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Appendix A 
 

CIP Joist Design Calculations 
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Joist Positive Moment – Moment Distribution  
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Joist Negative Moment – Moment Distribution  
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Joist Positive Reinforcement [46’/43’ Span (24”)Joists] 
 
Mu+ = 279 ft-k 
fy = 60 ksi 
f’c = 4 ksi 
#3 Stirrups 
 
Try (2) #10 
 
d = 28.5”-1.5”-0.375”-0.5(1.27”) 
d = 25.99” 
 
As = 2(1.27in2) = 2.54in2 

 

cbf
fyA

a s

'85.0
=  

)"48)(4(85.0
)60(54.2 2

ksi
ksiina =  

"934.0=a  

 

β
ac =  

85.0
"934.0

=c  

"099.1=c    9.0"75.9)"99.25(375.0 =∴=≤ φ  

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"934.0"99.25)60)(54.2(9.0 2 ksiinM nφ  

kinM n −= 7.3500φ  
kftM n −= 73.291φ  

 
OKkftMkftM un ∴−=≥−= 27973.291φ  

 

OKb
b

∴≤=
+++=

"8"2.7
)"375.0("27.1)1()"27.1(2)"5.1(2

min

min  

 
Use (2) #10 bottom bars 
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Joist Positive Reinforcement [30’ Span (16”) Joists] 
 
Mu+ = 23.65 ft-k 
fy = 60 ksi 
f’c = 4 ksi 
#3 Stirrups 
 
Try (1) #6 
 
d = 20.5”-1.5”-0.375”-0.5(0.75”) 
d = 18.25” 
 
As = 1(0.44in2) = 0.44in2 

 

cbf
fyA

a s

'85.0
=  

)"48)(4(85.0
)60(44.0 2

ksi
ksiina =  

"162.0=a  

 

β
ac =  

85.0
"162.0

=c  

"191.0=c    9.0"84.6)"25.18(375.0 =∴=≤ φ  

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"162.0"25.18)60)(44.0(9.0 2 ksiinM nφ  

kinM n −= 7.431φ  
kftM n −= 97.35φ  

 
OKkftMkftM un ∴−=≥−= 65.2397.35φ  

 

OKb
b

∴≤=
++=

"8"12.4
)"375.0(1)"75.0(1)"5.1(2

min

min  

 
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 
f’c = 4 ksi 
#3 Stirrups 
 
Try (9) #5 
 
d16” = 20.5”-0.75”-0.375”-0.5(0.625”) 
d16” = 19.06”  *CONTROLS 
 
d24” = 28.5”-0.75”-0.375”-0.5(0.625”) 
d24” = 27.06” 
 
As = 9(0.31in2) = 2.79 in2 

 

cbf
fyA

a s

'85.0
=  

)"8)(4(85.0
)60(79.2 2

ksi
ksiina =  

"15.6=a  

 

β
ac =  

85.0
"15.6

=c  

"24.7=c    9.0"14.7)"06.19(375.0 ≠∴=≤ φ  

 

004898.0
"24.7

)"24.7"06.19(003.0

)(003.0

=

−
=

−
=

t

t

t c
cd

ε

ε

ε

 

 

002069.0
000,29

60

=

=

=

y

y

s

y
y

ksi
ksi

E
f

ε

ε

ε
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891.0
002069.0005.0

002069.0004898.025.065.0

005.0
25.065.0

=

⎟
⎠
⎞

⎜
⎝
⎛

−
−

+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−
+=

φ

φ

ε
εε

φ
y

yt

 

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"15.6"06.19)60)(79.2(891.0 2 ksiinM nφ  

kinM n −= 2..2384φ  
kftM n −= 199φ  

 
OKkftMkftM un ∴−=≥−= 199199φ  

 

OKb
b

∴≤=
++=

"48"14
)"375.0(1)"1(8)"625.0(9

min

min  

 
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.  
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Joist Deflection Calculations 
 
46’/43’ Span (24”) Joists  
 
L = 46’ 
D = 536 PLF 
L = 400 PLF 
f’c = 4,000 psi 
I = 32,297 in4 

psiE
psiPCFE

cfwE c

254,834,3
4000)(33()150(

')33(
5.1

5.1

=
=

=

 

 

"5.1
360

)/"12('46
360

,

,

,

=Δ

=Δ

=Δ

allowTL

allowTL

allowTL

ft

l

 

 
 

"15.1
480

)/"12('46
480

,

,

,

=Δ

=Δ

=Δ

allowLL

allowLL

allowLL

ft

l

 

 
 

OK
inpsi

ininlb
EI

wl

TL

TL

TL

∴<=Δ

=Δ

=Δ

"5.1"76.0
)297,32)(254,834,3(384

)552)(/78(5
384
5

4

4

4
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OK
inpsi

ininlb
EI

wl

LL

LL

LL

∴<=Δ

=Δ

=Δ

"15.1"325.0
)297,32)(254,834,3(384

)552)(/3.33(5
384
5

4

4

4
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30’ Span (16”) Joists 
 
L = 30’ 
D = 440 PLF 
L = 600 PLF 
f’c = 4,000 psi 
I = 12,128 in4 

psiE
psiPCFE

cfwE c

254,834,3
4000)(33()150(

')33(
5.1

5.1

=
=

=

 

 

"1
360

)/"12('30
360

,

,

,

=Δ

=Δ

=Δ

allowTL

allowTL

allowTL

ft

l

 

 
 

"75.0
480

)/"12('30
480

,

,

,

=Δ

=Δ

=Δ

allowLL

allowLL

allowLL

ft

l

 

 
 

OK
inpsi

ininlb
EI

wl

TL

TL

TL

∴<=Δ

=Δ

=Δ

"1"41.0
)128,12)(254,834,3(384

)360)(/7.86(5
384
5

4

4

4

 

 
 

OK
inpsi

ininlb
EI

wl

LL

LL

LL

∴<=Δ

=Δ

=Δ

"75.0"24.0
)128,12)(254,834,3(384

)360)(/50(5
384
5

4

4

4
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Summary of Actual and Allowable Loads 
 
