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Executive Summary:

George Read Hall is a new five story dormitory on the campus of
The University of Delaware. The building is approximately 129,000
square feet. Its architecture is accentuated by its “U-shape” and
Georgian style. George Read Hall is the largest of three new buildings
being built to replace the existing Pencader residential complex.

The existing structural system of George Read Hall is composed of
a Hambro composite floor system with light gauge metal stud bearing
walls. The lateral force resisting system is X-braced shear walls
composed of light gauge metal straps. The roof structure is prefabricated
light gauge metal trusses.

This thesis project is an in depth study of an alternate structural
system. The goal of the alternate system is to find a more suitable lateral
force resisting system as well as a more economical overall system. This
study investigated pre-cast hollow core planks, masonry bearing walls,
and reinforced masonry shear walls. The results show lightweight 8”
deep hollow core planks with a 2” concrete topping. Supporting these
planks is 12” hollow blocks. The new lateral force resisting system is
comprised of grouted 8” blocks with #8 reinforcing bars. Prefabricated
light gauge roof trusses are still the roof framing system.

In addition to the depth study, two breadth studies were also
performed. A cost analysis of the new system showed a savings of
$23,643 over the existing system. The new system can be constructed in
about the same amount of time. Hence, it can be concluded that this
system is a very viable alternative. A study into LEED certification was
also performed, and it can be concluded that a level of certification could

have been achieved if properly incorporated into the original design.
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Introduction:

George Read Hall is one of three new
state of the art buildings being built on the
University of Delaware’s campus in Newark,

Delaware. The new buildings are being

constructed to replace the existing Pencader

Building Entrance

complex. George Read Hall consists of five
floors of dormitory style housing with double rooms sharing a bathroom
as well as single room suites. The building also features laundry rooms,

|1 fully furnished lounge spaces, kitchen space,

study rooms, and building support spaces.
Housing approximately 500 beds, George Read
Hall is the largest of the three new residential
buildings. Also included in the building are

apartments for the hall directors and complex

Interior Lounge Space

coordinator. The exterior of the “U-shaped”
building combines architectural features from the surrounding buildings
into a Georgian styled look. The removal of the existing buildings will
make room for playing fields, tennis, basketball, and volleyball courts,
and a pedestrian bridge from main campus to the new residential

complex.

Building Envelope:

The exterior walls are brick facade with many symmetrically placed
windows so that each room has a window. Each window is finished with

a brick jack arch above and a simulated stone sill below. The fifth floor
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is finished with dormers on each side of the building protruding from the
gambrel style roof. The dormers are covered with metal paneling on the
front and shingles on the top, matching the rest of the roof. On the
north end of the building, a two story curved wall complex lounge adds
an additional space for students to relax or study. The exterior of the
lounge is finished with simulated stone and several rows of bricks at
each floor level. Topping off the look of this complex lounge is a large
storefront system with one inch insulating glass units. Exterior bearing
walls of the building consist of metal stud framing with 2” rigid
insulation and an air space. The inside of the wall is finished will 5/g”
gypsum board, while the outside is finished with brick or simulated

stone. The roof of George Read Hall is finished with asphalt shingles.

Construction:

The project began in May 2004 and took less
than 15 months to complete. The building
was completed on time, and students were

. able to move in for the fall semester 2005.

~ George Read Hall cost approximately $27

. million. The construction process was to

occur while interrupting as little as possible,

Building Site

including activities on the campus and
surrounding vegetation that was to remain. In addition, the process was
designed so that none of the beds in the existing Pencader complex were
removed until the new beds were ready for use. Deliveries to the site

were scheduled so as to minimize the amount of space used for storage
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as well as the amount of time required for storage of materials and

equipment.

Electrical:

George Read Hall is powered by both 480/277V and 208/120V.
The larger power supply is needed to run appliances such as dryers and
stoves, while the smaller source is needed to for outlets using smaller
appliances. The elevators are powered by 480 volt, 60 Hz, 3 phase, wye
delta starting. Backup power is supplied by a diesel engine generator

that will run at 350 kW for 17 hours.

Lighting:

As with a typical dormitory style building, various types of lights
and light fixtures were used. Typical sizes include 2’-0” x 2°-0”, 1-0” x
4’-07, 2’-0” x 4’-0” as well as wall mounted lights providing direct lighting
and direct/indirect lighting. Indirect lighting is also used. Many
different varieties of bulbs are used as well, including fluorescent and
high intensity discharge. T4 and T8 fluorescent bulbs are used in double
and triple tube fixtures. High-pressure sodium and metal-halide lamps
are used in the HID fixtures. Emergency lighting is installed with

batteries and chargers.

Mechanical:

The construction of the three new buildings in the residential
complex required the installation of a new 750 ton chiller to

accommodate the building’s cooling needs. The air is supplied
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throughout the building by variable air volume units. The air is
monitored by humidity sensors, air velocity sensors, and differential
pressure sensors. Airflow ranges from 50-5,000 FPM in most situations.
The temperature can be controlled by electric thermostats that are

located in each residential unit.

Fire Protection:

The building is equipped with automatic sprinkler systems. The
sprinkler systems are both wet-pipe and dry-pipe type systems. Spray
on fireproofing is used on the beams and columns. Exit enclosures
provide a two hour fire rating, and occupancy separations provide a one
hour fire rating. The fire protection system includes manual pull
stations, audio devices, smoke detectors, heat detectors, and duct

detectors.

Telecommunications:

A security management system manages several of the building
systems. The system integrates access control, alarm monitoring, and
database management. Each room unit is equipped with phone and
Ethernet jacks as well as cable hookups for television. Two
telecommunications rooms are located on each floor and a main
telecommunications room is located in the basement. As with most
universities, access to the building will require authentication through
card readers at the doors. Also, card access is required to operate the

elevator.
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Vertical Transportation:

George Read Hall is equipped with two hydraulic passenger
elevators running from the basement to the fifth floor. The elevators are
rated at 3500 pounds and travel at 125 feet per minute. They are
equipped with battery powered lowering. If the power fails, cars at a floor
level will open their doors and shut down. Cars between floors will be

lowered to a pre-selected floor, open their doors, and shut down.
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Existing Structural System
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Existing Structural System:

The existing floor system in George Read Hall is composed of a
Hambro composite floor system. This system uses 14” deep 50 ksi steel
joists working compositely with a 23/4” concrete slab. The joists are
spaced at 4’-11/4” on center and typically span 23’-6” with an interior
span of 6’-0” for the corridor. Typical bays are shown on pages 13 and
14.

