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Building Statistics

Building Height: 54’ 7 1/4”

Number of Floors: 5

Gross Square Foot: 107,740 sq. ft.

Type of Building: Multi-Family Residential
Total Project Cost: $16 Million
Construction Dates: 4/4/2014-12/17/2015
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Project Team Mechanical
Owner: AHC, Inc. -All aparment units have operable windows
Construction Management: Harkins Builders, Inc. -Typical floor houses a mounted vertical heat
Architect: Bonstra | Haresign Architects, LLP pump (DX Split System) and is provided with
Civil Engineer: VIKA, Virginia, LLC vibration isolation
Structural Engineer: Rathgeber Goss Associates -Roof houses condensing units
MEP Engineer: Metropolitan Engineering, Inc. -Upper garage exhauts 12,000 CFM of air and
Landscape Architect: Landscape Architectural Bureau supplies 17,250 CFM of air
Specifications Cons.: Bethel Specifications Consulting -Lower Garage exhauts 5250 CFM of air
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Electrical Structural System
-Dominion Virgina Power Service supplies power Gravity System
into one pad mounted transformer -18” deep wood trusses spaced at 24” o.c.
-2 1600A, 208/120V Feeders run from the -Wood bearing walls
transformer -12” Reinforced two-way concrete slab
-All units are individually metered -24”"x16” Concrete columns typical

Lateral System
-Reinforced Concrete Shear Wall
-Reinforced Masonry Shear Wall
-Wood Shear Wall

Thesis Advisor: Linda M. Hanagan, PhD, P.E.
Website: http://www.engr.psu.edu/ae/thesis/portfolios/2016/mab6150/index.htm
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Executive Summary

Jackson Crossing is a low income residential apartment building in Alexandria, Virginia.
The project site is located just south of Washington, D.C. directly adjacent to a highway,
Jefferson Davis Highway. The highway divides the area surrounding the site into a
commercial zone on one side and a residential zone on the Jackson Crossing side. The
building is five stories above grade with a lower and upper garage level below grade.

For this report, a redesign will be considered to replace the existing wood framed
structure on a concrete podium. The redesign will be a concrete system with two-way
reinforced flat plate slabs supported by concrete columns along with concrete moment
frames to resist lateral forces.

Relating to the gravity system, a column dimension of 14” by 14” was found to be
adequate based off the compressive strength of the section. Two columns were designed;
one for columns with factored axial loads above 260k and one for columns with factored
axial loads below 260k. The two-way slabs were initially designed with a 9” thickness but
were ultimately detailed as 8” thick. This thickness was determined to provide a
reasonable amount of reinforcement along with meeting deflection requirements.

The lateral system was redesigned as moment frames around the exterior of the structure.
Eccentricities between the Center of Rigidity and Center of Mass were minimum with the
frame layout. Both the columns and beams in the frames were designed with a 16” by
24” section to provide a greater moment of inertia in the direction of loading. Two
separate frame reinforcement details were designed; one for the north-south direction
and one for the east-west direction. This is because the north-south direction frames
experience larger forces due to their shorter lengths.

A construction management study was done to determine the redesigned structure’s
impact on the project’s cost and schedule. From this breadth, it was determined that the
redesigned increased the structure cost by 22% and increased the duration along the
critical path by 24 days.

The mechanical breadth focused on the acoustical performance of the redesigned
structure. A concrete slab was found to have an adequate STC rating along with an IIC
rating assuming a carpet and pad is installed.

A two-way reinforced concrete slab system is a viable alternative for Jackson Crossing.
While it adds cost and time to the construction, the redesigned structure is durable and
has a smaller floor depth compared to the existing wood framed structure.
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1 Introduction

1.1  General Building Information

Jackson Crossing is a five story above grade
residential apartment for low income residents in
Alexandria, Virginia. The apartment complex will
include a community space for educational
programing and an underground parking garage
for residents of the building.

The location of Jackson Crossing’s site is just south
of Washington D.C. as Figure 1 depicts. On a
micro-level, the project site is accessed by highway
(Jefferson Davis Hwy) directly adjacent to Jackson
Crossing. From Figure 2, there is both single family
homes and multifamily aparments surround

= Alexandria{\
— \

o, . e
Huntinaton T =SeesssiuTas

\

™

— 2 Pz

W\

Figure 1 (Courtesy of Google Maps) - Location of
Jackson Crossing in relation to Washington D.C.

Jackson Crossing on one side of the highway and commercial developments on the

opposite side.

The following is Jackson Crossing’s project team:

owner]  AHC Inc. | cmi

Harkins Builders, Inc.

| Architect:l Bonstra | Haresign Architects, LLP|

Civil:l VIKA, Virginia, LLC | Structural:l Rathgeber/Goss Associates |

MEP:l Metropolitan Engineering, Inc. |

Project Site | Highway(Jefferson Davis Hwy) | Residential | Commerical

Figure 2 (Courtesy of Google Maps) - Micro site of Jackson Crossing with the surround area types
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The site of Jackson Crossing is gently sloped in elevation with the highest point at the
east end of the building as in Figure 3. From Figure 4, the first level below ground is the
lower garage level and from this level a ramp elevates cars up to the next garage level.
The first residential level starts at the first floor with additional residential floors
continuing up to the fifth floor. The height of the building from the average grade to the
top of the parapet is 55" 5”.

Second i? Garage

e

e T e

R = E

Figure 3 - North Elevation of Jackson Crossing

Figure 5 is a typical floor plan of a ) L ﬁ

residential level along with the —9'4" |

major dimensions of the building. 9'8" _ |

Jackson Crossing is much longer in 9'8" - v|v ]

the east-west direction than in the A} 9'8"} |

north-south direction. Stairwells { 98 '7|_|’J Tr

and elevators are highlighted in A | ]
green at either end and provide 5 ﬁ
vertical circulation. i - -

Figure 4 - Building Section with Floor to Floor Heights

i
€——74'35/8" =

<€—62'35/8" =)

< ' 256'115/8"

PR)

Figure 5 - Typical Residential Floor Plan a
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1.2 Existing Structural System

1.2.1  Existing Gravity System

In broad terms, the gravity system of Jackson Crossing is wood framing on a concrete
podium. The concrete slab or podium acts as a transfer slab by directing the load from
the four wood frame levels to the columns supporting the slab then eventually the
foundation. In Figure 4 the concrete podium is at the second floor while the wood framing
is at the third, fourth, fifth, and roof level.

Ee— |
Tﬂ. B S
2-9[1 — St — 1
o ——— | L J 4 | 5
5? B = — [ Sy j
¢’-=—-———':'—f——°-————fﬁ%‘_“:b=usm—- —%’E“iﬂg@ﬁﬁRJ

n‘/%
- 256'11 5/8" > A
N

Figure 6 - Floor Plan of Second Floor (Yellow-Columns, Green-Wood Load Bearing Walls Being Transferred)

The structure at the second floor is detailed in Figure 4. The load from the four wood
frame levels is carried to the second floor slab through wood load bearing walls
highlighted green in Figure 4. The concrete podium was designed as a two-way slab and
is supported by columns highlighted in yellow. The transfer forces caused by the wood
bearing walls required the slab’s depth to be twelve inches.

Loads are again transferred at the first level as in Figure 7 (on the next page). Columns
colored in yellow transfer loads from the green columns while the purple columns
support both the first and second floor. The slab at the first floor was designed as a one
way slab with beams. These beams are colored in blue in Figure 7. The slab’s depth is also
twelve inches as with the second floor.

Jackson Crossing 9



-«— 62'35/8" —>»

e

- T T 56'115/8” >

D 74’3 55/8" —>

S

>

Figure 7 - Floor Plan of First Level (Yellow-Supporting First Floor, Green-Supporting Second Floor, Purple-Supporting First
and Second Floor, Blue-Concrete Beams)

1.2.2  Existing Lateral System

The lateral system of Jackson ConcRETE suEhe waLL M
Crossing consists entirely of shear S TN
walls. Figure 8 is an overview of

the lateral system. The shear walls
up to the second floor transfer slab S ‘ |

. (wﬁ;o
are reinforced concrete walls e ‘ ot gpar (K2
located around the elevator core. T | |
Masonry shear walls rest on the s,

I PLOOR ( F/000)
concrete walls at the second floor TA:*;E\“ il @6t
and extend up through the height \
of the building. Masonry shear : AT Ficor (¥S48)
& 51'2
walls are also located around the
stairwell corridors. e
: X g remten)
. -
In addition to the masonry shear 7\\\ e
(YA 3y \
walls above the second floor, 3 \-vm« (o

. 2581154 & i
wood shear walls also contribute ik

to the lateral resistance but Only in Figure 8 - Overview of Jackson ( Crossing’sTate'ral_éyaaE frome ek
the north and south direction.

These wood shear walls are anchored into the transfer slab at the second floor. The
locations of the wood shear walls are outlined on top of a typical floor plan in Figure 9
(on the next page).
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Figure 9 - Location of Wood Shear Walls on a Typical Floor Plan

1.3 M.A.E. Requirements

To incorporate graduate level coursework, the alternative design will include skills and
concepts learned from classes in the Integrated B.A.E./M.A E. program. The modeling of
the lateral system will require knowledge in lateral frame design acquired from AE 530,
Computer Modeling of Building Structures. The design of concrete moment frames will
use lessons learned in AE 538, Earthquake Resistant Design of Buildings, including the
code requirements for the reinforcing of moment frame members.
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2 Redesigned Structure

The purpose for the redesigned structure is to explore the possibility of converting
Jackson Crossing to a two-way flat plate system and a reinforced concrete moment frame.
This system should allow a smaller structural floor depth while being more durable.

Throughout this report, sections of code will be referenced; these code texts will include:

e ACI 318-11: Building Code Requirements for Structural Concrete and Commentary
e ASCE 7-10: Minimum Design Loads for Buildings and Other Structures
e IBC 2009: International Building Code

2.1 Design Loads

2.1.1 Dead Load

The following section will focus on the superimposed dead load that will be considered
for the redesigned structure. The self-weight

of the structure will be considered in the B’
computer modelling of the slab and as | r
appropriate in hand calculations. Values for z i
weights are referenced from Table 17-13 of the - SO RV, -, §
Steel Construction Manual and Appendix B of ;
Design of Wood Structures.

2.1.1.1  Typical Residential Level

For a typical residential level the weight of a Figure 10 - Section Detail of Typical Residential Level

tloor finish, sound insulation, and GWB ceiling was

. . . Table 1 - Summary of Weights for Typical
considered. In addition the weight of unmovable . ijeniial Level

wood stud partitions was included. Figure 10 is a .
. . . . . . Weight (psf)
section detail of a typical residential level while —
. g . Floor Finish 1
Table 1 is a summary of the individual weights. .
0 Table 1 ) ] d dead Batt Insulation 1.75
rom Table 1, a conservaflve superimposed dea GWSB Ceiling 55
load of 22 psf will be used in the redesign. Partitions 125
Mechanical Allowance 4
Total SDL (psf): 21.75
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2.1.1.2 Roof Level

At the roof level, the superimposed dead load
will include the weight of a single ply roof

Table 2 - Summary of Weights for Roof Level

Weight (psf)

membrane, rigid insulation, wood subfloor, Single Ply Roof Membrane 1
sound insulation, and a GWB ceiling. The Rigid Insulation 3
summary of these weights are listed in Table 2. Batt Insulation 175
From Table 2, a conservative superimposed GWB Ceiling 2.5
dead load of 16 psf will be used for the roof level. - Subfloor 2.875
Mechanical Allowance 4

2.1.1.3 Exterior Wall

Total SDL (psf): 15.125

Figure 11 is a section detail of the exterior wall while Table 3 is a summary of the
individual weights. From Table 3, conservative weight of 56 psf will be used for the

exterior wall.

Table 3 - Summary of Loads on Exterior Wall

; Weight (psf)
— 4" Brick 40
Plywood 1.5
il =l Continuous Insulation 1.88
(, » U™ ellulost
= HIC q Cellulose Insulation 10
L \|{
= AR
480 ST Y Total SDL (psf): 55.88
asAafien 4"
Figure 11 - Section Detail of Exterior Wall
2.1.2 Live Load
Live loads from the IBC-2009 are listed @P/¢ 4 - Summary of Live Loads
in Table 4. Live Load Reduction per AmLI e 43?de
. . v nits
IBC-2009 Section 1607.9 will be —— 700 PSF
applied where appropriate. Corridors Above 1* Floor 40 PSF
Parking Decks 40 PSF
Roof Terrace 100 PSF

Jackson Crossing

13



2.1.3  Non-Typical Loads

2.1.3.1 Roof Terrace

y

Figure 12 - Location of Roof Terrace on Floor 4

A roof terrace is located on the fourth floor as in Figure 12. A higher superimposed dead
load and live load must be considered for this area. Figure 13 is a section detail of the roof
terrace while Table 5 summarizes the weights. From Table 5, a conservative
superimposed dead load of 40 psf will be considered.

