An{Zmo m{pR07A00 A00ANI4R0

DIMITRY A. REZNIK dar245@psu.edu
STRUCTURAL

- 7
Northbrook Corporate Center

=
(i i [ (RIS I

i N

T AR E. 0 EERERA
itk iy L MR

RN

BUILDING NAME: Northbrook Corporate Center
BUILDING LOCATION: 1150 Northbrook Dr., Philadelphia PA
SIZE: 109,000 SF

NUMBER OF STORIES: Four (total height: 74)

OCUPANCY: Office Space

OWNER: Acorn Development Corporation

ARCHETECT: RH]| Associates

MECHANICAL/ &LIGHTING ENGINEERS: N.E. Fisher & Associates
STRUCTURAL ENGINEERS: O'Donnel & Naccarato, Inc.
CONSTRUCTION MANAGER: Norwood Company

ELECTRICAL | LIGHTING: MECHANICAL:
[2] 480/277 V, 3 phase - 4 wire systems ~ Heating/cooling by fan powered air

Mostly 2x4 Deepcell Parabolic fixtures volume system.

FIRE PROTECTION: STRUCTURAL [ ARCHITECTURAL:

Sprinkler  System, photoelectric fire  Stee| columns-girders-joists-decking
alarm system, and rescue assistance call

) Insulated flat roof- decking on steel joists
station

Exterior materials: brick, stone, glass
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EXECUTIVE SUMMARY

The Northbrook Corporate Center is a 5 story building located on 1150 Northbrook Drive,
Philadelphia, PA. After its completion in the spring of 2006, the building provides roughly
104,000 square foot of usable office space. With each story being 14 feet high, the total height of
the building is 74 feet. The building provides a parking garage on its lowest level.

The structural system of the building consists of steel columns, composite steel girders, and
composite steel joists. Steel joist support a 4 inch concrete slab on metal deck; joists are spaced at
3 feet o.c., and span 30 feet between the girders. Steel girders, typically W24x68, are connected to
steel columns, typically W12x72, with a moment resisting connection in order to resist the lateral
loads.

This report provides a background description of the Northbrook Corporate Center, and provides a
detailed description of the building’s lateral load resisting system. In the report it is proposed that
a braced frame system can be a more feasible system for the building. The redesign of the lateral
resisting system is motivated by the high costs of the currently used moment frame system.

The main point of interest of this report is the redesign of the lateral force resisting system. The
analysis of a load development and distribution, placement of braced frames, and the design of
each individual member of the braced frame system are included in this report. This report also
includes the design of additional columns, additional footings, and the redesign of affected
columns, connections, and footings. Also a detailed cost estimate of both, the moment frame and
the braced frame systems, and their cost comparison calculations are performed as a breadth study
of this report. The results of these estimates show that the braced frame system is less expensive
than the moment frame system by about $90,000. This advantage, however, is counterbalanced by
the unfavorable impact the redesigned system has on the layout of the interior space. Two of the
braced frames have blocked the access to the two handicap parking spaces and the main traffic
path in the electrical room. To correct this problem an interior space layout of the garage level was



redesigned as a part of the architectural breadth study. The redesign of the electrical room was
successful; however, one parking space was lost in the redesign of the garage layout.

There are several problems with the redesigned system. First the overturning moment of braced
frames C and D is questionable. Second, the flexibility of the interior design is slightly altered.
And thirdly there is a mistake in the seismic load development section of this report, which leads
to more uncertainty of the accuracy of the overall design.

Because of the stated problems, this report concludes that the braced frame system is not a more
feasible lateral load resisting system for the Northbrook Corporate Center.
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BILDING STATISTICS

GENERAL BUILDING DATA

Building Name: Northbrook Corporate Center

Location: 1150 Northbrook Dr., Philadelphia, PA

Occupancy Type: Office Space

Size: 109,000 square feet, not including the garage

Number of Stories above grade: 4 stories in the front, and 5 stories in the back - due to the
sloping ground.

Total Height: 74 feet from garage floor to the top of the building.

Dates of Construction: Fall 2005 - Spring 2006

Project Delivery Method: Design-Bid-Build

PRIMARY PROJECT TEAM

Owner/ Developer: Acorn Development Corporation
Construction Manager: Norwood Company

Architect: RHJ Associates

Mechanical and Electrical Engineer: O'Donnel & Naccorato, Inc.
Structural Engineer: N.E. Fisher & Associates

Codes: IBC 2003

Building Envelope:

North Brook Corporate Center’s exterior is composed of three different materials. All walls, with
the exception of curved, main entrance wall, are decorated with red brick. The facade is defined by
a curved - glass curtain wall visually supported by a row of stone wall tile at the ground level.
Building has a flat roof.

Electrical and Lighting:
Northwood Corporate Center is powered by two 480/277 volt, 3 phase - 4 wire voltage systems.
Typical light fixtures include 2x4 Deep cell parabolic fixtures.

Mechanical:
The building is heated and cooled by a fan powered air volume system. Air is circulated through a
system of vertical and horizontal duct work.



Structural:

Frame of the building is composed of steel columns, steel girders, composite steel beams,
composite steel joists, and 4 inch concrete slab on metal decking. Typical columns sizes are
W12x60, W12x65 and W12x72. In most cases each column extends from the garage floor to
middle of third floor where it is connects to and continued by smaller, lighter column. Typical joist
(26k7) is supported by a steel girder, typically W24x68. All girder/joist to column connections are
designed for a moment of 40 ft-kips to resist wind and seismic loads. All lateral loads are resisted
by moment connections. The loads are transferred in this order: A four inch thick concrete slab on
metal decking is connected to and held in place by steel joists; steel joists are connected to steel
girders, girders are supported by steel columns, and columns stand on shallow concrete footings.

Fire Protection:
Northbrook Corporate Center is protected by sprinkler system and photoelectric smoke fire alarm
system. Building also has area of rescue assistance call station located in fire protected stairwells. .

Transportation:

There are two entrances into a development in which the building is constructed. There is only one
entrance from the Northbrook Drive into the building's drive way, which later subdivides and leads
to parking lots. Northbrook Corporate Center has a main entrance into the building, and two large
entrances into a garage. There are also several handicap side entrances on both garage and first
floor level. Movement inside the building is facilitated through a system of corridors, stairwells,
and elevators that connect all tenant spaces to main lobby.

Telecommunication:
Each office unit in the building is equipped with basic data jacks, cable, and telephone outlets.
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EXISTING STRUCTURAL SYSTEM

LATERAL FORCE RESISTING SYSTEM

The Northbrook Corporate Center’s lateral force resisting system consists entirely of moment
connections. Because the building is only 74 feet high, the accumulation of wind forces is small
enough for moment connections to resist. Most columns are spread 30 feet apart in each direction
and rest on shallow concrete foundations. Typical column size is W12x72. Almost all columns
span from the garage floor to the third story, where they are connected to and continued by a
smaller column, typically W12x53. This connection is made 4 feet above the floor of the third
story. Typical girder size is W24x68. The girders are connected to the columns through a moment
connection, capacity of which ranges from 40 ft-k to 15 ft-k. 40 ft-k moment resistive connections
are found on the first and second floors, 30 ft-k moment connections are found on the third floor,
and 15 ft-k moment connections are found on the fourth floor. The girder size is satisfactory to
carry all gravity loads without relying on moment connections, thus, the moment connections are
used to resist only the lateral loads.

| o | o 4 3 i oy
e P e 1 - _ "“—f"?i:% ?Pﬁ“ The steel joists rest on girders, and
R L R B i e support the concrete slab on metal deck.
' | %' == ., | . AN 5 wﬁ&;_l \B The joists do nqt qontribute to the
1* = - 2 4 3 an lateral force resisting system, with the
| S R 4 B * 2N a i exception of the joists that are
_ _/ W BN AW e *  connected directly to a column.
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: & RO\ T The Northbrook Corporate Center is not
%ﬂ A \ By a perfectly rectangular building; in fact,
Eas LR \ . the design incorporates curved exterior
\ i . .. walls and inconvenient angles, as
,,,'\ BT R shown in the drawing above. Hence,
A= — the structural layout is not entirely
b}

uniform. The bays located in the center
region of the building vary in size and
proportion. In some instances ‘W’ shaped beams are used instead of steel joists (see the drawing).




STRUCTURAL FLOOR SYSTEM

Floor systems of all the stories are almost identical. Because the basement does not take up the
whole building’s floor area, the first floor system is not uniform through out. First floor design
incorporates four inch concrete slab on grade system in areas where the ground is not excavated.
Second, third and fourth floor systems are very similar in design. The floor area is composed of
composite steel joist system, where a 4 inch concrete slab on metal decking is held in place by
26K7 composite steel joists. Joists are spaced 3 feet apart center to center, and are held from both
sides by composite W24X68 steel girders. Concrete is poured on 9/16” — 26 GA. UFS form deck,
and is reinforced with 6x6 — W2.9xW2.9 WWF; thus, the total slab thickness is 4 inches.
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PROPOSAL

Problem Statement

The North Brook Corporate Center resists the lateral loads through the use of moment connections
at every point where the joists or beam meets the column (there are exceptions). The capacities of
moment connections vary from floor to floor. The story shear force of the higher floor is lower
than the story shear force of the lower floors, so the capacity of moment connections changes
accordingly. The moment frame lateral load resisting system creates the flexibility for the design
of the interior space. By eliminating obstacles such as braced frames or shear walls, interior walls
can be moved around at anytime to accommodate the needs of an occupant. This flexibility,
however, is achieved at high cost. The stiffness of moment frames is extremely low compared to
the stiffness of braced frames or shear walls, consequently, a large number of moment connections
is needed to resist the lateral load applied on the building. The deflection of the moment frame is
engineer’s biggest concern. The excess movement of the moment frame will result in the cracking
of the wall, floor, and ceiling finishes, and will lead to other damages in the future. To
successfully resist the lateral load, the Northbrook Corporate Center incorporates 150 moment
connections per story, that is a total of 750 moment connections in the building. With respect to a
shear connection, a moment connection uses more steel in form of angles and bolts, and takes
more time to install. These differences accumulate into a difference in the overall cost. Large
number of moment connections will increase the overall cost of the building and can potentially
have an impact on the schedule.

Proposed Solution

To lower the cost of lateral load resisting system the braced frame system will be designed. All
moment connections will be replaced by simple shear connections and that way moment frames
will be completely eliminated. Because the flexibility of the interior space design is an important
feature of the Northbrook Corporate Center, braced frames will be located in the frames where
walls are permanent by the architectural design. Such walls include bathroom walls, elevator
shafts, and stair wells. Because of the mechanical and electrical systems that deal with these
spaces, their walls are not expected to be portable. The stiffness of the braced frame is much
greater than the stiffness of the moment frame; hence, there is no need for large number of braced
frames. The braced frames cannot be located in the exterior wall because of the window openings,
yet, when possible, they will be placed at the far ends of the building to resist the torsional forces



with more ease. Without the moment connections the columns outside of braced frames are
expected to decrease in size; the amount of steel, however, is not the biggest cost factor of the
lateral force resisting system. In fact this change is not expected to play a big role in the money-
saving. The decrease in the cost of the lateral system will be achieved by eliminating the labor
costs of the moment connections. The design of the new lateral load resisting system can result in
more steel because of the diagonal members in the braced frame, and/or new column lines;
however, because the labor costs dominate over material costs, the net cost of the new system is
expected to be much less than the cost of the original system. It is the proposal of this report, that
the braced frame lateral load resisting system can successfully replace the more expensive moment
frame system without eliminating the feature of flexibility of the original system.

The redesign of the lateral load resisting system will have an impact on many parts of the system.
Once the moments are removed from the equation, the column sizes are expected to decrease. The
new design will introduce new members such as diagonal brace members and new columns.
These new members will require more connections to service beams, diagonals, and new columns.
The foundation will be affected as well. Once the moments are removed from the column base,
the footing size is expected to decrease. However, it is yet uncertain what kind of change will be
required for the braced frame footings. New columns will also require new footings. All this will
have an impact on the cost and schedule of the construction. It should be noted that the size of the
girders are not expected to change because they were originally designed as simple beams. This
was done so because the gravity loads were not distributed to the columns through the moment
connections. The moment connections were there for the lateral load purposes only.

The overall comparison and evaluation of the two systems will be based on the cost, schedule, and
flexibility advantages of the systems. In order to do this more accurately this report will study and
evaluate the changes made to the columns, connections, column footings, interior layout, and
changes that will result from the introduction of new members such as columns, footings, and
diagonals.

10
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LATERAL LOAD DEVELOMPMENT

Wind and Seismic Loads
SEISMIC

Seismic design is based on ASCE7-02, Section 9.

These are the major factors used in the calculation of seismie loads:

12



Using the factors shown above, the seismic loads were calculated to be the following:

k=10 Lev  Weight ho wht Cux vV F(K) N-S
Roof 5 650 7 493852 017628 767 13520  6.9110
Office 4 1560 5 924739 033008 184 60762  31.058
Office 3 1560 4 692557 024720 184 45506  23.260
Office 2 1560 2 40769 0.16447 184 30276 15475
Office 1 1560 1 229587 0.08195 184 15085  7.7109
Total 6390 280150, 1 813 81302 84415
WIND

z (ft) Kz (T 6-3) q P P total

0-15 0.57 10.04 6.5862  10.51287

20 0.62 10.93 74700  11.09633

25 0.66 11.64 76358  11.56178

30 07 12.34 8.0950  12.02068

40 0.76 13.4 87904  12.71559

50 0.81 14.28 93676  13.29249

60 0.85 14.00 08334  13.75794

70 0.89 15.60 10202  14.21684

80 0.93 16.39 10751 14.67574

Wind design was based on ASCE7-02. Section 6. Analytical procedure outlined for
method 2 was used to calculate the wind loads.

