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Technical Assignment #3—Lateral System Analysis and Confirmation Design
Executive Summary:

The FDA CDRH Laboratory is an office and laboratory space located on the Food and Drug Administration’s
White Oak Consolidation Campus. It is a four story building with a full below grade ground floor and fifth floor
penthouse suite. With a high bay laboratory located on its west side. It has a total square footage of 139,805 and a
height of 86’ above grade.

The building is made mainly out of cast-in-place concrete. Which allows for its frame, made of pan-joist and col-
umns to act as both a gravity and lateral system. Due to the monolithic nature of the building’s concrete structural
system, all the members are fixed and allow loads to travel through them. They also allow the transfer of moments
caused by lateral forces.

Through this assignment I was able to continue my analysis of the building’s lateral system that was touched upon
in Technical Assignment #1. Ilooked at many different factors relating to lateral forces, from story drift and the
overturning moment of the entire building, to the shear caused by torsion and the strength found in single lateral
resistive members.

I used both computer analysis and hand calculations throughout this assignment and found that computers make
for very quick work of intricate details of a building that could take hours and even days to solve out by hand.
However, without any hand calculations, an error in computer calculations can easily be lost in the many outputs
of a computer. Quick hand calculations, do not take a great deal of time and can reinforce what a computer has
already stated, allow the engineer to be more confident in the computer output and understanding of the building
system, as well as possibly show a better outlook of what members can handle rather then what they will endure.

By looking at my system with both a computer program, and by hand, I proved that the original engineer of the
CDRH Laboratory designed a structural system that can withstand all the lateral conditions that I tested. The
slight differences in exact numbers between the original system and the design requirements that I looked at could
be caused by many circumstances, including but not limited to, new code requirements in the codes and design
criteria that I used as compared to the original design codes, as well as rounding when converting dimensions from
metric to English units.

I found that seismic lateral loads control as was estimated in Technical Assignment #1, and the controlling equa-
tion was 1.2D + 1.0E + 0.5L + 0.2 S. I also found that the overall deflection of the building was satisfactory to the
criteria of H/400 , however, torsion did need to be taken into account when looking at the shear on members.
Lastly I found exactly how much loading a single member can handle when both gravitational and lateral forces are
applied. This analysis proved that the CDRH Laboratory’s columns are designed to resist any load that they are
predicted to encounter.

The overall outcome from this project was that a building that is very heavy such as the CDRH Laboratory, and
that is made of primarily concrete, will not be affected by wind, however, seismic can cause for some problems.
However, a short, “squat” building, also like the CDRH Laboratory, will resist seismic loads very well. When these
two conditions are combined, the building itself can resist many lateral forces, and will not need additional lateral
resisting systems, such as shear walls, or additional foundation elements to prevent overturn. However, when de-
signing a building, one must also look at all conditions to be sure that no assumption is broad and that there is a
good base of knowledge of what information is being provided either by a computer program or by hand calcula-
tions. 1
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Introduction:

The FDA CDRH Laboratory , located on the FDA consolidation campus in Silver Spring, Maryland is a four story
building topped with a 5% floor penthouse suite totaling 133,833 square feet of space. Its main purpose is to serve
the FDA’s Research Devices and Radiological Health Center, with both office and laboratory suites. The signature
section of this building is a 5,972 square foot, one story, high-bay laboratory space found on the west side of the
main laboratory and office space. The building, with only the exception of the penthouse and high-bay laboratory,
is made of castin-place concrete.

The roof and structure of the penthouse, as well as that of the high-bay laboratory, are made of W-shape steel. The
typical column in the penthouse is either a W12 or W10 shape with typical steel beams in the roofing systems
ranging from W8'’s to W14’s. The high-bay laboratory is composed of W18 steel beams framing into W24 girders.
The steel lateral resistive force in roofing system is moment frames. Also assisting in the resistance of lateral forces
is the composite floor system made of 2” ribbed metal deck and a total of 6” of concrete. The typical floor system,
throughout main portions of the building, are made of 4.5” thick one way slabs, spanning in the north-south direc-
tion.

There are two typical joist layouts, both of which are pan-joist systems due to the monolithic pour of the slab and
joist. The first typical plan has10” wide, and 16” deep joists, spaced 5-3” on center. These joists span either 18’ or
15’-5” and are designed with the same requirements as beams due to their large size and spacing. They are rein-
forced with #3 rebar on top, #6 rebar on the bottom, and the shear force is resisted with #3 rebar.

The second typical bay is also a pan-joist system with the joist dimension of 16”X16”. These joists are spaced 3’ on
center and span a distance of 30’9”. The top and shear reinforcement is #3 rebar, with #8 bottom reinforcement.
These bays feed into a system of beams, also poured monolithically. The typical beam is 19.7” wide by 20.5” deep
and spans 21’. The reinforcement at the midspan is comprised of 3 - #9 rebar with endspan reinforcement of 6 -
#9 rebar. The shear forces are resisted with #3 rebar at 5.9” and then R rebar at 9”. All concrete used in the pan-
joist system, as well as the beams have a strength of 4000psi. The beams then feed into the typical 24”X18” con-
crete columns, which have a strength of 5000psi and are reinforced with 6-#8 rebar.

Due to the monolithic nature of cast-in-place concrete, along with the “long-stout” shape of the building, no addi-
tional lateral resistance, beyond the fixed connections, is needed in the building frame. There are also non-
standard progressive collapse beams that are to hold above loads, at least for a short period of time, when lower
supports are removed. The entire building rests on a typical foundation system of spread-footings below all col-
umns and a step footing around the perimeter of the building.

In this report I will continue the research of the lateral system that is found in Technical Report #1 by comparing
more detailed hand calculations with data that was found using the RAM structural modeling system. The find-
ings of this report will be demonstrated in the following divisions:

Loading Conditions

Distribution of Loads

Building Lateral System—Controlling load condition
Analysis—Drift, Torsion, Overturning, Member Strength
Conclusion
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Loading Conditions:
Dead loads:
All dead load values derived from ASCE 7-02, Section 3

Concrete: 150pcf
Superimposed: 25psf (assumed)

Ceiling: Acoustical Fiber board 1psf
Floor: VCT 1psf
Mechanical/Electrical: 10psf
Partitions: 13psf
Total: 25pst

Live Loads:

All live load values come from ASCE 7-02, Section 4
Light Manufacturing (Most Laboratory Spaces): 125psf
Light Storage (Supplementary Laboratory Spaces): 125psf

Although there are many different criteria for loading conditions, the controlling loading of 125psf can cover all
loading in the CDRH Laboratory. This is primarily due to the storage spaces available in the secondary laborato-
ries found on the typical office area and the light manufacturing and large amount of equipment found in the
laboratory spaces.

Snow Loads:
Loading was found using ASCE 7-02, Section 7
The snow load was found to be 20psf

This load is not used in determining seismic because is it below 30psf. However, it is used in finding the control-
ling lateral loading

Example of snow loading calculation see appendix A
Loading Combinations: (From LRFD/ASCE 7)

1.4D

1.2D + 1.6L +0.58

1.2D + 1.6S + (0.5L or 0.8W)
1.2D + 1.6W + 0.5L + 0.5S8
1.2D + 1.0E + 0.5L + 0.28
0.9D + (1.6W or 1.0E)
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Wind Loads:
Loading was found using ASCE 7-02, Section 6

A spreadsheet utilizing the factors and formulas given in the ASCE manual was used to calculate the distributed
wind loads. The wind was calculated in both the north-south direction and the east-west direction for both the
main building and the laboratory space. The two spaces could be analyzed separately for this report because they
are not connected above grade. The buildings do work together to resist the lateral forces, however, they are only
working together underground. Due to the wind only effecting above grade elements, this connection can be ig-
nored when finding the effects. Some important assumptions made about the wind loading are that the buildings
were approximated as a “box”. The main building was analyzed with the dimensions of the north and south walls
being 64.2’ long, the east and west walls being 304.5’ long with a height of 86.0236’ above the ground level. The
laboratory “box” was analyzed with the dimensions of the north-south walls being 47.4081’, the east-west walls
having a length of 84’, and a 18.4416’ above ground height.

The following are the main factors used in referencing the site and building conditions. All values were found
using either the ASCE-7 02 manual, or were documented in the building specifications.

Building Information

Basic Wind Speed (mph) V 90
Wind Importance Factor I 1.0
Exposure Category - B
Enclosure Classification - Enclosed

Building Category - Il

Importance Factor | 1.00

Internal Pressure Coefficient GCpi 0.18

The above conditions lead to the four resulting force charts on the following page.

