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Abstract

This final report will discuss my project, which consists of creating a floor plan and 3D model of
a structure that has elements of wood, concrete, and steel used within the design of the structure.
| chose to structurally design and analyze my house for my final project. This report will display

the floor plan that I created in AutoCAD, and it will show data collected by RISA software.
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Dimensions

To begin my project, | have retrieved measurements of the layout of my house from documents
given to my parents when they moved into the house (Fig. 1). The house consists of four
bedrooms and a bathroom upstairs, and a kitchen, living room, dining room, foyer, attic, and
basement. The house is 30-feet by 28.2-feet, which yields an area of 846-square-feet for each

floor.
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Figure 2. Calculated area of each floor within the house.



Floor Plan

Using this given data, | created a floor plan using AutoCAD software. This allows me to find
more dimensions for the house, in which | can use to model the structure onto RISA. | created a

floor plan of the floor layouts, as well as where doors, stairs, and columns are located (Fig. 3).
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Figure 3. Floor plan of designed on AutoCAD, plus marks are where concrete columns are located to support the

house.
Modeling

The new floor plan gives me dimensions to create an accurate 3D model of the structure. The
structure’s foundation is built with 3000NW concrete columns that support the structure. The

space withing the columns acts as the basement of the house. The concrete columns are



rectangular 8-inch by 8-inch columns that stand 8-feet tall (Fig. 4). The concrete columns have

fixed boundary conditions to where they are connected to the ground.

Concrete S
Hot Rolled | Cold Formed | Wood | Concrete | Aluminum | Stainless | General

Label Shape Type  Design List ~ Material  Design Rule Area[in’] lyy[in*] lzz [in"] J[in®]
341333 | 341.333 [ 505173 ‘

1 Column | CRECT8X8 ‘ Column |Rectangu|ar|ConcSOOONW| Typical | 64

Figure 4. Nine concrete columns located in the basement of the house.

The concrete columns connect to the A992 hot rolled steel girders and beams that support a
majority of the load acting from the wood supports of the house. The steel girders and beams are
wide flanged, which prevents deflection of the beam (Fig. 5). The steel beams will support more

weight due to the weight of the walls on the edges of the house.

Hot Rolled Steel Section Sets

Hot Rolled | Cold Formed | Wood | Concrete | Aluminum | Stainless | General

Label Shape Type Design List Material  Design Rule Area[in’] lyy [in®] | lzz [in¥] J[in%]
1 Bsmt. Girder ‘ Wi12X16 ‘ Beam |Wide Flange ‘ A992 | Typical ‘ 4.71 | 2.82 | 103 ‘ 0.103 |
2 Bsmt. Beam ‘ W12X16 ‘ Beam |Wide Flange‘ A992 | Typical ‘ 4.71 | 2.82 | 103 ‘ 0.103 |

Figure 5. Three steel girders stretching across the bottom level of the house, with four steel beams coming off the

steel girders.



The rest of the structure consists of DF wood studs, girders, and beams. All of the wood within
the structure has a rectangular shape. Each section set has different cross-sectional areas because

of their purposes withing the structure. There are several types of labeled wood identifications

used for how each section of wood is oriented differently (Fig. 6).

Wood Section Sets

Hot Rolled | Cold Formed | Wood | Concrete | Aluminum | Stainless | General

Label Shape Type Design List Material Design Rule Area [in®]  lyy[in*] @ lzz[in%] J[in%]
1 Stud 3X3 Column Rectangular DF Typical 6.25 3.255 3.255 5.501
2 Girder 3X6 Beam Rectangular DF Typical 13.75 7.161 34.661 20.472
3 Beam 5X5 Beam Rectangular DF Typical 20.25 34172 34172 57.75
4 Bracing 3X3 VBrace Rectangular DF Typical 6.25 3.255 3.255 5.501
5 Header 2X3 Beam Rectangular DF Typical 375 0.703 1.953 1.761
6 Footer 3X3 Column Rectangular DF Typical 6.25 3.255 3.255 5.501
7 Joist 2X6 Beam Rectangular DF Typical 8.25 1.547 20.797 5.125
8 Truss Be... 4X4 Beam Rectangular DF Typical 12.25 12.505 12.505 21.134
9 Truss St... 2X2 Column Rectangular DF Typical 2.25 0.422 0422 0.713
10 Truss Di... 2-2X4 VBrace [Rectangular Do... DF Typical 10.5 71.875 10.719 15.255

Figure 6. Wood section sets used in the structure such as beams, columns, and vertical braces.