The following factors were used in the wind load calculations:

ASCE7-02 WIND |
Method 2: Analytical Approach

Location data Value Reference ChiFg/T
Occupancy Type 2 1.5.1 T1-1
Importance Factor 1 6.55 T6-1
Surface Rouahness B 6562 NA
Exposure Factor B 6.56.3 NA
Topographic 1 6572 Fo6-4
Rigid Structure: natural frequency

Building Dimensions (ft) Value Reference

Height Above Base 74.33 9553

13




Height Above Ground 74.33 6.3

Horiz. Length Parallel 232 146 6.3

Horizontal Dimension Ratio 1.187 F 6-6

Horiz. Length Perpendicular. 195 64 6.3

Wind Velocity (mph) Value Reference ChiFgIT
Basic Wind Speed ao 654 Fa.l
Wind Directionality 0.85 6544 TG4
3-sec Gust Power Law 7 6.3 T6-2
Mean Wind Speed Factor 0.25 6582 T6-2
Wind Coefficient (b) 0.45 6.9.682 T6-2
Wind Coefficient (z) 44 6 6582 T6-2
Mean Hourly Wind Speed 64.05 6582 Eq 6-14
Height atm Boundary 1200 6.3 T6-2
VWelocity Pressure Exp. 0.90332 6566 T6-3
Integral Length Scale Value Reference ChiFgIT
Integral Length Scale Factor 320 6.58.1 T6-2
Integral Length Scale Exp. 0.333 6.58.1 T6-2
Integral Length Scale, Turb. 353796 6581 Eq 6-7
Turbulence Intensity Factor 0.3 6.3 T6-2
Intensity of Turbulence 0.392 6581 Eq 6-5
Fundamental Period Value Reference Ch/Fa/T
Period Coefficient 0.02 9532 T
Approx. Fund. Period 0.51 9532 Eq
Natural Frequency 1.96 6582 1T
Gust Effect Factor Value Reference Ch/Fa/T
Gust Coefficient 34 6582 N/A
Gust Coefficient 34 6582 N/A
Backaround response 0.80821 6.58.1 Ea 6-6
Gust Factor 0.81946 6582 Eq6-4
Wind Pressure Value Reference Ch/FalT
Welocity Pressure 17 6256 6510 Eq6-15
Wolocity Pressure at z 15.99 65122 T6-3
External Pressure Coefficient Value Reference Ch/Fa/T
Windward Side 08 6.5.11.2 F 6-6
Leeward Side -0.3 65112 F 6-6
Final Pressure (psf) 15.4857 P =qGCp-qgGCp

14




‘Wind and Seismic Comparison Chart

Wind | [ |
k=1.005 Lev h Seismic (plf) Wind (plf)

Roof 5 7 6.9 400
Office 4 5 31 421
Office 3 4 233 386
Office 2 2 15.5 350
Office 1 1 77 328
Total 84 4 1885

Wind controls the design.

NOTE: See the Lateral Load Development Correction section of
this report!

DIMITRY A. REZNIK
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BRACED FRAME LOAD DISTRIBUTION AND DESIGN

Location of Braced Frames

To preserve the flexibility of the
moment frame system, the
braced frames are designed into
the frames with permanent walls.
On the very far end of the
building, as shown in the
drawing, two braced frames wrap
around the star well. The
shortest wall of the stair well
does not span the full length
between the columns; in fact, it is
only 10 feet long. In order to
avoid redesigning of the interior
space, and thus taking away from
the flexibility of the original
system, a new column is placed
at the corner of the stair well - 10
feet away from the existing column. By doing so the braced frame in this direction is designed
within the limits of the short wall’s dimension. The longest wall of the stair well does not span the
full length between the columns as well, however, the distance between the end of the wall and the
following column is only 10 ft. In this case the braced frame will extend beyond the limits of the
long wall to avoid the need of the additional column. This change does not substantially impact
the flexibility of the interior space because the column is to close to the existing wall as it is. Due
to the symmetry of the building, the design of braced frames of the both far ends of the building is
identical.

The remaining braces are designed into existing frames, without the need for additional columns.
The steel joists of braced frame labeled “G” are replaced by steel beams. Joists are designed to
withstand flexural loads only, and thus are not practical in braced frames.

Wind Load Distribution

As shown in the lateral load calculation section of this report, the wind load is the controlling
lateral load. In order to find the worst case scenario, three cases of wind loads are analyzed:

Case 1: wind parallel to y-axis

16



W

Due to the symmetry of the building, the wind in the y-axis direction does not produce torsional
forces in the building. The building is not symmetrical in the x-axis direction; therefore, any wind
case not parallel to the y-axis produces the torsional forces in the building. The center of the
rigidity is determined using the relative stiffness analysis as shown in the appendix of this report,
and torsional forces are distributed using the polar moment of inertia.

While calculating the torsional forces in the building, it was unclear weather to apply the factors of
the sloping wall. After a brief analysis, it was decided that the difference between the slope-
adjusted loads and the averaged loads is not significant for a five story building. The elimination
of the slope-adjusting procedure does not create a risk, in fact, the magnitude of the adjusted loads
is smaller than the magnitude of the unadjusted loads; therefore, it is more conservative to use the
unadjusted loads.

17



Because the building’s x-axis dimension is the largest dimension, case 1 is expected to be the
controlling case. The case comparison tables shown below prove the expectation to be correct.
The braced frame “G”, however, is governed by case 2. In case 1, the “G” frame is positioned
perpendicularly to the wind load direction, and can resist only the torsional forces; due to the
symmetry of the building, however, these forces are absent. The design of the “G” braced frame
will be governed by the case 2, while the rest of the frames will be designed for the loads of case 1.

Braced Frame Selection
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There are several ways to design a braced frame. Each design or layout has its advantages and
disadvantages. I have analyzed four different variations of braced frames. The following factors
were considered in this evaluation: economy of the design, number of connections, the complexity
of each connection, the amount of steel, the ease of installation, advantages and disadvantages of
each variation, and the amount of usable space under the brace.

The simple diagonally braced frame (first from the left) incorporates a total of thirteen
connections. Nine of these connections are shear connections that service both the beam and the
diagonal brace and could look something like the one shown on
the right (drawing is from www. ocw.mit.edu). One connection
supports only the roof beam, two supports only the column, and
one supports only the diagonal brace. All together there are tree
simple shear connections and nine more complex shear
connections. In this case the diagonal member must resist both,
the compression forces and the tension forces, depending on the
direction of the wind. Because of the proportion, the diagonal can
resist large tensile forces and much smaller compression forces.
The long members resist smaller compression loads and fail
mostly due to buckling about its weakest axis. Thus the compression strength of the member is the
limiting factor of this design.

a3 L
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The simple — reversed braced frame requires a total of thirteen connections, eight of which are
simple shear connections that service only one member. One of the thirteen connections is the
connection that services both the beam and the diagonal, and four connections are more complex
shear connections that service the beam and two diagonal braces. In all of the wind cases the
direction of the diagonal forces will be reversed from one story to another. For example three
diagonals will be under the compressive forces while the remaining two will be the under tensile
forces, and when the wind direction reverses, two will be in compression and three in tension.
Nevertheless, just like in the simple braced frame, all diagonals must be designed to accommodate
tension and compression forces, and the compressive strength of the member will again control the
design. The sizes of the diagonal members are identical in both simple and simple-reversed braced
frame layout. The difference between them is in the types of the connection. The simple-reversed
system has more simple connections but it has four connections that are more complex than the
simple system.

The cross braced frame system (third from the left) requires fourteen connections. Four of these
connections are simple shear connections that support only one member. Two of the connections
support both the beam and the diagonal, and eight of the remaining connections are complex shear
connections that support the beam and two diagonals. This design will work at its most high
efficiency if all members are very small and resist only the tensional forces. Should they be
required to resist any compressive forces, their size will be increased dramatically and they will
have no chance in competing with other braced frame systems. This is so because this layout
requires the largest number of complex connections, and has the largest numbers of diagonal
members. In order to compete with other systems the overall amount of steel needs to stay as
small as possible. We can strengthen the weakest axis of the diagonals by connecting the two
diagonals at the point of their intersection. However, this will only be desired if diagonal members
resist compressive forces as well. If the diagonals resist only the tensional forces then the
connections at the intersection will not be needed since their failure will not be the buckling about
any axis but will be due to yielding (or rapture) of the member (considering only the member, not
bolts, weld, or connection).

There is a variation of the cross braced frame system. The size of
the diagonals can be different, so that the bigger diagonal resists all
the lateral loads when it is in tension (wind from right to left on the
drawing — www. ocw.mit.edu). When the direction of the lateral
load is reversed (left to right), both members share the load: smaller
brace is in tension and the larger brace is in compression. Should the
smaller brace be removed, the remaining diagonal would have to be
increased to carry all the lateral loads. This system, however,
requires more steel, and possibly more connections (depending on
the thickness of the walls and required size of the diagonals).

The gable braced frame incorporates nineteen connections, six of which are simple shear
connections, and thirteen connections that service two members each. Each of the diagonal
members resists the lateral load at the same time. Regardless of the direction of the lateral load,
both members carry equal but opposite forces: one member is in compression one is in tension.

19



The compression and tension distribution reverses with the reversal of the lateral load direction.
Consequently, both diagonals need to be designed to resist lateral loads in compression. The
biggest advantage of this system is that the braces carry parts of the beam loads, which allows for
the beam size to be smaller. This system, however, is most desired when the span of the columns
is large. In which case, the beam size can be decreased by sharing its load with the diagonal
braces. The biggest disadvantage is the number of connections and diagonal members. The cost
of the material is not always the governing factor. In the specific case of the North Brock
Corporate Center it is more economical to keep the beam sizes uniformly constant. When the
gable braced frame system is evaluated, the beam size is not redesigned so that the beams are
uniform throughout.

To compare the size and the amount (weight) of the diagonals, one single story frame was
evaluated. A point load of 78.8 kips was applied at the upper node of each different single frame
system. STAAD.Pro 2004 was used to distribute forces to each member. The table bellow shows
the resulting axial forces in each diagonal of each frame. It also shows the size, total weight,
diagonal member material cost, and number of simple, two member, and three member
connections needed in each frame. The weight and prices are shown for one single story frame,
while the number of connections is shown for the full four story frame. RSMeans was used to
estimate these costs.

FRAME COMPARISON CHART

Frame System Force (k) | Direction Size Weight (lbs) |Diagonal | # 1 conn | #2 conn | # 3 conn
Total cost ($)

Simple 86.958 C WT8x33.5 1108.85 1155.05 4 9 0

Simple - reversed 86.958 C WT8x33.5 1108.85 1155.05 8 1 4

Cross 86.958 T [.3x3x1/2 618.97 848.91 4 2 8

Gable 53.895 C WT8x22.5 923.32 960.25 6 13 0

The cross braced frame diagonals are the least expansive; however they have the largest number of
complex shear (3 members) connections. As shown in the cost comparison section of this report
each simple shear connection costs approximately $68.00, each two member connection costs
approximately $114.00. Each three member connection is estimated to be $160.

The total cost of connections of the simple and simple-reversed systems is identical: $1298.00.
The total cost of connections of the cross system is $1780.

The total cost of connections of the gable system is $1890.

At this point the gable system is out of the question. The diagonal cost is nearly similar, but the
connection cost of the system is relatively large. Since the simple and simple-reversed systems are
identical, we will use simple system for further comparison. The total cost difference between the
simple and cross braced systems for the full five story frame is estimated to be $1200, where

simple system is more expansive. However, simple system takes 4 hours less to install all of the
connections. This four-hour difference does not include the installation of the actual members.
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The time difference will be increased even farther due to the fact that the cross system has twice as
many diagonal members as the simple system does.

Simple braced system is almost as expansive as the cross braced system, but it takes less time to
assemble. The simple braced system does not incorporate three member connections, uses much
less diagonals, and it is easier to assemble. All these factors make simple braced system more
favorable and more feasible system for this particular project.

Simple braced frame system will be used for further calculations in this report.

Distribution of Load to Each Member

The loads shown in the table are applied at the top of the braced frame. Further distribution of the
load to each individual steel member is administered using the frame equilibrium method. All
connections are shear connections, or pin connections for the sake of this analysis, thus the sum of
forces in each direction must equal zero. Braced frames incorporate point, or shear connections,
thus there are no moments present in this analysis. The result of frame equilibrium analysis shows
only the axial forces in each member. Farther calculations are needed to adjust for the flexural
forces in the beam, as shown in the beam design section of this report. The table below shows a
complete list of all the braced frame members of the building with their corresponding axial forces.
Detailed calculations of this analysis are provided in the appendix of this report.
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MMember
AB
BC
cCD
AC

Member
AB
BC
CD
AC

Member
AB
BC
cCD
AC

Member
AB
BC
CD
AC

MMember
AB
BC
cCD
AC

Member
AB
BC
CD
AC

Member
AB
BC
cCD
AC

Level 0
837
78.8
1023
86.6

Level 0
533.7
25 05
661.6
43.1

Level O
353
5642
8891
6688

Level 0
353
56 42
889.1
6688

Level 0
837
78.8
1023
86.6

Level 0
533.7
25 05
661.6
43.1

Level O
755 2
46 65
901.8
55 29

Summary of Axial Forces

Braced Frame A Size

Level1 Lewvel 2
658 | 474
64.5 43
77gB 537
7.2 _ 53

Braced Frame B Size

Level1l lLevel2
422 8 | 3047
20.55 1542
A1 T 28686
35_35 [ 265

Braced Frame C Size

Levell lLevel2
284 5 | 208.6
46 2T 34.74
6729 463 1
54 8 [ 412

Braced Frame D Size

Level1l Level 2
284 5 | 208.6
46 2T 34.74
672.9 463.1
54 8 | 412

Braced Frame E Size

Level1 Lewvel 2
658 | 474
64.5 43
77gB 537
7.2 _ 53

Braced Frame F Size

Levell Level2
422 8 | 3047
20.55 16542
A1 7T 28686
35_35 [ 265

Braced Frame G Size

Levell lLewvel2
591.9 | 4225
38 .26 28.72
684 5 472 4
45 35 34.04

Level3
277
349
31.67
304 9

Levell
1803
10.9
161.5
18.756

Level3
125 2
2272
2607

26.9

Levell
125 2
2272
2607

26.9

Level3
27T
34 9
31.67
304 9

Levell
1803
10.9
161.5
18.756

Level3
2467
18.8
2664
2228

Level 4
743
13.98
50.8
6.99

Level 4
46.8
4 .46
41 34
T 67

Level 4
3276
a.67
56
10.28

Level 4
3276
867
GG
10.28

Level 4
743
13.98
50.8
6.99

Level 4
46 8
4 .46
41 34
T 67

Level 4
629
8.3

66 T8
916
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REDISIGN OF COLUMN, BEAM., FOOTINGS. CONNECTIONS. AND DIAGONAL
MEMBERS

REDESIGN OF COLUMNS

The braced frame columns do not carry moment loads, and are design as compression members.
Even though most columns span three stories high, they are braced at every 14 feet interval. The
columns were designed by hand, using the standard design procedure for members under
compression. The original column sizes of a typical column range from W12x65 to W12x79. The
new columns must be W12 columns in order not to intervene with wall thickness.

During the design process, it was convenient to import certain equations into the spreadsheet to
ease the process of finding the smallest W12 size column. The redesign procedure of the columns
used in braced frames is outlined in the Section E-2 in the Specification of the LRFD manual of
steel construction, third edition. In all of the redesigned columns the controlling failure was due to
the buckling about the y-y axis. In the braced frame system, the entire lateral load is resisted by
only few braced frames, therefore, each individual braced frame member must resist a large axial
load.

