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1.0 GENERAL STRUCTURAL CRITERIA 
 
1.1 Project Description 
 

The scope of this document includes the Roof Reserve Capacity for Additional Loads ‐ Rev 3 of the 
950 Mass Ave project.  The structural design is based on the building codes and standards listed 
below. 
 

1.2 Codes 
 

 780 CMR, 8th Edition of the Massachusetts State Building code consisting of the 2010 
International Building Code as modified by Massachusetts.  

 ASCE 7‐05 
 American Institute of Steel Construction, "Manual of Steel Construction, 13TH edition” 
 American Institute of Steel Construction, "Code of Standard Practice" 
 Structural Welding Code, AWS D‐1 

 
1.3 Low Roof Location on Building 
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1.4 Images of Current Roof Deck 
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1.5 Structural Plan 
 

 

26'‐6"

27‐0"
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2.0 CODE LOADS 
 
2.1 Dead Load 
 

   

   
   
  Dead Load of 3 1/4" LW Conc + 2" MD = 42 psf 
  Tapered Insulation and Roof Membrane = 5 psf 
  Steel Self Weight = Included in calculations 
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2.2 Min Live Load 

 

 

 

 
  Code Required Min Roof Live Load is 100 psf  
 
Since not group A, LL is permitted to be reduced (to find reserve capacity beyond the 100psf) 
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2.3 Roof Live Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  This 20psf does not control, just added section for completeness ‐ used 100psd Live 
 
 
Some info from the old 7th Ed CMR code... 
 

 
 
So, landscaping weight can be considered a dead load for calc purposes.  Still, using 100psf for live. 
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2.4 Snow 
 
  As per 780 CMR, the design ground snow load for Cambridge, MA is 45 psf. 
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  Roof Deck Height above grade = 95' ‐ 41' (approx) = 54 ft 
  Height Diff between Upper and Lower Roof = 10.8ft x 2 = 21.6 ft (for drift calc) 
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 Snow Range = 115psf to 31.2 psf 
 Average Snow Load on Left Side (16ft from Wall) = (114.8 + 31.2)/2 = 73 psf 

2.5 AISC 7‐05 LRFD Load Combinations 
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2.6 Wind Uplift 
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Therefore, wind uplift = ‐17.3 psf generally (Zone 2/3) and ‐24.8psf (around 6ft wide strips at perimeter). 
 
Since load combination is 0.6D ‐ W, the dead load will need to be 17.3/0.6 = 29 psf or more to not need to 
positively attach to roof.   At edges, this becomes 24.8/.6 or 41 psf.   This is for future details of anchoring 
the decking and/or planters.   
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2.7 Serviceability  
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3.0 CALCULATIONS OF ROOF 
 
3.1 Material Strength 
 

 
  Use 36ksi (building is post 1980s, but 36ksi likely used) 
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3.2 Design with Max Reserve Load of 35 psf 
 

 
 
 

 
  SDL = 35 psf reserve + 15psf ceiling/lighting/roofing/tapered insulation = 50psf SDL + Steel Weight 
 
  Design OK for 35 psf max reserve load. 
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3.3 W14X26 Beam Check 
 

 
  Stud range 20 to 26 ‐ same capacity
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SHEAR Typ Standard: Shears from using 1.5 or 2 times Max Uniform Load Table

Shear Vu 32 k Vu (LRFD) = 2 [4(phiMn)/L]= 33 k

Shear phi Vn 69 k OK V (ASD)= 2 [4(phiMn)/L]= 21 k (for dwg only)

Shear OK? OK

TRANSFORMED PROPERTIES

Total depth of slab, t 5.25 in Steel only - Ix (in^4) 245 in^4
Ac = 258.375 in2 Sx (in^3) 35 in^3
Ec = 2158 ksi n 13.4

effective thickness of conc, te 3.25 for calcs only b eff stl 5.9 in
"gap" above top flange, g 2.00 y bar 14.50 in

d/2 7.0 in

Shape W14X26 d+g+te/2 17.5 in
Area, A (in^2) 7.69 Itr 876.24 in^4

Actual Depth, d (in) 13.9 Lower Bound beff 4.6 in
Thickness of Web, tw (in) 0.255 Lower Bound y bar 13.9 in

Width of Flange, bf (in) 5.030 Lower Bound Itr Method 1 826.5 in^4
Thickness of Flange, tf (in) 0.420 YENA 11.4 in

