Preliminary Structural Calculations
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Same Polytechnic College
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Performed by: EMM
Cal Poly, San Luis Obispo
3/15/2019



Design Description

The design consists of an upper roof that provides shade to reduce solar gains on
the lower structure below it. The upper roof is separated from the building
beneath to simplify the construction process by eliminating the technical
connections that would otherwise occur between the two buildings. This schematic
design includes two possible options for the upper roof building material to
provide flexibility in cost, since material availability is uncertain. The steel system
consists of wide-flange beams and cantilevered pipe columns, while the timber
system explores both a Glue Laminated beam system and a truss system with
cantilevered columns that eliminate the need for technical moment frame
connections. The lower structure design utilizes timber/masonry construction,
with an occupiable outdoor roof space shaded by the upper roof.
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Project: | Same Polytechnic

Date: 3/14/2019

By: EMM
Roof
Asphalt tile 27
Corrugated Steel 2.6
MEP 2
Typical Roof Dead Lozd: 8
Live Load (Reducible): 20
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Project: Same Polytechnic
Date: 3/15/2019
By: EMM
CGravity Demands Stsel
Load Combination: D 1.2
L 1.6
B1 uniformly distributed load
Trib width 8|ft
DL*1.2 9.6 | psf
LL*1.6 32| psf
distributed load 332.8|plf
Lbeam 12ift
Vmax 1996.8 | #
Mmax 5990.4 | #-ft
uniform distributed and two equal
concentrated loads symmetrically
B2 placed
Trib width 12|t
DL*1.2 9.6 | psf LL reduction 18.24
LL*1.6 29.184 | psf beam frames in at each side
Point loads at 8' and 16’ 3993.6 |#
distributed load 465.408 | pif
Lbeam 24|t
a 8|ft
b 8ift
reaction at truss
Vmax 9578.496 |#
Mmax 65458.176 |#-ft
uniform distributed and
G1/Truss concentrated load at center
Trib width 24 |ft
DL*1.2 9.6 | psf LL reduction 13.92
LL*1.6 22.272 | psf
P @12 9578.496 | #
distributed load 764.928 | pif
Lbeam 21|t
Vmax 12820.992 |#
Mmax 92453.76 | #-ft
Column
P (ASD) 16063.49 |#
Pu (LRFD) 11047.68 |#




Project ___|Same Polytechnic A A I R
Date: 3/15/2019 - ; |
@ By: EMM B o ) N
N R S S I N
Steel Framing Design 1 |
Fy 50 | ksi - |
Esteel 29000000 | psi | %
l
B9 Seismic - Check Tension/Compression
span 10.5|ft Sds 0.573
L/240 0.525 |in DL 8|psf
Ireq 6.0|ind trib width 8|ft
D 0.672 |k
:'. L 1.68 |k
Zx 8.87|in*3 Cs 0.179
Ix 30.8|in*4 w 193.5|k
Ag 2.96|in*2
Mp=FyZx 36.95833333 | k-ft Qe=V=CsW 346k
Mmax 5.99 |k-ft T={0.9-0.28ds)D+rhoQe 35.17 |k
d/c 0.16 C=(1.2+0.28ds)D+.5L+rhoQe 36.37 |k Demand
phi*Pn=0.9"Fy*Ag 133.2|k Capacity
\
B2 Selsmic - Chack Tension/Compression
@ span 24 |ft Sds 0.573
L/240 1.2]in DL 8|psf
Ireq - dist 99.81in4 trib width 12ift
Ireq - conc. 92.2|ind D 2.304 |k
Ireq total 192.0|ind4 L 3.28321k
Cs 0.179
2x 33.2]in*3 w 193.5|k
Ix 189 |in*4
IAg 6.49 |in?2 Qe=V=CsW 346k
Mp=FyZx 138.3 | k-ft T=(0.9-0.28ds)D+rhoQe 36.45|k
Mmax 65.46 | k-ft C={1.2+0.2Sds)D+.5L+rhoQa 39.31 |k Demand
dic 0.47 phi*Pn=0.9"Fy"*Ag 29205k Capacity
‘i
G1 Selsmic - Checlk Tenslon/Compression
span 21|ft Sds 0.573
L/240 1.05]in DL 8| psf
Ireq - dist 109.9|in4 trib width 24|ft
Ireq - conc. 104.9|ind D 4.032]k
294.8|ind L 438481k
Cs 0.179
47.3]in*3 w 193.5|k
291|in*4
8.85(in*2 Qe=V=CsW 34.6|k
197.1 | k-ft T={0.9-0.2Sds)D+rhocQe 3781k
Mmax 92.45 | k-ft C=(1.2+0.28ds)D+.5L+rhoQe 42.14 |k Demand
dic 047 phi*Pn=0.9*Fy*Ag 398.25 [k Capacity




