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Abstract

Hakuna Resort

Swiftwater, Pennsylvania

Project Team General Building Data
Owner: LMN Development, LLC Construction Dates: March 2014 -
Architect: Architectural Design Consultant Summer of 2015
General Contractor: Kraemer Brothers, LLC Building Cost: (Information Requested)
MEP/Structural: Harwood Engineering Consulants, LTD Delivery Method: Design Bid Build
Civil: Pennoni Associates, INC Size: 395.938 SF

Architecture
At the corners of building, architectural
finish will be done to resemble ancient
stone. Also little more distinctive color
finishes will be used at the top of hotel
fagade to give tribal character to the
building. The interior designs are also
jungle theme. Most of the furniture in
hotel have bark surface finishes.

Images Courtesy of LMN Development, LLC
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Executive summary

Hakuna Resort is a Savanna Desert themed hotel that includes a 217,703 square feet indoor water
park as well as outdoor pool. The other side of the resort is convention centers which provides
multiple meeting spaces. Divided into three distinctive spaces, the hotel is in between the indoor
water park and convention space. These spaces are connected with expansion joints, therefore,
can be looked at as three separate buildings.

The hotel building has total of eight stories above ground with total height of 101°-5” to the top
of roof excluding the basement. With each floor having approximately 45,000 SF, the hotel
portion of the resort has 395,938 SF by itself. Due to the shape of the building, which is very
long and narrow, the hotel structure is further divided by another expansion joint. The scope of
this thesis project is limited to the smaller hotel portion of the site which is rectangular geometry
with dimensions of 66’ — 8” by 236’ — 6”.

Taking the advantage of the repetitive and typical hotel room floor layout, the original design
had chosen load bearing masonry shear wall with hollow core plank flooring system as its
primary gravity and lateral system. This system is redesigned with new system called staggered
truss framing system. This report contains the redesign calculation and process.

With the incorporation of the new system as structural system, architectural breadth study is also
included in this report. In architectural breadth study, the rearrangement of first and second floor
layout will be discussed. Also new facade design is included to help the building to be more
exciting to the targeted occupants when first encountered. The material for the new fagde design
was kept the same as the original, exterior insulation finish system, but with different color.

With the change in structural system, the construction management data was evaluated in this
report. In construction breadth study, cost and schedule differences was compared to the original
design of load bearing masonry shear wall. While staggered truss system is adequate alternative
structural system, it showed a significant increase in cost. However, the construction schedule is
decreased slightly.

In conclusion, the staggered truss framing system is a valid alternative structural system for
Hakuna Resort’s hotel structure. However, while it reduces the construction schedule slightly,
the cost increase is significant. Therefore, the redesign is not recommended but was a meaningful
research experience.
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Building General Information

Located in Shiftwater, Pennsylvania, Hakuna

O]
Tioga State]Forest

Resort is a jungle theme resort which includes %

both indoor waterpark and outdoor pool as | gLy : v T%
well as convention centers while providing ﬁ,@'wmng , w?iw ﬁ' p
luxury hotel space. The indoor waterpark, ’3"’?;“ Sty

located north-west to the hotel, has square Vi =" ?:on

footage of 143,798 SF in first floor and 73,905 . = S;;;u

luakertown ?
¢

Pottstown Xn
3%

Doylestown'.
sudalee@' 7

SF in second. As can be seen in figure 1, the

convention center is located the opposite, IS ol ot o b

south-east side of the hotel. With basement PR <P e o) _

space of 18,802 SF, the convention center has ¢ NNt = >
. ; Figure 1 Project Location: Swiftwater, PA

first floor space of 92,668 SF. The biggest

space, however, is the hotel with total of 394,938 SF distributed throughout eight stories and a

basement. For this project, only highlighted portion of the hotel with total area of 143,107 S.F. is

to be analyzed in the figure below as it is also connected with another expansion joint.

Waterpark

Hotel

- Convention

Figure 2 Project Floor Layout
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Started constructing in March 2014, Hakuna Resort is to
be completed and be open to public in summer of 2015.
The project is also looking ahead for potential of three
additions in the future (figure 2). The hotel, tallest part of
the project, is 101°-5” tall and has the most visual impact
when confronted to the site.

The fagde of hotel building has color tone of brown, red,

and grey to give earth-like feeling. Custom ancient stone N
architectural finishes, applied at the corners of the ‘
building, will keep the consistency of tribal jungle theme

fagade finishes. Also little more distinctive color finishes

will be used at the top of hotel facade to give tribal

character to the building. The interior designs are also

jungle theme. Most of the furniture in hotel have bark

surface finishes.

BUILDING - A

FUTURE

The floor plan layout is very simple in hotel building.
Most of the hotel rooms are identical in plan, repeated in
a regular array at each floor level. The rooms facing KEY PLAN @
southern side of building has balconies and northern side
does not. Also, the rooms at the angled middle corner
section and all rooms in the top floor have bigger suite.

Figure 3 Project Future Additions

Figure 4 Hotel Building Rendering (looking from south)
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Existing Structural System Overview

Hakuna Resort is composed with three major components: indoor waterpark, hotel, and
convention center. These components are connected by expansion joints, which allows each
section to be considered as separate independent buildings. As stated before, only the hotel
building will be described in this report due to its size. The main structural system used in this
building is masonry shear walls and precast planks. There are also concrete piers, spread and
strip footings, walls and masonry walls in the foundation and steel framing system in areas that
require more flexible open spaces. The roof system is also precast hollow core planks.

Foundation

The foundation of Hakuna Resort has spread and strip footings or varying sizes to support
concrete columns, exterior walls, steel columns and concrete shear walls. According to the
geotechnical report done by Pennoni Associates Inc., “spread footing foundations is feasible in
dense natural soils, weathered rock or compacted load-bearing fill.” Both spread and strip
footings have allowable bearing pressure of 4,000 and 6,000 psi with varying steel
reinforcements.

