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The Regent
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Joist Positive Reinforcement [46°/43’ Span (24”)Joists]

Mu+ = 279 ft-k
fy = 60 ksi

fc =4 ksi

#3 Stirrups

Try (2) #10

d = 28.5"-1.5"-0.375"-0.5(1.27")
d =25.99

As = 2(1.27in?) = 2.54in?

__Afy
0.85f'ch
oz 2.54in? (60ksi)
0.85(4ksi)(48")
a=0.934"

c =1.099" <0.375(25.99") =9.75".. ¢ =0.9

M, =gAf (d-al2)
M, = 0.9(2.54in2)(60ksi)(25,99"_%j

MM, =3500.7in—k
M =291.73ft —k

M, =291.73ft—k > M, =279 ft—k . OK

b = 2(1.5") + 2(1.27") + ()1.27"+(0.375")
by = 7.2"<8". OK

Use (2) #10 bottom bars
viii
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Joist Positive Reinforcement [30° Span (16”) Joists]

Mu+ = 23.65 ft-k
fy = 60 ksi

fc =4 ksi

#3 Stirrups

Try (1) #6

d =20.5"-1.5"-0.375"-0.5(0.75")
d=18.25"

As = 1(0.44in?) = 0.44in?

__Afy
0.85f'ch
oz 0.44in* (60ksi)
0.85(4ksi)(48")
a=0.162"

x| o

_ 0.162"

0.85
c =0.191" <0.375(18.25") =6.84".. ¢ =0.9

o

M, =gAf (d-al2)
M, = 0-9(0-44"12)(60ksi)(18.25"_¥j

M =431.7in—k
M, =3597 ft—k

MM, =3597ft—k>M, =23.65ft—k .. OK

b, =2(1.5")+1(0.75") +1(0.375")
b, =4.12"<8"..OK

Use (1) #6 bottom bar
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Joist Negative Reinforcement [46°/43’ Span (24”) Joists and 30’ Span (16”) Joists]

Mu- = -199 ft-k
fy = 60 ksi

fc =4 ksi

#3 Stirrups

Try (9) #5

dier = 20.57-0.75™-0.375"-0.5(0.625")
dier = 19.06” *CONTROLS

dosr = 28.57-0.75"-0.375"-0.5(0.625")
d24" =27.06”

As = 9(0.31in%) = 2.79 in?

__Afy
0.85f'ch
oz 2.79in* (60ksi)
0.85(4ksi)(8")
a=06.15"

@h“n

15"
0.85
c=7.24" <0.375(19.06") =7.14"-. ¢ # 0.9

~0.003(d —c)
t 7
.. 0.003(19.06"-7.24")
‘ 7.24"
g, =0.004898

f
Sy = E—);
60ksi
&, =—
Y 29,000ksi
£, = 0.002069
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_ Et—é‘y
$=065+025 ¥

0.005- &,

6 =065+ 0.25( 0.004898 — 0.002069)

0.005 — 0.002069
¢ =0.891

M, =gA f (d—al2)
M = O.891(2.79in2)(60ksi)(19.06"—¥j

MM = 2384..2in—k
MM, =199 ft — k

M, =199ft—k>M =199ft -k .. OK

b, = 9(0.625") +8(1") +1(0.375")
b, =14"< 48" OK

Use (9) #5 top bars
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Joist Shear Calculations
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Joist Stirrups

46°/43’ Span (24”) Joists #3 stirrups @12” o.c.
30’ Span (16”) Joists #3 stirrups @6” o.c.
xiii
Kristin Ruth

Senior Thesis Spring 2006

Structural Option Architectural Engineering



The Regent

950 N. Glebe Road, Arlington, VA
Joist Deflection Calculations
46°/43’ Span (24”) Joists

L =46’

D =536 PLF
L = 400 PLF
fc =4,000 psi
| = 32,297 in*

E=w"°33),/f'c
E = (150PCF)**(33)(~/4000 psi
E = 3,834,254 psi

|
ATL,aIIow = %
46'(12"/ ft)
TL.allow — T
ATL,a\IIow = 1'5"

|
A S
LL,allow 480
46'(12"/ ft)
LL,allow — T
ALL,aIIow = 1'15"

A

5w’
™ 384El
~ 5(78lb/in)(552in)*
™ 384(3,834,254 psi)(32,297in*)
A, =0.76"<1.5"". OK

Xiv
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_ 5wl*

‘" 384El
_ 5(33.3Ib/in)(552in)"
" 384(3,834,254 psi)(32,297in*)
A, =0.325"<1.15"". OK
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30’ Span (16”) Joists

L =30

D = 440 PLF
L = 600 PLF
fc =4,000 psi
| = 12,128 in*

E=w"°(33),/f'c
E = (150PCF)**(33)(+/4000 psi
E = 3,834,254 psi

|
ATL,aIIow = %
30'(12"/ ft)
Ar aliow = 360

A =1

TL,allow

|
A LL,allow — @
30'(12"/ ft)
480
LL,allow = 0'75"

A =

LL,allow

A

5w’
™ 384El
_ 5(86.7Ib/in)(360in)*
™ 384(3,834,254 psi)(12,128in*)
A, =0.41"<1": OK

_ 5wl*
" 384El
~ 5(501b/in)(360in)*
" 384(3,834,254 psi)(12,128in*)
A, =0.24"<0.75"..OK

Xvi
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The Regent

950 N. Glebe Road, Arlington, VA

Summary of Actual and Allowable Loads

46°'/43’ Span (24”) Joists

24 + 8 + 40 Joists

M, 279 ft-k | oM 292 ft-k | OK
M, 199 ft-k | oM - 199 ft-k | OK
V., 339k | ¢V, 406k |OK
A 0.75” A1 anow (1/360) 1.5” OK
A 0.325" | ArLanow (1/480) 1.15” | OK
30’ Span (16”) Joists 16 + 8 + 40 Joists

M, 23.65 ft-k | gM " 36 ft-k | OK
M, 199 ft-k | oM - 199 ft-k | OK
V., 339k | ¢V, 38.6 | OK
A 0.41” A1 anow (1/360) 1” OK
A 0.24” A1 anow (1/480) 0.75" | OK

Xvii
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Appendix B

CIP Girder Design Calculations
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Interior Girder Design
Loads

Dead

Self Weight: 24 24 (150PCF) = 600PLF
12"/ ft \ 12"/ ft

46'+30'

SDL: lSPSF( j =570PLF

Joists: 95PSF(15') + 119PSF(23’) = 4162 PLF

Live: 100PSE(23)+ 150PSF(15') =4550-PLE
56PSF(23’) + 150PSF(15’) = 3538 PLF

A, =38'(30') =1140SF

L= L{O.25+Lj

v 2x1140SF

L =0.56L,

wp =600 PLF + 570 PLF + 4162 PLF = 5332 PLF = 5.33 KLF
w = 3538 PLF = 3.6 KLF

Moments
I, =30
wp = 5.33 KLF
w = 3.6 KLF
ACI 8.3.3 Moments Dead Live Seismic
wl?
+ 16 300 ft-k 203 ft-k 33.5 ft-k
wl?
+F 343 ft-k 231 ft-k 33.5 ft-k
wl?
"0 480 ft-k 324 ft-k 33.5 ft-k
wl?
T 436 ft-k 295 ft-k 33.5 ft-k

Red = Worst Case (+) Moment
Blue= Worst Case (-) Moment
Xix
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The Regent

950 N. Glebe Road, Arlington, VA

Load Combinations

1. 1.2D +1.6L E=,Q: +0.25,,D
2. 123D+L +E E =(@1)Q; +0.2(0.153)D
3. 093D+ E E=Q +0.03D
(+) Moment = 782 ft-k
Load Case 1 782 ft-k
Load Case 2 686 ft-k
Load Case 3 352 ft-k
() Moment = -1094 ft-k
Load Case 1 -1094 ft-k
Load Case 2 -948 ft-k
Load Case 3 -480 ft-k
Determine B
16hs + by, = 16(4.5”) + 24” = 96"
% = w =90” *CONTROLS
Web spacing = 28'(12”/ft)/2 = 168"

Flexural Reinforcement

(+)M

+M = 782 ft-k

fc =4 ksi

fy = 60 ksi

#5 stirrups

1.5” cover — bottom

0.75” cover — top
Try (8) #9
d=28.5"-1.5"-0.625" - 0.5(1.25")
d = 25.81”
As = 8(1in?)
A = 8 in?

XX
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The Regent

950 N. Glebe Road, Arlington, VA

Aty

~0.85f'ch
8in? (60ksi)

~ 0.85(4ksi)(90")
a=157"

a

c=—

B
1.57"

C —

085
c=1.85" <0.375(25.81") =9.68".. ¢ = 0.9

¢Mn :¢As fy(d _a/2)
M = O.9(8in2)(60ksi)[25.81"—¥j

MM, =10,810in —k
MM, =901 ft —k

M, =901ft—k>M, =782ft—k ..OK

b, = 2(L5")+2(0.625") +8(1.125") + 7(1.125")
b, =21.13"'< 24", OK

~3/fch,d
=Sl

y

As,min

A= 3./4000 psi(24")(25.81")
min 60000 psi

A, min =1.96in? < 8in* .. OK

_ 200b,d
f

y

A _ 200042581
e 60000 psi

A, min = 2.06in* < 8in® . OK

As,min

Use (8) #9 bottom bars

XX
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The Regent

-M = 1094 ft-k

fc =4 ksi

fy = 60 ksi

#5 stirrups

1.5” cover — bottom
0.75” cover — top

Try (12) #9

d=28.5"-0.75"-0.625" - 0.625" — 0.5(1.125")

d = 25.94"

As = 12(1in?)
As=12in?

a= —AS fy
0.85f'cb

_ 12in?(60ksi)

950 N. Glebe Road, Arlington, VA

~0.85(4ksi)(24")

a=28.82"

a
c=—
B
8.82"
C=—
0.85

¢ =10.38" <0.375(26.56") =9.73". ¢ % 0.9

! c

. 0.003(25.94"-10.38")

. 0.003(d ~c)

' 10.38"

£, =0.004497

f
g, = —EZ
60ksi

Ey = ————
29,000ksi

¢, =0.002069

Kristin Ruth
Structural Option
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The Regent
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E — &
$=065+0.25 —
0.005-¢,

0.004497 —0.002069
0.005-0.002069

¢ =0.65+ 0.25[

¢ =0.86

¢Mn :¢As fy(d —a/2)

M, = 0.8(12in2)(60ksi)(25.94"—¥]
M =13332in—k

M =1111ft—k

M, =1111ft—k > M, =1,094 ft —k .. OK

b, =2(L5")+2(0.625") +12(1.125") +11(1.125")
b, =30.125"< 90" OK

3/fch,d
A

y

A - 34/4000 psi (24")(25.94")
mn 60000 psi

A, min =1.97in? <12in® . OK

As,min

~200b,d
o f

y

A= 200(24")(25.94")
e 60000 psi

A, min = 2.08in% <12in* . OK

As,min

Use (12) #9 top bars

xxiii
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The Regent
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Interior Girder Shear/Torsion Reinforcement
w,=1.2D + 1.6L

wy = 1.2(5.33 kIf) + 1.6(3.6 klf)

w, = 12.16 klif

Stirrups

Shear

=200k * CONTROLS

v _ 1.15w,l, 1.15(12.2KIf)(28.5')
2 2

v - 12.2k|f2(28.5 )

u

=174k

Vv, =2,/f'ch,d
V, = 24/4000 psi(24")(25.81")
V, = 78.4k

0.5¢V =0.5(0.75)V,
0.5¢V, = 0.5(0.75)(78.4k)
0.5¢V,, = 29.4k < 200k .. Stirrups Re quired

v, =Yy,

T4
v, =200 _ 784

* T 0.75
V, =188.3k

Try #5 Stirrups with two legs A, = 2(0.31in?) = 0.62in?