Bearing walls are 16 gauge, 50 ksi cold formed metal studs. The
first floor is supported with 3-6” studs @ 16” on center. A typical bay is
26’-8” x 23’-6”. Interior first floor framing consists of wide flange beams
of various sizes. The first floor interior framing differs from the upper
floors due to the need for more open space as required by the lounges.
The second floor metal stud framing consists primarily of 3-6” studs @
16” on center. Framing under the second floor hallway is wide flange
beams, with the typical size being a W14x53. These interior hallway
beams are located on each side of the 6’-0” wide hallway. The interior
beams are replaced by metal stud bearing walls under the hallway in the
third though fifth floor framing. The third through fifth floor framing is
very similar. The third floor bearing walls consist mainly of 2-6” studs @
16” on center. The fourth and fifth floor bearing walls are built with 1-6”
stud @ 16” on center. Roof framing on George Read Hall consists of
prefabricated light gauge metal trusses at a maximum of 4’-0” on center
with 11/5” 22 gauge galvanized metal deck. The roof trusses span 54’-0”
with two intermediate supports located 23’-6” from each exterior wall.

The foundation is comprised of a combination of continuous and
spread footings. The continuous footings range from 3’-0” wide to 7’-0”

wide and are 1’-0” deep reinforced with continuous #5 bars. Fifteen

11
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different sizes of spread footings are used ranging from 3’-0” wide x 3’-0”
wide x 1’-0” deep to 10’-0” wide x 10’-0” wide x 2’-3” deep. These spread
footings carry the concentrated loads from the interior columns.
Reinforcing for the spread footings are either #5 bars or #6 bars. The
footings were designed using a soil bearing capacity of 4000 pounds per
square foot (psf). Basement walls are 1’-4” thick with #4@12 both ways
in both faces. The basement floor of George Read Hall is a 5” thick slab
on grade with 6 x 6 - W1.4 x W1.4 welded wire mesh. Slab control joints
are located so that there is a maximum of 40 feet in length along any one
side with a maximum uninterrupted concrete area of 1200 square feet.
The lateral force resisting system of George Read Hall is X-braced
shear walls. The shear walls are located along typical bay lines. First
floor shear walls consist of X-bracing using 2-41/,” metal straps.
The second and third floor shear walls are X-braced walls of 2-4” metal
straps. Fourth and fifth floor shear walls are 2-3” X-braced metal straps.
The building footprint is shown on the following page, with the typical
bay area represented by the hatching. The shaded area on the typical
bay diagrams shows where the live load is 100 psf as required by code.
The complete floor plans and building section can be seen in the

appendix.

12
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Figure 1: Building Footprint
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Figure 2: Typical Bay with Interior Beams
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Figure 3: Typical Bay with Interior Bearing Walls
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Problem Statement:

A building must be designed to resist all applied forces in
accordance with the International Building Code (IBC). This includes
gravity loads and lateral loads. The gravity loads are determined from
the dead loads of the building and the live loads established in Table
1607.1 of IBC. The lateral forces take into account the effects of wind
and seismic. These forces are also calculated in accordance with IBC
with references to ASCE 7. Because of load combinations set forth in the
IBC, the building does not have to resist both wind and seismic
concurrently.

After a review of Technical Assignment #2 it was prevalent that
several alternate floor systems were worth further investigation. The
most viable alternative floor system is pre-cast hollow core planks. This
was determined because it has the most advantages. It was concluded in
Technical Assignment #3 that the seismic forces control the design of the
system. This differs from the original design in which the wind forces
were determined to control the design. Because of this, it was also
determined that the existing lateral system is not appropriately designed
to resist these higher seismic forces. Therefore an alternate lateral force
resisting system will be designed.

Although the system of X-braced shear walls is fairly simple in the
scheme of lateral resisting systems, the irregular shape of the building
requires an analysis beyond the scope of my educational experiences
thus far. The determination of the direct and torsional shear forces is
more complex than in a rectangular or more regularly shaped building.
Therefore, the design of an alternate lateral force resisting system will

expand my experiences in structural engineering. Additionally,

16
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introducing a new lateral system would not be appropriate with the
existing gravity load resisting system. As a result, a redesign of the
bearing walls system will also be done.

One of the most important things to consider when designing
buildings is to make it as economical as possible. Because of this, it is

very critical to investigate different systems.

Problem Solution:

The solution to this is to design an alternate system and compare
it to the original design. The alternative system being considered in this
proposal is a load bearing masonry system as well as masonry shear
walls. Also, a new floor system of pre-cast hollow core planks will be
studied. The alternate systems will then be compared to the original

design to determine whether it is a considerable alternative.

17



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

Depth Study:
Alternate Structural System
Design
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Pre-cast Hollow Core Planks:

The floor system of the building must be designed to resist the
gravity loads applied from both the dead load and live load. The dead
load consists of the total weight of the materials as well as a
superimposed load. Hollow core planks were selected because of their
many advantages. The construction process for these planks is fairly
simple, allowing it to be done quickly. They are very durable and fire
resistant. Also, they are manufactured with high strength concrete,
giving them excellent loading capacity. The disadvantage of hollow core
planks in comparison to a Hambro composite system is that it makes the
total building weight higher. This added weight increases the seismic
forces on the building.

The design floor load calculation is shown below. The
superimposed load accounts for furniture and other permanent fixtures.

The live load accounts for the load from the occupants.

Superimposed Dead Load = 25 psf
Live Load = 40 psf
Total Load = 1.2(25) + 1.6(40) = 94 psf

Using the PCI Design Handbook’s provided load tables for hollow core
planks, it was determined that 4’-0” wide x 8” deep lightweight planks
with a 2” normal weight concrete topping are sufficient. The reinforcing
for these planks is 6-3/g” straight pre-stressing strands located 1!/2” up
from the bottom of the planks. The typical plank cross section is shown
on the following page along with the corresponding load tables.

Lightweight concrete was used for this design because it decreases the

19
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total weight of the building. Lightweight 8” planks are actually lighter
than 6” normal weight planks. In addition to less weight, less reinforcing

is needed because of the added depth.

strand Pattern Designation HOLLOW-CORE T
76-S 4'-0" x 8" Untopped Topped
(L ightweight Con :

|| ——8 = straight Fgitweignl Concrete A = 215 in -

| | Diameter of strand in 16ths | = 1666 in* 3529 in*

L————No. of strand (7) i Yo 400 in. 570 in.