46’/43’ Span (24”) Joists  24 + 8 + 40 Joists 
Mu

+ 279 ft-k +
nMφ  292 ft-k OK 

Mu
- 199 ft-k −

nMφ  199 ft-k OK 
Vu 33.9 k nVφ  40.6 k OK 
ΔTL 0.75” ΔTL,allow (l/360) 1.5” OK 
ΔLL 0.325” ΔTL,allow  (l/480) 1.15” OK 
 
30’ Span (16”) Joists 16 + 8 + 40 Joists 
Mu

+ 23.65 ft-k +
nMφ  36 ft-k OK 

Mu
- 199 ft-k −

nMφ  199 ft-k OK 
Vu 33.9 k nVφ  38.6 OK 
ΔTL 0.41” ΔTL,allow (l/360) 1” OK 
ΔLL 0.24” ΔTL,allow  (l/480) 0.75” OK 
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Appendix B 
 

CIP Girder Design Calculations 
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Interior Girder Design 
 
Loads 
 
 Dead 

  Self Weight: PLFPCF
ftft

600)150(
/"12
"24

/"12
"24

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛  

  SDL:  PLFPSF 570
2

'30'4615 =⎟
⎠
⎞

⎜
⎝
⎛ +  

  Joists:  95PSF(15’) + 119PSF(23’) = 4162 PLF 
 
 Live:  100PSF(23’) + 150PSF(15’) = 4550 PLF 
   56PSF(23’) + 150PSF(15’) = 3538 PLF 
     

   

o

o

T

LL
SFx

LL

SFA

56.0
11402
1525.0

1140)'30('38

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

==

 

 
wD = 600 PLF + 570 PLF + 4162 PLF = 5332 PLF = 5.33 KLF 
wL = 3538 PLF = 3.6 KLF 
 
Moments 
 
ln = 30’ 
wD = 5.33 KLF 
wL = 3.6 KLF 
 
ACI 8.3.3 Moments Dead Live Seismic 

16

2wl
±  

 
300 ft-k 

 
203 ft-k 

 
33.5 ft-k 

14

2wl
+  

 
343 ft-k 

 
231 ft-k 

 
33.5 ft-k 

10

2wl
−  

 
480 ft-k 

 
324 ft-k 

 
33.5 ft-k 

11

2wl
−  

 
436 ft-k 

 
295 ft-k 

 
33.5 ft-k 

 
Red = Worst Case (+) Moment 
Blue= Worst Case (-) Moment 
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Load Combinations 
 

1. 1.2D + 1.6L     DSQE DSE 2.0+= ρ  
2. 1.23D + L + E    DQE E )153.0(2.0)1( +=  
3. 0.93D + E     DQE E 03.0+=  

 
(+) 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 Beff 
 
16hf + bw = 16(4.5”) + 24”   = 96” 

4
)/"12('30

4
ftL

=    = 90” *CONTROLS 

Web spacing = 28’(12”/ft)/2  = 168” 
 
Flexural Reinforcement 
 
(+)M 
 +M = 782 ft-k 
 f’c = 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(1 in2) 
As = 8 in2 
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cbf
fyA

a s

'85.0
=  

)"90)(4(85.0
)60(8 2

ksi
ksiina =  

"57.1=a  

 

β
ac =  

85.0
"57.1

=c  

"85.1=c    9.0"68.9)"81.25(375.0 =∴=≤ φ  

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"57.1"81.25)60)(8(9.0 2 ksiinM nφ  

kinM n −= 810,10φ  
kftM n −= 901φ  

 
OKkftMkftM un ∴−=≥−= 782901φ  

 

OKb
b

∴≤=
+++=

"24"13.21
)"125.1(7)"125.1(8)"625.0(2)"5.1(2

min

min  

 

OKininA
psi

psiA

f
dbcf

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

896.1
60000

)"81.25)("24(40003

'3

 

 

OKininA
psi

A

f
db

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

806.2
60000

)"81.25)("24(200

200

 

 
Use (8) #9 bottom bars 
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(-)M 
 -M = 1094 ft-k 
 f’c = 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(1 in2) 
As = 12 in2 
 

cbf
fyA

a s

'85.0
=  

)"24)(4(85.0
)60(12 2

ksi
ksiina =  

"82.8=a  

 

β
ac =  

85.0
"82.8

=c  

"38.10=c    9.0"73.9)"56.26(375.0 ≠∴=≤ φ  

 

004497.0
"38.10

)"38.10"94.25(003.0

)(003.0

=

−
=

−
=

t

t

t c
cd

ε

ε

ε

 

 

002069.0
000,29

60

=

=

=

y

y

s

y
y

ksi
ksi

E
f

ε

ε

ε
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86.0
002069.0005.0

002069.0004497.025.065.0

005.0
25.065.0

=

⎟
⎠
⎞

⎜
⎝
⎛

−
−

+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

−

−
+=

φ

φ

ε
εε

φ
y

yt

 

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"82.8"94.25)60)(12(8.0 2 ksiinM nφ  

kinM n −= 332,13φ  
kftM n −= 111,1φ  

 
OKkftMkftM un ∴−=≥−= 094,1111,1φ  

 

OKb
b

∴≤=
+++=

"90"125.30
)"125.1(11)"125.1(12)"625.0(2)"5.1(2

min

min  

 

OKininA
psi

psiA

f
dbcf

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

1297.1
60000

)"94.25)("24(40003

'3

 

 

OKininA
psi

A

f
db

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

1208.2
60000

)"94.25)("24(200

200

 

 
Use (12) #9 top bars 
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Interior Girder Shear/Torsion Reinforcement 
 
wu = 1.2D + 1.6L 
wu = 1.2(5.33 klf) + 1.6(3.6 klf) 
wu = 12.16 klf 
 
Stirrups 
 
Shear 
 

kklfV

CONTROLSkklflw
V

u

nu
u

174
2

)'5.28(2.12

*200
2

)'5.28)(2.12(15.1
2

15.1

==

===
  

 

kV
psiV

dbcfV

c

c

wc

4.78
)"81.25)("24(40002

'2

=
=

=

 

 

quiredStirrupskkV
kV

VV

n

n

c

Re2004.295.0
)4.78)(75.0(5.05.0

)75.0(5.05.0

∴<=
=

=

φ
φ

φ

 