Figure 5 Partial Foundation Plan (S0.1)

For floor slabs, the geotechnical report approved using slab on grade with the usage of 4 inches
thick layer of granular, free draining aggregate base course directly below the bottom of the slabs
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to provide a uniform bearing surface and improve overall slab performance. Figure 5 illustrates
areas where 4” or 5 slab on grade is used.

A typical section of strip footings supporting the 1’ wide concrete shear walls is shown in figure
6. Because these footings are supporting the lateral resisting system, their thickness range from
2’ to 3’-6” whereas the strip footings of exterior walls are below 2’. The width of footings for

Iy
v

. SEE PLANS FOR
/_cnucnm WALL
REINFORCING
VAPOR BARRIER WHERE PRy PREMOLDED JOINT
SPECIFIED. TURN UP AND + FILLER
SEAL TO FOUNDATION PER o CONCRETE ON GRADE
MANUFACTURER'S SLAB
REQUIREMENTS
11 DRAINAGE FILL
: r | EL= ©
— X X = i % !x—s—x%! e
o 4 A SEE PLAN
4+ -«
—SEE PLANS
4 / FOR FOOTING
- ug <. SIZE AND
REINFORCING
s
. . . .

Figure 6 Concrete Wall Footing Section (S12.01, Drawing 14)

shear walls are also 12°-6” wide compared to exterior wall strip footing width, 2°-6”. Similarly,
the spread footings supporting concrete columns and steel columns are shown below in figure 7

and 8.
A
T
L » " i ALLIC BOND BREAKER ON
“—‘—‘a—w ﬁou'ios':mﬁ GROUT = TROWELLED SURFACE
=i 2" FOR CORROSIVE PLACE GROUT BEFORE B
ENVIRGNMENTS PLACING ANY UPPER oty
' REINFORCED CONCRETE
S COLUMN: SEE SCHEDULE VAPOR BARRIER SEE DETAIL 14/S12.00 FOR
RO ek WHERE SPECIFIED /  BARS AROUND COLUMN
4 _— DOWELS: SEE SCHEDULE |
Y FOR SIZE & NUMEBER A d - .=
= sl | d r
= i f
= 4 MIN 15 Az ELEV.
@E . FFE R v = — 5 P
P | EL. (SEE PLAN) 5 ] ol et
. L - 2 it . .
r B - . "
ACI STANDARD %‘ 7 A BT
T K L
E — $ 4 i L OR W (SEE SCHEDULE
o \ a a FOR_SIZE & REINFDR’:IN_G)
= at =
'n: AT R A8
L u = E — ADJUST ANCHOR BOLT LENGTH TO MAINTAIN 3" MIN. BOTTOM COVERAGE
— WHERE BASE PLATES ARE NOT LARGE ENOUGH TO PLACE ANCHOR
L. OR W. !S_EE SCHEDULE BOLTS QUTSIDE OF COLUMN FLANGES, PLACE ANCHOR BOLTS INSIDE.
FOR SIZE AND REINFORCING) STEEL SUPPUER TO DETAIL AND SUBMIT FOR APPROVAL.
~ TURN UP AND SEAL VAPOR BARRIER AROUND COLUMNS PER
MANUFACTURER'S DETAILS FOR PENETRATION.
Figure 7 Typical Concrete Column Footing (S12.00 Drawing 10) Figure 8 Steel Column on Footing (S12.00 Drawing 16)
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Floor Systems

Hakuna Resort’s main floor system is prestressed precast hollow core planks. The hotel is a very
narrow rectangular building with slight turn at the south-east end. The north-west side is about
501°-6” by 69’ and south-east is 151°-6” by 69°. Having precast planks spanning long direction
allowed usage of load bearing walls in the other direction. This is a very effective choice of
system while utilizing the architectural layout of hotel. Because the floor layout is repetitive with
identical hotel rooms next to one another, putting loadbearing walls in between the rooms to
support the precast planks is efficient approach.

There are two different thickness of precast planks. As shown in figure 9, there are 10” and 12”
thick precast planks. 10” thick planks have six prestressed strands and are used throughout the
building typically spanning 28°. The 12” thick planks, which also uses six strands, are only
placed at the 45%¢orner highlighted in orange in figure 9 below. At this location, bigger suites
that have maximum span of 40’ were designed. The balcony is also precast but solid plank that is
1’-%2 thick which is supported by 1° x 1° precast columns at each exterior corner.

Loadbearing wall 12” plank

Balcony . 10” plank

ARTWL FIRST FLOOR FRAMING PLAN

Figure 9 Partial First Floor Plan (S1.3)
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Hakuna Resort . O .



Final Report Young Jeon

Lateral Load Resisting Elements

The main lateral force resisting system for Hakuna Resort consists of solid grouted 12” thick
masonry walls. These concrete masonry units are structured to have masonry piers at each ends
and sometimes in the middle as well instead of steel columns. The masonry pier schedule can be
found in figure 11. The blocks have F’m of 2000 psi which requires a net area compressive
strength of 2800 psi and grouted with 3000 psi grout. The typical layout of masonry shear walls
can be found in figure 10.

S
mrmasm MASONRY PIER SCHEDULE
H————— | o H emmme
/ e ﬁ T#/—NDTE('I) ;_L‘[
S ' epame fEmgts]  fmodg ‘éleﬁ-%;T
58 48" ofe Ve 1<= IYPE_"A" TYPE "B" TYPE "¢"
- e S ] el wre | Tvee SIZE (L) REINFORGMENT TES REMARKS
e IN'INCHES ONOTE 55
;- _______ IQ-;’_ FLrEE ..-- S Rm = MP1 ) 16 (2) - #5 BARS
#5 8 2¢* ofe v, MP2 [ Av 24 (3) — #5 BARS
- s - e e T Y
[ _":"._m_m_ 1:‘._ - Mpa | man 16 (2) - #5 BARS :gTi P 33
m MPSs | A" 24 (3) - #5 BARS ;;_’Ti e .f,?ﬂ
el MPB | A 48 (6) - #5 BARS ;;]TE (;J.' é?g
P —E— e MP7 [ e 16 x 16 (3) - #5 BARS
e MPa | g 24 x 24 (5) — #5 BARS
: _ N i [— MPa | A" 40 (5) - #5 BARS ;ETE ‘;;’-’-' S,Z
S :* ek m;;; LF' MPiO | "D 16 x 16 (4) - #5 BARS | 44 nEé.’TE (1?* ofc
HEBSIRACIE. TR 5kl
Figure 10 Masonry Shear Wall Figure 11 Masonry Pier Schedule (S13.3)

