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Executive Summary

The following thesis technical report summarizes the existing conditions and design
concepts of 33 Harry Agganis Way. Structural Plans were provided by Weidlinger Associates
Inc. All other plans, schedules and photos were provided by Cannon Design. The existing
conditions were closely examined, and then analyzed using the most recent national codes and
standards. This examination and analysis of each individual system was done to determine how

they work together as one structural system to support the required loads.

ASCE7-10 was used to determine the loads on 33 Harry Agganis Way. A simplified
building shape was used to determine the wind and seismic loads on the structure to allow for
certain procedures from ASCE7-10 to be applied for this analysis. The wind analysis was done in
both directions and produced base shear values of 2348 k and 5400 k in the North-South
direction and East-West direction respectively. Overturning moments were found to be 329,600
ft-k and 784,200 ft in the NS and EW directions. The seismic forces on the structure were
calculated to produce a base shear of 5381 k and an overturning moment 1,015,900 ft-k. The
wind forces produce a higher base shear while the seismic forces produce a higher overturning
moment. These two load cases do not control over one another due to the fact that they are two

different scenarios and therefore both must be designed for.

Spot calculations of the existing structure were performed to check the adequacy of
typical members in typical bays. Checks were done for the composite slab with metal deck, a
composite beam and a girder all located on floor five. A typical base column was checked for
adequate compressive axial strength at a given unbraced length. These spot checks confirmed

that the structural components are adequate to carry the required loads.
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Introduction
Located on the Boston University Campus, 33 Harry A
Agganis Way, which will be referred to as Res Tower Il, is a 27 °>\ &
S
story, steel framed dormitory. It is located on the northwest corner RN
1 %@
of the John Hancock Student Village, bordered by the Charles g
River and Commonwealth Ave. Because two more dormitories ?
are planned for the JH Student Village and the cost of developing | !
B(&ovri ™ @
& &} @E;.li‘.f’!

in Boston is so high, the footprint of Res Tower Il had to be as
limited as possible, thus forcing the structure to be tall in nature.

The south tower is 19 stories tall with a fan room and
mechanical penthouse above. A student activity space, with large
windows and a terracotta walkout space, occupies the 27" story of

the north tower. The roof of the north tower supports a fan room,
large air handling units and other large service equipment. Floors 3

through 26, aside from the spaces mentioned above, are all private
residential areas with some study rooms and computer labs mixed in.

The facade of Res Tower Il is a panelized skin comprised of terracotta and a metal panel
rainscreen. This facade is a curtain wall system with its gravity load being supported by the floor
above it; which can be assumed to be a continuous load due the small spacing of hung supports.
Res Tower 11 utilizes four main roof systems, all of which include gypsum
under-laminate board, a vapor retarder and an adhered roofing membrane; the prior three aspects
will be referred to as the typical roof assembly. Where mechanical equipment is being supported

the typical roof assembly is placed on concrete deck while on the outer edges of the building, a
metal deck is used. On the 26™ story, to support the walkout space mentioned above, precast

terracotta pavers on concrete deck are combined with the typical roof assembly to create an
Page 3 of 36
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Structural Systems

Foundation

Haley & Aldrich performed the geotechnical studies for the JH Student Village area and
provided the report in which H&A explain site and below-grade conditions along with
recommendations for the structure. A net allowable soil bearing pressure of 6 kips per square
foot (ksf) was recommended for the design of foundations on the naturally, undisturbed glacial
deposits below the site. A recommended design groundwater level was also given which is on

average 10-12’ below the bottom of the existing foundation.

Res Tower Il utilizes a mat foundation system with two main thicknesses, 4’-3”and 3°-9”.
Logically, the taller tower is supported using the deeper mat foundation to resist the higher loads
transferred by the braced frames. The foundation step occurs between grid lines 9 and 10. The
typical reinforcement in the east-west direction is #10’s spaced at 10” on center top and bottom
while in the north-south direction, the reinforcement is #9’s spaced at 10” on center top and
bottom. Additional reinforcing cages are placed under the braced frame columns with the anchor
bolts of these columns being tied to the bottom of the cage to increase the resistance to uplift. A

detail of this connection is shown below in figure 1.
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Figure 1: Additional foundation reinforcing
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A 9” deep trench runs along the center of each towers foundation, parallel to the length of
the building. This trench is filled in with 4000 psi concrete and reinforced with WWF after the

erection of the interior columns in this area. In figure 2 below, the trench is shaded and outlined
in red with the lateral columns marked in blue.
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Figure 2: Foundation Trench

Page 5 of 36



Tech Report 1
Advisor: Dr. Boothby

Tyler M Meek

Floor Construction

The typical floor construction for Res Tower Il is comprised of 3” 18 gage galvanized
steel deck with 3 ¥4 lightweight concrete topping, a total thickness of 6 %4”, and 6x6 WWF
reinforcement. This is used everywhere except the loading dock and trash compactor area on the
first floor. The floor system for these areas is comprised of 3” 16 gage steel deck with 6” normal
weight concrete topping, a total thickness of 97, and epoxy coated reinforcement of #7’s spaced
at 12” on center in the bottom of the flutes and #5’s spaced at 12 on center in the top running

each way. All deck acts compositely.