24 vy = 400 in. 430 in
Safe loads shown include dead load of 10 R} Ser = Mgiint 6135 Im
psf for untopped members and 15 pst for 1" . 5 = 416 in? 821 in?
topped members. Remainder is live foad. la” b, = 1200 in. 1200 in.
Long-time cambers include superimposed Wt = 184 pif 272 pif
dead load but do not include live load. = 46 psf 68 psf
] jlabili if il 2 fons.
Check availability of lightweight sections. VIS = L
Capacity of sections of other configura- ;oL ;
tions are similar. For precise values, see f. = 5,000 psi
local hollow-core manufacturer. f; = 3,500 psi
Key
346 — Safe superimposed service load, psf
0.3 —Estimated camber at erection, in.
0.4—Estimated long-time camber, in.
| 4LHC8+2 |
Table of safe superimposed service load (psf) and cambers (in.) 2" Normal Weight Topping
Strand Span, ft
Designation 1 !
Code 16 17 18 19 20 21 4 23 |24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

320 277 242 211 186 163 14

66-5 04 04 04 05 05 05 (g5 05 p5 05 05 04 04 03 03 02
04 05 05 05 05 04 ( 03 p3 02 00 -01 -03-05-07 —-1.0

327 286 251 222 196 1 =38 123 109 SB 87 77 69 61 52 43
76-S 05 05 08 08 08 07 07 07 07 07 07 06 06 06 05 04 03
06 0E 08 08 06 06 06 05 04 03 02 0.1 -0 -03-06-09 -12

327 280 258 231 206 185 167 150 135 122 110 98 90 B1 72 62 53 45

58-5 08 08 09 09 10 10 11 11 11 141 11 11 10 10 10 08 08 O0O7F
0 08 1.0 10 10 10 08 09 08 07 08 04 02 0.0 -02-05-00-13

323 304 278 250 225 204 184 167 151 138 125 114 103 93 B3 73 64 56 48

2

4 127 {13 100 88 78 69 60 53 45
5 3 (4]

4

=

68-S 11 1.1 12 13 13 14 15 15 15 18 18 18 16 16 1.6 16 14 13 1.2

2 13 13 14 14 14 14 13 13 12 17 08 08 06 03 00 -03 -07 —-1.2

332 313 297 279 263 238 216 197 179 163 148 136 125 115 102 ©1 81 72 64

78-5 3 14 15 18 1.7 17 18 19 20 20 21 21_21 22 22 22 21 21 20

e 15 16 17 17 18 18 18 18 18 18 17 16 15 13 1.1 09 08 02 -0.1

Figure 4: Hollow Core Plank Design Table
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The typical exterior bearing wall detail is shown below.

#4 MAX. SIZE BAR @ 4'-0” O.C. GROUTED SOLID
@ EACH GROUT KEY, SUPPLIED BY OTHERS

AND INSTALLED IN CMU BY OTHERS

(BAR SHALL REMAIN VERTICAL UNTIL PLANK

\V’\ - IS ERECTED AND BENT BY PLANK ERECTOR
<\/ \/A AFTER PLANK IS SET)
X
00
2" SOAP COARSE\ < \/v 55# FELT BEAEJ\NG STRIP
AN
7 AN

EXCELSIOR DAM

GROUT END CORES

[ REINFORCING SHALL BE DESIGNED AND PLACED TO
) CLEAR PLANK BEARING.

3 1/2” BRG NOMINAL

Figure 5: Exterior Bearing Wall Detail

The interior plank bearing detail is different on parts of the second floor
than it is on the upper floors. Some of the second floor planks bear on
wide flange steel beams along the corridor. This is because more open
space is required on the floor below. The rest of the planks are
supported by interior load bearing masonry walls. The two typical

interior bearing wall details are shown on the next page.

21



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

#4 MAX., SIZE REBAR GROUTED SOLID @ EACH
GROUT KEY (IE. 4'-0" OC. MAX>, SUPPLIED
BY OTHERS, AND INSTALLED BY NCP

(SEE NOTE 3> _ |

X

XX

EXCELSIOR DAM X

<

N
/ N
2

I
GROUT END CORES

SS# FELT BEARING STRIP
BOND BEAM

\QEINFDQCING SUPPLIED AND INSTALLED
BY OTHERS, REINFORCING SHALL BE
DESIGNED AND PLACED TO CLEAR
PLANK BEARING.

3” BRG NOMINAL
l 3” BRG NOMINAL

Figure 6: Interior Bearing on Masonry

h OF BEAM EXCELSIOR DAM
o PR
1/2" CLR.|,1/2" CLR. 2" TOPPING
\ / &
— -
e
y i X
i GROUT END CORES
‘ j 6" x 4" x 3/8
i I(2) 1/2” x 2" HAS
TYP. = TYP.
/47 4 | 1/4 Va4
8" SEE LAYOUT FOR BEAM SIZE
MIN.

Figure 7: Interior Bearing on Wide Flange Beam



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

Masonry Bearing Wall System:

The bearing walls for George Read Hall are located around the
exterior of the building as well as along the interior corridor in order to
support the hollow core planks. The walls were designed using the
empirical design method. In order to design using this method, several
criteria must be met:

- length/width > 4:1

- Design wind speed < 110 mph

- Seismic Design Category A, B, C

- height/thickness < 18
The exterior walls have a tributary width of 11’-4”. The interior walls
have the same 11’-4” tributary width as well as a 3’-0” width from the
corridor. The final summarized design calculations are shown below.

The final wall stresses are in pounds per square inch.

Exterior Wall:

. . . Load from Load from Estimated
Floor No. | Plank Size | Self-weight| Total DL | Live Load supported . Wall load | Wall Stress
wall above floor wall weight
5 8"+ 2 68 93 40 - 1529.5 555 2084.5 14.5
4 8"+ 2 68 93 40 2084.5 1529.5 555 4169 29.0
3 8"+ 2 68 93 40 4169 1529.5 555 6253.5 43.4
2 8"+ 2 68 93 40 6253.5 1529.5 555 8338 57.9
Interior Wall:
. Load from | Estimated
Floor No. | Plank Size | Self-weight| Total DL | Live Load Qorrldor Load from supported wall Wall load wall
Live Load | wall above . Stress
floor weight
5 8"+ 2 68 93 40 100 - 1829.5 555 2384.5 16.6
4 8"+ 2 68 93 40 100 2384.5 1829.5 555 4769 33.1
3 8"+ 2 68 93 40 100 4769 1829.5 555 7153.5 49.7
2 8"+ 2 68 93 40 100 7153.5 1829.5 555 9538 66.2

23



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

These calculated wall stresses were then compared to the empirical
design method allowable compressive stresses in the National Concrete
Masonry Association TEK-Notes. The tables shown are for 12” hollow
blocks. Calculations were also done for hollow 8” blocks as well as
grouted 8” blocks. It was determined that the compressive stresses on
the hollow 8” blocks exceeded the allowable values. Grouted 8” blocks
presented a possible solution from a strength perspective. However,
grouting all of the cells creates sufficiently more labor costs. Because of
this, hollow 12” blocks were chosen as a more economical solution. The

allowable stress values are shown in the figure below.

