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EXECUTIVE SUMMARY 

 This report analyzes the lateral load resisting systems for the Residence Inn by Marriott 

located in downtown Norfolk, VA.  The nine story hotel will rise to over one hundred feet 

above a lively coastal city, and feature 160 guest suites designed for extended-stay guests. 

 In an effort to understand the lateral load resisting systems, a combination of simple 

hand calculations, a three-dimensional computer model, and visual observations were 

exploited.  All fourteen of the Residence Inn’s cast-in-place concrete shear walls, which provide 

all of the lateral resistance, were modeled as membrane elements in a structural analysis 

program called ETABS, where they were analyzed for stiffness and drift.  Hand calculations 

were performed, confirming the accuracy of the model.  The model proves to be accurate 

enough to use as a basis for future models of the Residence Inn with continued refining. 

 Among other observations, the key findings include that wind controls in the North-

South direction and seismic controls the design in the East-West direction.  Torsion forces 

were not significant with this particular building, although a more precise model and check 

may be worthwhile to address the differences between the calculated center of rigidity and 

that which ETABS determined.  The weight of the building is drastically larger than any uplift 

forces; therefore, this is not a concern either.        

 
(FIGURE 1) 3-D View of ETABS Model 
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INTRODUCTION 

 
 The new Residence Inn by Marriott will be situated in a lively downtown Norfolk, 

Virginia area, surrounded on all sides by busy streets.  The hotel will serve as an upscale 

temporary residence with extensive amenities for its extended stay patrons.  The building itself 

boasts a unique combination of simple structural components and fascinating architectural 

features.  A tasteful combination of architectural precast, drainable EIFS, and curtain wall will 

be used to make this building an impressive and distinguished landmark in the community.   

There will be 160 guest suites on eight upper floors, with public functions, such as 

lobbies, gathering areas, and an indoor swimming pool, located on the first floor.  The 

extensive program on the first floor requires large open spaces desired for architectural allure.  

The upper floors generally have the same layout; only minor differences exist to accommodate 

various room types.  A main corridor connecting the emergency stairwells at either end of the 

building separates 10 guest suites each on the North and South sides of the building.  A pair 

of elevators is located at a central core along this corridor.  Many of the upper floor suites will 

have magnificent views of the surrounding city and inner-coastal bays.   

Typical floor-to-floor heights are 9’-4”, with the first floor having a height of 19’-0”.  The 

total height of the building as designed is approximately 95 feet, excluding parapets and stair 

towers that extend beyond the main roof.  Floor plans and building sections illustrating the 

architecture and general configuration of the building may be referenced in Appendix A.     

FOUNDATIONS & GRAVITY LOAD SYSTEMS 

  Foundations consist of precast concrete piles (100 ton capacity; 35 ton uplift capacity) 

driven to 70’, cast-in-place concrete pile caps and grade beams.  Above grade, the Residence 

Inn is almost entirely structurally supported by reinforced concrete elements.  The floor system 

as well as the roof consists of an 8” two-way flat plate slab.  Reinforced concrete columns, 

ranging in size from 12”x24” on the upper floors to 20”x30” at the first floor, support the two-

way slab system.  Typical interior columns are 14”x30”.  At the second floor, reinforced 

concrete transfer girders are used to discontinue several columns from above, providing larger 

open spaces on the ground floor below.   
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LATERAL FORCE RESISTING SYSTEMS 

Cast-in-place reinforced concrete shear walls are employed to resist lateral forces.  

There are a total of fourteen shear walls, the majority of which are 1’-0” thick, with a few 

slightly larger at 1’-2”.  These shear walls are continuous from the foundation to the top of the 

building, and behave as fixed cantilevers.  Lateral loads are transmitted to the shear walls 

through the floor diaphragm.  Several shear walls located at the west stair tower contain three 

stories of HSS steel tubing to support an expanse of curtain wall (shown in blue in the 

elevations below).  These frames are rigidly connected to the surrounding concrete shear 

walls; however, they provide little lateral force resistance as compared with the shear walls.  

See the figures below for an outline of a typical floor showing shear wall locations and 

separate figures follow illustrating shear wall elevations.   