 

kV

kkV

V
V

V

s

s

c
u

s

3.188

4.78
75.0

200

=

−=

−=
φ

 

 
Try #5 Stirrups with two legs       Av = 2(0.31in2) = 0.62in2 
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xxv

2

2

49.0
"4"2.10

3.188
)"81.25)(60(62.0

inA
s

k
ksiins

V
dfA

s

s
dfA

V

V

s

yv

yv
s

=⇒

→=

=

=

=

 

 
Torsion 
 
Mjoists = 227 ft-k – 87.6 ft-k = 139.4 ft-k 
 

kftkftTu −=
−

= 7.69
2

4.139  

kftkftT reqn −=
−

= 9.92
75.0

7.69
,  

 

s
fAA

T yvto
n

θcot2
=  

θ = 45º 
fyv = 60 ksi 

 
ph = 2[28.5” – 2(1.5”) – 2(0.625”)] + 2[24” – 2(1.5”) – 2(0.625”)] = 88” 
 
Aoh = 24.25”(19.75”) = 479 in2 
 
Ao = 0.83Aoh = 0.85(479 in2) = 407 in2 
 

2
2

,

0076.0
)45cot()60)(407(2

)"4(9.92

cot2

in
ksiin
kftA

fA
sT

A

T

yvo

reqn
T

=
−

=

=
θ

 

 

OKininA
ininA

AAA VT

∴<=

+=

+=

22

22

62.051.0
49.0)0076.0(2

2
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OKininA
psi

A

f
sb

A

s

s

y

w
s

∴≤=

=

=

22
min,

min,

min,

62.008.0
60000

)"4)("24(50

50

 

 
Use #5 closed stirrups with two legs at 4” o.c. 
 
 
Longitudinal Reinforcement 
 
s = 12” 

2
4#

2

22

2

2.0056.0
"12

)0076.0)(45(cot"88

cot

inAinA

inA

s
Ap

A

T

T

Th
l

=≤=

=

=
θ

 

 
Use #4 longitudinal reinforcement at 12” spacing 



xxvii                  
                  The Regent_______________________________________________           
                                950 N. Glebe Road, Arlington, VA                
 

 
Kristin Ruth                                                                                                           Senior Thesis Spring 2006 
Structural Option                                                   Architectural Engineering  
 

xxvii

Interior Girder Deflection Calculations 
 
L = 30’ 
D = 5332 PLF 
L = 3538 PLF 
f’c = 4,000 psi 
I = 46,299 in4 

psiE
psiPCFE

cfwE c

254,834,3
4000)(33()150(

')33(
5.1

5.1

=
=

=

 

 

"1
360

)/"12('30
360

,

,

,

=Δ

=Δ

=Δ

allowTL

allowTL

allowTL

ft

l

 

 
 

"75.0
480

)/"12('30
480

,

,

,

=Δ

=Δ

=Δ

allowLL

allowLL

allowLL

ft

l

 

 
 

OK
inpsi

ininlb
EI

wl

TL

TL

TL

∴<=Δ

=Δ

=Δ

"1"91.0
)299,46)(254,834,3(384

)360)(/739(5
384
5

4

4

4

 

 
 

OK
inpsi

ininlb
EI

wl

LL

LL

LL

∴<=Δ

=Δ

=Δ

"75.0"36.0
)299,46)(254,834,3(384

)360)(/295(5
384
5

4

4

4
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Exterior Girder Design 
  
Loads 
 
 Dead 

  Self Weight: PLFPCF
ftft

400)150(
/"12
"16

/"12
"24

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛  

  SDL:  PLFPSF 345
2

'4615 =⎟
⎠
⎞

⎜
⎝
⎛  

  Joists:  119 PSF(23’) = 2,737 PLF 
 

  Façade: PLFPSF 310
2

'13'1820 =⎟
⎠
⎞

⎜
⎝
⎛ +  

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

   

o

o

T

LL
SFx

LL

SFA

65.0
6902
1525.0

690)'23('38

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=

==

 

 
wD = 400 PLF + 345 PLF + 2737 PLF + 310 PLF = 3792 PLF = 3.8 KLF 
wL = 1495 PLF = 1.5 KLF 
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Moments 
 
ln = 30’ 
wD = 3.8 KLF 
wL = 1.5 KLF 
 
ACI 8.3.3 Moments Dead Live Seismic 

16

2wl
±  

 
214 ft-k 

 
85 ft-k 

 
21 ft-k 

14

2wl
+  

 
244 ft-k 

 
97 ft-k 

 
21 ft-k 

10

2wl
−  

 
342 ft-k 

 
135 ft-k 

 
21 ft-k 

11

2wl
−  

 
311 ft-k 

 
123 ft-k 

 
21 ft-k 

 
Red = Worst Case (+) Moment 
Blue= Worst Case (-) Moment 
 
Load Combinations 
 

1. 1.2D + 1.6L     DSQE DSE 2.0+= ρ  
2. 1.23D + L + E    DQE E )153.0(2.0)1( +=  
3. 0.93D + E     DQE E 03.0+=  

 
(+) 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 Beff 
 
6hf = 6(4.5”)    = 27” *CONTROLS 
½ clear span = 0.5(28’)(12”/ft) = 168”  
½ to next beam = 0.5(46’)(12”/ft) = 276” 
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Flexural Reinforcement 
 
(+)M 
 +M = 448 ft-k 
 f’c = 4 ksi 
 fy = 60 ksi 
 #4 stirrups 
 1.5” cover – bottom 
 0.75” cover – top 
 
Try (6) #8 
 
d = 28.5” – 1.5” – 0.5” – 0.5(1”) 
d = 26” 
 
As = 6(0.79 in2) 
As = 4.74 in2 
 

cbf
fyA

a s

'85.0
=  

)"27)(4(85.0
)60(74.4 2

ksi
ksiina =  

"1.3=a  

 

β
ac =  

85.0
"1.3

=c  

"64.3=c    9.0"75.9)"26(375.0 =∴=≤ φ  

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"1.3"26)60)(74.4(9.0 2 ksiinM nφ  

kinM n −= 6258φ  
kftM n −= 522φ  

 
OKkftMkftM un ∴−=≥−= 448522φ  

 