Area Factor 1.018  Itr Method 2 604.8 in^4
If case 1, a 1.171 ILB 715.6 in^5

COMPOSITE FLEXURAL STRENGTH

Area Area x strength Remaining dist PNA
Concrete 258.38 768.67 245.91 2.21

Top Flange 2.15 77.41 0.00 0.00
Web 3.39 122.03 0.00 0.00

Bottom Flange 2.15 77.41 0.00 0.00
Sum 1045.51 actual PNA= 2.21 from top

Sum/2 522.75 Plastic Nuetral Axis = Y bar = 16.94 from bott

Case 1
Area above/below NA Area x strength dist Mn

Concrete above NA 175.72 276.84 1.11 25.50
Concrete below NA 82.66 0.00 0.52 0.00

Top Flange above NA 0.00 0.00 0.00 0.00
Top Flange below NA 2.15 77.41 0.21 1.38

Web above NA 0.00 0.00 0.00 0.00
Web below NA 3.39 122.03 9.87 100.40

Bottom Flange below NA 2.15 77.41 16.73 107.92
Mn = 268 k-ft

phi Mn = 241 k-ft

a
C = 0.85f 'cab

T = Asfy

g

te

b ef f

d

C = 0.85f 'cab

T = Asfy - Af fy

C = Af  fy

CASE 1 - NA is above top flange CASE 2 - NA is within top flange CASE 3 - NA is below top flange

NA
NA

C = 0.85f 'cab

T

Cf = Af  fy

NA Cw = Aw fy
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STUDS

Stud Diameter 0.75 in (typically 3/4") Ast 0.44 in^2

Full Hor Shear 276.8 k (above NA) Qn1 19.2 k

Rg see below

Number of Studs for Full 32.1  

PCC 77.9% for strength Rp 0.6

Min Spacing of Studs 18.000 Qn2 17.2 k

Horiz Shear Req'd 215.7 for Strength Qn 17.2 k
Horiz Shear min 1 152.2 based on stud spacing Astuds/2 5.53 in^2
Horix Shear min 2 96.9  on PCC min

Actual Horiz Shear, H 215.7 k
Actual PCC 77.9% Percent Composite  

Min Number of Studs 25.0
No of Studs for Strength 25.0
Avg Rg Increase Factor 1.00

Studs for Strength 25.0 (includes Rg) dwg only

DEFLECTION

LOADS wDL 0.41 k-ft
wLL+SDL 1.32 k-ft NONCOMPOSITE

COMPOSITE BEAM Delta LL+SDL 2.06 in
Delta DL 0.65 in

Delta LL+SDL 0.70 in

VIBRATION

LOADS Live  Load 22.00 psf (11psf typ. for offices)
SDL / Mech'l Load 10.00 psf (4psf typ. for offices)

w 708.28 plf
Delta J 0.309 in

Freq, f 6.36 Hz
n' = n/1.35 9.95

Ds 7.7 in^4/ft
Dj 95.0 in^4/ft
Cj 2.00 (2 for int, 1 for edge per errata)

Eff Panel Width Bj 28.3 ft
Check Min Entire Floor Width w > 42 ft

Wj 86 kips

j

gf


 18.0
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3.4 W18X71 Girder Check 
 
 

   
 

Job #:

3.25'' LW Conc on 2'' Metal Deck By: EAN

Sheet:

Date: 2/6/2014

AISC/LRFD 13 ED. Composite Girder Design W18X71 Key
Program updated by SW (1/22/09) INPUT - YELLOW

OUTPUT - GRAY
OVER WRITE - RED

SLAB INPUT NOTE - Must Use Beam Spreadsheet First

Girder Description Girder A

Concrete Thickness 3.25''
LW or Normal Concrete? LW Conc

Metal Deck 2.0'' MD
Slab 5.25'' Total Slab

f'c 3500 psi
LOAD INPUT

Self Weigth of Slab 42 psf
Superimposed Dead Load 50 psf

Construction Load 10 psf                                  W18X71 [38] 
Live Load 100 psf

Include Live Load Reduction? yes
Live Load Used 64 psf Design OK       V 54

Total Factored Load 213 psf

BEAM INPUT
Section W18X71         (2 point loads are shown in graphic)

Fy of Beam 36 ksi           Pu = 52 k  (2 total point loads)     V 54 (LRFD - Actual Shear)         
Beam Spacing for Point Load 9.22 ft    V 114 (LRFD max. shear table)      
Avg Beam Length/Girder Trib 26.5 ft S =9.22 ft    V 73 (ASD max. shear table)       

Girder Length 27.66 ft (must be multiple of beam spacing)
W18X71

Additional Uniform Load 0.00 klf (typ 0, or add wall load if spandrel) L =27.66 ft
Number of Point Loads 2