Allowable comgpressive stresses
basedon gtoss ctoss-sectional
area, pa (MWPa)is
Gross atea compressive Type M ot 3 Tape N
strength of undt, psi (MPa) mottar mottar
dolid concrete brick
2000 (551 or greater 35002410 30002.07

4500 (31) 225(1.55)  200(13%)
2300 (17 16071107 140097
1500 ¢10) 11500797 100¢0.69)

Crouted concrete masonty
4500 (31) ot greater 225 (1.55 2000138
2500 (17 16001.100 1400097
1300 (1 115 (0.7 1007065
dolid concrete masonry units:
3000 (21) or greater 225 (1.55 2000138

2000 (14 160 1.1m 14070.97)
1200 (2.3 115 (0,77 100¢0.6%)
Hollowr concrete mas oty units:
2000 (14 or greater 140 (0.97) 1200083
1500 (10 115 (0.7M 1007069
1000 (6.9 T5 (0.5 T0(0.48)
T00 (4.8 a0 (0.417) 550038
Hrotherr—pralatrrereomprosit
masonry bonded™
golid urits:
2500 {17y or greater 16001100 14070.97)
1500 (1 115 (0.7M 100¢0.6%)
hollow units T3 (0.52) T000.43)

Figure 8: Allowable Compressive Stresses
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As seen in the figure on the previous page, the allowable compressive
stress for masonry units with a 1500 psi unit strength is 100 psi for Type
N mortar and 115 psi for Type M or S mortar. Both of these values are
higher than the maximum calculated stress; therefore, Type N mortar
should be used because it is the cheapest. To help control shrinkage
and other movements, hot-dipped, galvanized truss type wire
reinforcement will be provided in every other course. Additionally, as
shown in the hollow core plank details above, a course of bond beam
blocks is required for bearing of the planks.

As mentioned above, parts of the second floor framing consist of
wide flange beams due to open space on the first floor. Because of the
added weight of the upper floor masonry bearing walls, these beams
needed to be resized to accommodate the new loads. As shown in Figure
2, a W14x53 spans 13’-3” and frames into a W14x61 that transfers the
load into the supporting columns. After applying the new loads, the
W14x53 needs to be increased to a W14x61. The W14x61 support beam

does not need to be increased in size.

Reinforced Masonry Shear Walls:

The existing lateral resisting system consists of X-braced shear
walls. The walls are cold formed metal studs with 16 gauge, 50 ksi metal
straps. Shear walls are located on each side of the double loaded
corridor. The typical distance between walls is 26’-8”. At the fifth and
fourth floors, the shear walls are constructed with 2-3” straps. 2-4”
straps are used on the third and second floor, and 2-41/,” straps are
used on the first floor. The typical shear wall details are shown on the

next page.
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Figure 9: Existing Shear Wall Detail

As seen on the details, the vertical edge members of the shear walls are
metal studs. The straps are welded to the vertical studs with a 1/g” thick
fillet weld. This shear wall system acts virtually as a vertical cantilevered
truss.

It was previously determined that the seismic forces control the
lateral force resisting system design. This becomes even more evident in
the new system because of the added weight of the masonry system. The
seismic story forces are calculated in the following table. More detailed

seismic calculations can be seen in the appendix.
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Level Wy hy Woh, -° Cux Fy Shear
Roof 411.3 50 20565 0.048654 23.43 -
5 3871.6 41.333 | 160024.8 | 0.378594 | 182.33 23.43
4 4075 31.333 127682 | 0.302076 | 145.48 182.33
3 4075 21.333 | 86931.98 | 0.205668 99.05 327.81
2 4239.2 11.333 | 48042.85 | 0.113662 54.74 426.86
Base - - - 481.6 481.6
422681.6 1

In addition to changing the shear walls from X-braced metal straps to
reinforced masonry shear walls, the number of shear walls was reduced.
Decreasing the number of shear walls on each floor helps to lower the
cost because grouting and reinforcing is not required in walls not

designed to resist shear.

Figure 10: Existing Shear Wall Layout
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Figure 11: New Shear Wall Layout

The use of four shear walls in each wing helps to maintain that the
building acts rigidly under lateral loads. Also, the placement of the walls
was chosen to give the greatest resistance to torsional shear.

The story shears are distributed to the shear walls according to the
rigidities of the walls. The rigidities were calculated according to the

following equation:
R = (Et)/(4(h/1)3 + 2.78(h/])), where
-E = modulus of elasticity
-t = thickness of the wall

-h = height of the wall
-1 = length of the wall
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After distributing the story forces to the shear walls, the critical shear

wall loading was determined. The design loading is shown below.

4.57k

3524k

c6.98k

18,18k

9,29k

Figure 12: Design Shear Wall Loading

These shear walls must be designed to resist the direct shear forces as
well as the moment created by the shear forces. The greatest shear force
and resulting moment is created at the base of the building.

V =94 .3 kips

M = 3023 ft-kips
The design process began by assuming 8” grouted concrete masonry
units. The shear stress in the masonry is determined from ACI 530-02

Structural Design Provisions section 2.3.5.2.1:

f,-V/(bd)
f, = (94,300 1b.)/((7.625 in.)(22.67 ft.)(12 in/ft)) = 45.5/1.33 = 34.1 psi
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The 1.33 factor takes into account an allowable stress increase from the
code. The allowable shear stress is determined from section 2.3.5.2.2(b)
of ACI 530-02. This allowable stress is based upon the ratio of M/(Vd).
Where M/ (Vd) =1, Fy = V(f'm) but not to exceed 35 psi. This allowable
shear stress is greater than the calculated stress in the masonry.
Therefore, no shear reinforcement is needed, and 8” grouted blocks can
be used.

As previously mentioned, the walls must also be designed to resist
the moment created by the shear forces. This is accomplished by
providing vertical flexural reinforcement. Thus, the shear walls act as
rectangular beams in order to resist the moments. A sample calculation

is shown below.

fs = M/(Asjd); Assume, j=0.85, d=0.81

Solving for As gives a trial steel area of 6.13 in2. Thus, try 8-#8 bars.

d = 240 in.
p = 0.0035
n=21.5
k =0.32
j=0.893

f, = 3023(12000)/(6.32(0.893)(240)) = 26,782 psi

fm = (2(3023)(12000))/(7.625(0.893)(0.32)(240)2) = 578 psi
Fs = 24,000(1.33) = 32,000 psi

Fm = 1/30m = 500(1.33) = 666 psi
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Both of the allowable values are greater than the actual stresses.
Therefore, 8-#8 bars can be used at the base of the building. These
reinforcing bars will be placed at each end of the shear walls to account
for loading in the opposite direction of the analysis. One bar will be
placed in each core of the blocks until the required reinforcing is met.
Similar calculations were performed for the remaining floors. The results
are summed in the table below. Detailed calculations can be seen in the

appendix.