See Appendix B the complete spreadsheet documents used to find the resulting wind forces.
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RESULTS N/S Main Building

Z(ﬁ) kz(T6'3) 9z Psidewall(pSf) Pleeward(pSf) Pwindward(pSf) Pinternal(pSf) Ptotal(pSf)

0-15 0.70 12.338 -7.341 -2.876 8.390 3.046 11.266
20 0.70 12.338 -7.341 -2.876 8.390 3.046 11.266
25 0.70 12.338 -7.341 -2.876 8.390 3.046 11.266
30 0.70 12.338 -7.341 -2.876 8.390 3.046 11.266
40 0.76 13.395 -7.970 -2.876 9.109 3.046 11.985
50 0.81 14.277 -8.495 -2.876 9.708 3.046 12.585
60 0.85 14.982 -8.914 -2.876 10.188 3.046 13.064
70 0.89 15.687 -9.334 -2.876 10.667 3.046 13.544
80 0.93 16.392 -9.753 -2.876 11.146 3.046 14.023
90 0.96 16.921 -10.068 -2.876 11.506 3.046 14.382

RESULTS N/S Laboratory

Z(ﬁ) kz(T6'3) 9 Psidewall(pSf) Pleeward(pSf) Pwindward(pSf) Pinternal(pSf) Ptotal(pSf)

0-15 0.70 12.338 -7.341 -5.244 8.390 2.221 13.633
20 0.70 12.338 -7.341 -5.244 8.390 2.221 13.633

RESULTS E/W Main Building

Z(ft) kz(T6'3) 9z Psidewall(pSf) Pleeward(pSf) Pwindward(pSf) Pinternal(pSf) Ptotal(pSf)

0-15 0.70 12.338 -7.037 -6.893 8.042 3.046 14.935
20 0.70 12.338 -7.037 -6.893 8.042 3.046 14.935
25 0.70 12.338 -7.037 -6.893 8.042 3.046 14.935
30 0.70 12.338 -7.037 -6.893 8.042 3.046 14.935
40 0.76 13.395 -7.640 -6.893 8.731 3.046 15.624
50 0.81 14.277 -8.142 -6.893 9.306 3.046 16.199
60 0.85 14.982 -8.545 -6.893 9.765 3.046 16.658
70 0.89 15.687 -8.947 -6.893 10.225 3.046 17.118
80 0.93 16.392 -9.349 -6.893 10.684 3.046 17.577
90 0.96 16.921 -9.650 -6.893 11.029 3.046 17.922

RESULTS E/W Laborator

Z(ﬁ) kz(T6'3) 9z Psidewall(pSf) Pleeward(pSf) Pwindward(pSf) Pinternal(pSf) Ptotal(pSf)

0-15 0.70 12.338 -7.421 -2.832 8.481 2.221 11.313
20 0.70 12.338 -7.421 -2.832 8.481 2.221 11.313
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The results are then displayed on a frame.

The Following two results are for the main building:
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The results for the laboratory frame wind calculations:

P windward (psfl
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As can be seen from the distributed wind loading on the frames, the short frame takes similar loading to the larger
on the first floor.

These results are then factored into point loads by multiplying the distributed forces on the wall by the tributary
width of the floor that the distributed load is affecting, and the width of the affected wall.

The results can then be displayed on the frame (which can be seen on the following page)
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Example of N/S main building wind load spreadsheet calculation see appendix B-1
Example of E/W main building wind load spreadsheet calculation see appendix B-2
Example of main building floor wind point loads see appendix B-1-6 and B-2-6
Example of N/S laboratory wind load spreadsheet calculation see appendix B-3
Example of E/W laboratory wind load spreadsheet calculation see appendix B-4
Example of laboratory floor wind point loads see appendix B-3-6 and B-4-6
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Seismic Loads:

Loading was found using ASCE 7-02, Section 9

As with wind loading, seismic loading was calculated using a spreadsheet. The important assumptions used when
finding seismic loading was that all floors have the same loading conditions. This assumption could be made be-
cause all of the floors have the same layout of interior laboratory space surrounded by private offices. Other as-
sumptions included that the building was again a “box”, neglecting the area of the high-bay laboratory, and that
the structure was not specifically detailed for seismic loading. Also, due to a continuous lateral resistive system of
rigid concrete frames throughout the entire building in both directions, the seismic loading would be the same on
each floor in each direction. Because of this continuity found in the lateral system, a north/south loading was not
taken separately from an east/west loading. The wall masses as well as the roof and bay loadings were found using

the ASCE 7-02 manual.

Some important factors about the site and building were found using the ASCE-7 manual, or were documented in
the building specifications. These values can be seen in the table below:

Building Information

Site Class Definition - C
Seismic Use Group - |
Seismic Design Category - B
Occupancy Importance Factor | 1
Response Modification Factor R 3
Spectral Response Accel Short Ss 19%
Spectral Response Accel 1 sec S1 7%
Site Coefficient Fa 1.200
Site Coefficient Fv 1.700

When using these factors along with equations, both of which are found in the ASCE-7 manual, the following
results were found:

RESULTS
Floor # (Wx)(hx)’\k (Foot-Pounds) Cwx Fx (Pounds) Fx (Kips) Vx (Kips)
Roof 51753158.27 0.074 80666.640 80.667
Penthouse 262085292.33 0.372 408507.242 408.507 80.667
Fourth 194981030.96 0.277 303913.136 303.913 489.174
Third 129987353.97 0.185 202608.757 202.609 793.087
Second 64993676.99 0.092 101304.379 101.304 995.696
Sum 703800512.51 1.000 1097000.154 1097.000
Base Shear 1097000.15 1097.000 | 1097.000
RESULTS
Floor # (Wx)(hx)’\k (Foot-Pounds) Cwx Fx (Pounds) Fx (Kips) Vx (Kips)
Roof 18274570.18 1.000 30023.267 30.023
Sum 18274570.18 1.000 30023.267 30.023
Base Shear 30023.27 30.023 30.023
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When displayed on the building frame the loading is represented as follows:
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These results were found as floor point loads. They were also found to be the controlling lateral load type; with
the worse case load being the 408.507 kips on the fifth floor of the main laboratory space. This load was then lat-
erally distributed using moment distribution.

Example of main buildings seismic loading calculations see appendix C-1-1
Example of main building seismic load spreadsheet calculation see appendix C-1-3
Example of laboratory seismic loading calculations see appendix C-2-1

Example of laboratory seismic load spreadsheet calculation see appendix C-2-2
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Distribution of Loads on the Lateral Resistive System:

The CDRH laboratory utilizes its concrete construction to resist lateral loads. Because this is a rather stout build-
ing (the height is less then 1/3 the length) the lateral forces are very minimal as compared to the large amount of
rigid frames that make up the building. Because the building was cast monolithically, all the joints are fixed and
therefore resist moment. The load distribution through the building is very simple: the load travels from the point
of contact through the facade to the beams that support it, the beams then send it through the frame at each inter-
section with columns and beams loads being distributed to the following beams and columns so that no single
member is carrying a majority of the load. The load will then travel from the columns down through the building
until it reaches the foundations which will distribute the load into the ground.

One can see how the lateral forces go from point loads on the side of the building to horizontal and vertical forces
within the frame by viewing the portal method that was used in the critical seismic loading.

13445k 26.889K 26.889K 13443K
—_— 86.001K — 6B.129K —_— S1513K —_—
304.423K l 204.254K ~I/ 6R.0BSK ‘Jf
408.307K — — — “— — — — FIFTH FLOOR
T 304423k r|\ 204.254K r|\ 68.083K
88.001K [ 8T SLS13K
aL529K 163.058K 163.058K 81525

WORET CASE INTERNAL LATERAL FORCES (SEISMICY

From this diagram, one can see that each bay takes part of the loading with the final bay taking interior vertical
loads of 51.531 kips and horizontal loads of 13.445 kips and 81.529 kips. The load is dissipated over the entire
building. I chose to look at the smaller span because all the loads would be larger because of the lower area to dis-
tribute it over. Even when looking at the smaller bay, with the highest lateral force, the load in the most affected
area (the horizontal floor at the point load) has over a 100 kip reduction to the exterior force due to the distribu-
tion of the load over the entire lateral system.

For an example of a portal frame to find the distribution of lateral loading see appendix D

11
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Building Lateral System:

Each loading condition was added into the structural system of RAM 2003. All building members were first put
into RAM and each member size was pre-designated. Because the actual structural system was used, the actual
loading conditions could then be used on the model.

From the loading conditions that I derived by hand, I was able to find the controlling loading condition by using
RAM. Because there were over 10 different wind conditions and 4 different seismic conditions alone, when put
into combinations, there were over 41 possible loading combinations. RAM allowed me to easily find the control-
ling combination to be:

12D+ 1.0E+0.5L+0.2S

When E is equal to the seismic force in the y-direction with negative eccentricity force.

This condition is consistent with my finding, earlier in this report, in which I determined that the seismic would
be the controlling lateral force over wind.

I was also able to use RAM to calculate the story drifts and compare them to the H/400 criteria. Again, using the

hand calculated values of live, dead, wind, and seismic forces, [ was able to view how each of these forces effected
the building as a whole. The results can be found on the next page.

12
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Analysis:

Story Drifts:

The story drifts were found using RAM 2003. A 3-D structural model was constructed and all of the real loading
conditions were placed on the model. The controlling load condition for the north and south walls was the seis-
mic loads in the y-direction with a positive eccentricity placed in the y-direction (the east-west direction). The con-
trolling load condition for the east and west walls was also seismic, however it was in the x-direction with a negative
eccentricity placed in the x-direction (the north-south direction).

The resultant drifts on each floor are as follows:

Y-direction H/400 X-direction H/400

Roof 2.23” 2.59” 2.09” 2.59”

Per Floor 0.35” 0.73” 0.46” 0.73”
Penthouse 1.88” 1.85” 1.63” 1.85”

Per Floor 0.33” 0.46” 0.29” 0.46”
Fourth Floor 1.55” 1.39” 1.33” 1.39”

Per Floor 0.50” 0.46” 0.43” 0.46”
Third Floor 1.05” 0.93” 0.90” 0.93”

Per Floor 0.61” 0.46” 0.51” 0.46”
Second Floor 0.44” 0.46” 0.39” 0.46”

Per Floor 0.44” 0.46” 0.39” 0.46”

As one can see from the comparison of the story drifts in both the x and y directions, the overall drift of the build-
ing is kept below the required h/400 criteria in both the x and the y. However, as one looks at the drift of each
floor, and the total drifts of the building as you go up floor by floor, some of the interior floors do not pass the
criteria. The failing of these is to the hundredths of an inch and could be caused by many circumstances including
multiple conversions between metric and english units of measurement, the center of mass could be slightly off
due to additional weights that were not taken into account, along with many other small errors. Exaggerated im-
ages of the resultant shape due to seismic loading in the x and y can be seen on the following page.

