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Executive Summary: 

In this report, the existing lateral force resisting system of the 7 story Hyatt Place North Shore 

are analyzed.  The 70 feet tall, 108,000 square foot structure has intermediate reinforced 

concrete masonry bearing walls working in combination with an 8” untoped precast concrete 

plank floor structure to handle both gravity and lateral loads down into the soft soils along the 

Allegheny River and to bedrock with  numerous 18” diameter auger piles.   

An ETABS model was used to determine the controlling load case for the structure is .9D + 1.0E 

+ 1.6H.  Shear walls that were either small or have poor load paths to the foundations were 

excluded to simplify modeling and hand calculations.  This is important to note, because semi-

rigid diaphragms behave poorly when not restrained at all edges.  Because of this and also the 

uncertainty of how rigid the diaphragm will act, there was a model created with a semi-rigid 

diaphragm and one with a rigid diaphragm.  These were used to compare diaphragm effects 

and to check hand calculations of center of mass, center of rigidity, and shear based on the 

loads from the controlling case in each direction.  The ETABS model was used exclusively to 

check drift and displacement against allowable code values.  In this case the differences 

between the diaphragms became very apparent, but both rigid and semi-rigid meet code 

standards. 

The shape of the building and layout of the lateral force resisting walls were also discussed in 

terms of rigidity and torsion.  This leads to the determination of shear forces in walls and the 

deflection due to the direct and torsional shears.  The walls were found to be plenty sufficient 

to handle the shear loads from both semi-rigid diaphragm and rigid diaphragm systems.  Lastly 

the forces must it make safely into the foundations.  The uplift forces due to overturning 

moment were found using ETABS and it was determined that the weight of the foundations is 

sufficient to keep the building firmly on the ground.    
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Introduction: 

The Hyatt Place Hotel is part of an agreement between the Pittsburgh Steelers and Pirates that 

began back in 2003 with the goal to bring commercial development to the North Shore.  The 

108,000 SF, 178 room hotel is conveniently close to both of the teams’ stadiums, Rivers Casino, 

and Pittsburgh in general.   

 

 

The first floor has all the expected guest amenities along with an indoor pool, lounge space, and 

generously sized meeting rooms.  The first floor has a ceiling height of 17’-4” and the upper 

floors are 8’-0”.  Maximum floor to ceiling height is obtained with an 8 inch thick hollow core 

concrete plank floor system and through the use of PTACs in guestrooms.  Floors 2 through 7 

house 67,388 SF Net Guestroom in 178 rooms.  All rooms are well sized with a partition dividing 

the sleeping and living spaces.  Rooms are furnished with 42 inch high definition flat screen TVs 

and a well-designed work and entertainment center along with hotel wide Wi-Fi.  

 

 

 

Figure 1: Areal view of the North Shore courtesy of Bing.com 
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Exterior elevations are mainly comprised of brick veneer cavity wall system with rigid insulation 

and structural CMU backup along with cast stone window headers, some strips of aluminum, 

metal plates, caste stone, and polished block in a way to complement the modern look of the 

interior.  The parapet wall also varies in height from 3 feet to 9 feet creating interesting snow 

and wind loadings on the roof that will be examined in the Building Load Summary section of 

the report on page 13.  The roof is a typical TPO membrane roof system. 

 

Structural System Overview 

The Hyatt Place North Shore is a 7 story reinforced concrete masonry bearing structure located 

on soft soils along the Allegheny River that utilizes precast concrete planks for ease of 

construction and headroom.  Steel beams are used to create an open space on the ground floor 

for a large meeting room and in other various places where the layout makes it impossible for 

the concrete planks to rest on the typical masonry bearing walls, shown in Figure 3.  The 

reinforced concrete masonry bearing walls also serve as the lateral force resisting system with 

the aid of the precast concrete planks acting as a semi-rigid diaphragm.  

 

 

 

 

 

Figure 2: South Elevation 
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Figure 3: View of steel beams used 

-Typical on floors 2 through 7 for 

precast concrete planks to bear on 

-Only on floor 2 to leave open space 

on floor 1  
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Figure 4: Section through typical pile cap 

Foundation: 

The Hyatt Place North Shore has a 15,500 SF 

footprint located on soil along the Allegheny 

River that has a maximum allowable bearing 

capacity of 1,500 psf.  Spread footings have 

been provided for the front canopy, 5’-

0”x5’-0”x1’-0” concrete spread footing with 

a maximum load of 25 kips, and site wall 

foundations only.  There are 121 – 18” 

diameter end bearing 140 ton auger-cast 

piles that have a minimum depth of 1’-0” 

into bedrock to support the building.  They 

have a 285 kip vertical capacity and a 16 kip 

lateral capacity.  Piles are typically expected 

to be 70 feet deep, but this varies per pile.  

As shown in Figure 4, pile caps are 4’-0” 

thick.  There are 2 to 4 piles supporting each 

pile cap.  All concrete used for shallow 

foundations and piers have a strength of 

3000 psi and the concrete for grade beams, 

pile caps, and slabs on grade are 4000 psi.  The 

first floor is a 4” concrete slab on grade with W/ 6x6-W1.4xW1.4 welded wire fabric.   