Project: Same Polytechnic
Date: 3/15/2019
By: EMM
Column Design
h 288|in
KL (K=1) 288|in
At 504 |ft*2
P 161k
steel stress 36| ksi
E 29000 | ksi
Areq 0.45]in*2
Ireq 19}in*4
Use Pipe 5 Std.
| 14|in*
A 4|in*2
phiPn=9'Fy*Ag 1301k
Footing Design
Pu 11048 |#
Fbearing 2000 psf
Areq 6|ft*2
L1 3|t
L2 3|t
A 9|ftr2
Pipe 5 Std
x=y 6lin
c 15]in
d 11jfin
h 15]in
cover 4}in
b 65}in
Asmin=.0018bh 1.72]in*2
Use 6-#5 bars
As 1.86|in*2
Load to each col
Weight 4032|#
=Cs*W 11571k
h 288|in
M 27772 k-1t
e 3
L6 6]e<Lib
i) 1637|psf

USE 3 x 3'x 15" deep foundation
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Project; Same Polytechnic
Date: 3/15/2019
By: EMM

Wind Loads Steel: Roof Pressures

G 0.9 (gust effect factor)
qz 32.2 | psf (velocity pressure)
Net Pressure Coefficients

Zone 3 24 -3.3

Zone 2 1.8 -1.7

Zone 1 1.2 -1.1

Wind Pressure (psf)

Zone 3 65.7 -80.4

Zone 2 493 -46.6

Zone 1 329 -30.1

D (psf) 8.0

Lr (psf) 200

1.2D+1.6Lr+0.5W

(Downward Pressure)

Zone 3 74.5} psf
Zone 2 66.3 | psf
Zone 1 42.2|psf
1.2D+1.0W+.5Lr (Downward Pressure)
Zone 3 85.3| psf
Zone 2 68.9|psf
Zone 1 52.5|psf
SD+1.0W (Uplift)
Zone 3 -83.2} psf
Zone 2 -39.4 | psf
Zone 1 -22.9|psf




Project: Same Polytechnic

Date: 3/15/2019

By: EMM

Lateral Check for Wind - Stesl

Downward Force

B1-Zone 3 B1 - Zone 2 B1-2Zone 1

trib width 8|ft 8|ft 8ift
length 12|ft 12|ft 12|ft
wind load 85| psf 69 | psf 52 |psf
distributed load 683 | pif 551 | pif 420| pif
deflection 0.357 |in 0.288}in 0.219]in
Vmax 4097 |# 3308 |# 2519 |#
Mmax 12290 [#-ft 9923 |#-ft 7556 | #-ft
B2 -Zone 3 B2 - Zone 2 B2 - Zone 1

trib width 11ift 11|ft 11|t
length 24|t 24|t 241t
wind load 85 | psf 69 |psf 52| psf
distributed load 896 | pif 724 | plf 551 |pif
deflection 1.158}in 0.936|in 0.713|in
Vmax 10754 | # 8683 |# 6612 |#
Mmax 64524 | #-ft 52097 |#-ft 39671 [#-ft
G17-Zone 3 G1-Zone 2 G1-Zone 1

trib width 24 It 24|ft 24|t
length 21 ft 2i|ft 21|t
wind load 85| psf 69 | psf 52 |psf
distributed load 2048 | pif 1654 | pif 1259 | pif
deflection 0.793|in 0.640|in 0.487 |in
Vmax 21508 |# 17366 |# 13224 |#
Mmax 112917 |#-At 81170 |#ft 69424 | #-ft