(S10.3 Drawing 2)

The size of vertical reinforcement for the masonry shear walls vary from #5 to #8. The spacing
of the reinforcements also vary from 8 to 48” o.c. as the placement of reinforcing become
higher in elevation. #5 bars, which is used the most throughout the shear walls, have 2°-4” of
splice and #6 bars have 4’-0” splice.

Another lateral force resisting system is reinforced concrete shear walls that erect from the
foundation and up to first and second level of the hotel structure. Varying from 12” to 14” thick,
the concrete shear walls are vertically reinforced in two curtains with #5 or #6 for walls from
basement to first floor and #7 for walls from basement to second floor with varying spacing from
12”7 to 16” o.c. The horizontal reinforcement uses #5 or #6 bars both at 10” o.c. spacing.

13
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The last lateral force resisting system is steel moment frame. Due to the demand and purpose of
certain spaces that require spacious area, reinforced concrete and masonry shear walls were not
adequate. Therefore, to remove the abruptness of blocking space from solid shear walls, steel
moment frames were chosen. Due to this transition, the load from the masonry shear wall will
transfer to the moment frame, which will have an impact on the lateral system analysis. The
spaces which required these moment frames are the theme shop located in the basement level,
service area such as reception, massage, relaxation rooms on second floor, and deluxe suite
located on eighth floor.

The most influential space out of these three is the service area. While the other two spaces only
require moment frame that replaces half of shear walls in one grid line, the service area has entire
gridline to have moment frame as illustrated in figure 12. The frame uses smallest beam of
W27x102 to biggest size of W36x330. The columns of the moment frame vary from W12x65 to

W14x120.
; e
,_.ﬁ_.ﬂ_ﬁ" afe. L #5 & 43" o
X VAT o VERT. y
R T e,
g ST 2 i g 5
-89 - _
;__:_:_ Y] (TR e omingn-
lj .ﬁ' ofe B -1 ’,ﬁ' afe :
:.___ -II__ ] L ___j;__:__ QFJF';MR'
1 #5012 o/c
B :_ o s :‘l!'—‘] " =
%‘ﬁt, #5 !\-E‘er.l afe ‘éz%
3[ 8
E H
STEEL BEAM & £ FLOOR =
1 FnE-E"
3 E % TEZ = SEE
g i =
- SRS ro e <
: ;.n-PL:.S IFT?‘I:;‘EFE:;‘:H AND COLUNN SIZES,
SHEAR WALL SW—7 — PER LOGAIONS VARY — SEE PLANS FOR PIER LOGATIONS.

Figure 12 Shear Wall with Steel Moment Frames (S10.2 Drawing 1)
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Framing System

As described above, the structure is mostly comprised of 10” or 12” precast plank supported by
masonry loadbearing shear walls oriented in one direction. The shear walls use 12x8x16 blocks
fully grouted. While this framing system is dominantly present in this project, there are steel
moment frame systems in some portion of the structure as described above section of this report.

Typical Bay

The most replicated typical bay can be found in fourth floor layout, figure 13. This 67° by 28’
bay is used from fourth floor to eighth floor. Due to precast planks forming stable frame system
with masonry shear walls only in one direction, any need of beam spanning in the direction that
is perpendicular of shear walls was eliminated; therefore, resulting such large typical bay.

ya
KEYPLAN @

Figure 13 Typical Bay of Fourth Floor Plan (S4.2)

The 12” fully grouted masonry loadbearing shear walls with vertical reinforcement size of #5
with varying spacing per level are supporting 10” prestressed precast hollow core planks with 3
topping and bearing of 5.5”. These planks have 1 hour fire rating.

To leave the opening for the corridor but to not disrupt supporting planks, lintel system which
consists of HHS 10x4x3/8 and steel plate of 1/2” deep and 12” wide is placed in between the two

15
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shear walls adjacent to the corridor, bearing 4” into the shear walls. As shown in figure 14, this
lintel allows the precast planks to be supported, leaving an opening beneath.

#3 x 4=0" AT 2'-0" o/c

PLAN FOR -
PLANK & To?spmg_\ W/ 3/4" CLEAR COVER

Q PRECAST BRG
SEE PLAN

: \
HSS10 x 4 x 3/8, SEE DETAIL

18/512.20 FOR BEARING (NO
BEARING PLATE REQ'D)

PL. 1/2 x 12" % CONT.
BEARING PAD BY FIREPROOFING., SEE ARCH.L
PRECASTER FOR DETAILS.

TYP

— PROVIDE B" BEARING AT MASONRY PIERS. SEE 18/512.20 FOR
BEARING DETAILS. EXTEND 1/2" PLATE TO BEARING (NO ADDITIONAL
BEARING PLATE REQUIRED)

— NO TOPPING AT SIM.

