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Structural System 

• Foundation 

The lower level of the parking garage is a 5” slab on grade with a minimum 28-
day compressive strength of 4500 psi, over 6” of granular subbase.  It is reinforced with 
WWF 6x6 – W4.0xW4.0 wire mesh.  The concrete columns, which carry the load from 
the main building above are supported by spread footings which range in size from 4’-
0”x4’-0”x24” reinforced with (7)#5 bars each way to 9’-0”x9’-0”x42” reinforced with 
(15)#8 bars each way.  The garage walls around the exterior are supported by 2’-0”x2’0” 
footings reinforced with (3)#9 top and bottom steel, while the wall footing running 
through the center of the garage is only 1’6” deep and reinforced with (2)#7 bottom 
bars.  The School of Engineering and Applied Science Building’s entrance plaza is a 
slab on grade with a minimum 28 day compressive strength of 4000 psi which varies by 
location from 5” thick reinforced with WWF 6x6 W4.0xW4.0 to 9” thick reinforced with #5 
bottom bars at 12” O.C. and top WWF 6x6 W4.0xW4.0.  The plaza is supported by 
drilled piers that range in size from 36” diameter, 12’-8” deep, to 60” diameter, 17’-4” 
deep.  Grade beams run between the drilled piers and are typically 2’-0”x2’0”.  All 
footings, piers, and grade beams have a minimum concrete strength of 5000 psi. 

 

• Floor System 

o Upper Floors 

The first, second and mechanical floor of the School of Engineering and Applied 
Science Building utilizes a composite floor system with a typical concrete slab of 3½” on 
3” 18 gage composite metal deck with normal weight concrete of minimum 28-day 
strength of 4000 psi, and is reinforced with WWF 6x6 W2.9xW2.9.  The most typical bay 
is 30’-0”x30’-0” where the deck spans over (3) 10’ spans on W16x26 beams with (26) 
¾” diameter, 5” headed shear studs, and are cambered 1½”.  The beams frame into 
W21x83 girders at third-points, which have (40) shear studs of equal dimensions, and 
are not typically cambered.  Girders in areas with larger tributary areas, in the north side 
of the building are W24x84’s.  These girders are also part of the lateral resisting system 
in the East-West direction and are supported with partially restrained moment 
connections at the columns.  The roof is a mansard roof around the perimeter, sloping 
at a 12-12 pitch until it flattens off through the central part of the building.  The roof does 
not have a composite slab, and is built of 4” rigid insulation on 1½” 20 gage wide rib roof 
deck, which spans on wide flange beams which are typically W8x10 on the pitched part 
of the roof, and are W10x12 or W12x16 in the central, flat area.  The beams frame into 
girders which are generally W18x55. 
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o Garage 

The middle and the upper levels of the garage, as well as the ground floor of the 
main building are comprised of a 2-way reinforced concrete slab with a minimum 28-day 
compressive strength of 5000 psi.  The bay layout generally follows that of the columns 
above, typically 30’-0”x30’-0”, from the main building to avoid the need for transfer slabs 
and girders.  The middle and upper levels of the garage use a 9” flat slab with 10’-
0”x10’-0”x8” drop panels at the columns.  At the east end of the upper level, the slab 
turns into a 10” flat slab, and continues to turn into a 12” flat slab at ground floor, 
particularly on the northern half of the building.  This is due to the fact that the live load 
on the ground floor is higher than anywhere else throughout the main building or 
garage.  There are (3) transfer beams in this northern section of the main floor spanning 
north to south where the garage column layout doesn’t exactly match that of the upper 
floors, which are 50” deep and are 36” or 48” wide.  At the easternmost end of the 
building, there is a small section of slab where it is thickened to 14” to carry the some 
masonry walls.   