XXIV
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The Regent
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 _ 0.62in” (60ksi)(25.81")
188.3k
$=10.2"— 4"

— A, =0.49in’

Torsion

Mioists = 227 ft-k — 87.6 ft-k = 139.4 ft-k

T, :M:e;g,?ft_k
o reg =w=92.9ft_k
' 0.75

T 2AA f,, cotd
" S

0 =45°
fyy = 60 Ksi

bh = 2[28.5” — 2(1.5”) — 2(0.625”)] + 2[24” — 2(1.5”) — 2(0.625")] = 88

Aon = 24.25°(19.75") = 479 in?

A, = 0.83A,, = 0.85(479 in?) = 407 in?

TS
AT — n,req
2A, f,, coto
A = 9229 k(&) _o.0076in’
2(407in)(60ksi) cot(45)
A=2A; + A

A =2(0.0076in°) + 0.49in?
A=0.51in’ <0.62in° .. OK

XXV
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The Regent

950 N. Glebe Road, Arlington, VA

50b,,s
As,min = f
y
A - 50(24")(4")
™" 60000 psi

A, min =0.08in? < 0.62in? . OK

Use #5 closed stirrups with two legs at 4” o.c.

Longitudinal Reinforcement

s=12"
p, cot® 4
A = h—AT
s
A - 88" cot? (45)(0.0076in2)

12"
A, =0.056in* < A,, =0.2in’

Use #4 longitudinal reinforcement at 12” spacing

XXVI
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The Regent
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Interior Girder Deflection Calculations

L =30

D = 5332 PLF
L = 3538 PLF
fc =4,000 psi
| = 46,299 in*

E=w"°33),/f'c
E = (150PCF)*°(33)(+/4000 psi
E = 3,834,254 psi

|
ATL,aIIow = %

30'(12"/ ft)
ATL,a\IIow = T

ATL,a\IIow = 1"

|
ALL,aIIow = @
30'(12"/ ft)
ALL,aIIow = T

A =0.75"

LL,allow

5w’
™ 384El
_ 5(739Ib/in)(360in)*
™ 384(3,834,254 psi)(46,299in*)
A, =091"<1". OK

_ 5wl*
‘" 384El
_ 5(295Ib/in)(360in)*
" 384(3,834,254 psi)(46,299in*)
A, =0.36"<0.75". OK

XXVil
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The Regent
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Exterior Girder Design

Loads
Dead
Self Weight: 24 16 (150PCF) = 400PLF
12"/ ft | 12"/ ft
46'
SDL: 15PSF(7J = 345PLF
Joists: 119 PSF(23’) = 2,737 PLF
Facade: 20PSF(18 +13 j _ 310PLF

Live: 100PSF(23)=2,300-PLF
65 PSF(23') = 1,495 PLF

A, =38'(23") = 690SF

L= L0[0.25+LJ

\2x690SF

L =0.65L,

wp =400 PLF + 345 PLF + 2737 PLF + 310 PLF = 3792 PLF = 3.8 KLF
w = 1495 PLF = 1.5 KLF

XXVili
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The Regent
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Moments
I, =30
wp = 3.8 KLF
w = 1.5 KLF
ACI 8.3.3 Moments Dead Live Seismic
wl 2
“ 16 214 ft-k 85 ft-k 21 ft-k
wl?
14 244 ft-k 97 ft-k 21 ft-k
wl?
BETY 342 ft-k 135 ft-k 21 ft-k
wl?
T 311 ft-k 123 ft-k 21 ft-k
Red = Worst Case (+) Moment
Blue= Worst Case (-) Moment
Load Combinations
1. 1.2D +1.6L E=pQ; +0.25,,D
2. 1.23D+L+E E =(1)Q; +0.2(0.153)D
3. 093D+ E E=Q +0.03D
(+) Moment = 448 ft-k
Load Case 1 448 ft-k
Load Case 2 419 ft-k
Load Case 3 248 ft-k
() Moment = -627 ft-k
Load Case 1 -627 ft-k
Load Case 2 -577 ft-k
Load Case 3 -339 ft-k
Determine B
6hs = 6(4.5”) = 27" *CONTROLS
Y2 clear span = 0.5(28)(12"/1t) = 168"
Y2 to next beam = 0.5(46’)(127/ft) = 276"
XXIX
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950 N. Glebe Road, Arlington, VA

Flexural Reinforcement

(+)M
+M = 448 ft-k
fc =4 ksi
fy = 60 ksi
#4 stirrups
1.5” cover — bottom
0.75” cover — top
Try (6) #8
d=28.5"-15"-0.5"-0.5(1")
d = 26"
As =6(0.79 in?)
As = 4.74 in?
__ Al
0.85f'ch

oz 4.74in? (60ksi)
0.85(4ksi)(27")
a=3.1"

" 0.85
c=364"  <0375(26")=9.75"- 4 =0.9
M, =g f (d-a/2)
M = O.9(4.74in2)(60ksi)(26"—3'71j
M = 6258in —k
M =522ft—k
M =522ft—k>M, =448f—k - OK
b, = 2(L5")+ 2(0.5") + 6(1") + 5(1")
b, =15'<16"- OK

XXX
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950 N. Glebe Road, Arlington, VA

_3/f'ch,d
fy
A~ 3./4000 psi(16")(26")
min 60000 psi

A, min =1.32in? < 4.74in? . OK

,min

200b,,d
As,min = f
y
A _ 200(16")(26")
i 60000 psi

A, min =1.39In? < 4.74in’ . OK

Use (6) #8 bottom bars

XXXI
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950 N. Glebe Road, Arlington, VA

-M = 627 ft-k

fc =4 ksi

fy = 60 ksi

#4 stirrups

1.5” cover — bottom
0.75” cover — top

Try (8) #8

d=28.5"-0.75"-0.5"-0.625" - 0.5(1")
d=26.13"

As = 8(0.79 in?)
As = 6.32 in?

" fy
0.85f'ch

gz 6.32in* (60ksi)
0.85(4ksi)(16")

a==6.97"

c=8.2" <0.375(26.13") = 9.8". ¢ = 0.9

M, =gA f (d—al2)

. . . 6.97"
A =0.9(6.32in )(60k5|)(26.13 —Tj
M =7,728in—k
MM =644 ft —k
M =644ft—k>M, =627 ft—k . OK

b, =2(.5") +2(0.5") +8(1") + 7(1")
b, =19"< 27" OK

XXXl
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950 N. Glebe Road, Arlington, VA

_3/fch,d
=l

y

A _34/4000 psi(16")(26.13")
i 60000 psi

A, min =1.32in? < 6.32in’ . OK

As,min

200b,d
As,min = f
y
A= 200(16")(26.13")
i 60000 psi

A, i =1.39in? > 6.32in? . OK

Use (8) #8 top bars

XXXIii
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Exterior Girder Shear/Torsion Reinforcement

wy = 1.2D + 1.6L
wy = 1.2(3.8 Kif) + 1.6(1.5 kIf) = 7 kIf

Stirrups

Shear

y 115w, _ 1.15(7k2If)(29) 15K * CONTROLS

: 2

_TKIF (29)

V =101k

u

V. =2,/f'cb,d
V. = 2,/4000 psi(16")(26")
V., =52.6k

0.5¢V =0.5(0.75)V,
0.5¢V,, = 0.5(0.75)(52.6k)
0.5¢V, =19.73k <115k .. Stirrups Re quired

Y
V, =2V

T4
v, =2 5o 61
0.75

S

V, =100.73k
Try #4 Stirrups with two legs A, = 2(0.2in?) = 0.4in?

A

 _ 04in” (60ksi)(26")
100.73k
$=6.19"—>5"
Use 5” spacing = A, =0.321in?

XXXIV
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Torsion

Mjoists = 227 ft'k

T :227ft—k

u

=1135ft —k
1135ft—k

nrea 0,75

=151.3ft—k

T 2AA f,, cotd
" S
0 =45°
fyv = 60 ksi
pn = 2[28.5" — 2(1.5”) — 2(0.5”)] + 2[20” — 2(1.5”") — 2(0.5")] = 73"
Agn = 24.57(127) = 294 in?

Ao = 0.83Acn = 0.85(294) = 250 in?

_ Tn,reqS
~ 2A,f,, cotd
A = 1?12:3ft — k_(5 ) _ 0.025in?
2(250in“)(60ksi) cot(45)
A=2A. +A,

A =2(0.025in%) + 0.321in?
A=0.37in” <0.4in* .. OK

50b,,s
As,min = f
y
A= 50(16")(5")
™ 60000 psi

A, min =0.067in? <0.4in’ . OK

Use #4 closed stirrups with two legs at 5” o.c.

XXXV
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Longitudinal Reinforcement

s=12"
p, cot® @
A| — h AT
S
A - 73"cot? (45)(0.025in?)