Because each column span from the footing to the third floor, the design of the columns was
governed by the compression forces applied to the column at the lowest level of the building. The
redesigned system did not affect all of the columns. The only columns were affected by the
redesign are the columns that were part of the moment frame resisting system, and the columns
that became part of the braced frame resisting system. Most moment carrying columns with the
exception of some at inconvenient locations were of the same size: W12x72. After the redesign
this size changed to W12x65. Overall the size of all other columns that used to carry moment
loads decreased by approximately 11%, while the size of the braced columns increased by up to
150%. The layout of the braced frames requires an addition of two new columns to be part of
braced frames B and F. The total difference in steel was calculated to be 13,608 pounds. This
number includes all new columns, diagonals, the change in braced frame columns, and the change
in all other columns that were part of the moment frame system.
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REDESIGN OF BEAMS

All beam calculations were performed by hand. With the exception of the roof beam, all braced
frame beams are composite beams. All composite beams were designed according to the
procedure outlined in the Combined Compression and Flexure (composite beams, section 14)
section in the Specification of the LRFD manual. As in the column design calculations,
spreadsheet was used because of the repetition of the design process. Plastic moment capacity was
found using both the LRFD Manual tables, and/or hand calculations. Equations HI-1b and H1-1a
were used to determine the combined, flexural and compression strength of the composite beam.
The deflection was calculated using the lower bound elastic moment of Inertia found in table 5-15
in the LRFD manual. The axial forces in the beams were generally small, and did not have much
impact on the beam. Because the axial forces, and the fact that the beams no longer have moment
connections on the ends, it was expected that the redesigned beams would increase in size.
However, after all calculations, the original size of the beams was found to be satisfactory for the
use in the braced frame. This lead to further study of the original moment frames. Original
structural drawings indicated that moment connections resist only lateral loads. After calculations
I was able to verify that all beams that were part of the moment frame were designed as simple
beam with pin (shear) connections. They are sufficient to carry all gravity loads without
redistributing their internal moments to columns. The lateral load induced only 40 ft-k at each end
of the beam (+/-), and the beams could sufficiently carry the gravity loads and resist moments from
lateral loads. Consequently, the beams were not redesigned but only checked for strength
(moment and shear) and deflection.

The maximum moment due to gravity (with or without the lateral loads) were calculated to be 567
ft-k, and the deflection at the center is 0.885 inches (30’ beam).

DL = 60 psf

LL =100 psf (not reduced)
LL Reduction factor = 0.6
LL = 60 psf (reduced)

Typical Beam: W24x68

The beam must be sufficient to carry all gravity loads until the concrete cures. It is assumed that
the live construction load is 20 psf.

LL =20 psf
DL = 60 psf

The governing factored uniformly distributed load is calculated to be 3.12 klf. This produces a
maximum moment of 351 ft-k at the center of the beam. The maximum moment (578 ft-k) and
maximum shear (275k) of W24x68 proves to be strong enough to carry the required gravity loads
before the concrete cures. The deflection of the beam before the curing of the concrete is
calculated to be 1 inch which is exactly the limit for this span. In this case the stage at which the
concrete is in the process of curing is the controlling case. If the beam was shored, the steel beam
W24x62 would be sufficient to carry all the gravity loads after the concrete cures.
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All detailed calculations are provided in the appendix of this report.

REDESIGN OF DIAGONAL MEMBERS

The diagonal members in the braced frame
resist only the axial forces. There is only
one diagonal member per braced frame.
These diagonals must resist tensile forces
as well as compressive forces. At the
beginning of the analysis, the angles were
considered to be used as the diagonal
member; however, due to long spans and
low moment of inertia most angles would
experience a flexural buckling about either
one axis. WT- shaped steel members, on
the other hand, behave well under both the
compressive and the tensile forces.
Because the tensile strength of the WT-
shaped member is much greater then its
compressive strength, the diagonal steel
members were analyzed for the
compressive strength only. In all of the
cases the design was controlled by the
flexural buckling about the y-y axis. With
the exception of the beam, there is no
moment present in any one of the braced
frame members. The design procedure of
the diagonal members was identical to the
design procedure of the column.

It must be noted that the flexural forces
due to self weight of the diagonal are
present in the member. These forces are
insignificant when compared to the overall
loads on the member, and thus were
ignored in the analysis of the diagonal
member design.

On the right is the table with the
redesigned beam, column, and diagonal
sizes. All detailed calculations for
obtaining these sizes are provided in the
appendix of this report.

Steel Member Design Summary

Braced Frame A Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x106 | W12x106 | W12x106 | W12x50 | W12x50
BC W1Bx35 | W18x35 W1Bx35 | W18x35 | W16x26
cD W12x106 | W12x106 | W12x106 | W12x50 | W12x50
AC WTOx38 | WT9x38 |WT8x33.5|WTEx33.5)WTBx335

Braced Frame B Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x65 | W12x65 W12x65 | W12x35 | W12x35
BC W1Bx35 | W18x35 W1Bx35 | W18x35 | W21x50
CcD W12x 106 | W12x106 | W12x106 | W12x50 | W12x50
AC WTBx33 5] WT8x33.5 | WT8x33.5|WT8x33 5|WTBx33.5

Braced Frame C Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x96 | W12x96 W12x96 | W12x40 | W12x40
BC W1Bx40 | W18x40 W18x40 | W18x40 | W18x35
CcD W12x96 | W12x96 W12x96 | W12x40 | W12x40
AC WTEx33 6] WT8x33.5 |WT8x33.5|WT8x33 5|WTBx33.5

Braced Frame D Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x96 | W12x96 W12x96 | W12x40 | W12x40
BC W18x40 | W18x40 W18x40 | W18x40 | W18x35
cD W12x96 | W12x96 W12x96 | W12x40 | W12x40
AC WTBx33 6] WT8x33.5 |WT8x33.5 |WTEx33 5|WTBx33.5

Braced Frame E Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x106 ] W12x106 | W12x106 | W12x50 | W12x50
BC W1Bx35 | W18x35 W1Bx35 | W18x35 | W16x26
cD W12x106 | W12x106 | W12x106 | W12x50 | W12x50
AC WTOx38 | WT9x38 |WTBx335|WT8x33 5]WTBx3356

Braced Frame F Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x65 | W12x65 W12x65 | W12x35 | W12x35
BC W1Bx35 | W18x35 W18x35 | W18x35 | W21x50
cD W12x106 | W12x106 | W12x106 | W12x50 | W12x50
AC WTBx33 5] WTaBx33.5 |WT8x33.5|WT8x33 5|WTBx33.5

Braced Frame G Size

Member | Level 0 Level 1 Level 2 Level 3 Level 4
AB W12x96 | W12x96 W12x96 | W12x40 | W12x40
BC W16x26 | W16x26 W16x26 | W16x26 | W16x286
cD W12x96 | W12x96 W12x96 | W12x40 | W12x40
AC WTEx33.6] WT8x33.5 |WTEx33.5 |WTEx33.5|WTBx33.5
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REDESIGN OF THE FOOTINGS

In original system all footings that were part of the moment frame resisting system were designed
to carry the moment of up to 25 ft-k. The presence of the moment mostly affects the depth or
height of the footing design, and plays a minimal role in the design of footings surface area. It also
affects the reinforcing of the pier. After the redesign, all moments were removed from the
footings. This called for a redesign of all the footings that were part of the moment frame system.
The footings that support braced frames will carry wind loads in addition to all gravity loads.
These loads will be applied as normal forces on the pier and footing. To accurately evaluate what
impact the redesign has on the foundation system, two types of footings will be redesigned: new
typical footing, and all braced frame footings. In order to proceed with the calculations it was
assumed that the ground allowable stress is 4000 psi.

The columns of any braced frame have different axial forces. These forces are reversible
depending on the direction of the wind, and so the largest axial forces are used to design both
footings of the braced frame.

Gravity loads:

LL = 40 psf (reduced; reduction factor varies depending on the influence area)
DL = 60 psf
SL =21 psf

Lateral Loads:
WL = vary from 60 kips to 127 kips

The controlling combination of factored loads on footing of frame A was 547.65 kips
(1.2DL+1.6LL+0.5SL). In this case the combination with the wind load did not govern the design.
The size of the footing was calculated to be12’x12°x22” with (12) #7 reinforcing bars each way.
The cost of the footing is determined mostly from the footing’s size. The difference in reinforcing
is not significant with respect to the overall cost of the footing. The size of the piers is left the
same to provide sufficient force distribution to the footing. Bellow is the table showing the
original and redesigned footing size as well as their cost.

FOOTING SIZE AND COST
Footing Original Cost ($) | Redesigned | Cost ($) |Difference ($)
Typical 11'x11'x28" 2753 10'x10'x22" 2163 590
Frame A 11'x11'x28" 2753 12'x12'x22" 2574 179
Frame B 10'x10'x24" 1950 10'x10'x16" 1300 650
Frame C 8'x8'x28" 1456 10'x10'x20" 1625 -169
Frame D 8'x8'x28" 1456 10'x10'x20" 1625 -169
Frame E 11'x11'x28" 2753 12'x12'x22" 2574 179
Frame F 10'x10'x24" 1950 10'x10'x16" 1300 650
Frame G 10'x10'x28" 2275 11'x11'x22" 2163 112
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DESINGN OF SHEAR CONNECTIONS

All moment connections are replaced by simple shear
connections. The redesign procedure of simple shear
connections is outlined in the Section J-2 in the
Specification of the LRFD manual of steel
construction, third edition. All selections were based
on the table 10-1 of that same manual.

An example of a simple shear connection is shown on @ <
the right. The beam connection does not resist any
moments or tensile forces and provides the beam with : A
only the shear support. The typical beam connection / RN
incorporates two angles — one angle at each side of the .
beam, and will use 3 rows of %4 A325 bolts at each S
being 2” long. The thickness of the angle was o
calculated to be 5/16”. The distance between the bolts SHEAR CONNECTION

is more than 3 inches o.c., and the distance between the s

top and bottom edge of the connection and the center of the bolt is more that 1 %4”. The distance
from the edge of the column flange to the center of the holes at the beam is 2 ¥4”. The total weight
of the angles is estimated to be 15.65 pounds per connection ((2) L5x3x5/157x10”).

The connection that supports a diagonal member is resisting both the shear and the tensile forces.
This connection will consist of two angular plates both having the thickness of ’2”. The total
weight of the angles is estimated to be 12.32 pounds. The connection is fastened to a column by 2
rows of % A325 bolts, and fastened to a beam by two rows of 7/8” A325 bolts. All connections
use standard holes.

All detailed calculations of both connections are provided in the appendix of this report.

STORY DRIFT SUMMARY

Story drift was checked using STAAD.Pro 2004. Table bellow shows the drift at each story. The
total drift (at the roof) is then compared to the allowable drift on the basis of L/360.

STORY DRIFT
(inches)
Frame Level 1 Level 2 Level 3 Level 4 Roof |Allowable
Frame A 0.1573 0.4799 0.9158 1.327 1.579 2.333
Frame B 0.1253 0.4541 0.9167 1.401 1.709 2.333
Frame C 0.1128 0.3905 0.7031 1.021 1.186 2.333
Frame D 0.1128 0.3905 0.7031 1.021 1.186 2.333
Frame E 0.1573 0.4799 0.9158 1.327 1.579 2.333
Frame F 0.1253 0.4541 0.9167 1.401 1.709 2.333
Frame G 0.14 0.4078 0.7524 1.072 1.263 2.333
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OVERTURNING MOMENTS

The wind loads are transferred to the ground trough beams, diagonals, and columns. Gravity

forces act on the braced frame to counteract the vertical reaction from the wind forces. Bellow is

the summary of all braced frame reactions, and the summary of the gravity loads.

Wind Load (k)

Dead load (k)

Frame R1 R2 R1 R2 Diff Factor
A 112.2 -112.2 238 238 2.121212
B 76.44 -76.44 119.25 119.25 1.560047
C 127 -127 135.8 135.8 1.069291
D 127 -127 135.8 135.8 1.069291
E 112.2 -112.2 238 238 2.121212
F 76.44 -76.44 119.25 119.25 1.560047
G 60 -60 221.3 221.3 3.688333

The gravity loads at the support are larger than the resulting uplift forces on the support. At the
braced frames C and D, this difference is small, and could potentially be problematic. The
overturning moment at each of the frames D and C is only 193.6 ft-k. This problem would be

eliminated if the columns of each frame were moved farther apart.
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COMPUTER ANALYSIS

All of the above calculations were done by hand. STAAD.Pro 2004 was used to check these
calculations. The 3D computer analysis is time consuming and in this case not necessary. As
stated before, the moment connections in the original system resist only lateral loads, and do not
distribute beam gravity moments to the columns. The beams were designed originally as if simply
supported. The only structural steel members that need to be redesigned or designed are the
columns and diagonal braces. The purpose of this computer analysis is to verify that provided

work is true and accurate.

Section Properties

Prop Section Area lyy [ J Material
(in%) (in*) (in*) (in*)

1 Wax53 17.100 75100 228.000 3228 | STEEL

2 | Wex4a 14.100 60.900 184.000 1.890 | STEEL

3| WBX35 10.300 42.600 127.000 0.719 | STEEL

4 | Wax31 9.130 37.100 110.000 0.494 | STEEL

5 | wax21 6.160 9.600 75.300 0.264 | STEEL

6 | W12X106 31.200 | 301.000 | 933.000 8.730 | STEEL

7 | W12X50 14.700 56.300 | 394.000 1.596 | STEEL

8 | W18X35 10.300 15.300 510.000 0.459 | STEEL

9 | WIBX26 7.680 9.600 | 301.000 0.229 | STEEL

Node Displacements
Node Lic X Y z Resultant rX rY rZ
(in) (in) (in) (in) (rad) (rad) (rad)
1 1:1k Load 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 1:1k Load 0.002 0.000 0.000 0.002 0.000 0.000 0.000
3 1:1k Load 0.005 0.001 0.000 0.005 0.000 0.000 0.000
4 1:1k Load 0.009 0.001 0.000 0.009 0.000 0.000 0.000
5 1:1k Load 0.013 0.001 0.000 0.013 0.000 0.000 0.000
6 1:1k Load 0.018 0.001 0.000 0.018 0.000 0.000 0.000
7 1:1k Load 0.017 -0.002 0.000 0.017 0.000 0.000 0.000
8 1:1k Load 0.012 -0.001 0.000 0.012 0.000 0.000 0.000
9 1:1k Load 0.008 -0.001 0.000 0.008 0.000 0.000 0.000
10 1:1k Load 0.004 -0.001 0.000 0.004 0.000 0.000 0.000
11 1:1k Load 0.001 -0.000 0.000 0.001 0.000 0.000 0.000
12 1:1k Load 0.000 0.000 0.000 0.000 0.000 0.000 0.000
k=F/A

e Frame A
e FrameB
e Frame C

k=58.82 (k/in)
k=14.49 (k/in)
k=55.56 (k/in)
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Each frame was analyzed
in STAAD.Pro
individually. After all
the properties and
specifications were
entered, a one kip load
was applied at the roof
level of each frame.
STAAD then calculated
the drift of each node.
Example of the analysis
of frame A is shown on
the left. All of these
calculations are printed
in the form of the report,
and are included in the
appendix of this report.
After obtaining the total
drift of the frame, I was
able to calculate the
stiffness factor of the
frame using the
following equation:



e Frame D k=55.56 (k/in)
e Frame E k=58.82 (k/in)
e FrameF k=14.49 (k/in)
e Frame G k=47.62 (k/in)

These relative stiffness factors determined the center of rigidity to be (0, 85.5) ft. This is only 2.9
ft away from the point of rigidity that was calculated by hand. The direct and torsional forces were
distributed to each frame according to its relative stiffness and the distance of the frame from the
center of rigidity. Shown bellow is the table with the resulting forces at the top node of each frame
at each story level.