 

• Columns 

o Upper Floors 

Columns supporting the first floor through the roof are rolled W12 shapes with a 
yield strength of 50 ksi.  Most of the columns contribute to the moment frame in the 
East-West direction, which range in size from W12x40 to W12x136.  Where the 
columns continue all the way to the main roof through the mechanical floor, they are 
spliced just above the mechanical floor level.  The base plates of gravity columns 
typically 1¼” – 1½” thick on 2” of non-shrink grout, with (4) anchor bolts embedded 16” 
into the ground floor concrete, and are assumed to act as pin connections.  Columns 
acting as part of the moment frames or the vertical braces have heavier 2” – 2¼” thick, 
much larger in area so that the anchor bolts can be placed outside of the columns’ 
projected area, unlike the gravity columns, and are assumed to act as fixed 
connections.   

o Garage 

The concrete columns in the garage are typically 24”x24”, and have specified 
concrete strengths of either 4500 psi or 5000 psi depending on the location, and hence 
load, on the column.  Reinforcement in the columns varies from (4)#11 bars to (12)#11 
bars and splice at the middle level of the garage.  The number of dowels at the base of 
the columns follows the number of reinforcement bars in the column, and are embedded 
to the bottom of the spread footing and hooked, creating a fixed connection.   
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• Lateral Resistance System 
 

o North-South Direction 

The lateral system in the transverse (short) direction of the building consists of 
four single bay concentrically braced steel frames from the ground floor to the 
mechanical floor, of roughly the same size.  There is only one cross brace at each of the 
three levels of the brace, sloping up from south-to-north, and are made of steel tubing, 
ranging in size from HSS8x8x¼ to HSS10x10x½.  Diagrams can be found in Appendix 
A of this report.  For lateral resistance from the mechanical floor to the roof, the 
mansard roof around the perimeter helps to brace the roof, but is helped by four single-
span moment frames, which frame into the column’s weak bending axis.  

o East-West Direction 

The longitudinal (long) direction of the building utilizes an ordinary moment frame 
system.  Two of the frames in the southern half of the building run the full length of the 
main building, and are the only two lateral resisting elements at the upper floors where 
the building steps back at the 2nd floor level.  The ground and 1st floor also have four 
additional, shorter moment frames, two on each side of the rear entrance plaza at the 
center of the building.  The moment frames use a partially restrained moment 
connection that has plates bolted to the flanges, which then are welded with full-
penetration welds into the columns supporting the beams.   

 

Design Codes 

The School of Engineering and Applied Science Building was designed using the 
2002 Ohio Building Code (OBC) with reference to ASCE 7-98 for building load 
determination procedures.  ACI 318-98 was used to design the concrete portions of the 
structure, and concrete masonry construction was designed using ACI 530.1, 
Specifications for Masonry Structures, and construction specification section 04810.  
The 1992 edition of AISC’s Code of Standard Practice for Steel Buildings and Bridges, 
as modified by the construction documents, was used for design of steel members, and 
ANSI/AWS Structural Welding Code – Steel D1.1 was used for design of welds. 
 This report will use the more recent IBC 2006 with reference to ASCE 7-05 for 
building loads.  ACI 318-05, Building Code Requirements for Structural Concrete, and 
the Load Resistance Factored Design procedure from the 13th edition of AISC’s Manual 
of Steel Construction will be used for design of the concrete and steel structural 
members, respectively. 
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Material Strengths 

 The following table shall be referenced for required material strengths of all 
structural members: 

Material Strength Specifications 

Co
nc
re
te
 

Concrete Mix  Use  f'c (psi)  Other Requirements 
Mix A  Footings, Drilled Piers, and Grade Beams  3000    

Mix B  Elevated Parking Decks and Columns  5000 
Air‐Entrained, 7.5% 

Silica Fume 

Mix C 
Garage Walls and Rails, Garage Slab on 
Grade, Concrete Pavements, and Exterior 
Concrete Exposed to Weather U.N.O. 