Gravity System 

Walls: 

Nearly all of the walls in the Hyatt Place North Shore are reinforced concrete masonry walls 

that resist gravity and lateral loads.  The only exceptions are partition walls between the hotel 

rooms and other random walls not along the perimeter of the building.  The walls vary in 

thickness and spacing of grout and reinforcing, Table 1 shows the wall types and location.  The 

compressive strength of the CMU units is 2800 psi and the bricks are 2500 psi, both normal 

weight.  The grout used has a compressive strength of 3000 psi and the steel reinforcement is 

sized and placed as stated in Table 1.  Figure 5 shows the orientation of the walls on a typical 

upper level plan, the capacity of each of these wall types can be determined.  Table 2 & 3, and 

Figure 6 show the typical lintel in a masonry bearing wall. 
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Table 1: Reinforced concrete masonry bearing wall schedule 

Figure 5: Typical bearing wall layout, floors 3 through 7 
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Table 2: Precast Lintel schedule for load bearing masonry walls 

Table 3: Brick lintel schedule 

Figure 6: Typical lintel detail 
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Figure 7: Transfer girder in first floor meeting space 

Figure 8: Location of masonry piers on first floor 

Columns: 

With the masonry structure, the only 2 columns in the building are W12x136s located on the 

first floor and are used to transfer the load in the large transfer girder down to the foundation, 

Figure 7.  There are also concrete masonry piers on the first floor that support transfer beams 

in the lobby space and make it possible to have more window space on the first floor. 

             

 

               

W12x136 steel columns 

12”x24” conc. masonry pier with 4-#7s 

12”x32” conc masonry pier with 6-#7s 

12”x40” conc masonry pier with 8-#7s 

16”x32” conc masonry pier with 6-#7s 

16”x24” conc masonry pier with 4-#7s 
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Figure 9: Typical plank and masonry wall connection 

Floors: 

The Hyatt Place North Shore floor system 

is 8” thick untopped precast concrete 

planks.  This system simplifies design and 

expedites construction.  The system 

efficiently carries the loading over 

relatively long spans ranging from 27’-6” to 

30’-6”.  The concrete compressive strength 

of the floors is f’c=5000 psi.  Extra strength 

is also added by prestressing the units.  

Figure 12 shows a typical connection with 

masonry bearing walls. 

The only exception to the typical concrete 

plank floor is on the first floor where this is 

a 4 inch concrete slab on grade, which was 

previously discussed on page 6 in the 

foundations section. 

As previously stated on page 4 and denoted in Figure 3, steel beams are used in places where 

there is an opening in the interior bearing wall on the first floor and on all floors as needed for 

the planks to bear on.  The members used are W8x18, W8x24, W8X35, W36x160, and W27x84.  

The large steel truss spanning 44’-4” over the meeting rooms 2 – W12x190s that are spaced 5’ 

apart with HSS members and 1 ½” steel plate webbing.   

Lateral System 

The lateral system for the structure is simply the gravity system.  The reinforced masonry 

bearing walls depicted in Figures 5 & 6 on page 7 act as shear walls and the precast concrete 

planks act as a semi-rigid diaphragm compared to cast-in-place concrete floor.  The existing 

system only has a leveling material added, for planks to be considered fully rigid there must be 

a 2” structural concrete topping.  The loads travel into the diaphragm and then into the bearing 

walls and down to the foundation and the auger piles that are capable of resisting 16 kips of 

lateral force per pile. 
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Codes and Design Standards 

Codes: 

The following references were used by the engineer of record at Atlantic Engineering Services 

to carry out the structural design of the Hyatt Place North Shore 

 The International Building Code 2006 – Amendments City of Pittsburgh 

 The Building Code Requirements for Structural Concrete (ACI 318-05), American 

Concrete Institute 

 PCI MNL 120 “PCI Design Handbook – Precast and Prestressed Concrete” 

 The Building Code Requirements for Masonry Structures (ACI 530), American Concrete 

Institute 

 Specifications for Masonry Structures (ACI 530.1), American Concrete Institute 

 Specifications for Structural Steel Buildings (ANSI/AISC 360-150), American Institute of 

Steel Construction 

 Minimum Design Loads for Buildings and Other Structures (ASCE 7-05), American 

Society of Civil Engineers 

 ETABS Modeling and Analysis – Computer & Structure, Inc. 

Drift Criteria: 

The following allowable drift criteria found in the International Building Code, 2006 edition. 

 Allowable Building Drift:   Δwind =H/400 

 Allowable Story Drift:   Δseismic = .015Hsx 

Load Combinations: 

The following load cases from ASCE 7-05 section 2.3 for factored loads using strength design; 

the greyed out portions don’t apply in this case.  These load combinations were considered in 

the ETABS model to determine the controlling case for the N/S and E/W directions. 

 1.4 (D + F)    COMBO1 

 1.2 (D + F + T) + 1.6(L + H) + .5(Lr or S or R) COMBO2 

 1.2D + 1.6(Lr or S or R) + (L or .8W)  COMBO3 

 1.2D + 1.6W + L + .5(Lr or S or R)  COMBO4 

 1.2D + 1.0E + L + .2S   COMBO5 

 .9D + 1.6W + 1.6H   COMBO6 

 .9D + 1.0E + 1.6H    COMBO7 (controls for X & Y-Direction) 
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Materials 

Concrete: 

 Shallow Foundations and Piers 3000 psi 

 Grade Beams and Pile Caps  4000 psi 

 Slabs on Grade   4000 psi 

 Precast Concrete Planks  5000 psi 

Rebar: 

 Deformed Bars Grade 60  ASTM A615 

 Welded Wire Fabric   ASTM A185 

Masonry: 

 Concrete Masonry Units  2800 psi 

 Bricks     2500 psi 

 Grout     3000 psi 

Structural Steel: 