OKb
b

∴≤=
+++=

"16"15
)"1(5)"1(6)"5.0(2)"5.1(2

min

min  
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OKininA
psi

psiA

f
dbcf

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

74.432.1
60000

)"26)("16(40003

'3

 

 

OKininA
psi

A

f
db

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

74.439.1
60000

)"26)("16(200

200

 

 
Use (6) #8 bottom bars 
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(-)M 
 -M = 627 ft-k 
 f’c = 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 in2) 
As = 6.32 in2 
 

cbf
fyA

a s

'85.0
=  

)"16)(4(85.0
)60(32.6 2

ksi
ksiina =  

"97.6=a  

 

β
ac =  

85.0
"97.6

=c  

"2.8=c    9.0"8.9)"13.26(375.0 =∴=≤ φ  

 

)2/( adfAM ysn −= φφ  

⎟
⎠
⎞

⎜
⎝
⎛ −=

2
"97.6"13.26)60)(32.6(9.0 2 ksiinM nφ  

kinM n −= 728,7φ  
kftM n −= 644φ  

 
OKkftMkftM un ∴−=≥−= 627644φ  

 

OKb
b

∴≤=
+++=

"27"19
)"1(7)"1(8)"5.0(2)"5.1(2

min

min  
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OKininA
psi

psiA

f
dbcf

A

s

s

y

w
s

∴<=

=

=

22
min,

min,

min,

32.632.1
60000

)"13.26)("16(40003

'3

 

 

OKininA
psi

A

f
db

A

s

s

y

w
s

∴>=

=

=

22
min,

min,

min,

32.639.1
60000

)"13.26)("16(200

200

 

 
Use (8) #8 top bars 
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Exterior Girder Shear/Torsion Reinforcement 
 
wu = 1.2D + 1.6L 
wu = 1.2(3.8 klf) + 1.6(1.5 klf) = 7 klf 
 
Stirrups 
 
Shear 
 

kklfV

CONTROLSkklflw
V

u

nu
u

101
2

)'29(7

*115
2

)'29)(7(15.1
2

15.1

==

===
  

 

kV
psiV

dbcfV

c

c

wc

6.52
)"26)("16(40002

'2

=
=

=

 

 

quiredStirrupskkV
kV

VV

n

n

c

Re11573.195.0
)6.52)(75.0(5.05.0

)75.0(5.05.0

∴<=
=

=

φ
φ

φ

 

 

kV

kkV

V
V

V

s

s

c
u

s

73.100

6.52
75.0

115

=

−=

−=
φ

 

 
Try #4 Stirrups with two legs       Av = 2(0.2in2) = 0.4in2 
 

"5"19.6
73.100

)"26)(60(4.0 2

→=

=

=

=

s
k

ksiins

V
dfA

s

s
dfA

V

s

yv

yv
s

 

Use 5” spacing 2321.0 inAv =⇒
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Torsion 
 
Mjoists = 227 ft-k  
 

kftkftTu −=
−

= 5.113
2

227  

kftkftT reqn −=
−

= 3.151
75.0

5.113
,  

 

s
fAA

T yvto
n

θcot2
=  

θ = 45º 
fyv = 60 ksi 

 
ph = 2[28.5” – 2(1.5”) – 2(0.5”)] + 2[20” – 2(1.5”) – 2(0.5”)] = 73” 
 
Aoh = 24.5”(12”) = 294 in2 

 
Ao = 0.83Aoh = 0.85(294) = 250 in2 
 

2
2

,

025.0
)45cot()60)(250(2

)"5(3.151

cot2

in
ksiin
kftA

fA
sT

A

T

yvo

reqn
T

=
−

=

=
θ

 

 

OKininA
ininA

AAA VT

∴<=

+=

+=

22

22

4.037.0
321.0)025.0(2

2

 

 

OKininA
psi

A

f
sb

A

s

s

y

w
s

∴≤=

=

=

22
min,

min,

min,

4.0067.0
60000

)"5)("16(50

50

 

 
Use #4 closed stirrups with two legs at 5” o.c. 
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Longitudinal Reinforcement 
 
s = 12” 

2
4#

2

22

2

2.0152.0
"12

)025.0)(45(cot"73

cot

inAinA

inA

s
Ap

A

T

T

Th
l

=≤=

=

=
θ

 

 
Use #4 longitudinal reinforcement at 12” spacing 
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Exterior Girder Deflection Calculations 

 
L = 30’ 
D = 3792 PLF 
L = 1495 PLF 
f’c = 4,000 psi 
I = 30,866 in4 

psiE
psiPCFE

cfwE c

254,834,3
4000)(33()150(

')33(
5.1

5.1

=
=

=

 

 

"1
360

)/"12('30
360

,

,

,

=Δ

=Δ

=Δ

allowTL

allowTL

allowTL

ft

l

 

 
 

"75.0
480

)/"12('30
480

,

,

,

=Δ

=Δ

=Δ

allowLL

allowLL

allowLL

ft

l

 

 
 

OK
inpsi

ininlb
EI

wl

TL

TL

TL

∴<=Δ

=Δ

=Δ

"1"81.0
)866,30)(254,834,3(384

)360)(/441(5
384
5

4

4

4

 

 
 

OK
inpsi

ininlb
EI

wl

LL

LL

LL

∴<=Δ

=Δ

=Δ

"75.0"23.0
)866,30)(254,834,3(384

)360)(/125(5
384
5

4

4

4
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Summary of Actual and Allowable Loads 
 
Interior Girders 
 
Mu

+ 782 ft-k +
nMφ  900 ft-k OK

Mu
- 1094 ft-k −

nMφ  1111 ft-k OK
Vu 200 k nVφ  318 k OK
Tu 69.7 ft-k nTφ  92.8 ft-k OK
ΔTL 0.91” ΔTL,allow (l/360) 1” OK
ΔLL 0.36” ΔTL,allow  (l/480) 0.75” OK
 
Exterior Girders 
 
Mu

+ 448 ft-k +
nMφ  522 ft-k OK

Mu
- 627 ft-k −

nMφ  644 ft-k OK
Vu 115 k nVφ  177 k OK
Tu 114 ft-k nTφ  150 ft-k OK
ΔTL 0.81” ΔTL,allow (l/360) 1” OK
ΔLL 0.23” ΔTL,allow  (l/480) 0.75” OK
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Appendix C 
 