4500  Air‐Entrained 

Mix D  Ground Level Structural Deck  5000    
Mix E  Stair Pan Fills  3000  #8 Aggregate 

Mix F 
Interior Slabs on Metal Deck, Interior 
Building Slabs on Grade 

4000    

Mix G  Backfill (Lean) Concrete  1500    
Mix H  Utility Tunnel  4000    

Re
in
fo
rc
in
g 
St
ee
l 

All Reinforcing  60 ksi Yield Strength 

Reinforce all slabs as follows U.N.O., Furnish Mesh in Flat Sheets : 

Slabs on Metal Deck  6x6‐W2.9xW2.9 (42# WWF) 
Interior and Exterior Slabs on Ground  6x6‐W2.9xW2.9 (42# WWF) 

Wearing Slabs Over Waterproof Membranes and Fill Slabs  6x6‐W2.9xW2.9 (42# WWF) 

St
ru
ct
ur
al
 S
te
el
 

Structural Shape or Part  ASTM Specification  fy 
Wide Flange Shapes  ASTM A‐992  50 ksi 
Rolled Shapes, Plates, and Bars  ASTM A‐36  36 ksi 
Hollow Structural Shapes (HSS Shapes)  ASTM A‐500, Grade B  46 ksi 
Steel Pipe  ASTM A‐53, Type E or S, Grade B  35 ksi 
Field Bolts  ASTM A‐325, 3/4" Diameter, U.N.O  –  
Anchor Bolts  ASTM F‐1554, U.N.O.  36 ksi 

M
as
on

ry
 

CMUs 
Material Strength (Net Area)  1900 psi 
f'm  1500 psi 

Grout   Material Strength  3000 psi with 3/8" aggregate, 6" to 8" slump 
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Design Loads 

• Dead Loads 

Item  Weight 

Concrete (Normal Weight)  150 pcf 
   Typical Floor  62.5 psf 
   Upper and Middle Garage 9" Slab  112.5 psf 
   Ground Floor 10" slab  125 psf 
   Ground Floor 12" slab  150 psf 
Metal Deck  2 psf 
Steel Framing  8 psf 

Ceiling and Mechanical Allowance    
   Typical Floor  15 psf 
   Mechanical Floor  25 psf 
   Roof  10 psf 
   Garage  10 psf 
Partition Allowance  10 psf 
Roof Materials          
   4" Rigid Insulation       6 psf 
   Roof Membrane       1 psf 

   1/2" Gypsum Board       2 psf 
 

• Live Loads 

It is worthy to note that ASCE 7-05 does not specify live loads for labs such as 
the ones within the School of Engineering and Applied Sciences Building, which is what 
the majority of the space within the building is designated for.  The designer chose to 
use a uniform load of 100 psf for upper level labs and 125 psf for labs at ground floor, 
which is what this report will use in the analysis.   

Area  Design Live Load 

Typical Floor  100 psf 
Labs at Ground Level  125 psf 
Mechanical Equipment Rooms  150 psf 
Plaza  100 psf 
Roof  25 psf 
Parking Decks  50 psf 
PSE Basement at Upper Garage Level  125 psf 

Utility Tunnel  250 psf + 360 psf overburden 
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• Wind Loads 

Wind loads determined for the School of Engineering and Applied Science 
Building were carried out under Section 6 of ASCE 7-05.  Factors were based on 
building characteristics, location, and height of the building.  Assumptions include the 
normalization of the building’s shape into a rectangle, ignoring any indentations or 
extrusions in the façade, and that the walls around the mechanical floor are actually 
plumb rather than sloped as a mansard roof was made to simplify the analysis, which 
results in a conservative wind force at that level.  The building was found to be rigid and 
was analyzed as such.  It is worthy to note that a large expansion joint exists where the 
new building attaches to the existing Benton Hall which is fairly open.  As such, wind 
loading in the East-West direction has two effective modes, one where the windward 
pressure is acting in combination with the internal pressure, and one where the leeward 
pressure acts with the internal pressure, but not a combination of the windward and 
leeward pressure on the whole building.  A summary of the analytical procedure is 
presented with this section.   

