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Final Project

General Description

The final project for Architecture 305a consists of complete architectural
and structural designs of a two story residence or studio, which is left up
to the students’discretion. Architecturally, designs are limited to rectan-
gular shapes or a triangular shape, all with different orientations to the
Malibu coastline. Structurally, the house or studio is designed using wood
construction with plywood shear panels in combination with steel canti-
lever columns for lateral support. In the final design package, there must
be full structural engineering calculations, architectural plans, structural
plans, renders, and structural details.

My group decided to do a rectangular shape, with the longest side of the
house facing the Malibu oceanfront to take advantage of the stunning
views. We also chose our client to be a chef, which caused our design to
provide a modern and relaxing getaway with plenty of open space, gar-
den areas, and a large kitchen to work on his or her craft.

Parameters

Location: Malibu, CA (oceanfront property)
Lot Size: 60ft x 150ft

Living Area: Approximately 1,500 sq. ft.

Number of Rooms: (2) Bedrooms, (2-3) Bathrooms, (1) Living/Studio
with two story high ceiling, Kitchen, etc.

Type of Roof and Floor Diaphragms: Flexible Diaphragms

Lateral Load Resisting Elements: Plywood Shear Panels and Steel
Cantilever Columns



Location

Address: 11768 Ellice St.
Malibu, CA 90265

Longitude: -118.96

Latitude: 34.05
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HOUSE: 1,890 SF
PROPERTY: 8,000 SF

SCOPE OF WORK:
BRAND NEW
RESIDENTIAL HOUSE
WITH HIGH END
FINISHES.
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Calculations




Seismic Design
Roof Diaphragm Walls N-S (qrr = 5.54 psf)

Hi1=554psfx28.67' x22.83'=3,626.131b
Hi/ft = 3,626.13 1h/24.5' = 148.01 plf
Finaf= 148.01 plf x 8’ = 1,184.04 1b
Firan=148.01 plfx 16’ = 2,368.081b

Ho=5.54 psfx28.67'x22.83'=3,626.13 1b

Ho/ft = 3,626.13 1b/20.5" = 176.88 plf
Fo i = 176.88 plf x 8’ = 1,415.08 Ib
Forui = 176.88 plf x 16’ = 2,830.15 Ib

Roof Diaphragm Walls E-W [(qrr = 5.54 psf)
Ha=5.54psfx45.67'x 14.0'=3,542.17 1b

Ha/ft=3,542.17 1b/18.75 = 188.92 plf
Fanar=188.92 plfx8’=1,511.32Ib

Hr=5.54 psfx 45.67'x 14.0"' = 3,542,17 1b (ASD)

Hr =3,542.17 x(6.5/2.5) = 9,209.64 (ASD)

A\ (340 plf)
Use MSTA49 (2020 Ib)
Use HD3B on 3x (2525 1b)

A\ (340 plf)
Use MSTA49 (2020 Ib)
Use HD3B on 2- 2x (3130 1b)

/\ (340 plf)
Use MSTA49 (2020 1b)

Along this line, lateral load resisting systems are cantilever columns

See calculation for cantilever column below

2 Diaphragm Walls N-S (qzna = 3.19 psf)

Hi = [3.19 psfx 28.67' x 22.83'] + Hiwp) = 4,160.11 1
Hy/ft = 4,160.111b/14.0’ = 297.15 plf
Fy nar= 297.15 plfx 8 = 2,377.211b

Ho = [3.19 psfx 28.67' x 22.83'] + Hogrr) = 4,564.29 1b

Ho/ft = 4,564.29 1b/14.0’ = 326.02 pIf
Fonar=326.02 plfx 8 = 2,608.17 Ib

27 Diaphragm Walls E-W (q2na = 3.19 psf)

Ha=[3.19 psfx 45.67"x 7.0'] +Hage = 6,200 Ib
Ha/ft = 6,200 1b/12.75’ = 486.27 plf
Fana = 486.27 plfx 8" =3,890.2 Ib

He = [3.19 psfx 45.67 % 7.0'] = 1,019.81 b
Hg/ft=1,019.81 b /11.67' = 87.39 plf
Fenar=87.39 plfx 8= 699.10 Ib

A\ (340 plf)
Use HD3B on 3x (2525 1b)

A\ (340 plf)

Use HD3B on 2-2x (3130 1b)
A

/2\ (510 plf)

Use HD3B on 2-2x (4505 1b)

/N (340 plf)
Use HD3B on 2x (1895 1b)



Cantilever Column Design
Hs=HF /2 =9,209.64/2 = 4604.82 1b

w

IIIITIT1]
77—
R.