Distribution of Lateral Loads (k)
Computer Analysis
Level
Roof 4th 3rd
12.64 28.62 43.76
3.04 6.9 10.54

11.95 27.07 41.39
11.95 27.07 41.39
12.64 28.62 43.76
3.04 6.9 10.54
7.718 17.48 26.7

Computer analysis shows that more load resisted directly by frames C and D. In all the other
cases, the load on the frame has decreased by little more than one kip. The resulting distribution of
the axial forces in the diagonals of both frames is shown bellow.

e Roof 14.16 k
o 40 32.09 k
o 34 49.06 k
o 2 65.36 k
e 1% 79.69 k

These changes do not affect the overall design. The diagonal size that was picked by hand
calculations is satisfactory to carry these loads as well. This analysis does not confirm the
accuracy of the lateral load development calculations, but only confirms the accuracy of the overall
wind load distribution and the accuracy of the size selection.

Additional computer analysis material is provided in the appendix of this report.
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LATERAL LOAD DEVELOPMENT — CORRECTION

The lateral force resisting system of the Northbrook Corporate Center was redesigned considering
wind loads to be the controlling lateral load. After the completion of this project I looked over the
seismic load development section of this report and found an error in the calculations. The
response modification factor was mistakenly given as 8 when in reality it should be 3. This
changes the seismic shear coefficient to approximately 0.08. To compare seismic load to wind
loads the 4th floor will be evaluated in this section of the report. Seismic shear equals the weight
of the building multiplied by the seismic shear coefficient.
The total weight of the roof = (25 psf)(26000 sf) = 650000 Ibs
Lateral Load Parallel to the X- axis:

e Seismic shear = (6500001bs)(0.08)/160ft = 325 plf

e The total wind load at roof level = 228 plf

e The seismic load will govern the design parallel to the x — axis of the building.
Lateral Load Parallel to the Y — axis at roof level:

e Seismic shear = 182.3 plf

e Wind load = 228 plf

e Wind load controls the design in this direction.
Lateral Load Parallel at 45 degrees with the Y or X axis:

e Seismic shear = 266.2 plf

e Wind load =228 plf

e Seismic shear controls the design in this direction.

The seismic load governs two of the 3 evaluated directions. This means that braced frames A
through F are governed by the wind loads and were designed correctly. Braced frame G however
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is governed by the seismic load. The redesign of the G frame might change the stiffness factor of
the frame. As a consequence the over all distribution of forces to each frame might be slightly
altered. At this point it is too late to act on these changes, but it should be noted that the accuracy
of this redesign is now slightly impaired.

Shown bellow is the procedure for obtaining the seismic shear coefficient.

ElsMmic. Lo p ILATLO N ASCE'l-0C H 9

P OMNSE M CT

* R should be 3

A

32



DIMITRY A. REZNIK
STRUCTURAL OPTION
ADVISOR: DR. MEMARI _
NORTHBROOK CORPORATE TR TR R L] -- = im

- B 1 ]

=oE | [ 1]

CENTER
12/15/2006
AE 482

SENIOR THESIS

BRACED FRAME VS MOMENT FRAME COST COMPARISON
Breadth Study

The feasibility of the new design greatly depends on the overall cost advantage. In order to
compare the cost of the two systems more accurately several parts of the system have to be
evaluated. As stated earlier in this report, many areas of the structural system were affected by the
redesign. All moment connections were redesigned to simple shear connections. Most of the
typical footings had to be redesigned as well. Braced frames introduced new columns, footings,
and steel diagonal braces. All these changes have an impact on both the cost of the building and
the schedule of the construction of the building.

This breadth study will evaluate the cost of:

Moment connections

Shear connections (all of the introduced kinds)
Diagonal braces

Moment frame columns

Redesigned columns

New columns

Original footings

New and redesigned footings

This breadth study will also evaluate what kind of impact these changes have on the schedule of
the construction of the Northbrook Corporate Center.

MOMENT CONNECTION COST ESTIMATE

In the North Brook Corporate Center’s original
design moment connections are both welded and
bolted. Using the RS Means, a detailed unit price
method was used to estimate the cost of one typical
moment connection. A typical moment connection
has one angle on each side of the beam. These two
angles are bolted together compressing the beam in
between them. The column ends of the angles are _
welded to the column. H-T-r

33



A typical moment connection has 20 bolts and 60 inches of 5/16 inch thick welding. The material,
labor, equipment, and O&P cost of angles, bolts, and welding are shown bellow.

e 5/16” 0.4#/LF weld $19.30 /LF
o 3 A3252” long bolt $5.50 each
o [.5x3x3/8” $1.37 /LF

It is difficult to estimate the cost of every single variation of the moment connection in the
building. To simplify the procedure all connections are assumed to be similar all through out the
building. Same assumption will apply to the cost estimate of the redesigned connections. The
moment connections become smaller from the bottom of the building to the top, while the typical
redesigned connections remain constant throughout. As a result, the difference between the cost of
the moment and shear connections will be slightly different than the true difference. This error
will be considered at the end of the systems’ comparison section of this breadth study.

As stated above, each moment connection incorporates:

e ¥ A3252” long bolts 20
e 5/16” 0.4#/LF weld 51t
e L[5x3x3/8” 43 ft

The cost of each moment connection is calculated to be:

Bolts $110
e Weld $96.5
e Angle $48.55
TOTAL: $255  (897.45 of which is for labor)

It takes 0.067 hours for one person to install one bolt, and 0.211 hours for one person to do one
linear foot of weld. As a result it takes 2.40 hours to complete one moment connection.

The Northbrook Corporate Center has a total of 750 moment connections.

TOTAL COST $191,250
TOTAL TIME 6.5 weeks for 7 people crew
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SHEAR CONNECTION COST ESTIMATE

There are two types of shear connections: beam to
column and beam and diagonal to column. An
example of beam and diagonal to column is shown
on the right. A typical simple beam to column
connection size stays constant through out the
building, while the size of the diagonal connection
varies. However, as was done in the moment
connection cost estimate, these variations will be
considered minimum, and the size will be assumed
constant all through out the building.

Each typical beam to column connection

incorporates: J
SHEAR CONNECTION
o % A3252” long bolts 9 bolts NTS
o L5x3x5/16” 10 in

Each typical beam and diagonal to column incorporates:

e A3252” long bolts 15 bolts
e (2)L5x3x5/16” 10 in — 13.65 lbs
e (2) angular plates 12.32 1bs

The cost of each 347 A325 2” long bolt is $5.55 including material, labor, equipment, and O&P
costs. The cost of the angles is $1.35 /Ibs. It takes 0.067 hours to install one bolt.

The total cost of each beam to column connection is $68.38 (0.603 hours)
The total cost of each beam and diagonal to column connection is $114.75 (1.005 hours)

In the entire building there are:

e 690 typical beam to column connections
e 63 beam and diagonal to column connections
e 7 diagonal to column connections

TOTAL COST = $54,736
TOTAL TIME = 8.6 days

Note: RSMeans was used to estimate the given costs.
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DIAGONAL BRACES COST ESTIMATE

A detailed cost estimate was used to estimate the cost of the diagonal braces. By interpolating
between the given steel sizes, the following prices were obtained:

e Material $1.04 /1b

e Labor $2.02 /LF

e Equipment $1.32/LF

e O&P 11% of total cost

Including the installation of connections, it takes a crew of 7 people 0.057 hours to install 1 linear
foot of the diagonal member.

There are a total of 132.4 ft of WTx38 steel members.
There are a total of 796.91 ft of WT&8x33.5 steel members.

TOTAL COST = $40,956
TOTAL TIME = 371 HRS (for one person)

COST ESTIMATE OF THE MOMENT FRAME COLUMNS

There are approximately 36 moment frame columns in the building. The size of each column is
uniform throughout the first three stories, and then changes to a smaller size. The smaller size
columns are uniform throughout the upper two stories. The total weight of all these columns is
162288 Ibs. According to the RSMeans, the material cost of this size steel is $1.04 per pound. It
takes same amount of time to install the redesigned columns as it takes to install the original
columns. The difference is adjusted for in the time it takes to install shear connection vs. moment
connections, and will be shown at the end of this breadth analysis.

TOTAL COST = $168,779.52

COST ESTIMATE OF THE REDESIGNED COLUMNS

The columns are redesigned in the similar distribution. That is, the size of each column is uniform
throughout the first three stories, and then changes to a smaller size. And just like in the original
design, the smaller size columns are uniform throughout the upper two stories. The weight of the
36 redesigned columns is 148680 Ibs.

TOTAL COST = 154,627.20
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COST ESTIMATE OF NEW COLUMNS (Frame B and F)

New design incorporates new columns, each of which consist of two different sizes: W12x65 and
W12x35.

The total length of each size is:

e WI2x65 84ft
e WI2x35 56 ft

The prices of material, labor, equipment, and O&P are as follows:

e Material $1.04 /1b
e Labor $2.15/1b
e Equipment $1.38 /b
e O&P 11% of the total cost

(Note: some costs were interpolated between the smaller and larger sizes of the actual column)

It takes a crew of 7 people 0.057 hours to install one linear foot of this size range of structural
steel.

The total cost of W12x65 column is $6,632.16
The total cost of W12x35 column is $2,236.08

TOTAL COST = $9,114.20
TOTAL TIME =56 HRS (for one person)

COST ESTIMATE OF THE ORIGINAL MOMENT FRAME FOOTINGS

The footing cost estimate includes the cost of the following:

Bulk excavation

Hand Trim

Compacted backfill

Formwork, 4uses

Reinforcing, Fy = 60 ksi
Dowel or anchor bolt templates
Concrete, f’c= 3000 psi

Place concrete, direct chute
Screed finish
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To calculate the cost more accurately the values were interpolated between the smaller and larger
sizes of the footing. Then these values were changed to dollar amount per cubic foot.

e Material $5.50 /cf
e Labor $4.25 /cf
TOTAL $9.75 /cf

The changes were made to all braced frame footings and all typical footings. To calculate the cost
of each footing the volume of the footing was calculated and multiplied by $9.75. Bellow is the
total cost of each size of the footing.

e 34 typical footings (11°x11°x28”) $93,602

e 4 footings at frames C and D (8’x8°x28”) $5,824

e 2 footings at frame G $4.550
TOTAL $103,976

COST ESTIMATE OF THE REDESIGNED AND NEW FOOTINGS

The footing cost estimate includes the cost of the following:

Bulk excavation

Hand Trim

Compacted backfill

Formwork, 4uses

Reinforcing, Fy = 60 ksi
Dowel or anchor bolt templates
Concrete, f’c= 3000 psi

Place concrete, direct chute
Screed finish

There redesign incorporates 30 typical footings. Each of the braced frame footing was redesigned.
Bellow is the summary of all the redesigned footings along with the total cost of each type of
footing.

e 30 typical footings 10’x10°x22” $64,890
e 4 frame A and E footings 12°x12°x22” $10,296
e 2 NEW footings at frames Band F  10’x10’x16” $2,730
e 4 footings at frames C and D 10’x10°x20” $6,500
e 2 footings at frame G 11’x11°x22” $4,326
TOTAL $88,962
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Shown bellow is the table with original and redesigned sizes, their individual costs, and the
difference of the original and redesigned footing.

FOOTING SIZE AND COST
Footing Original Cost (3) | Redesigned | Cost ($) [Difference (3$)
Typical 11'x11'x28" 2753 10'x10'x22" 2163 590
Frame A 11'x11'x28" 2753 12'x12'x22" 2574 179
Frame B 10'x10'x24" 1950 10'x10'x16" 1300 650
Frame C 8'x8'x28" 1456 10'x10'x20" 1625 -169
Frame D 8'x8'x28" 1456 10'x10'x20" 1625 -169
Frame E 11'x11'x28" 2753 12'x12'x22" 2574 179
Frame F 10'x10'x24" 1950 10'x10'x16" 1300 650
Frame G 10'x10'x28" 2275 11'%x11'x22" 2163 112
COST COMPARISON BETWEEN TWO SYSTEMS
ORIGINAL SYSTEM REDESIGNED SYSTEM
Structural component Total Cost (5)] Time JStructural Component Total Cost (3)]  Time
(weeks) (weeks)
Moment Connections 191250 6.43 |Shear Connections 54736 1.55
Moment Frame Columns 168,779.00 NA  |Diagonal Braces 40956 1.34
Original Footings 103976 NA  JRedesigned Columns 154627 NA
INew Columns 9114 0.2
INew and Redesigned Footings 88962 0.143
TOTAL COST 464005 $
TOTAL TIME (7 people) 6.43 weeks |TOTAL COST 348395 $
TOTAL TIME (7 people) 3.233 weeks

The values shown above are the values that were affected by the redesign of the lateral force
resisting system. The total cost of the affected original system is $464,005. The total cost of the
equivalent redesigned system is $348,395. According to these calculations the original system is
more expansive by $115,610. There were several assumptions made prior to these calculations.
The difference should be reduced by 25% to accommodate for the error from the earlier stated
assumptions. Thus the final difference in cost is $92.488.
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IMPACT ON THE CONSTRUCTION SCHEDULE

Like most modern commercial constructions, the schedule of the Northbrook Corporate Center is
overlapping. It means that structural steel frame is already being erected while the footings are
still being poured on the other side of the building. This implies that the 3 week difference
between the two systems does not mean that the original design will take 3 weeks longer to build.
Because different jobs overlap one another the 3 week difference does not have a significant
impact on the schedule. In this comparison the cost is the only significant factor.
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The similar layout of the building allows the
braced frames to span through all four stories
without becoming an obstacle to the interior
space. When the braced frame systems enter the
garage level, however, its integration with the
layout becomes a problem. In the electrical
room, a braced frame intersects with the main
walk path of the interior space (see the top
drawing on the right). Even though it is not a
‘living space’ the diagonal member of the frame
can become an obstacle at the time of the
installation of the large electrical equipment. The code requires a certain number handicap parking
spaces with an area for loading the wheal chair.

Unfortunately, the braced frame labeled “G” is ol T e <
positioned at the entrance of the two handicap L_—I__l——l \
parking spaces (see the bottom drawing on the ‘ H \

right). Due to these complications the interior ‘ “‘ [—

ELECTRICAL ROOM

LI BEACED FRANE ]

layout of the garage floor will be modified as a
part of the breadth study analysis. .