 W Shapes    ASTM A992,   Fy = 50 ksi   Fu = 65 ksi 

 Channels    ASTM A572 Grade 50  Fy = 50 ksi  Fu = 65 ksi 

 Tubes (HSS Shapes)   ASTM 500 Grade B Fy = 46 ksi  Fu = 58 ksi 

 Pipe (Round HSS)   ASTM 500 Grade B Fy = 46 ksi  Fu = 58 ksi 

 Angles and Plates   ASTM A36  Fy = 36 ksi Fu = 58 ksi 
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Table 1: Reinforced concrete masonry bearing wall schedule 

Table 4: Floor live loads 

Gravity Loads 

Load conditions determined from ASCE 7-05 

Dead Loads: 

 Reinforced Concrete  150 pcf 

 Steel    490 pcf 

 Reinforced Masonry Walls Figure 5 

 MEP    10 psf 

 Partitions   15 psf 

 Miscellaneous   5 psf 

 Roof    20 psf 

 

  

Live Loads:  
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Figure 10: Roof snow loading plan as calculated by AES 

Snow Load: 
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Figure 11: Graph and equation for determining drift height 

Table 5: Calculation of flat roof snow load 

Flat Roof Snow Load: 

Determined using ASCE 7-05 

                                

 

The roof system uses the same 8” precast concrete planks as the lower levels of the structure, 
therefore the roof is significantly overdesigned and can handle a much greater snow load than 
the tabulated value. 

Drift Calculation: 

Calculation of drift depth from figure 16 

  

2.5 ft 

30 

Snow Density   = .13(Pg) + 14 

           = .13(25) + 14 = 17.25 lb/ft^3  

Balanced Height= Pg/Snow Density = 25/17.25 = 1.4 ft 

Typical Parapet Wall Drift Height 

Drift Height  = 2.5ft – from Figure 16 

Max allowable =.75 hd = .75*2.5 = 2.25ft 

Drift Weight  = 2.25ft * 18 lb/ft^3 = 40.5 psf 

Drift Width = 4*hd = 4*2.25 = 9 ft 

Lu = 58’ 
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Figure 12: Wind load on building façade  

Wind Loading 

 

 

 

 

 

 

 

 

 

 

Loads to be applied to the hotel’s lateral system must also be determined, so that in later 
reports the lateral system can be studied.  With the system provided, wind applies pressure to 
the building enclosure.  The exterior walls are load bearing and begin the transfer of energy 
down through toward the foundation.  Walls parallel to the wind direction resist the wind more 
efficiently than the ones perpendicular to the force.  The precast concrete planks tie the wall 
system together and make it work as a rigid unit that directs the load down into the 141 – 18” 
auger piles that can resist 16 kips of lateral force each.  The appropriate wind pressures to be 
applied to the building facade were determined from ASCE 7-05, Chapter 6.  Given the height of 
the building, it is appropriate to use Method 2.  Figure 13 shows that Atlantic Engineering 
Services used Method 1 to calculate the component and cladding wind pressures, but ASCE 7-
05 it states that once a building is over 60 feet tall a more complicated calculation must be 
done to account for the different pressures at different heights along the elevation.  A clear 
notation of the calculations done to complete Method 2 is located in Appendix A, and a 
summary of the important values is found in Table 6.  In the process of determining the wind 
forces the building was approximated to be rectangular in order to greatly simplify the 
calculations and still obtain an accurate value.  If the structure was split into two parts, the wind 
would hit the same surface area in the end.   

North 

E/W Wind Direction 

N/S Wind Direction 

Approximated 

Building Shape 

141 feet 

202 feet 
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Figure 13: Wind loads calculated by AES using Method 1 in ASCE 7-05 
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Table 6: Wind design variables 

Table 7: Wind loads in the East/West direction 

                    

 

The calculation of wind pressures and forces on the structure were done in excel for both the 
East/West and North/South in Figure 19 and 20 respectively.  The controlling wind direction 
was determined to be the North/South wind direction, due to its larger surface area.  Figure 21, 
22, and 23 show how the forces from the North/South wind direction are applied to the 
building. 
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Table 8: Wind loads in the North/South direction 

Figure 14: Wind pressures in the North/South direction 
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Figure 15: Wind loads in the North/South direction 
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Table 9: Seismic design variables 

Seismic Loading  

Seismic loading must also be taken into consideration when checking the lateral system.  In this 
case the seismic loading appears to control, but it may depend on the load case.  Thus all load 
cases will be looked at when designing the lateral force resisting systems.  The values in Table 9 
were obtained from ASCE 7-05, chapters 11 and 12.  Calculations of the variables using the 
listed equations can be found in Appendix B along with building weights per floor.  The 
variables used can be used to find the total base shear of 537.18 kips. 

Seismic Design Variables 

      
ASCE 

Reference 

Soil Classification   D (stiff soil) Table 20.3-1 

Occupancy Category   ll Table 1-1 

Seismic Force Resisting System   
Intermediate Reinforced 
Masonry Shear Walls Table 12.2-1 

Response Modification Factor R 3.5 Table 12.2-2 

Seismic Importance Factor   1.0 Table 11.5-1 

Spectral Response Acceleration, Short Ss 0.125 USGS Website 

Spectral Response Acceleration, 1 sec. S1 0.049 USGS Website 

Site Coeficient Fa 1.6 Table 11.4-1 

Site Coeficient Fv 2.4 Table 11.4-2 

MCE Spectral Response Acceleraton, Short SMS 0.2 Eq. 11.4-1 

MCE Spectral Response Acceleration, 1 sec SM1 0.1176 Eq. 11.4-2 

Design Spectral Acceleration, Short SDS 0.13 Eq. 11.4-3 

Design Spectral Acceleration, 1 sec. SD1 0.0784 Eq. 11.4-4 

Approximate Period Parameter Ct .02 (all other systems) Table 12.8-2 

Approximate Period Parameter x .75 (all other systems) Table 12.8-2 

Building Height hn 80'-0"   