Floor | Reinforcing

S 1-#8 Bar
4 1-#8 Bar
3 3-#8 Bars
2 5-#8 Bars

Base 8-#8 Bars

The interstory drift and total building drift were also calculated.
The interstory drift was then compared to the allowable values set forth
in ASCE 7-98 Table 9.5.2.8. All of the calculated story drifts were less
than the allowable values. The total building drift was compared to the
industry standard of L/400. The calculated total building drift was well
below this allowable limit. Drift calculations are available in the

appendix.
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Summary:

In summary, the required floor system to resist the applied loads is
pre-cast 8” deep lightweight hollow core planks with a 2” normal weight
concrete topping. The required bearing wall system to support these
planks is 12” thick hollow concrete masonry units. In some areas,
W14x61 wide flange beams are required to support the planks. In
addition to the hollow 12” blocks, reinforced 8” grouted masonry shear
walls are required to resist the seismic forces. The reinforcing for these

shear walls consists of #8 bars.
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Breadth Studies:
Construction Management
LEED Certification
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Breadth Studies:

Two breadth topics were studied in addition to the structural depth
work. In order to effectively compare the existing structural system with
the new system, the cost and construction time must be compared. The
second breadth topic will be an investigation into what could have been
incorporated into the design and construction process in order to receive

a LEED certification.

Construction Management Study:

The first breadth study involves construction management issues.
A cost analysis was performed on the new system using the 2006 version
of RS Means Building Construction Costs. In order to effectively
compare the cost of the new system to the actual cost of the existing
system, some items were added to the cost analysis that was not affected
by this thesis project. For example, prefabricated light gauge metal
trusses are still being used as the roof framing material. As a result, an
estimate for these trusses was added to the cost. The actual cost of the
structural package was $3.2 million. The total cost of the estimate for
the new structural package is $3,176,357. This results in a savings of
$23,643. I was not able to compare individual systems because the
actual cost breakdown was not permitted to be released for this project.
However, since the total system results in a savings of almost $24,000, it
is definitely a considerable alternative to the existing system. The
complete estimate calculations can be seen in the appendix. Cost is only
one factor in the decision between different systems. Another major

factor is the duration of the construction process.

34



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

A construction schedule was also done using Primavera Project
Manager. For the purposes of this study, the building was broken down
into four sections for the construction process. By breaking the building
down into different sections, several activities can be done at the same
time. The duration of the activities was determined based on the daily
output of a typical crew found in RS Means. The schedule can be
adjusted based on the crew size for each activity. The larger the crew,
the faster the activity can be completed. The schedule is shown below.
The red bars indicate the critical path of the work. The green bars are
activities that can be done simultaneously with another activity, and the

start of another activity is not directly related to their completion.

Figure 13: Construction Timeline

The actual duration of the structural aspect of the project was six
months. The project began in May 2004. For this study, [ assumed that
the structural work began on May 3, 2004. The end of the structural

construction as determined from the schedule above is November 16,

35



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

2004. The total time is approximately two weeks more than six months.
This is virtually the same amount of time as the actual construction.
Therefore, the new system of masonry walls and hollow core planks is a
viable solution in terms of construction time. A larger version of the

schedule can be seen in the appendix.

LEED Certification Study:

George Read Hall was not originally designed as a green building.
This study was performed to see what changes could have been
implemented to achieve certification on the LEED checklist. This was
done using the US Green Building Council’s Green Building Rating
System for New Construction and Major Renovations, Version 2.2. In
order to reach certification, twenty six points must be achieved on this
checklist. Time did not allow for a complete study of all sixty nine
possible points, so the sustainable sites category was chosen for a more
in depth study. Fourteen possible points can be achieved in this

category, as well as one required point.

Prerequisite 1: Construction Activity Pollution Prevention

In order to meet the prerequisite, construction activity pollution
must be reduced. This is accomplished by creating an erosion and
sedimentation control plan for the project. The goal of this credit is to
prevent loss of topsoil during construction, to prevent sedimentation of
storm sewer or receiving streams, and to prevent polluting the air with
dust. To prevent the loss of topsoil, it will be stockpiled in the location
shown on the plan on the next page. In addition, the stockpile will be

temporarily seeded to prevent erosion until it is needed. The silt fence
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will help to prevent run off from reaching the sewer or any surrounding
streams. More care will be taken during the construction process to help

reduce polluting the air with dust and other particles.

SILT FENCEKXJ%r SUIL STUOCKPILE

Figure 14: Erosion and Sedimentation Control Plan

Credit 1: Site Selection

The building must be constructed in a manner that results in the
least environmental impact. The building cannot be constructed on a
site that meets any of the following conditions:
e Prime farmland as defined by the United States Department of
Agriculture in the United States Code of Federal Regulations, Title
7, Volume 6, Parts 400 to 699, Section 657.5 (citation 7CFR657.5)
e Previously undeveloped land whose elevation is lower than 5 feet
above the elevation of the 100-year flood as defined by FEMA
(Federal Emergency Management Agency)
e Land that is specifically identified as habitat for any species on

Federal or State threatened or endangered lists
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e Within 100 feet of any wetlands as defined by United States Code
of Federal Regulations 40 CFR, Parts 230-233 and Part 22, and
isolated wetlands or areas of special concern identified by state or
local rule, OR within setback distances from wetlands prescribed
in state or local regulations, as defined by local or state rule or law,
whichever is more stringent

e Previously undeveloped land that is within 50 feet of a water body,
defined as seas, lakes, rivers, streams and tributaries which
support or could support fish, recreation or industrial use,
consistent with the terminology of the Clean Water Act

e Land which prior to acquisition for the project was public
parkland, unless land of equal or greater value as parkland is
accepted in trade by the public landowner (Park Authority projects
are exempt)

The site does not meet any of these criteria; therefore, this point can be

attained.

Credit 2: Development Density and Community Connectivity

This credit is achieved by
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places of worship, fire stations, beauty salons, libraries, restaurants, and
schools. Using Mapquest, it was determined that at least ten basic
services are located within 2 mile of the building location. However, the
intention of this point is to be located within 2 mile of a residential zone
so that people can walk to the building for work. Because George Read

Hall is a dormitory, it is unlikely that it will qualify for this point.

Credit 3: Brownfield Redevelopment

The purpose of this point is to rehabilitate a contaminated site.
George Read Hall was not constructed on a contaminated site; therefore,

this point cannot be earned.

Credit 4.1: Alternative Transportation: Public Transportation Access

This credit is intended to reduce pollution from automobiles. It
can be achieved by locating the project within % mile of one or more
stops for at least two campus bus lines. Several different campus bus
routes make stops right outside the building. Two of these routes are
shown on the following page. The arrows along the route represent the
bus stops. The arrows with an asterisk represent stops by request.
George Read Hall is labeled near the top of the maps. It is evident that
several bus stops are located within % mile of the building. Thus, the

building already qualifies for this point.
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Figure 15: Campus Bus Routes

Credit 4.2: Alternative Transportation: Bicycle Storage

For residential buildings, this credit can be earned by providing
covered storage facilities for bicycles for 15% of the building occupants.
The building houses five hundred people. This results in the need for
seventy five storage facilities. The easiest way to provide covered storage

is the use of bike lockers. These lockers can be placed in the open space

adjacent to the building. This credit can be easily attained.
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Credit 4.3: Alt. Transportation: Low Emitting & Fuel Efficient Vehicles

There are three options that meet this credit. The first option is to
provide low emitting, fuel efficient vehicles for 3% of the building
occupants as well as providing preferred parking for these vehicles. The
second option is to provide preferred parking for low emitting, fuel
efficient vehicles for 5% of the building occupants. The third option is to
install alternative fuel refueling stations for 3% of the total vehicle
parking capacity of the building. Because of the site restraints due to
existing roads, there is no space for new parking. Therefore, options one
and two cannot be obtained. The third option is possible, but could be
quite expensive. Space for such a refueling station is also fairly limited.