The decking typically spans about 8°-9” supported by beams ranging in size from W14’s
to W18’s. These composite beams then span roughly 23 feet to girders or columns. The girders
have the same range in sizes as the beams mentioned previously. These spans create a typical
bay size of 17-18’ x 24-23°. The actual bay sizes vary but never too far from the typical

dimensions. Figure 3 shows a typical floor plan for floors 3-18.
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Figure 3: Typical floor plan
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Lateral System

Steel braced frames are used to resist the lateral loads placed on the structure. At the
termination of these columns, extra reinforcement is added to better tie the columns to the
foundation and resist overturning forces. All columns in these braced frames are W14’s ranging
in size from W14x61 near the top of the structure to W14x398 for the bottom columns. The
diagonal bracing members are W12’s ranging in size from W12x152 to W12x45. This braced
frame construction is categorized as a concentrically braced frame in ASCE7-10 which has an R
value of 3.25. To allow for corridors to pass through the center of these braced frames, moment
connections were made. Figure 4 shows an elevation of a braced frame with the moment

connections clearly shown. The braced framed locations are highlighted in figure 5.
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Figure 5: Foundation plan with braced frame locations highlighted

Due to the slender shape of the building in the short direction, the braced frames in this
direction (highlighted in red) have wider bases than the braced frames in the longer direction
(shown in blue). The wider base provides a more effective geometry for transferring lateral loads
to the foundation in the form of vertical loads.

Some of the braced frames in perpendicular
directions utilize the same columns making for very
complicated connection details and erection processes. To
successfully portray these connections, 3 dimensional
models had to be built, presented and given to the
contractors. Because of this, the design phase of the
schedule had to be extended and more risk was taken by
the connection designer. A construction photo of these

connections is shown in figure 6.
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Figure 7 shows one of the further issues encountered due to the connections of the braced
frames. Where the columns terminate, some of the foundation had to be cut away to allow for the
columns to be placed due to the large connections for the diagonal bracing members. A last
minute adjustment of this type is both unnecessary and disruptive. This issue also pushed the
steel erection schedule and caused delays in the overall construction schedule.

D S il

Figure 7:Foundation braced frame connection issues

Design Codes & Standards

Original Design Thesis Design

1993 BOCA National Building Code American Society of Civil Engineers (ASCE7-10

Table 1: Design codes vs. Thesis codes
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Structural

Materials

The materials listed in the chart below are specified in the structural drawings via the

General Notes page of the structural drawings (S000) or general notes on the individual framing

plans.

Material Properties

Material

Steel

Grade

Structural Shapes

A992

A36

A36

Structural Tubes

A500, B

Structural Pipes

A53, Bor A501

Column Base Plates

A572,50

Concrete

Weight (Ib/ft’)

Mat Foundation

145

Slabs (Dock & Trash)

145

Walls

145

Typ. Slabs

115

Reinforcing Steel

Welding Electrodes

Table 2: Material properties
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Building Loads

In the tables that follow, the dead and live loads that were used by the designers and that

were used for this thesis are listed. The dead loads were looked up in literature, assumed or

calculated depending on the type of material they consist of; while the live loads were designated

as specified by the codes listed in the tables.

Dead Load
I Dead Loads I
IMateriaI Load (psf) I
 -FloorDeck | 46
Superimposed | 30
Table 3: Dead loads
Live Load

Live Loads
Design Load (psf) Thesis Load (psf)
Occupancy Type [Mass. State Building Code |IBC 2009 & ASCE7-10

Coridor | 8 100

loadingDock | 250 250

Table 4: Live loads
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Snow Load
The snow load for Res Tower Il was determined using section 7.3 of ASCE7-10 (flat roof

snow loads). Following the procedure and using ground snow load maps, the snow load for areas

without drifting was calculated to be 27.72 psf.

Above floor 21, the building steps back. This geometric change will cause snow to
accumulate against the taller tower forming a snow drift with the dimensions calculated by
ASCE?7 as depicted in figure 8 below (not drawn to scale). The mechanical penthouse would
cause similar drifts but to a smaller scale. Full snow load and drift calculations can be found in

appendix A.