Uplift

B1 - Zone 3 B17 - Zone 2 B1 - Zone 1

trib width 8|ft 8|ft 8|ft
length i2|ft 12|ft 12|t
wind load -83| psf -39 | psf -23| psf
distributed load -666 | pif -315pif -183|pif
deflection -0.348|in -0.165]in -0.096 |in
Vmax -3994 | # -1890 | # -1101 |#
Mmax -11882|#-1t -5670 | #-ft -3303 |#-1t
B2 -Zone 3 B2 - Zone 2 B2 -Zone 1

trib width 11]ft 11|t 11|ft
length 24|t 24|ft 2411t
wind load -83 | psf -39 psf -23|psf
distributed load -874 | pif -413 | plf -241 | pif
deflection -1.130]in -0.535]in -0.312]in
Vmax -10484 |# -4961 |# -2890|#
Mmax -62903 | #-ft -29765 |#-ft -17339 | #-t
G1-Zone 3 G17-Zone 2 G7-Zone 1

trib width 24|t 24|ft 24|t
length 2i)ft 21|t 21|f
wind load -83 | psf -39 | psf -23 | psf
distributed load -1997 | pif -945 | pif -550 | pif
deflection -0.773|in -0.366 |in -0.213}in
Vmax -20968 |# 9922 |# -5780|#
Mmax -110080 | #-ft -52090 {#-ft -30343 | #-ft
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Project: Same Polytechnic
Date: 3/15/2019
By: EMM

Gravity Demands - Tim

ber

B1

uniformly distributed load

Trib width 41ft

DL 8| psf

LL 20 |psf

distributed load, w 112 pif

Lbeam 10.5|ft

Vmax=wlL/2 588 #

Mmax=wlLA2/8 1543.5[#-ft

B2 uniformly distributed load

Trib width 12|t

DL 8 |psf

LL 18.24 | psf LL reduction | 18.24
distributed load, w 314.88 | pif

Lbeam 24 |ft

Vmax=wL/2 3778.56 |# reaction at truss
Mmax=wlL.A2/8 22671.36 |#-ft

G1ilTruss concentrated load

Trib width 24|t

DL 8| psf

LL 13.92 | psf LL reduction | 13.92
P@ 10.5 11047.68 |#

l.beam 21|ft

Vmax=wL/2 5523.84 |#

Mmax=wlLA2/8 58000.32 |#-ft

Colummn

P=At*(DL+LL) 11047.68 | #
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| | | ]
[e1 B B2
[vmax 568.0]¢ | vmax 3778.6|#
Mmax 1543.5|t+nt nmax 22671.4 |40t
Check - Solve for lallow
Lbeam 126.0in | Check Defloction - Solve for lallow
d toad wD+L 9.3|#in Lbeam 288.0|in
Ioad wD+L 262[#mn
InEow=6wiM/3B4E defl 134.5]in4
 Try 2x8 i
1 (2x8) 47.8in4 D+Lakowabis=4240 12[in
wi 8.7 |#in |iomamaaErdem 4516.2[In
LaBow=¥380 0.4in Iakow 4516.2}InM
Lactual 9.6in Lalow>Lactual |OK I Try 3.125x18.6 GLB 5
1{3.126x10.5) 1931.0[In4
D+ 240 0.5in wi 18.2[#n
|D+Lactual 0.8]in allow>actual 10K
Lallow=1/360 0.8in
Check Bending [Lactuabdist 0.8]in oy y
cd 1.3]cr 1.2 |
om 1.0{ctu 1 mewmo 1.2[n
ot 1.0{c/ 1 D+Lactushaliow 1.2[n
o 1.0{cr 1.15|
s 13.1[in"3
FosFb*Cd°CrCr 20184 psi |check Bending
fo=M/S 1408.8|psi Fo> oK cd 1.3[cr 0.04
cm 1.0{cn 1
Check Shear ct 1.0lc 1
tv=15(V/bd) _81.1]pal -] 1.0{cr 1.15
Fv=Fv"Cd 853.3psi Pty 3
] | | 1 s 188.0[in"3
| ] |Fo=Fbrca*crer 1578.5 pel
| Check Tension/Compression =S 1374.0[v3 _[Fo>m
Sds 0.8
DL 8.0 Check Shear
Lr 153F tv=1.5(V/bd) 21.7[pst
trib width 4.0(n Fv=Fv"Cd 207.2[pst_ [Fvov
0 03]k
L 0.8k Check Tension/Compression
Cs 05| Sds 0.8
w 183.5| DL 8.0]pat
Lr 18.2[pef
Qo=VaCaW 925 trib width 120
D 23]k
Demand: L 5.3k
T Cs 0.5
Y w 1935
b (2x8) 15]in
d (2x8) 7.3[in
(/d)y 0.0
(i 174
Fc 661.8|psi
cd 1.8
[ 1.0
[ 1.0
Cf (2x10) 14 [ 0.0
cp 1.0 (lo/d)x 14.8
Fc 661.8
|Emin=Emin*cm*ct 338273049.6) Cd 1.6
[Fe=Forcacm crece 11844 oM 1.0
|3 16046807.5 2] 1.0
14{FeEFc*)y2e 86139 [ 1.0
(FcEfFc’Ye 17228.5
Fc 1164.41psi |Emin=Emincm*ct 339273049.6
Capadlty: C=Fc’A 12.7]k <demand N.G. JFe*=Fe*ca*cm*ct 4058.6
USE 2x12° FcE 1278513.8|psl
A 19.8]in"2 1+(FcEFc*V2c 671.8
Capeclty: C=Fc'A 21[k >demand OK (FEEFcYc 1342.0
]
| | Fc 3419.8[pel
| | A (3.125x19.5) 60.9]in*2
T T Gapaclly: C=F°A 2034k |>demand