 

(FIGURE 2) Typical Floor Diaphragm & Shear Wall Layout 

 

(FIGURE 3) Concrete Shear Wall Elevations – N-S Direction 
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(FIGURE 4) Concrete Shear Wall Elevations – E-W Direction 

 
 The purpose of this report is to perform an in-depth analysis of these systems, 

identifying areas of interest or concern and gaining an understanding for how they work.  In 

order to do so, the following subjects will be explored as they relate to the Residence Inn: 

 Lateral loads – wind and seismic, adjusted from Tech 1 

 Load cases & a discussion of criticality 

 Applicable design standards and drift criteria 

 Lateral load distribution based on relative stiffness of shear walls 

 Torsion/center of mass/center of rigidity 

 Story drift & building deflections 

 Overturning moments & impact on foundations 
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LOADS & LOAD CASES 

Since the focus of this report is on lateral force resisting systems, wind and seismic loads 

will be discussed in detail.  For sake of thoroughness, gravity loads have been included in 

Appendix B for reference, but they were omitted in this analysis for simplicity.  Once a 

complete three-dimensional model is constructed, all loads will be considered simultaneously.  

WIND LOADS 

 Wind loads were previously calculated in Technical Report 1 using the analytical 

method prescribed in ASCE 7-05, Chapter 6.  A summary table of the results is shown below.  

The only difference here is that an additional column has been added to include factored 

story forces (1.6 multiplier for the most critical case) in order to obtain a factored base shear for 

comparison with seismic lateral loads and determine which loads control the design. 

 

(FIGURE 5) East-West Wind Pressures, Forces, & Overturning Moment Summary 

 

(FIGURE 6) North-South Wind Pressures, Forces, & Overturning Moment Summary 
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SEISMIC LOADS 

 Seismic loads were also previously calculated in Technical Report 1 using ASCE 7-05, 

Chapter 12; however, several adjustments have since been made to obtain more accurate 

results.  Initially, the estimated superimposed dead loads incorporated in calculating the 

seismic weight were overly conservative.  A more realistic superimposed dead load of 10 psf 

(instead of 15 psf) was assigned to each floor, which significantly reduced the resulting seismic 

base shear.  There still exists a discrepancy between the design spectral acceleration values; 

therefore, until this is resolved, the designer’s seismic response coefficient will be used for 

analysis because it is more conservative than that which was calculated in Technical Report 1.  

See the figure below for a summary of the adjusted seismic loads. 

      

(FIGURE 7) Seismic Forces & Overturning Moment Summary 
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LOAD COMBINATIONS 
 
 The following factored load combinations, prescribed by ASCE 7-05, Chapter 2, are 

applicable to this lateral load analysis: 

(Note: Di, F, Fa, H, R, T, & Wi are assumed to be zero) 

1. 1.4D 

2. 1.2D + 1.6L + 0.5(Lr or S)  

3. 1.2D + 1.6(Lr or S) + (L or 0.8W) 

4. 1.2D + 1.6W + L + 0.5(Lr or S) 

5. 1.2D + 1.0E + L + 0.2S 

6. 0.9D + 1.6W 

7. 0.9D + 1.0E 

It is apparent that regardless of the impact of gravity loads, the critical factored lateral 

load will be either 1.6W or 1.0E.  Therefore, it is adequate to assess the controlling load in 

each direction based on applying these factors.  As can be seen in the summary lateral 

loading figures above, wind is controlling in the North-South direction, with a factored base 

shear of approximately 905 kips, which is more than twice that of seismic.  This is not 

surprising considering the sizeable façade facing this direction.  In the East-West direction, 

however, seismic controls, with a critical base shear of approximately 450 kips, as compared 

with the less critical wind load of just over 300 kips in this direction. 

     

APPLICABLE DESIGN STANDARDS/REFERENCES 

 IBC 2006 
 Virginia Uniform Statewide Building Code – 2003 Edition 
 ASCE 7-05 
 ACI 318-08 

 
Building Drift Limitations: 

 H/400 (Accepted value for service loads (D+L+W); Structural Engineering Handbook, 1968) 

 0.020hsx Story Drift – Seismic (for a typical story ∆s, max =2.28” (9’-6” story height)) 
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LATERAL LOAD DISTRIBUTION 

 

ETABS MODEL - OVERVIEW OF ASSUMPTIONS 

 Lateral load resisting systems including shear walls, steel framing at the West stairwell, 

and critical concrete beams at shear walls was modeled in ETABS as a basis for hand 

calculation comparison.  With a few simplifying assumptions, a fairly representative and 

accurate model was successfully created.  Shear walls were modeled as membrane elements 

meshed at a maximum size of 24”x24”, and fixed at their bases, thus behaving as cantilevers.  