13
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Seismic Loaded in the y with positive eccentricity Seismic Loaded in the x with negative eccentricity

For more details of the story drifts caused by seismic loading see appendix E

Torsion:

Due to the symmetry in all directions of the building, there is no eccentricity when finding the resistance of the
CRDH Laboratory to lateral loads. However, the eccentricity is taken to be the 5% of the building total length in
both the north-south and east-west directions, as required by code. The center of moment is also found to be in
the center of the main laboratory building, due to the negligible weight of the mainly steel constructed laboratory
that is only connected on the underground level; as compared to the cast-in-place main building with an area over
22 times the square footage of the laboratory. The following are the resultant shear forces caused by torsion at

each level of the CDRH Laboratory.

-direction y-directian
F2= 262608 F2= 2 62608
Fi= 405218 Fim 405218

__F4= 6.07B26 __F4= 6.07B26
Fpent= &17014 Fpent= & 17014
Froof= 1.61334 Froof= 1.61334

The torsional shear on the building was found in both the x and y directions (north-south and east-west directions
respectively), to be large enough to be considered when finding total shear forces on the building. This is espe-
cially the case at the penthouse level, where the shear torsion is found to be nearly 10% of the shear value found in
the controlling seismic lateral loading case.

The average torsional values are similar to those given in the output of RAM, however, only through using hand
calculations can one easily understand how the moment of the building as a whole can effect each member as a
shear force.

Example of torsional shear calculations see appendix F
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Overturning Moment:

The controlling frame for the overturning moment is in the short direction, due to the smaller length of the build-
ing causing for a smaller resistive moment from the dead load on the building. A diagram of the loading on the
section of the building can be seen below. Even when the controlling side of the building is looked at, the over-
turning moment is much smaller then the resistive moment due to extremely large dead load caused by the con-
crete construction of the CRDH building. It is found that the overturning moment is only 53,934 kips while the
resistive moment is 1,122,762 kips, therefore overturning moment does not cause the need for additional founda-
tion connections. Uplift can be considered negligible due to this extremely large resistive moment.
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For an example of the overturning moment and the resistive moment see appendix G
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Member Strength:

Typical Column Gravity Load:

To find if the columns could withstand the lateral loading we first needed to find the axial loading which was done
by examining the gravity loads that each column was typically subject to (the dead weight plus the member weight
of a typical column). The column below is a 5000psi, 24”X18” column, with 6-#8 rebar, which is typical for most
of the columns found in the FDA-CDRH Laboratory.

1o 1o d

Typical Column

The column was found to support up to 1836 kips which well exceeded the 231.5 kips found on the column be-
tween the third and fourth floor, and was also large enough to support the loading of 866 kips in the column (of
the same size) found between the ground and first floor.

Example of the typical column axial analysis see appendix H-1
Column Lateral Moment:

After the column passed the axial loading, the lateral loading could be added to the column, due to the fact that all
lateral loads are withstood using only the fixity of the frame. The forces used were the same forces found using the
portal method on the seismic loading, thus assuring that the column could withstand the worst loading case. The
interior column spanning the fifth floor to the roof, has a strength of 1836 kips, and proved to be more than
enough capacity to support the gravity load from the roof as well as the estimated moment of 84 ft-kips per frame
caused by the lateral force. This value was checked using figure 18.18.5.6, and was found to be in the “safe range”.

Example of the column analysis with lateral loading see appendix H-2

Example of figure 18.18.5.6 see appendix H-3
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Conclusion:

By taking a more in-depth look at the lateral system of the CDRH Laboratory, one can see that a concrete struc-
ture, although not subject to high deflection due to wind, is very susceptible to seismic loadings due to its in-
creased weight. The CDRH Laboratory, however, also had its profile to work against both major lateral loading
cases (seismic and wind), and because of its “squat” shape the building did not need additional resistive systems for
the lateral loads, beyond its own fixed connections, caused by the monolithic nature of cast-in-place concrete.

In this technical assignment I was able to utilize both my own traditional engineering knowledge in doing hand
calculations, as well as my technical knowledge and computer skills to analyze the lateral forces and reactions on
the CDRH Laboratory. I was able to find that you must get a basic understanding of your subject by using hand
calculations, such as knowing which case will most likely control (seismic) and then using the computer to your
advantage so that one does not need to go though 41 different loading cases to find which is the critical loading
condition. In this case the hand calculation and the computer program both proved that seismic did control over
wind with the equation of 1.2D + 1.0E + 0.5L + 0.2 S. In continuing the analysis of the lateral system, one finds
other useful ways to use the computer program to assist in shortening some very grueling equations such as finding
the total drift of the building, however, the stiffness was found by using hand calculations to be sure that your
drifts were not too outrageous as compared to the strength of the building. In this condition it was found that the
“squat” building was able to resist the seismic loading to a desired deflection under the H/400 criteria.

The stiffness was then used to derive torsion and to find if the shear forces caused by torsion would need to be
considered in the members. The torsion did turn out to be large enough to need to be considered and this was
confirmed by looking at the RAM report for torsion and finding similar values for the overall torsion of the build-
ing.

Again the heavy characteristic of traditional concrete construction proved to resist the overturning moment, due to
the very large force caused by the mass of the building to resist all lateral forces. This also shows that additional
concerns did not need to be taken into consideration for the foundation system of the CDRH Laboratory.

Finally the member strength was able to be compared using RAM and then solved by hand to prove that the a par-
ticular member was more than able to hold any critical load placed on it. By doing the hand calculation and then
using another tool available to engineers, design charts and tables, the columns were found to not only be more
than able to resist all vertical forces, but also resist the lateral forces, with a great deal of additional strength avail-
able to resist unexpected loads.

As one can see, computers allow for great ease in understanding many different conditions in a much more
reasonable time than that of hand calculations, however, hand calculations can give you a better understanding
of what is causing all the reactions that are occurring in a building. Hand calculations can also allow you to see
how large, or little, of a total load a member can handle, not just the type of load that that member has on it,
and allows for a great way to solve a future changes that my occur to a structure.
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Main Wind Force Resisting System per ASCET-02

Agsumpiions:

Agsume for predlminary caiculations that Isboratory does nof effect main bullsn

" FORALL "I g-|
|~ calcuating Wing I Cirsction [ ws |

Euilding Mame

FO&-CORH Laborabony

Building Location

Slver Spring, Maryland

|Bunding Infermation

|Basic vind Spesd imph) W 90
|'ind impartance Factor N 1.0
|Exposure Categary - 5
[Enciosure Classmeation - Ercicsad
|Butding category -
mportance Factor 1.00
memal Prassure Coefcient Gl 0.18
Wind Deslgn Fressure (psf) Fortmns 1.508
Wind Deglgn Pressure (psf) Prepur -2ETE
RESULTS
Z) s % Pl Po | | Pismere DE1] | Pt P11 Demrad Po | | il P |
15 0.7 12.33E -7.341 -2 A7E B350 3.04E 11.266
20 0.7 12.33E -7.241 -2 37E S350 3.0£E 11.266
25 0.7 12.33E -7. 241 -2 37E S350 3.0£4E 11.266
30 0.7 12.33E -7.241 -2 37E S350 3.0£E 11.266
40 .76 13.335 -7.570 -2 37E o109 3.0£E 11.555
50 .81 14.277 -5.495 -2 37E Q708 3.0£E 12.555
a0 .55 14,952 -5.514 -2 A7E 10153 3.0£E 13.064
70 1.83 15.637 -0 334 -2 A7E 10,867 3.0£E 13.544
30 .93 16.332 -0 753 -2 A7E 11.145 3.0£E 14,023
ol 0.95 16.921 -10.068 -2 A7E 11.505 3.0£E 14,352
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[Main Wind Force ﬁesisting System per ASCE7-02

SEBUMpIone:

Assume for preiminary calculalons that laborabory does not effest main bulding

IFrorall

[ Cacuating Vind in Direction: |
Euilding Hame Falrmant Stabe EngiTech Annex
|Building Lecation Falrmiant, WY
Locatlon Data arlabla | Refarenca Chart'FIE. Value
Qcoupancy Type - 1.51 Ti-1 I

Imporiance Fachar 56.5.5 Te-1 1.00

Slrface Rougnness - G562 - =

Exposure Fachor - 6.5.6.3 - 3

Open

Enclosure Classification™= - - Sarialy

X Enciosad
lirt=mal Fressure CosfMclent GCy - - 0.1
[Tapographic Ko 6572 Fg-4* 1.00