. . . 0l
Several issues were considered prior to || é\_
redesigning the layout: Il —_BRACEHD_FRAVE G’
1. The number ofparking Spaces must be ORIGINAL PARKING WITH BRACED FRAME ‘G’
preserved.

2. New handicap parking spaces must have a loading area.

3. The distance between new walls and the existing column should not be less than the width of
the main electrical room doors (56”).

4. The redesign must not intervene with the current electrical and mechanical systems.

5. The area of the redesigned space must be preserved approximately.

7. The walkways and the redesigned space must be well integrated.

The telephone room’s location has no significant importance as long as it is located close to the

main traffic, close to the elevators, and can be accessed from the garage area. In the redesign the
telephone room was moved closer to the elevators. The walls of the room do not extend beyond
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the main walls, and do not create a problem
for the elevator traffic. Because the room
was moved only about 8 feet, the relocation
creates no problem to the mechanical or
electrical design. As a result of the
relocation, the interior space of the electrical
room has changed favorably. The entrance to
the electrical room has been moved to where
the telephone room was located initially.
Half of the braced frame wall is shared with
the telephone room, while the other half
continues into the electrical room. This
second half, however, is no longer an
obstacle because the diagonal at this length of
the frame has sloped to 7 feet high and
continues to slope upward until it meets the
column. The area where all of the main
electrical equipment is to be placed has been
left untouched.

SPRINCLER
RooM

ELEVATORS

NEW DESIGN

In the garage, the two handicap parking -

spaces have replaced the three parking N
spaces at the exit of the garage, as shown
below in the drawing on the left. The
diagonal member in the “G” frame is
sloping upward from right to left. Hence
there is enough room for one parking
space on the left, where the original
handicap space was located prior to
redesign. As shown in the drawing on
the right , the vertical distance from the 15¢
ground to the diagonal member at the

midspan of the frame is almost 7 feet, and

approximately 8 feet where the new parking space begins. That is more than enough for most vans
and trucks. Another parking space was _—
placed in between the two existing [ )
columns (see the drawing), and appears
to continue the line of existing parking
spaces. Unfortunately, the redesigned
garage space has lost one parking space.

The intent to preserve the total number of : \\<
the parking spaces proved to be E

6'-10"

NEW
PARKING
SOACE 1

unsuccessful.

BRACED

NEW_PARKING UNDER THE BRACED FRAME ‘G’

NTS
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SUMMARY AND CONCLUSION

Northbrook Corporate Center, a five story building, incorporates moment frames to resist the
lateral forces. To successfully withstand the wind forces the structural design of the lateral system
uses moment connections at every joist/beam to column connection. The building uses a total of
750 connections of different moment capacities. The moment frames are generally very
expensive. In this case the price of moment connections alone was calculated to be $190,000.
Because of the costly nature of the moment frame lateral force resisting system, the system was
redesigned. The new system was designed of braced frames with shear connections. The frames
were placed into the permanent walls of the building to preserve the flexibility of the interior space
of the original system. Because braced frames are much more rigid than the moment frames, the
new design incorporated only 63 braced frame shear connections. The remaining shear
connections were of less complexity and, hence, less cost. The total cost of the redesigned system
included all connections, new columns, diagonals, and new footings and was calculated to be
$348,395. The cost of the affected original system is calculated to be $464,005. The difference
between the moment frame system and the braced frame system was calculated to be $92,488.

The redesigned system had very minimal impact on the schedule. The difference was calculated to
be 3 weeks, which is insignificant when the jobs are overlapped.

There were several problems with the redesigned system. First of all, the redesign of the lateral
load resisting system became an obstacle to the interior space at the garage level of the building.
This fact created a need to redesign the layout of the interior space of this floor level. The
telephone room was moved closer to the elevators, and two handicap parking spaces were moved
to a different location. Unfortunately, one parking space was lost in the process. Secondly, there
was an error in the seismic load development section of this report which introduced a level
uncertainty about the accuracy of the redesign and its consequences. And lastly the overturning
moments of frames C and D are problematic. This design became more of the uncertainty when
the error in the seismic design was discovered.

The detailed study of this report has accented on the redesign of the lateral load resisting system.
The basis for the redesign was motivated by the costly nature of the original system. The
redesigned proved to be less expansive than the original design. The redesign introduced several
unknowns, however. The braced frame design created several obstacles to the overall interior
layout. The span of the columns of the braced frame C and D creates potential problem with the
overturning moment. The errors in the seismic design only add to this growing level of
uncertainty. With these unknowns, the cost comparison alone is not sufficient enough to conclude
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that the redesigned, braced frame system is more feasible system for the building. At this point,
the braced frame lateral load resisting system needs to be evaluated further in order to compete
with the existing system. Because there is not enough evidence that the redesigned system is
satisfactory, this report concludes that the braced frame lateral force resisting system is not a more
feasible system for the Northbrook Corporate Center.

45



DIMITRY A. REZNIK

STRUCTURAL OPTION
ADVISOR: DR. MEMARI
NORTHBROOK GORPORATE TRk
CENTER UL
03/31/2006
AE 482

SENIOR THESIS

REFERANCES

Manual of Steel Construction: “Load and Resistance Factor Design.” 3 Edition.
IBC 2003: “International Building Code.”

RS Means Heavy Construction Cost Data, Edition 2005

estudio - eResources

Charles J. Carter (BAE '90/MSAE '91)
American Institute of Steel Construction

46




DIMITRY A. REZNIK
STRUCTURAL OPTION
ADVISOR: DR. MEMARI
NORTHBROOK GORPORATE TRk
CENTER UL
12/15/2006
AE 482

SENIOR THESIS

CREDITS AND AKNOWLEDGEMENTS

I would like to express my appreciation to the entire architectural engineering faculty for the direct
or indirect contribution of each one during my five year experience at Penn State University.

Special Thanks to:
Dr. Ali Memari
M. Kevin Parfitt

Dr. Louis F. Geschwinder
Dr. Linda Hanagan

Thanks to my family and friends who supported me at all the times.

47



THE APPENDIX

48



Architectural Redesign

49



|# IDNVAS
ONMNYYd
M3IN

50



51






15°

6'-10"

N

=

CLEVATORS

&

&

Bl BRACEHD FRAME "G’

URIGINAL PARKING WITH BRACED FRAME “G”

NTS

53



__NEW PARKING AT THE ENTRANCE

NTS

54



v~ g

ELEVATURS

| NEW
PARKING
SOACE #]

BRACEDRFRAME “G*

NEW PARKING UNDER THE BRACED FRAME ‘G’

NTS

55




SPRINCLER

==
ELEVATORS

NEW DESIGN

56



ELECTRICAL ROOM

O Esrces_Frave

57



Braced Frame Analysis

58



o
L N | Breeed Lo -h\nch} b1, (. V. Q),,,
7' - - Possibdl 116’3'. - N o
7 ‘1 ® E " | e a
) B 1 v
\V AV U
_ 3:95).9»3 e Deecign TDesiau
— 1 Cowpressive L devsion fov
R S-lvequ\r\ 1—_'|er% Jh COM PS50V
| - - av- alre "“)“h" B
— Tovabine altoh
o~ _— of Jewsion L
. ,ﬂ L’Qmprﬁ‘}ﬁia\fl
B —
i == \U \UJ
L Jeignt \QTO kg I S I
N Y S R Y0 Yes | I3TRT ks
'quiov\o'l-j ) 1z §7 ks |
# of = bll = ‘—F
e 284 i6m0 — i N
fffff 7‘;9!\“54,"!‘;': J =
| # ol I I e A
émn}oml Il p— SRR e —
™Mrwibers - Z
Téasd
T = —ilEter—————————
N & = =Y ) | 2 2
=~

59



| Rroﬂfd_:ﬂ'ﬂw»f vﬂma\\gs‘{s'_ C&)
ST Q6.8 . . . — e
O —t
| / :O_f—, i
- ' : T
B A
| cdeododed  on sAMD zo0m
,,i . li
N PRV, B VAR
o - _:blf' govel Ay :DL@.«}.Q‘.».:\&_'\J_MJ** .

. ';Iofal_l_wtlga-}" QE:S-\ FY ) c58 14 =713§f5 ld

7,Prl>¢> :E_TL', UU'? 14 58

= ____@?MiiZLG ) oK - )
QPV\\{: q(’)\i OF
L 700 0 Ok
L

s,

To 4 Uuplqr\f\-*: 3‘511(5g3:{!257g3

60



RBraced Frome Jlnolysi s, (3

&)

. | A D =g Lorie:
: o . e Tensiong diogawels
R | _/7\ way e awe,oi e -liuwae,
PEEETE | R B Design Lof a combivotey
S o boiw dt_aejm)s_qu
I 51 ! i .
o - A rbloec\/\r\l Mrial TFovee = 89 Tongan
———— -‘Aﬁiuwﬂi:!'\rmggq_n,ﬁ_&fgw\»o\ b~}
. = "19)’“5'0'\"!_.__#l't“.l.dfsvs\;r'_,iii .
QP 7 CPF; g
| ! \
§71° = . As0)(N)
- fz 1,33 w=
- — [use Lyvyx ’f;\, (z Avel,le‘>>
Tole ! weignd « Z(Enlé L& )(2‘31\ F")_Y
) pes
] - = (S40. 2 Ibs
L e
F B Convpressive é*xcw%hq 2? swael), lewe
wWA e rnbeVe | % U?"‘-:‘ bVV\C‘ll;, e Jewn st ov ~
o besed Jt‘“‘\ie)\/\ 1% move ecoviewair ol

61



. Ryose  Frame  fvolysis )
F
& 188 i, ,
. —
) ; =7 T 1 o
+
- — o o \ o — .-—315 — . =
=@ ol
. Covepressicwi Cowndvols — .
| =) Diegov=] MAxial Fovee = su¥t g9.2355 m123,25¢
. Ty wv 8x 3%, 8
PPy = 174" ot
d}?’n\‘r: iq% Vo) 48

=~

LI E }z WT 8 x23,.{
|

ToT weleHT= 2£20:5'\(3%.5)2 37325 &>
. rd f

62



63



30—

o0’

\

=
|
135'—4* = ﬁ
o
o
144-10" ,_
£10"4
165'-5"
147°-10*
133-1°
115=7" 7
{@ﬁ\lﬁ\ -
69'-3"
5 A
NG
.l
& S
=5 , 0
x | =
. =
m/ —_
=
in k
1 N~
u.b 4_
o =

171'=8"

2381'=3"

201'-6"

64



65



|l eed Disdribulion U ) .

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

22-141

=)
CAMPAD

P s te 7y r =
Y 1 Y41 sg! .
13 psf 5red 2!
125 psf 2l sg
Il pst | sL o
L

Todol  disdiibuled wind loed o eochh sla Y reisht

U e = :o'.s'(m.r: psi’) = 152,256 plf

Wy = 15225 + 14 (1,75 psf) s 3UYIE p e
Wy = BuUMTE P+ (s @ﬂ‘): 52615 pt¥f
Wae = 526,75 0P+ 1y (1z5esl): 7048 ptf
wy = 10L1S Pt 14 (npsf) = 8 5515 pod
0o = BSEIL pPPt LECU eud) = 13B2E e0f

66




Load b!S‘Li’IbU'}IOV\ ‘ (Z\ . B

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

22-141

iay)
EAanean

W=y 18225 e R

wWy= S SUNOS PQ‘E

VnFORMLY DBISTRIRVIED
= lseeg ptd

W= g5z 12 F WIND LoAD AT € ACH

Wz T 175" FP()- =T oRY

ULJ:; R5E,15 pp‘g

W)
5 0 1) e . T T O O s o 5
S L L ———

Todol _equivalentd pomt Lood

We = 152,28(285,28) = 43,4 ©

W, = 3un5(288,25) = 983
Wj = 526,15(285.28) = 150, 3%
W; = o0 (28625) = 2002 ©

W, = 85515(23526) = 24y, ¥

67




Lood Di<lribuion (3) . ,‘

50 SHEETS

22-142 100 SHEETS
200 SHEETS

22-141
22-144

)
WEANIPAL

THE CENTEE oF RIGIDITY

%= 1s(z2)-igle) o
“ Y :
_j)'/ = 32,.3”(30') il C”,LSJ(E.@z}G){. 19354 (2\1'5%,)_(2_)_ gD 61
30 + 2(5.88 ) x 2(2u.58) ) ‘

PoLAr MOMENT OF INERTIA

Te= Lux+Iyy
Ixy’ = Eﬂx 77‘
| e <
= 3050, % 2u.88' (2. (2) ¢ 5-55-”'(?"415‘?) (t>

= 113879.3%36 f4°

Iy=' B8 = wllig)e s 17,52(71.08)7(2) + g(ems)z(a)

= 24.550.20 f4°
T 113879.36 + 248550.20 = 362429, ¢ 3

68



Ag,cﬁiﬁrsfrlbb-’lov\ (L{\

(Wimd garollel {e dhe Y axs

o

]
g
i
w
7]
o
0

100 SHEETS
200 SHEET?

Raof
V\&: {3,y < Wey Force= \_}V__&_u',_‘_ MT-XE
e ==
MT: O = IP
Woll A7 434(11.s7) . O = 8.0

2 59) 42z 2(8 )

wel Byz 4%.4(8) , o = 3.8t

A8

43, 4(22) - 8.67F
95,8
well C = &.61F
wall E, = wall A = g~
Well Fy = Well & = 38 ©

well A= 8.02
cos 885
woll B 265

cos 35

wWiell E = WJall A

Well F = LWshn

69




Lood Tuis-dr buU\ovw

50 SHEETS

22-142 100 SHEET:
22-144 200 SHEETS

22-141

o
(EANVIPAL

Wind Paral el

1o Y-oxis

z‘{ LA 54-or\,l
Wy = 98,3 %

Wall B
woell ¢ =
woll ™ =
well £ =
wisll =

'Z.né SLOY\!

W = zeoz*©

Woll

M-r=o

= HOweR L
el i
22,2
3,67

10, 09

M0

Force (¥)

A

n om0 R

64,51
2. 55
Gk
46,21
64.5)

20.5]

70

(%) |

ard slory
Wg=150,3 M™My=0
&)

Woll A= 48,43

ool B= 15 4=

o il &= INTY

Well = 3474

wlell E= 4&,u3

Well F= 15 yz

1< Siory

W 2wy e M = O

woel Force (¥)
A 1865
B 25,05
& sb.yz
D 56,42
€ 18,65
F 2£.0¢




Lood Di=dribuliomn Cé

Wind  Parollel 4ne X

22-141 50 SHEETS
22-142 100 SHEETS
2-144 200 SHEETS

)
ANVIPAD

Fivmal Laoc‘)s

71

= B S5
Q)
We = 152,25(160)=24.36
W, = 24MIE( 160)=88.0
W; = £26.75( 16D)= 84,28

W, = WO\JS( _160)’ n2.28

W, = 85595 ( ”>0)*|EE‘C{E.