Usually studs are 1.5-feet apart from each other, so when | created the model, I used the global
tool to make multiple copies of the studs that are distance the same amount apart from each
other. The internal and external walls of the house consist of these studs that are 1.5-feet apart
and that stand 8-ft tall (Fig. 7).
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Figure 7. The external wall on the first floor of the house.



Along with the studs, there are window frames and door frames placed within the house (Fig. 8).
The frames are made from footers and headers. There are also two staircases within the house
that are supported by studs and braces (Fig. 9). The roof consists of multiple trusses in order to
support live loads that act on the house (Fig. 10). The floors of the house have wooden joists in

between the wooden beams as well for extra support (Fig. 11).

Figure 8. Door frame and window frame. Figure 9. Stairs framing and window frames.
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Figure 10. Roof trusses used to support live loads acting on roof.



Figure 11. Wooden joists to support floors.

The structure is supported with many pins and fixed boundary conditions. The structure can
support the dead load of itself as well as live loads such as rain, snow, and moving loads. The
structure itself is 24-feet tall. The house is built with all of the materials required for the project

and contains over a thousand members (Fig. 12).

Figure 12. Finalized 3D model of the house.



Structural Analysis

The concrete columns hold all of the dead load of the house and any live loads that act on the
house also. The central concrete column has deflection in both the y-direction and z-direction,
but no shear force in those directions (Fig. 13). When compared to the concrete columns on the
corners of the house, these columns do have shear force in both y-direction and z-direction, and

moment in both y-direction and z-direction also (Fig. 14).

Detail Report: M7 Unity Check: 0.025 (axial/bending) Load Combination: Envelope
Input Data:
Shape: CRECTBX8 | Node: N13
Member Type: Column J Node: N14
Length (ft): 8 | Release: BenPIN
’ ’ Material Type: Concrete J Release: BenPIN
Design Rule: Typical | Offset (in): N/A
MNumber of Internal Sections: 97 J Offset (in): N/A
Design Code: ACI 318-19
Material Properties:
Material: Conc3000NW Therm. Coeff.(1e**F™"): 06 Lambda: 1
E (ksi): 3156 Density (k/ft*): 0145 Flex Steel (ksi): 60
G (ksi): 1372 fo(ksi): 3 Shear Steel (ksi): 60
Nu: 015
Shape Properties:
D(in): 8 W (in): 8
Design Properties:
Cryyt N/A Concrete Stress Block: Rectangular Flex Rebar Set: ASTM ABT5
Cozr N/A Cracked Sections Used: Yes Shear Rebar Set: ASTM AB1S
K.yt 1 Cracked “I" Factor: 07 Top Cover (in): 15
K. 1 Effective “I" (in®) : 238933 Bottom Cover (in): 15
o Effective “I” (Service) (in) : 341675 Side Cover (in): 15
y sway: No .
Legs/Stirrup: 2
Z sway: No
Diagrams: 0036 a3 Y
‘
-0.041 at 8 ft !
v Deflection (in) z Deflection (in)
3496 at 0 ft
-— OO
Oatoft
Axial Force ( kips) y Shear Force ( kips) Z Shear Force (kips)
0.06 at 0 ft
Oatoft
Torsion ( kip-ft) z-z Moment ( kip-ft) y-y Moment ( kip-ft)

Figure 13. Data from central concrete column.
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Detail Report: M2 Unity Check: 0.009 (axial/bending) Load Combination: Envelope

Input Data:
Shape: CRECT8X8 | Node: N3
Member Type: Column J Node: N4
Length (ft): 8 | Release: BenPIN
‘ ‘ Material Type: Concrete J Release: Fixed
Design Rule: Typical | Offset (in): MN/A
MNumber of Internal Sections: a7 J Offset (in): M/A
Design Code: ACI 318-19
Material Properties:
Material: Conc3000NW Therm. Coeff. (1e*°F"): 06 Lambda: 1
E (ksi): 3156 Density (k/ft"): 0145 Flex Steel (ksi): 60
G (ksi): 1372 fc (ksi): 3 Shear Steel (ksi): 60
Nu: 015
Shape Properties:
D (in): 8 W(n): 3
Design Properties:
Crnyy' N/A Concrete Stress Block: Rectangular Flex Rebar Set: ASTM AG15
Cras N/A Cracked Sections Used: Yes Shear Rebar Set: ASTM AB15
Ky.y: 1 Cracked “I" Factor: 07 Top Cover (in): 15
K. ] Effective “I” (in*) : 238933 Bottom Cover (in): 15
vz Effective “I” (Service) (in*): 34675 Side Cover (in): 15
Y sway: No .
Legs/Stirrup: 2
Z sway: No
Diagrams: 0.068 at 8 f't.
“
-0.078 at 8 ft !
y Deflection (in) z Deflection (in)
1.223at 0 ft 2.124e-04 at O ft 0atoft
-\
0atoft 0atoft -1.798e-04 at 0 ft
Axial Force ( kips) y Shear Force (kips) z Shear Force (kips)
“ .
-0.002 at 8 ft -0.001 at 8 ft
Torsion ( kip-ft) z-z Moment ( kip-ft) y-y Moment ( kip-ft)

Figure 14. Data from corner concrete column.