In addition a live load of 100 psf will be considered for the roof terrace area as required
by IBC 2009.

IR 73 (I os Table 5 - Summary of Loads for Roof Terrace
eTo

" Vf% \
| \ i rees premBran
~ \../—‘ = ze i 1 . Roof Membrane 1
§: 9 SRR Dt B S Rigid Insulation 3
AT o o e SR bl Subfloor 3
/\' & r-f. Y o 4 { ) e, ﬁ " L - &a ’l- 'yl
{S <) JUGKUJU& z“‘ ," b Batt Insulation 1.75
% N/ v B GWB Ceiling 2.5
T W ] | SR A S/f‘ e
& Vegetated Modules 20
- Misc 5
Figure 13 - Section Detail of Roof Terrace Total SDL (psf): 36.25
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2.1.3.2  Mechanical Equipment on Roof

The weight of the mechanical equipment on the roof is summarized in Figure 14. The
equipment on the roof includes condensers, fans, and roof top units.

CONDENSIR S 2 \ ODL'JO
DOOBY ‘(OMDDDDD \' i J)
009225 " Enoe Sumze 330
“ !
va""Trﬁ ™ OD DD nnODD D
t.mD
a 4
, T RV Ot ran CoNPENSHS
| FaN 36 1bs 273blos 1 85 V0s 206 \og
| a4 f}
- . FaAN
‘"“““’WJ 1261bs ZYRLUES NOTED ON
2161s ROGF pLAN FLAN

Figure 14 - Non Typical Loads on Roof

2.1.4 Snow Load

Snow load on the roof was determined using section 7 of ASCE 7-10. The ground snow
load, ps, was found in Figure 7-1 from Chapter 7. The different directions of snow drift
considered are detailed in Figure 15. Both leeward and windward snow drift was
considered around the stairwell and elevator core walls that extend beyond the roof. Only
the maximum pressure from the leeward or windward drift was considered. Table 6 lists
the design drift values.

RooE PLan

4A7L N l
(D) 4 2 |
|
|

J
T %I:r—]e—— 3B2
@ i 481 @—>

2AL Y

#* — — — Hich PARAPET .

Figure 15 - Snow Drift Directions Considered for Design
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Table 6 - Snow Drift Values

pg (psf) 25.0 EFig. 7-1
ps (psf) 17.5 E(7.3—1)

Y 17.3  |Eq.7.7-
h, (ft) 10 |

B

High Parapet
h(f) | 105 |

hthy, | 104 [>0.2
*Drift Required (Sec. 7.7.1)

Low Parapet
h(f) | 038 |
hsh, | 037 |02
*Drift Required (Sec. 7.7.1)

Drift Calculations

Windward
Direction] 1, (ft) hq (ft) w (ft) | pq(psf)
1 226.7 3.7 16.5 18.1
2 82.3 2.3 10.2 18.1
4A1 27.5 1.2 5.0 21.5
4A2 23.6 1.1 4.5 19.4
4B2 32.0 1.4 5.5 23.6
3A1 51.6 1.8 7.2 31.1
3A2 174.5 3.3 13.1 56.2
3B1 184.7 3.3 13.4 57.7
3B2 59.0 1.9 7.7 333
Leeward
4B1 I 20.0 1.3 54 23.1

Jackson Crossing 16



2.2 Gravity System

2.2.1  Gravity Columns

The general process for designing the gravity columns will be as follows:
a) Determine initial assumed column dimension from ¢Pn (ACI Eq. 10-2)
b) Model gravity columns and slabs in ETABS
c) Run analysis to output column forces and then group into design sections
d) Design reinforcement

The locations of the columns that will be designed to support the two-way flat plate slabs
are overlaid on a floor plan in Figure 16 and Figure 17. Figure 16 is a floor plan
corresponding to floors two, three, and four. Some of the columns terminate at the fourth
floor as the fifth floor and roof slab is recessed in from the east side. Figure 17 is a floor
plan of the fifth floor and roof that labels the columns that continue to the roof. All of the
column labels in Figure 16 and Figure 17 will be referenced throughout this report.

cas c22 c5i
c64 C67 C4 C30 C5  C60 cs3  c20 c19  c18 c17  c1e c15 c21 c43 s
c23
c62
c24 c7
ces c3 c29 c56  C54 cs2 c38 ca7 c39 ca2 cas
c61 ce
c66 c2 c57  C58 c55 c28 c35 C27C41 c40 C26 c69 C46  C4T C25
>
ce3  Les c1 €31 C32 c33 c34  cl4 c13  c12 ¢ c1o co  c48 ca9 c50 cs
Figure 16 - Column Locations for Second, Third, and Fourth Floor
ca4 c22 csi
C4 €30 C59 C60 €53 €20 c1s  c18 c17 16 c15 c21  C43 cs
c23
c24 c?
c3 c29 c56 €54 cs52 c38 car c39 c42 c45
c6
c2 c57 C58 c55 c28 c35 c27C41 c40 C26 c69 ca6  ca7 C25
L .y
c1 €31 €32 c33 c34  cl4 c13  c12 ¢l clo co  c48 ca €50 cs

Figure 17 - Columns Locations for Fifth Floor and Roof
I ————
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2211 Initial Column Dimension

An initial column dimension will be determined by G4
estimating the maximum axial load based of the
column with the largest tributary area. The column 18 c1s e
that will be analyzed is column C42; this column had a
tributary area of 512.82 ft2. Figure 18 is a blown up plan 2y
of column C42 with its surrounding dimensions. e Q
c39 c45
Table 7 summarizes a load takedown of column C42 to 50 1"4'—)
estimate its maximum axial load. A size of 16” by 16”  c40 c26 c69 C46
was used to estimate the self-weight of the column. In
cps . . . Figure 18 - Location of C42 and its
addition the controlling load combination from the (., - i dimensions
IBC was assumed to be 1.2D+1.6L+0.5S for this initial
sizing of the columns.
Table 7 - Load Takedown of Column C42
Tributary Area (ft?):  512.82
Floor | snow (psf) | Dead (psf) | Live (psf) Slab S.W. | Column | Total Total [Total Live
P P P (psf) | s.W. (k) | Snow (k) | Dead (k) | (K)
Roof 18.1 16 0 100 3.0 9.3 62.4 0.0
Fifth 0 22 40 100 2.6 0.0 65.1 20.5
Fourth 0 22 40 100 2.6 0.0 65.1 20.5
Third 0 22 40 100 2.6 0.0 65.1 20.5
Second 0 22 40 100 3.9 0.0 66.4 20.5
Total Factored* Load (k): 525.1

*1.2D+1.6L+0.5S

According to ACI 10.3.6 the design axial strength of a compression member, ¢Pn, shall

not be taken greater than ¢Pn,max. In the case of a nonprestressed member with tied

reinforcement, Pn,max is given by Eq. 10-2:

@Pn, max = 0.80¢[0.85f"c(Ag — Ast) + fyAst]

Jackson Crossing
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For this initial design, an f'c of 5,000 psi and a fy of 60,000 psi will be used along with a
reinforcement ratio of 1.5%. By setting ¢Pn,max equal to the total factored load from
Table 7, Ag can be solved for as shown below:

525.1k = 0.80 * 0.65 * [0.85 * 5000psi * (Ag — 0.015 * Ag) + 60000psi * 0.015 * Ag]
Ag = 198.5in?

Given that Ag is equal to 198.5in? from the above equation, a column size of 14” by 14”
will be used. Although a column of this size has an Ag of 196in?, this column dimension
is reasonable given that the estimate of the maximum column load considered a self-
weight given a 16” by 16” column and a low reinforcement ratio of 1.5%.

The slenderness of a 14” by 14” section is also important to consider for the given height
of the columns. According to ACI Section 10.10 slenderness effects can be neglected if
meeting the conditions in Section 10.10.1. If the gravity columns are considered braced
against sideway due to the rigidity of the lateral moment frames, the columns must meet
the requirements of Eq. 10-7:

by 34 — 12 My o 40
r (Mz) -

To be conservative, a k equal to 1 and M1/M2 equal to +0.5 will be considered. Given a
column height of 9'8”:

1-98" <34-12%05<40
— — * .
0.3%14" — -

27.62<28<40 +OK

Given the above equation is valid, slenderness effects are not significant for the gravity
columns and can be neglected.

221.2  Computer Modeling of Gravity Columns

For a more complete analysis all of the columns were modeled in ETABS 2015. The two-
way slabs were modelled as a membrane and assigned a rigid diaphragm to brace the
columns at each level. In addition the columns were assigned fixed joints at their ground
floor base. As ETABS does not recognize a column to slab connection, fake beams were
modeled to connect the columns as in Figure 19 (on the next page). The fake columns
were given a small dimension and no moment of inertia as to ensure they do not take any
force.
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Figure 19 - Fake Beam Members (Green)

The following are the section properties given to the columns and slabs that were
modelled:

Column: Fake Beam: Slab:

Material: 5000Psi Depth: 5” Material: 5000Psi
Depth: 14” Width: 57 Thickness: 8”
Width: 14” Inertia Modifier: 0

Dead, live, and snow patterns were defined along with load combinations for strength
design as defined by the IBC. Uniform shell loads were applied to the slab sections for
each load pattern with values from Section 2.1 of this report.

2213  Computer Analysis Output for Gravity Columns

From the ETABS output, the worst case combinations for the columns was
1.2D+1.6L+0.55. Column C42 had the largest axial force with a factored load of 524.70k.
A complete list of forces on the gravity columns in Section A.1 of the Appendix. From
this list, two design columns will be detailed from the forces of column C42 and column
C47. The forces on these columns are in Table 8.

As a hand check of these forces, the factored axial load calculated for C42 from Table 7
was 525.1k. This force is less than 0.1% greater than the ETABS axial force.

Table 8 - Forces on Design Column Sections

Load Axial Shear Moment
Combination P(k) V2 (k) V3 (k) | M2 (k-ft) | M3 (k-ft)
Column 1(C42)]1.2D+1.6L+0.5S| 524.70 0.35 4.24 30.14 10.04
Column 2 (C47) |1.2D+1.6L+0.5S| 259.96 0.05 0.31 1.33 10.60

Column
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22.14  Design of Reinforcement

The design of the longitudinal
reinforcement for the two column
sections was done with the aid of
spColumn. Figures 20 and 21 are
interaction diagrams. The columns
were considered to have biaxial
bending with no slenderness effects
considered as was discussed in
Section 2.2.1.1 of this report. In
addition the columns were
considered confined by #3 bars
with a clear cover to the transverse
reinforcement of 1.5”.

Based off of the spColumn design,
the longitudinal reinforcing for the
columns is required to be as
follows:

Column 1: (4) #8 — As: 3.16in?
Column 2: (4) #7 — As: 2.4in?

According to ACI Section 10.9.1,
longitudinal reinforcement in a tied
column shall be at least 0.01 but no
more than 0.08 times the net area of
a concrete section; in considering
where longitudinal bars overlap
the max of 0.08 is in reality 0.04.
Both designed columns meet this
requirement:

Column 1: 1.93in%<3.16in%<7.72in?
Column 2: 1.94in%<2.4in%<7.75in?

200 P (Kips)

120

M (k-ft)
Pmin)
200
Figure 20 - Interaction Diagram of Column 1
700 P (kips)
(Pmax)
+App|ied Load
120
M (k-ft)
(Pmin)

-200

Figure 21 - Interaction Diagram of Column 2

Note that the area of steel for Column 2 is the minimum allowable as a square column is
required by ACI to have longitudinal bars in all four corners; therefore #7 bars are the
smallest bars to meet this requirement and the minimum 1% reinforcement.