Hm 1k
“"Pi@gce an K I the box Indlcaing Enclasure ClassMcation

Bullding Dimensions () Varlabla | Reference | Source Yalug
Heldgnt Abowe Basa fe 9553 Spec 102 0682
Hiehgnt Abowe Sround z £.300 Srec E&.0Z3E
Homz. Lengih Il bo Wind Cir. L 5.300 Spes 30435
Horz. Lengih 2enp. 2o Wind B 5.300 Spes 64.2
Horzontal Cimenskan Ratio LE F&-5 Spec 474
Ih-'EGr Roal Helght h 6200 - 10,0682
| "#warage of rool eave helght and helght of highest polnt of roof
|#ind velocity imiph) varlabls | Reference | ChartFig. | value
|Basic vana Speed W 6.5.4 Fi5. 1 o0
Wind Cirechonaliy s 6544 TE-4 0.65
3-gar Gus! Power Law [ 5.300 TE-2 7.0
Jitean Wing Spesd Facior: o hat a £EE2 TE-2 0.25
I'.‘.ll'1l:| Cosfficient: b hat 6] 5.5.5.2 TE-2 045
[ At Fa G552 Te-2 ETT)
|E:u:‘a ent Helgnt T hat Z 6.5.5.2 TE-2 5244032
kean Houry Wind Speed Wy 6.5.6.2 Eg &-14 G9.67
[Helgnt atm Boungary zZ £.200 Te-2 120
[vetocity Pressure Exp” K, BEES TE-3 0.5

B-1-2
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Weloclhy Pressure Exp.” k| 8568 [ TEI” 0.25
“Calzulated fior :15'—:2-:%] or use Table &6-3
Ky and K- Use "KZ" Sheset o nd value oo nalhg 1o a‘;esﬂ ra
Imtsgral Length Scalks Varisbia | Reference | ChartFig. | valus
Intagral Leng Scam Factor i BE01 Te-2 320
fintegral Lengmn Scaie Exp : 6561 TE-2 0.23
[intagral Lengm Scae, Tum L, B.E.61 Eq&-7 309495
urbulence Intensity Facior c £.200 TE-2 0.30
intensfly of Turbulenoe I EEE1 EQE< 027
Fundamental Pariod varlabls | Reference | ChartiFig. | Value
Perion Cosmcient G GE3D | 195532 0.02
Perlog Exponent x 0532 | 795532 0.75
Approe. Fund. Perod Ta 9E3a a=Celle) 0.E5
|Matural Fraquency mn e n=17, 1.53
|Figid or Fiexme - 6.5.52 =17 Rigld
REgonancs Warlabla Rafarsnce CI‘IEI‘I‘.‘FlE. Walus hil
R, Cosmoent Ra E.E.62 Eq &-13 0.090 10,545
R, cosmoent N EE62 Eqg &-13 0.142 £.505
T, Coemoent 31 EEfEl Eg&-13 0010 103291
[Rreduced Frequency M, BEE2 Eq &-13 3700
[Feserance Coemeient P EE62 Eqg &-13 0.036
Camping Ratio B 6200 | Zectono | 0.050
Resonant Response Fackor R 6562 g E-1D 0.070
|Gust Eftect Factor varlable | Reference | Chart/Fig. | value
Gust CosMelent O 552 Eq&-8 34
Gust CoefMolent g EE.82 Eq&-8 34
Gusl CosMoient q BEE2 Eq&-2 42
|Background Response [ 6561 Eq&-E 0.E5
[Gust Facmr = EEE2 EqE-E 0ES
h'll'lﬂd Preagurs Warlabla Rafarsnce CI‘IEI‘I‘.‘FlE. Walus
Velpaty Pressune 9z 510 g E-15 15.821
Velpalty Pressure @ b g £.5.12.2 TE-3" 15.821
"0y =0 D025k Kk [V |
|Ex. Preszurs Coefticlent Varable | Reference | Chart/Fig Vale
feandward Side [+ £.5.11.2 Fs-g* 0.8
|Leeward sice G £5.11.2 Fs-g* 02
[s1aeaan G £5.11.2 Fe-g* 07
I ‘FormidlaE miust be chacked with any new code -:1'3'19&5
|Lsaward Prezaurs (paf) 2, | B5927 | PeguEC, | -LETE
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[Final Fraszure (pen) [ Py Bl B |

FI) CITe-a) T S ) o — | — i | o
0-15 0.70 12,233 -7.241 -2.67E £330 11.256
20 0.70 12,233 -7.241 -2.67E £330 11.256
25 070 12.233 -7.241 -2.67E £330 11.256
30 070 12.233 -7.241 -2.67E £330 11.256
4[ 0.76 13.285 -7.570 -2.67E £108 11.935
50 051 4,377 -5.455 -2.67E L7185 12.555
&l 035 14,652 5314 -2.57E 10165 12.054
70 L33 15.657 -0.334 -2.67E 10667 12,524
3l a3 15.2a2 0753 -2.E7E 11145 14.023
ar L35 15,521 -10,063 -2.67E 11.506 14,332
""k; and ky: Use “KZ" Shest o c:m‘ard DS Va2 b
Intzrnal Wind Prassurs varlabls | Refarsnce | Chart/Fig. [  valus
Erclosire ClasaMcaton edum Tatle 65 TE-1 0180
Fa:—:n:, Fressune @ h qn £.5.12.2 T6-3° 18.621
Intamial Wird Fressure :F:E-‘- O ] ey 3.046
| 'q,_-l].EIIIEE-SthEW:I
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LOAD <Kips>

1109 =0 ¢ RroOOF

17.21 &'-B ¢ FIFTH FLOOR
1252 463" § FOURTH FLOOR
155 30710"_ ¢ JHIRD FLODR
1115 1579° € seconp FLOOR
5.58 dr——2 € FIRST FLOOR

N/S CONCENTRATED WIND LOADS
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Main Wind Force Resisting System per ASCET-02

Lasumptlons:

Azzume for preliminary cakculations that labaratory acls separately from main oy

EORALL W

| calcuating wind In Cirection

| _nws |

Euilding Mame

FO&-CORH Laborabony

Building Location Siver Spring, Maryland
|Bunding Infermation
|Basic vind Spesd imph) W 90
|'ind impartance Factor N 1.0
|Exposure Categary -
|Enciosure ClassHication - Encinead
|Butding category -
mportance Factor 1.00
memal Pressure Coeiclent GCy 018
Wind Dieslgn Pressure |(paf] P s &390
Wind Deslgn Pressure |psf) I -5.244
RESULTS
Z) s % Pl Po | | Pismere DE1] | Pt P11 Demrad Po | | il P |
=15 1.7 12,336 -7 241 -5.244 E.3E0 2 221 13.633
20 .70 12.33E -7. 241 -5.244 5350 221 13.633
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[Wain Wind Force ﬁesisting System per ASCET-02

-q.E-BUH'IE"ﬂﬂBZ

Assume for preiminary calculalons that laborabory 3215 separately from maln buliding

"UFORALL M

["Caicuiafing Wind in Cirecion:

Euilding Hame

Falrmant Stabe EngiTech Annex

|[Building Location

Falrmant, W

Liozaflon Data Varlabla | Refarence CharL'FIE. Value
QcCupancy Type - 1.51 Ti-1 I
Importance Fachor 5.5.5 T 1.00
Surface Roughress - 6.5 - -
Exposure Fachor - 6.5.6.3 - 3

Cipen
Enclosure Classification™= - - Sarialy
X Enciosad
lirt=mal Fressure CosfMclent GCy - - 0.1
Topographic [ 6572 Fg-4" 1.00
Hom =R
“"Fil@se an K I the box Indicaing Enclasurs ClassMcation
Bullding Dimensions (1t} Varlabla | Reference | Source valug |
Helgnt Abowe Basa fe 93553 Spec 364562
Hedgnt Abowe Ground Z 5300 Spes 154416
Horz. Lengih Il to Wind Cir. L 5.300 Spes 47.4081
Horz. Lengih 2enp. o Wind B 6.300 Spel 125.5843
Horzontal Cimenskan Ralio LB FE-6 Spes .35
Ih-'EGr Roal Helght h 6200 - 31.6846
| "#warage of rool eave helght and helght of highest polnt of roof
[#and velocity jmph) Varlable | Reference | ChartiFlg. | Value
|Basic vara Speed W 6.5.4 Fi5. 1 o0
wind Cirectionalry ks 6544 TE-4 0.E5
3-5at GUsT Power Law @ 6.300 TE-2 7.0
Jitean Wing Spesd Facior: o hal a £EE52 Te-2 0.25
I'.‘.II'1I:I CosMicient: b hat 8] 6.5.6.3 TE-2 045
[win Hegnt Zoun 5.5.5.2 Te-2 ETY
Eguivalent Helgnt z hat F 6.5.6.3 TE-2 30
|h'E~:ir Hourly Wind Speed Yy G582 g 8-14 58.00
[Hesgnt atm Boungary z, 6.300 Te-2 1200
[vetocity Fressure Exp” K 6.5.6.6 TE-3" .70
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Weloclhy Pressure Exp.” k| 8568 [ TEI” 0.710
"Caiculated far :15'—=2-=%:| or use Table 56-3
K and K- g2 "KZ" Shest o find value coominating 1o largest 2°
Integral Length Scals varlabls | Refersnce | ChartFig. | value
Integral Lengh Scake Fachr i £.5.5.1 Te-Z 320
[integral Lengn S Exp : £.5.5.1 TE-2 0.33
[int=gral Lengm Scaie, Turn L, £.5.5.1 Eq &7 310,02
urbulence Inensity Factor c £.300 TE-2 0.30
intensiy of Turbulence ; B8 1 Eqg&-E 0.30
Fundamental Pariod varlabla | Refersnce | ChartiFig. |  valus
Period Cosmeient Ce 9532 | 135532 0.02
Period Sxponent X 9537 | 795537 0.75
Approw. Furd. Ferod Ta 9532 =il 0.30
|Matural Fraquency mn e n=1/T E
|Figid or Fiexme - 6.5.52 =17 Rigld
Regonance arlabla | Refarenca CI‘lBI‘I‘.'FIE. Value hil
R, Cosfoant Ry 6552 Eng§-12 0111 B.LE66
Ry CosMckent Ry 6.5.5.2 Eq £-13 0.023 33,652
= =T R Eoo2 | Ege-ia 0.023 47384
|Reduced Frequency M, 65582 | Ems-13 13.006
|Resanance Cosmcient P 6582 | Egg-13 0.022
Camping Ratio B 6300 | Section3 | 0.050
Resonant fesponse Faclor R £.5.5.2 g 6-10 0.028
|Gust Ertect Factor varlabla | Refersnce | ChartFig. | Valus
Gust Cosficient O f.5.82 Eq &-8 3.4
Gust Cosoent g 6.5.5.2 Eq §-8 3.4
Gust Costicient 4 £.5.82 Eq £-2 £47
|Bacaground Responss [ £.5.5.1 Eq §-8 0.54
[Gust =acr & Bo.62 Eq &8 0.65
|¥ind Pressurs ‘Varlabla | Refarenca CI‘lBI‘I‘.'FIE. Value
Weloclly Pressure 9z £.5.10 g 6-15 12.338
Welocily Pressure @ b g £.5.12.2 TE-3° 12.338
"0y =0 D025k Kk [V |
|Ex. Preszurs Coefticlent Varable | Reference | ChartFig Valg
|rancward Side =N £.5.11.2 F&-8" 0.5
|Leeward sice Gy £.5.11.2 F&-5" 05
[51aewan G £.5.11.2 FE-8" -07
I "Formidlas must be chacked with any new code changes
|Lsaward Prezaurs (paf) 2, [ E5927 | Pegal, | -2 |
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|Final Prassure jp=r) | P Bl 2
E[“I_'t] ITe-3] R PP o o — 2 | — ) | o
0-15 070 12.338 -7 341 -5.244 E.330 13.633
20 070 12.338 -7 341 -5.244 E.330 13.633