The steel girders and beams are wide-flanged which would prevent any possible buckling. They

are very strong supports for the rest of the house and its wood sections. The steel girder in the
center of the house has a great amount of force acting on it, as seen in the diagrams (Fig. 15).

The diagrams show that there is deflection, shear and moment in the y-direction and z-direction.

The steel girder on the edge has las forces acting on it, but still enough for there to be deflection,

shear, and moment in both the y-direction and the z-direction (Fig. 16).
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Detail Report: m11

Material Properties:

Material: A992
E (ksi): 29000
G (ksi): 1154
Nu: 03

Shape Properties:

d(in): 12
b (in): 3.99
te (in): 0.265
t (in): 022
Iy (in*): 282
12 (in%): 103

Design Properties:

Lpy.y (fO): N/A

Ly (1) NFA

Leomp top (ft): Lbyy

Lcomp bot () N/A

Liorque (ft): N/A
Diagrams:

0.003 at 28.2 ft

‘

p—

| 2.798e-04 at 1.762 ft

Unity Check: 0.46 (axial/bending)

Input Data:
Shape: Wi12X16
Member Type: Beam
Length (ft): 282
Material Type: Hot Rolled Steel
Design Rule: Typical
Number of Internal Sections: 97
Therm. Coeff. (1e*°F): 0.65
Density (k/ft%): 049
Fy (ksi): 50
Area (in?): 471
Zyy (in%): 226
Zy (in): 201
Cy (in%): 969
W, (in): n7
Ky.y: 1
Kozt 1
y sway: No
Z sway: No
Function: Lateral
Seismic DR: None

-7.962e-04 at 28.2 ft

-0.022 at 22.031 ft
y Deflection (in)

—

-0.928 at 12.337 ft

Load Combination: LC 1: DL+LL

I Node: N§

J Node: N6

I Release: BenPIN

J Release: BenPIN

| Offset (in): N/A

J Offset (in): N/A
Ry: 11
F(ksi): 65
Re: 1
Su(in®): 309
rr(in): 0964
J(in%): 0103
Kaet (in): 0812
Kes (in): 0565
Max Defl Ratio: L/10000
Max Defl Location: 0
Span: N/A

0.078 at 28.2 ft

|4.515¢-05 at O ft

z Deflection (in)

0.002 at 28.2 ft
—

-0.008 at 12.631 ft

Axial Force (kips)

-2.293e-04 at 0 ft

-2.296e-04 at 17.625 ft
Torsion (kip-ft)

5.374e-04 at 28.2 ft

"

y Shear Force (kips)

2.906 at 14.1 ft

<

N

-1.794 at 22.031 ft
z-z Moment ( kip-ft)

2304 at 141 ft

| 5.940-05 at 1.762 ft

z Shear Force ( kips)

0.026 at 14.394 ft

-0.032 at 14.1 ft
y-y Moment ( kip-ft)

-2.304 at 14.1 1t

Axial Stress ( ksi)

Figure 15

Rendina Compressinn Stress ( ksi)

Rendinn Tension Stress ( ksi)

. Data collected from central steel girder.
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Detail Report: M12

Material Properties:

Material: A992
E (ksi): 29000
G (ksi): 11154
Nu: 03

Shape Properties:

d(in): 12
b (in): 399
te (in): 0.265
t (in): 022
Iw(in‘]: 2.82
12 (in%): 103

Design Properties:

Lo yy (F0): N/A
Lp s ()2 N/A
Leomp top (10): Lbyy
Lo i2E N/A
Liorque (ft): N/A

Diagrams:

0.01at8.225ft

H‘H\\_\xuﬂg

—w

-0.006 at 4.112 ft

Unity Check: 0.238 (axial/bending)

Input Data:
Shape: W12X16
Member Type: Beam
Length (ft): 282
Material Type: Hot Rolled Steel
Design Rule: Typical
Number of Internal Sections: 97
Therm. Coeff. (1e*°F"): 065
Density (k/ft*): 049
Fy (ksi): 50
Area (in?): 47
Zyy (in%): 226
Z 5 (in%): 201
Cy (in®): 96.9
Wi (in®): niy
Ky.y! 1
K, 1
¥ sway: No
Z sway: No
Function: Lateral
Seismic DR: None