W= 75((52.25) =4k 2
Wi = 1,0 cos §5= 6,375
Wiis miily antbe 4,08%

W= 87 (152‘25'):

W = 1326 coszs = 10.55

W = 13,26 s 35 7.6°
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(1)
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22144 200 SHEETS

22-141
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EANPAL

Direcld Forewrs

Forces due 4o Torsion

Reof . ) |
M=o o Tut') + 13,2502 017) = 63,3
W.= 24,365
Well A= zuze(zy4.583) /Cos_z;g': i.60"
2z 5563) +2(8,875)t 30
Well = ;.gwf(aw.sd/wg el SR
70416
Wall E = 1lL.¢o = 01,60
V\)OU F_: = \lqz
Woll 6= =o(2u.3¢) - . Bou”
90,916
f——\[\)ol\ he = (63.3%)(1908)(30') _ o F a 3d |
T 36242966 &4° ‘
Wal} By ;@3'3)(q7,a5\(10') = o.08F subdroet
ZpzHzN,\SE
Wl ¢ = (632 1s)(22) . o.0¢" i I
362429,56 } oposile direadiors
Well > = 0,06% ‘
ol 8= o add
Well F = 5,08 suklacd
LWJ“ ¢ = s8.3(20,17)(30) 5 H.EEF add .
24z 56
Tolsl forces 'n eceln Woll) |
W ol Force (K) e ) Force (x)
A 17 & T
B I: BY 2 1B Y
(c D.6£ & 8.3
o -0,06
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slories ore proporlions) 4o Awe cokoleled
disd e Jiaw of favews od dhe vaad IEve),
a“s_s‘ncw\n iw oo chord below, {ne wmd

loed case pefellel 4o Y-oxis condrols Jhe

. ) |
Sy 6l e, wird Ae eyep-hom'o_p dhe well &

i

™

'f;"::‘ Toslribodion of [arces ol (oo Pleve) |
) | Companison Tebkle |
- X—oxis ! Y-axi s i
= | woll Farce (&) o) Earc € (X)
A M A 8. 48
' B 124 g Yyt
¢ 0.0¢ ' 8,67
> 0.06 D 8,67
‘ = IR e 1398
i € 1L8Y F “vL
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| Wal 6 ¢
[Lioftj Foree (k)
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‘ Lood -Dlﬁ'lvtb\)'i;c\f\

(1D)

CNE-SW

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

22141

= 5
EAVIPAL

Wwnd v

NE — sWwW direcdion

@oof

MQMEV\J{ arys)

T TITTITId

.V —

< W= 1053315228 ff!’)
£ [§, oy~

Db‘*/ﬁﬂﬁESOi——%A

ce——— W, -90,00 (152,22 )

= 13.10%

Mr= it,04(63,28) = 13,70(34 42)

- &gaz,qe“l

W, ! 63,25

Wy o vY, 42!
Wall Lens W ¢ Levsihy
A 7, 58 23.83'
R 5" 3,08'
c 12,23 17,83
D 1283 1,83
£ s’ o
£ “o o'
4 il W X (1,58

75




Load Dusdvibufion ‘

(n) C NE-s W

50 SHEETS
2-142 100 SHEET:
22-144 200 SHEETS

22141

2214

5
(EAMPAL

Wind indhe

NE -SW c)lr&SC"leV‘l

Wolls = WE ., M- XL
A 4 Te
Final Distniboled Forres 1w eoeh wall
Wall Divec! shear Fowree Mt ferce Todal
A e, S -0, 863
B 3,00 + 0. 812
c 6oz * Fo.uq
> 6.603" -oud
X %, 00 ' ~ 0,87y
F gt 0817
6 2.01¥ - z.2%
___(eoe-() Level
Comperisony To ble 2,
Wall E“%%—“—i Locd@l]f v Load |L|Kr)~1e -SW
A U 15,98 CHS)
-ﬂ 184 Y4.4b 2.87
e 0:06 _8.67 1,10
D 0,06 867 bl
B (0 13,18 8.3
€ 18Y Y bk 0.82
G 830 0 6.671

s Underlined

are the

coﬂ'hcv”v\\(i Qarci?& |
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. jead Tusinbulion | 1z) NE-swW
Wind porollel width 4he NE-SW oxis
Woll &
_ Level W) Tolol Force inwsll (k)
R 28,7 6.¢ 1
Y 61.5 IS, 30
3 02,9 23,39
= A7 | AP
3 1 e 33,0\
G
|
~
|
|
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LOAD DISTRIBUTION TABLES

CASE1
Resulting Distributed Forces at the top of the frame in kips
Frame Garage Level 1 Level 2 Level 3 Level 4

A 78.65 64.51 48.43 31.67 13.98
B 2505 2056 | 1542 1009 | 446
C 56.42 46.27 | 3474 2272 | B.67
D 56.42 46.27 34.74 2272 8.67
E 78.65 64.51 48. 43 31.67 13.98
E 25.05 2055 | 1542 1009 | 446
& 0 0 _ 0 0 _ 0

CASE 2

Resulting Distributed Forces at the top of the frame in kips
Frame Garage Level 1 Level 2 Level 3 Level 4

A MIA MNAA. | NAA WA | 1T
B LA, MIA 1 NIA MA S 184
C A, MIA MIA A 0.06
D MIA, MAA MIA MIA 0.06
E MAA MA | MNA MA | 1T
F A MiA | NIA MiA | 184
G 46.65 38.26 28.72 18.8 8.3

CASE 3

Resulting Distributed Forces at the top of the frame in kips

Frame | Garage Level 1 | Level 2 Level 3 | Level 4

A /A MIA | NIA MA | 951
B /A /A A /A 3.87
C M/A M/A MIA MA 7.1

D /A MAA | NIA MA | 71

= M/A MIA 1 NIA MNIA | 951
F M/A /A A /A 3.87
G /A M/A A M/A 6.67

MOTE: M/A - values that do not control the deaign-
italicized are the values that control the design
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Frame
AB
BC
ch
AC

Frame
AB
BC
ch
AC

Frame
AB
BC
ch
AC

Frame
AB
BC
ch
AC

Frame
AB
BC
cD
AC

Frame
AB
BC
ch
AC

Frame
AB
BC
cD
AC

Steel Memeber design Summary

Braced Frame A Size

81

i Level0 @ Levell Level2
| VW12:106 | WI2x106 | W12x106
W18x35 | W18x35 | W18x35
W2:106 | WI2x106 | W12x106
Waxha Wixda Whx35
Braced Frame B Size
: Level0 | Level1l Level?2
| Wi2xB5 | W12xB5 | W12x65
W18x35 | W18x35 | W18x35
WH2xB5 | W12x65 | W12x65
Wax35 WEx31 W28
Braced Frame C Size
: Level0 @ Levell Level2
| W12x96 | W12x96 | W12x96
WiBx40 | W18x40 | W18x40
Wi2x96 | W12x96 = W12x96
Waxda Wax35 WEx31
Braced Frame D Size
: Level0  Levell Level2
| W12x96 | W12x36 | W12x96
WiEx40 | W18x40 - W18x40
W12x96 | WI12x96 | W12x96
Waxda Wax35 Wex31
Braced Frame E Size
: Level0 @ Level1l Level2
| WH2x106 | W12x106 | W12x106
WH1Bx35 | W18x35 | W18x34
WA2106 | W12106 | W12x106
Waxha W45 Whx35
Braced Frame F Size
: Level0 @ Levell Level2
| Wi2xB5 | W12xB5 | W12x65
W18x35 | W18x35 | W13x35
Wi2xB5 | W12x65 | W12x65
Wax35 Wax31 W28
Braced Frame G Size
: Level0  Levell Level2
| W12x96 | W12x36 | W12x96
W1bx26 | W16x26 = W16x26
W12x96 | W12x96 | W12x96
Wax35 WX WEx31

Level3
W12x50
WH18x35
W12x50
Wax31

Leveld
WH2x35
W8x35
WH2x35
W24

Levell
W2x40
WEx40
W2x40
Wiax28

Leveld

W12x40 |

W1Bx40
W12x40
WWaxZa

Level3
WH2x50
WHEx35
WH2x50
Wax31

Leveld

W12x35 |

W18x35
WH12x35
Wax24

Leveld
W2x40
W1Gx26
WH2x40
Wax24

i Level 4
| WH12x50

W1Bx26
W12x50
Wiax21

: Level 4
| W12x35
W21x50

WH12x35
Wax21

: Level 4
| W12x40
W/18x35

W1 240
Wax21

| Level 4

W 2x40
WH18x35
WH12x40
Wiax21

: Level 4
| WH12x50
WH1Ex26

WH2x50
Wax21

| Level 4

W12x35

W21x50

W12x35
Wax21

: Level 4
| W1Zx40
V1626

WH2x40
Wax21
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22141
2-142

2

)
EAMIPAD

| Braced Fraome B‘Lejgn U\

U2 Reod

Broced Frome

- Weall A

Clevel, 4 — QOO‘P
= &
102 B 1927 Trib Area=(z0)l 3,5')-;037’:2
8,215 & 4
13,98 el 14 CT T LL= 30 psf Pyt 7gpsf
wa 1By 24
DL 28 pod
Wy 1.2(28)(%8)11.6(:9:5)
= 273 b4
= 0, 213 ®lEL
) A Coewan =e0 o&) (98 p-,f)
& > = - (
- T& = iB 2"
Q‘x&. @%7 ~ ,1?14-— Rux
Ry Ruyy

ZM@ :o:fﬁ(fs,qs)qt (8419)(15) + 70.2.(30)'— 20 Ruy

S
QHY = gO, 3“-‘

Riy= &(102)+ 819 - 30.8= 61.171F

le:lqu: 1% 98 =~ 5.‘17‘7&

LUEN
el
1598
4
‘ 74,5
Of r2.98
61,71
Fia L -
30,2
@) 2 ¢.99“
02"

==
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| Rroced Frowme ”bef'aifim CZX I B

— Broced Fremme - \Woll A
Level = ,
¢.—-zsz.1$"’ C=28298%
I,Jéﬁ,c/‘m
1 o 3ug™s W = (1:2060) + 180100 1,8’
e | ie® i PR
EEE @ w € = o, 3uR FARY
B2s =[nz(60 Hib(iod) &
= . i
& P 2 I, 160 {4
. R g e
t 1€y W Po= lizlso)r (199
-5 Colowp lLoadst
3k _ = 232 pof
(qoo o )(zsz ps-r)- 14,89 "T 4+ 21405 = zez. 3%
7oo®
Ly = (Cmo)(asz) Ty, 18% 4808 +0.5 = 232 95 < ‘
/__\/._!\C!D/Cl B e N e e WS Y ‘
— c| (A )(Pu) - U Po;rw\luj Did loads, ¢ talomin foeds m
AL AT AL A N AT NN - = VU,

ZMp-0- w(m..m‘jﬂh L(E)S) + 63u8(20)015)+ 282 95 (30)
= 30 Ry,
Rpy= 20u.88"
Ray = 1.16010) \2us(20)A 282,95+ 262 .18 -20Y.88

= 229
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| S ._ELLC@C)M’DQ& gh. (3) Level B~ Y
Rroced Frowe = Wall A
[ | Level 3
|
g
e |
TR0 ZE2N . 1Y
F!-S 3
s = mong ] €7)
5 g el (<3
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LB\ gi o LS’I Co- T3k
Rya= 449.06"°
" . Byp™ &IOS
B Rxﬁ = i-'-“l;?:Kr
| EY' RYZ’ YD~ Z4.2 K
Mg MRER arxigl Force (k) Direat s
A B Sk c
B C LR e
c D LERT c
A C e 5 T
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Broced  Frome [ Design T) | ievel

Level |

- c = Buz.yl© B pern 2
Coz T 20 Rpy= TTbE™
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\
|
55% Fw
s -
i 100\ h S
ugd, z\Yy 11813
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)
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&B 77¢é c
AC B I
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Rroced Frowe JLD%_CQ
Level O
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Leve| o1

(53

Rax
T&M’ oy
MeMBEER Axior Force
f B 8737
R 18.7
eD loz3
AC &6, 8
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FW: T18.65 &
c, = 822.61°

c,= q418.65°% |
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| |
‘ ErO‘C?di‘:T&C_iDESJ‘jV\ (?) wall R ‘W“@..ﬂ.gl

| Woll R
o ‘ Leve( &
e,z (sts¥zoy( 78 psf) = 448"
Enz il 5 el 5% psil = 2EE
C\ CZ z ( )( )( s } l
= e
o Fw b, Ye
Bk < Kﬂx- TALE
e £
328 RM = 40,54
De— Rpy= z23®
:;\\ QA?! R Epy QD‘/'_ Gy ™
r;|§ L Foy
‘ Meme e A& AL F)olace DIRETION
! &
‘ AB L % &z
‘ R LVATR- [
& by '
AC 1,67 T
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200 SHEETS

22-141 50 SHEETS
22-144 2

22-142
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EAMPAD

RBroced Frome b?ﬁijh
Level &

c = (z0')X30)(z32psF) % yo.cet + 0.5= 180,26

C, = Ls')ze) (22

Fu= to,09%

MeMBE R
AR
RC
<>
AL

&

2 st + qnay R+ 05 gy <

AxiAL Force Direclion
)

[ 80.26 &
10,9 <
61,5 é.
1&395 T
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Braced Frov\*e_bis_fﬂ)a—QE) Woll 3, Levels o— 2

Wace B
[
. Level z Level | Level O Drechiov
ME MRE R Av1AL (‘orc‘e Ax(AL Forc€ | AmioL Fovec
(1c _CIC} (v.)
AR 047 422, 8 $3%7 <
FYal 5,42 20,58 25,05 i
Do <D z B8 qzleb2 Iélé G
EEL
zZs A T 35 3Ub 43| T
1%a c 2oy T G228 5357
3 7 2 P 342, 9 £24. 71
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N |
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22-144 200 SHEETS
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AEANMIPALR

Level Yy W ALL <
c, = (lo+=n)(ist s\(18) = 22,74%
Cq = (u-)—?_o)(Lg-Ho)(’l g = 6,45 %
= | S
Fuw= 867 c, e
Fo J% e
A e
: 5
Ry Foy
Level 3

Ciz Rpy -+ (420 w)(1232 gs8) +0.§

Coz Rpy + (775 07)( 232 k3Ot oS

=T RE e W ¢a

[ W ALL € Faxce Dishibodi oy
@ TARLE
"MEMRBER [Level Y | Level 3 | Level Z | level | Level O b\vcc-Jm\q
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() (e (e (el ()
AR 3214 [ 1250R | 208.8 284, § %5% <
RC 3,41 zzotz || osMcTY bé, 2 Sé.uz il
2.3 66,0 | 260173 | 463 672.9 8891 (<8
AC 10,28 | 26.9 hZ 54,2 £6.88 =
i 2206 | 1ese | zosr | wsug | sezo |
cz bo LG [ 2Ubi3 wuna@ | 64xy ¢ 3,2 e '
| Fw g67 [2z2 LSH.‘!H Y621 | Seaq > \7
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EANMPALT
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B