@TYPICAL CORRIDOR LINTEL DETAIL

Figure 14 Typical Corridor Lintel Detail (5S12.20)
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Columns

Concrete piers were majorly used in basement and first level only where steel columns are
located in order to support them. These concrete piers are in great number of various sizes. It
ranges from a maximum size of 2’ by 3’-4” to a minimum size of 16” by 16”, shown below in
figure 15. The steel columns that sits on top of concrete pier or right above foundation slab on
grade have great number of varieties as well. To a minimum size of W10x49 to maximum of

W14x120.
! (12) - #8 VERT.
|
T — = B
O B e T == ‘d;. E—
< s <0 d
® e ) P - -
- g - : T e - .
- FEE h 4
0 o “ u| (3) SETS #4 B B #3 TES @
STIRRUPS @ - . - F _/_ta' ofc
1"" o s
| oo | v J o] e o ||

NOTES NOTES
1. PROVIDE DOWELS OF SAME SIZE AND NUMBER AS VERTICAL REINFORCEMENT. 1. PROVIDE DOWELS OF SAME SIZE AND NUMBER AS VERTICAL

MINIMUM LAP = 30 BAR DIAMETERS UNLESS MOTED OTHERWISE. SEE TYPICAL REINFORCEMENT. MINIMUM LAP = 30 BAR DIAMETERS UNLESS NOTED

FOR DETALS OTHERWISE. SEE TYPICAL FOR DETALS
2, RUN HORIZONTAL WALL REINFORCING THROUGH PIER 2. RUN HORIZONTAL WALL REINFORCING THROUGH PIER
3, PROVIDE TIES PER ACI 7.10 AND 3 ADDITIONAL TIES AT TOP OF PIER, 3. PROVIDE TIES PER ACI 7.10 AND 3 ADDITIONAL TIES AT TOP OF PIER.
4, CENTER PIER BELOW COLUMN, U.M.O. 4., CENTER PIER BELOW COLUMN, U.N.O.

Figure 15 Concrete Piers (512.02 Drawing 2 and 19)

There are also 12”x12” precast concrete columns that are supporting the balconies. Another
interesting feature in columns from this structure is the canopy to support small roof that sheds
an emergency exit, shown below in figure 16.

&

S22 x 12 ﬁnl-:cmﬂ
> COLUMNS %

Figure 16 Typical Balcony Layout (S4.2)
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Roofing System

Roofing uses exactly the same 10” and 12” thick
precast planks at the same locations as floors below
but except without toppings. As can be seen in
figure 17, 6” galvanized lightgage metal stud
parapet is connected by galvanized steel angle beam
L4x4x3/8. There are also roofing above balconies
(only on eighth floor) and entrances/exits. These hip
roofs are supported by light steel trusses at 24” o.c.

Joint Detalls

As previously described, the precast planks bears
on top of shear walls that are topped with
masonry bond beams and sits on bearing strips
(figure 20). The planks that are connected to the
wide flange beams are set on top of weld anchor
finished with grouted butt joint, shown in figure
19 below. Precast planks supported by steel
column will be connected by steel angle with
stiffener plate in its center, shown in figure 18.

GALVD L 4 x 4 x 3/8
x CONT

PRECAST ROOF
PLANK H

67, 16 GA MIN. GALVD
LIGHTGAGE STUDS
DESIGMED BY SUPPLIER

7 00p

\— COMNECTION BY

LIGHTGAGE SUPPLIER

1/2 %6 x 6 EMEED/
PLATE

__\/\__

Figure 17 Typical Parapet Section (S12.30 Drawing 11)

LOAD—BEARING MASONRY
WALL

SOLID MASONRY

\74\7—

#5 x BAR x 6'-0"
IN KEYWAYS
\ it

(2) — #5 x CONT., LAP 2'-2",
AROUND PERIMETER

W.W.F. CENTERED IN TOPPING

T

| J
GROUT SOLID KEYWAYS

|
.\BEARING STRIPS BY PRECASTER

AND BUTT JOINTS SOLID

BOND BEAM w/ 2—#5

SEE PLAN FOR WALL OR
PIER REINFORCEMENT

__AV__

CONTINUOUS LAP 2'—6"" MIN.

N\

CUT BLOCK AS REQUIRED

SEE PLAN

Figure 20 Precast Plank Bearing on Masonry Shear Wall (S12.20 Drawing 10)

#3 8 12" ofc x
4'=0", 3/4" COVER

WW.F,
" / GROUTED BUTT JOINT
mu.’n /
| |

WELD ANCHOR AT 4'—0" o,
STAGGERED EACH SIDE NOTE: IN
MULTIFLE BAYS, PLACE 2
ANCHORS IN OME SLAB AND
PLACE ANCHORS IN OPPOSITE
ENDS OF ADJACENT SLABS

3716 BY PRECASTER

Figure 18 Precast Plank Bearing on Steel Beam
(S12.20 Drawing 11)
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LB x 4 x 3/B x
CONTINUOUS W/ 3/8"
STIFFEHER PLATE IN
CENTER

— TP, WHERE FRAME!

BOND BREAKER OR
EXPANSION FELT

REINF. PER SECTION
YLV E

PRECAST PLANK
WITH TOPPING

S INTO WEB.

Figure 19 Precast Plank Support at Steel Column
(S12.20 Drawing 8)
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The typical steel framing section is as shown in figure 22. The column web holds double angle
connection as well as clip angle to support wide flange beams. A typical steel moment
connection shown in figure 21 has welded double angle connection with erection bolts.
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SizE B80LTS TC-U4 TOP & TC—U4 TYPICAL
Wewo 2 BOTT. FLANGE ALL AROUND
e,
WiZwWi4 3
W16 + ' EE FLANS FOR
wis 5 T T 3 SIDE5>—Vﬁ\ /_gcm SIZE
W21,W24 [ [ COLUMN WEB
Ll DOUBLE ANGLE =l
Il / CONNECTION
| 1
1)\.
7 T
it
- T _—
T —
SEE PLANS FOR
ALL/WELDED DOUBLE —/
1IN \_ ANGLE CONNECTION w/ COLUMN SIZE
\BEAM SIZE AS NOTED ERECTION BOLTS
PLANS
4 PLATES: THICKNESS & WIDTH
B T s o EQUAL TD SMALLER BEAM FLANGE
WHERE RIGID FRAMES INTERSECT,
N DESIGN BY F, SEE PLAN FOR LOADS AND LOCATE PLATES PER RIGID FRAME
 SECT6E 10 90 PR ADDIIONAL REQUIREMENTS. INTO' COLUMM WEB DETAIL
~ SIMILAR WHERE BEAM FRAMES INTO COLUMN FLANGE. — CONNECTION DESIGN BY FABRICATOR. SEE PLAN FOR LOADS AND SPEC
- PWN 1/2"" COLUMN TOP PLATE AS REQUIRED FOR JOIST 05 10 00 FOR ADDITIONAL REQUIREMENTS. SHEAR COWNECTIONS WITH
BEARING. SNUG TIGHT BOLTS MAY BE USED INSTEAD OF WELDS
- R o.”‘.GF”s.”‘W' T M, 10 SOnUMN CONNECTIONS.  SHORT — STIFFENER PLATES SHALL BE SAME GRADE OF MATERIAL AS COLUMN.