Figure 8: Geometry of snow drift
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Wind Load

ASCE7-10 was used to determine the wind pressures on Res Tower Il in both the
North-South direction and the East-West direction and thus the forces transferred to the Main
Wind-Force Resisting System (MWFRS). During the process of calculating these forces,
assumptions had to be made.

The structure had to be assumed flexible as opposed to rigid due to the slender nature of
the building. Because of this assumption the method of determining a structures approximate
natural frequency (ASCE 26.9.2.1) could not be used. Instead of modeling the structure, the
natural frequency was calculated using equations given in the seismic design section (ASCE
12.8.2.1). Inverting equation 12.8-7 (ASCE), T, = Cihy*, provided a natural frequency equal to
0.701 Hz. The code specifies that any natural frequency less than 1.0 Hz implies that the
structure is flexible; because 0.701 Hz is less than 1.0 Hz, the assumption of a flexible building
was correct.

Assumptions were also made to the geometry of the building. The building shape was
simplified to compensate for setbacks and the vertical geometry was broken into two pieces to
take advantage of similar floor plans. The lower section of the building was adjusted from the
original shape to the red outline shown in figure 9. The upper section of the building was
adjusted to the green outline, also shown in figure 9.
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Figure 9: Simplified building plan for wind calculations
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Figure 10 shows a rough Google SketchUp model of how the vertical geometries of the
building were broken up. Using these two separate pieces allowed for more specific Gust Factors
(26.9.5 ASCE). This alteration also allowed for a better estimation of the distribution of wind
pressures (psf) to each floor (plf) and then accordingly to generalized story forces (k). A sample
hand calculation of the wind pressures is provided in appendix B. After a firm understanding of
the calculations necessary, excel spreadsheets were used to find the pressures in other directions

and on the other piece of the building.

Figure 10: Simplified building geometry wind designated peices for wind calculations

The penthouse on the roof of Res Tower 1l was modeled as a continuation of the rest of
the facade and therefore the forces on the roof were calculated with no parapet. This assumption
is reasonable because the area outside of the penthouse is relatively small compared to the entire
roof area and instead of having a conventional parapet; the architect provided a kick-edge with
perforated steel along the edge of the building. This perforated steel allows for wind penetration

and therefore has a negligible addition to the wind pressure on the MWFRS.

The final base shear and overturning moment were calculated using an excel spreadsheet

which is shown in the following table. In the image following the table, a schematic depiction
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shows how the wind pressure is distributed along the height of the building. For wind pressures
on the windward and leeward side in both directions, see appendix B.1.

MNorth South

East West

Height (ft) |Moment (ft k)

4 | s066| 42 339785
6 | 8395 62| 520489
8 | 8663 8 710338

16 | 9303 162  15070.93
|18 | 9430] 132 1716279

2348.31

Height (ft) [Moment (ft k)
4 | 17798 42| 747538
6 | 185.13]  62]  11478.12
8 | 19095 82|  15657.95

Table 5: Wind forces
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Figure 11: Wind pressure vertical distribution, North-South direction

Figure 12: Wind pressure vertical distribution, East-West direction
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Seismic Load

The seismic design for Res Tower Il followed the procedure and criteria specified in

ASCE7-10 chapters 11 and 12. Due to the geotechnical report being completed relevant to the

Massachusetts Building Code, comparisons had to be made between that and ASCE7-10. In the

geotechnical report, H&A give the soil a category rating of S3 from the Massachusetts Building

Code, which compared relatively close to both site class C and D from ASCE7-10. Taking the

more conservative class meant categorizing the soil as class D.

The equivalent lateral force procedure which is specified in section 12.8 (ASCE), was

used to determine the base shear and overturning moment. To proceed with the specified

calculations, the total building weight had to be calculated. This was done by counting beams

and columns, then multiplying their respective lengths by the unit weight of the particular shape.

Using the Vulcraft Metal Decking catalog, weights were found for the specified floor systems. A

superimposed dead load of 30 psf was used to account for MEP systems, ceiling systems and

fixtures, partitions and the different types of floor finishes including tile, wood and carpet. The

fagcade system was specified to weigh 18 psf with 2 ft thick exterior walls which lead to 36 Ibs

per linear foot of exterior wall. These weights are shown below in tabulated form.