Mass was applied to the structure with a uniform area mass that included the self weight of 

the typical 8” two-way flat-plate slab, a 10 psf superimposed dead load, and column weights 

were distributed also as a uniform load on the diaphragm.  In an effort to represent actual 

conditions, openings in all shear walls were made by using the door and window opening 

features in ETABS.  Having limited experience at gauging modeling assumptions, I exercised 

caution when computer modeling in an effort to avoid over-simplification and inaccurate 

results.  This proved to be a valuable lesson, developing the ability to recognize what 

sizes/orientations of openings have the most significant impact on the stiffness of each shear 

wall.  A rigid diaphragm was assumed, and minor niches were omitted for simplification and 

ease of construction. 

RELATIVE STIFFNESS OF SHEAR WALLS 

 In addition to modeling the lateral systems with ETABS, hand calculations were 

performed to confirm the accuracy of the model.  The relative stiffness of each wall in the E-W 

direction was calculated by applying an arbitrary 100 kip load at the uppermost level of each 

wall.  Since each shear wall has a unique profile, with varying widths, openings, and concrete 

strengths at different floors within the same wall, it was necessary to make some simplifying 

assumptions.  Simple averages were computed for the moment of inertia, modulus of 

elasticity, and cross-sectional areas, based on a percentage of the wall’s height with a certain 

attribute.  After getting a feel for the importance of considering openings, some relative 

comparisons between similar walls was made to expedite the calculations.  It was confirmed 

that shear deformations were negligible, and, therefore, for the remaining calculations, they 

were omitted.  A similar discovery was made in Dr. Lepage’s Computer Modeling class when 
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comparing a steel structure to a concrete one.  In general, shear deformations are less 

significant in the concrete structure because of a larger cross sectional area.  By taking a ratio 

of relative stiffness to the summation of stiffness in each direction, a percentage is obtained 

that represents the portion of lateral load a particular wall is capable of resisting.  For extensive 

calculations of relative stiffness, refer to Appendix C. 

 Similarly, in the ETABS model, an arbitrary 1000 kip load was applied at the center of 

mass, and the resulting story shears at the ninth floor were recorded.  During this analysis, the 

program was set to neglect torsion, so as to obtain a more relevant comparison with the hand 

calculations, as they did not incorporate the effects of torsion.  Percentages of lateral load that 

each shear wall resists were determined by the ratio of story shear in a particular member to 

the total story shear.  After comparing these values with the aforesaid hand calculations, it was 

concluded that they generally agree to within an acceptable range of error.  Therefore, 

relative stiffness of shear walls in the N-S direction could be accurately obtained by a similar 

procedure using the model output.  The figure below summarizes the relative stiffness of each 

shear wall and the corresponding percentage of lateral load taken by each.        

  

 

(FIGURE 8) Summary of Relative Stiffness & Lateral Force Distribution in Shear Walls – 9th Flr. 
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As can be seen above, the lateral force distribution obtained by ETABS is comparable 

to that obtained through hand calculations.  There are a number of reasons justifying the 

slight differences in these values.  All assumptions used to calculate relative stiffness by hand 

(ex. averaging properties) obviously will cause slight differences.  In regards to the ~10% 

differences seen in Shear Walls 4 & 9, significant irregularities exist in each of these walls, as 

seen in the elevations.  It may have been a wiser choice to evaluate relative stiffness at a 

central floor level where there is more consistency in shape and opening patterns because the 

steel curtain wall frame, large openings, and stepped profiles drastically alter the percentages 

of shear seen in these sensitive areas.  In order to see if the floor level may affect the relative 

stiffness, an additional calculation was performed, this time at the fourth floor, as shown in the 

figure below.   

 

(FIGURE 9) Summary of Relative Stiffness & Lateral Force Distribution in Shear Walls – 4th Flr. 

 Relatively speaking, the distribution is approximately the same.  The obvious difference 

can be seen in Shear Wall 3, as anticipated.  Taking a section cut through a lower floor where 

the shear wall portion exists reveals drastically different results, confirming the stated 

assumption that the steel frame at the West stair serves the primary function of supporting a 

large expanse of curtain wall, and offers little resistance to lateral forces itself other than to 

transfer localized lateral loads into the adjacent shear walls.     
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To comment on the reliability of ETABS output in calculating relative stiffness in the 

opposite direction, which was not exhaustively checked by hand calculations, the results seem 

logical.  By visual inspection, the relative stiffness of shear walls in the N-S direction appears 

roughly distributed according to relative widths and size of openings.  In general, the wider 

walls are seen taking more shear and similar walls share similar load responsibility.  Here again, 

however, the results for Shear Wall 3 on Floor 9 appear skewed because investigation took 

place where the HSS steel tube frame is present.  Shear Walls 1 & 6 appear, at a first glance, to 

be capable of resisting similar loads, but again, the presence of a step at the top of Shear Wall 

1 is contributing to a significantly lower relative stiffness.  In addition, the location of openings 

in Shear Wall 1 closer to one side makes it more susceptible to overturning, and, therefore, less 

stiff.  This example is similar to comparing a table with two symmetrical solid legs to one with 

one large and one small leg trying to work together to prevent overturning.  Obviously, the 

symmetrical case would be stiffer.     