12"
A, =0.152in* < A,, =0.2in’

Use #4 longitudinal reinforcement at 12” spacing

XXXVi
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Exterior Girder Deflection Calculations

L =30

D = 3792 PLF
L = 1495 PLF
fc =4,000 psi
| = 30,866 in*

E=w"°33),/f'c
E = (150PCF)**(33)(+/4000 psi
E = 3,834,254 psi

|
ATL,aIIow = %

30'(12"/ ft)
ATL,a\IIow = T

ATL,a\IIow = 1"

|
ALL,aIIow = @
30'(12"/ ft)
ALL,aIIow = T

A =0.75"

LL,allow

~ 5wl?
™ 384El
_ 5(441b/in)(360in)*
™t 384(3,834,254 psi)(30,866in*)
A, =0.81"<1".. OK

_ 5wl*
‘" 384El
_ 5(125Ib/in)(360in)*
‘" 384(3,834,254 psi)(30,866in*)
A, =0.23'<0.75"..OK

XXXVii
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Summary of Actual and Allowable Loads

Interior Girders

M. 782 ft-k M 900 ft-k | OK
M, 1094 ft-k - 1111 ft-k | OK
Vu 200 k N, 318k | OK
Tu 69.7 ft-k o, 92.8 ft-k | OK
Ar 0.91” At aiow (1/360) 1” OK
A 0.36” At anow (1/480) 0.75” OK
Exterior Girders

M, 448 ft-k M 522 ft-k | OK
M, 627 ft-k - 644 ft-k | OK
Vu 115k N, 177 k OK
Ty 114 ft-k o 150 ft-k | OK
Ar 0.81” At aiow (1/360) 1" OK
A 0.23” At anow (1/480) 0.75” OK

XXXViii
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Appendix C

CIP Column Design Calculations

XXXIX
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Column Loads
Dead

Facade
Glass Curtain Wall
Precast

Roof

Typical Floor
Joists (24" Joists)
Joists (16” Joists)
SDL

Girders

Live

Roof
Snow
Mechanical

Typical Floor
Office
Mechanical

Load Combinations

12D +1.6L  *CONTROLS
1.23D+L+E
0.93D + E

Kristin Ruth
Structural Option

15 PSF
20 PSF

38 PSF

119 PSF

95 PSF
15 PSF

600 PLF

30 PSF
150 PSF

100 PSF
150 PSF

x|
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Example of a Column Axial Load Spreadsheet

The Regent

950 N. Glebe Road, Arlington, VA

RedLL 1.6RedLL
Level | DL (k) | LL (k) (k) 1.2DL (k) (k)
Roof 51.8 20.5 11.0 62.2 17.6
12 117.5 68.4 36.7 141.0 58.7
11 117.5 68.4 36.7 141.0 58.7
10 117.5 68.4 36.7 141.0 58.7
9 117.5 68.4 36.7 141.0 58.7
8 117.5 68.4 36.7 141.0 58.7
7 117.5 68.4 36.7 141.0 58.7
6 117.5 68.4 36.7 141.0 58.7
5 117.5 68.4 36.7 141.0 58.7
4 117.5 68.4 36.7 141.0 58.7
3 117.5 68.4 36.7 141.0 58.7
2 120.5 68.4 36.7 144.6 58.7
1347 773 415 1617 664
Column 5,4,28,27,26
Ar= 684 SF
K|_|_= 4
L= 0.54 Lo
Max
Pu 2281 k
1.6LL
1.2DL (k) (k) Pu (k)
10-12 344 135 479
6-12 908 370 1278
1-12 1617 664 2281
xli
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Appendix D

CIP Shearwall Design Calculations
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Shearwall Reinforcement Calculations

Sheavwall Reinforce ment

L'c¢= 4pop BS

1

3" thice

20" \ona (novizoentally )

“

lna, = (00e@')(20)

7 -
JI’-\(/‘ = O.peE1! (;:’O’,) = | GOEr
fc < Pu = lw | 2
J’\- i
Fo .a

T el e 3 ?’j,ni@l 1. (20)
02 (4 K

boumrdary

olele)

2B { e o(2") (20" x
Req'd iongitudinal and

1 *md*!

Acy

Acv = © (12) A int

. [ Aepy = &.nll 1
0.CO01FE @) ( i ‘ I+
use 44U vars
‘lﬁS O
S vead 2(0.2 in2) (17

0. 2F
S iw a2 12

xliii
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Two

/

T2

c

£i): 6.8 Ks|

Mu= 234,50|( ¢r.

elements hneeded

ALYt n S

TVyangverse

reinforve

reinf. reg'cl
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Petcrmine reintorcement for sncav

bars @ 18" ew.
%ﬂ, - 18075 @02
W <

f)n = n{0%2)_b6.00%l¢eT

Assume ¥4

—

P = @ hev (3772 + on fy)
~% 5 (*—F W”/),"'r

[Udoe + 0.00%|GT- @cxm)
= @F;f = > Vi

290K
\I use (2) curtains o ¥4 pars spacec
o+ LB p.e. in kot Worizontal and
' verthcal directions
omin : 015(2) + :'\H?f“‘} t 8.5{9) = ‘| li? = Lk £
xliv
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Shearwall Boundary Element Design Calculations

|
Shearwell Bouwnda vy Element PecigN
woret case lateral jood - wWall 3
V 2 e 20! —t
32.58 2
_ﬁr_‘ e . ‘ ’
I e Nisg < 180,75
Yo ] 2 L’V
2592 4 . 15 he-t2 = 1o 5"
29,05 1% \
2852 ey = ll M- = 5818
271.86"__,| Pl | \ ‘
LA™ b L Y 7 \
20,555 L ] o} 13 e, | ,
o3 — |
18,55 gl I 1% e
.2% | e [
29.62% | 4 13 |
L0050 - ”»ﬁ——“——____,wl’/"
il 18! I

Miz = 29.82 (18') + 21,26 (21) + 28 55(44') + 27,52 (21') |
20.55 (10') + 2701 (82’) + 27.86 (9¢') + 28 .52 (107")
+99.05 (172') +75.93 (1Z5') + 4y 172 (H4e’)
+ 327,58 (18015 ") i
=12 = 24,501 pFrr (feictoved  eriveady)
s ! v L4 3 i r{ e I
f\']fj_!rL =

L1 (12') + 7. 8¢ (20') * 18.52(39")
20,05 (B2') + 29593 (05') + Yy, 17 (18"

7

= /
r272.56 (1107%')
© 12,5872 EriE factored ;-*;regd\/)
Mio-1n = 2593 (13°) + 44172 (') + 32.58 (5875!)
= W44 Froee
Pwum, -1z = 3 b, 50|l _ 1,151 K
T @207
Puwn, g-12 = 12,482 F1.K 417
20
Pwu, r0-12 - E il W g
Zo!
xlv
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eok. 1¢ I1,'FL, 19 ,'Cay 2
[ DL | Lle [vew | Mx | My |
o-12. |34 | 1203 [ (1Y C17 ns
-12 [0S | 4sn T | Y417 i "5
=12 | 792 1a3.a | 115 aL 115
I Ltoad combinati ons’
=12 e’ oz
4D 21508
2D+ GL > o o |
1. 2D +0.8w 2325 L
LD+ oW+l (Head  I07¢e T4e
cal, \0,||,|'2‘ 19,20, 1]
TOP Pu= The Kk SCIF = 199K |aseif -
Mx = 92 Frre
My = 11D Froe 1 8% 1B | ‘
Pu="T170 & (L{,?Hq
Mid Pu: 2100 se1€é:= H9 12self = 59
M= 1 e L
My= 115 50520 |
et e
2ot Pu= Y77 Sele= 95 1,281 - 119
Mx= 9L —
My= 115 K2a472 | ¢Pa=yyug
Pu= 4232 (20) # OJ\ dMnre a3
B = dJMﬂ\,:‘- qu
Hand Cale, (apam’r\.{ ch eor<
Aﬂ‘ (%@)(%G) "2"’(0 in®
Att = H42.08 in*
pee 1368 . 0.923104 0.0
12%(p < 0.0

EPn=6.8(07) [0.685(5 ksi) (1296 - 42.08
L, u—f&z-

PP G448 K=

) t 00 (43.08)]
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i . 15
col. 13,18
| 1ew | Mc | My |
0-12 | 218 102 1 G 589
-\2 Boo DBl Ui qe 589
i=¥z | 1685 | "HY | (15 Az 589
Load Combinations l=li@ le=117. lo-12
(Y12 2218
2Pl 2045
LD+ 0.8W 2918
L2+ hew L 1T 39 475 |
col. 12,16
ToP Pu= 478 selfF— 25,4 12 se1f = 42,5
M= 2
Mcj'—:aq
Pu- 62—‘. f’_L}xQ.Li
— 1249
Mid Pu= 17129+ U4 182 Self 2= 59
Mx=-A2 ——— )
Pu= | BH | |2~ F*SJ
Bot JPW'- %~](0—]+ L“%"E)ot 7—%6@0[ ce|f - 1.2 = li%
Mr =972 S
My = %89 B x5
Pu= 2982 24- 410
Hand calc. colpacity cneck! $Pn= H02¢ K
e : PMnx= A2 FTH
Rg = 30(3e) = 1190 in" Aty e
A?r: AT dMny=587T FT K
e 2049 . 0.072% 70,
120w Vit O;O(‘g
&P =08 (071)(085(5) (129¢-30,48) * Go (30,457
- Ho2p k ¥ 2983 .. o¥—
= Y020 ¥ 1 0K
xlvii
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Shearwall Deflections

950 N. Glebe Road, Arlington, VA

Wall Max Ax Max Ay Max Az
E/S W/IN E/S W/N E/S WI/N
1 2.053982”" | 2.032261” | 1.503888” | 1.503888” | 0.164363” | -0.161891"
2 2.053982”" | 2.032261” | 1.547330” | 1.547330” | 0.012486" | -0.289300"
3 2.053982" | 2.032261” | 1.570137" | 1.570137” | 0.148668" | -0.150556"
4 2.053982” | 2.053982” | 1.526333” | 1.547330” | 0.424625” 0.012286”
5 2.032261" | 2.032261” | 1.526333" | 1.547330” | 0.137942" | -0.289300"
A= h _180.75 @z"/ ft) 540

allow

400

400

All shearwall deflections are less than the allowable 5.42” . OK

Kristin Ruth
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Appendix E

Representative Spread Footing
Design Calculations
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950 N. Glebe Road, Arlington, VA

Spread Footing Design — E-7
Loads

Axial Loads from Tower

D = 1956 k
LLr = 794k
w = 720k
Garage Loads
Level LL SDL Slab Thickness Drop Size
1 100 PSF 15 PSF 9” 10'x10'x5.5”
G1 50 PSF 15 PSF 8” 10'x10’x5.5”
G2 50 PSF 15 PSF 8” 10'x10’x5.5”
G4 50 PSF 15 PSF L s
Level 1
LL: 100(0.5) PSF(900 SF) =45,000 LB
SDL: 15 PSF(900 SF) =13,500 LB
Drops: 10°(10°)(5.5"/12)(150 PCF) =6,875LB
Slab: 97/12(900 SF)(150 PCF) =101,250 LB
Column: (42"x42”)/144in%(10’)(150 PCF) =18,375 LB
Level G1 and G2
LL: 25 PSF(900 SF) =22,500 LB
SDL: 15 PSF(900 SF) =13,500 LB
Drops: 10°(10°)(5.5"/12)(150 PCF) = 6,875LB
Slab: (87/12)(900 SF)(150 PCF) = 90,000 LB
Column: (42°x42”)/144in%(10’)(150 PCF) =18,375 LB
Level G3
LL: 25 PSF(900 SF) =22,500 LB
SDL: 15 PSF(900 SF) =13,500 LB
Slab: (47/12)(900 SF)(150 PCF) = 45,000 LB
Column: (42°x42”)/144in?(3’)(150 PCF) = 5513 LB
D =462k
L=113k
I
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Service: 4,045 k