2.362e-04 at 15.862 ft

.
-0.019 at 6.462 ft
y Deflection (in)

0.449 at 14.394 ft
ii
-0.631 at 14.1 ft

Axial Force (kips)

1.876e-04 at 6.169 ft
o

-0.002 at 23.206 ft
Torsion ( kip-ft)

0.002 at 8.225 ft

h o —

—

-0.001 at 4.112 ft

Load Combination: LC 1: DL+LL

I Node: N12
J Node: N4
I Release: BenPIN
J Release: BenPIN
| Offset (in): N/A
J Offset (in): N/A
Ry: 11
Fy (ksi): 65
Re: 11
Sy (in®): 309
rr(in): 0964
J(@in®): 0103
Ket (in): 0812
Kaes (in): 0565

Max Defl Ratio: L/10000
Max Defl Location: 0
Span: N/A

0.078 at 28.2 ft

7.086e-05 at 0 ft
z Deflection (in) ‘
8.424e-04 at 26.438 ft

-0.008 at 10.575 ft

y Shear Force (kips)

1.557 at 14.1 ft

N

-1.385 at 4.112 ft
z-z Moment ( kip-ft)

1.357 at 14.1 ft

&b

z Shear Force (kips)

0.026 at 14.394 ft

.
BB

-0.032 at 14.1 ft
v-v Moment ( kin-ft)

-1.357 at 14.1 ft

Axial Stress (ksi)

Bending Compression Stress ( ksi)

Bending Tension Stress ( ksi)

Figure 16. Data collected from right edge steel girder.
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There are a lot of wooden member throughout the entire structure that have similar properties, so
I will give information on only some of the members. | have gathered information on the central
wooden stud on the first floor, the corner stud on the first floor, the wooden girder of the second
floor, the wooden beam of the first floor, the wooden joist of the first floor, the wooden stud in
the attic and the wooden diagonal truss of the roof support. The central wooden stud within the

first floor shows deflection and shear in both directions (Fig. 17).

A A Input Data:
Shape: 3X3 (nominal) | Node: N4
Member Type: Column J Node: N109
z .z Length (ft): 8 | Release: BenPIN
Material Type: Wood J Release: BenPIN
Design Rule: Typical | Offset (in): N/A
MNumber of Internal Sections: 5 J Offset (in): N/A
Material Properties:
Material: DF Grade: No1 Nu: 03
Type: Solid Sawn Cm; No Therm. Coeff. (1e**F"): 03
Database: Visually Graded Emod: 1 Density (k/ft’): 0035
Species: Douglas Fir-Larch
Shape Properties:
Fp, (ksi): 1 E (ksi): 1700 Emin (ksi): 621.025
Fy(ksi): 0675 Emod: 1 b (actual) (in): 25
Fo(ksi): 018 COVe(Table F1): 025 d (actual) (in): 25
Fc (kesi): 15
Design Properties:
le2 (ft): N/A Cpt 1 Max Defl Ratio: L/10000
lel (ft): N/A Rg: 6197 Max Defl Location: 0
le-bend top (f): Lbyy Cu: 1 Span: N/A
le-bend bot (ft): N/A G 1
Kyyt 1 Crut ¥
Ky 1 Cot 0192
y sway: No
Z sway: Na
Diagrams: 0.001 at 8 ft 0.048 at 8 ft
—t e =
e 00363t 0 ft
-0.041at 0 ft
y Deflection (in) z Deflection (in}
0.04 at 0 ft 1.807e-05 at 0 ft 3.474e-04 at 8 ft
0.031 at 6 ft
-8.436e-06 at 8 ft -6.928e-05 at O ft
Axial Force (kips) y Shear Force ( kips) z Shear Force ( kips)
\\ ~—
'\x\_' -E\“"'h.__.
-4.316e-04at 0 ft -1.08e-04 at 6 ft -4.157e-04 at 6 ft
Torsion ( kip-ft) z-z Moment ( kip-ft) y-y Moment ( kip-ft)
0.006 at O ft 0.002 at & ft
“___H.Hf
0.005 at 6 ft
-0.002 at 6 ft
Axial Stress ( ksi) Bending Compression Stress ( ksi ) Bending Tension Stress ( ksi )

Figure 17. Data collected from central wooden stud on first floor.
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The wooden stud located at the corner of the house on the first floor gives different data in
comparison to the wooden stud in the central part of the house on the first floor. The wooden
stud has deflection in both directions but shows no signs of shear force in any of the directions
(Fig. 18).