@3

G\RDER.  DE3ten)

USe 2\.9° 21' 31.8' nRDeERS,

0 o 5' A 1 %5 4z 515 v L3 15 84
-0~ e L] [} ] o L) L g [ »
“Pbﬂ.«r VPD«L/ J,("D-w( ,l,?bﬂ.r
K ’ At A T4 -
i bk g I ' "
2 T e 2\ A
LorOin G A NEEALETY SE- VX,
P=8re () (05)= L1
Le = 2095 (@M ws) = 13% v
LefO: W2 (1)« Le(2.52) ~ 525 w
Wege = 8P5F (12) = Qo
P w5 u s y1 515 @ 155 e
-8 - - .9 - -0 —_— e - —
A i ¥ L .Y A
I
|
S A A
u 0.5 W0.¢ wos  pst 20



ﬂ
S

Same Poly

NMs/201

B e
-—
T s [worel 1| s [ 05[]

S — e — —te S 4
'
S SRRSO PSP FEUUENS S — — - b——




Project: Polytsch
Date: 3/15/201 -
By: EMM -
Glulam Framing Design
31.5-21-315
31.5 span Check Tenslon/Comp 21’ span
24F-1.8E Sds 06 ~ |2aF18e
M+ max 282[kin DL 8.0 psf M+ mex 188}kin
M- max 272iin Lr 13.9]psf -
trib width 24.0[n
Positive Bending D 48]k Positive Bending
| Lateral stabinty L 7.0}k | Laterai stabitty
[FPo=Fexe= Cs 05 |Fo=FExs=
§Fbx+*Cd*CmCr°Cl w1935 JF+*cacmecrrel
| 0 I (M 0
Qe=V=CeW| 925
Volume Effect Demand. Volume Effect
|Fo=Fbxe= Fb=Fbx+=
|Fox+*cascmecrecy 2700]psi T=(1+.148ds)DH.T*rho"Qs) 69.7k [demand |  [Ftxe*ca*Cmecrev 2700] psi
cd 1 €={1.0+,1058ds)DH.525'rho°Ce) 53.5]k _|demand cd 1
cm 1 C={(.6-.148ds)DH.T*ho"Qe) 67.2]k d cm 1
ct 1 b (3.126x19.5) 3.4[in ct 1
ov 1 d (3.126x19.5) 195|in ov 1
[Fx+ 2400 |psl Flx+ 2400 | psi
l (eid)y 00
[Read s 104]In*3 (le/d)x 185 __ |Reads 70]in*3
Try 3.126x19.5 GLB Fe 21375 ] ltrj_s}i‘zsm:g-@!s
Sx (3.125x19.6) 198[in*3 cd 1.6 Sx (3.126x19.5) 104[ i3] 0K
[ 1.0 USE 3:126x19.5 due to beam framing| 6
Verify Cv et 1.0
cp 1.0 BB
L 30[n
d 20[in - 1
b 3|in |Emin=Emin‘Cmect 765400.0 1]
I 1 Fe*=Fc'Cd"Cm*Ct 34189
lov 1 FcE 340794 pai .
|[Fo=Fix= 1+{FoE/Fc*)f2c 6.1 .
Fiix+*Cd*Cm*Cr°Cv 2898 ps! (FeE/Fc*Ve 1.4