Approximate Fundamental Period  Ta 0.53 sec. Eq. 12.8-7 

Long Period Transition Period TL 5 sec. Fig. 22-15 

Seismic Response Coeficient  Cs 0.037 Eq. 12.8-2 

Structure Period Exponent k 1.015 (2.5 sec. > T > .5 sec.) Sec 12.8.3 

Seismic Base Shear 
V 

(kips) 537.18 Eq. 12.8-1 
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Table 10: Seismic story shear and moment calculations 

Figure 16: Seismic loading diagram 

The next step is to distribute the forces to each level to find the story shear values and 

overturning moments.  This was done using an excel spreadsheet shown in Table 10, and Figure 

16 shows how the loads are applied to the building. 

Seismic Story Shear and Moment Calculations 

Level 
Story 

Weight 
(K) 

Height 
(ft) 

K wxhx
k 

Vertical 
Distribution 

Factor           

Cvx          

Forces  
(K)           
Fx 

Story 
Shear 
(K) Vx 

Moments 
(ft-K)    
Mx 

Penthouse 
Roof 48.5 80 1.015 4140.18 0.01 3.47 3.47 277.48 

Main Roof 1665.8 70 1.015 124275.59 0.19 104.11 107.58 7530.85 

7th Floor 1955.5 61.33 1.015 127567.60 0.20 106.87 214.46 13152.61 

6th Floor 1955.5 52.66 1.015 109283.70 0.17 91.56 306.01 16114.57 

5th Floor 1956.3 44 1.015 91103.06 0.14 76.32 382.34 16822.76 

4th Floor 1957.1 35.33 1.015 72940.79 0.11 61.11 443.44 15666.86 

3rd Floor 1985.2 26.66 1.015 55597.21 0.09 46.58 490.02 13063.97 

2nd Floor 2994.6 18 1.015 56290.31 0.09 47.16 537.18 9669.24 

Total 14518.25     641198.45       92298.34 
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Figure 17: Shear walls on ground story 

Load Distribution 

Load Path 

Both wind and seismic loads must be resisted by intermediate reinforced masonry shear walls 

and funneled down to the foundation of the building.  The wind loads originate on the building 

façade and then the exterior walls and diaphragm distribute the forces to shear walls oriented 

parallel to the direction of the force.  In this case the untoped precast concrete plank floor 

system is considered to be semi-rigid diaphragm; this means that forces are distributed to shear 

walls based on tributary area rather than relative rigidity.  Once the forces are in the shear 

walls, they then travel down the walls to the foundation.  Seismic forces are distributed 

similarly, except that they originate in the mass of the structure and then travel to the shear 

walls and down to the foundation.  There is a difference in layout of shear walls on the ground 

floor and of the ones above it.  The first floor has more windows and less shear wall, therefore 

more force has to be taken by each shear wall and the connection between shear wall or pier 

and diaphragm is more important.  Layout of shear walls on the ground story and the typical 

upper stories are shown in Figure 17 and 18 respectively. 
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Figure 18: Shear walls on typical upper story 

 

 

 

The layouts shown in Figure 17 & 18 show most all of the walls that are large enough to be 

shear walls.  In this analysis I made a few assumptions in order to simplify the layout of the 

walls for computer modeling and hand calculations.  Load follows stiffness in the building, so I 

determined the most important shear walls to have in the analysis are ones that provide the 

most direct path for the load from the roof to the foundation.  I also ignored the door holes in 

some shear walls, assuming things would even out because of the elimination of some other 

walls.  In addition, reinforced masonry shear walls are often capable of holding much more 

lateral and shear load than needed.  The final layout of shear walls I determined to analyze for 

adequacy are depicted in Figure 19.  Table 11 shows the grid coordinates used to analyze the 

structure.  Figure 20 shows the grid used in ETABS to layout the shear walls shown in Figure 19.  
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Figure 19: Simplified shear wall layout 

 

 

Assumed to be 100’ instead of 139’ to take 

into account that doors reduce rigidity and in 

ETABS model: Shown in Appendix D 
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Table 11: Grid coordinates 

Figure 20: Grid lines  

 

 

 

 

 

 

 

 

 

X Y 

1 0.0 A 142.0 

2 20.0 B 136.3 

3 27.2 C 132.0 

4 37.0 D 125.3 

5 46.7 E 118.0 

6 80.0 F 111.3 

7 103.3 G 106.3 

8 133.3 H 101.3 

9 140.5 I 94.0 

10 143.0 J 90.3 

11 158.7 K 86.3 

12 173.0 L 82.0 

13 182.7 M 78.0 

14 188.0 N 74.0 

15 202.0 O 38.0 

  

P 28.3 

Q 20.0 

R 0.0 
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Table 14: Seismic story forces 
Table 13: Wind story forces 

Table 12: Area mass 

ETABS Model 

An ETABS model was developed to aid in the analysis of the structure for lateral loads, 

therefore the only components modeled were ones in the lateral force resisting system.  