PDL 22.8 k Floor System Freq = 4.5 Hz 3010 micro-in/sec for slow walking
PLL 15.7 k 11090 micro-in/sec moderate walking
Pu 52.5 k a/g = 0.47% (should be less than 0.50%)

Uniform Load, w 5.72 klf
Concrete Flange, b eff* 82.98 in Floor Steel Weight 5.5 psf

RESULT SUMMARY:

STRENGTH COMPOSITE BEAM COMPOSITE BEAM PRECOMPOSITE BEAM
Req'd Studs for Strength: Partial w/ 28 Studs Full w/ 79 Studs Parallel Deck: Unbraced Length=9.2ft

Mu = 490 k-ft 490 k-ft Precomp Mu = 156 k-ft
Composite Phi Mn = 500 k-ft 729 k-ft Precomp Phi Mn = 376 k-ft k-ft (Steel Only)

Strength OK? OK OK Strength OK? OK

DEFLECTION Partial w/ 28 Studs Full w/ 79 Studs Precomposite
SDL + LL Deflection = 0.88'' 0.60'' Precomp Deadload Deflection = 0.45''
SDL + LL Deflection = L / 375 L / 554 DL Deflection = L / 739

DL over/under Cambered = 0.36'' 0.36'' Deflection OK? OK assumes L/240
TOTAL Deflection = 1.24'' 0.96'' Defl / Camber Percent = 80% 1/4"
TOTAL Deflection = L / 267 L / 346 Min Camber = 0.75

Deflection OK? OK OK NONCOMPOSITE BEAM
Deflection Increase Factor 0.00 Perpendicular Deck: Assumes Fully Braced
Req'd Studs for Deflection: 27.3  Mu = 490 k-ft

Studs for Drawing: 38 (includes moment and Rg fa Phi Mn = 376 k-ft k-ft (Steel Only)

Studs for Drawing: 14,10,14 Strength OK? No Good
SDL + LL Deflection = 0.88''  Deadload Deflection = 0.45''

SDL + LL Deflection = L / 375  DL Deflection = L / 739

TOTAL Deflection = 1.24'' Camber Percent = 80% 1/4"

TOTAL Deflection = L / 267 SDL + LL Deflection = 1.51''

assumes L/360 for SDL + LL and L/240 for Total SDL + LL Deflection = L / 220

DECK ORIENTATION

SOLUTION

Deck Paralllel to Steel Beam Deck Perpendicular to Steel Beam
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SHEAR Odeh Standard: Shears from using 1.5 or 2 times Max Uniform Load Table

Shear Vu 53 k Vu (LRFD) = 2 [4(phiMn)/L]= 114 k

Shear phi Vn 178 k OK V (ASD)= 2 [4(phiMn)/L]= 73 k (for dwg only)

Shear OK? OK

TRANSFORMED PROPERTIES

Total depth of slab, t 5.25 in Steel only - Ix (in^4) 1170 in^4
Ac = 352.665 in2 Sx (in^3) 127 in^3
Ec = 2158 ksi n 13.4

effective thickness of conc, te 4.25 for calcs only b eff stl 6.2
"gap" above top flange, g 1.00 y bar 16.2

d/2 9.3

Shape W18X71 d+g+te/2 21.6  
Area, A (in^2) 20.80 Itr 2986.6

Actual Depth, d (in) 18.5 Lower Bound beff 2.2 in
Thickness of Web, tw (in) 0.495 Lower Bound y bar 13.0 in

Width of Flange, bf (in) 7.640 Lower Bound Itr Method 1 2159.7 in^4
Thickness of Flange, tf (in) 0.810 YENA 12.0 in

Area Factor 1.003  Itr Method 2 1886.0 in^4
If case 1, a 3.033 ILB 2022.8 in^5

COMPOSITE FLEXURAL STRENGTH

Area Area x strength Remaining dist PNA
Concrete 352.67 1049.18 150.19 3.64

Top Flange 6.21 223.51 0.00 0.00
Web 8.38 301.78 0.00 0.00

Bottom Flange 6.21 223.51 0.00 0.00
Sum 1797.98 actual PNA= 3.64 from top

Sum/2 898.99 Plastic Nuetral Axis = Y bar = 20.11 from bott

Case 1
Area above/below NA Area x strength dist Mn

Concrete above NA 302.18 748.80 1.82 113.62
Concrete below NA 50.48 0.00 0.30 0.00