IS Fx- 574#1n [oK 1 1
Fe 3382.8 | psl R A
=M/S 1424 pel A (3.125x19.5) 60.9]In"2 i :
FbsFhxts 2698[psl ] capacity Capacity: C=Fc'A 206.1[k d
|
Rogative Bending [/t 20406
M- max kin Pt 3265.0
TeFCA 189.0]k _|>demand
Lu 72[in 1
Luid 41<7
therefore Ls=2.06Lu 148[in | N
sqri((te"d’2)) i7
Flx- 1450 psi
coefficlents for beam stabilty factor C1
Eymin*Cm*Ct 950000 psi
[Fee 3849 ]
|Fioc=Fin*Cd*Cmect 1813
|FoEFx 2 ] I B
[1+FbEFDREH.O 2
J FOE/Fbx1.95 2 b
|beem stebikty tactor
) 1 B R |
L=6+4 10[n |
d 20[in ]
b 3]in
|x 1 -,
ov 1]>1.0 - L : -
UseCv= 1 ) 1]
[Fo=Ftx= 1741 psi ]
jto=ws 1376|psi |d -
3.126x18.5 GLB OK for bending ) i T T T
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Project: Same Polytechnic
Date: 13/15/2019

By: EMM

Truss Deslign

Tension force 6.66 |k

Ft 266 | psi

Cd 1.25

Cm 1

Ct 1

Cf 1.5

Ci 1

Ft 499 | psi
Req'd An=T/F't 13.35|in*2
Req'd Ag=An-Ah 14.56 |in*2
Try 4x6

A 19.25|in*2|OK
b 3.5(in

h 55]in
d=1/2 truss height 24}in
Compression force 5.33 |k

Fc 662 | psi

Cd 1.25

Cm 1

Ct 1

Cf 15

Ci 1

Cp 1

F'c 1240.5

Req'd An=C/F't 4.30

Req'd Ag=An-Ah 5.52

4x8

A 19.25|in*2 | OK
Check deflection

I=(bh*3/12)+Ad*2 11137 |in*3

P 4000 |#

L 288lin

E 433727 | psi
defl 0.4|in
/240 1.2]in |OK




Projecti Same Polytechnic

Date: 3/15/2019

By: EMM

Wind Loads Timber

G 0.85 (gust effect factor)
qz 32.23 | psf (velocity pressure)
Net Pressure Coefficients

Zone 3 24 -3.3

Zone 2 1.8 1.7

Zone 1 1.2 -1.1

Wind Pressure (psf) *ASD 0.6
Zone 3 65.7 -90.4

Zone 2 49.3 -46.6

Zone 1 32.8 -30.1

D (psf) 8

Lr (psf) 20

D+.6W

Zone 3 47.4|psf 39.44952
Zone 2 37.6|psf

Zone 1 27.7|psf

D+, 75L+.75Lr+. 75{.6W)