Jackson Crossing
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Unless a more detailed calculation is made, the shear strength of the column or a member
subjected to axial compression is given by ACI Eq. 11-4:

N, :
V.=2(1+ ZOOOAQ)A\/f ch,d

For Column 1 and Column 2 respectively ¢Vc is equal to:

524.7k * 1000

2000 * 14" = 14"
260.0k * 1000

2000 * 14" x 14"

@Ve1 = 0.75[2 (1 + ) * 1% ,/5000psi * 14" x 11.625"]

@Vez = 0.75[2 (1 + ) * 1% ,/5000psi * 14" x 11.688"]

@V, = 40.4k
@V, = 28.9k

None of the shear forces in Appendix A.1 are near 0.5¢Vcl or 0.5 ¢Vc2; therefore, the

spacing of the stirrups will be dictated by ACI Section 7.10.5.2. For Column 1 and
Column 2 respectively the minimum stirrup spacing is:

16 * longitudinal bar diameters = 16"
Smini = min{ 48 * tie bar diameters = 18" = 14"
least dimension of member = 14"
16 * longitudinal bar diameters = 14"
Sminz = min{ 48 * tie bar diameters = 18" = 14"
least dimension of member = 14"

The distance the first stirrup is placed away from the slab face is dictated by ACI Section
7.10.5.5. For both Column 1 and Column 2, the first stirrup will be placed at 6”. Figure 22
and Figure 23 are detailed cross sections of Column 1 and Column 2 respectively. Figure
24 and Figure 25 are vertical details of Column 1 and Column 2 respectively.

Figure 22 - Cross Section Detail of Column 1 Figure 23 - Cross Section Detail of Column 2
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Figure 24 — Vertical Detail of Column 1 Figure 25 — Vertical Detail of Column 2

2.2.2  Two-Way Flat Plate Slab

The general process for designing the two-way flat plate slabs will be as follows:
a) Model slab with initial thickness in RAM Concept and apply slab loads
b) Layout design strips and analysis for stresses in slab
c) Reiterate to optimal slab thickness
d) Draft rebar placement plan based on analysis output

The initial thickness of the slabs was based on the minimum thickness requirements in
ACI Table 9.5(c). The longest span for Jackson Crossing is an interior span with a clear
distance of 23" 7”. Given that the equation for an interior panel without drop panels is
1n/33, the initial thickness of the slab was 9”. From this initial assumption, the thickness
will be reduced to meet the requirements in ACI Table 9.5(b).
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2221 RAM Concept Model

Slabs for each level were initially
modelled with two-way slab behavior,
a 9” thickness and a 5000 psi concrete
mix. 14” by 14” columns were also
modelled to act as support for the slab.
In addition slap openings were
modeled for the stairwell and elevator
cores. Figure 26 is an example
screenshot of the mesh input standard
plan from RAM Concept.

The grid system used to model the slab
in addition to the columns was drafted |
in AutoCAD and then imported into
RAM Concept. The grid was based on
the grid system in the existing Jackson
Crossing architectural plans. The

1mp0rted grld is also shown in Flgure Figure 26 - Example Screenshot of RAM Concept Model
26.

Dead and live loads were applied to the slabs as area
loads using the values detailed in Section 2.1 of this
report. For the snow drift load on the roof, the load was
applied in increments as in Figure 26. This was because
RAM Concept does not allow area loads with different
values in the four corners to create a varying load.

For the Ilatitude and longitude design strips, the
following settings were specified for the column and
middle strip:

Top Cover: 1.5” Bottom Cover: 1.5”
Top Bar: #5 Bottom Bar: #4
Design System: Two-Way Slab

Figure 27 - Example of Snow Loading

Although these settings will design the needed steel with
#4 and #5 bars, a more appropriate bar configuration can be determined by hand
calculations. Figure 28 and 29 is an example of the design strip layout.
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Figure 29 -Example Layout of Latitude Design Strips for Floors 2 and 3. (Darker Hatching: Column Strip, Lighter Hatching: Middle Strip)

Figure 28 - Example Layout of Longitude Design Strips for Floors 2 and 3. (Darker Hatching: Column Strip, Lighter Hatching: Middle Strip)
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2222 Punching Shear Failure

Two-way punching shear was a problem for columns on every floor. Figure 30 is an
example from the second and third floor slab that highlights the columns the fail in
punching. The columns the fail were generally around the exterior and interior columns

with a larger span adjacent to a shorter span.

A closer inspection of one of the failing — __Eii___ - ! i__ ! _:_
columns from Figure 30 was necessary to (T | —l— ; _T_ |

verify the validity of the RAM Concept | | || | '
model. The column chosen for this purpose —l— AR ——— —— o — - — - —l -

|
was column C42. The dimensions around ~ '_ ~ _I_ L Jr _L o _I o
column C42 are in Figure 31. Column C42 + | ! Lo |_|

has uneven spans in the north-south plan _I;;__—lj____l__L_I____l_:j__
1

dimension.

An initial check was made of the punching —i— -k - —i— -— |— T —I- -— 1
shear without considering the added stress

from the wunbalanced moment. The ! ' v b
summary of the calculations are in Table Figure 31 - Dimensions Near Column C42
9(on the next page). The capacity of the slab to resist punching, ¢Vc, was not enough to
resist the punching force from the column, Vu. In addition the shear stress from the

unbalanced moment worsened the punching shear even more.

From Table 10(on the next page), the maximum punching shear stress including the
unbalanced moment on C42 was 358.82 psi. A bo of 134.5” is required to resist this
punching in the concrete alone. Because of this a 28” by 28” and 12” deep shear cap will
be formed in all columns failing in punching shear.
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Table 9 - Summary of Punching Shear on C42 Table 10 - Summary of Shear Stress from
Unbalanced Moment on C42
Punching Shear of Column C42

Shear from Unbalanced Moment

d(in)f 588 Unbalanced
d/2(in)| 2.94 66.9
NEEXY Moment, Mr (k-ft):
Area enclosed (ft%): . Yf: 0.6

b, (in)]  79.50 A, needed for Mr (in2):] 1.60

Slab S.W.| Factored
(psf) Load (psf)

22 40 100 210.4

Try (9)#4 As (in%):] 1.80
a(in)] 0.64

dMn (k-ft):] 45.01
YvMu (k-ft):| 21.89

DL (psf) | LL(psf)

Vu(k): | 10631

ACIEq. |dVc (k) Je(in*)] 19895.95
(11-31)| 148.62 #YvMuc)/Jc (psi)] 131.21
(11-32)] 122.76 v, (psi)] 358.82
(12-33)] 99.08

boreq.(in)|] 134.47
Min. ¢Vc (k):| 99.08 width of shear cap req. (in) 28

The punching shear failures on the exterior columns will be alleviated by the addition of
edge beams around the perimeter of each slab. The reinforcement and design of these
edge beams will be explored in a later section of this report when the moment frame is
discussed.

Torsion on the beam is necessary to consider for the edge beams. Torsion effects are
permitted to be neglected if less than a calculated torsion force from ACI Section 11.5.1.
For a nonprestressed member this threshold is equal to:

AZ
p
PAf (=)
pcp
Table 11 - Torsion on Edge Beam

Table 11 is a summary of the torsion on an edge beam at Torsion on North Edge of Slab for a

the plan north side of the slab. From this table, a 16”x24” 16"x24" Edge Beam

edge beam is sufficient to neglect torsion forces. The = Span to nearestcolumn 24,73

allowable torsion on the edge beam is 8.15 k-ft while it (ft):

will only experience a force of 6.63 k-ft at the worst case. DL(psf)] 22
LL (psf) 40

Factored Load (psf)] 90.4
Torsion (k-ft per foot)] 6.63
Allowable Torsion (k-ft)] 8.15
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2223  Long Term Deflection

To keep the amount of reinforcement needed within reason, a slab thickness of 8” was
settled on for all floors. This 8” structural thickness is 10” thinner than the previous 18”
wood truss joists. Because 8” is smaller than the minimum thickness from ACI Table
9.5(c), it is necessary to reference ACI Table 9.5(b) for maximum permissible computed
deflections.

To be conservative the deflection limit for, “roof or floor construction supporting or
attached to nonstructural elements likely to be damaged by large deflections” of 1/480
was used. This deflection considers the sum of the long term deflection due to all
sustained loads and the immediate deflection due to any additional live load.

RAM Concept allows for the input of duration for the able 12~ Summaryof Long Term
Deflections Compared to the Code

sustained load deflection. As the code does not explicitly Allowable Limit

specify the duration for long term deflection a duration Sustained Load Deflection
of 5000 days or approximately 13 and a half years was . Code
. . . . .. . Sustained
considered. This sustained load deflection is in addition Level Load 4 (in) Allowable
to a maximum short term load with a duration of 30 days A (in)
for a total sustained load duration of 5033 days. Floor2] 0.307 0.590
Floor 3 0.307 0.590
Table 12 lists the sustained load deflection for each floor Floor4) 0.232 0.5%0
) . . .rs Floor5 0.225 0.590
obtained from the analysis model in addition to the code roofl 0,214 0590
allowable deflection. The code allowable deflection is 0 : :

conservative as it only considered the maximum slab span of 23" 7” to determine the
deflection.

2224 Rebar Placement Plan

RAM Concept calculates required reinforcement from a finite analysis of stresses in the
slab. From this analysis a more constructible reinforcement plan was drafted in AutoDesk
Revit.

Also for constructability, a bottom mat of #5 bars at 12 inches on center was specified. A
bottom mat provides the strength need for flexure at midspan while requiring very little
additional bottom bars other than the mat itself. Figure 32(on next page) is an initial
bottom reinforcement plan while Figure 33(on next page) is a bottom reinforcement plan
with the addition of a bottom mat.
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Reinforcement plans for every slab arein ~
the Appendix under Section A.2. Figure

34 is a snapshot of a one of these R ~ - _ L i
reinforcement plans. The rebar is colored - B - I - W= - -
follows: o g R IR
as fo : © J 3 % *
© s#5T ' 8#5T
Green: Latitude Column Strip Top Bars | |
Orange: Latitude Middle Strip Top Bars — — - - — - 4
Red: Longitude Column Strip Top Bars ‘
Blue: Longitude Middle Strip Top Bars — e = L | _
‘ = 1o =
0 3 0
The placement of this rebar is detailed in | & = .3

| | |
Figure 34 - Example Bay with Reinforcement Layout

Figure 35(on next page) and Figure 36(on
next page) for the column strip and
middle strip respectively. The details are based on minimum extensions for
reinforcement in slabs without beams from ACI Fig. 13.3.8 as Section 13.3.8.2 requires.
For unequal adjacent spans, the larger clear span is taken as In.
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2.2.3  Transfer Beams

Due to the change in column layout for the below grade parking garage, transfer beams
at the ground level must handle the load of the five stories above. The depth of these
transfer beams are critical because there must be enough clearance from the bottom face
of the beams to the floor of the garage level slab for the movement of cars.

Figure 37 - Location of Critical Transfer Beam

The location of two critical transfer beams is in Figure 37; the beams are highlighted in
red while the discontinuous columns are represented by a green dot. The existing transfer
beams have the following dimensions and reinforcing;:

T1

Width x Depth: 48” x 36”

Bottom Bars: 14#10

Top Bars: 8#9 at Full Length

Stirrups: 4 Leg #4, 1 at 2” and rest at 8” on center

T2

Width x Depth: 48" x 36”

Bottom Bars: 1249

Top Bars: 6#9 at Full Length

Stirrups: 4 Leg #4, 1 at 2” and rest at 12” on center

To determine the forces on the transfer beams, they were modeled in ETABS along with
two additional beams to the left of beam T1 for any moment transfer between the
continuous span. Loads from the ground floor were applied along with the point loads
from the discontinuous columns. The point loads were referenced from the list of gravity
column forces in Appendix A.1.
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Table 13 is the maximum shear and moment
forces on transfer beams T1 and T2. Beam T1
experiences a larger moment due to its longer
span. The calculations to determine what
reinforcing needs changed in the transfer

Table 13 - Forces on Transfer Beams

Transfer

+Mu (k-ft)| -Mu (k-ft)| Vu (k)

Beam
T1 1659.2 -1985.2 335.6
T2 998.2 -1070.8 264.5

beams to accommodate this new loads are in Appendix A.6. The final dimensions and

reinforcing for the redesigned transfer beams are:

Redesigned T1
Width x Depth: 48" x 36”
Bottom Bars: 14#10

Top Bars: 12410 at Full Length
Stirrups: 4 Leg #4, 1 at 2” and rest at 6” on center

Redesigned T2
Width x Depth: 48” x 36”
Bottom Bars: 12#9

Top Bars: 8#9 at Full Length

Stirrups: 4 Leg #4, 1 at 2” and rest at 12” on center

With the additional weight from the redesigned structure, the transfer beams are able to
keep their dimensions. Only the top beams needed additional reinforcement along with
closer spacing of the stirrups for beam T1. The ability to keep the beam dimensions is
important because the clearance height below the transfer beams will not be impacted by

the redesign of the structure.
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2.3 Lateral System

For the redesign, a concrete moment frame was considered around the exterior of the

building except for the west moment frame as the building recesses in for the roof terrace

on the fourth floor. Figure 38 is a typical floor plan with the moment frame locations
highlighted in purple. The labels on the frames will be used throughout this section.