Design Summary 

Design Parameter  Symbol  Value  ASCE 7‐05 Reference 

Building category    III Table 1.1 
Wind design Wind method    Method 2   
Wind importance factor  I 1.15 Table 6‐1 
Exposure category    B Section 6.5.6.3 
Enclosure classification    Enclosed   

Wind directionality factor  kd 0.85 Section 6.5.4.4 & Table 6‐4 

Topographical factor  kz 1.00 Table 6.5.7.2 

Basic wind speed  V 90 mph Figure 6‐1 

Approximate building period  Ta 0.438 s Equation 12.8‐7 

Gust effect factor  G 0.85 Section 6.5.8 
North‐South length    356.25 ft   

East‐West length lower 2 levels    134.0 ft   
East‐West length top 2 levels    86.0 ft   

Height above grade  hn 61.33 ft   

Base shear N‐S Wind  V 413 k   
Overturning moment N‐S Wind  M 13,776 ft‐k   

Base shear E‐W Wind  V 87 k   

Overturning moment E‐W Wind  M 2572 ft‐k   
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• Seismic Loads 

Seismic loads determined for the School of Engineering and Applied Science 
Building were carried out under Section 11 of ASCE 7-05 using the equivalent lateral 
force design method.  Design assumptions and a summary of the analytical procedure 
are presented within this section. 

Seismic Design Summary 

Design Parameter  Symbol  Value  ASCE 7‐05 Reference 
Occupancy category    III Table 1.1 
Site classification    C Table 20.3‐1 
Seismic Design Category  SDC B Tables 11.6‐1 & 2 
Seismic importance factor  I 1.25 Table 11.5.1 
Short period spectral response  Ss 0.171g Section 11.4.1 
Acceleration‐based Site coefficient  Fa 1.2 Table 11.4‐1 
Maximum short period spectral response  SDS 0.137 Equation 11.4‐3 
Spectral Response at 1 sec  S1 0.073g Section 11.4.1 
Velocity‐based site coefficient  Fv 1.7 Table 11.4‐2 
Maximum spectral response at 1 sec  SD1 0.083g Equation 11.4‐4 
Response modification factor  R 3.0 Table 12.2‐1 
Deflection amplification factor  Cd 3.0 Table 12.2‐1 
Effective approximate building period  T 0.712 s Equation 12.8‐7 
Long‐period transition period  TL 12 s Figure 22‐15 
Seismic design coefficient  CS 0.0484 Section 12.8.1.1 
Height above grade  hn 61.33 ft   
Base shear  V 710.7 k   

Overturning moment  M 28,026 ft‐k   
 

• Lateral Load Analysis and Conclusions 

Based on my analysis, seismic forces clearly control the design of the lateral 
system in both directions.  The base shear that the design professional calculated was 
480 k in the N-S direction, and 395 k in the E-W direction.  The reason they have a 
different base shear in each direction may be from a building specific analysis of the 
fundamental period, which will have to be investigated further at a later time.  This 
analysis may have resulted in a longer period, which could explain why their base shear 
was so much lower than mine.  Also, I used some conservative estimates of the building 
mass.  A more detailed analysis of actual building weight may result in lighter building 
weight, and hence create a significantly lower base shear.  Use of the newer codes may 
also account for some differences in seismic load calculations.  
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Appendix A – Plans and Diagrams 

Braced Frame Diagrams 

  

  Elevation at Lines 3 & 8  Elevation at Lines 5 & 6 
   (Looking West)    (Looking West) 
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Ground Floor Framing Plan – Area ‘A’ (West half of building) 
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Ground Floor Framing Plan – Area ‘B’ (East half of building) 
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First Floor Framing Plan – Area ‘A’ (West half of building) 
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First Floor Framing Plan – Area ‘B’ (East half of building) 
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Roof Framing Plan – Area ‘A’ (West half of building) 
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Roof Framing Plan – Area ‘B’ (East half of building) 
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Appendix B – Wind Analysis 

North‐South Wind Loading 
Height 
above 

ground (ft) 
Kz  qz (psf) 

Pressure (psf) 

Windward  Leeward  Sidewall  Internal 

0‐15  0.57  11.6 7.89 ‐7.35 ‐10.29  ±3.11 
20  0.62  12.6 8.57 ‐7.35 ‐10.29  ±3.11 
25  0.66  13.4 9.11 ‐7.35 ‐10.29  ±3.11 
30  0.70  14.2 9.66 ‐7.35 ‐10.29  ±3.11 
40  0.76  15.4 10.47 ‐7.35 ‐10.29  ±3.11 