Because of these reasons, this credit cannot practically be achieved.

Credit 4.4: Alternative Transportation: Parking Capacity

For residential buildings, two options exist to meet this credit. The
first is to provide parking capacity no greater than the minimum local
zoning requirements and implement programs that promote shared
vehicle usage. The second option is not to supply any new parking. As
mentioned in Credit 4.3, no new parking is provided due to lack of space.

Therefore, this credit is already attained.

Credit 5.1: Site Development: Protect or Restore Habitat

The purpose of this credit is to conserve existing natural areas and
also restore damaged areas. This is done by restoring or protecting 50%
of the site area with native vegetation. This area does not include the
building footprint. After construction was completed, the area around
the building was seeded and trees were planted. The trees are

represented by the circles on the following site plan.
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Figure 16: Site Plan

The majority of the area adjacent to the building is vegetated. The only
area that is not vegetated is a limited area of sidewalks. Thus, this point

is already attained as well.

Credit 5.2: Site Development: Maximize Open Space

This credit is similar to credit 5.1. The amount of vegetated open
space must be equal to the building footprint. The building footprint is
approximately 27,500 square feet. The area of the site is approximately
73,000 square feet. The majority of the area adjacent to the building is

vegetated. Therefore, this point can be achieved.

Credit 6.1: Stormwater Design: Quantity Control

The requirement for this credit is to implement a storm water
management plan that prevents the discharge rate of storm water after
construction from being higher than the discharge rate before
construction for the one and two year twenty four hour storm. The two
year twenty four hour design storm for New Castle County, Delaware is
3.2 inches/24 hour period. The easiest way to keep the storm water

from running off the site is to promote infiltration. This can be done by
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allowing the storm water to discharge onto vegetated areas instead of
impervious areas. Once discharged onto vegetated areas, the water can
slowly perk into the ground. This prevents the storm water from leaving

the site. Therefore, this credit can be earned.

Credit 6.2: Stormwater Design: Quality Control

The intention of this point is to limit the disruption and pollution
of natural water flows by managing the storm water runoff. This is
accomplished by treating the storm water runoff. The purpose of treating
the water is to remove the suspended solids. Certain types of vegetation
are able to treat the runoff. However, this requires in field monitoring to
determine if the treatment level is sufficient to meet the requirements of
this credit. Because of this, earning this credit requires careful

monitoring, making it impractical.

Credit 7.1: Heat Island Effect: Non-roof

In order to meet the requirements of credit 7.1, 50% of the site
hardscape must be a combination of shaded, paving materials with a
solar reflectance index of 29, or an open grid pavement system. The use
of Portland cement concrete meets the required solar reflectance value.
Thus, to meet this requirement, all sidewalks should be constructed of
this type of concrete. Additionally, the trees planted on the site will
provide shade within five years. Therefore, with the use of Portland

cement concrete, this credit can be earned.

Credit 7.2: Heat Island Effect: Roof

The intent of this credit is to reduce heat islands on the roof

surface. This can be done by using roofing materials having a Solar

43



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

Reflectance Index value of 29 or higher, installing a green roof, or a
combination of both for a minimum amount of the roof area. The Solar
Reflectance Index is a measure of the surface’s ability to reflect solar
heat. Because of the slope of the roof, installing a green roof might be
quite difficult. The existing roofing material is black asphalt shingles.
Black shingles do not have a Solar Reflectance Index high enough to
meet these standards. As a result, the roofing material must be changed
in order to meet the requirements of this credit. A solution to this is to
change the roofing material from asphalt shingles to a metal roof. To
achieve the desired Solar Reflectance Index a coating can be applied to
the metal roof. This coating is available in a variety of colors that still
meet the requirements. This allows for a level of architectural freedom to
give the building the desired appearance. With a change in the roofing

materials, this credit can be earned.

Credit 8: Light Pollution Reduction

The requirements for light pollution reduction include interior and
exterior lighting. For interior lighting, the angle of maximum candela
must intersect opaque building surfaces instead of exiting out through
windows. For exterior lighting, site and building mounted luminaries
cannot produce an initial illuminance value higher than 0.20 horizontal
and vertical footcandles at the site boundary and 0.01 horizontal
footcandles fifteen feet beyond the site boundary. A lot of the luminaries
in the building are indirect type light fixtures. This meets the
requirements for interior lighting. However, in areas with different types
of lights, as well as exterior lights, this credit can be earned by simply
selecting appropriate fixtures and laying them out so that light does not

escape through the windows.
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LEED Summary

In summary, ten out of fourteen of the credits in the sustainable
sites category can feasibly be incorporated into the design of George Read
Hall. This is a very good indication that at least twenty six credits can be
earned, and the building can be LEED certified. An important aspect to
consider is the cost of this process. A cost analysis was not performed
on this study, but it is evident that additional costs may be incurred
from the use of different materials. Additional costs may also come from
items such as bike lockers. However, these initial additional costs would
be offset by the increased efficiency of the green systems. Overall, if
properly incorporated into the design, this process could be done and

would allow the building to make less of an environmental impact.
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Conclusions &
Recommendations
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Conclusions & Recommendations:

The goal of this thesis project was to find a more effective lateral
force resisting system. Furthermore, alternate floor and bearing wall
systems were studied to determine if a more economical structural
system could be found.

In conclusion, the new system of hollow core planks, masonry
bearing walls, and reinforced masonry shear walls presents a very
reasonable alternative to the existing system. The existing lateral force
resisting system of X-braced shear walls was not able to sufficiently
resist the seismic forces calculated in this project. The new system of
reinforced masonry shear walls is able to resist these forces using fewer
walls. The hollow core planks and masonry bearing walls are also able to
appropriately resist the gravity loads as calculated by code.

An in depth cost analysis of the new system showed a savings of
$23,643 over the existing system. In addition to cost analysis, a
construction schedule showed that the new system can be constructed in
approximately the same amount of time as the existing system. This
study shows that the new system is a feasible alternative.

It can also be concluded that a level of LEED certification could
have been achieved if appropriately incorporated into the original design.
This would allow the building to make as little environmental impact as
possible. Any additional initial costs of this aspect of the project would
be offset by the long term cost savings of the green systems.