Factored: 1.2D + 1.6W + L =4,961 k

Moments are negligible.
Footing Size and Reinforcement

q, = 40KSF (soils report)

4961k
4= (10.5')2
q = 45KSF
g =312.5PSI

fc = 3000 psi (Structural Notes)

42" x 42” column
Df = 36”

Try #11 bars
v, =g4f'c

v, = 0.75(4)~/3000 psi
Vv, =164 psi

C

dz[vC Jrij+d[vC +EJWZE(BL—W2)
P 2 4

950 N. Glebe Road, Arlington, VA

d 2(164 psi + @j + d(164 psi + 3125 P j42": 312.; P (12672 _42)

d =45.2"

h=452"+3"+1.41"
h =49.61"

Kristin Ruth
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950 N. Glebe Road, Arlington, VA

d=50"-3"-1.41"=45.6"

105-35
2
|=35

2
_ 45KSF(3.5')°
u _f
M, = 275.6 ft —k

M

ao BT
0.85f'ch
A (60ksi)
~0.85(3ksi)(12")
a=196A,

Ivlu :¢N|n :mfy(d_gj

275.6 ft —k(12in/ ft) = 0.9A, (60ksi)(45.6"—%j

A, >1.33in* <1.56in” .. OK

_A
bh
_ 1.56in?
P =151
= 0.002549 > 0.0018 . OK

P

a = 1.96(1.56in?) = 3.06in
¢ = 3.06in/0.85 = 3.6” <0.375(45.6") = 17.1”  $=0.9
lii
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950 N. Glebe Road, Arlington, VA
#B, = $(0.85) f'cA

M, = 0.65(0.85)(3ksi)(42")?

#B, =2,924k(2) =5,848k > 4,961k .. OK

ACIl 22.5.5

2
A = 1262 =3->2
A\ 42
As,min = 0'005A00|

A, min = 0.005(42in)?
A min =8.82in% <9.48in% = A,

Use 10.5’ x 10.5’ x 50” square footing with (11) #11 each way and (12) #8 dowels

liii
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950 N. Glebe Road, Arlington, VA

Spread Footing Design — E-9
Loads

Axial Loads from Tower

D =2141k
LLr = 715k

Garage Loads

Level LL SDL Slab Thickness Drop Size

1 100 PSF 15 PSF 9” 10'x10°’x5.5”
G1 50 PSF 15 PSF 8” 10'x10'x5.5”
G2 50 PSF 15 PSF 8” 10'x10°x5.5”
G4 50 PSF 15 PSF S N ——

Level 1

LL: 100(0.5) PSF(900 SF) = 45,000 LB

SDL: 15 PSF(900 SF) =13,500 LB

Drops: 10°(10°)(5.57/12)(150 PCF) = 6,875LB

Slab: 97/12(900 SF)(150 PCF) =101,250 LB

Column: (42"x42”)/144in%(10’)(150 PCF) =18,375LB

Level G1 and G2

LL: 25 PSF(900 SF) =22,500 LB

SDL: 15 PSF(900 SF) =13,500 LB

Drops: 10°(10°)(5.57/12)(150 PCF) = 6,875LB

Slab: (87/12)(900 SF)(150 PCF) = 90,000 LB

Column: (42°x42”)/144in%(10’)(150 PCF) =18,375LB

Level G3

LL: 25 PSF(900 SF) =22,500 LB

SDL: 15 PSF(900 SF) =13,500 LB

Slab: (47/12)(900 SF)(150 PCF) = 45,000 LB

Column: (42°x42”)/144in%(3’)(150 PCF) = 5513 LB

D =462k

L=113k

Service: 3,431k
Factored: 1.2D + 1.6L = 4,448 k
Moment are negligible.
liv
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Footing Reinforcement

q, = 40KSF (soils report)

q>E
A

40KSF > 3,434k

82

B> 9.26'
B=9.5

qu

4448k
1 o5y’
q = 49.3ksf
q =342.3psi

fc = 3000 psi (Structural Notes)

42" x 42” column

Try #11 bars

v, =¢4,/f'c
v, = 0.75(4)~/3000 psi
v, =164 psi

dz(vc +iJ+d[vC +E]WZE(BL—W2)
i 2) 4

C

950 N. Glebe Road, Arlington, VA

d 2(164 psi + @j " d[164 psi + 342;’ P! j42": 342'43 Pl 1142 42)

d = 39.96"
h=239.96"+ 3" + 1.41”
h=44.41

h = 45’

d=45"-3"—141"=406"

Kristin Ruth
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950 N. Glebe Road, Arlington, VA

2
M. = 49.3KSF(3.25')?
! 2
M, =260.4 ft —k
ao BT
0.85f'ch
_ A(60ksi)
~0.85(3ksi)(12")
a=196A,

Ivlu :¢N|n :Mfy(d_gj

260.4 ft —k(12in/ ft) = 0.9A, (60ksi)(40.6"—%j

A, >1.38in* <1.56in° .. OK

_A
bh
_ 1.56in’
P = 127507
p=0.0026 > 0.0018 . OK

P

a = 1.96(1.56in?) = 3.06 in

¢ =3.06in/0.85 = 3.6" <0.375(40.6") = 15.2"

#B, = $(0.85) f 'cA
B, = 0.65(0.85)(3ksi)(42")’
#B. = 2,924k (2) = 5,848k > 4,448k . OK
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ACl 22.5.5

2
/% =1/142202 =2.85->2
2

A, in =0.005A
A, min = 0.005(42in)?
A min = 8.82in” <9.48in’° = Aizyss

Use 9.5’ x 9.5’ x 45” square footing with (10) #11 each way and (12) #8 dowels

Ivii
Kristin Ruth Senior Thesis Spring 2006
Structural Option Architectural Engineering



The Regent

950 N. Glebe Road, Arlington, VA

Appendix F

Roof Design Calculations
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Roof Joist Calculations and Design — 46’ Span

RooF Joists - snow on %)
~ R B L !
P = L@

Loonds

Dea ol
SPDL = 15 F
Insutat ovt = |.5 FSF
Built-up root = (.5 PSE
Met+toa | beck- = 2 ¥PsE
3018tS = (.G H.7 f
25 PSF ¢
| 20 PSF
LYvE —_—
Show = 20 PSF
=, I5PSF(HW4')=s |00 PLF + le@PLF T PLF
L 20 FPSF(Y4') = 120 FLE
Wu = L2 + LWe (120)
W 27 .4 plé
Use A KD
A= 20"
TL= 220 > 3272 4., OK
LL= 203 » |92 't O Jq(gffﬁ cleciect
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Roof Joist Calculations and Design — 30’ Span

Koof ZToists - Mechanical & cnow

Loact s
Ueac
SDL = )5 iBF
Isu ot e = .5 PSF
5 E t-up voot =G .5 PSF
Meter | Pecks = 2, PSF
i
ol 5ts = 42 &.1 PSF
25 PSF
= g
!
o = b
1% W PSF(NB) + 12,1 = By
L 20(1.5) =45 pl&
150(1.5): 225 Pif

/”! x (I\
= s4Y > HHY 0K
L= 5E > 437 OF i i Aceree
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Roof Deck Calculations and Design — 46’ Span

Koof Deck - snovw oni
Dec
< DY - 1= pct
Insulatiorn(Rigicl) = L5 PSF
!‘warl‘.‘*l'!D KOO F = .5 PSF
(5 pivy Felt 2 ara ;r‘i}
Me+r Dere i = 9 poE
Vit > e E
E ] L Psi

Ve
S owvd = 3 =
< PO !
D=5+ i ca fa R r he pPekE
oo (= ~ C
L4 D
\ n p 1 “G"L 4 0.5 ‘
s | D+ {.5 # L.
Wus 12(25 @(%0)= T8 PSE < 224 pSF . o
\
€ TA e Ty PE evrmmeolic i Vere |
& i
IS i
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RooF D¢ - Mechanica
I
SPhL
‘!/._,- (11
.J;:{., ) I
W et Deck
LIve,
oW/ = 2 PSE
> |5~ o —
span 2!
Load comlpos
12D+ L.l + 0,58
2 G &S + L
AL o & |.Co 5 2877 e z a
J L2(2G) + .G (¢ R=Te
1S € D onae , pe F Intermediate Rib DPec
== J
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Appendix G

Cost Analysis Calculations
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Concrete System Cost Analysis — Typical Floor