Figure 38 - Floor Plan of Moment Frames

Frame 3

Frame 2

Frame 1

Frame 4

The location of the moment frames produces minimal torsional shear. From Table 14, the
greatest difference between the Center of Mass and Center of Rigidity is only 2.5% of the
total length of the building.

Table 14 - Comparison of Center of Rigidity and Center of Mass

Level Center of Mass (ft) | Center of Rigidity (ft) Difference (ft) |% of Total Wall Length
X y X y X y X v
Roof 144.59 31.06 141.16 29.52 3.43 1.54 1.51 2.24
Floor 5 143.94 31.04 140.96 29.66 2.98 1.39 1.32 2.02
Floor 4 139.18 31.00 140.69 29.75 -1.51 1.24 0.59 1.81
Floor 3 136.69 30.97 138.80 29.80 -2.10 1.17 0.82 1.70
Floor 2 135.25 30.96 138.41 29.87 -3.15 1.09 1.23 1.59

All of the column and beam members in the moment frame have the following

properties:

Width: 16”
Depth: 24”

t'c: 5,000psi
ty: 60,000 psi
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2.3.1

To determine the controlled lateral load, the moment

Lateral Loads

Table 15 - Lateral Load Base Shears

frames were modeled in ETABS along with the two- Base Shear (k)

way slabs and gravity columns. Similar to the gravity Directi.on Wind Seismic

column model, fake beams were again modeled to act of Loading

as a connection for the columns as in Figure 19. Only NS 272.46 401.66
EW 65.78 401.66

the moment frames were assigned a rigid base to ensure

the moment frames take the majority of the lateral load

determined for wind and seismic.

. The lateral loads were program

Table 15 is the base shear in both directions for both wind and seismic. Seismic was the
controlling case in both directions with a base shear of 402 k. This base shear was verified
by hand calculations using Section 17.5 of ASCE-7. The summary of these calculations are
in Table 16. The seismic base shear is for both directions.

Table 16 - Summary of Seismic Loads

Seismic Load

Ground Accelerations

______________ sf o118 sms o018 sa 0126
S1 0.051 Sml] 0.122 Sdi| 0.082
et 1 ...l osss
S O T n s
SDC B k| 1.043
cs| 0.047
Elevation
Level story from Sq. Ft. Slab Dead w,h C Fx
Height (ft) Weight (k)| Load (k) Xk v
Base(ft)
Roof 11.1 54.6 14672.38 | 1467.24 310.98 |115236.33 0.31 137.81
Sth Floor | 9.7 435 | 14672.38| 1467.24 | 293.45 | 90016.66 | 0.24 107.65
4th Floor 9.7 33.8 16559.62 | 1655.96 | 378.37 | 80028.74 0.21 95.70
3rd Floor 9.7 24.2 16559.62 | 1655.96 | 331.19 | 55039.00 0.15 65.82
2nd Floor 14.5 14.5 16559.62 | 1655.96 | 331.19 | 32308.99 0.09 38.64
SUM | 9547.54 | V (k) | 445.62
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2.3.2 Moment Frame Columns

For clarity the moment frame columns are labeled in Figure 39. Forces in these columns
are listed in Table 16. 0.9D+1.0E was the controlling load combination for each of the

columns.
F2C6 F2C4 F2C2
F3C1 - + + + T + 1 F4 C4-)
F2C5 F2C3 F2C1
F3C2- F4C3-
F3C3 FA4C2-
F1C1 F1C3 F1C5
—F3C4- 3 1 3 3 ) 3 FAC1~
F1C2 F1C4 F1C6
Figure 39 - Moment Frame Column Labels
Table 17 - Moment Frame Column Forces
Column | Combo | Axial (K) | M1 (k-ft) | M2 (k-ft) | Vu (k)
F1C1 0.9D+E 89.428 | 220.0426 | 2.2502 37.801
F1C2 0.9D+E | 183.104 | 212.3095| 2.5668 35.244
F1C3 0.9D+E | 94.885 |218.4238| 2.3529 37.266
F1C4 0.9D+E | 163.094 | 213.8092| 2.3566 35.74
F1C5 0.9D+E 69.139 |[184.7505 | 2.2748 26.129
F1C6 0.9D+E 206.98 |[194.1208  3.0609 29.228
F2C1 0.9D+E | 187.156 | 214.867 | 1.9381 35.838
F2C2 0.9D+E | 122.426 | 219.7743| 2.2003 37.461
F2C3 0.9D+E | 204.248 | 213.9049 | 2.4737 35.52
F2C4 0.9D+E | 118.728 | 222.4997 2.514 38.363
F2C5 0.9D+E | 245.231 | 195.2924| 2.7696 29.364
F2C6 0.9D+E 96.391 | 185.6097 | 2.6498 26.162
F3C1 0.9D+E | 197.157 | 350.5509 | 5.5244 53.479
F3C2 0.9D+E | 292.737 | 371.1651| 0.7407 60.297
F3C3 0.9D+E | 175.2994 | 387.6746 | 3.3348 | 65.757
F3C4 0.9D+E | 83.43399 | 334.8581 | 6.6203 48.336
F4C1 0.9D+E 42.24 |291.1087| 4.7919 38.883
FAC2 0.9D+E 80.817 |350.4922| 0.7431 58.523
F4C3 0.9D+E 182.28 347.89 2.1545 57.662
FACA 0.9D+E | 200.124 | 310.3013| 6.044 45.231
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To determine whether the moment frame columns will receive any considerable
slenderness effects, column F1C5 was chosen as an example to determine its slenderness
from ACI Eq. (10-6). This equation was used because the moment frame is not braced
against sidesway with a more rigid shear wall.

Table 18 - Slenderness Check

Bottom Column F1C5

Properties
________ b(in) 16 Cover(in) 25  r(03h) 7.2
h(in); 24 Asi 6

[ (in4) [l Modifier[ |(ft)
Column 1| 18432 0.7 9.67
Column 2| 18432 0.7 9.67
Beam 1 18432 0.35 13.00
Beam 2 18432 0.35 19.37

Slenderness

YA 3.22
¥B 0.00

k 1.36 ACIFig.R10.10.1.1
kl/r 21.91 <22 *OK

Table 18 is a check of the slenderness of column F1C5 for a sway frame. From ACI Eq.
(10-6) the kl/r of a sway frame must be less than 22 for slenderness effects to be considered
negligible. For column F1C5, the kl/r was determined to be less than 22 and therefore will
not be considerable influenced by slenderness effects.
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Two columns will be design Considering Table 19 - Final Reinforcement of Moment Frame Columns

the forces from Table 17. All columns in Summary of Moment Frame Column Design
Longitudinal

Frame 1 and Frame 2 will be reinforced Colurmn
according to forces from Column F1C1. All Reinforcement
columns in Frame 3 and Frame 4 will be FIC1 }2layersof 3#8 | 2leg#i@16 o.c
reinforced according to forces from F3C3 | 2Layersof 3#8 | 2Lleg#4 @ 16" o.c.

Stirrups

Column F3C3. Table 19 is a summary of the final reinforcement design of the columns.
The calculations for the designs are in Appendix A.4.

2.3.3 Moment Frame Beams

The controlling load case for Table 20 - Forces in Frame 1 and Frame 2 Beams

the moment and shear in the Forces in Frame 1and Frame 2

moment frame beams was Beam | Mu (k-ft)- [Mu (k-ft)4 Vu (k-ft)! Beam |Mu (k-ft) + Vu (k-ft)
. F1B1 -67.73 106.97 15.98 F2B1 -52.97 24.04 13.23
+ + +
1.2D+1.0E 05L 0.75. This F1B2 -102.15 94.31 19.64 F2B2 -117.36 45.47 22.96
load combination controls F1B3 -129.32 88.19 23.12 F2B3 -143.94 60.67 25.92

over the 1.2D+1.61.4+0.5S due . F1B4 | -143.06 | 5646 | 24.76 | F284 | -160.56 | 73.29 | 27.74

to the hieh seismic f F1B5 | -14249 | 4226 | 2497 | F285 | -165.08 | 75.99 | 28.16
0 the igh se1smic rorces. F1B6 | 4574 | 1340 | 11.79 | r286 | -5828 | 2047 | 1511

F1B7 | -89.21 | 6404 | 2113 | F2B7 | -10356 | 70.84 | 24.01
F1B8 | -12531 | 9815 | 27.93 | F2B8 | -132.94 | 100.10 | 29.31
F1B9 | -14630 | 11939 | 3201 | F2B9 | -150.67 | 11868 | 32.59
One for moment frames 1 g0 [ 15039 | 12081 | 3255 | F2810 | -152.16 | 119.93 | 32.8
and 2; one for moment _FiB11 | -7416 | 3885 | 1791 | F2811 | -8022 | 37.76 | 19.67

|
T
|
1
]
|
T
|
|
]
|
T
|
|
]
|
1
I
frames 3 and 4. Table 20 and F1B12 -114.16 51.43 22.39 , F2B12 | -118.57 52.05 24.16
F1B13 -137.20 68.63 25.09 | F2B13 | -139.17 68.35 26.55
i
|
1
]
|
i
|
1
]
|
T
|
1
]
|
T
]
1
]
!

Two beams were designed.

Table 21 list the forces in the F1B14 | -14832 | 78.97 2634 | F2B14 | -149.98 | 78.74 27.77

beam members for the east-  F1B15 | -14335 | 7478 | 2581 ! F2B15 | -146.03 | 7557 | 27.36
F1B16 | -59.68 | 19.68 | 1071 | F2B16 | -54.78 | 29.01 | 1471

F1B17 | -92.85 | 66.02 | 20.84 ; F2B17 | -9563 | 67.85 | 22.62
south frames respectively. F1B18 | -127.61 | 99.52 27.04 | F2B18 | -127.79 | 99.95 28.84
The maximum forces used F1B19 | -146.51 | 119.39 | 30.57 | F2B19 | -147.60 | 119.70 | 32.67

desi h F1B20 | -147.54 | 120.15 | 30.73 | F2B20 | -151.76 | 121.06 | 33.20
to design the beams are F1B21 | -62.88 | 29.99 13.26 ! F2B21 | -57.90 | 36.89 11.64
highlighted and bolded. FriB22 | -10031 [ 4454 | 17.85 | F2822 | -112.75 | 5954 | 23.08

The beam labels are listed in F1B23 -132.38 68.70 21.38 F2B23 | -136.89 80.19 26.00
F1B24 -148.67 83.27 23.16 F2B24 | -150.31 95.00 27.64

west frames and north-

Figures 40 through 43. F1825 | -151.65 | 84.49 | 23.40 1 F2B25 | -150.52 | 100.07 | 27.95
F1B1 F1B6 F1B11 F1B16 F1B21 F2B1 F2B6 F2B11 F2B16 F2B21
F1B2 F1B7 F1B12 F1B17 F1B22 F2B2 F2B7 F2B12 F2B17 F2B22
F1B3 F1B8 F1B13 F1B18 F1B23 F2B3 F2B8 F2B13 F2B18 F2B23
F1B4 F1B9 F1B14 F1B19 F1B24 F2B4 F2B9 F2B14 F2B19 F2B24
F1B5 F1B10 F1B15 F1B20 F1B25 F2B5 F2B10 F2B15 F2B20 F2B25
Figure 41 - South Elevation of Frame 1 Figure 40 - North Elevation of Frame 2
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Table 21 - Forces in Frame 3 and Frame 4 Beams

Forcés in Frame_.3 and Frame 4

Beam | Mu (k-ft) + Vu (k-ft) ! Beam |Mu (k-ft) + Vu (k-ft)
F3B1 -193.76 111.61 32.41 | F4B1 -147.85 85.92 25.05
F3B2 -254.99 100.96 36.62 i F4B2 -206.40 109.77 30.04
F3B3 -280.53 114.55 41.91 : F4B3 -228.05 132.72 32.21
F3B4 -286.69 115.62 42.35 | F4B4 -237.93 142.53 33.09
F3B5 -287.81 115.32 42.40 i F4B5 -229.80 | 139.45 32.59
F3B6 -202.66 89.97 40.69 ! FAB6 -111.76 70.78 22.30
F3B7 -208.98 151.48 37.46 | FAB7 -198.76 166.10 37.11
F3B8 -240.24 161.53 42.14 i FAB8 -228.44 194.55 41.76
F3B9 -251.36 174.05 43.79 ! F4B9 -244.82 | 211.60 44.43
F3B10 -258.30 176.56 44.45 | F4B10 -233.08 198.25 42.43
F3B11 -141.58 90.83 -25.65 i F4B11 -140.89 83.61 20.93
F3B12 -198.88 127.68 -32.19 ! F4B12 -212.37 149.01 28.79
F3B13 -235.01 121.82 -41.50 | F4B13 -238.47 172.97 31.59
F3B14 -247.16 127.85 -42.83 i F4B14 -250.14 183.30 32.82
F3B15 -254.19 139.50 -44.11 : F4AB15 -241.16 172.02 31.69

F3B1 F3B6 F3B11 F4B1 FAB6 F4B11

F3B2 F3B7 F3B12 FAB2 F4B7 F4B12

F3B3 F3BS8 F3B13 F4B3 FAB8 F4B13

F3B4 F3B9 F3B14 F4B4 F4B9 F4B14

F3B5 F3B10 F3B15 F4B5 FAB10 F4B15

Figure 42 — West Elevation of Frame 3

Figure 43 - East Elevation of Frame 4

The final reinforcement for longitudinal bars and stirrups for the beams are in Table 22;
the calculations for the reinforcement are in Appendix A.5. The moment frame beams
resisting seismic loads in the north-south direction have greater reinforcement as they
experience the same amount of seismic force as the east-west direction but have a shorter

length.