The final recommendation made from this thesis is to incorporate
these results into future projects. Masonry construction should be given
more consideration for projects of this size. LEED certification should

also be given more consideration to help protect the environment.
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Appendix

* Calculations not shown in this appendix are available upon request
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Second Floor Plan:
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Third through Fifth Floor Plan:
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Building Section:
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/ N BY MANUFACTURE. |

| /e TWRK REQUIRED CLEAR AREA FOR
| . / COORDINATE. WITH DUCTWRK: =77 PECTION CATWALK_AND.DUCT
I / ol | RUNS. NO DIAGONALE PERMITIED

S S | WITHIN THIS AREA.
/ L wems g

| — W

p |

|_DIAGONAL TRUSS MEMBERS

- | DESIGNED BY MANUFACTURER.

~ COORDINATE WITH DUCTWRK.
__—ATTKC INSPECTION CATWALK 4' WIDE

— CORRUGATED MTL DECK W/ 2x2x1/47

| ANGLES AT EDGE. TYPICAL FULL

‘ LENGTH AT ALL ATTIC SPACES

CORRIDOR

i | | FIFTH FLOOR $
IV AVAVAVAVAVAVAYAVAVAVAVAVAVAVAVANVAYVY RV AV AVAVAYAVAVAVAVAVAVAVAVAVAVAVAY. +41-4"
M

UNT CORRIDOR : UNIT

5

LULLPS
+31-4"

AN AYAVAVAVAVAVAVAVAVAVAYAYAVAVAVANIVAYY
N O —
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UNT
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UNIT

|
|
|
|

5/8 GWB W/ R-19 NSULATION OVER—._

| ORRIDOR ' UNIT

| QML\V'\P“ vavy [N ANANNNNANNNNANAN || -
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.

BARREL VAULT PLASTER CEILNG
STL PLATE ARCH

1/47 STL "SGR PLATE ON STAND——
OFF PINS

LOWER |
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50"-0°

=
.
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Seismic Calculations:

s_als.m_]_r__ A\“_'“)'Sli' {'cr _J}-I(..u :,c:-t_(u(_{---f_e,

= Too 4atl for g.mrl.vF'.,_J_ Asthad:
- Lsa E.'{_-.H'ﬂ-h_ﬂf Latersl Forca Methed

Sy = 0.225

R = 3.5 irtermwdiate veintoreed abonry Shhear walls
I=10

g % 0.07

Fa ® L2 3
: b Sl elais
£leqal ] Site clags C

W

Sws ° FuSg = 12(0s)  0.27
Sy 7 Fus, = 17(0.07) = 0.119

3 /
Sbs ?/35ML = 2/3'\‘:""_") = 0.18
- 40 N
So, * 735w * 73(019) = 0,079

Base Shear
V= Gw

Atle = 27,418.5 #t*

ce
5 3
Arest * 2T,4I18.5 #

w = 427, +e.5)(33) + 27,485 (1s) = 10, 641.0

=Assume B grovked shear walls
w = 24.5(22.67)(10)(8e)(5) =

Z72Er e

- Hollows. 12" Basring wedls

\ y A pgy
W = |15 (55,5 44.23) + 074 (55.5)(38.¢7) = 5137
Waeray = 10,6110 + 2221,6 + 5137 = 17,970.0°

Ch
T = Cehy = 0:02(68) " * D.4THse
Sps O.18
Ciit R = 85 T 0.05!
= Max, allowable peried = |._.|‘('O.‘4_-"-i)= 0.806 sec.
= So1 0:09%
Csmax = T(A/Z) © OB06(*5) = O.028
| - K
V= Cw = 0.02(17,470) = 503.2
" How moany walls needed to reach -this [.(’ricl‘l?

(# of walls )(8")(22.¢7' (2" )(0.8) .51 = Fe3.2

#of walls = 497 = G walls in each direction
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) U o,y WS s
- E = 1350 ws:

- T,.}, 4 walls 1n each wwinag

; H (o.66(1225)° .66 (15:46)
{hﬂ_ééfnf‘ij ) + :f-\— . -'i} + ‘1[ 2L A LD ]ll : 68529 f+!

T= 4 i Iz /

T = 099 see, > 0.80¢

Ci.fi_f
e r:__ir;s.;] * D.02%

D

Waight of  Shear wedls = 16 2247)(10)(s0)(5) = 1451 ¥
W = 10,611 + 451+ 5137 = [7,199%

V= 0.028(17,99) = 4816 "

56



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

Seismic Forces:

457 —> - —_— N S

18,18 —>+

99—

5% f loar

™

D ivect hiar + TorSionsl Shear = YHi2 3 Q8T < 4ok

W

j"‘ Flaar
3,79 + 2,46 = 35.24"

374 _Fleor
2499+ 2.0 = 26.18%

24 Floar
I6ug + 172 ¢ (88"

15 Floor

395 +0.84 = 9.29%

57



Eric Alwine — Structural Option

George Read Hall — University of Delaware
Dr. Boothby

Thesis Final Report

April 2006

Shear Wall Design:

Shear Wall Design
- 94, 300 -
£, = Fzremn ¢ 43.33/1.33 = 32.5 psi

M= 3022 k.5
= qy.3 ¥
M/Vd_ - 3023/[{‘“ 3)(2261};] =0 R B D] =+ F‘ T 35 P’;

N0 SHEAR REIMFoRCEMENT REQUIRED

£ = %jd ; Asume jz08s, d=082
7 E AL LD —
32,000 = 3 Toss)oa)zz.7n)
As = 613 in* = Try 9-98 Bars; As® 6.32 m"

Bae g d= 2490 .

=l d. > -
P ° Jaasizae) = 0.0035, n= 21§
b2 o) (gn)" + -’-r-f;_ = - p.0035(ns) ¢ \f{c.cmi(;,_;)}l + 2(0.0035)(215) = 0.32
32 (1-%8)= 1- %% = 0993

_3023(12800) -
fs * ¢.32(0m2)(240) = 26,792 % 32,000 + 0K

2(3023)1z0c0) — - 3
Fu * Tas(osis)osiymor 2 19/1:33 = B34 psi < 500 = OK

", USE 8-#9 REINFORCING BARS @ BAsE

27 Stery

V= 86,015

M= 955.3 fi-k
1955.3(12000)

32,000 = Fi5is)08X22.67)012)

A; = 396" = Tey S-#3 Bars; AT 3.99 in® 4 252 in

s
¢ = Teas(zsz) - 0.0021
= 0.256
] = 094
1955.3(12000) _ _
F, = 39s(emd)zsz) - 25,790 psi < 32,000 = OK

2(1955.3)(12000)  _ 1

o * TerS(ozeyANY 25T - H14.2/ 133 = B10.7 psi < S00 > OK

USE S5-#8 BARS € 2™ FLooR
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3"‘_ 5*(‘"_{

v
™M=

€6.79 "
1105, 6 #4- K

1105.6(12000)
32,000 * ]