— ERECTION CLIP ANGLE MAY BE OMITTED BY USING 3—PLY OSHA — DETAIL APPLIES WHERE INDICATED BY —%— ON PLAN
ggNTNsECTION WITH STAGGERED COMNECTION ANGLES AND ERECTION
LTS,

Figure 22 Typical Steel Framing Section Figure 21 Typical Moment Connection

The steel column is connected to the baseplate shown in figure 23 with non-shrink grout that is
injected between the baseplate and concrete pier. The anchor bolts with leveling nuts are
installed under the base plate to level the baseplate prior to grouting.
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Figure 23 Steel Column on Concrete Pier and Base Plate Detail (S12.22 Drawing 10, S13.3 Drawing A)
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Proposal Statement

The existing hotel structure of Hakuna Resort contains total of 39 load bearing masonry shear
walls. Considering the location of the project is not a highly active seismic area, this is too many
shear walls. Based on this information, a scenario was created to have an alternate structural
system to see how it will behave compared to the original system in terms of strength,
serviceability and cost.

Proposed Solution

To compare the efficiency of existing lateral system in terms of conservative design and cost, an
alternate lateral system design with staggered steel truss system will be investigated and
designed. By the nature of staggered truss system, the number of walls created by truss will be
greatly reduced compared to the number of existing load bearing masonry shear walls. This
solution will keep the original prestressed precast hollow core planks as floor system and replace
gravity and lateral system to staggered truss system.

Breadth Studies

Architecture
The implementation of staggered steel truss system may have a big impact on floor plan layout in

lower levels which includes public service areas that require open spaces. The existing structure
handled this problem by using steel moment frame. The second floor contains vestibule, sauna,
reception, relaxation rooms and massage treatment rooms, which does not follow the typical bay
grid layout of hotel rooms above 3" floor. Hence the floor plans of first and second levels need
to be redesigned. The floor plans of 3" level and above will remain the same to the original
design to avoid any major conflict.

The exterior fagade will also be redesigned to be more attractive and exciting. The existing
facgade follows brown color scheme to emulate earth, wood and nature, which resulted rather
blend facade. By adding more variety of colors added with a pattern that resembles a tribal
symbols as architectural finishes on the fagade, the building will draw more excitement when
families encounter the resort.

Construction Management

The change in material of lateral system will result change in cost analysis including material
cost and labor cost. Also, because it is a totally different system, it will have different assembly
sequence which affects the schedule of project. In addition, any changes made in floor and
facade redesign will be considered in terms of cost and schedule. After examination, these cost
and schedule data of staggered truss system will be compared to the existing lateral system to
determine efficiency of each design.

G 1 B
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Structural Depth

Staggered Truss Background

Staggered truss system is consisted of story tall steel trusses placed alternatingly in every other
column lines on each floor. The floor system, typically precast concrete hollow core plank, is
utilized by having planks spanning from the bottom chord of one truss to the top chord of the
adjacent truss. Numerous hotel structures use staggered truss system due to the simple framing

layout. J‘l "

By having trusses arranged in staggered
pattern as shown in figure 24, and letting
the truss to support load from floor above
and below eliminate the need for interior ﬁ
columns or load bearing walls to be —FLOOR
continuous from bottom floor to the roof. ’ E , E E '

Hence this allows more open floor area ; ;

and be more flexible with architectural 3 ;

floor layout. ' E E

TRUSS

H—— =5

g — ]

Figure 24 Staggered Truss System Vertical Staking Arrangement from
AISC Design Guide 14

Figure 25 is the representation of typical truss that can be staggered. The AISC Design Guide 14
— Staggered Truss Framing System suggests top and bottom chords to be wide flange steel beams
and rectangular HSS shape for the vertical and diagonal members.

Figure 25 Typical Truss from AISC Design Guide 14
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Truss Design

Truss Layout

The Hakuna Resort hotel’s original design already had repetitive floor layout with uniform
column grids that are spaced at 28 ft. Therefore, no change in structural gridline was made and
truss was staggered as shown in figure 26 below. First and second floor had floor layout conflict
when placing trusses. Therefore, the floor was redesigned and will be covered more in depth in
Architecture Breadth Study later in this report. 3" floor and up are hotel room floors, which had
no conflict with floor layout, hence eased the process of truss layout.

Expansion Joint

Figure 26 Staggered Truss Layout of Typical Floor Plan (4™ Floor)

Truss Type 1 Truss Type 2

Figure 27 Truss Frame Elevation Views
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Floor System

The existing floor system is kept the same as 10” & 12” precast prestressed concrete hollow core
planks with 3” topping which work very well with staggered truss system. Therefore, when
designing the truss system, same load types were taken from previous Technical Reports.

Truss Members

To begin designing members, hand calculation was done prior to the computer modeling for
better understanding of system. During this hand calculation process, example calculation
procedure from AISC Design Guide 14 was followed as the guide. The AISC Design Guide
example records the top and bottom chords to carry axial loads and moments while the vertical
and diagonal members to only carry axial load.