Input Data:
Shape: 3X3 (nominal) | Node: N12
Member Type: Column J Node: N92
i i Length (ft): 8 | Release: BenPIN
Material Type: Wood J Release: BenPIN
Design Rule: Typical 1 Offset (in): N/A
Number of Internal Sections: 5 J Offset (in): N/A
Material Properties:
Material: DF Grade: No.1 Nu: 03
Type: Solid Sawn Cm: No Therm. Coeff. (1e*F"): 03
Database: Visually Graded Emod: 1 Density (k/ft*): 0035
Species: Douglas Fir-Larch
Shape Properties:
Fy (ksi): 1 E (ksi): 1700 Epmin (ksi): 621025
Fy(ksi): 0675 Emod: 1 b (actual) (in): 25
Fylksi): 018 COVe(Table F1); 025 d (actual) (in): 25
Fe (ksi): 15
Design Properties:
le2 (ft): N/A Cop: 1 Max Defl Ratio: L/10000
lel (ft): N/A Rg: 6.197 Max Defl Location: 0
le-bend top (ft): Lbyy Cu 1 Span: N/A
le-bend bat (ft): N/A G 1
Kyy 1 Crut 1
Koz 1 Cp! 0192
¥ sway: No
Zsway: Mo
Diagrams: 0.01ats ft‘ E.E?B atoft
.—'// _\_‘_—‘__—_‘&—\_
/ —_H‘-—
—— T
T 0.022at 8 ft
-7.086e-05 at 0 ft
y Deflection (in) z Deflection (in)
0.038at 0 ft
0.026 at 8 ft
Axial Force (kips) y Shear Force (kips) z Shear Force (kips)
Torsion ( kip-ft) z-z Moment ( kip-ft) y-y Moment ( kip-ft )
0.006 at O ft
__ﬁ__‘___a_____‘—'
0.004 at 8 ft
Axial Stress ( ksi) Bending Compression Stress ( ksi) Bending Tension Stress ( ksi )

Figure 18. Data collected from corner wooden stud on first floor.



The wooden girder on the second floor has many members attached to it so it should receive a
great amount of external force. There is deflection and shear forces present within the member,

as well as moment (Fig. 19).

A A Input Data:
E Shape: 3X6 (nominal) | Node: N92
Member Type: Beam J Node: N96
. Length (ft): 282 | Release: BenPIN
Material Type: Wood J Release: BenPIN
Design Rule: Typical | Offset (in): N/A
Number of Internal Sections: 5 1 Ofset (in): N/A
Material Properties:
Material: DF Grade: Noi Nu: 03
Type: Solid Sawn Cm: No Therm. Coeff. (1e**F"): 03
Database: Visually Graded Emod: 1 Density (k/ft*): 0035
Species: Douglas Fir-Larch
Shape Properties:
Fy (ksi): 1 E (ksi): 1700 E i (KSH): 621025
Fylksi): 0675 Emod: 1 b (actual) (in): 25
Fy (ksi): 018 COVe(Table F1): 025 d (actual) (in): 55
F (kesi): 15
Design Properties:
le2 (ft): N/A Cp: 0 Max Defl Ratio: L/10000
lel (ft): N/A Rg: 0 Max Defl Location: 0
le-bend top (ft): Loyy C: 0 Span: NA
le-bend bot (ft): N/A Ce 0
Kyy 1 Cr: 0
Koo 1 Cp! 0
y sway: No
z sway: No
Diagrams: -7.178e-04 at 28.2 ft 0.04 at 28.2 ft
—
-0.028 at 7.05 ft -0.01at0ft
y Deflection (in) z Deflection (in)
0.028 at 7.05 ft 0.004 at O ft 0.011 at 28.2 ft
/\ | =
- /
-0.002 at 14.1 ft -0.044 at 7.05 ft -0.028 at 21.15 ft
Axial Force (kips) y Shear Force ( kips) z Shear Force ( kips)
/ﬂ,mzat 7.05ft 0.054 at 14.1 ft 0.034 at 21.15 ft
v
-0,122 at 7.05 ft -4.967e-04 at 7.05 ft
Torsion ( kip-ft) -z Moment ( kip-ft ) y-y Moment ( kip-ft)
0.002 at 7.05 ft 0117 at 7.05 ft
/\Ff
-1.336e-04 at 14.1 ft -0.117 at 7.05 ft
Axial Stress ( ksi) Bending Compression Stress ( ksi) Bending Tension Stress ( ksi)

Figure 19. Data collected from wooden girder on second floor.