Rl

w = (14 psf+ 20 psf) x 1" = 34 pIf

Rz = [(34 plfx (9)?)/2]/6 = 229.5 plf=w'
w"=2295+70=299.5 plf

MstL=wLZ/8 = 299.5(13)2/8 = 6,326.94 b -ft

VoL = [229.5(14/34) + 70] x (14.67/2) = 1,206 6 11b
ViL = [2295(20/34)] x (14.67/2)=99023 1b

Hs = 4,604.82 1b [ASD; Per each column)
Ppr = 1,206.61 1b (Beam Reaction)
Prr =990.23 lb (Beam Reaction)

1) Find Allowable 8xg:
For Steel Column:

hy=17;C4=2.5R=25;=1.25
8x < 0.025h, = 0.025(17'x12) = 5.1
Ox = Ca(6xe)/1 = 2.5(6xe)/(1.0) = 2.5 8xk
2 258x¢=51

-2 Oxe < 2.04”

For Plywood Shear Wall:

hs=17";Ci=4;R=6.5
Ox=0.025hs=0.025(17'x12) =51
Ox = Ca(xe)/1 = 4(6xr)/(1.0) = 4 6xe
2> 48x=51

- 8xg < 1.275” (Governs)



2) Design Steel Column:
Limit &g st to 68% of Sxg:
Oxst1. = 6xe x (0.68) = PL?/3EI

1.275" % 0.68 = (4.61k/ 0.7)(17’ x 12)3/(3 x 29,000)(I)
1=741.23 in*> W14 x109 (I = 1240 in%)

Check Bending:

M= (461Kk/0.7)x17 = 111.96 k ~ft
b = 720 k-ft > 111.96 k-ft v

Check Compression:

P,=1.2(1.21k)+1.6(1k)=3.05k

For W14x 109 - KL/rx=2.1(17"x12)/ 6.22” =68.87
¢cFer =31.8 ksi

¢Py = pcFer(A) =318 ksix 32.0in2=1,017.6 k

Check Combine Loading:

P./ $P.=3.05/1,017.6 = 0.00230 < 0.2
3.05/2(1,017.6) + 111.96/720 = 0.157 < 1.0. v/

Check Local Buckling:

(Table 1-1)

(Table 3-2)

(Table 4-22)

(H1-1b)

b/t< 0.33(E/Fy)1/2 - by/2tr=8.49 < 0.33(29,000/50)1/2= 9,15 0.K./ (Table B4.1)
h/tw < 1.49(E/F,)1/2 > h/tw = 21.7 < 1.49(29,000/50)1/2 =35.9 0.K.«/ (Table B4.1)

3) Check SXE:

Sxgst. = PL3/3E] = (4.61 k/ 0.7)(17' x 12)3/(3 x 29,000)(1240) = 0.518”
24"x 24" G.B.-> | = 24 x243/12 =27,648 in*
Ik = 27,648 in%/2 = 13,824 in*
Ec = 57(3000 psi)L/2 = 3122 ksi
Hs=P=4.61k/0.7 =659k
F=659kx17'/22' =509k
8xeop. = (FL3/3EI)(17’/22")
= [(5.00k)(22’ x 12)3/(3 x 3122 x 13824)](17'/22") = 0.559”
8xe = 0.518” + 0.559” =1.077" < 1.275” OK. v/

Check P-Delta Effect:

0 =PA/V(h)(Cq) = (1.21 k+1 k) x 1.0777/(6.59 kx 17’12 x 2.5) = 0.000708 < 0.10
- P- Delta Effect is not required to be considered.



4) Design Grade Beam:

M = (4.61/0.7) x 17’ = 112.03 k-ft
Qo(M) = 1.25(112.03) = 140.04

F = 24 x 212/12,000 = 0.882

Kn = 140.04/0.882 = 158.77

> p=0.00306 < 0.0033 > Use 0.0033
As=21"x 24" x 0.0033 = 1.66 in?

> 4 #6 (1.76 in?)