Almost all of the structural components in the Hyatt Place North Shore resist lateral load, but 

not all were modeled.  The structure consists of a large amount of reinforced masonry shear 

walls and untoped precast concrete planks.  All of the precast concrete planks floors were 

modeled as semi-rigid diaphragms and had an area mass applied to each.  The area mass was 

determined by finding the floor and wall weight for that floor and averaging it over the floor 

area and converting it to area mass by dividing by 32.2 and 123, the results are listed in Table 

12.  Because the area mass takes account for the dead load of the floors and walls, the mass of 

the concrete material was changed to “0” so that the mass was not double counted.  As 

previously discussed on page 25, not all of the shear walls were modeled.  All of the modeled 

shear walls were moment connected at the base to most accurately model the behavior of the 

connection to the deep foundations.  Once the structure is modeled, then story forces due to 

wind and seismic load were applied using ASCE 7-05 load combinations for strength design in 

North/South and East/West directions.  Table 13 and 14 show the wind and seismic loads 

respectively.  The center of mass, center of rigidity, story displacements, overall building drift, 

and controlling load cases can be determined from the analysis.  Figure 21 shows overall 3D 

view of the shear walls and floor diaphragms modeled, 

elevations views can be found in the appendix.  
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Figure 21: Plan view of ground story shear walls 

 

 

Figure 21: 3D view of shear walls and semi-rigid diaphragms 

12” Thick Shear  Walls 

8” Thick Shear Walls 

12” Thick Shear  Walls 

8” Thick Shear Walls 
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Figure 22: Plan view of story 2 through 7 shear walls 

Figure 23: Center of mass diagram 

 

 

Center of Mass 

The center of mass for the structure is 

based on the shape and mass of the slab 

because the slab is a large portion of the 

mass and the walls are even distributed 

around the slab.  The Hyatt Place North 

Shore has the same shape for all floors 

and thus the same center of mass.  The 

approximate hand calculation was found 

to be almost identical to ETABS value. 

 = 121.5’          

    

8” Thick Shear Walls 
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Table 12: Wall rigidities 

Calculation of Wall Rigidity 
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Table 13: Percent rigidity 

Relative Stiffness 

Relative stiffness is the percent of the total stiffness per floor that one wall accounts for.  The 

relative stiffness determines how much force a wall takes when in a structure with a rigid 

diaphragm.  In the case of the Hyatt Place North Shore the system has a semi-rigid diaphragm 

that doesn’t distribute the forces to walls in this manner.  Instead the tributary area of the wall 

determines how much force goes to that wall, so relative stiffness isn’t as important in the 

existing structure.   

 

Ground Story:  ∑RE/W = O + H + L + J + K + 

J + D + R + R + R + I + H = 128416.9 k-in 

∑RN/S = N + F + Q + Q + B + D + G + H + M + 

C + B + A = 58534.2 k-in 

Upper Stories:   ∑RE/W = DD + Y + EE + BB 

+ BB + CC + V + BB + BB + Y=277080.5 k-in 

∑RN/S = W + AA + X + Z + T + U + W + U + T 

+ S + V + T + Y = 119417.7 k-in 

The structure is twice as rigid in the 

East/West direction due to that wing 

of the building being longer and better 

load paths to the foundations (the 

North/South direction has a large 

open space on the first floor).  This 

confirmed in the ETABS model with 

the mode 1 being twice as large as 

mode 2, because period is related to 

stiffness.  

The upper stories are also overall 

twice as rigid because there is a lower 

percentage of openings and the story 

height (h) is half of the ground story’s. 

 

Percent Rigidity 

Wall 
Name 

% Rigidity 
1st E/W 

% Rigidity 
1st N/S 

% Rigidity 
2nd-7th E/W 

% Rigidity 
2nd-7th N/S 

A 0.0 0.2 0.0 0 

B 0.0 0.7 0.0 0 

C 0.0 1.2 0.0 0 

D 1.3 2.8 0.0 0 

E 0.0 0.0 0.0 0 

F 0.0 5.0 0.0 0 

G 0.0 6.8 0.0 0 

H 5.0 11.0 0.0 0 

I 9.4 0.0 0.0 0 

J 10.6 0.0 0.0 0 

K 12.0 0.0 0.0 0 

L 12.6 0.0 0.0 0 

M 0.0 29.0 0.0 0 

N 0.0 30.9 0.0 0 

O 14.7 0.0 0.0 0 

P 0.0 0.0 0.0 0 

Q 0.0 5.9 0.0 0 

R 6.3 0.0 0.0 0 

S 0.0 0.0 0.0 0.2 

T 0.0 0.0 0.0 2.8 

U 0.0 0.0 0.0 4.7 

V 0.0 0.0 3.3 7.6 

W 0.0 0.0 0.0 8.9 

X 0.0 0.0 0.0 10.7 

Y 0.0 0.0 5.4 12.4 

Z 0.0 0.0 0.0 16.3 

AA 0.0 0.0 0.0 17.2 

BB 0.0 0.0 8.3 0 

CC 0.0 0.0 9.0 0 

DD 0.0 0.0 11.5 0 

EE 0.0 0.0 32.1 0 
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Figure 24: Directional stiffness 