Zone 3 52.6|psf

Zone 2 45.2{psf

Zone 1 37.8|psf

LD<+.6W

Zone 3 ~-49.4|psf

Zone 2 -23.1|psf

Zone 1 -13.3|psf




Project: Same Polytechnic

Date: 3/16/2019

By: EMM

Lateral Check for Wind - Timber

Downward Force Upward Force

B1-Zone 3 B1 - Zone 2 B1 - Zone 1 B1-Zone 3 B1-Zone 2 B1 - Zone 1

trib width 4.00]ft 4.00|ft 4.0{ft trib width 4.00}t 4.00|ft 4.00|ft
length 10.5(ft 10.5|ft 10.5(ft length 10.5|# 10.5]ft 10.5(ft
wind load 47.4 |pst 37.6|psf 27.7 |psf wind load 494 | psf ~23.1|psf -13.3|psf
distributed load 189.8| pif 150.3 | pif 110.9|pHf distributed load -197.8|plf -82.8 | pif -53.1|pif
Vmax 996.4 |# 789.3|# 582.2 |# {vmax -1038.3 | # ~486.0 |# -278.9|#
Mmax 2615.7 |#-1t 2072.0j##t 1528.3 |#-ft Mmax -2725.6 |#-ft -1275.8 |#-ft ~732.1|#At
B2-Zone 3 B2 -Zone 2 B2 - Zone 1 B2-Zone 3 B2 -Zone 2 B2 - Zono 1

trib width 12.00|ft 12.00ft 12.0|ft trib width 12.00|ft 12.00|ft 12.00|ft
length 240|ft 24.0(ft 24.0(ft length 24.0ift 24.0{ft 240|ft
wind load 47.4|psf 37.6|psf 27.7|psf wind load -49.4 | psf ~23.1|psf -13.3 psf
distributed load 569.4 | pif 451.0|pHf 332.7 |plf distributed load -593.3| pif -277.7 | pif -159.4|pif
Vmax 6832.7 |# 5412.5|# 39924 |# Vma -7119.8(# -3332.7|# -1912.5{#
Mmax 40996.4 | #-ft 32475.3 |#ft 23954.2#-1t Mma¢ -42718.8 |#-1t -19995.9 |#-ft -11474.8 |#-1t
G1-Zone 3 @7-Zona 2 G1-Zone 1 G1-Zonoe 3 @1-Zone 2 G17-Zone 1

trib width 24.00|ft 24.00|ft 24.0|ft trib width 24.00ift 24,00(ft 24.00]ft
length 21.0ift 21.0|ft 21.0|ft length 21.0|ft 21.0|ft 21.0|f
wind load 47.4|psf 37.6|psf 27.7 | psf wind load -49.4 | psf =23.1|psf -13.3 | psf
distributed load 1138.8 | pif 902.1{pif 665.4 | pif distributed load -1186.6 | pif -555.4 | pif -318.7 |pif
Vmax 11957.3{# 9472.0|# 6986.6 | # Vmax -12459.7 | # -5832.1 |# -3346.8|#
Mmax 62775.7 | #-ft 49727.8 |#-#t 36679.9 |#-ft Mma¢ -65413.2 |#-ft -30618.7 |#-ft -17570.8 |#-ft




Project |Seme Polyteohnic | N B
'l;&:_ | snseotel | |
@ By B b s
| | |
(Check MembersforWind | | | |
Fy 50| ksi
Etimber 1040944 | psi
- Bi
1 (2x8) 47.6|inNd
L 10.5ft
S 13.1]in*3
Dovwmward Force
L/240 0.5]in
wadist1 189.8 |plf
42*wdist 79.72 | plf
Ix 39.89inM | <allow OK
Check Bending
fo=M/S= 2388.725836 | psi
Fb 2018.410861 |psl {F'b>b OK
Uplift
wist -197.8 [pif
42*wdist -83.0643912 | pif
Ix -41.56884245|in*4 | <allow OK
Check Bending
fo=M/S= ~2489.0870865 | psi
Fb 2018.410961 |psi |F'b>fb OK dc| -1.23
© LC
1(3.125x19.5) 1931.0|in4
L 24 |ft
S 198.0]in*3
Downward Force
L/240 1.2]in
wdist1 569.4 | pif
42*wdist 239.15plf
Ix 1429.16 }in’ | <allow OK
Check Bending
Zone 1
fo=M/S= 2484.629411 | psi
Fb 1576.480704 |psl |Fb<tb NG
TRY GLB 3.125x22.5
| 2966 jin"4
] 263.7|in*3
fo=M/S= 1865.582049|psi |F'b>fb OK dic| 1.18
Upiidt
wdist -593.3 | pif
A2°wdist -249.19 | pif
Ix -1489.206811 |in*4 | <allow OK
Check Bending
fb=M/S= -1943.974051 | psi
C =
I=(bh*3/12)+Ad* 11137|in*3
L 288|in
Ix 8.172|In*4 | <allow OK