Design Spacing For Ties (Per ACI-318, Sec. 11.4.5.1):
a) d/4=21"/4=5.25"
b) dvar(8) =(6/8)"(8) =6"
¢) dnoop(24) = (4/8)"(24) = 12"
d) 127
- Use min. = 5.25", say 5"
- #4 Ties @ 5" 0.C. (For distance of min. 2d = 42" from both ends)

At Mid Portion of G.B. (Per ACI-318, Sec. 11.4.5.1):

d/2=21"/2=105",say 10" 0.C.

= #4 Ties @ 10" 0.C. at Mid Portion of G.B. Beam

5) Check Soil Bearing for the Footing:
Hs = 4,604.82 Ib (ASD)

PpL=1,206.611b (ASD)

P11 =990.23 1b (ASD)

Size of Pad Ftg = [(1,206.61+990.23)/1,500 psf]'/2 = 1.21’ say 4’ Sq.

P=2x2"x(44+(2'x2))x 150 pcf + 2x 1,206.61 = 28,800+2,413.22 =31,213.22 1b

Overturning:

Mor = (4,604.82 x 2)x (17" + 2"+ 1') = 184,193 Ib-ft
Mr=31,213.221bx (48°/2) =749,117.28 1b -ft
Mgr/Mor=749,117.28/184,193 =4.07 > 1.5 O.K. /
- QOverturning is 0.K.

Sliding:

130 psfx [(4)2x 2 + 40’ x 2']/(4604.821bx2) = 158> 15 0.K. v
- Sliding is O.K.

Soil Bearing:

e = Mor/Protal = 184,193/(31,213.22+ 2 x 990.23) = 5.55 < 48/6 = 8’

—> Full bearing under the footing

q=P/BL(1 £ 6e/L)=[33,193.68/(2 x48’)](1 £ 6(5.55)/48")

Qmin = 345.77 psf - 239.9 psf=105.9 pst < 1500 psfx 1.33 = 1995 psf O.K. v
Qmax = 345.77 psf + 239.9 psf = 585.7 psf < 1500 psfx 1.33 = 1995 psf O.K. v

-> Soil Bearing 0.K.



6) Design Sq. Ftg. Pads:

See Section 5 above. (3) 7/8" DA325
Ftg. Size = (1,206.61+990.23/1500)1/2 = 1.21’, say 4’ Sq. by 12” deep 2"
- Use4’Sq.by 12” deep Pad Ftgw/ #5 @ 12” Each Way @ Bottom

7) Design Column To Beam Connection:

11/2"

Vpi=1.2(1.21) +1.6(1)=3.05 k

Vs=(4.61/0.7)x1.25 =824k

VTotal = [(3.05)2 + (8.24)2]1/2=8.79k /3=293k<13.1k(7/8 "®A325)
- Use 3 (7/8)” ®A325 Bolts

11720
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Stair Design
Stringer

LL = 100 psf, DL = 13 psf
TW.=133ft
mejeﬂm] =9973 ft

W = (100 psf +13 psf) x 1.33 ft = 150.29 plf
M = WL?/8 = (150.29)(9.973)%/8 = 1,868.5 Ib-ft < 1,973 lb-ft (2 x10) v O.K
V=WL/2=(150.29)(9.973)/2=749.41b <879 (2x10) v O.K
DEF. = 5WL*/384El = 5(0.00942 K/in)(9.973 x 12)%/384(1,600)(98.93) = 0.15 in
L/240=(9.973x12)/240=0.498 in
0.15in < 0.498 in (2x10) v O.K.

2> Use2x14 @ 16" 0.C, (2 x 10 is equivalent to 2 x 14 after cutting)

Landing

LL =100 psf, DL = 13 psf
TW.=133ft
L=3ft

W = (100 psf +13 psf) x 1.33 ft = 150.29 plf
M = WL2/8 = (150.29)(3)?/8 = 169.08 Ib-ft < 1030 Ib-ft (2x6) v 0.K
V=WL/2 = (150.29)(3)/2 = 225.441b < 653 (2x6) v/ OK
DEF. = SWL*/384EI = 5(0.00942 K/in)(3x 12)*/384(1,600)(20.80) = 0.0062 in
L/240 = (3 x12)/240 =0.15 in
0.0062 in < 0.15 in (2x 6) v O.K.

- Use2x6 @16”0.C,