Actual distribution of direct story forces is shown in the figures that follow.  Note that 

on Floors 8 and above, the percentages corresponding to the relative stiffness at Floor 9 was 

used.  Below this level, it was assumed that Floor 4 is representative in terms of the relative 

stiffness of shear walls and distribution of lateral loads proceeded accordingly. 

 

 

(FIGURE 10) Lateral Seismic Load Distribution in the East-West Direction 
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(FIGURE 11) Lateral Wind Load Distribution in the North-South Direction 
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TORSION 

       For most designers, ideal conditions occur when a building can take advantage of 

some form of symmetry, both geometrically and in terms of relative stiffness.  The reason for 

this is that torsion issues are not present when the center of mass of the structure coincides 

with the center of rigidity (COR).  Any offset that exists between these two locations presents a 

torsion moment (a force acting at an eccentricity) on the lateral force resisting systems.  If large 

enough, this may introduce significant out-of-plane shears that the designer must account for.        

 Based on the relative stiffness coefficients determined in the previous section, the 

center of rigidity was located.  See Appendix C for detailed calculations.  The coordinate 

obtained was then compared with the COR calculated by ETABS.  The y-component was 

found to be almost exactly the same as ETABS.  However, the calculated x-component is 

significantly different than the ETABS result.  The ninth floor calculation yielded expected 

results, moving the center of rigidity away from the more flexible west end of the building.  

This flexibility must play a role in the result because when the center of rigidity was then 

calculated at the fourth floor, a closer value was obtained.  Differences in these values are 

likely due to the oversimplification of the shape of diaphragms used in the computer model, 

causing the center of mass to be slightly different than its true value.  Also, the computer 

model will need to be refined to ensure that the assumptions and behavior as modeled reflect 

the designer’s intent.  This is especially true in specialized areas, like that of the West stairwell, 

and at the elevator shafts, where reinforced concrete beams are located.   

 For sake of calculation, it was assumed that the ETABS center of rigidity location was 

correct.  Resultant net forces were obtained by combining the effects of torsion with the direct 

forces.  The figure below illustrates the insignificance of torsion in the case of seismic loading, 

with a maximum influence of a mere three percent of the total net force on a single shear 

wall.  Floor 7 was chosen for a spot check analysis to prove this in the figure below.  It is 

assumed that if torsion forces are minimal even with one of the largest lateral loads acting at 

an eccentricity (wind in the N-S direction, seismic in the E-W direction), they are even less 

critical for other less severe loading conditions.     
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(FIGURE 12) Center of Mass / Center of Rigidity Calculated vs. ETABS 

 

 

 

 

(FIGURE 13) Center of Mass / Center of Rigidity Calculated vs. ETABS Diagram 
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(FIGURE 14) Torsion Force Summary 
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STORY DRIFT & BUILDING DEFLECTIONS 

 Confidence so far in using the ETABS model built for this project led to using output 

generated by the program for story drift.  The maximum story drift occurs as a result of the 

North-South wind.  This is logical since the building is less stiff in this direction.  Service loads 

(without load factors) were applied and the following story drift ratios were extracted from the 

output: 

 

(FIGURE 15) Story Drift & Building Deflection Summary 

   By multiplying the story drift ratio at each story by the story height, the relative story 

displacements, otherwise known as story drifts, were found.  As can be seen in the figure 

above, all of these values are well within the accepted limits for story drift based on seismic 

criteria.  A summation of individual story drifts reveals overall building deflections at each level, 

the maximum of which is just under a half inch and occurs at the roof level.  The overall 

building deflection values are also well within the acceptable deflection criteria under wind 

loading for meeting serviceability needs.  Because I initially questioned the low story drift 

values, a short hand calculation of Shear Wall 14 was performed to verify the deflection at the 

roof.  This particular wall was chosen because it does not intersect other shear walls, thus 

there would be less chance for it to be taking significant amounts of out-of-plane shear.  The 

resulting 0.30” max deflection was comparable to the 0.358” – 0.411” values obtained in the 

figure above.  See Appendix C for the actual calculation.  The Residence Inn does not appear 

to have any significant serviceability issues related to deflections under normal loading.     
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OVERTURNING MOMENT & FOUNDATIONS 

 

A simplified analysis of the impact of overturning moments on the originally designed 

foundations was performed.  Factored critical moments in both the E-W and N-S directions 

were divided by the moment arm to determine the coupling force acting on the foundation.  