Material Weight (k)
Non-lateral Columns 385
Lateral Columns 2137.5
Concrete: Slab and Deck 18210
Beams 1574.7
Fagade 620.5
Superimposed 11383.3
Total Self Weight 34311

Table 6: Tabulation of building self weight

For the repetitive calculations, an excel spreadsheet (from AE 597A) was used to

determine the load on each floor, the base shear and the overturning moment. This table is shown

below.
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Level| Height (ft)| Weight (k) wh* Cw  Fitk)| Vilk)| MRk

9] 92 83848  627330] 0023]  121] 4999 1114962

Base: 5381 1015914

Table 7: Seismic story forces, base shear and overturning moment
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39k
2Bk —=
ok

5381 k

Figure 13: Seismic story forces
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Gravity Load Spot Checks

Spot checks were performed on a typical bay of a typical floor. Columns F-12, F-13, J-12
and F-13 make up the corners of the bay on floor 5 that was used for these spot checks. Complete
hand calculated spot checks can be found in appendix D.

Decking

The typical floor construction of Res Tower II utilizes a 3” 18 gage steel deck with 3 '4”
light weight concrete. Using the Vulcraft Steel deck catalog, deck type 3VLI118 matches these
characteristics. The 3VLI18 works for unshored length and has almost 4 times the required
strength to handle the required load. This extra strength was due to the 2 hour fire rating
requirement; a slab of light weight concrete must be 3 4 thick to receive a 2 hour rating. Hand

calculations for decking can be found in appendix D.1.

Beam & Girder

Strength and deflection checks for both the construction and post-construction phases
were performed on a typical beam and girder. The members appear to be slightly over designed
but the repetitive nature of the design may be the reason. The original design may have had
simplicity of construction as an emphasis so that the designers may have chosen to repeat
members and allow them to be stronger than necessary. This extra strength may also have been
designed to allow for variation of use; such that areas could be utilized differently over time and
still have sufficient strength. Hand calculations for a typical beam and girder can be found in
appendices D.2 and D.3 respectively.

Column

Column 13-E.8 was chosen to analyze for the column spot check because it supports four
different area types, including lobby, corridor, dwelling and roof areas. The column at the base
of 13-E.8 is a W14x109 which has a max axial load equal to 1190 kips at an unbraced length of
16 ft. After summing all the above columns with their tributary weights and self-weights, an

equivalent vertical load was added for uneven loading on floors three through nineteen. These
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columns support a corridor (80 psf) on one side and dwelling areas (40 psf) on the other. This is
loosely depicted in appendix D.4. The extra equivalent proved to be very small, almost
negligible. The load in the base column culminated to 959 k using unreduced live loads; this is
less than the maximum allowable load and therefore this column has sufficient strength.
Calculations for the equivalent load are shown in appendix D.4 and the tabulated contributions
from each floor are shown below. The reduced values are also included below. A reduction
factor of 0.481 was used for reducing the load in columns on floors one through 18 but for floor

19 and the roof, 0.5 was used because these columns are not supporting two or more floors.

Tributary Area of Column =

Corridor =
Dwelling =

Table 8: Tributary areas

LL1(psf) |Reduced (psf) |LL 2 (psf) | Reduced (psf) Pu {lb} Pu {lb)

4907603 4907603 | |
| 4| 7| s 3sa9| 40 1925| 463630 354722 | |
|6 7| s asasl a0 1925| 4631630 3524722 |
8 7| s 3sasl a0 192s| 4631630 3524722 |

w0 7| s0]  3s49] 40 1925 aem630| 354722 | |
|12 77| s0]  3sa9] 40|  192s| aeme30| 354722 | |
|14 77| s0]  3sas] 40| 1925 aeme30| 34722 | |
1] 77| 80|  3sas] 40| 1925 463630 a4z | |
| 18] 77| s0]  3sa9] a0l 192s| aemed0| 35472 | |

60 37110.70
snow load (psf):
27.72 Total Load (k): 958.76

Table 9: Column loads
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Conclusion

By examining and analyzing each individual system, a greater understanding of the
whole structural system was gained. Through spot checks and by verifying that proper loads
were used, it was determined that the existing structural conditions are adequate in strength to

carry the actual loads that will be required by the structure.

Complicated connections caused unnecessary problems in both the schematic and
construction phases of the construction process. These connections could serve as a focus for the

redesign phase of this thesis.

After calculating the seismic overturning moment using ASCE7-10 it is clear to see that
the designers chose to place extra reinforcement in the mat foundation below the lateral columns
to counteract the large uplift forces. Realizing that a seismic load will not control over a wind
load, or vice-versa, both loads must be accounted for when determining the required strength of
the lateral system. The vertical force distributions for both the wind and seismic forces have
abrupt changes near the 21 story because of the relatively large change in building plan. Further
investigation into how this abrupt change affects the design of the lateral system shall be done

for tech report 3.