Table 22 - Reinforcement in Moment Frame Beams

Final Moment Frame Beam Reinforcement

Frame Bottom Bars

Top Bars

Stirrups

1&2

(4) #6 Full Length

(3) #6 Full Length

2leg #4 @10" o.c.

3&4

(6) #6 Full Length

(4) #8 Full Length

2leg #4 @10" o.c.
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2.3.4  Deflections

Because the moment frames were controlled by seismic forces the inter story drift of the
frames must meet the limitations of Section 12.12 of ASCE 7. The drift was also compared
to a common standard of 1/400. Drift values were determined using deflection data from
the ETABS lateral system model.

Table 23 compares the drift values from the ETABS lateral system model and the
maximum allowable drift from ASCE 7 in addition to 1/400. Drift in both directions on
the frame did not exceed either of the allowable values.

Table 23 - Inter Story Drift of Moment Frame

Deflections
Story He?;:z ) Ax(in) | Ay(in) 0.(:i2::1sx 1/400 (in)
Roof 10.60 0.095 0.183 2.545 0.318
5th 9.67 0.115 0.199 2.320 0.290
4th 9.67 0.141 0.226 2.320 0.290
3rd 9.67 0.147 0.224 2.320 0.290
2nd 9.67 0.115 0.166 2.320 0.290
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3 Construction Breadth

The purpose of the construction breadth is to compare the redesigned structure and the
existing structure in terms of the total cost of the systems per floor and in addition the
impact on the critical path.

3.1 Cost Analysis

The cost estimate for the redesign structure will take into account the following:

e Material costs of concrete mix for the slab, beams, columns, and shear caps
e Labor and equipment costs for placing the concrete mix with pumping

e Material and labor costs for formwork

e Material and labor costs for reinforcement of slabs and columns.

Cost multiplier data was referenced from the 2014 RSMeans Building Construction Cost
Data. The final total cost was adjusted for the location in Alexandria, VA by a factor of
93.5. Table 24 is a summary of the cost estimate.

Table 24 - Summary of Cost Analysis
Heavyweight Concrete, Ready Mix

Slab
. Multiplier . .
Unit Amount - - Material | Labor |Equipment| Total
Material | Labor |Equipment
2nd Floor C.Y. 392.50 110.00 0.00 0.00 43175.07| 0.00 0.00 43175.07
3rd Floor C.Y. 392.50 110.00 0.00 0.00 43175.07| 0.00 0.00 43175.07
4 Floor C.Y. 392.50 110.00 0.00 0.00 43175.07| 0.00 0.00 43175.07
5Floor C.Y. 346.65 110.00 0.00 0.00 38131.53 0.00 0.00 38131.53
Roof C.Y. 346.65 110.00 0.00 0.00 38131.53 0.00 0.00 38131.53
Beams
2nd Floor C.Y. 59.38 110.00 0.00 0.00 6531.99 0.00 0.00 6531.99
3rd Floor C.Y. 59.38 110.00 0.00 0.00 6531.99 0.00 0.00 6531.99
4 Floor C.Y. 59.38 110.00 0.00 0.00 6531.99 0.00 0.00 6531.99
5 Floor C.Y. 53.40 110.00 0.00 0.00 5873.80 0.00 0.00 5873.80
Roof C.Y. 53.40 110.00 0.00 0.00 5873.80 0.00 0.00 5873.80
Columns
2nd Floor C.Y. 64.92 110.00 0.00 0.00 7141.40 0.00 0.00 7141.40
3rd Floor C.Y. 64.92 110.00 0.00 0.00 7141.40 0.00 0.00 7141.40
4 Floor C.Y. 64.92 110.00 0.00 0.00 7141.40 0.00 0.00 7141.40
5 Floor C.Y. 57.28 110.00 0.00 0.00 6301.23 0.00 0.00 6301.23
Roof C.Y. 62.84 110.00 0.00 0.00 6912.35 0.00 0.00 6912.35
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Con’d Table 24

Shear Caps
2nd Floor C.Y. 0.78 110.00 0.00 0.00 85.56 0.00 0.00 85.56
3rd Floor C.Y. 0.78 110.00 0.00 0.00 85.56 0.00 0.00 85.56
| 4 Floor C.Y. 0.78 110.00 0.00 0.00 85.56 0.00 0.00 85.56
5 Floor C.Y. 0.78 110.00 0.00 0.00 85.56 0.00 0.00 85.56
Roof C.Y. 0.78 110.00 0.00 0.00 85.56 0.00 0.00 85.56

SUM S 272,197.38

Placing Concrete

Slab, Pumped

2nd Floor C.Y. 392.50 0.00 15.75 4.85 0.00 6181.89 1903.63 | 8085.51
3rd Floor C.Y. 392.50 0.00 15.75 4.85 0.00 6181.89 1903.63 | 8085.51
4 Floor C.Y. 392.50 0.00 15.75 4.85 0.00 6181.89 1903.63 | 8085.51
5 Floor C.Y. 346.65 0.00 15.75 4.85 0.00 5459.74 1681.25 | 7140.99
Roof C.y. 346.65 0.00 15.75 4.85 0.00 5459.74 1681.25 | 7140.99

Beams, Large Beams Pumped

2nd Floor C.Y. 59.38 0.00 28.00 8.65 0.00 1662.69 513.65 2176.34
3rd Floor C.Y. 59.38 0.00 28.00 8.65 0.00 1662.69 513.65 2176.34

4 Floor C.Y. 59.38 0.00 28.00 8.65 0.00 1662.69 513.65 2176.34

| 5 Floor C.Y. 53.40 0.00 28.00 8.65 0.00 1495.15 461.89 1957.04
Roof C.y. 53.40 0.00 28.00 8.65 0.00 1495.15 461.89 1957.04

Columns, 18" Pumped

2nd Floor C.y. 64.92 0.00 28.00 8.65 0.00 1817.81 561.57 2379.38

3rd Floor C.y. 64.92 0.00 28.00 8.65 0.00 1817.81 561.57 2379.38

4 Floor C.y. 64.92 0.00 28.00 8.65 0.00 1817.81 561.57 2379.38

| 5 Floor C.Y. 57.28 0.00 28.00 8.65 0.00 1603.95 495.51 2099.46

Roof C.y. 62.84 0.00 28.00 8.65 0.00 1759.51 543.56 2303.07

Shear Caps

2nd Floor C.Y. 0.78 0.00 15.75 4.85 0.00 12.25 3.77 16.02
3rd Floor C.Y. 0.78 0.00 15.75 4.85 0.00 12.25 3.77 16.02
4Floor C.Y. 0.78 0.00 15.75 4.85 0.00 12.25 3.77 16.02
5Floor C.Y. 0.78 0.00 15.75 4.85 0.00 12.25 3.77 16.02
Roof C.Y. 0.78 0.00 15.75 4.85 0.00 12.25 3.77 16.02

SUM S 60,602.42

Formwork _ _ _ _ _ _
Slab, Flat Plate 4 use
2nd Floor SFCA 15029.96 1.25 4.33 0.00 18787.45 | 65079.72 0.00 83867.17
3rd Floor SFCA 15029.96 1.25 4.33 0.00 18787.45 | 65079.72 0.00 83867.17
4Floor SFCA 15029.96 1.25 4.33 0.00 18787.45 | 65079.72 0.00 83867.17
5Floor SFCA 13275.13 1.25 4.33 0.00 16593.91 | 57481.30 0.00 74075.21
Roof SFCA 13275.13 1.25 4.33 0.00 16593.91 | 57481.30 0.00 74075.21

Beams, Exterior Spandral job-built plywood 18" wide 4 use

2nd Floor SFCA 2805.78 0.88 6.80 0.00 2469.09 | 19079.34 0.00 21548.43
3rd Floor SFCA 2805.78 0.88 6.80 0.00 2469.09 | 19079.34 0.00 21548.43
4 Floor SFCA 2805.78 0.88 6.80 0.00 2469.09 | 19079.34 0.00 21548.43

5 Floor SFCA 2523.06 0.88 6.80 0.00 2220.30 | 17156.83 0.00 19377.12

Roof SFCA 2523.06 0.88 6.80 0.00 2220.30 | 17156.83 0.00 19377.12
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Con’d Table 24

Columns, job-built plywood, 24"x24" Column 4 use

2nd Floor SFCA 4382.22 0.93 5.85 0.00 4075.47 | 25636.00 0.00 29711.47
3rd Floor SFCA 4382.22 0.93 5.85 0.00 4075.47 | 25636.00 0.00 29711.47
4 Floor SFCA 4382.22 0.93 5.85 0.00 4075.47 | 25636.00 0.00 29711.47
| 5 Floor SFCA 3866.67 0.93 5.85 0.00 3596.00 | 22620.00 0.00 26216.00
Roof SFCA 4241.67 0.93 5.85 0.00 3944.75 | 24813.75 0.00 28758.50
Shear Caps
2nd Floor SFCA 31.66 1.25 4.33 0.00 39.57 137.09 0.00 176.66
3rd Floor SFCA 31.66 1.25 4.33 0.00 39.57 137.09 0.00 176.66
4 Floor SFCA 31.66 1.25 4.33 0.00 39.57 137.09 0.00 176.66
5 Floor SFCA 31.66 1.25 4.33 0.00 39.57 137.09 0.00 176.66
Roof SFCA 31.66 1.25 4.33 0.00 39.57 137.09 0.00 176.66
SUM S 648,143.67
Rebar e
Elevated Slabs, #4-#7
2nd Floor b 32637.02 0.50 0.28 0.00 16318.51| 9138.37 0.00 25456.87
3rd Floor b 32637.02 0.50 0.28 0.00 16318.51| 9138.37 0.00 25456.87
4 Floor b 32637.02 0.50 0.28 0.00 16318.51 | 9138.37 0.00 25456.87
5 Floor b 28824.49 0.50 0.28 0.00 14412.24 | 8070.86 0.00 22483.10
Roof b 26629.31 0.50 0.28 0.00 13314.65| 7456.21 0.00 20770.86
SUM S 119,624.58
Columns, #8-#18
2nd Floor Ib 8939.73 0.50 0.35 0.00 4469.87 | 3128.91 0.00 7598.77
3rd Floor Ib 8939.73 0.50 0.35 0.00 4469.87 | 3128.91 0.00 7598.77
4 Floor b 8939.73 0.50 0.35 0.00 4469.87 | 3128.91 0.00 7598.77
5 Floor b 7888.00 0.50 0.35 0.00 3944.00 | 2760.80 0.00 6704.80
Roof b 8653.00 0.50 0.35 0.00 4326.50 | 3028.55 0.00 7355.05
SUM S 36,856.17

Total Cost $ 1,137,424.21
Adjusted Total Cost $ 1,063,491.64

$ 212,698.33

The total estimated cost for the redesigned structure was $1,064,000. This comes to a cost
of $212,700 per floor. The cost of the existing wood frame structure was about $700,000 in
total or $175,000 per floor as there were four wood framed levels. This means the
redesigned structure costs 22% more.
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3.2 Schedule Analysis

The wood framing from the existing structure of Jackson Crossing had a duration of 45
days along the critical path. The schedule analysis will explore how redesigning the
structure with concrete slabs and columns effects the duration along the critical path.