| Cost | Joists/Slab
Unit Cost Total Cost
Quantity | Unit | Material | Labor | Equip. | Material Labor Equip.
03310-220-0300 | Concrete 1100 CY | $91.00 $0.00 | $0.00 | $100,100 $0 $0
03210-600-0400 | Reinf. 64 Ton | $905.00 | $435.00 | $0.00 | $57,920 | $27,840 $0
03110-420-3760 | Formwork | 24250 | SF $2.78 $3.45 | $0.00 | $67,415 | $83,663 $0
03310-700-1600 | Placement 1100 CY | $0.00 $10.55 | $4.13 $0 $11,605 | $4,543
03310-300-0010 | Finishing 24250 | SF $0.00 $0.31 $0.00 $0 $7,518 $0
$225,435 | $130,625 | $4,543
| Cost | Girders |
Unit Cost Total Cost
Quantity | Unit | Material | Labor | Equip. | Material Labor Equip.
03310-220-0300 | Concrete 117 94 $91.00 $0.00 | $0.00 | $10,647 $0 $0
Reinf. $0 $0 $0
03210-600-0100 #3-#7 11.33 Ton | $855.00 | $790.00 | $0.00 | $9,687 $8,951 $0
03210-600-0150 #8-#18 24.53 Ton | $855.00 | $470.00 | $0.00 | $20,973 | $11,529 $0
Formwork $0 $0 $0
03110-405-2650 Interior 3464 SFCA | $0.97 $4.20 | $0.00 | $3,360 | $14,549 $0
03110-405-1650 Exterior 4208 SFCA | $0.96 $5.10 | $0.00 | $4,040 | $21,461 $0
03110-700-0200 | Placement 117 CY $0.00 $21.00 | $8.25 $0 $2,457 | $965
$48,707 | $58,946 | $965
| Cost | Columns |
Unit Cost Total Cost
Quantity Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0400 | Concrete 99 CY $96.00 $0.00 | $0.00 | $9,504 $0 $0
03210-600-0250 | Reinf. 14.1 Ton | $855.00 | $550.00 | $0.00 | $12,056 | $7,755 $0
Formwork
03110-410-6650 24"x24" 728 SFCA | $0.83 $4.51 $0.00 $604 $3,283 $0
03110-410 30"x30" 1820 SFCA | $0.79 $4.40 | $0.00 | $1,438 | $8,008 $0
03110-410-7150 36"x36" 1560 SFCA | $0.74 $4.29 | $0.00 | $1,154 | $6,692 $0
Placement
03310-700-0800 24"x24" 13.5 CY $0.00 $20.50 | $8.10 $0 $277 $109
03310-700 30"x30" 42.2 CY $0.00 $17.03 | $6.70 $0 $719 $283
03310-700-1000 36"x36" 44 CcY $0.00 $13.55 | $5.30 $0 $596 $233
$24,756 | $27,330 | $625
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| Cost | Shearwalls |
Unit Cost Total Cost
Quantity Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0300 | Concrete 49 CY $91.00 $0.00 | $0.00 | $4,459 $0 $0
03210-600-0700 | Reinforcement 0.89 Ton | $810.00 | $420.00 | $0.00 $721 $374 $0
03110-455-8060 | Formwork 3900 SFCA | $0.83 $2.10 | $0.00 | $3,237 | $8,190 $0
03310-700-4950 | Placement 49 CcY $0.00 $19.00 | $7.45 $0 $931 $365
03350-350-0020 | Finishing 3900 SF $0.03 $0.51 $0.00 $117 $1,989 $0
$8,534 | $11,484 | $365
| Cost | ShoringJ
Unit Cost Total Cost
Quantity | Unit | Material | Labor | Equip. | Material | Labor | Equip.
03150-600-1500 | Reshoring | 24,250 SF $0.42 $0.41 | $0.00 | $10,185 | $9,943 $0
Shores
03150-600-3050 | (12 mon.) | 24,250 SF $5.76 $0.00 | $0.00 | $139,680 $0 $0
$149,865 | $9,943 $0
Total Cost |Concrete |
Material Labor Equipment
Joists/Slab $225,435 | $130,625 $4,543
Girders $48,707 $58,946 $965
Columns $24,756 $27,330 $625
Shearwalls $8,534 $11,484 $365
Shoring/Reshoring | $149,865 $9,943 $0
$457,297 | $238,328 $6,498
$702,123
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Concrete System Cost Analysis — Spread Footings

Cost: Square Footing E-7 Concrete System

| | |
Unit Cost Total Cost
ltem Quantity | Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0150 | Concrete 17 CY $87.00 $0.00 | $0.00 | $1,479 $0 $0
03210-600-0550 | Reinforcement 0.61 ton | $770.00 | $350.00 | $0.00 $470 $214 $0
03110-430-5150 | Formwork 175 SFCA | $0.59 $2.59 | $0.00 $103 $453 $0
Placement
03310-700-2600 | (direct chute) 17 CY $0.00 $11.55 | $0.36 $0 $196 $6
$2,052 | $863 $6
$2,921
Cost: Square Footing E-9 Concrete System | |
Unit Cost Total Cost
ltem Quantity | Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0150 | Concrete 12.53 CcY $87.00 $0.00 | $0.00 | $1,090 $0 $0
03210-600-0550 | Reinforcement 0.53 ton | $770.00 | $350.00 | $0.00 $408 $186 $0
03110-430-5150 | Formwork 143 SFCA | $0.59 $2.59 | $0.00 $84 $370 $0
Placement
03310-700-2600 | (direct chute) 12.53 CY $0.00 $11.55 | $0.36 $0 $145 $5
$1,583 | $701 $5
$2,288
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Steel System Cost Analysis — Typical Floor

Cost | Slab |
Unit Cost Total Cost
Quantity | Unit | Material | Labor | Equip. | Material Labor Equip.
03310-220-1010 | Concrete 356 CY | $109.00 | $0.00 | $0.00 | $38,804 $0 $0
03210-200-0100 | WWF 242.5 CSF | $12.00 | $18.05 | $0.00 | $2,910 | $4,377 $0
Edge
03110-420-6650 Forgm 199.5 | SFCA | $0.50 $4.77 | $0.00 $100 $952 $0
03310-700-1400 | Placement 356 CYy $0.00 | $13.55 | $5.30 $0 $4,824 | $1,887
$41,814 | $10,153 | $1,887
Cost Metal Deck |
Unit Cost Total Cost
Area
(SF) Material | Labor | Equip. | Material | Labor | Equip.
3"-20
05310-300-5800 gauge 24,250 $1.71 | $0.43 | $0.03 | $41,468 | $10,428 | $728
$41,468 | $10,428 | $728
Cost Beams |
Unit Cost Total Cost
Length
(ft) Material | Labor | Equip. | Material Labor Equip.
05120-640-0300 | W8x10 6.5 $10.45 | $3.63 | $2.38 $68 $24 $15
05120-640-1100 | W12x14 40 $14.65 | $2.48 | $1.62 $586 $99 $65
05120-640-2700 | W16x26 447 $27.00 | $2.18 | $1.43 | $12,069 $974 $639
05120-640-2900 | W16x31 157 $32.50 | $2.42 | $1.59 $5,103 $380 $250
05120-640-3300 | W18x35 148 $36.50 | $3.28 | $1.58 $5,402 $485 $234
05120-640-3500 | W18x40 122 $42.00 | $3.28 | $1.58 $5,124 $400 $193
05120-640-3520 | W18x46 823 $48.00 | $3.28 | $1.58 | $39,504 $2,699 $1,300
05120-640-3700 | W18x50 322 $52.50 | $3.46 | $1.66 | $16,905 $1,114 $535
05120-640-3900 | W18x55 92 $57.50 | $3.46 | $1.66 $5,290 $318 $153
05120-640 W18x60 76 $62.75 | $3.48 | $1.67 $4,769 $264 $127
05120-640-3920 | W18x65 136 $68.00 | $5.50 | $1.68 $9,248 $748 $228
05120-640-4100 | W21x44 330 $46.00 | $2.96 | $1.42 | $15,180 $977 $469
05120-640-4900 | W24x55 189 $57.50 | $2.84 | $1.37 | $10,868 $537 $259
05120-640-5100 | W24x62 103 $65.00 | $2.84 | $1.37 $6,695 $293 $141
05120-640-5300 | W24x68 37 $71.00 | $2.84 | $1.37 $2,627 $105 $51
05120-640-5500 | W24x76 43 $79.50 | $2.84 | $1.37 $3,419 $122 $59
05120-640-5800 | W27x84 86 $88.00 | $2.65 | $1.27 $7,568 $228 $109
05120-640-6300 | W30x108 43 $113.00 | $2.63 | $1.26 $4,859 $113 $54
05120-640 W30x124 43 $129.50 | $2.72 | $1.31 $5,569 $117 $56
3243.5 $160,851 $9,998 $4,937
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Cost | Columns |
Unit Cost Total Cost
Length
(ft) Material Labor Equip. | Material | Labor Equip.
05120-260-7200 | W12x87 26 $91.00 $2.21 $1.45 $2,366 $57 $38
05120-260 W14x90 13 $102.00 | $2.24 $1.47 $1,326 $29 $19
05120-260 W14x99 13 $102.00 | $2.24 $1.47 $1,326 $29 $19
05120-260 W14x132 39 $139.75 | $2.30 $1.51 $5,450 $90 $59
05120-260 W14x145 39 $154.50 | $2.33 $1.53 $6,026 $91 $60
05120-260 W14x159 13 $169.25 | $2.36 $1.54 $2,200 $31 $20
05120-260-7450 | W14x176 78 $184.00 | $2.39 $1.56 | $14,352 $186 $122
05120-260 W14x193 39 $198.75 | $2.42 $1.58 $7,751 $94 $62
05120-260 W14x211 26 $213.50 | $2.45 $1.60 $5,551 $64 $42
05120-260 W14x233 26 $228.25 | $2.48 $1.62 $5,935 $64 $42
05120-260 W14x257 91 $243.00 | $2.51 $1.64 | $22,113 $228 $149
403 $74,396 $964 $631
Braced Frame
Cost Members
Unit Cost Total Cost
Length
(ft) Material | Labor | Equip. | Material | Labor | Equip.
05120-640-3700 | W18x50 60 $52.50 | $3.46 | $1.66 | $3,150 $208 $100
05120-640-3920 | W18x65 30 $68.00 | $3.50 | $1.68 | $2,040 $105 $50
05120-640 W18x71 30 $73.75 | $3.50 | $1.68 | $2,213 $105 $50
05120-640 W18x97 30 $100.50 | $3.50 | $1.68 | $3,015 $105 $50
05120-260 HSS 8x8x3/8 48 $39.64 | $3.11 | $2.04 | $1,903 $149 $98
05120-260 HSS 8x8x5/8 48 $39.64 | $3.11 | $2.04 | $1,903 $149 $98
HSS
05120-260 10x10x1/2 48 $64.06 | $2.84 | $1.84 | $3,075 $136 $88
HSS
05120-260 10x10x5/8 35 $64.06 | $2.84 | $1.84 | $2,242 $99 $64
HSS
05120-260 12x12x1/2 35 $83.06 | $2.64 | $1.69 | $2,907 $92 $59
364 $22,447 | $1,149 | $659
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Total Cost | Steel
Material Labor Equipment
Slab on Deck $41,814 $10,153 $1,881
Metal Deck $41,468 $10,428 $728
Beams $160,851 $9,998 $4,937
Columns $74,396 $964 $631
Braced
Members $22,447 $1,149 $659
$340,976 $32,692 $8,836
$382,504

Steel System Cost Analysis — Spread Footings

Cost: Square Footing E-7 Steel System

Kristin Ruth
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Architectural Engineering

| | |
Unit Cost Total Cost
ltem Quantity | Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0150 | Concrete 12.5 CY $87.00 $0.00 | $0.00 | $1,088 $0 $0
03210-600-0550 | Reinforcement 0.54 ton | $770.00 | $350.00 | $0.00 $416 $189 $0
03110-430-5150 | Formwork 150 SFCA | $0.59 $2.59 | $0.00 $89 $389 $0
Placement
03310-700-2600 | (direct chute) 12.5 CYy $0.00 $11.55 | $0.36 $0 $144 $5
$1,592 | $722 $5
$2,318
Cost: Square Footing E-9 Steel System | |
Unit Cost Total Cost
ltem Quantity | Unit | Material | Labor | Equip. | Material | Labor | Equip.
03310-220-0150 | Concrete 7.5 CY $87.00 $0.00 | $0.00 $653 $0 $0
03210-600-0550 | Reinforcement 0.33 ton | $770.00 | $350.00 | $0.00 $254 $116 $0
03110-430-5150 | Formwork 101.3 | SFCA | $0.59 $2.59 | $0.00 $60 $262 $0
Placement
03310-700-2600 | (direct chute) 7.5 CY $0.00 $11.55 | $0.36 $0 $87 $3
$966 $464 $3
$1,434
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Appendix H