Spot checks verified that typical members were adequate for the required lateral loads
and their deflections were well under the required deflection limits both for live load and wet
concrete. Also in tech 3, it will have to be determined how these members handle lateral loads
and how they distribute them to other structural systems.

Page 22 of 36



Tech Report 1
Advisor: Dr. Boothby

Tyler M Meek

Appendix A: Snow Load & Drift Calculations

_TNLer Meex | A€ Senmr THesy | Show (om
(Agcc’ 7—:0)’ 7.3 FLAT Boof SWoL Ladns

Pg= 07CC T Pq

1 ‘ Ce (Thgre 7-2) : Exposore (. = Ce= O

fuLLY Expoeser oot
Cp (Treve 72) 2 (g =0
2 (esc \g2): Ts =100

Sg\(’ 4’\1 K‘Pq =40

J
Py = (07)( o.@)(10)(lio) (4a) » \Pp = 27.72 “”161(!
Bonpsiwe Sep @  fLoor 2t wite Cpue Deirr
. Aa=54"
i S oM WG 7-9:
ot Pl F 2.82 £x
! A
1] e
I L f‘*‘"’;‘” t (7,7,0
a [ D, = Na )
5 | ) /
w h w @ £ i
i | 0= O 12ps 4
x . i
\ J= (13 o) + 14
‘__,______/\\\/“’"—_'

Lotp fror  Deiet
Pa = (z.52) U19.2] gAY b fp

Page 23 of 36



Tech Report 1
Advisor: Dr. Boothby

Tyler M Meek

Appendix B: Wind Load Calculations

B.1: Wind Pressures

North-South

windw windwardwindward |leeward ps|

leeward plf |leeward k

|2 | e 16| 086 3668 3867 412278 65693 3187 333802 54368
|4 | 8 42] 105 4478 4470 476655 46683 3187 3338.02 -33.980
|6 | 108 62|  11a] 4854 47.50| S0p472| 49.970] 3187 -3398.02 -33.980
| s | 18 s 12| 5185 49.98| 532001 52646 3187 3338.02 -33.980
|12 | 168 122] 132 5608 5312 566445 56221 3187 3338.02 -33.980
|14 | 188 42| 136 5813 54.65| 5827.09| 57.881) 3187 -3338.02 -33.980
|16 | 208 162]  133]  59.45 55.64| 593213 59.050] 3187 -3398.02 -33.980
|13 | 28 1sm 143 6112 5687 606427 60.321) 3187 3338.02 -33.980
|20 | 248 202] 146 6239 57.82 616524 61402 3187 -3398.02 -33.980
|2 | 268 22| 145 6358 6207 338778] 49.778) 3538 193124 -26.646
|24 | 283 42| 152 6473 63.00] 343894 34261 3538 193124 1931
|26 | 31 26| 155  66.07 64.02| 349447 52202 3538 -1931.24) -28.969
| ROOF | 342 29| 159 67.61 65.23| 356024 24.922] 3538 193124 13519
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2 | e 16 085 3668 3737 909412 144917 -30.90 -7518.37| -120.294
|4 | s 4] 105 4478 4313] 1049379  102.802|  -30.50| -7518.37| -75.184
6 | 108 e  114] 4854 4579 1114206 109.947| _ 30.50 7518.37] 75184
8 | 18 8  122) 518 4815 1171667 115767 -30.90| -7518.37] 75184
10 | 48] 102]  127) 5395  49.63] 1207764  120.003|  -30.50| -7518.37| -75.184
| 12 | 1es] 12]  132) 5608 5L1s| 1244597 123.533|  30.50| 7518.37] 75134
| 14 | 188 142] 136 5813|5260 1279957 127.143| _ -30.50| -7518.37| -75.184
|16 | 08| 163 139 5945 53.54]  13027.94)  129.6%0|  30.50| 7518.37| 75184
| 18 | 28] 182  143]  6L12| 5472 1331524) 132453 -30.90| -7518.37] -75.184
|20 | 48] 202|146 6239 5562 1353477 134.803|  -30.50| -7518.37| -75.184
| 22 | oes| 22|  149] 6358 59.47] 850221 114330 4361 6233.91] 68761
|24 | 288 2s2]  152) 6478 60.36 862922 85975 4361 -6233.91 -62339
| 26 | 312] 266 155 6607 6133 876712  130.973| 4361 -6233.91] -93509
| ROOF | 3a2| 296 159 6761 6247 893042 62513 4361 _6233.91] 43637
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B.2: Hand Calculations
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Appendix C: Seismic Calculations
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Appendix D: Spot Checks
D.1: Decking Check
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D.2: Beam Check
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D.3: Girder Check
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D.4: Column Check
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