Center of Rigidity and Torsion 

The center of rigidity is based on the stiffness of lateral force resisting components and where 

and how they are oriented in the building.  The Hyatt Place North Shore is a “L” shape that has 

an abundance of shear walls around its perimeter and along the double loaded corridor that 

runs down the middle of each leg, thus the center of rigidity is expected to be near the center 

of mass.  The center of mass is where the load is considered to be applied to the structure, and 

the center of rigidity is where the structure wants the load to be taken at.  The further the two 

are apart the more torsion there is on the building trying to twist it around the center of mass 

leading to more force in the walls to be resisted.  The untoped precast concrete floor system is 

considered to be semi-rigid; therefore it doesn’t tie the shear walls together into one unit like a 

rigid diaphragm would.  The semi-rigid diaphragm isn’t able to transmit torsional forces do to 

the eccentricity of the center of mass compared to the center of rigidity.  But it is a good idea to 

determine how much of a factor torsion could be, due to the uncertainty of exactly how rigid 

the diaphragm will act and the shape and general layout of the shear walls.  The “L” shape leads 

to the legs individually being better at resisting forces in a specific direction and then one side 

of the building could deflect a significant amount more than the other, Figure 24.  Some of the 

unbalance of directional stiffness was taken out during the simplification of the shear wall 

layout due to the load paths in the building and partially to help the building act more uniform 

in the calculations.  Ideally a large “L” shaped building would have an separation joint large 

enough to allow the two legs of the building to act independently from each other limiting the 

twisting action due to 

the major orientation 

of shear walls, Figure 

24.   

                   

 

 

 

 

 

North Ideal location for expansion separation joint 

Good at resisting East/West lateral forces 

Good at resisting North/South lateral forces 

E/W Direction 

N/S Direction 
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Figure 25: Center of rigidity 

Calculating Center of Rigidity 

 

 

 

 

 

 

 

 

 

The center of rigidity is found in a similar way to center of mass.  The center of rigidity for the 

two different floor layouts were found in excel and are shown in Table 14.  The center of rigidity 

calculated by ETABS is slightly different because it factors in the rigidity of the diaphragm.  Also 

noted in Table 14 is the eccentricity between the center of mass and center of rigidity.  The 

hand calculated center of rigidity was used to be conservative and stay consistent.  The 

eccentricity creates torsion in buildings with rigid diaphragms, but will also be looked at in this 

case due to the uncertain rigidity of the diaphragm and the “L” shape of the building.  Overall 

the eccentricity in the structure is low because of the even distribution of lateral force resisting 

systems throughout the layout.  Some of the shear walls were not included in the calculation, 

so the eccentricity in the actual building may be even smaller.  This should generally be the case 

for reinforced concrete masonry structures because all of the exterior walls that surround the 

layout will be lateral force resisting.  One thing that seems strange is that the COR is to the East 

of the COM when the layout of the Western side of the building would lead to more rigidity in 

the N/S direction.  This is because the shear wall along the corridor has a bad load path due to 

the open area on the ground level, thus it was omitted in the analysis. It is possible that the 

truss over the opening acts as a collector and directs the load to the surround shear walls and 

foundations, but this was not investigated. 

Datum 

Datum 

CR 

  

  

Xi 

Yi 

Ri 
Ri 
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Table 14: Center of rigidity 
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Figure 26: Building torsion 

Table 16: Building Torsion E/W Table 15: Building Torsion N/S 

Torsion 

Torsion is created when a structure wants to resist the applied load away from the centroid, so 

when the center of rigidity isn’t at the same location as the center of mass there is torsion.  The 

Hyatt Place North Shore has an overall building torsion that can be determined by taking the 

load times the eccentricity.  There are two kinds of eccentricity, inherent and accidental.  The 

inherent eccentricity is due to a difference in COM and COR and is calculated in Table 14.  

Accidental eccentricity is due to the possible differences in slab which would lead to added 

eccentricity.  The accidental eccentricity is either added or subtracted to create the worst case 

scenario, this comes into play when finding torsional force in specific walls.  Only rigid 

diaphragms can transmit torsion to the walls.  To find total building torsion all floors are looked 

at individually with the largest load case in each direction and then all of the floors add up to 

get the total building torsion.  I considered a clockwise rotation about the COM a positive 

moment.  Figure 26 shows a sample calculation for story 1 building torsion. 

Sample calculation: Story 1 North/South & East/West Load Directions 

ex = ei + eacc = 17.6’ + .05*202 = 27.7’ 

ey = ei + eacc = 5.8’ + .05*142 = 12.9’ 

Story Force:  

Controling Load Case: 

.9D + 1.0E + 1.6H 

Fy & Fx = 47.2 kips 

My = Fy*ex = 47.2*27.7 = 1307.4 k-ft 

Mx = Fx*ey = 47.2*12.9 = 608.3 k-ft 
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Distribution of Lateral Shear Forces 

The distribution of lateral forces to wall elements depends on the rigidity of the diaphragm.  

The Hyatt Place North Shore’s untoped precast concrete plank system is considered to be semi-

rigid diaphragm.  But due to the fact that it is hard to tell specifically how rigid the diaphragm, 

the system will also be analyzed as a rigid diaphragm and forces compared in the walls.  The 

system was also analyzed both ways in ETABS. 

Semi-Rigid Diaphragm 

When the diaphragm is flexible it acts as simple span, thus distributing load to the walls by 

tributary area.  Figure 27, 28, 29, & 30 label the walls for the ground floor in the E/W and N/S 

directions and typical upper floors in each direction and shows their tributary area.  The 

tributary areas were approximated and some judgment was used to determine the shape.  The 

boxes shaded in red indicate areas that in particular are larger than that wall would need to 

carry because walls in the area were not modeled due to size.  With a semi-rigid diaphragm it is 

important to have walls around its entire perimeter that take lateral load since the slab cannot 

transfer as well to surrounding shear walls as in a rigid diaphragm.  The actual structure does 

have reinforced masonry shear walls around nearly all of the perimeter, so it will act better 

than modeled.  In order to find the largest shear values in the walls the 1st and 2nd floor were 

analyzed.  These floors have the largest shear forces because they have to hold the shear at 

that level and all of the shear action on the wall above it.  The force in each wall was found by 

finding the percentage of total area that the wall is responsible for and multiplying that times 

the total lateral load needed to be resisted at that story level.  Once the force is determined it is 

then checked to see if the wall is sufficient to carry the load.   