Agiz 1224 int = [Ty |3-%8

2.37_
T615(2%e)
0.202

d’. = 0.932

p = 0.0012
Kz

_1105. & (12000)
f¢ = 2,37(0832)(260)

~2{1105.6)(12000)
Fon =

USE 3-#98 BARs €

44 Story

‘U'l:
™M =

39.81%
437.7 ft-k

431.7 (12000)

A (0.85)0.0)(2247

7.615(0.202)(0 932)(160) =

)

Bars ! At 2.7 in%, d7F 260 in,

23, 102 psi 32,000 = 0K
273.4 psi < 500 = 0K

3rd FLooRr

32,000 = 4, foas)oSV22anliz)

ﬁu : 0.8 md = T

0.74

g = 765 (2
k= 0.12)
12 0.9

J

437.7 (12000 )

s T 0.T9(0a6)(268)

2(%37.7)(12000)

‘. USE |-#8 BAR

Stery

i E;-;r)(

31.6 H-k

USE

* TRes(oauyo e =

|- #8 Bar; A= 079w d = 2680

7

= 0.00039

25 842 psi < 32,000 = 0K

65, | psi < 500 - Ox

@ 4t FlooRr

|-#8 BAR @ S* FLowor
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Drift Calculations:

Ph>
A = i2EX
t11.33' - [ 7 1350 hsi
| 3
7.625(22.6100)) N
= Tz 12 = 1.28x)0 m

34.3(11.23(12)) " _
A = 12(1350)1.28<107) = 0.001 in,

gs.01(tof12)°
dz = 2:;'._:5(-._:!1!--5"1 = 0.0007 in,

g folw)’ :
A, * Ti(aseyjluxie) - ©.0006 in

= 0.0003 ia,

; 3
“"5"\9-“1.(.'..:1\’._- -

Bs * “3fzeoyiatney © 0- 0001 in,

dIMW T 0.007he = D.079 in,

As dilow = DO0THe F 0.0F0ad |770,7L OK

2-4

Aguten = 0.00he = 0.0867 in, -

h
Avoray = 0.0027 in. < Hoo = 2.04ia,

DRIFT 15 OK
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Interior Beam Calculations:

Beam @ 2nd Floor Corvider

'S
wit  10.4(13.33)

——— = 23| k.$t

w= 104 Wet Mupax = =3 7 2
gl IEIE) L Lagiti) L1
T e Sraq 7 0.66(50) ~ B4 in
| 13% 4 13.33(12)

- :J;,n!l L/355 daflection eviteria, AaJlnw = %0 - 044,

(10,4139 (1720)
oW FE T Eiqtlﬂccc}"fnt

:rut_-‘ 519.0 m"

Acceptable Choicest Wizx72
w4 x G|
Wilix 49

While 4he W2Zlx 42 s e 5.'51-\{.;* and. P(sbu.'oFy est ecememical, 14 05 o

.3-{.', Lq'..-\y deep member, Tharefere, +the WIdugl s o betinr choice,

_2'_“" Fleor Si{.fu:r-i Beswn

€4.3% Fab 61.3(2.26)(5.5) %

{ M= R = “—‘7'_“_ —=- %= 1]8.°7 kife
A : G
AR e — L16.7 _|:) — -

=7 B Sreq * Teb(se) - 40.3 i’

. 6a.3(225)7(5:5)*(1729)
0.26 * jfzqooc)['-‘-'l?‘_!'rret- =
Inq‘_ = 0w b int

e USE WIdxgl
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Cost Analysis:

Cost Estimete
Beoaring Walls 2
o

n1si(so) + 3¢3(so) + Ni(3s.67) - l6, 175 = 87,019.5 H*

(10.4s ¥s

\/ s g
X g7,019.58:%) = | B 926,759
Movrter For E'r.-r-a’.l Walls @

7.5 bags/ 300 blocks

103, 19%.4 E :
~2. 9 - ”3.0:"; blecks = 2900 ba‘]s et mortos

I;'ZQOC' 'a:_a.' _I'(‘?-:f sf'tiq., ® :s xtgqo. |
| 4on of sand/ 300 blocks =» 387 4ons of sand

5

(387 tens X 19 % 4on) = ,5 7353
Sheaw/ Toaterioe Walls !
w5 (22.67)(50) « 10(22.67)(38.67) = 25 202 &*
(25,202 &+ 115 Yer) = rB 180, 19¢
Mertar For Shear/ Trtevier \Walls:
089 * 28,317 blechs = 708 bags of mertar
{“'?03 1-&35 \ <18 "';‘{'.:,3 - :5 :—0:__—{_
Eic%ﬁ a5 4ens of sand
(95 4ons )( A Fen) = I,L 1205
Grouvt For Shear lWalls !
8" Thir pumped
(16)(22.¢2)(50) = 18,136 ¢

e . [T
(18,136 4¢*)(3.53 ¥/5t) = | Bém, 020

Seaffelding &
4

.
3 Y 5 (33
(320 + 212)(1.33) = €027.6/ 100 = 0.3 C.5.F (81 ¥/mawth [(7 muntns) 2| $34,190
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Reinforcing for  Shear Walls?
16 bars (1132 £.) + 18(10) + 2(8,¢7) T 378.62 f+ (16 watls) = GOSR £ of bars
Area of # 8 bar = 0055 H*
¢osg(0.00ss) = 33.23 £47
Weight of Steel = HY0 Ib/pe® => 490(33.23) = 16,235 b
(16,295 b )( 106 %) = ,[L,E 13, 291 /
Precast Planks :
4 ( 27,418 s) + 4478 + T280 = )21 432 H*
(121,432 £ )( 2.40 Y/ar) = I!rB 1,020, 629 |
Comernte "'o;p-n3:
(121,422 #2)( 2.1 #/a2) =[5254,2_2j
Bond Beam: :
st (4) + %3(4) + 711(3) = BI1BT F¢,
(8189 £e)( 1490 ¥/5e ) = [J 122, 016 |
Waste *
(1,099,020 + Igo, 196 + 122,016 )(0.03) = 1’54_2_,03‘3
(20,510 + 5027 + 7353 + I8os)(0.25) = irh.'%?aw
Wide Flange Beams:
Winx22 - 115 #4.( 35.50 M) = Tﬁ 4092 |
Witx3p = B (4050 "/e‘-,} z }_Hazm'_
witx 34 = 170 4.(4s.50 B/0a) = (87735
whxgl - 2646 (75.00 84 ) = Fs'ﬁ,:n _'

Wivxis - 81 4( 3283 M) = [Be7a) |
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Light Gavse Metal Trusses -
[a N1 5 g P
(277 Trosses)(H00 %/ Truss) :'LS 110,800

Pre-cas$ Linkels:

(956 |.,h-.,-)':l: 269 5/!.nh_=:'l = [53“:'_,862_

Total Cost = f&j_m,a:.-,-
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