50  0.81  16.4 11.15 ‐7.35 ‐10.29  ±3.11 
60  0.85  17.2 11.70 ‐7.35 ‐10.29  ±3.11 

61.33  0.86  17.3 11.76 ‐7.35 ‐10.29  ±3.11 

East‐West Wind Loading 
Height 
above 

ground (ft) 
Kz  qz (psf) 

Pressure (psf) 

Windward  Leeward  Sidewall  Internal 

0‐15  0.57  11.6 7.89 ‐3.88 ‐10.29  ±3.11 
20  0.62  12.6 8.57 ‐3.88 ‐10.29  ±3.11 
25  0.66  13.4 9.11 ‐3.88 ‐10.29  ±3.11 
30  0.70  14.2 9.66 ‐3.88 ‐10.29  ±3.11 
40  0.76  15.4 10.47 ‐2.94 ‐10.29  ±3.11 
50  0.81  16.4 11.15 ‐2.94 ‐10.29  ±3.11 
60  0.85  17.2 11.70 ‐2.94 ‐10.29  ±3.11 

61.33  0.86  17.3 11.76 ‐2.94 ‐10.29  ±3.11 
 

Wind Direction  North‐South Wind  East to West Wind  West to East Wind 

Floor 
Height above 
ground (ft) 

Force 
(k) 

Overturning 
Moment    
(ft‐k) 

Force 
(k) 

Overturning 
Moment    
(ft‐k) 

Force 
(k) 

Overturning 
Moment    
(ft‐k) 

Roof  61.33  58.02  3558.4 8.5 521.3 3.47  212.8
Mech.  48.00  104.55  5018.4 17.39 834.7 7.28  349.4
2nd  33.33  101.20  3373.0 21.51 716.9 10.68  356.0
1st  18.67  83.90  1566.4 23.13 431.8 13.74  256.5

Ground  4.00  64.94  259.8 16.71 66.8 10.62  42.5

Sum     412.61  13775.9 87.24 2571.6 45.79  1217.2
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Lateral Seismic Force Distribution Through the Levels 

Level 
Story 
Height 

Story 
Weight  Exponent      

Story 
Force  Shear  Moment 

   hx  w  k  Σ wi hi
k Cvx  fx  Vx  Mx 

Roof  61.33 ft  707 k  1.1058 67018 0.1456 103.5 k 103.5 k  6345 ft‐k
Mech.  48.00 ft  2579 k  1.1058 186437 0.4050 287.8 k 391.3 k  13816 ft‐k
2nd  33.00 ft  2457 k  1.1058 117367 0.2550 181.2 k 572.5 k  5979 ft‐k

1st  18.67 ft  2314 k  1.1058 58880 0.1279 90.9 k 663.4 k  1697 ft‐k

Ground  4.00 ft  6612 k  1.1058 30625 0.0665 47.3 k 710.7 k  189 ft‐k

Sum     W = 14669 k     460327    V = 710.7 k  M = 28026 ft‐k
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Appendix D – Load Calculations 
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Snow Load and Drift Determination for Northern Wind on Low Roof 



 
27 

 

Snow Load and Drift Determination for Southern Wind on Low Roof 
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Appendix E – Spot Checks 
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Load on Column D‐8 (Interior column) 

Floor 
Tributary 
Area (sf) 

Dead 
Load 
(psf) 

Live 
Load, Lo 
(psf) 

KLL 
Reduction 
Factor 

Reduced 
Live Load 
(psf) 

Factored 
Load 

1.2D+1.6L (k) 

Roof  690  33  25 4 0.536 13.39  42.10
Mech.  690  108  150 4 0.452 67.78  164.26
2nd  690  98  100 4 0.415 41.48  126.94

1st  690  98  100 4 0.400 40.00  125.30

Total Factored Load = Pu =   458.61 k
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