The wooden beam located on the first floor of the house holds the joists of the floor and is
attached to the steel beams of the first floor. The girder has deflection in the y-direction that
appears to be symmetrical due to having wooden joists attached to the member symmetrically in
each direction. Shear force and moment is present in each of the directions also (Fig. 20).

0 A Input Data:
Shape: 5X5 (nominal) I Node: N31
Member Type: Beam J Node: N32
z z Length (ft): 15 | Release: BenPIN
Material Type: Wood J Release: BenPIN
Design Rule: Typical | Offset (in): N/A
Number of Internal Sections: 5 J Offset (in): N/A
Material Properties:
Material: DF Grade: No.1 Nu: 03
Type: Solid Sawn Cm: No Therm. Coeft. (1e*°F"): 03
Database: Visually Graded Emeod: 1 Density (k/ft’): 0.035
Species: Douglas Fir-Larch
Shape Properties:
Fp (ksi): 12 E (ksi): 1600 E i (i) 584.494
Fy (ksi): 0825 Emod: 1 b (actual) (in): 45
Fy (ksi): 7 COVE(Table F1): 025 d (actual) (in): 45
Fe (ksi): 1
Design Properties:
le2 (ft): N/A Cp: 1 Max Defl Ratio: L/4285
lel (ft): N/A Rg! 6.325 Max Defl Location: 75
le-bend top (ft): Lbyy Cu 1 Span: 1
le-bend bot (ft): N/A e 1
Kyy 1 [ 074
K. 1 Cpt 0279
y sway: No
2 sway: Ne
Diagrams: 0068 5t 15 i
~0.011at0 ft—————————————— e ——
-\ L
\ 0.036 at 0 ft
— B —
-0.053 at 7.5 ft
y Deflection (in) z Deflection (in)
0.003 at 0 ft 0.017 at O ft 0.002 at 11.25 ft
a . )__—__fﬂ_)hj_l%‘
\ % 0001 at 15 i
-0.007 at 15 ft -0.018at 15 ft
Axial Force (kips) y Shear Force (kips) z Shear Force (kips)
0.012at15ft 0.001 at 7.5 ft
/_//‘ 3
— g— b _
-0.009 at 0 ft -0.055 at 7.5 ft -4.631e-04 at 11.25 ft
Torsion { kip-ft) z-z Moment ( kip-ft) y-y Moment ( kip-ft)
1.639€-04 at 0 ft 00443t 7.51t
. / '\ /
-3.286e-04 at 15 ft -0.044 at 7.5 ft
Aoxial Stress ( ksi ) Bending Compression Stress ( ksi ) Bending Tension Stress ( ksi )

Figure 20. Data collected from wooden beam on the first floor.
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The wooden joist between each of the wooden beams are there to support the weight from the
floor and the live loads that could possibly act on it. The joists have identical data with each
other throughout the structure. Each joist has deflection, shear force, and moment within them
(Fig. 21).

Input Data:
Shape: 2X6 {nominal) | Node: N187
Member Type: Beam J Node: N456
Length (ft): 3525 | Release: Fixed
Material Type: Wood J Release: Fixed
Design Rule: Typical | Offset (in): N/A
Number of Internal Sections: 5 J Offset (in): N/A
Material Properties:
Material: DF Grade: Noi Nu: 03
Type: Solid Sawn Cm: No Therm. Coeff. (1e*°F*): 03
Database: Visually Graded Emod: 1 Density (k/ft*): 0035
Species: Douglas Fir-Larch
Shape Properties:
Fpy (ksi): 1 E (ksi): 1700 Epmin (ksi): 621.025
Fy(ksi): 0675 E mod: 1 b (actual) (in): 15
Fy (ksi): 018 COVe(Table F): 025 d (actual) (in): 55
F (ksi): 15
Design Properties:
le2 (ft): /A Cp: 1 Max Defl Ratio: L/10000
lel (ft): N/A Rg: 10.169 Max Defl Location: 0
le-bend top (ft): Loyy Qi 0989 Span: N/A
le-bend bot (ft): N/A Ce 1
Kyt 1 Crut 115
Ko 1 Cp! 0351
¥ sway: No
zsway: No
Diagrams:
{-0026at0ft -0.033 at 3.525 ft
-0.037 at 3.525 ft -0.041 at 0 ft
y Deflection (in) z Deflection (in)
0.023at0ft
s

-3.042e-04 at 0 ft
Axial Force ( kips)

-1.069e-04 at 0 ft
Torsion ( kip-ft)

-3.687e-05at 0 ft
Axial Stress ( ksi)

=

0.016 at 3.525 ft

y Shear Force (kips)

0.064 at0 ft
..