Top Flange above NA 0.00 0.00 0.00 0.00
Top Flange below NA 6.21 223.51 0.41 7.57

Web above NA 0.00 0.00 0.00 0.00
Web below NA 8.38 301.78 10.83 272.38

Bottom Flange below NA 6.21 223.51 19.70 366.99
Mn = 810 k-ft

phi Mn = 729 k-ft

a
C = 0.85f 'cab

T = Asfy

g

te

b ef f

d

C = 0.85f 'cab

T = Asfy - Af fy

C = Af  fy

CASE 1 - NA is above top flange CASE 2 - NA is within top flange CASE 3 - NA is below top flange

NA
NA

C = 0.85f 'cab

T

Cf = Af  fy

NA Cw = Aw fy
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STUDS

Stud Diameter 0.75 in (typically 3/4") Ast 0.44 in^2

Full Horiz Shear 748.8 k Qn1 19.2 k

Rg see below

Number of Studs for Full 78.0

PCC 0.323 Rp 0.75

Min Spacing of Studs 18.000 Qn2 21.5 k

Horiz Shear Req'd 242.1 for Strength Qn 19.2 k
Horiz Shear Min 1 177.0 based on stud spacing Astuds/2 6.03 in^2
Horix Shear min 2 262.1  on PCC min

Actual Horiz Shear 262.1 k
Actual PCC 35.0% Percent Composite

Studs for Strength 25.2
Studs for Min spac 27.3

Studs for Deflection 27.3 see above
Min Number of Studs 27.3

Unifrom or Segmented? Uniform

DEFLECTION

Delta DL 0.45 NONCOMPOSITE
Delta LL+SDL 0.88 Delta LL+SDL 1.51

GIRDER VIBRATION

LOADS Live  Load 22.00 psf (11psf typ. for offices)
SDL / Mech'l Load 10.00 psf (4psf typ. for offices)

Slab + Steel DL 47.50 psf
Total 79.50 psf

Delta g 0.32 in

Girder Freq, f 6.25 Hz
Dj 95.04 in^4/ft (from beam spreadsheet)

Dg 112.70 in^4/ft
Cg 1.80 in^4/ft

Eff Panel Width Bg 47.71 ft
Check Min Floor Width w > 72 ft

wg 2107 plf

Wg 104.91 kips

j

gf


 18.0
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FLOOR VIBRATION

Girder Span 27.66 ft
From Beam Sheet Joist Panel Width 28.29 ft

Reduction factor 0.98
Delta g' 0.31 in
Delta j 0.31

Equation 3.4 Floor Freq, fn 4.48 Hz
Wj 86.38

Equation 4.4 Panel Weight 95.71 kips
Table 4.1 Beta 0.03

Beta W 2.87 kips
Po 65.00 lbs

Equation 4.1 ap/g 0.0047
ap/g 0.47% of gravity

Midspan Flexibilities Delta OJ 1.32E-05 in/lb
Delta GP 4.40E-06 in/lb

de 4.25 in
Equation 4.7 Neff 1.90

Mid-bay Flexibility = Delta P 9.12E-06 in/lb

For 185lb person walking Fast (100 steps/min) Moderate (75 steps/min) Slow (50 steps/min)
Fm 315 278 241 lb

Table 6.2 Purse Rise Freq, fo 5.0 2.5 1.4 *
fn/to = fn/fo = 0.90 1.79 3.20

Figure 6.5 pg 48 Am 0.622 0.156 0.049
Xmax 0.001785 0.000394 0.000107 in

Uv 25000 5500 1500 lb-Hz2

Vmax if fn/fo >> 0.5 0.050888 0.011195 0.003053 in/sec
Vmax if fn/fo >> 0.5 50888 11195 3053 micro-in/sec

V 0.050279 0.011091 0.003014 in/sec
V 50279 11091 3014 micro-in/sec

*(note 1.2 change to 1.4 per DGS 11 Errata)
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3.5 Concrete Deck 
 

 
 

Live + SDL Capacity of Deck = 163 psf  ‐ does not control reserve capacity.  SDL reserve= 163‐100‐5 = 58 psf 
Deck allows 58psf, but beams only 35psf   
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4.0 CONCLUSION 
 
4.1 OPTION 1:  Uniform Reserve Capacity for Roof Decking/Planters/Etc 
 

 
 

 
Note this 35psf is allowed above the 115psf psf code loads.   The total unfactored load = 35psf reserve + 
100psf live/snow + 15psf roofing/insulation/ceiling + 42 psf conc/MD + 6 psf steel self weight = 198 psf 
 
 

35 PSF MAX 