**k, ard ks 'Jse "Wz Shest bo copy and paste valuse

Intermal Wind Prassurs ‘arlabla | Refarsnce ChEI'L'FIE. Walue

Enclosure Classicalion by Table 6-5 TE-7* 015D

WEloally Pressure ¢ h ] 6.5.12.2 TE-3" 12.338

Intemal Wind Pressure (psT) O e 2.7

| T == A T
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185"
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P windward (pofd

8481

A

4

F Leeword {psfl
= 2,832
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LOAD ¢Kips>
5.98 N 185" ¢ roor

5.98 r——2—C FIRST FLOOR

MsS5 CONMCENTEATED WIND LOADS
LABORATORY
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Main Wind Force Resisting System per ASCET-02
.ﬁuﬂﬁ-umpﬂl:lm:
Bzsume Tor PrEs I Ay &3 iU latiors thal Iabaratory coss it efTect maln bu I:Irg_l

"FORALL "I

| calcuiating Wind In Cirection [ Ew |
Euilding Mame FD#A-CORH Laboratory
Building Location Siver Spring, MD
|Buding Information
|Basic vind Spesd imph) W 90
|'"ind impartance Factor N 1.0
|Exposure Categary - 5
[Enciesure Ciassincation - Erciosad
|Butding category - I
mpartance Factor 1.00
ntemal Prassurs Coeioient Gl 0.18
Wind Dieslgn Fregsure (pef) P e 11.023
Wind Dieslgn Fregsure (pef) Pamss -5.632
RESULTS
i) TITES]] Uz | Petmeal P | Pamare D01 | Prsaad P2 1| Diemmal o1 | Dimal P |
-15 1.7 12.33E -7 A7 -£.333 B2 J.0LE 4,835
20 0.70 12.33E -7.037 -£. 533 G042 3.046 4833
235 .70 12.33E -7.0E7 -E.333 042 J.0LE 14.835
30 1.70 12.33E -7.037 -E.533 042 3.0<6 14,833
&1 .76 13.395 -7.E40 -E.333 573 J.0LE 15.624
50 1.81 14.277 -5.142 -E.333 9306 J.0LE 16.199
&0 .85 14.952 -5.545 -£.333 97ES J.0LE 16.658
[l 1.9 15657 -5.547 -£.333 10.225 J.0LE 17.118
all .93 16.392 -9.349 -£.333 10,682 J.0LE 17.577
al 1.95 16.921 -9.E50 -£.333 11.029 J.0LE .02
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IMain Wind Force Resisting System per ASCET-02

&zsumptions:

AEEUME for preliminary calculations that laborabory does nod effect main buliding

[ FOR ALL R

[ Ve I Dresar W]
|Eluilu:ling Name “OA-CORH Labaratory
Building Location Slver Spring, MD
Locatlon Data varlabls | Referanca ChartlFIE. Valus
Jiccupancy Type - 1.5.1 T1-1 I
|imporiance Fachar 6.5.5 T&-1 1.00
|surtace Roughness - 6567 - -
|Expasurs Factor - .56 - B
Cipen
Enciosure Classficalon”™ - - Parilaliy
X Enciosed
|in=mal Fressure Cosficiem Gl - - 0.18
Topograpnic Ko 6570 FE-4" 1.00
"Hg= 14K KKy T
“Eiaee an KT In the box Indicating SEnclesure Classhoation
|Buiiding Dimensions [ varlabla | Reference | Source Valua
[F=kart Above Bass h, 0553 Spec 104.0882
|52int Above Ground z 5.300 Spear 56,0236
|Faniz Length 1 o vand . L £.200 Spec £4.2
|Henz Lengtn Pemp. to Wind E 5.300 Spec 3045
|Henzontal Dimension Rato LB FE-E Sp=s 0.21
Ih-'a!r Fiool Helgt il 6.200 " 104.0662
| "Avarage of roof eave helghi and haight of highes: point of roal
[#imd valoeity imphi varlabls | Refersnce | ChariFig. | valus
@E Wind Speed W 6.5.4 F&.1 L]
Wind Cirectionallty : 6544 Te-4 0.65
3-58C (SULT Power Law a 6.300 T6-2 7.0
[h=an Wind Spesd Famor: a hal a 6.5.5.2 T&-2 .25
|v.‘.-|r-:l Caeficlent: b hat 1] 6.5.5.2 T&-2 0.45
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[ran Heagnt Zpn 6.5.5.2 T52 3
[Ezurvaient Heignt: z nat z 6.5.5.2 T&-2 £2.44052
[Mean Houry Wing Spead vy 6562 | Egs-14 60.57
[F=igrt aim Boundary Z 5.300 T2 1200
Velooity Pressure Exp K, 6.5.6. TE-3" 0.95
Velooity Pressure Exp i 6.5 TE-3" 0.95
“Calculated for (15'<Z<), o7 use Tabie §-3
i, and K Use "Kz® 3hest o find valus coondnaling 1o langest "z°
Imﬂral Length Scals varlabla | Refersnce | ChartFlg. | Valus
Inegral Lengen Scake Factor [ 6.5.8.1 TE-2 320
Ilrjtrsl Lengn Scaie Exp : 6.5.5.1 T5-2 0.33
Integral Lengin Scale, Turh L 6.5.8.1 Eq E-7 334 98
I:r.m:u.le-.:s mensity Factor c 6.300 T&-2 1.30
Insenslty of Turbulence 3 6.5.5.1 Eq &5 0.27
|[Fundamental Period varlabla | Refersnce | ChartFlg. | Valus
[Pertod Coemcient G 9532 | 195532 | 0035
|Period Exponent i 9532 | 795537 L9
[Aporax. Fund. Period Ta 9532 | Te=Gins) ]
|satural Frequency m 6.5.6.2 ny=1/T, 0.44
|[Figd or Fiexmiz? - 6.5.8.2 N>1e Flaiie
Ragonancs Varlabls | Refersnce | ChardFig. | valus n
R, Cosficient R, 6552 | EqE-13 0.278 3002
R, Cosgfclent i 6582 Eq&-13 0.107 E.TE3
|E. Cosficient R 6582 | Eqe-13 0.148 €200
[Feoucea Frequency My 6552 | Egs-13 2477
|Fe=sonance Cosficient 7, 6552 | Egé-13 0.078
|camping Rato A 6300 | Seciond | 0.050
|Fzscnant Responss Factor R 6552 | Egé-il 0.158
|Gust Effect Factor varlabla | Refersnce | ChartiFlg. | Valua
GUst Cosmcient Oa B.5.5.2 Eq E-E 3.4
Guet CoeMclent & 6.5.6.2 Eq E-E 2.4
Gust Cosfclent g 6.5.5.2 Eq E-8 3.99
Background Response Q £.5.5.1 Ex] E-£ 0.7
Iﬂ Facior Gy R EqE-E 0.51
[wind Prassurs varlabla | Refersnce | ChartFlg. | Valus
Velooty Pressune qz 6.5.10 Eq 6-15 16.921
Velooity Pressune @ h gn 6.5.12.2 TE-3° 16.921
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| “90=0. 00255 kb ) |