CIP Column Design Calculations 
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Column Loads 
 
Dead  
 
Façade 
 Glass Curtain Wall    15 PSF 
 Precast     20 PSF 
 
Roof                 38 PSF 
 
Typical Floor      
 Joists (24” Joists)             119 PSF 
 Joists (16” Joists)    95 PSF 

SDL      15 PSF 
 
Girders              600 PLF 
  
 
Live 
 
Roof  
 Snow      30 PSF 
 Mechanical             150 PSF 
 
Typical Floor 
 Office              100 PSF 
 Mechanical             150 PSF 
 
 
Load Combinations 
 
1.2D + 1.6L     *CONTROLS 
1.23D + L + E 
0.93D + E 
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Example of a Column Axial Load Spreadsheet 
 

Level DL (k) LL (k) 
RedLL 

(k) 1.2DL (k)
1.6RedLL 

(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    
AT =  684 SF    
KLL= 4      

L= 0.54 Lo    
      
      

Max 
Pu 2281 k    

      

  1.2DL (k) 
1.6LL 

(k) Pu (k)   
10-12 344 135 479   
6-12 908 370 1278   
1-12 1617 664 2281   
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Appendix D 
 

CIP Shearwall Design Calculations 
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Shearwall Reinforcement Calculations 
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Shearwall Boundary Element Design Calculations 
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Shearwall Deflections 
 
Wall Max Δx  Max Δy Max Δz 

 E/S W/N E/S W/N E/S W/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” 

 

"42.5
400

)/"12('75.180
400

===Δ
fth

allow  

 
All shearwall deflections are less than the allowable 5.42” ∴OK
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Appendix E 
 

Representative Spread Footing  
Design Calculations 
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Spread Footing Design – E-7 
 
Loads 
 
Axial Loads from Tower 
 D  = 1956 k 
 LLr  =   794 k 

W  =   720 k 
 
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 4” ------------ 

  
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)   = 6,875 LB 
Slab:  9”/12(900 SF)(150 PCF)   = 101,250 LB 
Column:  (42”x42”)/144in2(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)   =  6,875 LB 
Slab:  (8”/12)(900 SF)(150 PCF)   =  90,000 LB 
Column:  (42”x42”)/144in2(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:  (4”/12)(900 SF)(150 PCF)   =  45,000 LB 
Column:  (42”x42”)/144in2(3’)(150 PCF)  =  5,513 LB 
 
D = 462 k 
 
L = 113 k 
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Service:  4,045 k 
Factored:  1.2D + 1.6W + L = 4,961 k 
Moments are negligible. 
 
Footing Size and Reinforcement 
 

KSFqa 40=    (soils report) 
 

PSIq
KSFq

kq

A
P

q

B
B

B
kKSF

A
Pq

u

a

5.312
45

)'5.10(
4961

'5.10
'1.10

404540

2

2

=
=

=

=

=
≥

≥

≥

 

 
f’c = 3000 psi  (Structural Notes) 
42” x 42” column 
Df = 36” 
 
Try #11 bars 
 

psiv
psiv

cfv

c

c

c

164
3000)4(75.0

'4

=
=

= φ

 

 

( )

( )
"2.45

"42"126
4
5.312"42

2
5.312164

4
5.312164

42

222

22

=

−=⎟
⎠
⎞

⎜
⎝
⎛ ++⎟

⎠
⎞

⎜
⎝
⎛ +

−=⎟
⎠
⎞

⎜
⎝
⎛ ++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

d

psipsipsidpsipsid

wBLqwqvdqvd c
c

c β

 

 
h = 45.2” + 3” + 1.41” 
h = 49.61” 
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h = 50” 
 
d = 50” – 3” – 1.41” = 45.6” 
 

'5.3
2

'5.3'5.10

=

−
=

l

l  

 
 

s

s

ys

u

u

u

Aa
ksi

ksiA
a

cbf
fA

a

kftM

KSFM

qlM

96.1
)"12)(3(85.0

)60(
'85.0

6.275
2

)'5.3(45
2

2

2

=

=

=

−=

=

=

 

 

OKininA

A
ksiAftinkft

adfAMM

s

s
s

ysnu

∴<≥

⎟
⎠
⎞

⎜
⎝
⎛ −=−

⎟
⎠
⎞

⎜
⎝
⎛ −==

22 56.133.1
2

96.1
"6.45)60(9.0)/12(6.275

2
φφ

 

 

OK

in
bh
As

∴≥=

=

=

0018.0002549.0
)"51("12

56.1 2

ρ

ρ

ρ

 

 
a = 1.96(1.56in2) = 3.06in 
 
c = 3.06in/0.85 = 3.6” ≤0.375(45.6”) = 17.1”    9.0=φ  
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OKkkkB
ksiB

cAfB

n

n

n

∴>==
=

=

961,4848,5)2(924,2
)"42)(3)(85.0(65.0

')85.0(
2

1

φ
φ

φφ

    

 
ACI 22.5.5 
 

23
42

126
2

2

2

1 →==
A
A  

 

8)#12(
22

min,

2
min,

min,

48.982.8

)42(005.0

005.0

AininA

inA

AA

s

s

cols

=<=

=

=

 

 
Use 10.5’ x 10.5’ x 50” square footing with (11) #11 each way and (12) #8 dowels  
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Spread Footing Design – E-9 
 
Loads 
 
Axial Loads from Tower 
 D  = 2141 k 
 LLr  =   715 k 
 
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 4” ------------ 

  
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)   =  6,875 LB 
Slab:  9”/12(900 SF)(150 PCF)   = 101,250 LB 
Column:  (42”x42”)/144in2(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)   =  6,875 LB 
Slab:  (8”/12)(900 SF)(150 PCF)   =  90,000 LB 
Column:  (42”x42”)/144in2(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:  (4”/12)(900 SF)(150 PCF)   =  45,000 LB 
Column:  (42”x42”)/144in2(3’)(150 PCF)  =  5,513 LB 
 