V
-0.005 at 3.525 ft
z-z Moment ( kip-ft)
0.103 at0ft

0.002 at 3.231 ft

Bending Compression Stress ( ksi )

-2.067e-04 at 0 ft
2 Shear Force ( kips)

3.722e-04at0ft
.

\,

-3.566e-04 at 3.525 ft
y-y Moment ( kip-ft)

-0.002 at 3.231 ft

-0.103 at 0 ft
Bending Tension Stress ( ksi )

Figure 21. Data collected from wooden joist on the first floor.



The wooden stud that is located in the center of the attic is connected to each of the diagonal
trusses of the roof. There is deflection within the member, but there is also moment that is
greater more at the top of the stud and then it decreases as it reaches the bottom support of the
stud (Fig. 22).

Input Data:
Shape: 3X3 {nominal) | Node: N658
Member Type: Column J Node: N1093
z z Length (ft): 8 | Release: BenPIN
Material Type: Wood J Release: Fixed
Design Rule: Typical | Offset (in): N/A
Number of Internal Sections: 5 ) Offset {in): N/A
Material Properties:
Material: DF Grade: No.1 Nu: 03
Type: Solid Sawn cm: No Therm. Coeff. (1e*°F*): 03
Database: Visually Graded Emod: 1 Density (k/ft*): 0035
Species: Daouglas Fir-Larch
Shape Properties:
Fy (ksi): 1 E (ksi): 1700 E in (ksi): 621025
Fylksi): 0675 Emod: 1 b (actual) (in): 25
Fy (ksi): 018 COVe(Table F1): 025 d (actual) (in): 25
F Cksi): 15
Design Properties:
le2 (ft): N/A Cpe 0 Max Defl Ratio: L/240
let (ft): N/A Rg: 1] Max Defl Location: 0
le-bend top (ft): Loyy Ci: 0 Span: N/A
le-bend bot (ft): N/A C: 0
Kir 1 Crut 0
Kozt 1 Co: 0
y sway: No
z sway: No
Diagrams: 0217 at8 ft
\‘_7 — ./ —_-\_l-"//
-0.199 at 6 ft -0.291 at 4 ft
y Deflection (in) z Deflection (in)
14.045 at O ft 0013 at 0 ft 0.04 at 0 ft
14.033 at 8 ft
Auxial Force ( kips) y Shear Force (kips) 2 Shear Force ( kips )
0.146 at 0 ft 032at8ft
\ J——
-0.106 at 8 ft
Torsion ( kip-ft) z-z Moment ( kip-ft) y-y Moment { kip-ft)
2247 at 0 ft 1.961at 8 ft
4
22453t 8 ft \
-1.961 at 8 ft
Axial Stress ( ksi) Bending Compression Stress (ksi) Bending Tension Stress ( ksi)

Figure 22. Data collected from wooden stud in the attic.



The truss of the roof is where the live load is specifically located. The live load acts on the roof

and the forces are distributed throughout the rest of the members of the house. The truss has

deflection, shear, and moment form the dead load and live load, as well as the supports of the

other parts of the truss acting on it (Fig. 23).

A A Input Data:
Shape: 2-2X4 (nominal)
Member Type: VBrace
Lz Length (ft): 24743
Material Type: Wood
Design Rule: Typical
Number of Internal Sections: 5
Material Properties:
Material: DF Grade: Noi1
Type: Solid Sawn Cm: No
Database: Visually Graded Emod: 1
Species: Douglas Fir-Larch
Shape Properties:
Fp, (Ksi): 1 E (ksi): 1700
Fy (ksi): 0675 E mod: 1
Fy (ksi): 018 COVe(Table F1): 025
Fe (ksi): 15 Emin (ksi): 621025
Design Properties:
le2 (ft): N/A Cp: 0
lel {ft): /A Rg: 0
le-bend top (ft): Lbyy C: 0
le-bend bot (ft): N/A (et 0
Ky.y 1 Cruz 0
Kygt 1 Cpt 0
y sway: No Ke 1
Z sway: No
Diagrams: 0314 at 12.371 ft

—

—_—

=

-1.048 at 0 ft
y Deflection (in)

0.606 at 18.557 ft

-0.579 at 24.743 ft
y Shear Force ( kips)

19.09 at 12.371 ft

-11.898 at 24.743 ft
Axial Force ( kips)

0.057 at 6.186 ft

< N

-0.389 at 6.186 ft
Torsion { kip-ft )