Rigid Diaphragms 

Rigid diaphragms make the walls at each floor level work as one unit and are able to transfer 

torsional loads.  The load in each wall is the sum of direct shear (Vd) and torsional shear (Vt).  

The torsional shear is additive in some walls and subtractive in others.  In this case the direct 

shear is related to relative rigidity rather than tributary area.  The ETABS model of the structure 

with a rigid diaphragm is used to compare the difference in loads depending on the diaphragm 

type.  Hand calculation was omitted to save time. 

                                                                   

 

 

Direct Shear Torsional Shear 
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Figure 27: Shear wall tributary area for East/West walls on ground level 

Shear Strength Check 

Also in Table # & # a shear strength check is included.  Once the force that is in the wall is 

determined, it is necessary to check and see if the wall and its reinforcement are sufficient to 

carry the load, which is usually the case with reinforced masonry shear walls.  The masonry 

shear walls are analyzed in the same way as concrete shear walls.   
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Figure 27: Shear wall tributary area for East/West walls on ground level 

Table 17: Shear forces and checks for 1
st

 level 

Figure 28: Shear wall tributary area for North/South walls on ground level 
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Figure 29: Shear wall tributary area for East/West walls on 2
nd

 through 7
th

 level 
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Table 18: Shear forces and checks for 2
nd

 level 

Figure 29: Shear wall tributary area for North/South walls on 2
nd

 through 7
th

 level 
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Table 19: Determination of controlling load case 

ETABS Results 

Controlling Load Case 

When considering the controlling lateral load case you have to consider the load cases from 

ASCE 7-05 that take into account dead and live loads along with the lateral wind or earthquake 

forces.  A building will never be subjected to wind loads only, there will be the weight of the 

building and other things in it that help to hold it down or give it weight that plays a role in the 

seismic load.  Without the weight of the building it would be much easier for lateral loads to 

create an overturning moment that could cause the building to fail.  The load combinations 

used are listed below, and values for story shear at the 7th level in the semi-rigid diaphragm 

model are listed in Table 19.  The other levels 

are listed, but they were consistent with level 

7.  The controlling case was determined to be 

combo7 for each direction, combo 5 in the X-

direction gives the same values as combo7.  

Both load cases have a multiplier of 1.0 on the 

earthquake forces so combo7 was considered 

to control in both directions for simplicity.  It is 

interesting that seismic controls in 

Pennsylvania, but the building is very massive 

and has a relatively low R-value.  The wind load 

was relatively close in the Y-direction, where 

the wind hits the wider of the two faces of the 

building, so it is possible that if the floor to 

floor height wasn’t minimal the wind would 

control in the Y-direction.  With the controlling 

case determined, it is now used in the 

calculation of building torsion, story and wall 

shears, along with others. 

 1.4 (D + F)    COMBO1 

 1.2 (D + F + T) + 1.6(L + H) + .5(Lr or S or R) COMBO2 

 1.2D + 1.6(Lr or S or R) + (L or .8W)  COMBO3 

 1.2D + 1.6W + L + .5(Lr or S or R)  COMBO4 

 1.2D + 1.0E + L + .2S   COMBO5 

 .9D + 1.6W + 1.6H   COMBO6 

 .9D + 1.0E + 1.6H    COMBO7  
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Drift and Displacement 

Drift and displacement are servicablility considerations to make sure that non-structural 

components are not damaged when the building is fully load along with making sure to not 

disturb the occupants of the building.  Excessive drift back in forth of floor displacement maybe 

within the safe capacity of the structural system, but it doesn’t create a good environment for 

its inhabitants.  The code limits are as follows: 

                                                                                                                  

                                                

        

For the Hyatt Place North Shore seismic is the controlling load in both directions.  

Story and total displacements were checked in the walls located on the ends of 

the building in ETABS to make sure they were under the code limit and to also 

make sure that there is no torsional irregularity.   

 

                                 

                                                              

 

 

 

 

Given the “L” shape of the building and layout of the lateral force resisting elements, this is a 

case that should be checked.  Table 20 checks the Δ limit states for seismic and torsion using 

data from the rigid and semi rigid diaphragm structural models.  Figure 30 shows the locations 

where the displacements were checked.   

 

 

ΔL 
ΔR 
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Figure 30: Locations of displacement checks 

Figure 31: How displacements are checked 

 

 

Deflections were checked in shear walls 

rather than at corners of slab to be 

consistent and because the semi-rigid 

model has large distortions in regions 

of the slab that are not restrained by 

shear walls, shown in Figure 32 & 33.  

This behavior is one reason I chose to 

model the with a rigid diaphragm also.  

It also shows that in real life that 

systems with semi-rigid diaphragms 

need to be surrounded by shear walls, 

as they are in the Hyatt Place North 

Shore. 
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Figure 32: Semi-Rigid diaphragm behavior 
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Table 20 shows that the building acts 

irregular with a semi-rigid diaphragm, but 

that the displacements are smaller and 

more like expected with the rigid 

diaphragm.  Although the displacements 

with a rigid diaphragm are smaller, they 

are fairly close to being torsional irregular.  