Schedule Analysis Calculations
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Concrete System Schedule Analysis — Typical Floor

| Schedule | Joists/Slab |
Daily # of
Quantity Unit Crew Output Days
03310-220-0300 | Concrete 1100 CY
12
03210-600-0400 Reinforcement 64 Ton Rodm 8.7 7.356
03110-420-3760 | Formwork 24250 SF (5) C-2 2400 10.104
03310-700-1600 | Placement 1100 Cy C-20 180 6.111
03310-300-0010 | Finishing 24250 SF 4 Cefi 3600 6.736
30.308
31 days
| Schedule | Girders |
Daily # of
Quantity Unit Crew Output Days
03310-220-0300 | Concrete 117 CYy
Reinforcement
12
03210-600-0100 #3-#7 11.33 Ton Rodm 4.8 2.360
12
03210-600-0150 #8-#18 24.53 Ton Rodm 8.1 3.028
Formwork
03110-405-2650 Interior 3464 SFCA (5) C-2 1977 1.752
03110-405-1650 Exterior 4208 SFCA (5) C-2 1625 2.590
03110-700-0200 | Placement 117 CY C-20 90 1.300
11.030
12 days
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| Schedule | Columns |
# of
Quantity Unit Crew Daily Output Days
03310-220-0400 Concrete
12
03210-600-0250 Reinforcement 14 1 Ton Rodm 6.9 2.043
Formwork
03110-410-6650 24"x24" 728 SFCA (5) C-1 1190 0.612
03110-410 30"x30" 1820 SFCA (5) C-1 1120 1.625
03110-410-7150 36"x36" 1560 SFCA (5) C-1 1250 1.248
Placement
03310-700-0800 24"x24" 13.5 CY C-20 92 0.147
03310-700 30"x30" 44 CY C-20 116 0.379
03310-700-1000 36"x36" 42.2 CY C-20 140 0.301
6.356
7 days
| Schedule | Shearwalls |
# of
Quantity Unit Crew Daily Output Days
03310-220-0300 Concrete 49 CY
12
03210-600-0700 Reinforcement 0.89 Ton Rodm 9 0.099
03110-455-8060 Formwork 3900 SFCA (5) C-2 3950 0.987
03310-700-4950 Placement 49 CYy C-20 100 0.490
03350-350-0020 Finishing 3900 SF 4 Cefi 2160 1.806
3.382
4 days
| Schedule | ShoringJ
# of
Quantity Unit Crew Daily Output Days
03150-600-1500 Reshoring 24,250 SF 5 carp. 7000 3.464
Shores
03150-600-3050 (12 mon.) 24,250 SF 5 carp. 7000 3.464
6.93
7 days
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Final Schedule | Concrete |
# of Days

Joists/Slab 30.31
Girders 11.03
Columns 6.36
Shearwalls 3.38
Shoring/Reshoring 6.93

58.01

58 days

Concrete System Schedule Analysis — Spread Footings

Kristin Ruth
Structural Option

Schedule: Square Footing E-7 Concrete System
Daily # of
ltem Quantity | Unit Crew Output Days
03310-220-0150 | Concrete 17 CY
03210-600-0550 | Reinforcement 0.61 ton 4 Rodm 3.60 0.17
03110-430-5150 | Formwork 179 SFCA C-1 414.00 0.43
Placement
03310-700-2600 | (direct chute) 17 CY C-6 120.00 0.14
0.74 day(s) |
Schedule: Square Footing E-9 Concrete System
Daily # of
ltem Quantity | Unit Crew Output Days
03310-220-0150 | Concrete 12.53 CY
03210-600-0550 | Reinforcement 0.53 ton 4 Rodm 3.60 0.15
03110-430-5150 | Formwork 167 SFCA C-1 414.00 0.40
Placement
03310-700-2600 | (direct chute) 12.53 CY C-6 120.00 0.10
0.66 day(s) |
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Steel System Schedule Analysis — Typical Floor

| Schedule | Slab |
# of
Quantity Unit Crew Daily Output Days
03310-220-1010 | Concrete 356 CY
03210-200-0100 | WWF 242.5 CSF 2 Rodm 35 6.929
03110-420-6650 | Edge Form 199.5 SFCA C-1 225 0.887
03310-700-1400 | Placement 356 4 C-20 140 2.543
10.358
11 days
Schedule | Metal Deck |
Daily # of
Area (SF) Crew Output Days
05310-300-5800 | 3"-20 gauge 24,250 E-4 3000 8.083
8.083
9 days
Schedule Beams |
Length Daily
(ft) Crew Output # of Days
05120-640-0300 W8x10 6.5 E-2 600 0.011
05120-640-1100 W12x14 40 E-2 880 0.045
05120-640-2700 W16x26 447 E-2 1000 0.447
05120-640-2900 W16x31 157 E-2 900 0.174
05120-640-3300 W18x35 148 E-5 960 0.154
05120-640-3500 W18x40 122 E-5 960 0.127
05120-640-3520 W18x46 823 E-5 960 0.857
05120-640-3700 W18x50 322 E-5 912 0.353
05120-640-3900 W18x55 92 E-5 912 0.101
05120-640 W18x60 76 E-5 906 0.084
05120-640-3920 W18x65 136 E-5 900 0.151
05120-640-4100 W21x44 330 E-5 1064 0.310
05120-640-4900 W24x55 189 E-5 1110 0.170
05120-640-5100 W24x62 103 E-5 1110 0.093
05120-640-5300 W24x68 37 E-5 1110 0.033
05120-640-5500 W24x76 43 E-5 1110 0.039
05120-640-5800 W27x84 86 E-5 1190 0.072
05120-640-6300 W30x108 43 E-5 1200 0.036
05120-640 W30x124 43 E-5 1160 0.037
3244 3.296
4 days
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Schedule | Columns |
Length Daily # of
(ft) Crew Qutput Days
05120-260-7200 | W12x87 78 E-2 984 0.079
05120-260 W14x90 39 E-2 972 0.040
05120-260 W14x99 39 E-2 972 0.040
05120-260 W14x132 117 E-2 948 0.123
05120-260 W14x145 117 E-2 936 0.125
05120-260 W14x159 39 E-2 924 0.042
05120-260-7450 | W14x176 234 E-2 912 0.257
05120-260 W14x193 117 E-2 900 0.130
05120-260 W14x211 78 E-2 888 0.088
05120-260 W14x233 78 E-2 876 0.089
05120-260 W14x257 273 E-2 864 0.316
1209 1.330
2 days
Braced Frame
Schedule Members
Daily # of
Length (ft) Crew Output Days
05120-640-3700 W18x50 60 E-5 912 0.066
05120-640-3920 W18x65 30 E-5 900 0.033
05120-640 W18x71 30 E-5 900 0.033
05120-640 W18x97 30 E-5 900 0.033
05120-260 HSS 8x8x3/8 48 E-2 700 0.069
05120-260 HSS 8x8x5/8 48 E-2 700 0.069
05120-260 HSS 10x10x1/2 48 E-2 768 0.063
05120-260 HSS 10x10x5/8 35 E-2 768 0.046
05120-260 HSS 12x12x1/2 35 E-2 828 0.042
364 0.453
1 day
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Final Schedule | Steel |
# of
Days
Slab on Deck 10.36
Metal Deck 8.08
Beams 3.30
Columns 1.33
Braced
Members 0.45
23.52
24 days
IXxvi
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Steel System Schedule Analysis — Spread Footings

Schedule: Square Footing E-7 Steel System
Daily # of
Item Quantity | Unit Crew Output Days
03310-220-0150 | Concrete 12.5 CcY
03210-600-0550 | Reinforcement 0.54 ton 4 Rodm 3.60 0.15
03110-430-5150 | Formwork 150 SFCA C-1 414.00 0.36
Placement
03310-700-2600 | (direct chute) 12.5 CcY C-6 120.00 0.10
0.62 | day(s) |
Schedule: Square Footing E-9 Steel System
Daily # of
Item Quantity | Unit Crew Output Days
03310-220-0150 | Concrete 7.5 CYy
03210-600-0550 | Reinforcement 0.33 ton 4 Rodm 3.60 0.09
03110-430-5150 | Formwork 101.3 | SFCA C-1 414.00 0.24
Placement
03310-700-2600 | (direct chute) 7.5 CcY C-6 120.00 0.06
0.40 | day(s) |
Ixxvii
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Appendix |

Design Load Calculations
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Wind Loads (Steel and Concrete Systems)

Assumptions

o

o

o

Assumed fixed at ground level even though there is a 3-level parking garage
below grade

Building shape, in plan and elevation, was assumed rectangular with the
dimensions being 222.5’ in the North / South direction and 119’ in the East /
West direction and a height of 180.75’, which is the tallest height
measurement for the building. See framing plans and elevations for actual
building shape and dimensions.

NOTE: These assumed building shapes and dimensions were used to
calculate the pressure profiles along the height of the building for a
conservative approach. When the actual forces to each floor were calculated,
actual building dimensions and shapes were used.

The wind load calculation procedures were taken from ASCE 7-02, Chapter 6.
Method 2: Analytical Procedure (Sec. 6.5) was used for this building.