0.213 at 18,557 ft

-0.146 at 12.371 ft
z-z Moment ( kip-ft)
9.776 at 12.371 ft

1.818 at 12.371 ft

-1.133 at 24.743 ft

Axial Stress ( ksi) Bendina Compression Stress ( ksi)

I Node: N1094

J Node: N1093

I Release: BenPIN

J Release: Fixed

1 Offset (in): N/A

J Offset (in): N/A
Nu: 03
Therm. Coeff. (1e**F"): 03
Density (k/ft*): 0035
b (actual) (in): 3
d (actual) (in): 35
# of Plies: 2
Ke 06
Manx Defl Ratio: L/43
Max Defl Location: 0
Span: N/A

6.966 at 6.186 ft
—

-1.429 at 18.557 ft
z Deflection (in)

1.915at 12.371 ft

o

-0.458 at 18.557 ft
z Shear Force ( kips)

2.46 at 18,557 ft
.

-4.152 at 12.371 ft

y-y Moment { kip-ft)

-9.776 at 12.371 ft
Bendina Tension Stress ( ksi )

Figure 23. Data collected from wooden truss from roof.
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The roof trusses support a combination of both dead load and live load. The live load primarily
acts on the beams of the connecting trusses with an estimated load of -0.2 k/ft (Fig 24). Dead

load is applied to every member of the structure, due to each member’s own weight.

__-0.2km

il
WMHIIIHHI il

D iy

iy -
‘*‘» —

-
Loads: LC 1, DL+LL

Figure 24. Load combination of the structure, mainly the live load acting on roof trusses.

Cost Analysis

The structure has hot rolled steel, wood, and concrete used for the design. The estimated cost can
be calculated using the information given from the material takeoff tab in RISA. This gives us
the information about the material, size, number of pieces, length, and weight of each of the
members (Fig. 25). Using different sources, | found the price of the different sizes of steel, wood,
and concrete needed to construct the structure. The total cost of the project’s framework equates
to an estimate of $18,711.79 (Fig 26). This does not include the cost to construct walls, floors, or

any utilities needed in the structure.
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Material
Hot Rolled Steel
AGG2
Total HR Steel

Wood
DF
DF
DF
DF
DF
DF
DF
DF
Total Wood

Concrete Members
Conc3000NW

Total Concrete

Size

W12X16

5X%5
3IX3
X6
2X3
2X0
2-2%4
2X2
4x4

CRECTEX8

Pieces

49
341

70

432
48
40
60

1046

Length[ft]

1746
1746

710
2263
169.2
2127

1588.9
360.5
118.7
528.2

29531.2

Volume (yds...

1.2
1.2

Figure 25. Material takeoff of the structure.

Weight[K]

2.798
2.798

3495
3438
0.565
0.194
3.186
0.92
0.065
1.573
13436

464
4.64

Material Size Pieces Length[ft] Weight[K] Weight[lb] per Length[ft] Cost per Piece Total Cost for Pieces

Hot Rolled Steel

A992 W12X16 9 174.6 2.798 16.025

Total HR Steel 9 174.6 2.798 16.025 S 674.19 S 6,067.71

Wood Size Pieces Length[ft] Weight[K] Length[ft] per Piece

DF 5X5 49 710 3.495 145 § 3998 S 1,959.02

DF 3X3 341 2263 3.438 6.6 S 15.62 S 5,326.42

DF 3X6 6 169.2 0.565 282 § 46.98 S 281.88

DF 2X3 70 212.7 0.194 3.0 § 298 § 208.60

DF 2X6 432 1588.9 3.186 3.7 § 518 § 2,237.76

DF 2-2X4 48 360.5 0.92 75 S 425 $ 204.00

DF 2X2 40 118.7 0.065 3.0 S 3.48 § 139.20

DF 4X4 60 528.2 1.573 88 § 15.62 § 937.20

Total Wood 1046 59851.2 13.436 S 11,294.08
Size Pieces Length[ft] Weight[K]

Concrete Members Volume (ydsA3) Cost per Cubic Yard (yd*3) Total Cost for Pieces

Conc3000NW CRECT8X8 9 1.2 4.64 S 125.00 $ 1,350.00

Total Cost:

S 18,711.79

Figure 26. Cost estimate of the materials needed to construct the house.
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Conclusion

The structure was designed starting with a floor plan, then moving onto creating a 3D model of
the structure, and then going through structural analysis using RISA. The process of designing
the structure deals with a lot of detailed steps and calculations. The structure successfully stands,
and RISA gives good, detailed data about the characteristics and properties of each of the
members built within the structure. The project gives me a better understanding of how programs
like AutoCAD and RISA work, and how to fix issues with different types of situations when

designing.
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