Since the building has a self-weight that is more than fifteen times the more critical uplift from 

the N-S wind loading condition, uplift does not present itself as an issue with this building.  

Furthermore, the precast concrete piles that form the foundations for the Residence Inn 

inherently are capable of resisting up to 70 kips of uplift each.  See Appendix C for calculations 

involving uplifting forces on foundation systems.   

CONCLUSIONS 

 This thorough study of the lateral loads and how they are distributed amongst the 

fourteen shear walls throughout the building has been very informative.  At first, it was not 

apparent to me the logic in the orientation of the walls; now, however, I can begin to 

understand how important it is to strategically locate these systems to extricate their full 

advantage.  Applying load factors and combinations helped to clarify the controlling wind 

loads in the N-S direction and seismic loads in the E-W direction.  After distributing these loads 

according to relative stiffness of the shear walls, it was apparent what properties are most 

critical to the stiffness and how this stiffness affects torsion.  It is important to locate lateral force 

resisting elements in an arrangement that gives stiffness to the structure in a symmetrical 

fashion, if at all possible.  Although torsion forces were not significant for this building, it was 

quite obvious how an increased eccentricity might cause undesired torsional shear.       

 Computer modeling as part of this exercise has been very helpful; however, 

understanding the assumptions that go into such models is critical for success.  I was able to 

perform multiple hand calculation checks to be sure that I had not inadvertently 

misrepresented the building, which was reassuring, especially for a computer modeling 

novice.  An additional calculation to determine the adequacy of one of the shear walls is 

included in Appendix C, confirming agreement among designer and the models and 

calculations performed here.      
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APPENDIX A: Additional Figures 

 

(FIGURE 16) Foundation Plan 

 

 

 

 

(FIGURE 17) Ground Floor Plan 
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(FIGURE 18) Typical Upper Floor Plan 

 

 

 

(FIGURE 19) Brambleton Ave. (North) Elevation 
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(FIGURE 20) York St. (South) Elevation 

 

 

 
(FIGURE 21) Boush St. (East) & Duke St. (West) Elevations 
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APPENDIX B: Gravity Loads 

 

GRAVITY LOADS (psf) 

Location Design Dead 
Load 

Assumed Dead 
Load 

Design Live Load IBC 2006 Live Load 

Typical Floors Incl. 
Corridors Serving them 

10 15 40 + 10 
(partitions) 

40 + 15 
(partitions) 

Mechanical Mezzanine 10 25 150 40 

Roof 25 30 30 

20 + 46 (Snow 
Drift Surcharge 

only where 
necessary near 

parapet) 

Canopies N/A 10 75 
20 + 10 (Snow) 
+ 30 (Snow Drift 
Surcharge) = 60 

Lobbies, All Floors  /      
Public Rooms 

10 15 100 100 

 

(FIGURE 22) Gravity Loads 
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APPENDIX C: Calculations 

 

 

 

 
(FIGURE 23) ETABS Mass Definitions [1/1] 
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(FIGURE 24) ASCE 7-05 Permissible Seismic Drift [1/1] 

 

(FIGURE 25) Relative Stiffness of Shear Walls [1/6] 
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(FIGURE 26) Relative Stiffness of Shear Walls [2/6] 
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(FIGURE 27) Relative Stiffness of Shear Walls [3/6] 
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(FIGURE 28) Relative Stiffness of Shear Walls [4/6] 
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(FIGURE 29) Relative Stiffness of Shear Walls [5/6] 
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(FIGURE 30) Relative Stiffness of Shear Walls [6/6] 
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(FIGURE 31) Center of Rigidity [1/2] 
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(FIGURE 32) Center of Rigidity [2/2] 
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(FIGURE 33) Deflection Check [1/1] 
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(FIGURE 34) Shear Wall Member Check [1/2] 
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(FIGURE 35) Shear Wall Member Check [2/2] 
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(FIGURE 36) Uplift Force Check/Overturning Moment [1/1] 

 