Table 25 is list of critical Table 25 - Wood Framing Critical Path Events

path activities related to Activity Duration [  Start Finish
the construction of the Wood Frame 2nd Floor West 5 12/9/2014 |12/16/2014
wood frame trusses and Wood Frame 2nd Floor East 5 12/18/2014|12/24/2014
framing for the original Floor Trusses 3rd Floor West 5 12/18/2014|12/24/2014
Jackson Crossing Floor Trusses 3rd Floor East 5 12/29/2014| 1/5/2015
structure. Both the wood Wood Frame 3rd Floor West 5 12/29/2014| 1/5/2015
framing and floor trusses Wood Frame 3rd Floor East 5 1/6/2015 | 1/12/2015
) Floor Trusses 4th Floor West 5 1/6/2015 | 1/12/2015

were constructed in two

Floor Trusses 4th Floor East 5 1/13/2015 | 1/20/2015
zones. Each zone, eastand = e o West 5 | 1/13/2015 | 1/20/2015
west, were scheduled for ™ 0 e T Cor Fast 5 1/22/2015 | 1/28/2015
durations of five days. The ™ 0 Trisses 5th Floor West 5 | 1/22/2015 | 1/28/2015
original total duration for Floor Trusses 5th Floor East 5 1/29/2015 | 2/4/2015
these events was 45 days. Wood Frame 5th Floor West 5 1/29/2015 | 2/4/2015

Wood Frame 5th Floor East 5 2/5/2015 | 2/12/2015
The redesigned structure Roof Trusses West 5 2/5/2015 | 2/12/2015
schedule considered the Roof Trusses East 5 2/13/2015 | 2/20/2015
duration of construction
for columns, elevated Total Duration: 45 Days

slabs, and wall framing. The wall framing was assumed to take the same duration as with
the original schedule. For the elevated slabs and columns, the duration was considered
as follows:

Formwork: 2 days
Reinforcement: 2 days
Pour: 1 days

According to RSMeans the daily output for placing concrete is 160 cubic yards.
Considering that the 274, 3, and 4% floors have a total volume of 392.5 cubic yards, the
placing of the concrete was split into 3 zones. The forming of each new zone started after
the previous zone finished. The construction of the columns were also split into three
zones as their progress depends on the progress of the slabs.
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Figure 44 - Schedule of Redesigned Structure

D Task Task Narme Duration Start Finish Predecessars ber 2014 | anyary 2015 | February 2015 March 2015
Mode 802 Lol as a5l aa |22 Los [ ag | an b3t 5 s |1 las sl on loalonlsolod s ' s [asloalozlonlonlagl ol alo laglaslaslosloelos ol
1 - Jackson Crossing 69 days Tue12/9/14 Fri 3/13/15 Jackson Crossing
2 - 1st Floor Columns Bdays Tue12/9/14 Thul2/18/14 [y 15t Floor Columns
3 - Zone 1 4 days Tued2/9/14 Frid2f12/14 Zonel
4 - Zone 2 4 days Thu 12/11/14 Tue 12/16/14 355+2 days Zone 2
5 - Zone 3 4 days Mon 12/15/14Thu 12/18/14 455+2 days L} +Zone 2
3 - Znd Floor %1days Fri12/19/14 Fri 1/16/15 r 1 2nd Floor
7 - 2nd Floer Slab 9 days Fri12/19/14 Wed 12/31/1: —| 2nd Floor Slab
3 - Zonel 5 days Fri 12719714 Thu 12/25f14 5 Zone 1
9 - Zone2 5 days Tue 12/23/14 Mon 12/28/1£855+2 days LL Zone 2
10 - Zone 3 5 days Thu12/25/14 Wed 12/31/1£2955+2 days ne 3
1 - 2nd Floor Columns Bdays Fril2/26/14 Tuel/6/15 2nd Floor Columns.
12 - Zonel A days Fri 12/26/14 Wed 12/31/1:8
13 - Zone 2 A days Tue 12/30/14 Fri 1/2/15 1285+2 days
14 - Zone 3 4 days Thul/1/15  Tue 1/6/15  1355+2 days . Zone 3
15 - ‘Wall Framing 10 days Mon 1/5/15 Fri 1/16/15 — Wall Framing
16 - West 5 days Monl1/s/15 Frilfo/is 13 —“fst
17 - East 5 days Mon1/12/15 Fri1/16f15 16 East
18 - 3rd Floor 21 days Wed 1/7/15 Wed 2/4/15 I 1 3rd Floor
19 - 3rd Floor Slsb 9 days Wed 1/7/15 Mon 1719715 1 3rd Floor Slab
20 - Zonel 5 days Wed1/7/15 Tue 1/13/15 14 Zone 1
21 - Zone 2 5 days Fri 1/9/15 Thu 1/15/15  2055+2 days L(—‘
22 - Zone 3 5 days Tue 1/13/15  Mon 1/19/15 2:155+2 days
23 - 3rd Floor Columns 8 days ‘Wed 1/14/15 Fri 1/23/15 3rd Floor Columns
24 - Zonel 4 days Wed1/14/15 Mon 1/19/15 20 Zn
25 - Zone2 4 days Fri1/16/15  Wed 1/21/15 2455+2 days Zaone 2
26 - Zone 3 A days Tue 1/20/15  Fri 1/23/15  2555+2 days + Zone 3
a7 - Wall Framing 10days  Thu1/22/15 Wed 2/4/15 ey Wall Framing
28 - West 5 days Thuilf22f15 Wed 1/28/15 25 lWESQ
29 - East 5 days Thul/29/15 Wed 2/4/15 28 East
30 - 4th Floor 21 days Mon 1/26/15 Mon 2/23/15 1 4dth Floor
31 - 4th Floor Slzb 9 days Mon 1/26/15 Thu 2/5/15 _| 4th Floor Slab
32 - Zonel 5 days Mon1/26f15 Fri 1/30/15 26 ne 1
23 - Zone 2 5 days Wed 1/28/15 Tue 2/3/15  3255+2 days LL' Zone 2
34 - Zone 3 5 days Fri1/30/15  Thu 2/5/15  3355+2 days Zone 3
25 - 4th Floor Columns Bdays Mon 3/2/15 ‘Wed 2/11/15 4th Floor Columns
EL) - Zonel A days Mon 2/2f15 Thu 2/5/15 32 Zone 1
17 - Zone 2 4 days Wed2/4/15 Mon 2/9/15  3655+2 days LL, Zone 2
£l - Zone 3 4 days Fri 2/6/15 Wed 2/11/15 3755+2 days  Zone 3
39 - ‘Wall Framing 10 days Tue 2/10/15 Mon 2/23/15 —] Wall Framing
40 - West 5 days Tue 2/10/15 Mon 2/16/15 37 lWES‘
41 - East 5 days Tue 2/17/15 Mon 2/23/15 4D East
42 - Sth Floor 21 days Thu 2/12/15 Thu3/12/15 I 1 |5th Floor
43 - Sth Floor Slsb 9 days Thu 2/12/15 Tue 2/24/15 —| 5th Floor Slab
44 - Zonel 5 days Thu2/12/15 Wed 2/18/15 38 Zone 1
45 - Zone2 5 days Mon 2/16f15 Fri 2/20/15  4455+2 days LL' Zone 2
a6 - Zone 3 5 days Wed 2/18f15 Tue 2/24/15 4555+2 days Zone 3
47 - Sth Floor Columns Bdays Thu 2/19/15 Mon 3/2/15 Sth Floor Columns
48 - Zonel 4 days Thu2/19/15 Tue 2/24/15 44 Zn
49 - Zone 2 4 days Mon 2/23/15 Thu 2/26/15 4855+2 days Zone 2
50 - Zone 3 A days Wed 2/25/15 Mon 3/2/15  4955+2 days + Zone 3
s1 - Wall Framing 10 days Fri2/27/15  Thu3/12/15 ey (Wall Framiing
52 - West 5 days Fri 2/27/15  Thu 3/5/15 49 lWest
53 - East 5 days Fri 3/6/15 Thu 3/12/15 52 East
54 - Roof 9 days Tue3/3/15  Fri 3/13/15 r Roof
55 - Roof Slzb 9 days Tue 3/3/15  Fri 3/13/15 T Roof Slab
56 - Zore 1 S days Tue 3/3/15  Mon 3/8/15 50 = Zone|l
57 - Zone 2 S days Thu3fsfls  Wed 3/11/15 5655+2 days LL’ Zgne 2
58 - Zone 3 5 days Mon3/2f15  Fri 3/13/15  5755+2 days Zone 3
Task Summary "1 Inactive Milestone Duration-only Start-only L Extemal Milestone @ Lritical Split
Project: Scheduls
Date: Tue 4/5/16 spiit casrvereeees Project Summary § 1 Inactive Summary I | Manual Summary Rollup sess— Finish-only a Deadline + Progress
Mileston e * Tnactive Task Man ual Task I 1 Manual Summmary "1 Esternal Tasks Ertical Manual Progress —
Page 1




Figure 44 is a schedule of the redesigned structure detailing the duration to construct the
elevated slabs above the ground floor. The total duration of this schedule was 69 days;
this is an increase of 24 days along the critical path compared to the wood framing. The
tasks from Figure 44 colored in red impact the critical path.
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4 Mechanical Breadth

The mechanical breadth will investigate the impact of the redesigned structure on the
acoustical performance between floors. The Sound Transmission Class, STC, of a floor
and ceiling system is required by code to meet a minimum value to ensure the comfort
of the occupants. In addition, a minimum Impact Insulation Class, IIC, is required by
code to minimize the impact of sounds such as footsteps between structural floor systems.

Jackson Crossing was originally designed to meet the standards of the 2009 Virginia
Uniform Statewide Building Code. Even though this is not the current adopted building
code in Alexandria, the current adopted code, 2012, does not change the STC and IIC
required values.

According to Section 1207.2 of the 2012 Virginia Construction Code, any floor and ceiling
assembly must have an STC value greater than or equal to 50. If the STC is field tested, it
is only required to equal or exceed 45. In Marshall Long’s book, Architectural Acoustics,
STC ratings can be compared as follows:

Minimum Code - 50 STC
Minimum Quality — 55 STC
Medium Quality — 60 STC
High Quality — 65 STC

The STC rating of the existing floor system was estimated with the aid of the book,
Architectural Acoustics: Principles and Design. This STC rating is in Figure 45(on next page);
a wood truss joist system has an STC rating of 52 which meets code requirements.

The STC rating of an 8” slab is in Figure 46(on next page); this STC rating of 58 is beyond
the minimum code requirement and can be considered minimum quality. With the
addition of 2x2 wood furring and 5/8” GWB, the rating can be increased to medium
quality with an STC of 63.
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Figure 45 - STC Rating of Wood Truss Joists

1-1/2" gyp. Conc. On 3/4" plywood on 11" wood truss joists, 5/8" GB
ceiling on resilient channels

STC 52
1/3 Octave- |Adjustment| Contour TL Deficiency Max
Band for Contour| Level .
Deficiency <
Frequency Level 8dB?
(Hz) (dB) (dB) (dB) (dB)
125 - 36 30 6 OK
160 - 39 37 2 OK
200 - 42 43 0 OK
250 - 45 44 1 OK
300 - 48 48 0 OK
400 - 51 51 0 OK
500 - 52 52 0 OK
630 - 53 48 5 OK
800 - 54 49 5 OK
1000 - 55 52 3 OK
1250 - 56 55 1 OK
1600 - 56 57 0 OK
2000 - 56 58 0 OK
2500 - 56 55 1 OK
3150 - 56 61 0 OK
4000 - 56 64 0 OK
Total 24
Wall is STC: Yes
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Figure 46 - STC Rating of Concrete Slab

8' Concrete Slab

STC 58
1/3 Octave- [Adjustment| Contour TL Deficiency Max
Band for Contour| Level .
Deficiency <
Frequency Level 8dB?
(Hz) (dB) (dB) (dB) (dB) '
125 - 42 43 0 OK
160 - 45 44 1 OK
200 - 48 45 3 OK
250 - 51 48 3 0K
300 - 54 50 4 OK
400 - 57 53 4 OK
500 - 58 55 3 OK
630 - 59 56 3 OK
800 - 60 56 4 OK
1000 - 61 58 3 OK
1250 - 62 60 2 OK
1600 - 62 62 0 OK
2000 - 62 63 0 OK
2500 - 62 66 0 OK
3150 - 62 66 0 OK
4000 - 62 67 0 OK
Total 30
Wall is STC: Yes
80
e STC Contour TL Data
70
— 60 e
)
z
-
= 50
a
S =
= 40
2
2
€ 30
(7]
c
o
F 20
10
0
125 160 200 250 300 400 500 630 800 1000 1250 1600 2000 2500 3150 4000

One-Third Octave Band Frequency (Hz)
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According to Section 1207.3 of the 2012 Virginia Construction Code, any floor and ceiling
assembly must have an IIC value greater than or equal to 50. If the IIC is field tested, it
is only required to equal or exceed 45. This requirement is important as the sound of
impacts on the floor system can be a nuisance to the occupants below the floor.