For the hand calculation, typical truss located on 4" floor, the hotel room that is replicated up
until top floor, was chosen to be calculated. The gravity loads from Technical Report 2 was taken
when calculating member load. The uniform gravity loads were converted to concentrated loads
which are applied at each joint of the truss. According to the design guide, the gravity loads
produces shear in the top and bottom chords at the Vierendeel panel, but this could be ignored
due to symmetry. This allows the truss to be statically determinate. With these assumptions, the
hand calculation was done in method of joints and can be found in Appendix A.

The hand calculation was done in unfactored gravity loads. After the member loads were
determined, load combinations were applied to find the actual applied loads and also to find the
worst load case for member sizing. Microsoft Excel spreadsheet was used to tabulate the load
values for each load combination and can be found in Appendix A. As the result, 1.2D + 1.6L
was controlling in majority of members.

Computer Modeling
After finding out the controlling load combination and axial loads of each member, ETABS

model was created for the typical floor truss only for one floor (4™ floor) first to verify the values
from hand calculation. When creating computer model, AISC design guide stated that steel truss
members’ behavior may vary due to the flexible nature of modeled truss and concrete floor and
cause the tensile stress to be not efficiently transmitted. As a solution, the design guide suggested
creating two different models — one for gravity loads only and one for lateral loads only, and then
the results are combined using load factors.

The lateral loads were recalculated with the parameters from revised lateral load calculated done
in Technical Report 4 and new parameters that staggered truss system brought. These values can
be found in Appendix A. These values which were calculated and verified with model output
were combined when sizing the members as AISC design guide suggested.

G 1 B
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Diagonal Members
As stated before, the values from gravity model and lateral model were combined. The data

tabulated below is truss on gridline 6. Only three load combinations were used because the others
were eliminated for obvious non-governing coefficients. The phi is the percentage of lateral base
shear each floor take for each lateral load type. As the design guide recommended, HSS shape
members were selected for the diagonal members and the member size for each level is listed
below. The same size member is to be used for vertical members.

Diagonal Member

Roof 9% 13.80 25% 44.70 99.48 149.42|  172.04|HSS8x6x1/2
8 24% 36.85 43% 76.27 117.92 186.30| 203.61|HSS8x6x1/2
7 36% 55.61 59% 103.62 132.93 216.31|  230.96|HSS8x6x1/2
6 48% 74.00 72% 126.77 147.64 245.74| 254.11|HSS8x6x1/2
5 60% 91.98 82% 145.78 162.03 274.51| 273.12|HSS10x8x1/2
4 72% 109.47 91% 160.72 176.02 302.49| 288.06|HSS10x8x1/2
3 85% 130.00 97% 171.64 192.44 335.34| 298.98|HSS10x8x1/2
2 100% 153.07 100% 177.00 210.90 372.25| 304.34|HSS10x8x1/2

Gound

Table 1 Diagonal Member Size Selections and Design Values

Truss Chords
When finding the size of members, member moments from the gravity and lateral model were

taken as well as the axial load from gravity load. As shown in the table above, wind load case is
governing, which is why moment values from wind load was used for this calculation. The Mu is
the sum of moment from gravity (Mug) and wind load (Muw). In order to avoid the floor to floor
height to be large, W10 sections were chosen and detailed member size for each level is
tabulated below.

Truss Chord
| Floor | phi [ My [ Mu | Mu | pu [ section ]
Roof 9% 44.4 27.25 71.65 476.4| W10x60
8 24% 44.4 72.78 117.18 476.4| W10x60
7 36% 44.4|  109.83 154.23 476.4| W10x77
6 48% 44.4|  146.17 190.57 476.4| W10x77
5 60% 44.4|  181.68 226.08 476.4| W10x88
4 72% 44.4|  216.23 260.63 476.4| W10x88
3 85% 4.4  256.78 301.18 476.4| W10x112
2 100% 44.4|  302.34 346.74 476.4| W10x112

Table 2 Truss Chord Member Size Selections and Design Values
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Columns
Like truss chords and diagonal members, columns design calculation was done by following the

example procedure in AISC design guide 14. While the staggered truss system eliminates the
need for interior columns, exterior columns are faced with great increase in the tributary area and
subsequent load that each edge column will carry. Tabulated below are the individual floor loads
on each column, and the sizes of columns selected. More detailed table with prerequisite values
is included in Appendix A.

289.8 77| 351082 66| W12x65
289.8 o 370.232 0 wi2xes
579.6 91| 721.2641 78] W12x87
579.6 0| 740.4641 0 wiaxs7
869.4 107.8] 1091.496 92.4] W12x120
869.4 0| 1110.696 0] wi2x120
1159.2 114.8] 1461.728 98.4] W12x152
1159.2 0| 1480.928 0] wi2x152
1449 135.8 1831.96]  116.4]

Table 3 Column Member Size Selection and Design Values

Deflections
After sizing the members, the chord deflections from gravity loads were checked. The figure XX

shows the deflection shape and table 4 shows the maximum values of deflection for each chord
size. With the chord span of 66°-8”, the deflection limit was determined to be L/240 = 3.35”. The
live load deflection was L/360 =2.23”,

it 7 S

/

2

4

N } W10x60 0.919 0.29
W10x77 0.883 0.243

W10x88 0.854 0.18

W10x112 0.691 0.183

/ Table 4 Maximum Chord Member Deflections

o

Fiaure 28 Gravitv Load Model Deflection Shane
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The drift data were also taken separately and then combined together with load combinations.
The story drift of wind and seismic with load combination applied is compared in table 5. This
data indicates the wind load is still governing for the lateral drifts as well. The roof displacement
of wind load case is then checked with the deflection limit L/400 = 2.01”. With the roof
displacement of 0.526”, the structure is well under the limit and therefore the design is valid.