A = 8OT 42
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Ci=C,= (807)(.231) -ie7.2" Sloot S
Cy-co= (201) (18) = ¢za” ros £
¢ Cr
e v
> [ ¢
&
>
WALL & Force DisTRIgUTON TRRLE — bric| forc €
Member | Level Y | Level 2 Level 2 Leve] | revel @ | Direcdem
ey | () (k) €4 ()
AR 62,9 Z 461 y2z,5 | S41.9q 155, 2 c
B 23 13,8 287z 38,24 46,65 £
D 64,18 webi | 412, 4 8T | qo1.8 .
_Ac 16 2228 MO0 | 4$in S 5829 T
‘{ (& 62 9 Tué hzz, § £q1. 9 1852
T €z9q Z5Ui Y 454.1 650, | .2
P 8.3 8% 2312 Ls.zé Yé65
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Woll A
Level ! (4 si_o.r»f
Mewiger R-C
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Mw = B10(2)— so(e)(.oa)(i_cza_z_> + £0(10,5~6(.02))(89)

2 Wz st
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bPnz 437,7°
B . 00z2 <402 =% H=b
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K Job No Shest No Rev
. Part
Software licensed to PENN STATE UNIVERSITY
Job Title Ref
By Dalez2-Nov-06 ehd
Client

Fle Braced Frame Evaluatio Pa‘eﬂ'me 22-Nov-2006 16:22

Job Information

Engineer Checked Approved
Name:
Date: 22-Nov-06
[Structure Type | SPACE FRAME | 3 z @
78,8 -~
Number of Nodes 4 | Highest Node 4 '8 L
Number of Elements 4 | Highest Beam 5 - f
3
Number of Basic Load Cases 1 i S'/ ‘
Number of Combination Load Cases 0 P |
Included in this printout are data for: I # *
| An [ The Whole Structure | 0, /]( A @
Included In this printout are resuits for load cases:
Type Name
Primary 1 WIND LOAD
Beam End Forces
Sign convention is as the action of the joint on the beam.
Axial Shear Torsion Bending
Beam | Node L/C Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kip'in) (kipin) (kip'in)
1 1 1:WIND LOAD 0.000 0.000 0.000 0.000 0.000 0.000
2 1:WIND LOAD -0,000 -0.000 0.000 0.000 0.000 0.000
2 2 1:WIND LOAD 78.800 0.000 0.000 0.000 0.000 0.000
3 1:WIND LOAD -78.800 -0.000 0.000 0.000 0.000 0.000
3 3 1:WIND LOAD 36.773 0.000 0.000 0.000 0.000 0.000
4 1:WIND LOAD -36.773 -0.000 0.000 0.000 0.000 0.000
5 1 1:WIND LOAD -86.958 0.000 0.000 0.000 0.000 0.000
3 1:WIND LOAD 86.958 -0.000 0.000 0.000 0.000 0.000
Reactions
Horizontal | Vertical |Horizontal Moment
Node Lc FX FY FZ MX My MZ
(kip) (Kip) (kip) (kipin) (Kip'in) (kipin)
1 1:WIND LCAD -78.800 -36.773 0.000 0.000 0.000 0.000
4 1:WIND LOAD -0.000 36.773 0.000 0.000 0.000 0.000
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Job Ne: Sheet No Rev
V /4
Scftware licensed to PENN STATE UNIVERSITY Far
Job Title Ref
Rroced Fronw€ Fove s vt buditolh By Pate22-Nov-06 Che
Glient File Braced Frame Evaluatio |Date/Time 22.Noy-2006 16:05
Job Information
Engineer Checked Approved
Name:
Date: 22-Nov-06 2 -~ )
2] [%
5 = — =
[ structure Type [ SPACE FRAME | 28.8% S~ : |
8 ~ ; [
| e S | &
Number of Nodes 4 | Highest Node 4 ! | P |
Number of Elements 5 | Highest Beam 5 | = 0 [
|
Number of Basic Load Cases 1 T)’ Y 1)
Number of Combination Load Cases 0 5
Inciuded in this printout are data for:
[an [ The Whole Structure |
Inciuded in this printout are resuits for load cases:
Type L/Cc Name
Primary 1 Wind Load
Beam End Forces
Sign convention is as the action of the joint on the beam.
Axial Shear Torsion Bending
Beam Node L/iC Fx Fy Fz Mx My Mz
(kip) (Kip) (kip) (kip'in) (kipin) (kip'in)
1 1 1:Wind Load -25.232 0.000 0.000 0.000 0.000 0.000
2 1:Wind Load 25.232 -0.000 0.000 0.000 0.000 0.000
2 2 1:Wind Load 24731 0.000 0.000 0.000 0.000 0.000
3 1:Wind Load -24.731 -0.000 0.000 0.000 0.000 0.000
3 3 1:Wind Load 11.541 0.000 0.000 0.000 0.000 0.000
4 1:Wind Load -11.541 -0.000 0.000 0.000 0.000 0.000
4 4 1:Wind Load 59.666 -0.000 0.000 0.000 0.000 0.000
2 1:Wind Load -59.666 0.000 0.000 0.000 0.000 0.000
5 1 1:Wind Load -27.292 0.000 0.000 0.000 0.000 0.000
3 1:Wind Load 27.292 -0.000 0.000 0.000 0.000 0.000
Reactions
Horizontal | Vertical |Horizontal Moment
Node L/C FX FY FZ MX MY MZ
(kip) (kip) (kip} (kipTin) (kip'in) (kipTin)
1 1:Wind Load -24.731 -36.773 0.000 0.000 0.000 0.000
4 1:Wind Load -54.069 36.773 .0.000 0.000 0.000 0.000
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Job Na Sheet No

|
Software licensed to PENN STATE UNIVERSITY Pt
Job Title Ref
By Daleg2_Nov-06 Chd
Client Flle Braced Frame Evaluatio |P3%@Time 22-Nov-2006 17:00

Job Information

Engineer Checked Approved
Name:
Date: 22-Nov-06
I 1 | & =z G ,
Structure Type SPACE FRAME .
| /N |
- 18,5 4
Number of Nodes 5 | Highest Node 5 = I A
s
Number of Elements & | Highest Beam 6 4 5 Yy
; /6 Sk
/’
Number of Basic Load Cases i] | /’ N
Number of Combination Load Cases 0
Included in this printout are data for: S
| An | The Whale Structure |
Included in this printout are resuits for load cases:
Type L/C Name
Primary 1 Wind Load
Beam End Forces
Sign convention is as the action of the joint on the bear.
Axial Shear Torsion Bending
Beam Node LIC Fx Fy Fz Mx My Mz
(kip) (kip) (kip) (kipiin) (kipin) (kip'in)
1 1 1:Wind Load 0.000 0.000 0.000 0.000 0.000 -0.000
2 1:Wind Load 0.000 -0.000 0.000 0.000 0.000 0.000
2 2 1:Wind Load 78.800 0.000 0.000 0.000 0.000 0.000
3 1:Wind Load -78.800 0.000 0.000 0.000 0.000 0.000
3 3 1:Wind Load 0.000 0.000 0.000 0.000 0.000 0.000
4 1:Wind Load -0.000 0.000 0.000 0.000 0.000 0.000
4 4 1:Wind Load 0.000 0.000 0.000 0.000 0.000 0.000
5 1:Wind Load 0.000 -0.000 0.000 0.000 0.000 -0.000
5 1 1:Wind Load -53.895 0.000 0.000 0.000 0.000 0.000
3 1:Wind Load 53.895 -0.000 0.000 0.000 0.000 0.000
6 3 1:Wind Load 53.895 0.000 0.000 0.000 0.000 0.000
5 1:Wind Load -53.895 -0.000 0.000 0.000 0.000 0.000
Reactions
Horizontal | Vertical |Horizontal Moment
Node Lc FX FY FZ MX MY Mz
(kip) (kip) (ip) | (kipin) | (kipin) | (kipin)
1 1:Wind Load -118.200 -36.773 0.000 0.000 0.000 0.000
5 1:Wind Load -39.400 36.773 0.000 0.000 0.000 0.000
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-A10 Foundations

A1010 Standard Foundations
The Spread Footing System includes:
excavation; backfill; forms (four uses); all
reinforcement; 8,000 p.s.i. concrete (chute
placed); and screed finish,
Footing systems are priced per individual
unit. The Expanded System Listing at the
botton shows footings that range from 3
g square x 12" deep, to 18 sguare x 52"
' deep. It is assumed that excavation is
done by a truck mounted hydraulic
excavator with an operator and oiler.
Backfill is with a dozer, and compaction
by air tamp. The excavation and backfill
equipment is assumed to operate at 30
C.Y. per hour.
Please see the reference section for
further design and cost information.
COST EACH
System Components QUANTITY | UNIT WAT. INST. TOTAL
i SYSTEM AL010 210 7100
i SPREAD FOOTINGS, LOAD 25K, SOIL CAPACITY 3 KSF, 3’ SQ X 12" DEEP
1 Bulk excavation 590 CY. 451 451
| Hand trim 9.000 S.F. 6.84 6.84
J! Compacted backfl .260 CY. 79 9
Formwork, 4 uses 12.000 F 7.80 50.16 57.96
| Reinforcing, fy = 60,000 psi 006 Ton 5.61 6.15 11.76
Dowel or anchor bolt templates 6.000 LF 5.58 20.76 26.34
Concrete, fc = 3,000 psi 330 CY. 37.62 37.82
[ Place concrete, direct chute 330 CY. 6.27 6.27
,'5 Screed finish 9.000 SE 4.14 4,14
TOTAL 56.61 99.62 156.23
. COST EACH
A1010 210 Spread Footings — = e
7090 | Spread footings, 3000 psi concrete, chute delvered
7100 Load 25K, soil capacity 3 KSF, 340" sq, x 12" deep 56.50 99.50 156
7150 Load 50K, soil capaclty 3 KSF, 46" sq. x 12" deep 121 172 293
7200 Load 50K, soil capacity 6 KSF, 30" sq. x 12" desp 56.50 99.50 156
i 7250 Load 75K, soi capacity 3 KST, 56' 5q. x 13 deep 193 24 a7
: 7300 Load 75K, soi capaclty 6 KSF, 40" s0. x 12" deep 147 245
! 7350 Load 100K soil capacity 3 KSF, 60" 5q. x 14 deep 232 537
: | fa10 | Load LOOK, soi caacity & KSF, 46" sa. x 15" deep 203 353
L 7450 Load 125K, soll capacity 3 KSF, 770" sq. x 17" deep 420 10
’ | 7500 | Load 125K, soil capacity  KSF, 507 244 a37
| 7350 (oad 0 W0
| 7510 Load 150K, coi ¢ 305
! fsﬁﬂ Load 200K, sof capacity 3 KSF, 8- B
i 2700 | Load 200K, soi canaciy & KSF. 5 30
i 7150 Luad 300K, 5ol capacky 3 RSF 108 1050
{ _gi% Load 300K, sai capacty 6 KSF, 55
7905 Loed 406K, 5ol capaoty 3 K5 550
e 1046 400K apacty b KSF,
7950 Load 5 apaciy 3 KOF. 14
010 3 anacly 5 KSF 1 |
— -0ad 500t y 6 KSF. 9'5 ‘
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DS Common rk Results —fo c-itals

Doily  Labor- 2007 Bare Costs
05 05 23.05 Anchor Bolts Cew Outpul Hours  Unit Materiol labor  Equipment
16%0 42" long (2lap 11 1455 o 28.50 53.50
0700 48" long 10 1.600 32.50 58.50
0710 54 [ang 9 1718 38.50 65
0720 &G long | (] 2 41.50 73.50
0730 | 64 long b7 oo | | wso) @
0740 12" ong Py | 6 266t | o 9%
0990 | For golvanized, odd [l 4 el |

05 05 23.10 Bolts and Hex Muts

0010 | BOLTS & HEX NUTS, Stael, 4307

0100 1/4" diameter, 1/2" long 1 Sowk|
0200 | 1" long |
0300 ‘ 2" long
0400 3 long
0500 4" long
0600 3/8" diometer, 1 lang
0700 2 long
0800 3" long
0900 4" long
1000 5" long
1100 1/2" diameter, 1-1 /2" long
1200 2" long
1300 4 long
1400 6" long
1500 8 long
1400 5/8" diometer, 14 /2" long
1700 2" long
1800 | 4" long
1900 < §long
2000 B long
2100 10" long
2200 3/4" diameter, 2" long
2300 4 long
2400 : 4" long
12500 B long
| 2600 10" long
2700 12" long
2800 1% diameter, 3" long
2900 6" long
3000 12" long 3
3100 For galvanized, odd
3200 For stoinlss, odd
05 05 23.15 Chemical Anchors
0010 | CHEMICAL ANCHORS
0020 Includes loyout & driling 55 3
1430 Chemical anchor, w/rod & epoxy carhidge, 3/4” diom. x 9-1/2” long B84 |
1435 1" diameter x 11:3/4 long ;
1440 1-1/4" diometer x 14" long
1445 1-3/4" diometer x 15" fong
1450 18" long
1455 2" lometer x 18" long
1460 24" long
128

146




L " . BT .