Architectural Acoustics: Principles and Design states that a 6 in. thick slab with no floor
covering has an IIC rating of 25. This is well below the code required rating of 50. The
IIC rating can be easily increased to 85 with the installation of carpet and padding; a
rating of 85 meets and exceeds code requirements.

There are other methods besides carpet and padding than can bring the IIC rating of a
concrete slab above the code minimum. A floating floor resting on wood furring strips
and a continuous layer of compressed fiber glass has an IIC rating of 63. An additional 2
inch concrete layer floated on a layer of compressed fiber glass has an even higher IIC
rating of 71.
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5 Closing Remarks

The redesigned structure is an alternative to the existing wood framing on podium slab
of Jackson Crossing. While wood framing is very constructible and cost effective, an
alternate structure incorporating two-way reinforced concrete slabs and lateral moment
frames is worth exploring.

For the gravity system, 14” by 14” columns were designed with at most 4 #8 bars for
longitudinal reinforcing. The two-way slabs these columns support were determined to
be 8” thick with a bottom mat of #5 bars at 12” each way in addition to top reinforcing.
The existing transfer beams at the ground floor level were determined to be adequate
with their current dimensions even with the additional weight of a concrete structure;
additional top bars and stirrups were needed to maintain the same cross section.

The lateral system was designed with 16” by 24” beams and columns. Seismic was
ultimately the controlling lateral force. The frames in the north-south direction required
greater reinforcement than in the other direction because of their shorter length. The
moment frames were found to deflect within acceptable limits.

Though the redesign increases structural costs by 22% and adds 24 days to the schedule,
the concrete slab provides a respectable STC rating and IIC rating provided that a carpet
and pad is installed.

A two-way reinforced concrete slab system is a reasonable alternative for the structure of
Jackson Crossing. Although it increases cost and time to the construction, the redesigned
system is durable and has a smaller floor depth when compared to the existing wood
framed structure.
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Appendix

A1 Gravity Column Loads

Load Axial Shear Moment
Column ..

Combination P(k) V2 (k) V3 (k) | M2 (k-ft) | M3 (k-ft)
c42 1.2D+1.6L+0.5S | 524.70 -0.35 -4.24 30.14 10.04
C39 1.2D+1.6L+0.5S | 516.78 -0.75 -0.30 6.11 10.85
C4a5 1.2D+1.6L+0.5S | 465.11 -0.81 -0.73 8.70 14.53
Cc37 1.2D+1.6L+0.5S | 430.29 -0.44 0.41 1.77 7.34
C52 1.2D+1.6L+0.5S | 397.67 -0.53 -0.01 4.32 5.51
Cc23 1.2D+1.6L+0.5S | 386.28 0.91 -0.91 17.13 -10.67
C35 1.2D+1.6L+0.5S | 384.66 0.51 -0.08 3.68 0.33
C38 1.2D+1.6L+0.5S | 377.27 -0.50 -0.39 6.62 6.63
C55 1.2D+1.6L+0.5S | 373.61 -0.02 -0.36 5.39 1.02
Cc3 1.2D+1.6L+0.5S | 368.86 -0.82 0.00 10.92 -7.16
C29 1.2D+1.6L+0.5S | 356.19 0.51 -0.70 3.54 -7.35
Cc69 1.2D+1.6L+0.5S | 355.20 0.16 4.85 -26.34 6.90
C24 1.2D+1.6L+0.5S | 351.40 -0.88 3.69 -11.77 0.87
Cc28 1.2D+1.6L+0.5S | 344.68 -0.09 0.14 1.25 -2.65
C46 1.2D+1.6L+0.5S | 343.25 0.26 -1.01 9.38 8.02
C54 1.2D+1.6L+0.5S | 340.82 -0.65 0.53 1.05 4.96
Cc2 1.2D+1.6L+0.5S | 326.15 0.30 -0.78 12.98 -14.13
C25 1.2D+1.6L+0.5S | 323.13 2.31 -3.91 35.22 -17.36
Cc4a3 1.2D+1.6L+0.5S | 322.74 0.90 1.04 -0.48 4.28
C15 1.2D+1.6L+0.5S | 315.22 -0.43 1.43 10.72 -30.98
C26 1.2D+1.6L+0.5S | 305.15 -1.04 0.18 5.59 3.10
C58 1.2D+1.6L+0.5S | 297.81 0.12 0.44 0.54 -1.20
ca7 1.2D+1.6L+0.5S | 259.96 -0.05 0.31 1.33 10.60
C56 1.2D+1.6L+0.5S | 253.38 -0.53 -0.33 6.26 3.54
C22 1.2D+1.6L+0.5S | 251.20 0.30 0.96 5.49 -8.54
C40 1.2D+1.6L+0.5S | 248.19 0.28 -0.57 6.68 4.47
C68 1.2D+1.6L+0.5S | 244.98 -0.77 -0.70 0.93 0.42
C20 1.2D+1.6L+0.5S | 243.59 -0.44 1.29 -2.28 -30.93
Cc17 1.2D+1.6L+0.5S | 242.05 -0.11 1.15 7.09 -32.97
C19 1.2D+1.6L+0.5S | 241.85 0.30 1.27 1.08 -35.50
C57 1.2D+1.6L+0.5S | 241.59 0.10 -0.13 3.99 -1.79
C18 1.2D+1.6L+0.5S | 240.42 -0.70 1.28 3.06 -29.31
c9 1.2D+1.6L+0.5S | 236.85 0.78 -1.17 28.18 -16.23
C33 1.2D+1.6L+0.5S | 231.40 -0.75 -0.02 2.12 5.28
C53 1.2D+1.6L+0.5S | 231.39 1.07 -0.40 8.31 -5.19
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Gravity Column Loads con’d

Load Axial Shear Moment
Column ..
Combination P(k) V2(k) | V3(k) | M2(k-ft) | M3 (k-ft)

c21 | 1.2D+1.6L+0.55 | 228.41 | 0.19 0.86 3.87 -7.00
ca1 | 1.2D+1.6L+0.55 | 226.46 | 0.11 0.50 0.16 4.30

€60 | 1.2D+1.6L+0.5S | 223.15 | 1.06 0.28 4.14 -6.38
C16 | 1.2D+1.6L+0.55 | 221.22 | -0.35 1.00 10.16 | -31.49
c50 | 1.2D+1.6L+0.55 | 212.21 | -0.78 0.03 1.82 15.92
c27 | 1.2D+1.6L+0.55 | 207.19 | 0.45 0.09 4.11 -5.91
c12 | 1.2D+1.6L+0.55 | 204.22 | -039 | -0.88 | 17.84 | -8.92
€66 | 1.2D+1.6L+0.55 | 203.78 | 0.16 0.74 -1.30 | -4.33
€6 | 1.2D+1.6L+0.55 | 197.50 | 0.71 029 | 10.87 | 66.62
c7 | 1.2D+1.6L+0.55 | 194.09 | -0.06 | -0.30 | 13.32 | 71.38
c49 | 1.2D+1.6L+0.55 | 192.31 | -0.75 0.19 0.85 14.51
c4 | 1.2D+1.6L+0.55 | 192.20 | 1.70 020 | 16.16 | -22.88
c14 |1.20+1.6L+05S | 19041 | -051 | -0.79 | 12.03 | -8.22
c11 | 1.2D+1.6L+0.55 | 190.36 | 0.37 072 | 20.04 | -13.69
C34 |1.2D+1.6L+0.55 | 186.87 | -0.73 | -0.16 2.92 6.39

c13 | 1.2D+1.6L+0.55 | 182.15 | 0.53 075 | 14.96 | -14.66
c1 | 1.2D+1.6L+0.55 | 175.08 | -1.15 | -0.51 8.18 -4.89
c10 | 1.2D+1.6L+0.55 | 170.45 | -0.18 | -0.65 | 21.80 | -10.26
cag | 1.2D+1.6L+0.55 | 164.60 | -0.60 0.28 0.28 12.65
€32 | 1.2D+1.6L+0.55 | 164.49 | -0.60 0.57 -1.47 2.95

€30 | 1.2D+1.6L+0.55 | 161.24 | -0.39 0.79 6.24 | -3.48
c59 | 1.2D+1.6L+0.55 | 158.37 | 0.76 -0.03 6.00 -5.33
c67 | 1.2D+1.6L+0.55 | 155.27 | 1.13 -0.32 7.78 -9.76
c8 | 1.2D+1.6L+0.55 | 145.65 | 0.31 042 | 1733 | 69.08
c5 | 1.2D+1.6L+0.55 | 14351 | -0.82 | -0.43 7.65 76.15
c31 | 1.2D+1.6L+0.5S | 130.48 | -0.60 | -0.18 3.09 2.47

€65 | 1.2D+1.6L+0.55 | 126.95 | -0.82 0.37 -0.25 1.69

cad | 1.2D+1.6L+0.55 | 126.41 | 0.26 0.69 2.50 8.15

c61 | 1.2D+1.6L+0.55 | 114.02 | 0.11 0.95 230 | -4.76
c62 | 1.2D+1.6L+0.55 | 107.77 | -0.04 0.43 2.18 -3.87
c51 | 1.2D+1.6L+0.55 | 81.12 0.29 -0.28 8.39 10.55
c64 | 1.2D+1.6L+0.55 | 76.87 0.39 0.53 2.65 -6.45
c63 | 1.2D+1.6L+0.55| 70.11 | -0.52 | -0.31 3.84 -0.90
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A.2.1  Second Floor Reinforcement Plan

A.2 Slab Reinforcement Plans
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*Reinforcement includes bottom mat of #5 at 12” o.c. in each direction

**Locations of 28”x28"x12” shear caps highlighted in red
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A.2.2  Third Floor Reinforcement Plan
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A.2.3  Fourth Floor Reinforcement Plan
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A.2.4  Fifth Floor Reinforcement Plan

|

|
B

8#5T$

|

F?#5T %
#777

|
=
[{o) o
IR
13#5T B

1 =
[{e]
10857 &
et 8
| 6#5T‘|
-
ILO
=
9;#511I
|
7#5T| |
by
‘ b5
3
|
| 8#6T
]
% I
S#5T
et —
|

w1 [ T flmeer
|
I
5 | | o
T |
ol \i
o#5T ||
]
| s
13
9#6T
5#5‘# §i
.
]

1S#91

GHOT ‘
GHET
7T

Lo
®“‘

,ﬂi?r.l,_,
|
|

ab

'#‘_—H‘_ —i=

— T

1LG#L L

| 8
| 3 il
ﬁkwﬁotﬂ, 5mm
[ , W‘rmimTuw
O

b

| B3 B B 74‘ L G#OL |

7 Ju 1945 E‘— Iﬁ _7 _ﬁf._.m , il %

ﬁ{mnu,% j_m tma; ﬁ 7 w L _m - !

. | % Lot R \m&@ | L‘ -,. 1G#/ - r“

S I : I} ] o

@ 7 ﬂTBum | s - ﬂ$ﬂﬂ|E %
R T R L i
R A - S S O o 2 A 1

@ [ ﬁm&@L B 11G#L 1 | | 1S#pP 1G#9

7 W 1G#/. WLV ,W 1G#5 Wm 1943 M WI.._

@4’3 B\*_V — 0 _\‘_M\ 6%‘\“\;-@-%@’% -
I L v
| |

57

*Reinforcement includes bottom mat of #5 at 12” o.c. in each direction
**Locations of 28”x28”x12" shear caps highlighted in red
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A.2.5 Roof Reinforcement Plan
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A.3 Long Term Deflections

A.3.1 Second Floor Deflections
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A.3.2  Third Floor Deflections
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A.3.3  Fourth Floor Deflections
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A.3.4 Fifth Floor Deflections
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A.3.5 Roof Deflections
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A4 Moment Frame Column Design

A4.1 FICI

Interaction Points

Point ®Pn (k)  dMn (k-ft)
$Po (k) 1232.57 0.00
1 440.57 397.82
2 396.20 460.76
3 379.76 477.50
4 240.80 396.06
5 -255.96 0.00
16" I
7 le ° o | <-3#8
>
()]
- ° ° ® | <-3#8

Applied Load Pu, Mu: (89.4k, 220.0k-ft)

Axial, dPn (k)

Stirrups
Lvulk) f378
dVce (k) 40.5
IsVulessthan0.5¢ve? | No
Is Vu less than ¢Vc? Yes

16 longitudinal bar diameters: | 16in
48tie diameters: 1 24in
Least dimension of column: 16in

Smin base off Avmin
Sminl 28in
Smin2 30in

Final Spacing: 16in

Interaction Diagram for F1C1

—@— Capacity Applied Load dPn(max)
1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00

0.00 200.00 400.00 600.00 800.00

-200.00

-400.00
Moment, dMn (k-ft)
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A.4.2 F3C3

Interaction Points

Point ®Pn (k) $Mn (k-ft)
dPo (k) 1289.82  0.00
1 438.38  444.21
2 393.42 519.86
3 375.59  540.83
4 228.30  452.89
5 -341.28 0.00
-------- 16" --------

T ® O o o | <-4#8

!