D = 462 k 
L = 113 k 
 
Service:  3,431 k 
Factored:  1.2D + 1.6L = 4,448 k 
Moment are negligible. 
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Footing Reinforcement 
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f’c = 3000 psi  (Structural Notes) 
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Try #11 bars 
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h = 39.96” + 3” + 1.41” 
h = 44.41” 
h = 45” 
 
d = 45” – 3” – 1.41” = 40.6” 
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Use 9.5’ x 9.5’ x 45” square footing with (10) #11 each way and (12) #8 dowels  
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Appendix F 
 

Roof Design Calculations 
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Roof Joist Calculations and Design – 46’ Span 
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Roof Joist Calculations and Design – 30’ Span 
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Roof Deck Calculations and Design – 46’ Span 
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Roof Deck Calculations and Design – 30’ Span 
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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 CY $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 CY $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 CY $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 Shoring               
     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 

03150-600-3050 
Shores       
(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   
          

 



lxvi                  
                  The Regent_______________________________________________           
                                950 N. Glebe Road, Arlington, VA                
 

 
Kristin Ruth                                                                                                           Senior Thesis Spring 2006 
Structural Option                                                   Architectural Engineering  
 

lxvi

Concrete System Cost Analysis – Spread Footings 
 

Cost:  Square Footing E-7 Concrete System 
                    

        Unit Cost Total Cost 
  Item 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 

03310-700-2600 
Placement 
(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 
  Item Quantity Unit Material Labor Equip. Material Labor Equip.
03310-220-0150 Concrete 12.53 CY $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 

03310-700-2600 
Placement 
(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 

03110-420-6650 
Edge 
Form 199.5 SFCA $0.50 $4.77 $0.00 $100 $952 $0 

03310-700-1400 Placement 356 CY $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. 

05310-300-5800 
3"-20 
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 
 

Cost  
Braced Frame 
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 

05120-260 
HSS 
10x10x1/2 48 $64.06 $2.84 $1.84 $3,075 $136 $88 

05120-260 
HSS 
10x10x5/8 35 $64.06 $2.84 $1.84 $2,242 $99 $64 

05120-260 
HSS 
12x12x1/2 35 $83.06 $2.64 $1.69 $2,907 $92 $59 

    364       $22,447 $1,149 $659 
 



lxix                  
                  The Regent_______________________________________________           
                                950 N. Glebe Road, Arlington, VA                
 

 
Kristin Ruth                                                                                                           Senior Thesis Spring 2006 
Structural Option                                                   Architectural Engineering  
 

lxix

 
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 
                    

        Unit Cost Total Cost 
  Item 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 

03310-700-2600 
Placement 
(direct chute) 12.5 CY $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 
  Item 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 

03310-700-2600 
Placement 
(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           
          

    Quantity Unit Crew 
Daily 

Output 
# of 

Days   
03310-220-0300 Concrete 1100 CY         

03210-600-0400 Reinforcement 64 Ton 
12 

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           
          

    Quantity Unit Crew 
Daily 

Output 
# of 

Days   
03310-220-0300 Concrete 117 CY         
  Reinforcement             

03210-600-0100 #3-#7 11.33 Ton 
12 

Rodm 4.8 2.360   

03210-600-0150 #8-#18 24.53 Ton 
12 

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           
          

    Quantity Unit Crew Daily Output 
# of 

Days   
03310-220-0400 Concrete             

03210-600-0250 Reinforcement 14.1 Ton 
12 

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           
          

    Quantity Unit Crew Daily Output 
# of 

Days   
03310-220-0300 Concrete 49 CY         

03210-600-0700 Reinforcement 0.89 Ton 
12 

Rodm 9 0.099   
03110-455-8060 Formwork 3900 SFCA (5) C-2 3950 0.987   
03310-700-4950 Placement 49 CY C-20 100 0.490   
03350-350-0020 Finishing 3900 SF 4 Cefi 2160 1.806   
       3.382   
            4 days 
 

  Schedule Shoring           
          

    Quantity Unit Crew Daily Output 
# of 

Days   
03150-600-1500 Reshoring 24,250 SF 5 carp. 7000 3.464   

03150-600-3050 
Shores             
(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 
 

Schedule:  Square Footing E-7 Concrete System  
               

                

  Item Quantity Unit Crew 
Daily 

Output 
# of 

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  

03310-700-2600 
Placement 
(direct chute) 17 CY C-6 120.00 0.14  

      0.74 day(s) 
 
 

Schedule:  Square Footing E-9 Concrete System  
               

                

  Item Quantity Unit Crew 
Daily 

Output 
# of 

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  

03310-700-2600 
Placement 
(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           
          

    Quantity Unit Crew Daily Output 
# of 

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 CY C-20 140 2.543   
       10.358   
            11 days 
 

Schedule Metal Deck           
         

    Area (SF) Crew 
Daily 

Output 
# of 

Days   
05310-300-5800 3"-20 gauge 24,250 E-4 3000 8.083   
      8.083   
          9 days 
 

Schedule Beams           
         

    
Length 

(ft) Crew 
Daily 

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 

(ft) Crew 
Daily 

Output 
# of 

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 
 

Schedule 
Braced Frame 
Members           

         

    Length (ft) Crew 
Daily 

Output 
# of 

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    
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Steel System Schedule Analysis – Spread Footings 
 

Schedule:  Square Footing E-7 Steel System   
               

                

  Item Quantity Unit Crew 
Daily 

Output 
# of 

Days  
03310-220-0150 Concrete 12.5 CY        
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  

03310-700-2600 
Placement 
(direct chute) 12.5 CY C-6 120.00 0.10  

      0.62 day(s) 
 

Schedule:  Square Footing E-9 Steel System   
               

                

  Item Quantity Unit Crew 
Daily 

Output 
# of 

Days  
03310-220-0150 Concrete 7.5 CY        
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  

03310-700-2600 
Placement 
(direct chute) 7.5 CY C-6 120.00 0.06  

      0.40 day(s) 
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Appendix I 
 

Design Load Calculations 
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Wind Loads (Steel and Concrete Systems) 
 
Assumptions 
 

○ 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 
 

○ N-S direction – Shearwalls/Braced Frames 
○ E-W direction – Shearwalls/Braced Frames 
○ Location:  Arlington, VA 
○ Exposure B 
○ Building Use:  Office (Primary), Retail (1st Level), Parking (Below Grade) 