IE:l. reseune Coemiclent Wanaole Reference | Cha'k q. Value
[rrdwand Siie G B.5.11. FE-E" L3
[Le=ward Size G, 6.5.11.2 FE-E" -1.500
[5iewan C 6.5.11.3 FE-E" -07
| *Formnulas must b2 checkad with any new code chianges
[Ceewara Pressure (per) B, | BE22 | Peghei, | -BoEn
[Final Fragsurs [par) Py G- B
El.ﬁ -3 = Fq 1-‘@ S ] :'m_.ﬂ-ﬁ:'
015 L.70 12.33E 7037 -E.533 E.042
20 070 12.33E 7037 -£.532 E042
25 070 12.33E -7 037 -E.533 E042
D 070 12.33E 7037 -6.533 E042
4L [.7E 13.395 -7 541 -E.533 E731
5[ 051 14.277 5142 -5.532 £.306
ED [.85 14,933 5545 -E.533 07ES
70 [.35 15,637 5347 -5.533 10.225
8[ [.33 16.333 0,343 -E.533 10654
a0 [.36 16.521 0,550 -E.533 11,023
Ky and Kp- Use "WE" Shest o Copy ard pasie valles
Intarnal Wind Presaurs varlabls | Refersnce | ChariFig. | valus
Encioeure Classificalon '\-"I:pI Table 65 TE-T" 0.150
F-:— ciby Pressure @ h gh 6.5.12.3 TE-3 16.521
Irszmal Wind Pressure :|:l5'- :':I"|_|:'E'-:| 3,046
| "0 =0 D0 Z56K KK V]
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22-141 50 SHEETS

) 22142 100 SHEETS
@]JPAH 22-144 200 SHEETS

2l éwx = Runx duedd Gletme (£l

P 1 (o e Hrd )

5.42 a33 ; = [
e

Aot *L (15.92)( 4935 )64 1) #385 IRICNS :

Juet #2 ((C &1 X[4935)+ (2.55X(15.629))(64.2) = 15163, w_s
=2 Ik |

dowt 84 (199X IEGHL)s (1) (16.149 )+ (3 qrz)(m.eéz)}m)
= Glol, 561k 2 (610

Joped 5 (@ 0B)NG.€58 5« (1) (17 ”8J C 341’? 5??)XG“J
SETL IS g |

s (@)1 757)+ @) (7722)) (e4,2)
= 1335¢. 7%k - )2, 85
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LOAD ¢Kips?

1358 =0 ROOF
2177 6I'=8" € FIFTH FLOOR
16,10 463" € FOURTH FLOOR

F r
1516 3040 € yyirp FLOOR
14.79 575" ¢ seconp FLOOR
7.39 pr——2 € FIRST FLOOR

E/W CONCENTRATED WIND LOADS
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Appendix B
Wind Loads

Section 4- East/West
Laboratory



Main Wind Force Resisting System per ASCET-02

Lasumptlons:

Azzume for preliminary cakculations that labaratory acls separately from main oy

EORALL W

| calcuating wind In Cirection

| _Ew |

Euilding Mame

FO&-CORH Laborabony

Building Location Siver Spring, MD
|Bunding Infermation
|Basic vind Spesd imph) W 90
|'ind impartance Factor N 1.0
|Exposure Categary - 5
|Enciosure ClassHication - Erciosad
|Butding category - I
mpartance Fastor 1.00
ntemal Prassurs Coeioient Gl 0.18
Wind Deslgn Fregsure (pef) P e &.481
Wind Dieslgn Fregsure (pef) R -2 E32
RESULTS
Z) s % Pl P2 | | Piameare DE1 | Pt P Demrad P21 | il P |
-15 1.7 12.33E -7 A21 -2332 E4E1 2221 11.313
20 1.70 12.33E -7 421 -2.332 481 2. 321 11.313

B-4-1



[Main Wind Force Resisting System per ASCE7T-02

Azsumptions:
Agsume for preliminary calculations hat laboratony acls separalely Fom maln buliding
[ FOR ALL R
rm [ Ew |
|Eluiln:ling Name FOA-CORH Laborabony
Building Location Slver Spring, MD
Liocatlon Data varlabla | Reference | ChartFlg. Valus
Jiccupancy Type - 1.5.1 Ti-1 I
|importance Fachar 6.5.3 T5-1 1.00
|surtace Rougnness - BE6.2 - -
|Expasurs Factar - .56.3 - B
Oipen
Encipsure Classificalon™ - - 2artlaly
X Enclosed
Priemal Pressure Cosficlert Gy - - 0.18
Tapograpnic M 657.2 FE-4° 1.00
g 1K kT
Eiace an "i" In the box Indicating Enclosurs ClassHization
|Buiicing Dimenslons i) varlabla | Reference | Source Valua
|I-a|n;|rt.-\b:u.*a Basa I, 9553 Spec 36.4382
|E=ignt Above Ground z 5.200 Spec 18.4416
|rariz Length 1 b0 ward oir. L 5.200 Spec 125.0843
|z Length Pem. to Wind E 5.200 Spec 474081
|Fonzontal Dimension Ratic LB FE-E Sp=c 265
|h'aar Fool Helgit il §5.200 " 31.6346
| "Avarage of raf eave helght and halght of highes? poind of moal
#ina valocity imphi varlable | Reference | ChariFlg. | valus
@E Wind Speed W 6.5.4 F&.1 L]
wWind Cirecionallty : 6544 T5-4 0.65
3-58C (SUE] Power Law [ 6.300 T6-2 7.0
|H=an Wind Spesd Facior o hat a 6.55.2 T5-2 .25
|'.‘.-Irn:l Coeficlent: b hal 1] 6.55.2 T5-2 0.45

B-4-2



[rin gt o 6.56.2 T&-2 2
|Equnaiert Hegnt z na: z £.55.2 T&-2 20
|Mean Houny Wing Spesd V 6.5.5.2 Eq&-14 5E.00
|F=iant atm Boundary z, 5.200 T&-2 1200

Welooity Pressura Exp” K, 6.E6.E TE-3" 0.70

Welooity Pressura Exp.” [ 6.E6.E TE-3" 0.70

Calculabed for (15'=2<Z.), or use Tabie §-3
"1, AN g Lisa "Kz" Shest o find valus coond n3|Jrg1:u a'gesl'z‘

Imﬂral Length Scals varlabla | Refersnce | ChartFlg. | Valus

In2gral Lengan Soas Facior { R T2 320

Ilrjtrsl Lann Scake Exp r 655 T&-2 0.33

Ins2gral Lengen Scale, Turk L 6550 Eq &7 310008
I:r.m:u.le-.:s nienisity Facior C 5.200 TE-2 0.30

|F'.EFE|[:|- of Turbulence 3 6.5.5.1 E-:| E-5 1.30
|Fundamentsl Pericd varlabla | Refersnce | ChartFlg. | Valus

|Perod Cosmicizn: [ 9532 | 735532 0.02

|Period Exponent K 9532 | T3.553.2 0.75

[Aporax. Fund. Period Ta 9532 | Ty=Giha 0.30

|satural Frequency m 6.5.6.2 ny=1/T, 3.37

|[Figd or Fiexmiz? - 6552 =17 Rigld
Ragonancs Varlabls | Refersnce | ChardFig. | valus 7
R, CogfMclent i 6.58.2 Eq&-13 0.111 EZER
R, CosMclent A, 6552 EqQ&-13 0.076 12,663
|E. CoemclEnt 3 BEE.Z Eq&-13 0.003 112,661
|[reoucad Frequency My 65582 Eq&-13 13.00€
|Resanance Cosficlen i 65582 Eq&-13 0.022

|pamping Raso : £.200 Seclion 2 0,050
|Resorant Respanse Factor R 65582 Ei £-10 0,045

|Gust Effect Factor varlabla | Refersnce | ChartiFlg. | Valua

GLst coefclen: O B.LG.C EqE-t 24

Gust Coeficlen: O 6.5.5.2 Eq £-& 3.4

Gust Coeficlen: g £.55.2 Eq £-C 447
Background Responss a 6.5.5.1 Eq £-€ 053

Iﬂ Facior Gy R EqE-E 0.65

|#na Erassure varlabla | Refersnce | ChartFlg. | Valus

Velociy Pressuna iz £.5.10 Ei §-15 12,336

Welncily Pressure i h aqn £.512.2 TE-3" 12,336
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| “90=0. 00255 kb ) |

IE:l reseune Coemiclent Wanaole Reference | Cha'k q. Value
[rrdwand Siie G B.5.11. FE-E" L3
[Le=ward Size G, 6.5.11.2 FE-E" -01.267
[5iewan C 6.5.11.3 FE-E" -07
| "Formulas must e checked with any new code changes
[Ceewara Pressure (per) P, | BEZi | Prguei, | -25i0
[Final Fragsurs [par) Py G- B
El.ﬁ -3 = Fq 1-‘@ S ] :'m_.ﬂ-ﬁ:'
015 L.70 12.33E 7421 -2 537 E.2E1
el 070 12.33E -7 A24 -2 537 EAE1
"H= and Hr Use "Ez" Shest o Copy ard pasie valles
Intarnal Wind Presaurs varlabls | Refersnce | ChariFig. | valus
Enciosune Classificadon d':ﬂ Table &5 TE-T" 0.130
F-:— ooty Pressure @ h gh £.5.12.7 TE-3" 12.33E
Inszmzl Wind Pressure :|:|5‘- [x P 2.1
| =0 D0 258Kkl o] V)
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LOAD (Kips)
8.8 S— 185" ¢ rooF

8.8 rr——2—C FIRST FLOOR

E/W CONCENTRATED WIND LOADS
LABORATORY
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Timothy Mueller
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Walter Schneider
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Silver Spring, Maryland

Appendix C

Seismic Loads

Section 1- Loading
Main Building



22141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

)
(CAVIPALK

14579mn ¢ (9.2 &
X

12300 mm = 304, 5{4 . . 1
ool curen ) |
' 2(¢4.2) *1(39:3)7 73394 |
D o702

02 tawdono i 8psd

GO 216R ows V8 i upim junnnliid, Y5 on, crduny | 1203

Tl Mase fx wakle
G9(8eed )+ 0 0(12d = 109 pst (374 TCL G
. Plors 6o rion foct (wusk cdk bt ) |
P ALE 02~