Building Information

O O O O O

N-S direction — Shearwalls/Braced Frames

E-W direction — Shearwalls/Braced Frames

Location: Arlington, VA

Exposure B

Building Use: Office (Primary), Retail (1*! Level), Parking (Below Grade)

Velocity Pressure

O O O O O

Kristin Ruth

Kxi=1.0 (Fig. 6-4) area is flat
Kq=0.85 (Table 6-4) Building MWFRS
V =90 mph (Fig. 6-1)

Use Group |l (Table 1-1)

1=1.0 (Table 6-1)

IXXix
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From Table 6-3 (Exposure B, Case 2)

z (ft) Kz
0-15 0.57
20 0.62
25 0.66
30 0.70
40 0.76
50 0.81
60 0.85
70 0.89
80 0.93
90 0.96
100 0.99
120 1.04
140 1.09
160 1.13
180 1.17
200 1.20

g, =0.00256K , KV ?IK,

q, = 0.00256(1.0)(0.85)(90)2 (L.O)K,
q, =17.63K, PSF

g, =17.63(1.17%) *linear interpolation
q, = 20.65PSF

External Pressure Coefficients (Fig. 6-6)

Windward Wall: Cp=0.8

Leeward Wall:
N-S: L/B =222.5'/119 = 1.87 Cp =-0.326* *linear interpolation
E-W: L/B=119/222.5 =053 Cp=-0.5

Internal Pressure Coefficients (6.5.11.1)
GC,i = +0.18

=-0.18
gi = gn = 20.65 PSF (g = gn for windward and leeward walls of enclosed buildings)

Internal Pressure = qiGC ; = +20.65PSF(0.18) = +3.72PSF

Ixxx
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Gust Factor (N-S Direction)
N-S Direction: B =119, L =222.5

Estimate Frequency (C; = 0.02, x = 0.75 — Table 9.5.5.3.2)

_ 1 L o7z =1.01Hz > 1.0 .. Rigid (Inverse of Eq. 9.5.5.3.2-1)
C.hy  0.02(180.75)"
G=0.850r
Calculate G

From Table 6-2 (Exposure B)

Zmin = 30 ft
c=0.3

| =320 ft
£=1/3

gy, =34

o a4 (6.5.8.1)
, =3

7 =0.6h = 0.6(180.75) =108.45'> 30'.".  =108.45' (6.5.8.1)

L, =1(z/33)° =320(108.45/33)*'® = 475.76 (Eq. 6-7)
|, =c(33/2)"° =0.3(33/108.45)"'® = 0.246 (Eq. 6-5)
1 1
Q= = — =082 (Eq. 6-6)
11063d BHh 140 63(119+180.75j
L S\ 475.76

1+1.7g, |
G =0928 L1179e:Q)_ 0o 1+17(3.4)(0246)(082) | _y 03 (g gy
14179, 1, 1+1.7(3.4)(0.246)

Since 0.83 < 0.85, use G=0.83
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(E-W Direction)

E-W Direction: B =222.5", L =119’

Estimate Frequency (C; = 0.02, x = 0.75 — Table 9.5.5.3.2)

1 1

“C.h*  0.02(180.75)°"

G=0.850r

Calculate G

=1.01Hz > 1.0 .. Rigid (Inverse of Eqg. 9.5.5.3.2-1)

From Table 6-2 (Exposure B)

Zmin = 30 ft
c=0.3

| =320 ft
£=1/3

gy =34

o a4 (6.5.8.1)
, =3

z =0.6h =0.6(180.75) =108.45'> 30'.. 7 =108.45' (6.5.8.1)

L, =1(2/33)" =320(108.45/33)"° =475.76  (Eq. 6-7)
I, =c(33/2)"° = 0.3(33/108.45)" = 0.246 (Eq. 6-5)
1 1
Q= — = om = 0.799 (Eq. 6-6)
Lvogd BHD n 63( 2225 +180.75j
L | 475.76

1+1.7g,1
G= 0,925( L@QJ _ 0.925(1+1.7(3.4)(0.246)(0.799)

=0.82 (Eq.6-4)
1+1.7g,1, 1+1.7(3.4)(0.246)

Since 0.82 < 0.85, use G=0.82

Kristin Ruth
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N-S Windward Pressure

P,. =,C,G =,0.8(0.83) = 0.664q, PSF

N-S Leeward Pressure

P, = q,C,G = 20.65(~0.326)(0.83) = -5.59 PSF

E-W Windward Pressure

P.=0,C,G= q,0.8(0.82) = 0.656q, PSF
E-W Leeward Pressure

P,, = 0,C,G = 20.65(-0.5)(0.82) = -8.47 PSF

Total Pressures

N-S E-W N-S E-W

Windward | Windward | Leeward | Leeward Piotal Piotal

Pressure | Pressure | Pressure | Pressure (N-S) (E-W)

z Kz qz (PSF) (PSF) (PSF) (PSF) (PSF) (PSF)
0-15 | 0.57 | 10.05 6.67 6.59 -5.59 -8.47 12.26 15.06
20 0.62 | 10.93 7.26 717 -5.59 -8.47 12.85 15.64
25 0.66 | 11.63 7.72 7.63 -5.59 -8.47 13.31 16.10
30 0.70 | 12.34 8.19 8.09 -5.59 -8.47 13.78 16.56
40 0.76 | 13.40 8.89 8.79 -5.59 -8.47 14.48 17.26
50 0.81 | 14.28 9.48 9.37 -5.59 -8.47 15.07 17.84
60 0.85 | 14.98 9.95 9.83 -5.59 -8.47 15.54 18.30
70 0.89 | 15.69 10.42 10.29 -5.59 -8.47 16.01 18.76
80 0.93 | 16.39 10.88 10.75 -5.59 -8.47 16.47 19.22
90 0.96 | 16.92 11.24 11.10 -5.59 -8.47 16.83 19.57
100 0.99 | 17.45 11.59 11.45 -5.59 -8.47 17.18 19.92
120 1.04 | 18.33 12.17 12.02 -5.59 -8.47 17.76 20.49
140 1.09 | 19.21 12.76 12.60 -5.59 -8.47 18.35 21.07
160 1.13 | 19.92 13.22 13.07 -5.59 -8.47 18.81 21.54
180 1.17 | 20.62 13.69 13.53 -5.59 -8.47 19.28 22.00
200 1.20 | 21.15 14.04 13.87 -5.59 -8.47 19.63 22.34
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Wind Pressure Diagrams

, VA

NORTH-2OUTH WIND PRESSURES
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EAST-WEST WIND PRESSURES

1327 F5F

1333 F5F

1307 PSF

12.80P5F

1202 P5F

WINDWARD 11.45 FSF]

11.10PsF

LEEWARD

-d.47 P3F

10.75 F5F

10.27 P35F
783 F5F

.37 PSF |

8.2 P5F

2.0 PSF
&3PSk
FA7 PsF

&.5% PSF

Kristin Ruth
Structural Option

FLAR

MORTHACUTH ELEVATION

k4

T

Senior Thesis Spring 2006
Architectural Engineering



The Regent

950 N. Glebe Road, Arlington, VA

Wind Force Diagrams

MORTH-3OUTH WIND FORCES EAST-WEST WIND FORCES

S3F.e0K S5.55 K
51 45K 0.0k
22 47K d &2 K
28 07K S223K
274 7K S1.23K
26 T3K S0.09 K
25 8K d3. 7K
25 02K Sd 23K
2d 24K Bds K
237K S1.33K
2121K 4202 K
23 53K S3.82 K

EAST W EST ELEVATIOH R CRTHY SCUTH ELEWATICH
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Seismic Loads (Concrete System)

Assumptions

o ASCE 7-02, Chapter 9 was used to calculate the seismic loads for this
building.

Building Information

N-S Direction: Reinforced Concrete Shearwalls

E-W Direction: Reinforced Concrete Shearwalls

Location: Arlington, VA

Building Use: Office (Primary), Retail (1*! Level), Parking (Below Grade)

O O O O

Seismic Design Category

Occupancy Category - I (Table 1-1)
Seismic Use Group: 1 (Table 9.1.3)
Site Class C: (Structural Notes)
Acceleration from Maps:
Ss =0.190 (Fig. 9.4.1.1a)
S4=0.070 (Fig. 9.4.1.1b)
Adjust for Site Class:
Fa=1.2 (Table 9.4.1.2.4a)
Fv=1.7 (Table 9.4.1.2.4b)

Sms = FaSs = 1.2(0.19) = 0.228  (Eq. 9.4.1.2.4-1)
Smi1 = FyS1 = 1.7(0.07) = 0.119  (Eq. 9.4.1.2.4-2)

Design Spectral Response Acceleration Parameters

Spbs = 2/3 Sps = 2/3(0.228) = 0.152 (Eq. 9.4.1.2.5-1)
Spr=2/3 Smi = 2/3(0.119) = 0.0793  (Eq. 9.4.1.2.5-2)

Seismic Design Category

(Table 9.4.2.1a)
S.D.C. based on short period response acceleration = S.D.C.-A

(Table 9.4.2.1b)
S.D.C. based on 1-sec. period response acceleration = S.D.C.-B* worst case

NOTE: Building does not meet any plan or vertical irregularities as specified in Tables
1616.5.1.1 or 1616.5.1.2 of the IBC 2000, therefore it is still S.D.C.-B.
Equivalent Lateral Force Procedure can be used.
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Seismic Base Shear (V=C:W)

R =4 (Table 9.5.2.2) Reinforced Concrete Shearwalls
| =1.0 (Table 9.1.4)

T =C,h* (Eq. 9.5.5.3.2-1)
N-S: T =C.h* =0.016(180.75)°° =1.72sec (Table 9.5.5.3.2)
E-W: T =C.h* =0.016(180.75)°° =1.72sec (Table 9.5.5.3.2)

S:SDS 0.152 _ oo
R/I 4/1
Csmx(N—9) = S[; 00793 _ 011526 *Controls
Tm 1 72( j
Cs max (E—W) = Sou__ 00793 =0.011526 *Controls

) i)

C

IxXxxviii
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Dead Loads

Roof Dead Load
Joists
Metal Deck
Insulation
SDL
Built-up Roof (5-ply felt and gravel)

Snow Load

Typical Floor Load
Joists
Misc. DL
mech. ducts, plumbing,
sprinklers, ceiling, etc.

Exterior Wall Loads
Glass Curtain Wall (N fagcade)
Precast/Windows (S,E,W facades)

W,o0r = 834.2k
w,, = 2,500.5k
w,, = 2,375.7k
W, s = 2,854k
w;,_, =3,332.4k
w, = 3364k

W=w_, +W,; +W, +4w,  +4w, , +W,

9 PSF
3 PSF
1.5 PSF
15 PSF
6.5 PSF
35 PSF

30 PSF (See Snow Load Calculations)
119 PSF

15 PSF
134 PSF

15 PSF
20 PSF

W =834.2k + 2,500.5k + 2,375.7k + 4(2,854k) + 4(3332.4k) + 3,364k

W = 33,820k

Vn.s = 0.011526(33,820 k) = 390 k
Ve.w = 0.011526(33,820 k) = 390 k

IXXXix

FX = Cva
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CVX — nX—X
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k(N -S) :1+@=1.6l* *linear interpolation

k(E-W) =1+@=1.61* *linear interpolation

Seismic Base Shear and Overturning Moment

Level Wy hy wyh, ! wih,"® | Cwx (N-S) | Cuw (E-W) Fx (N-S) Fx (E-W)
Roof 834.1 180.75 | 3590163 3590163 0.079 0.079 30.61 30.61
12 2501 148 7802523 7802523 0.171 0.171 66.53 66.53
11 2376 135 6392692 6392692 0.140 0.140 54.51 54.51
10 2854 122 6523690 6523690 0.143 0.143 55.63 55.63
9 2854 109 5441400 5441400 0.119 0.119 46.40 46.40
8 2854 96 4435174 | 4435174 0.097 0.097 37.82 37.82
7 2854 83 3508890 3508890 0.077 0.077 29.92 29.92
6 3332 70 3113959 3113959 0.068 0.068 26.55 26.55
5 3332 57 2236987 2236987 0.049 0.049 19.08 19.08
4 3332 44 1474565 1474565 0.032 0.032 12.57 12.57
3 3332 31 839068 839068 0.018 0.018 7.15 7.15
2 3364 18 353057 353057 0.008 0.008 3.01 3.01
33819.1 45712167 | 45712167 1.000 1.000 390 390
k (N-S) 1.61 Base Shear
k (E-W) 1.61 N-S 390 k
E-W 390 k
V (N-S) 390
V (E-W) 390 k Overturning Moment
Overturning Moment (N-S) 44473.5034 ft-k
Cs (N-S) 0.011526 Overturning Moment (E-W) 44473.5034 ft-k
Cs(E-W)  0.011526
XC
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Seismic Force Diagrams
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Load Cases and Controlling Lateral Forces (Concrete System)