 
Velocity Pressure 
 

○ Kzt = 1.0   (Fig. 6-4)   area is flat 
○ Kd = 0.85   (Table 6-4)   Building MWFRS 
○ V = 90 mph  (Fig. 6-1) 
○ Use Group II  (Table 1-1) 
○ I = 1.0   (Table 6-1) 
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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 

 
zdztz IKVKKq 200256.0=  

zz Kq )0.1()90)(85.0)(0.1(00256.0 2=  

zz Kq 63.17= PSF 
 

*)17.1(63.17=hq  *linear interpolation  
65.20=hq PSF 

 
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’ = 0.53     Cp = -0.5 
 
Internal Pressure Coefficients (6.5.11.1) 
 
GCpi = +0.18 
         = -0.18 
qi = qh = 20.65 PSF      (qi = qh for windward and leeward walls of enclosed buildings) 
 
Internal Pressure = PSFPSFqiGC pi 72.3)18.0(65.20 ±=±=  
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Gust Factor (N-S Direction) 
 

N-S Direction:  B = 119’, L = 222.5’ 
 

Estimate Frequency (Ct = 0.02, x = 0.75 – Table 9.5.5.3.2) 
 

 RigidHz
hC

f x
nt

∴>=== 0.101.1
)75.180(02.0

11
75.0 (Inverse of Eq. 9.5.5.3.2-1) 

G = 0.85 or  
 
Calculate G 
 
  From Table 6-2 (Exposure B) 
 

  

3/1

320
3.0
30min

=

=
=

=

ε

ftl
c

ftz

 

   

  
4.3

4.3

=

=

V

Q

g

g
 (6.5.8.1) 

 
  '45.108'30'45.108)75.180(6.06.0 =∴>=== zhz  (6.5.8.1) 

  76.475)33/45.108(320)33/( 3/1 === εzlLz  (Eq. 6-7) 
  246.0)45.108/33(3.0)/33( 6/16/1 === zcI z  (Eq. 6-5) 
 

  82.0

76.475
75.18011963.01

1

63.01

1
63.063.0 =

⎟
⎠
⎞

⎜
⎝
⎛ +

+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
+

=

zL
hB

Q  (Eq. 6-6) 

 

  83.0
)246.0)(4.3(7.11

)82.0)(246.0)(4.3(7.11925.0
7.11

7.11
925.0 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+
=

zV

zQ

Ig
QIg

G    (Eq. 6-4) 

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

E-W Direction:  B = 222.5’, L = 119’ 
 

Estimate Frequency (Ct = 0.02, x = 0.75 – Table 9.5.5.3.2) 
 

 RigidHz
hC

f x
nt

∴>=== 0.101.1
)75.180(02.0

11
75.0 (Inverse of Eq. 9.5.5.3.2-1) 

  
G = 0.85 or  
 
Calculate G 
 
  From Table 6-2 (Exposure B) 
 

  

3/1

320
3.0
30min

=

=
=

=

ε

ftl
c

ftz

 

   

  
4.3

4.3

=

=

V

Q

g

g
 (6.5.8.1) 

 
  '45.108'30'45.108)75.180(6.06.0 =∴>=== zhz  (6.5.8.1) 

  76.475)33/45.108(320)33/( 3/1 === εzlLz  (Eq. 6-7) 
  246.0)45.108/33(3.0)/33( 6/16/1 === zcI z  (Eq. 6-5) 
 

  799.0

76.475
75.1805.22263.01

1

63.01

1
63.063.0 =

⎟
⎠
⎞

⎜
⎝
⎛ +

+

=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
+

=

zL
hB

Q  (Eq. 6-6) 

 

  82.0
)246.0)(4.3(7.11

)799.0)(246.0)(4.3(7.11925.0
7.11

7.11
925.0 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

+
=

zV

zQ

Ig
QIg

G    (Eq. 6-4) 

 
 Since 0.82 < 0.85, use G=0.82 
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N-S Windward Pressure 
 
 zzpzwz qqGCqP 664.0)83.0(8.0 ===  PSF 
 
N-S Leeward Pressure 
 
 59.5)83.0)(326.0(65.20 −=−== GCqP phlh  PSF 
 
E-W Windward Pressure 
 
 zzpzwz qqGCqP 656.0)82.0(8.0 ===  PSF 
E-W Leeward Pressure 
 

47.8)82.0)(5.0(65.20 −=−== GCqP phlh  PSF 
 
Total Pressures 
 

z Kz qz 

N-S 
Windward 
Pressure 

(PSF) 

E-W 
Windward 
Pressure 

(PSF) 

N-S 
Leeward 
Pressure 

(PSF) 

E-W 
Leeward 
Pressure 

(PSF) 

Ptotal      
(N-S)    
(PSF) 

Ptotal     
(E-W)    
(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 7.17 -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 
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Wind Force Diagrams 
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Seismic Loads (Concrete System) 
 
Assumptions 
 

○ 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 (1st Level), Parking (Below Grade) 

 
Seismic Design Category 
 
 Occupancy Category - II    (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) 
  S1 = 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) 
 Sm1 = FvS1 = 1.7(0.07) = 0.119  (Eq. 9.4.1.2.4-2) 
 
Design Spectral Response Acceleration Parameters 
 
 SDS = 2/3 Sms = 2/3(0.228) = 0.152  (Eq. 9.4.1.2.5-1) 
 SD1 = 2/3 Sm1 = 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=CsW) 
 
R = 4 (Table 9.5.2.2)  Reinforced Concrete Shearwalls 
I = 1.0 (Table 9.1.4) 

x
nt hCT =  (Eq. 9.5.5.3.2-1) 

N-S: sec72.1)75.180(016.0 9.0 === x
nt hCT  (Table 9.5.5.3.2) 

E-W: sec72.1)75.180(016.0 9.0 === x
nt hCT  (Table 9.5.5.3.2) 

 

038.0
1/4

152.0
/

===
IR

S
C DS

s  

011526.0

1
472.1

0793.0)( 1
max, =

⎟
⎠
⎞

⎜
⎝
⎛

=
⎟
⎠
⎞

⎜
⎝
⎛

=−

I
RT

SSNC D
S   *Controls 

 