Comant BN lGpsp =

Reg ot
(C‘-}.’Z-é/l W304.5 1) G psg ) *308RT1. 4 by
503 B~k

Cl1




b e S e
Bl {L el ook w

Jop ) ho 2 s @' > 18§ w'yIBE 5

21" x19" Dp | Fefod Reech _
51,549657: 4,450 + 23,2¢2.5+9834.07 =

22-141 50 SHEETS

) 20442 100 SHEETS
(_@MPAM 22.144 200 SHEETS

2l 25t 5 5@ Z Aot Qo

A Gy o X
2208 51,576,5F ks

X- 44198.481bs

5{)(‘1) Ros mi ' x 3 g
Bl foceh
13,201 2= (6, 192.7$+ 93, B4 +6534, 62

Avpuead flar has
5 4 U Jap
1S tp ) (3'a2') fee
1S ko | (2'¥18:5") o

® o oo prn s =
13 (18,3613 )+ (5 (B, 546 ST lbg + 18,701,222 fbg_)

= 09069233 Ik = A69.5Cp¢]

Gl CANB 2 (N-2)

| I
! i




|Seismic Calc per ASCE7 FDA-CDRH Laboratory |

|EIuiI-:Iing Name

FLA-CORA Labaratony

[Building Location

Slivar Spring. Maryiand

Eull-dlng Infarmation

- [
Selsmic Use Group - ]
Selsmic Deslqn Casnary - B
Ciccupancy Imporancs Fachor | i
Response ModMication Faclor & ]
Speciral Response Accel Shord S 19%
Speciral Response Accel 1 520 S 3%
Slte CosMclent Fa 200
Slle CosMclent Fr 700
RESULT =
Flaor = ()i K irodkPasdn | Low F3 (Pandn T2 {Kiza) U ()
Fiood 51753155.27 0.074 &0EGE.640 EO.EGT
2EnnouEs 2E20ETFIT 33 0.572 40ESTT 242 A05.507 G0.667
Fourh 19455103098 | 0277 303813136 303.513 453174
Third 12356755297 | 0.1&5 20606757 202.E09 T93.087
Secand E£395E75.93 0.0a2 101304379 101.204 S35 636
= e o L = TLo 7.t
Baze sreal 105000135 109 Dil 10T 00

C-13




[Euieng Hame: FOA-CDRA Labaraiony]
JEuilging Location: Slwar Spring, Maryiang
Location Data |
ReEponse Modimcalion Faclr |5 ] el
Ciccupancy Imporancs Fachar 1]
Selsmic Use Group Jes.2s
Sedsmic Deslgn Calegary =] |ratiezszs.
Sl Class Definition C Jes123
Loading Dala ]
Roof Dead Load IE|ASCE 702 Table C3-1
Flgor Dead Load 209.55
Snow Load OJ0If less than 30 ps'
Exterior Wall Load 10.£)ASCE 702 Table C3-1
a02 i
Sguare Fookage Per Fioor 19546.9)
Permeier TITA
k-:r:r Helghts Delhouse 24 a434|
Sourn 15.4153]
Thira SRR
Second 15.4153]
Flrst 15.4129]
meEmi: Dals |
|ES | 0.19)Figurz 9.4.1.1.3
= | TrfFigure 9.4.1.18
|
EEEES [ [C o123
[=a | 1.2|Tabe 241243
[=ms | Teem|=ms={F3i[Z5]
EETope | I :'E';'EE"E": g EERER
[Sds | 152 Sds={ 23 2ms)
[P | L ?"at-e 341240D
TSml | TLA ) S Py Sl

| G MERIE | |D.EEEEE‘EE7|.2-E:

C-14



[ e =22 S mi)

Imigoetance = acior

|..-"e- BTG LEE =IolD

|5E‘ smilc: Deslign Categany

Us= Equivalent Lateral Force Analysls

| T

| 5525

B Table 3525
LT

Analyels - 3.5.5
FRoof Load W BTG 7_214] virf={Reg%  Fload)=[Perl) 1/2RneightyWallLoad)
Fizor Loads Wip ZTATNE0E | VirT=| sy Piaad = (Per) 52+ 5 4 WalLoad)
Wi 4294552 D8] virt=[5qft ) dload 1+ Per ). 5" 4= 5" 3 WalLoad)
Wiz 2294552 03| virf={35qMt ) Hoad 1+ Per ). 5"3= 5" 2 WalLoad)
W2 4294332 08| wirl=[25qM ) 2load +{Per).5"2+.5" 1 Walload)
Wi 155702 78| vart={ 150} Tload 1+ Per s, 571 )WallLoad)
[Totai Load Wi Z1ES1 21 B8] VWt='A WD SN 20
[+ 1 :’Lat-e 85531
[+ O.0Z|Tabie 3.5.53.2
X 0.75|Tabie 3.5.5.3.2
LEEBEA n T Dot | structura
|Fumzer o Stones N 5] ztructural
2 poray Perod [Ta 0851 E5819) Tam(Clynny x
-"-|:1:ll'l:lil! Percd [all cond M<12} Ta LS| Ta=0.1K “"Lisad tnis valus
SEEMC EE‘E-EC-'lEE CEMEx DUIS2ES3ET|Cemzd .':T-:E.'I-:
SelEmic Responss CEmin DUODEEES) Ce=0 04450s
Selsmic Responss 5 OLOS0EGEET| Camz s A
I..-"e M Date sheal v | Tﬂ'!?!l'fﬂﬂ?luf-:s'ﬂ.l
I~ | Tlk=1for T <=10.55
2 r 51Kﬂ'§_5'3||'.\::|:1x K
2E20ES202
= T349E1021
= 129967354
[ E43C5E77
wia EEENEE |
= ] T O TR S UM R
op OL3v220577
z4 027704019
oo [L1E2E0d5
s [ |
| ST T= |
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40ESOT 2423

303813135
AIG0E.TST
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101304.379)
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LoaD <kps)

BT 860" & proF
58,587 BU-B- [ FOFTH FLODR
23913 =T L FORTH FLOOR
B 505 - THIRD FLOOR
R 155" [ SECOND FLOOR
£ r——0 [ FRST FLOOR

CONCENTRATED STISHMIC LOADS
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Timothy Mueller
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Appendix C

Seismic Loads

Section 2- Loading
Laboratory



22-141 50 SHEETS

) _ 22.142 100 SHEETS
u,-.‘?f’WPAB 22-144 200 SHEETS
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273.9% &

Taol wrigd of anod = 397.94%*+47.87"

= 495, 8%
¢95.825 e g/
(13224757 ~ N
(Jadl  fouch

Owerages  Pruiston oL
(22.9 ' x47 4’

- 2022 q'yzm.v):%@o.(,'
(At 7.03) Wl oo Fo5 awdars> Best (oo shch onds)

707, P RIG", S,é N{foum, uralatad
8" hidiny 1R

C21

0.% t0.1(13 =(0:3

38998 Il

[ b
b e



|Seismic Calc per ASCE7 FDA-CDRH Laboratory |

|Building Name

FDA-CORH Laboratory

|Building Location

Silver Spring, Maryland

| m:img Information
|Site Class Definition - C
|Seismic Use Group [
Seismic Design Gamﬂ' - B
Iﬂccupﬁncy Importance Factor I 1
|[Response Modification Factor R 3
|Spectral Response Accel Short S 19%
echral Hesponse Accel 1 sec 51 T
IEnte Coefficient Fs 1,200
|Site Coefiicient Fv 1,700
RESULTS
Floor # W)k (Foot Poumsy | o Fir (Pouni Fx (k=) Ve ikips)
Roof 1827457018 1,000 30023267 30.023
Sum 1827457018 1.000 30023.267 30.023
ase Shear 30.023

C2-2




[Building Name [FDA-CORH Laberatory
Building Location; IEih.rer Spring, Maryland

Location Data:

Fezponse Modification Factor 0.5.2.2
Ciccupancy Importance Factor |1 1
Seigmic Use Group I 5.5.2.5
Seismic Design Category Table 9.5.2.51
Sabe Class Defnition Jo-4.1.2.3.
LnadinH Diata:

Roof Dead Load 7 CE T-02 Table C3-1
Floor Dead Load
Snow Load if less than 30 psi
:E'l:‘l'El'iDr Wall I;uad 10, CE 7-02 Table C3-1
Total Square Foolage 6299 .4
Square Footage Per Floor 6209 46
Perimeater 360,
Flaor Heights Second 154189

First 15,419

Seamic Data
|Ss Figure 9.4.1.1.2
El Figure 9.4.1.1.b
Site Class | 4123
[Fa able 9.4.1.2.4.a
[Sme Sms=(Fa)(Ss)
Sds Multiplier | 4125
[Sds Sds=(2/3){Sms)
[Fv able 9.4.124b
[Smi mi={Fy){Si)
S Multipher | 213)
[Sai [0.078a232as di=(2/3){Smi)

| mpartance Factlor [




Seismic Use Group

525

Seismic Design Cate

Lse Equivalent Lateral Force Analysls

able 9.5.2.51

955

[Seismic Base Shear

(e { Poc) k

Cwx
|Ehec:l: Cvx=1

F

C-24

Analysis - 955

Raof Load Wirf Q2564 . ri={Rsgft)Rload)+(Peri){ 1/ ZRheight){WallLoad)
Total Load Wit 592564 48 =W A2 N