Roof 0.009 0.017
8 0.014 0.024
7 0.025 0.032
6 0.027 0.035
5 0.031 0.034
‘ L 4 0.043 0.063
T 1 3 0.147 0.115
2 0.23 0.182

—‘.L | L i 1 0 0
Total 0.526 0.502

Table 5 Lateral Storv Drifts

Fiaure 29 Lateral Load Model Deflection Shane
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Architectural Breadth Study
Floorplan Redesign
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feesendompib Fiaure 30 Oriainal 2" Floor Plan

In the lower levels of the hotel structure exist service areas such as massage room, hair salon,
sauna and rest areas. With these types of activities, the rooms need to be bigger and opened. The
very first conflict with staggered truss framing system is that it requires every 56 feet to be
closed with full story tall trusses as walls. Figure 30 shows west portion of second floor layout.
As indicated by color, the hall way is against the north side wall and all other service rooms
concentrated on the other side. Figure 31 is the redesigned floor plan with staggered truss layout
and Vierendeel panel in the middle for the hallway. Also the wall placements were carefully
arranged so that where staggered truss will be located will have wall separating between rooms.
The square footage of each space was kept relatively equal to that of the original design. More
detailed redesign and original floor layout comparison can be found in Appendix B.

| v |
RétEption
ELEvw#1
. 4
ELEw#3 L/
I .
cenee] ML Manicure,
—] % Pedicure &
HOUSEKEERING E Salon

Fiaure 30 Redesianed 2" Floor Plan
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Fade Redesign

Hakuna resort has overall brown Figure 31 North Driveway Entrance of Hakuna Resort
color scheme. As mentioned before, <
Hakuna Resort carries Savannah
Desert theme and is quite evident
that the original fagade is trying to
replicate the desert scene by using
earth-like tone throughout the entire
hotel building. Figure XX below is
a rendering taken from the northern
driveway entrance, which has a
very good view of the north facgade
of the hotel building. The north
fagade is rather flat and has very basic pattern that with a few different colors: red, brown and
gray. With such a huge building, the tallest of the entire resort project, the blend look of facade
gives somewhat underwhelming feel to the whole project cite.

The existing structure uses exterior insulation finish system (EIFS) with different colored finish.
This means that pretty much all area of facade is same material except the color of the finish
surface. Since the original building already utilized different colors, goal for new design was set
to keep the EIFS but use different color scheme to minimize change in cost and construction
schedule. So how the new design needs to keep the flat profile while revamping the pattern of the
existing fagde for more excitement to Hakuna Resort.

Fiaure 32 View of Hotel Buildina from South

Hakuna Resort . O
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Figure 33 (Left) Savannah Deser p .

(Middle) Facade Finish (http://www.fibrosan.com.tr/) &

(Right) United Cargo Headquarters Sydney: Condell Park e
(http://www.e-architect.co.uk/)

The main inspiration for the new design comes from these
three images. The picture of Savannah Desert gave more
bright red color scheme. The other two pictures of

buildings share the flat surface of facade and yet keep the buildings intriguing to the eyes.
Combining these key ideas, the redesigned facade is as shown in Figure 34. Figure 35 shows the
south fagde where, unlike north facgade, balconies and columns add more character to the
fagde. When the same finish pattern were to be used on the south facade, there is too much
features that are meshed up together that it would be rather exhausting than exciting. Therefore,
simpler pattern yet complementing consistency of balcony pattern, square block pattern was
chosen.

Fiaure 34 Redesianed North Facade

Hakuna Resort . O



http://7-themes.com/

Young Jeon

+—
S
o
o
(5]
o
‘®
=
LL

Fiaure 35 Redesianed South Faade

Hakuna Resort



Final Report Young Jeon

Construction Management Breadth Study

In order to compare the validity of the new staggered truss system, other aspect of design must
be observed. Changing the existing load bearing masonry shear wall to steel structure completely
raised a question if it is adequate to do so economically.

Because the cost and schedule data of the original project was not available, the cost of one
typical masonry shear wall was estimated using Building Construction Data and Assemblies Cost
Data by RSMeans. Then it was multiplied by the number of shear walls in the focused portion of
the hotel structure to get the total value. The new system’s cost was estimated the same way. All
steel members’ lengths were measured then multiplied by the cost per linear feet for each steel
member size. For member sizes that were not listed on RSMeans were linearly interpolated by
two nearest member sizes’ cost.

The total cost of original design came out to be approximately $1 million and the new staggered
truss system’s total cost was about $1.2 million. What brings an interesting idea is on their
construction schedule.

When cost data was recorded, each material’s daily output and labor hour were recorded as well.
The labor hour was divided by daily output to obtain total hour it takes for workers to finish that
material. The prefabrication of staggered truss system allowed the schedule to be decreased
significantly. The connection schedule was estimated by increasing the total hour by 20%. The
original design was estimated to take 9 days, whereas the new staggered truss system were
estimated to take only a day. More detailed calculation of these estimates can be found in
Appendix C.

For the cost and schedule estimate for the architectural breadth, no definite numbers were
estimated. Due to lack of information on the finish material "other than E.1.F.S., it was assumed
that the material was E.I.F.S. cement board sheathing, 3-5/8” metal studs, 16” o.c. with painting
finish. Because the material was kept the same in the redesign, material cost is assumed to be the
same as well. In terms of schedule, due to the complexity of paining of new fagade design, 10%
to the original exterior wall schedule was added.

It is questionable if one system is better than the other simply by looking at the construction
aspect. Is $200,000 worth to pay in order to decrease the duration of construction by a week? If
the project were to be in tight schedule, this is definitely a better option. However, if the project
is not under the pressure of time, the original design is best option for the owner.
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Conclusion

This report consisted of an analysis and redesign of Hakuna Resort at Shiftwater, Pennsylvania.
During the fall semester, analyses of the existing load bearing masonry shear walls were
analyzed as gravity and lateral system. It was determined that the original designs were adequate
for strength and therefore, valid design. Due to this, a scenario was made in which the existing
structural system were to be redesigned to staggered truss framing system.