Project: Same Polytechnic
Date: 3/15/2019
By: EMM
Column Design Check Wind
h 288.0{in
KL= 144.0]in (Braced at half column height) Trib width 24.0|ft
At 504.0 |fir2 Wind pressure 28.6 |psf
P=At*(D+Lr) 11.0 {k/column (see Gravity Demands) Ww 710.1 jplf
Try 6x8 Post
b 5.5 M 7362227.2 {#+in
d 5.5 S (6x6) 27.7]in*3
Fc 2137.5|psl
Cf 1.1 P 11047.7{k
Emin 765400.0 | psi A 30.3|In*2
A 30.3}in2
le/d=K1/d 26.2 Cd 1.6 | (Wind/Earthquake)
E'min 765400.0|psi
Cd 1.3 fe=P/A 365.2|psi
Ccm 1.0 Fc 924.7 |psi
Ct 1.0 fb=M/S 265784.4 |psi
CT 1.0 Fb 1872.1}ps!
Ci 1.0

Bending +

Compression 142.4|>1.0 N.G.
FcE 917.8|psl
Fc* 2671.8
FcE/Fc® 0.3
1+FcE/Fc*/2¢c 0.8
Cp 0.3
F'c 924.7 |psi
P=F'c*A 28.0|k Allowable
P= 11.0|k/column demand OK
Try 838 Post

braced at 1/2

b 7.5 M 1840556.8 | #4n height (12°)
d 7.5 S (8x8) 70.3|in"3
Fc 2137.5{psi
Cf 1.1 P 11047.7 1k
Emin 765400.0|psl A 56.3|in*2
A 56.3|In"2
le/d=KL/d 37 Cd 1.6 | (Wind/Earthquake)
E'min 765400.0|psi
Cd 1.3 fc 196.4
Cm 1.0 fo 26181.5
Ct 1.0 Pc 924.7
CT 1.0 Fb 1872.1
Ci 1.0

Bending +

Compression 14.2)>1.0 N.G.
FcE 45229.7 |ps!
Fc* 2671.8
FcE/Fc* 16.9
1+FcE/Fc*/2c 11.2
Cp 1.0
Fc 2903.0|ps!
P=F'c*A 163.3|k Allowable
P= 11.0 | k/column demand OK
Use 6x6 post_




Project: Same Polytechnic

Date: 3/15/2019

By: EMM

Footing Design - Timber

Pu 11.05]k
Pdl 4.03|#
P 7.02)#
1.2Pdi+1.6PIl 485]k
Fbearing 2| ksf
Areq 6| ftr2
L1 4|t
L2 4|ft
Af 16|ftr2
8x8 post

X=y 0.625]ft
c 1.6875|ft
d 2.04(in

Load to each col

Weight 4032 |#
JV=7*Cs*W 1349.1072|#

h 24|t

M 32378.5728 | #-t
e 29|ft

L/6 8.0|e<L/6
L/3 1.333333333

X -0.9

fb 0.92064 | psf

USE 3" 3' x 14" deep foundation
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Project: Same Polytechnic

Date: 3/15/2019

By: EMM

Load Take-Off
Roof psf
3/8" Ply 1.1
2x joists 2.6
Girder 0.9
Misc. 2
MEP 2
Typlcal Roof Dead Load: 9
Live Load (Reducible): 50