G T.7|Table 8.55.3.1

Ct 0.0 Table 9.5532

% 0. Table 85532
[Total Height [hn 104, 0682)fStructural
Murmber of Slories N Slructural
Approx Period Ta 06516561 3T am(CLlhn)"x
Approx Perod (all conc N<12)  |Ta D.5Ta=0.1M “Used this value
Seizmic ﬁ&ﬂpﬂnse Camax su3dil( T{RAY)
E:-emn'uc E:&spanse {Esrmr- s={) 044 505l
Seismic Response Cs s=ads/[Ril)



LOAD (Kips»

30023 1829° ¢ Roor
30023 £ rr——L C FIRST FLOOR

CONCENTRATED SEISMIC LOADS
LABORATORY
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Story Drift



Damﬂase FD;‘L CDRH Laboratory Lateral
“'”f”-\ Building Code; IBC

1120005 12:48:21

CRITERIA:
Rigid End £ones: Iznore Effects
Member Force Quiput: Al Face of Joint
P-Dielta: Yes Scale Factor: 1.00
aphragm: Rigid
Ground Level: Base
LOAD CASE DEFINITIONS:
D DeadLoad EAMIUSER
Lp PosLiveLoad RAMUSER
Rfp PosRoofLiveload RAMUSER
Wi Wind Wind_IBC00 1 X
W2 Wind Wind [BC00 1 Y
W3 Wind Wind 1BCO0 2 X+E
W Wind Wind IBCOO 2 X-E
W5 Wind Wind [BCOOD 2 Y+E
W Wind Wind_IBCOO0 2 Y-E
W Wind Wind [BCOD 3 X+Y
Wi Wind Wind_IBCOO0 3 X-Y
Wo Wind Wind_IBCOO 4 CW
W0 Wind Wind_IBCO0_4 COW
El Selsmic EQy ARSCET-95 X +E F
Ez2 Selsmic EQ_ASCE?-95 X _-E_F
E3 Selsmic EQy ASCET-95 Y +E F
E4 Sesmic EQ ASCET-95 Y -E F
Level: Roof
Center of Mass (m)- (4880, 9.80)
L’ Disp X Disp Y
mm T
[ 0017946 [E.41193
Lp 045436 20 E348a
Rip (7247 (09844
Wl 272481 004597
W2 | 46124 2116731
W3 233EIE 003355
W4 243024 04690
WS 237310 | 8.69349
Wo 018406 |8 34930
WT 3.13933 | 5.90994
Wi 094768 -15 84100
Wo |.90443 1378877
W10 3 58976 1405367
El Sllod4l? 287873
E2 5302264 | 3.14941
E3 765162 5658970 | |

E-1

Theta £

rad
000021
000012
000003
000000
000007
000000
000001
000012
0.00000
0.00006
-000005
000000
000009
(00090
000100
(000039



RAM Frame vE_ 1
DataBase: FDA-CDRH Laboratory Lateral
Building Code: IBC

Story Displacements

Page 2/3
11720005 12:48:21

E4 -1 a02R2 5524182
Level: Penthouse
Center of Mass (m): (4880, 980
LdC Dizp X Dizp Y
mim mim
[} -0 56EE4 G.46797
Lp -0 GRA92 538448
Ffp 002755 -0, 16349
Wl 183148 002688
W2 (087392 16 Qb3
Wi 1.56433 001877
Wa I 64076 002827
W3 1.57735 14 14058
Wo (1047949 1393042
WT 202905 1205316
Wa 071817 -12.01283
Wo 1.14944 10 46789
W0 240139 1062514
El 3975628 207517
E2 4129951 || 2 26915
E3 60 288 47 79571
E4 -1 67178 46 82074
Level: Floor 4
Center of Mass (m).  (48.80, 9.80)
LdC Disp X Disp Y
mm mm
(] (44 103 535614
L -0 55842 443332
Efp -0, (0734 -0 04486
Wl 1.52024 OO1ERT
W2 (LaTERY 1326874
W3 1.29752 001256
W4 1.3629] 002045
WS 1.26617 1169198
W -007821 11 52831
W7 I 64931 990570
Wa 0a3lia -9.93740
Wa 092502 B.05692
WD 1.96127 B.TE306
El 3257147 | 64203
E2 3384349 || 1.797a8
E3 4 88563 3937674
E4 =1 44850 IEG0173

E-2

00001 1

Theta
rad
000001
O 00002
=01 00000
O 00000
0.00004
=0 Q0000
00000
000008
00001
000003
000003
=0 0000 ]
0 00006
000075
0 00083
000031
000011

Theta £

rad
00000
000000
=( 00000
000000
0.00003
=01 00000
O 00000
000006
=0 OO0
000002
=0 002
(00001
000005
0.0006]
000068
000025
= 000049



RAM Frame vE. 1

Story Displacements

DataBase: FDA-CDRH Laboratory Lateral
Building Code: 1BC

Page 3/3
11720005 12:48:21

Level: Floor 3

Center of Mass (m): (4880, 9.80)
LdC Disp X Disp Y
T [T
[ =01 16944 375667
Lp -0 20035 348209
Rfp =0.00247 (101695
Wl | 07027 001088
W2 044774 926224
W3 091268 000678
W4 {96030 001226
Wa 0 Ba945 £.15994
We -(LOR5SED B 04898
W7 113851 695484
Wa {46690 -6 93852
Wwo 062779 604271
Wi | 3646l 6 12827
El 2203605 106328
E2 2290709 || |. 16565
E3 3 28383 2656413
E4 -1.05363 26 05437
Level: Floor 2
Center of Mass (m): (48 80, 9.80)
LdC Disp X Dizsp ¥
mm mm
[} 003682 | 26716
Lp -0L038EZ 119457
Rfp SURLLLT 000417
Wl 048241 0.00342
W2 018052 412247
W3 041077 000184
Wa (Ld3344 000415
W5 038112 3463011
Wo -0 00532 3 5R422
W7 049719 309442
W8 0226042 -1.08929
Wa (1.26284 268992
Wl 060725 272532
El 944359 040813
E2 982715 | 0 44845
E3 | 38346 L1 18040
E4 <0 52648 1097965

E-3

Theta £
rad
000000
000000
=0.00000
0 00000
000002
-0 00000
000000
000004
-(0L00001
000002
(00002
-0.00001
000003
000042
000047
000017
-0 00006

Theta &
rad
000000
000000
=(1 00000
000000
000001
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000000
000002
-0 00000
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-0.00001
=0 0000
000002
0.0qgaa
0.00021
000007
-0.00003
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x-direction y-direction
F2= 2 62606 F2= 2 62608
Fim 405218 Fim 405218
__F4= 5.07526G __F4= 6.07826
Fpent= 817014 Fpent= &,17014
Frool= 1.61534 Frool= 1.61334
Stiffness= k=p/A
x-direction y-direction
p=_1087 _ p= 1087 from seismic loading
A= 01 T416666T A= 0185833333
k= G298 564553 k= 5903139013

Using a 5% eccentricity due 1o the enlire bullding acting in the lateral system

w-direction y-direction
length ()
= 320.2 Im 543
eccantricity (0.051) f.
ecem 16,01 ecem 3215

Mament on each floor

Moment = forceleccentricity) fi-kips

x-direction y-direction
F2=131.304 F2= 131.304
M2= 210217704 M2= 422 14236
F3= 202600 F3= 202 800

M3= 324377008

Mi= 651.387935

Fd4 303.913

F4 303.913

k4= L4865 64713

k4= 977 080205

Fpent= 408 507

Fpent= 408 507

Mpent= 6540 19707

Mpent= 1313.350005

Frool= 80.667 Frool= 80.667
Mroof= 1291 47887 Mroof= 259244405
(Kidi)( T Kidi"2)
x-direction y-direction
Ki= 6296 564583 Ki= 5903 138013
di= 160.1 dim 32.15

Kidi= 1008400191

Kidi= 189785.9193

Kidi*dm 1614448706

Kidi*2m 6101617 .305

(Kidi)/( 3 Fadi"2)

(Kidi)( 5 Kidi"2)

0001249219

000622084

Fi torgion = MK KIEY2) kips

handcalculated seizmic loading
was used to solve for the moment
forces

F-1
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The above image represents the torsional values given by RAM, and are displayed on the members themselves. This images shows the great amount of output a

computer program can provide, however, it also demonstrates the level of understanding one must have to be able to interpret the data.
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Overturning Moment



Crvarturning Moment

Forces of the confrolling condition {seismic) - kips

Froofs 80 667

Fpeni= 408 507
Fdm 303,913

Fi= 202600
Fim 101,304

Distance from the ground to the force - ft

Croof= 8589

Dpent= 61.6

Dd= 4532

O3= 30.8
D2= 154

Moment on building (overturning moment) - ft-kips

M= 5393455

1|||"||'IE'iE|'II of all floors - kips
Wroof= 601.6172

Wpeni= 4214 822
W= 4214 922

WWi= 4214 522
Wildm 4214 922

Viltotal=  17461_31

Legth of building in critical direction (short wall) - it
L= 643

Moment due to mass of builldng (resistive moment) - fi-kips

M= 1122762

Uplift is neghgible compared to the large forces caused by siesmic

Resistive moment is much greater then overturming moment

1122762 e 23934 55

G-1
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Section 1- Axial Column
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Member Strength

Section 2- Column Moment
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Section 3- Moment Chart
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Concrete Colum Strength Interaction Diagram:
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