The staggered truss framing system redesign was completed using AISC Design Guide 14 and its
example design procedure. Hand calculation was done prior to making ETBAS model. After
basic hand calculation of typical truss was done, a gravity load model and a lateral load model
was created as recommended by the design guide. The outputs from these two models were then
combined using spreadsheet to incorporate load combinations. After finding the controlling load
cases for each member types, the member sizes were determined then checked with displacement
limit. With the data obtained throughout the process, it was determined that the new design was
adequate and valid.

Although staggered truss system worked really well with Hakuna Resort’s hotel building, few
problem arose due to the redesign of structural system. There were service areas that requires
more open space and hence must be more flexible with the room layout than the limited area
constrained by staggered truss pattern. In order to overcome this, the architectural breadth study
was done to redesign the floorplan of first, second and basement level to accommodate the
staggered truss constraints. In addition, fagade was redesigned as well to revamp the traditional
fagade to more modern and exciting while keeping the same finish materials.

For the second breadth study, a cost and schedule analysis was completed to help determine the
feasibility of the staggered truss system and architectural changes. Through this study, it was
determined that the staggered truss system would offer a decrease in the construction schedule
while increasing the cost by $200,000.

It was determined that the staggered truss system is ultimately a feasible alternative structural
system. It did not show any definitive advantages compared to the original load bearing masonry
shear walls. It was decided that it is up to owner if the project requires shorter construction
schedule, staggered truss system is recommended with slight increase in project cost. If the
schedule is not a critical matter, then the original design is better choice. Overall this project was
very educational for learning a new structural system.

G 1 B



Final Report Young Jeon

Appendices
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Appendix A
A.1 Hand Calculations
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A.4 Seismic Load Calculation

| |
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0\ 1.7‘9e

%

= 0.059

Story Forces (North - South)

2 16.417 16.417 2334 46615 0.030 20.27

3 31.917 15.5 2334 94943 0.062 41.28

4 42.75 10.833 2334 129796 0.084 56.44

5  53.583 10.833 2334 165280 0.107 71.86

6  64.417 10.834 2334 201275 0.131 87.52

7 75.25 10.833 2334 237696 0.154 103.35

8 86.083 10.833 2334 274487 0.178 119.35

Roof 101.42 15.337 2773 388538 0.253 168.94
Base Shear: 669

40
Hakuna Resort . O .



Final Report Young Jeon

A.5 Truss Chord Design Values

Truss Chord
[ Floor | phi [ My [ Mu | Mu | pu [ section]]
Roof 9% 44.4 27.25 71.65 476.4| W10x60
8 24% 44.4 72.78 117.18 476.4| W10x60
7 36% 44.4|  109.83 154.23 476.4| W10x77
6 48% 44.4|  146.17 190.57 476.4| W10x77
5 60% 44.4|  181.68 226.08 476.4| W10x88
4 72% 44.4|  216.23 260.63 476.4| W10x88
3 85% 444  256.78 301.18 476.4| W10x112
2 100% 44.4|  302.34 346.74 476.4| W10x112

A.6 Diagonal Member Design Values
Diagonal Member

Roof 9% 13.80 25% 44.70 99.48 149.42 172.04|HSS8x6x1/2
8 24% 36.85 43% 76.27 117.92 186.30 203.61|HSS8x6x1/2
7 36% 55.61 59% 103.62 132.93 216.31 230.96HSS8x6x1/2
6 48% 74.00 72% 126.77 147.64 245.74 254.11[HSS8x6x1/2
5 60% 91.98 82% 145.78 162.03 274.51 273.12|HSS10x8x1/2
4 72% 109.47 91% 160.72 176.02 302.49 288.06|HSS10x8x1/2
3 85% 130.00 97% 171.64 192.44 335.34 298.98|HSS10x8x1/2
2 100% 153.07 100% 177.00 210.90 372.25 304.34(HSS10x8x1/2
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A.7 Column Member Design Values
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Appendix B

B.1 Original Floorplans
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B.2 Redesigned Floorplans
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Appendix C

C.1 Existing Load Bearing Masonry Shear Wall Cost & Schedule Estimate
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C.2 Redesigned Staggered Truss System Cost & Schedule Estimate
Typical Frame S6

Roof W10x60
8|W10x60 133.32 101 13465.32 500 0.102| 0.000204 0.02719728| 0.217578
7|\W10x77
6|W10x77 133.32 130 17331.6 500 0.102| 0.000204 0.02719728| 0.217578
5|W10x88
4|W10x88 133.32 149 19864.68 450 0.102| 0.000227 0.0302192| 0.241754
3|wl0x112
2|w10x112 133.32 160 21331.2 450 0.102| 0.000227 0.0302192| 0.241754
Gound

Roof HSS8x6x1/2 6 566 3396 54 1.037| 0.019204 0.115222222
8|HSS8x6x1/2
7|HSS8x6x1/2 6 566 3396 54 1.037| 0.019204 0.115222222
6/HSS8x6x1/2
5|HSS10x8x1/2 6 863 5178 50 1.037| 0.02074 0.12444
4|HSS10x8x1/2
3|HSS10x8x1/2 6 863 5178 50 1.037| 0.02074 0.12444
2(HSS10x8x1/2 2 863 1726 50 1.12 0.0224 0.0448
Gound

* Diagonal member's schedule was excdluded due to prefrabrication of staggered truss system.

Roof W12x65
8|W12x65 44 99.25 4367 1000 0.056| 0.000056 0.002464( 0.019712
7|W12x87
6/W12x87 44| 131.48 5785.12 984 0.057| 5.79E-05 0.00254878( 0.02039
5(W12x120
4|W12x120 44|  179.59 7901.96 960 0.058| 6.04E-05 0.002658333| 0.021267
3|W12x152
2(W12x152 68| 226.24 15384.32| 936.72 0.059| 6.3E-05 0.00428303( 0.034264
Gound
perwall [$ 149,166.24 Total Hour 1.217156
# of walls 8 1day
total cost | $1,193,329.92
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C.3 Fade Redesign Cost & Schedule Estimate

$ 18.30 35.14| $1,004,920.71
5 days
With 10% increase in scheudle: 38.66 6 days
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