Biaxial Flexure Capacity Verification m— k
Description Calculation of flexure capacity use strain compatibility of a — r S S n

section bending bi-axially. Stress strain curve for concrete S 0O 'F twanre
comes from Collins and Mitchell.

Reference PCI Design Handbook 8th Edition|
ACI 318-14
Collins, Michael P. and Mitchell, Denis, Prestressed Concrete Structures, Prentice Hall, Englewood
Cliffs, NJ, 1991.

Concrete Geometry and Material Properties

Elastic modulus of precast section E_:=4286 ksi
Compressive strength of precast section f_:=5000 psi
Ultimate compressive strain in concrete €.,,:=0.003
) E
Constant used for stress strain curve of concrete ni= c =1.6363
fC
E —
¢ 0.003
Width of the stem Wopom =610
Height of the stem h_ . +=15.51in
Width of the ledge W) edge t= 36 in
Thickness of the ledge tedge = 3-5 1n
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Figure 1: Concrete Geometry of Composite Precast Riser Section

Reinforcement Quantities and Properties

Yield strength of rebar fy =60 ksi
Yield strength of mesh f =65 ksi
Elastic modulus of mild reinforcement E_:=29000 ksi
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Figure 2: Reinforcement Locations of Strand (Left) and Rebar (Right)
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Flexure Parameters
Neutral axis depth c:=5.60444 in
Neutral axis angle 6:=14.52487 deg
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Figure 3: Neutral axis shown on section. Hatched section is the area in compression

Concrete Force

The compression fiber is located at the top left corner of the stem on the riser. The neutral axis is placed relative to this

location.

Depth of the compression block

a:=0.80-¢c=4.4836 in

a
Distance from top of stem to neutral axis on left edge Y= W =4.6316 in
Change in neutral axis height across stem width V,si =W, o -tan(0)=1.5545in

The compression block on the stem is split into a rectangular portion and a triangular portion. This is done to make the

centroid computation easier to due by hand.



Area of the rectangular portion of the compression block

Centroid in y direction of rectangular block

Centroid in x direction of rectangular block

Area of the triangular portion of the comrpression block

Centroid in y direction of triangular block

Centroid in x direction of rectangular block

Total area of the stem's compression block

Centroid in y direction of the stem's compression block

Centroid in x direction of the strem's compression block

Elevation of netural axis on left edge of the flange
Distance of neutral axis from elft edge of the flange

Total area of the flange's compression block

Centroid in y direction of flange's compression block

Centroid in x direction of flange's compression block
Area of compression block

Centroid in x direction of compression block

Centroid in y direction of compression block

Total concrete force
Internal moment about the horizontal moment

Internal moment about the vertical moment

Mild Force
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(e}
F :=0.85-f_ -A =129.7462 kip

M _:=F_ -cy_ =118.4184 kip ft

XC

M, ::—[Fc-cxc]:—324.383 kip ft

The neutral axis, as a line, is shifted to the compression fiber. With this definition we can compute the depth of the

reinforcement as the distance from this line.

Y Intercept of compression fiber line

Slope of compression fiber line

b:=h ~tan(6)=6.1731 in

stem Wledge

m:=tan(6)=0.2591



The following parameters are computed using simple programing. The equations being used are shown below with results of

the equations following afterwards.

Depth of each rebar

Strain of each rebar

Stress in the concrete if bar is in compression

Stress in each bars less concrete stress

Force in each bar

Arrays of computed values using the above equations
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Total moment the rebar is generating about the x axis

Total moment the rebar is generating about the y axis

Depth of each wire

Strain of each wire

Stress in the concrete if wire is in compression

Stress in each wire less concrete stress

Force in each wire

Total moment the mesh is generating about the x axis

Total moment the mesh is generating about the y axis
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Arrays of computed values using the above equations
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Total mild force
Moment the mild reinforcement is generating about x axis

Moment the mild reinforcement is generating about y axis

Convergance Check

Solution is correct when sum of forces is 0

Resistance Factor

Maximum strain in the reinforcement
Yield strain of the rebar

Resistance factor pre ACI 318-14 Table 21.2.2
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Flexure Capacity

Nominal flexure capacity about y axis

Flexure capacity about y axis

Nominal flexure capacity about x axis

Flexure capacity about x axis

Mny = Myc +Mym =—0.0732 kip ft
¢Mny = ¢ 'Mny =—-0.0637 kip ft

M =M _+M =119.7266 kip ft
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$M_i=¢-M =104.2542 kip ft