011526.0

1
472.1

0793.0)( 1
max, =

⎟
⎠
⎞

⎜
⎝
⎛

=
⎟
⎠
⎞

⎜
⎝
⎛

=−

I
RT

SWEC D
S   *Controls 

OKISC DSS ∴<=== 011526.0006688.0)152.0)(0.1(044.0044.0min,  
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Dead Loads 
 
Roof Dead Load 
 Joists                      9 PSF 
 Metal Deck       3 PSF 
 Insulation                1.5 PSF 
 SDL      15 PSF 
 Built-up Roof (5-ply felt and gravel)        6.5 PSF 
                 35 PSF 
 
Snow Load      30 PSF (See Snow Load Calculations) 
 
Typical Floor Load   
 Joists              119 PSF 
 Misc. DL                15 PSF 
  mech. ducts, plumbing,          134 PSF 
  sprinklers, ceiling, etc. 
 
Exterior Wall Loads 
 Glass Curtain Wall (N façade)  15 PSF 
 Precast/Windows (S,E,W facades) 20 PSF 
 

kwroof 2.834=  
kw 5.500,211 =  
kw 7.375,210 =  

kw 854,269 =−  
kw 4.332,325 =−  

kw 33641 =  
 

125691011 44 wwwwwwW roof +++++= −−  
kkkkkkW 364,3)4.3332(4)854,2(47.375,25.500,22.834 +++++=  

kW 820,33=  
 
VN-S = 0.011526(33,820 k) = 390 k 
VE-W = 0.011526(33,820 k) = 390 k 
 

VCF vxx =  

∑
=

= n

i

k
i

k
xx

vx

i
hw

hw
C

1
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61.1
2

5.072.11)( =
−

+=− SNk *           *linear interpolation 

61.1
2

5.072.11)( =
−

+=−WEk *     *linear interpolation 

 
 
 
Seismic Base Shear and Overturning Moment 
 

Level wx hx wxhx
1.61 wxhx

1.61 Cvx (N-S) Cvx (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 k       
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        
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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(Lr or S or 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 
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Seismic Loads (Steel System) 
 
Assumptions 
 

○ 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 (1st Level), Parking (Below Grade) 

 
Seismic Design Category 
 
 Occupancy Category - II    (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) 
  S1 = 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) 
 Sm1 = FvS1 = 1.7(0.07) = 0.119  (Eq. 9.4.1.2.4-2) 
 
Design Spectral Response Acceleration Parameters 
 
 SDS = 2/3 Sms = 2/3(0.228) = 0.152  (Eq. 9.4.1.2.5-1) 
 SD1 = 2/3 Sm1 = 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=CsW) 
 
R = 3 (Table 9.5.2.2)  Structural steel systems not specifically detailed for seismic   

resistance. 
I = 1.0 (Table 9.1.4) 

x
nt hCT =  (Eq. 9.5.5.3.2-1) 

N-S: 986.0)75.180(02.0 75.0 === x
nt hCT  (Table 9.5.5.3.2) 

E-W: 986.0)75.180(02.0 75.0 === x
nt hCT  (Table 9.5.5.3.2) 
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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 ¼” lt. 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 façade)  15 PSF 
 Precast/Windows (S,E,W facades) 20 PSF 
 

kwroof 909=  
kw 161711 =  
kw 151210 =  
kw 178169 =−  
kw 205025 =−  

kw 20831 =  
 

125691011 44 wwwwwwW roof +++++= −−  
kkkkkkW 2083)2050(4)1781(415121617909 +++=+=  

kW 445,21=  
 
VN-S = 0.02681(21,445k) = 574.94k 
VE-W = 0.02681(21,445k) = 574.94k 
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VCF vxx =  

∑
=

= n

i

k
i

k
xx

vx

i
hw

hw
C

1

 

 

243.1
2

5.0986.01)( =
−

+=− SNk *      *linear interpolation 

243.1
2

5.0986.01)( =
−

+=−WEk *     *linear interpolation 

 
 
 
Seismic Base Shear and Overturning Moment 
 

Level wx hx wxhx
1.243 wxhx

1.243 Cvx (N-S) Cvx (E-W) Fx (N-S) Fx (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-W 574.94 k   
V (N-S) 574.94 k       
V (E-W) 574.94 k  Overturning Moment     
    Overturning Moment (N-S) 64424.2942 ft-k 
    Overturning Moment (E-W) 64424.2942 ft-k 
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Seismic Force Diagrams 
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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(Lr or S or 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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Snow Load (Steel and Concrete Systems) 
 
Assumptions 
 

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

○ Location:  Arlington, VA 
○ Max. Roof Slope = 4.55% or 2.62º* 

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

gtef IpCCp 7.0=  (Eq. 7-1) 
  
 Ce = 0.9    Surface roughness B (6.5.6.2) 
         Fully exposed (Table 7-2) 
 Ct = 1.0   (Table 7-3) 
 I = 1.0    Category II (Table 7-4) 
 pg = 25 PSF   (Fig. 7-1) 
  
 PSFPSFp f 75.15)25)(0.1)(0.1)(9.0(7.0 ==  
 
 IPSFp f ⋅= 20min,  pg>20 PSF   (Sec. 7-3) 
 PSFPSFp f 20120min, =⋅=    20 PSF > 15.75 PSF, therefore use 20 PSF 
 
NOTE:  Structural Notes specify a snow load value of 30 PSF.   
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Roof Live Load (Steel and Concrete Systems) 
 
Assumptions 
 

○ ASCE 7-02, Chapter 4 was used to check the minimum roof live load. 
 
Lr = 20R1R2   (Eq. 4-2) 
 
R2 = 1    F<4  (4.9.1)      Max. roof slope = 2.61º 
 
R1= 0.6   At > 600 SF (4.9.1)  At(roof col.) = 30’[(46’+30’)/2] 
      At(roof col.) = 1140 SF > 600 SF 
 
Lr = 20(1)(0.6) 
Lr = 12 PSF < 30 PSF* 
 
*Therefore snow load controls with a roof live load of 30 PSF. 
 
 