This makes sense because the the rigid 

diaphragm transmits torsional forces to 

the walls.  All displacements with both 

systems meet the code requirements for 

seismic loading. 
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Table 21 shows the same information as 

Table 20 except for loading in the 

East/West direction.  All code 

requirements are met the rigid 

diaphragm, and all seismic are met with 

the semi-rigid but the total displacement 

would exceed if it were a wind load 

displacement.  Strangely there is a large 

deflection in the Y-direction for the semi-

rigid diaphragm. 
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Table 22:  Mode periods 

Figure 33: Mode shape 1                                                                                Figure 34: Mode shape 2 

Figure 34: Mode shape 3                                          

Mode Shapes 

Both models had reasonable periods that are close to the 

approximated .53 seconds that was found in the seismic 

calculation.  The first mode shape is in the Y-Direction because 

the building is the least stiff in that direction based on the 

building shape and layout of shear walls with good load paths 

to the foundation.  The second period is rotation about the Z-Axis, and the third period is in the 

X-Direction.  The building is stiffest in the X-Direction with the large amount of shear walls 

resisting loads in that direction.   

 

 

 

 

 

 

 

 

 

Semi-Rigid Rigid

1 0.4996 0.4699

2 0.3248 0.2851

3 0.1827 0.1529

Period (sec.)
Mode
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Table 23: Overturning moment                                          

Table 24: Uplift force at base                                          

Figure 35: Overturning forces                                          

Overturning Moment 

 

 

 

 

 

 

 

 

Lateral forces on the building on the building at 

each story level create a moment based on the height above the base that they are applied.  

The building is acting like a cantilever beam with a fixed base.  The moment has to be resisted 

by the foundation to prevent the building from overturning.  Figure 35 shows the uplift force in 

red and downward force in green.  Most foundations are strictly designed to carry downward 

force by bearing on soil or rock, meaning that the uplift force is typically held down with dead 

load from the dead load of the structure.  Table 24 shows reaction forces due to the combo7 

loading, which already has dead load included.  The weight of the 

foundation is not included, so this weight will be calculated to see if it is 

great enough to hold the building down.  The building foundation 

consists of 18” diameter auger piles that go down approximately 70 feet 

to get to bedrock.  Pile caps have 2, 3, or 4 piles per cap.  Weight for the 

minimum number of piles was calculated below.   

      

      

 

 

Story Point Load FZ

BASE 35 COMB7Y -27.03

BASE 36 COMB7Y -19.5

BASE 43 COMB7Y -16.95

BASE 16 COMB7Y -14.76

BASE 45 COMB7Y -9.34

BASE 38 COMB7Y -8.06

BASE 55 COMB7Y -7.16

BASE 14 COMB7Y -1.32

BASE 21 COMB7Y -0.83

BASE 22 COMB7X 0.71

BASE 20 COMB7Y 1.49

BASE 37 COMB7Y 1.75

BASE 2 COMB7X 1.91

BASE 48 COMB7Y 2.65

BASE 6 COMB7X 2.71

Story
Height 

(ft)

Forces  

(K)           

Fx

Moment

s (ft-K)    

Mx

Penthouse Roof 80 3.47 277.48

7 70 104.11 7530.85

6 61.33 106.87 13152.61

5 52.66 91.56 16114.57

4 44 76.32 16822.76

3 35.33 61.11 15666.86

2 26.66 46.58 13063.97

1 18 47.16 9669.24

Total = 92298.34

Overturning Moment Due to Controling Seismic Load
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Conclusion 

After analyzing the existing lateral force resisting system of the 7 story Hyatt Place North Shore 

it is determined that it is sufficient to carry the load and meet code standards for drift and 

displacement.  The 70 feet tall, 108,000 square foot structure has intermediate reinforced 

concrete masonry bearing walls working in combination with an 8” untoped precast concrete 

plank floor structure to handle both gravity and lateral loads down into the soft soils along the 

Allegheny River and to bedrock with  numerous 18” diameter auger piles.   

An ETABS model was used to determine the controlling load case for the structure is .9D + 1.0E 

+ 1.6H.  Shear walls that were either small or have poor load paths to the foundations were 

excluded to simplify modeling and hand calculations, so calculated values were conservative.  

The added shear walls around the edges of the diaphragm will help the semi-rigid diaphragm to 

perform better.  Because of uncertainty of how rigid the diaphragm will act, there was a model 

created with a semi-rigid diaphragm and one with a rigid diaphragm.  These were used to 

compare diaphragm effects and to check hand calculations of center of mass, center of rigidity, 

and shear based on the loads from the controlling case in each direction.  Calculated values for 

center of mass and center of rigidity were consistent with the ETABS model.  The ETABS model 

was used exclusively to determine drift and displacement meet the allowable code standards.  

In this case the differences between the diaphragms became very apparent, but both rigid and 

semi-rigid meet code standards. 

The shape of the building and layout of the lateral force resisting walls were also discussed in 

terms of rigidity and torsion.  This leads to the determination of shear forces in walls.  The walls 

were found to be plenty sufficient to handle the shear loads from both semi-rigid diaphragm 

and rigid diaphragm systems.  Lastly the forces must make it safely into the foundations.  The 

uplift forces due to overturning moment were found using ETABS and it was determined that 

the weight of the foundations is sufficient to keep the building firmly on the ground.    

 



Kyle Tennant Technical Assignment #3 Hyatt Place North Shore 
Structural Option  Pittsburgh, PA 
Advisor: Dr. Ali Memari  11/29/2010 
 

Page 51 of 65 
  

Appendix A 

Wind Loading:    
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Appendix B 

Seismic Loading: 
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Recalculation with new R-value 

shown on next page of calculations 
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Appendix C 

ETABS Model: 

Elevation Views: Resisting forces in the X-Direction 
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Elevation Views: Resisting forces in the Y-Direction 
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