Load Combinations Involving Wind Loads (W) and Seismic Loads (E)

ASCE 7-02 (Sec. 2.3.2)

1.2D + 1.6(Lror Sor R) + (L or 0.8W)
1.2D +1.6W + L + 0.5(Lr or S or R)

1.2D+1.0E+L+0.2S

0.9D +1.6W + 1.6H
0.9D +1.0E + 1.6H

Check 1.6W vs. 1.0E

Red = Controlling E-W Lateral Force, Blue = Controlling N-S Lateral Force

1.6W (N-S) 1.6W (E-W) 1.0E (N-S/E-W)
Roof 60.16 93.72 30.61
12 82.32 128.64 66.53
11 45.55 74.59 54.51
10 44.91 83.57 55.63
9 43.95 82.05 46.40
8 42.77 80.14 37.82
7 41.42 77.98 29.92
6 40.19 87.89 26.55
5 38.78 107.92 19.08
4 37.07 82.13 12.57
3 35.06 78.43 7.15
2 37.64 85.79 3.01
Xcii
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Seismic Loads (Steel System)

Assumptions

o ASCE 7-02, Chapter 9 was used to calculate the seismic loads for this
building.

Building Information

N-S Direction: Steel Braced Frames

E-W Direction: Steel Braced Frames

Location: Arlington, VA

Building Use: Office (Primary), Retail (1*! Level), Parking (Below Grade)

O O O O

Seismic Design Category

Occupancy Category - I (Table 1-1)
Seismic Use Group: 1 (Table 9.1.3)
Site Class C: (Structural Notes)
Acceleration from Maps:
Ss =0.190 (Fig. 9.4.1.1a)
S4=0.070 (Fig. 9.4.1.1b)
Adjust for Site Class:
Fa=1.2 (Table 9.4.1.2.4a)
Fv=1.7 (Table 9.4.1.2.4b)

Sms = FaSs = 1.2(0.19) = 0.228  (Eq. 9.4.1.2.4-1)
Smi1 = FyS1 = 1.7(0.07) = 0.119  (Eq. 9.4.1.2.4-2)

Design Spectral Response Acceleration Parameters

Spbs = 2/3 Sps = 2/3(0.228) = 0.152 (Eq. 9.4.1.2.5-1)
Spr=2/3 Smi = 2/3(0.119) = 0.0793  (Eq. 9.4.1.2.5-2)

Seismic Design Category

(Table 9.4.2.1a)
S.D.C. based on short period response acceleration = S.D.C.-A

(Table 9.4.2.1b)
S.D.C. based on 1-sec. period response acceleration = S.D.C.-B* worst case

NOTE: Building does not meet any plan or vertical irregularities as specified in Tables
1616.5.1.1 or 1616.5.1.2 of the IBC 2000, therefore it is still S.D.C.-B.
Equivalent Lateral Force Procedure can be used.
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Seismic Base Shear (V=C:W)

R =3 (Table 9.5.2.2) Structural steel systems not specifically detailed for seismic

resistance.
| =1.0 (Table 9.1.4)

T =C,h* (Eq. 9.5.5.3.2-1)
N-S: T =C.,h*=0.02(180.75)" = 0.986 (Table 9.5.5.3.2)
E-W: T =C,h* =0.02(180.75)°" = 0.986 (Table 9.5.5.3.2)

s = FS{—';SI = % =0.050667
Comx(N=8)= SE; = 0'0792 =0.02681 *Controls
T(j 0.986(}
| 1
Csmn(E-W)= Sop__ 00793 0.02681 *Controls

(0] co;

Cq min = 0.0441S = 0.044(1.0)(0.152) = 0.006688 < 0.02681 . OK
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Dead Loads
Roof Dead Load
Metal Deck 5 PSF
Insulation 3 PSF
Misc. DL 10 PSF
Roofing 20 PSF
38 PSF
Snow Load 30 PSF (See Snow Load Calculations)

NOTE: Since Snow Load is not greater than 30 PSF, 20% of the Snow Load does not
need to be considered in the weight calculations.

Typical Floor Load
3 74" It. wt. slab on 3" metal deck 46 PSF

Ponding of Concrete 10 PSF
Misc. DL 15 PSF
mech. ducts, plumbing, 71 PSF

sprinklers, ceiling, etc.

Exterior Wall Loads
Glass Curtain Wall (N fagcade) 15 PSF
Precast/Windows (S,E,W facades) 20 PSF

W, =909k
w,, =1617k
w,, =1512k
W, , =1781k
W, , = 2050k
w, = 2083k

W =w,, +W, +W, +4w, , +4w, , +W,
W =909k +1617k =1512k + 4(1781k) + 4(2050k) + 2083k
W = 21,445k

Vn-s = 0.02681(21,445k) = 574.94k
Vew = 0.02681(21,445k) = 574.94k

XCV
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F,=C,V
w, hy

C_

VX —  n
> w;h’
i=1

0.986-0.5

K(N-S)=1+ =1.243*

0.986-0.5

K(E-W)=1+ =1.243*

950 N. Glebe Road, Arlington, VA

*linear interpolation

*linear interpolation

Seismic Base Shear and Overturning Moment

Level Wy hy weh' | weh'?? | Cu (N-S) | Cu (E-W) | F, (N-S) Fy (E-W)
12
(roof) 909 | 180.75| 580915 | 580915 0.106 0.106 60.96 60.96
11 1617 148 806019 | 806019 0.147 0.147 84.58 84.58
10 1512 135 672290 | 672290 0.123 0.123 70.55 70.55
9 1781 122 698247 | 698247 0.127 0.127 73.27 73.27
8 1781 109 606995 | 606995 0.111 0.111 63.70 63.70
7 1781 96 518355 | 518355 0.095 0.095 54.40 54.40
6 1781 83 432592 | 432592 0.079 0.079 45.40 45.40
5 2050 70 402912 | 402912 0.074 0.074 42.28 42.28
4 2050 57 312109 | 312109 0.057 0.057 32.75 32.75
3 2050 44 226238 | 226238 0.041 0.041 23.74 23.74
2 2050 31 146392 146392 0.027 0.027 15.36 15.36
1 2083 18 75682 75682 0.014 0.014 7.94 7.94
5478745 | 5478745 1.000 1.000 574.94 574.94
k (N-S) 1.243 Base Shear
k (E-W) 1.243 N-S 574.94 k
E-wW 574.94 k
V(N-S) 57494 k
V(E-W) 57494 Kk Overturning Moment
Overturning Moment (N-S) 64424.2942 ft-k
Overturning Moment (E-W) 64424.2942 ft-k
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The Regent

950 N. Glebe Road, Arlington, VA

Seismic Force Diagrams

NORTH-SOUTH SEHHSMIC FORCES EAST-WEST SHSMIC FORCES
60.96 K 60.96 K ]

84.58 K 84.58 K
70.55 K 70.55 K
73.27 K 73.27 K
63.70 K 63.70 K
54.40 K 54.40 K
45.40 K 45.40 K
4228 K 42.28 K
32.75K 32.75K
23.74 K 23.74 K
15.36 K 15.36 K
7.94 K 7.94 K

EAST/ WEST ELEVATION NORTH/SOUTH ELEVATION

PLAN
N<E——— PLAN
N
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The Regent

950 N. Glebe Road, Arlington, VA

Load Cases and Controlling Lateral Forces (Steel System)

Load Combinations Involving Wind Loads (W) and Seismic Loads (E)

ASCE 7-02 (Sec. 2.3.2)

1.2D + 1.6(Lror Sor R) + (L or 0.8W)
1.2D +1.6W + L + 0.5(Lr or S or R)

1.2D+1.0E+L+0.2S

0.9D +1.6W + 1.6H
0.9D +1.0E + 1.6H

Check 1.6W vs. 1.0E

Red = Controlling E-W Lateral Force, Blue = Controlling N-S Lateral Force

1.6W (N-S) 1.6W (E-W) 1.0E (N-S/E-W)
Roof 60.16 93.72 60.96
12 82.32 128.64 84.58
11 45.55 74.59 70.55
10 44.91 83.57 73.27
9 43.95 82.05 63.70
8 42.77 80.14 54.40
7 41.42 77.98 45.40
6 40.19 87.89 42.28
5 38.78 107.92 32.75
4 37.07 82.13 23.74
3 35.06 78.43 15.36
2 37.64 85.79 7.94
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The Regent

950 N. Glebe Road, Arlington, VA

Snow Load (Steel and Concrete Systems)

Assumptions
o ASCE 7-02, Chapter 7 was used to calculate the snow loads for this building.
Building Information

o Location: Arlington, VA
o Max. Roof Slope = 4.55% or 2.62°¢

*Since the maximum roof slope is less than 5°, then ASCE 7-02, Chapter 7,
Section 7-3 can be used.

p; =0.7C.C,lp, (Eq. 7-1)

Ce=0.9 Surface roughness B (6.5.6.2)
Fully exposed (Table 7-2)

Ci=1.0 (Table 7-3)

1=1.0 Category Il (Table 7-4)

pg = 25 PSF (Fig. 7-1)

p, =0.7(0.9)(L.0)(1.0)(25PSF) = 15.75PSF

Py mn =20PSF -1 pg>20 PSF (Sec. 7-3)
Py mn = 20PSF -1=20PSF 20 PSF > 15.75 PSF, therefore use 20 PSF

NOTE: Structural Notes specify a snow load value of 30 PSF.
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The Regent

950 N. Glebe Road, Arlington, VA

Roof Live Load (Steel and Concrete Systems)

Assumptions

o ASCE 7-02, Chapter 4 was used to check the minimum roof live load.
L, = 20R1R; (Eq. 4-2)
R2 =1 F<4 (4.9.1) Max. roof slope = 2.61°

R1=0.6 A;> 600 SF (4.9.1) At(roof col.) = 30°[(46°+30’)/2]
At(roof col.) = 1140 SF > 600 SF

L, = 20(1)(0.6)
L, = 12 PSF < 30 PSF*

*Therefore snow load controls with a roof live load of 30 PSF.
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