!

!

%

N

!

i

i e o o o] <4#8

Applied Load Pu, Mu: (175.3k, 387.7k-ft)

Axial, oPn (k)

Stirrups
LVulk) 638
Ve 44.5
IsVulessthan0.5¢ve? No
Is Vu less than ¢Vc? No

16 longitudinal bar diameters: | 16in

48tie diameters: 1 24in
Least dimension of column: 16in
e VUOVE
Vsreq (k)| 28.30

Sreq (iN) 18.12

Final Spacing: 16in

Interaction Diagram for C1

—@— Capacity Applied Load $Pn(max)
1400.00
1200.00
1000.00
800.00
600.00
400.00
200.00
0.00

0.00 .00 400.00 600.00 800.00

-200.00

-400.00

-600.00
Moment, pMn (k-ft)

Jackson Crossing

65



Ab5

A.5.1 Frame 1 and Frame 2

Top Bars

Moment Frame Beam Design

Bottom Bars
Mu (k-ft)  121.1 Mu (k-ft)  165.0
Vu (k) 33.2 Vu (k) 33.2
Dimensions Dimensions
b(in) 16 fy (ksi) 60 b(in) 16 fy (ksi) 60
h(in) 24 f'c(psi) 5000 h(in) 24 f'c(psi) 5000
d(in) 22 Betal 0.8 d(in) 22 Betal 0.8
Str. Diam. (in) 0.5 #of Str. Legs 2 Str. Diam. (in) 0.5 # of Str. Legs 2
Str. Bar Area(in) 0.2 clearcovertoStr. 15 Str.BarArea(in) 0.2 clearcovertoStr. 1.5
Trial As Trial As
M, M
A > ; Ag>——
* of, (id) *7 ofy(Gd)
With j=0.95, As(in2)  1.287135 With j=0.95, As(in2)  1.754747
_200byd  Asmin (in2) 1.173333 ~_200bwd  Asmin (in2) 1.173333
smin smin —
fy fy
a(in) 1.135707 a(in) 1.548307
M, M
As 2 a Asreq(in2) 1.26 As 2 —ua Asreq (i
. q(in2) 173
ofy(d—5) ofy(d—5)
Pick 3 #6 As(in2) 132 Pick 4 #6 As(in2) 176
Abar (in2)  0.44 Abar (in2)  0.44
dbar(in)  0.75 dbar (in)  0.75
Barclr. Sp. (in)  5.375 Barclr. Sp. (in) 3.333333
dreal (in)  21.625 dreal (in) 21.625
AClI Eq. 10-4 AClI Eq. 10-4
Cc(in) 2 Cc (in) 2
40000 ; 0000 ;
sSlS( )—Z.SCC s (in) 10 s<15 <4 )—Z.SCC s (in) 10
fs fs
s<12 (40000) s (in) 12 s<12 (40000) s (in) 12
fs fs
Sact (in) 6.125 Sact (in) = 4.083333
Moment Capacity Moment Capacity
a(in) 0.86 a(in) 115
c(in) 1.08 c(in) 144
es  0.06 es  0.04
OMn (k-ft) 125.89 Ok? YES OMn (k-ft) 166.72 Ok? YES
FINAL DESIGN: 3 #6 FINAL DESIGN: 4 #6
. ____________________________________________________________________________________________________________________________________________________|
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SHEAR

ACI Eq. (11-3)
Ve(k) 48.93
0.50Vc(k) 18.35

ACl 11.4.7.2, Vu>®Vc
ACl 11.4.7.9
Vsmax(k) 195.73
Vsreq (k) -4.67
sreq -111.25

ACI 11.4.6.3, 0.5DVc<Vu<®Vc

sreql 28.28
sreq2 30

=> sreq 28.28427

smax 10.81

Sfinal (in) 10
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A.5.2 Frame 3 and Frame 4

Top Bars Bottom Bars
Mu (k-ft)  287.8 Mu (k-ft) 2116
Vu (k) 44.5 Vu (k) 44.5
Dimensions Dimensions
b (in) 16 fy (ksi) 60 b (in) 16 fy (ksi) 60
h (in) 24 f'c(psi) 5000 h (in) 24 f'c(psi) 5000
d(in) 22 Betal 0.8 d(in) 22 Betal 0.8
Str. Diam. (in) 0.5 # of Str. Legs 2 Str. Diam. (in) 0.5 # of Str. Legs 2
Str. Bar Area (in) 0.2 clear coverto Str. 1.5 Str. Bar Area (in) 0.2 clear cover to Str. 1.5
Trial As Trial As
M M
Ag>—2 Ag>——
ofy(jd) ofy(d)
With j=0.95, As(in2)  3.060074 With j=0.95, As(in2) | 2.249819
__200byd  Asmin (in2) 1.173333 __200byd  Asmin (in2) 1.173333
smin smin
fy fy
a(in) 2.700066 a(in) 1.985135
= My, < M,
s = a Asreq (in2)  3.10 s = a Asreq (in2)  2.24
of,[d—3) of,[d—5)
Pick 4 #8 As (in2) 3.16 Pick 6 #6 As (in2) 2.64
Abar (in2)  0.79 Abar (in2) 0.44
dbar (in) 1 dbar (in) 0.75
Bar clr. Sp. (in) 3 Bar clr. Sp. (in) 1.7
dreal (in) 21.5 dreal (in)  21.625
ACl Eq. 10-4 AClI Eq. 10-4
Cc(in) 2 Cc (in) 2
s<15 (4000()) — 2.5¢, s (in) 10 s<15 (40000) —2.5¢, s (in) 10
fs fs
s<12 (40000) s (in) D s<12 <40000) s (in) 1
fs fs
Sact (in) 4 Sact (in) 2.45
Moment Capacity Moment Capacity
a(in) 2.07 a(in) 1.72
c(in) 2.59 c(in) 2.15
es 0.02 es  0.03
OMn (k-ft)  290.98 ok? YES OMn (k-ft) 246.67 ok? YES
FINAL DESIGN: 4 #8 FINAL DESIGN: 6
. ____________________________________________________________________________________________________________________________________________________|
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SHEAR

ACI Eq. (11-3)
Ve(k) 48.65
0.50Vc(k) 18.24

ACI 11.4.7.2, Vu>O®Vc

ACl 11.4.7.9
Vsmax(k) 194.60
Vsreq (k) 10.68
=> sreq 48.29

ACl 11.4.6.3, 0.5DVc<Vu<®Vc
sreql 28.28
sreq2 30

sreq 28.28427

smax 10.75

Sfinal (in) 10
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A.6 Transfer Beam Design

A.6.1 Transfer Beam T1

Top Bars Bottom Bars
Mu (k-ft) ~ 1985.2 Mu (k-ft)  1659.2
Vu (k) 335.6 Vu (k) 335.6
Dimensions Dimensions
b (in) 48 fy (ksi) 60 b (in) 48 fy (ksi) 60
h (in) 36 f'c(psi) 5000 h (in) 36 f'c(psi) 5000
d (in) 34 Betal 0.8 d (in) 34 Betal 0.8
Str. Diam. (in) 0.5 # of Str. Legs 4 Str. Diam. (in) 0.5 # of Str. Legs 4
Str. Bar Area (in) 0.2 clear cover to Str. 1.5 Str. Bar Area (in) 0.2 clear cover to Str. 1.5
Trial As Trial As
M,
Ag> M Ag>——
ofy(Gd) ofyGd)
With j=0.95, As (in2) 13.65807 With j=0.95, As (in2) 11.41501
_ _200b,d  Asmin(in2) 544 _ _200byd  Asmin(in2)  5.44
smin smin
Fy fy
a(in) 4.017078 a(in) 3.357357
M, - M,
a Asreq (in2) 13.79 s = a Asreq (in2) 11.41
of -9 4(in2) oy (d—2) :
Pick L 12 #0 | As(in2)  15.24 Pick [ 14 #10 | As(in2) 1778
Abar (in2) 1.27 Abar (in2) 1.27
dbar (in) 1.27 dbar (in) 1.27
Bar clr. Sp. (in) 2.705455 Barclr. Sp. (in) 2.093846
dreal (in)  33.365 dreal (in)  33.365
ACl Eq. 10-4 ACl Eq. 10-4
Cc (in) 2 Cc(in) 2
s<15 (40000> —2.5¢, sin) 10 s<15 (40000) - 2.5¢, s{in. 10
fs fs
s<12 <40000) s (in) 12 s<12 <40000> s (in) 12
fs fs
Sact(in) = 3.975455 Sact (in) = 3.363846
Moment Capacity Moment Capacity
a(in)  6.45 a(in)  7.52
c(in)  8.06 c(in)  9.40
es  0.01 es 0.01
OMn (k-ft) 2067.05 ok? YES OMn (k-ft) 2368.57 ok? YES
FINAL DESIGN: 12 #10 FINAL DESIGN: 14 #10
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SHEAR

ACI Eq. (11-3)
Ve(k) 226.49
0.50Vc(k) 84.93

ACI 11.4.7.2, Vu>®Vc
ACl 11.4.7.9

Vsmax(k) 905.96

Vsreq (k) 220.98
sreq 7.25

ACl 11.4.6.3, 0.5QVc<Vu<®Vc

sreql 18.86
sreq2 20

sreq 18.85618

smax 16.68

Sfinal (in) 6
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A.6.2 Transfer Beam T2

Top Bars Bottom Bars
Mu (k-ft)  1070.8 Mu (k-ft)  998.2
Vu (k) 264.5 Vu (k) 264.5
Dimensions Dimensions
b (in) 48 fy (ksi) 60 b (in) 48 fy (ksi) 60
h (in) 36 f'c(psi) 5000 h (in) 36 f'c(psi) 5000
d(in) 34 Betal 0.8 d (in) 34 Betal 0.8
Str. Diam. (in) 0.5 # of Str. Legs 4 Str. Diam. (in) 0.5 # of Str. Legs 4
Str. Bar Area (in) 0.2 clear cover to Str. 1.5 Str. Bar Area (in) 0.2 clear cover to Str. 1.5
Trial As Trial As
Ag> M Ag> M
ofy(d) ofy(d)
With j=0.95, As (in2) 7.367045 With j=0.95, As (in2) 6.867561
~_200bwd  Asmin (in2) 5.44 _200byd  Asmin (in2) 5.44
smin smin
fy fy
a(in) 2.166778 a(in) 2.019871
M, pa—
a Asreq (in2 7.23 s = a Asreq (in2 6.72
of -2 a(in2) ofy(d—2) 9(in2)
Pick | 8 #9 [As(in2) 8 Pick [ 12 #9 JaAsind 12
Abar (in2) 1 Abar (in2) 1
dbar(in) 1.128 dbar(in) 1.128
Barclr. Sp. (in) 5.139429 Barclr. Sp. (in) 2.860364
dreal (in)  33.436 dreal (in)  33.436
ACI Eq. 10-4 ACI Eq. 10-4
Cc (in) 2 Cc(in) 2
s<15 <40000>—2.5cc s (in) 10 s<15 (M)—Z.Scc s (in) 10
fs fs
o< (40000) s (in) T s<12 <4oooo> s (in) 5
fs fs
Sact(in) = 6.267429 Sact (in) = 3.988364
Moment Capacity Moment Capacity
a(in)  3.38 a(in)  5.07
c(in)  4.22 c(in) 6.33
€S 0.02 €S 0.01
OMn (k-ft) 1142.90 ok? YES ®Mn (k-ft) 1668.74 ok? YES
FINAL DESIGN: 8 #9 FINAL DESIGN: 12 #9

Jackson Crossing

72



SHEAR

ACI Eq. (11-3)
Ve(k) 226.97
0.50Vc(k) 85.11

ACI 11.4.7.2, Vu>®Vc
ACl 11.4.7.9
Vsmax(k) 907.88
Vsreq (k) 125.70
=> sreq 12.77

ACl 11.4.6.3, 0.5QVc<Vu<®Vc

sreql 18.86
sreq2 20

sreq 18.85618

smax 16.72

Sfinal (in) 12
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