Project: Same Polytechnic

Date: 3/15/2019

By: EMM

Gravity Demands

B1 uniformly distributed load

Trib width 1.66 ft

DL 9| psf

LL 50 | psf no reduction
distributed foad 97.94 | pif

Lbeam 10.67 [ft

Vmax 522.5099 |#

Mmax 1393.795158 | #-ft

G1 uniformly distributed load

Trib width 10.67 | ft

DL 9{psf

LL 47.196 | psf LL reduction 47.196
distributed load, w 599.61132 | plf

Lbeam 241t

Vmax 7195.33584 |#

Mmax 3597.66792 | #-ft




Project: Same Polytechnic
Date: 3/15/2019

By: EMM

B1

Vmax 522.5099 |#
Mmax 1393.795158 | #-ft

Checlk Deflection - Solve for lallow

Lbeam 128.04 |in

distributed load ¥ 8.2|#in

lallow=5wi*4/384 51.4]in*4

Try 2x8 |

| (2x8) 47.63|in*4

wlL 6.9|#/in

Lallow=1/360 0.3556666667 |in

Lactual 0.49]in Lallow>Lactual |OK
D+Lallowable=l/2 0.53}in

D+Lactual 0.58]in allow>actual OK
Check Bending

Cd 1.25|Cf 1.2
Cm 1|Cfu 1

Ct 1|Ci 1

cl 1{Cr 1.15

S 13.14|in”3

Fb'=Fb*Cd*Cf*Cs 2018 |psi

fb=M/S 1273 psi Fb'>fb OK
Check Shear

fv=1.5(V/bd) 72| psi

Fv'=Fv*Cd 953 | psi Fv'>fv OK




G1
Vmax 7195.33584 |#
Mmax 3597.66792 | #-ft
Check Deflection - Solve for lallow
Lbeam 288.0|in
distributed load wD+L 49.97 |#/in
D+Lallowable=1/240 1.2}in
(5wi*4/384E*defl) 3583.3|in"4
lallow 3583.3{inM4
Try 3.125x19.5 GLB
1 (3.125x19.5) 1931 |in%4
wlL 42.0{#/in
Lallow=L/360 0.8]in
Lactual-dist 1.87]in allow>actual OK
D+Lallowable={/240 1.20]in
D+Lactual-allow 2.23]in allow>actual OK
Check Bending
Cd 1.25|Cf 0.95
Cm Cfu 1
Ct 1|Ci 1
(o] 1iCr 1.15
S 198(in*3
Fb'=Fb*Cd*Cf*Cr 2043 |psi
fo=M/S 218|psi Fb'>fb OK
7~ [ Check Shear
=~ |fv=1.5(V/bd) 53| psi
Fv'=Fv*Cd 953 psi Fv'>fv OK




Designer: EMM

Date: 3/15/2019

Project: Submittal #4
Footing Design - Masonry
Dimensions:

Masonry Weight 110| pcf

waII Iength

Concrete Wengh |

ft
wall thickness 0.5|ft
wall height 10.5|ft
S.0.G. thickn 0.333|ft
Wall Self Wt 13860 |#
Footing Wt 7200 |#
Total Wt 21.068|k
Loading (LRFD):

(Seismic Demand from
Moment 0.310|k-ft |Masonry Design)
Pu 19|k
Rdes 0.31 | k-ft
Eccentricity:
o=M/P 0.016|ft
L/6 4.00|ft
(Inside Kern)

P/A 0.395 | ksf
S=bh*2/6 16.0|ftA3
M/S 0.019| ksf
QU= 0.414 | Lsf
qu-min 0.376 | ksf
qaliow 2iksf |dic 0.29
Asmin=.0018bh 0.5184 |in*2
Use 3-#5 bars
As 0.93|in*2 1

USE 2' WIDE, 12" DEERGONTINUOUS FOUNDATION AT

MASONRY WALLS

T
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Conclusion

To provide the most cost-effective and constructable solution, a timber truss
system or steel framing should be utilized. Building trusses would use more labor,
which may be more cost effective due to low labor costs in the area. Smaller
members would be used for the truss compared to the hinged girders, making the
materials cheaper.

If Glu-Lam beams are available in the area, it may be more efficient to use this
option, however, it should be considered that it is easier to replace a truss system
than a Glu-lam beam, since a truss system can be built by hand while a Glu-lam
beam would have to be ordered from a nearby city.

Steel framing may be more expensive due to local availability, and shipping costs
may increase the price. Additionally, it may be difficult to find a skilled welder for
the steel connections. However, steel would have the longest lifespan of the
materials, so less maintenance would be needed.

For the full structural design, a few more aspects should be considered. The
preliminary design does not include openings for the courtyard spaces. It also does
not consider openings in the masonry substructures. Connections should also be
further studied based on availability of hardware in the field.