DAILY [LABOR- 2006 BARE COSTS TOTAL
05120 | Structural Steel crew ourpurlwoues] unr [ war_ | LasoR | eoup | 7o | inctowp |
7010| COLUMNS, LIGHTWEIGHT 250
1 Lightweight units (fally), 3-1/2" diameter B2 | 780 | 072 | LF 299 279 1.83 761 10.10
1 4 diameter " 900 | .062 % 440 242 1.59 841 10,75
Adjustable jack post, 8' maximum height, 2-3/4" diameter Ea. 32 R H
4* digmeter ! 5 51 56
0 COLUMNS, STRUCTURAL @ 260
Shop fab'd for 100Hon, 1-2 story project, bolted conn's. -10
Stesl, concrete filled, extra strong pipe, 3-1/2" diameter E2 | 660 | 085 | LF 3150 3.30 216 36.96 42350
& diameter 780 | 072 ‘ ksl 279 183 3982 45.50
5" dlameter 1020 | 095 4130 214 1.40 45,04 5
4" diameter 1200 | 047 55 1.82 119 58.01 85
3" diameter v |00 B[ 4 5% ] 130 58,28 E5.50
For galvanizing, add Lb. 2R 22 25
For web ties, angles, etc., add per added |b. 1Sswk| 245 | .008 95 El 1.29 1.66
Steel pipe, extra strong, no concrete, 3" to 57 diameter E2 | 16000 | 004 85 14 09 118 138
6" to 12" diameter 14000 | .004 + 95 16 10 121 143
Steel pipe, extra strong, no congrete, 3¢ diameter x 120 60 | 933 | Ea 117 36,50 L3 177.50 218
4" diameter x 120" 58 | 86 7 3750 2450 233 280
6 diameter ¢ 12°4) Q 54| 1037 3% 2050 2650 460
8§ diameter x 144 50 | Li20 575 4350 2850 647 740
10" diameter x 160" 48 | 1167 830 4550 2950 505 1,025
12" diameter x 180" 45 1M 1125 48.50 3150 1,205 1,350
2 30| Structural tubing, square, ABDOGYB, 4" to 6" square, light section [ 11270| 005 | b 95 I8 A8 127 1.52
i 300 Heavy section i * 32000 | 002 . 95 07 04 1.06 1.2z
|4 4000 Concrete filed, add LE 347 347 38
@ | [%0] Stuctural tubing, sq, 4 x 4" x 178 x 120" E2 | 58 | 966 | Ea 157 3750 2450 219 264
N 6"x 6" x /4% 120" 54 | 1037 ‘ 2857 4050 2650 24 380
e R R D 50 1120 555 35| - 2850 ] 715
__E'E- 450 107 % 10" x 12" x 16707 48 | L167 l 1,025 4550 2950 1,100 1,225
] SI00f  Structural tubing, rect, 5" to 6" wide, light section 8000 | 007 | Lb. 95 27 18 140 172
ﬂ Heawy section 12000 | 003 9 18 12 1.25 1,49
] ] 7710 10" vide, Jght section D 15000 | .00% E3 I B 120 ¥
! _3"_09_ Heawy section 18000 | .003 y 95 12 08 115 1.35
N S0]  Sructurd tubing, rect, 5 x 3" x 174" x 120" 58 [-.966 | Ea 152 37.50 2450 214 258
_::‘52 6w ' % 5/16"x 120" 5 | 1037 238 40.50 26:50 305 360
1 %0 Bxdly 387 % 120" 54 | 1037 345 40.50 26,50 anz 480
ﬂ 10" % 6% x 3/8" x 140 50 | L1120 585 4350 2850 627 715
j My 1258 0 12X 160 B |17 v 1,025 1550 2850 1,100 1,225
W Shape, A992 steel, 2 fier, W8 x 24 1080 | 082 | LF 25 202 1.32 2834 3250
] W8 x 31 1080 | 052 3250 202 1.32 35.84 40,50
W8 x 48 I 1032 | 054 B 211 138 5349 &0
i W8 % 67 984 | 057 70 221 145 7386 8250
W10x 45 1032 | 084 47 211 1.38 5049 56.50
i W10 x 68 984 | 057 7 221 1.45 7466 83.50
Wil 112 960 | .058 | 17 227 1.49 120.76 135
7 Wi2x 50 1032 | .054 52.50 211 1,38 55.99 62.50
W12« 87 984 | 057 91 221 145 54,60 105
0] Wi2x 120 90 | .08 128 2.4 148 128.76 144
1. i Wi2x 180 912 | .08l 199 239 L.56 202.9 24
9 Wid x 74 ag4 | 087 71.80 221 145 8116 40.50
| W14 « 120 | %0 | 058 125 227 149 12876 144
- W14 x 176 3 212 | 061 184 239 136 187.95 208
o pojcts 75 to 99 tons, add " M 1%
0t T Tens, 2dd W
J. | l | 10w
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" DALY |LABOR-| 2006 BARE COSTS TOTAL
05090 | Metal Fastenings crew loururi kouRs) unt | war_ | UaBOR | EQUP. | ToL | cLosP
34" long 2Cap| 12 | 138 Ea 1335 4750 5085 83,50 |080
50" lang 10 | 1600 e 57 7165 105
11/2" diameter x 18" long 2 | 72 35| 3455 50
24" ong 9| 8 01| 30 4010 57.50
30" ong 7| o 40| 3350 450 5450
36" long 6| 1 1310 3550 1850 7
7' long B | 1067 250 3 5200 75.50
48 long 13 |123 65| 4 6075 86.50
54" long 0 |14% TET T 72 103
60" lang 9 |17 25| 8 350 123
1-3/4" diameter x 18" long 0 | 800 13.05 28.50 4155 59
24" ong 18 | 889 1530|350 14680 73
30" long 17 | o4 T ) 5130 7130
36" long 6| 1 50| B0 5% 78
42'ong 1 |18 %3 4050 5350 )
48" long 12| 133 5 4750 7250 102
54" long 0 | L6 3 57 8% 123
60" long g | 2 BH| 7 10450 148
2" diameter x 24" long 7 | 94 19,50 3350 53 7350
30" lang 15 | Lo67 2 3 &0 83
36" long 13 |12l 2% [ &8 950
42" long 1 |1455 2 5150 7830 110
18" long 10 [ 1600 A 57 88 2
54" long 9 |78 ¥ 63 100 13
50 long 8 | 2 350 i 11050 155
86 lang 7 {228 25| 8150 124 174
72" long v | 6 |2607 50| % 14150 159
For galvanized, add 75%
BOLTS & HEX NUTS Steel, A307 150
174 diameter, 1/2" long 15wk| 140 | 087 | Ea. a7 228 235 419
% 1"long — 140 | 057 08 228 236 420
m 2 long gj’—jg[: 1% | 08 1| 2 257 £50
K 3long L !ﬂ 130 | 082 i3 246 262 460
0 & ong 120 | 087 18 266 284 498
i 3/8" diameter, 1" long 130 |.082 12 246 258 455
o) 2 ong 130 | 082 15 24 261 459
0 3 ong 120 | 067 20 756 % 5
m & ong 120 | 067 2 266 291 5.05
gk 5 Tong 115 | 070 3 278 309 53
: 1/2" diameter, 1-1/2" long 120 | .067 22 266 288 5.0
o 2 lng 120 | 067 25 766 291 505
& long i 115 | a7 8 278 316 5.40
 lang 110 | 073 52 291 343 580
& lang | 105 | 07 8 304 iR 6.25
- BB diameter, 1-1/2° long [ 120 | 067 45 266 i 530
i3 2" long | 120 | 067 49 266 315 53
# fong [15 1 070 8 278 346 55
6" long | 110 | o7 - 85 29 376 5.20
& long 105 | 07 ] 304 a2 585
10" fong | 100 | 080 153 32 172
374 dameter, 2" lang | 120 | 087 0 266 3%
4 long [ 110 | 073 97 28 388
& lang [ 105 | 076 [WE 308 177
8 long o5 | ose 183 336 519
10" long [ | oo 738 376 514
12" g v | % lan 278 4 678
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_— 0
: | DALY |uaoR] | 2008 BARE COSTS
5090 | Metal Fastenin ‘

- " stenings CREW OUTPUTIHOURS| UNT |t | Lagop
88010520  Sees, Wyoe 6010, 1/8° dia., less than 5007

r | b | 209
0630 500¢ o 2,0004 ‘
0640 20005 to 5,0008
0650]  Sree!, type 7018 Low Hydrogen, 1/ diz.
5004 to 2,000
2,000# to 5,000%
Steel, type 7024 Jet Weld, 1/8" dia., fess than
500 to 2,000¢
2,000 to 5,0008
tyne 4043 TIG, 18 dia., less than 104
| 104 to 60#

1570 Over 60#

1610 104 to 608

1620 Over 60# {
1400 Castiron, type 8 Nicke!, 1/8" dia., less than 5004

1310 500% to 1,000%

EQUIP. TOTAL e

. less than 5008

0700

0710

500¢

Aluminum,

svaaw [

T For wet

[0 6"to L.
100| Steel pipe, ¢
180

1520] Over 1,000

2000)  Stainless steel, type 316/316L, 1787 dia., less than 5008
2100 500# to 10002
220 J Over 1000%

il B

1850
- 19
900f G010 | WELDING STRUCTURAL 150,
0020|  Field welding, 18" E6011, cost per welder, no oper, engr | -20 | |30 Structural tv
0200 With 172 operating enginger 1115 e [0 Fee
O] With 1 opersting engineer 1115 | |ap|  Cowet
0500 With no operating engineer, 24 weld rod per ton 4007 Structural fu
0500 84 E6011 per on 550 &
UEGU| With one Gperating enginger per welder, 24 6011 per ton il 8"
0900 8# E6OL1 per ton 450 10
1200 Continuous file!, stick welding, incl, equipment ﬂm
1300/ Single pass, 1/8" thick, 0.1#A.F. 50 Hes
1400 3/16" fiick, 0.28/LF B
1500] 14 tick, 0,347, ) He:
1610 5716 Tick, D4R/, [50] Siructural
1800 3 passes, 342 thik, 0.54/LF | B'x
10| 4 passes, 172" ik, 07B/LF L
2200 9t 6 passes, 3/4" thick, 134/ 7 1
M| B0 1 pasees, I gk, 245LF T
00| Forg bosttion welding, add, mimmum W Shape, A9
2700 Maximum
2000 For semiautomatic welding, deduct, minimam
3000 Maximum
4000 Cleaning and weldmg plates, bars, or rods
0 existing beams, columns, or trusses

%20f 010 STEEL cUmring
2

Hand burning, e, Dreperation, torch cutting
L

‘ Steel to 172" fic 25 ; E 05 3 |

3/4" thick

& grinding, no staging

For projects |
50 to 74

94 251049
e —————

90 Important; See the Reference Section for supperting data - Crews, Rental Equipment, City Cost Indexes and Reference Df
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DALY |LABOR- 2006 BARE COSTS Iy
05120 | Structural Steel cREW ‘omm\nouas T \\; LBOR | _EouP. | o
260} 8096 | 1016 24 tans, add Tt | i | 25
80%| 2t 9 tons, add II | | | s 5 |
8099/ Less than 2 tons, add | ‘ v o 100%
300/ 310 CURB EDGING ‘ :
0020 Steel angle w/anchors, on forms, 1" x 1%, 0.84/LF B4 | 350 ‘ 081 | LF 161 ‘ 370 2|
0100 2% 2" angles, 3.924/LF. 330 ‘ wrl ] | 5.15] 392 7
0200 3 x 3" angles, 6.1#/LF. a0 | o7 | 815 | 431 | 30
0300 4% 4" angles, 8. 2#/LF. | Z5 [ 6| | 10.55 471 k7
1000 B’ % 4" angles, 12.34/LF. J 20 | aes| | | 1525 | 520 36| i
1050|  Steel channets with anchors, cn forms, 3* channel, 5#/LT- | 250 | ol b4 446 3 TEy o
1100 4" channel, 5.44/LF | | 2m | 119 | 6.85 479 3 1197 0
1200 & channgl, 824/ F, J J 255 J 2] ‘ 10.55 510] ES %7 o2 >
1300 8 channel, 11.58/LF. 25 | 142 ‘ ‘ 1435 5.75 40 1 i 0l Wexl
1400 10" channel, 15.34/LF. ‘ 180 [ 1| | 1865 7.20 50 I |
1500 12" channel, 20.7#/LF. v } 140 | 229 ‘ J 9.25 il |
2000 For curved edging, add \ v I 3% 10% ‘ g
| ' ’ 310
4400 0010 | LIGHTWEIGHT FRAMING @ J J ! &
0400 Angie framing, field fabricated, 4” and larger -85 E3 | 440 | 055 | Lb 55 2.22 .ED. Cﬁ?’-“
0450 Less than 4" angles @ } 265 J 091 / ‘ 57 368 ,341 i
0600 Channel framing, field fabricated, 8 and larger 45 500 | .048 | 57 1.95] 18 { w1ox1
0650 Less than 8" channels v | 3 J 072 ’ ) 57 281 ‘27‘ == =
1000 Continuous slotted channe! framing system, shop fab, min. 2 Sswk| 2400 | 007 295 27 | 1
1200 Naximum T Ie00 | o || 333 a0 3
1250 Plate & bar steck for reinforcing beams and trusses / J [ J 105
1300 Crass bracing, rads, shop fabricated, 3/4" diameter £3 | 700 | 0% 114 139 13 i
1310 7/8" diameter [ 850 | 028 } ) 114 115 } 11 J Wi2xl
1320 1 diameter } ) 1000 | 022 / ‘ L14 g1 09 )
1330 Angle, 5" x 5' x 3/8" 2800 | 009 | 114 3 03
1350|  Hanging lintels, shop fabricated, average v ] 850 | 028 ) J 114 115 Al
1380 Roof frames, shop fabricated, 3'0" square, 5" span £2 ‘ 4200 | 013 114 52 3
1400 Tie rod, not upset, 1-1/2" to 4" diameter, with turnbuckle 2 Sswk| BOO | 020 124 &0
1420 No tirnbuckle | ( 700 | 023 ‘ 119 9
1500 Upsst, 1-3/4" to 4" diameter, with tumbuckle 800 | .020 1.24 80 )
1520 No turnbuckle l ' 700 | 023 ' 119 91 Widx2
480] D010 LINTELS J '
0020 Plain steel angles, under 500 Ib. 1Bric | 550 | 015 | Lb | 7 53 '
0100 500 to 1000 |b. ' } 640 J 013 ‘ } I 6
0200 1,000 to 2,000 Io. 640 | 13| | .69 46
0300 2,000 to 4,000 b. v | 640 | 03 ‘ & 46 :
0500 or buiitup angles and plates, add to above ) } | 24 ‘ i O |
0700 For engineering, add to above | | J | 10 | | )
0300 For galvanizing, add to abave, under 500 b, | 0 Wigx2
0950 500 to 2,000 b, ‘ J ‘ 7 ‘ —'F‘]ﬁ__
R Over 2,000 b, | v 2 | i :
520) 0010 | PIPE SUPPORT FRAMING | ;
9@20\ Under 104/LF B4 | 3900 008 | Lo J 127 33 02 )
0200] 10.1 to ISHAF. ( [ 4300 [ 007 J J 12 ‘3o| 02 W1Bx3
0400 15.1 to 204/ F. | 4800 | 007 | 124 2 02 <
0600 Over 204/LF. v | 300[ 00 | & ‘ 1.22 2 ‘02’ o i
e - e
5600010 | PLATES A2 ( ! I ‘ ‘
0820 For connections & stiffener plates, shop fabrizated 80 | | | Bl
0050 1/8" thick (5.1 Lb,/SF) SF. 485 1 g '
o100 14 tick (10.2 Lb,/5F) ! / ‘ } a7 ‘ < ;
192 Importani: See the Reference Section for supporting data - Crews, Rental Equipment, City Cost Indexes and Referent
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DAILY |LABOR- 2006 BARE COSTS TOTAL
Structural Steel CREW [OUTPUT| HOURS UBOR | QU | ToAL | INcLoap
/8" thick 115.3 Lb./S.F) ‘ 1455 13
00 172" thick (204 Lb /S F) 1940 2150
] /A thick (30,6 Lb,/S E) 7 %
0 1 thick (40.8 Lb.SF} 3 4250
7] STRESSED SKIN ROOF & CEILING SYSTEM
Double panel flat roof, spans to 100" E2 150 | 049 | SK 1.89 124 13
Double panel convex roof, spans fo 2007 960 | 058 227 1.49 1611 19.15
Double panel arched roof, spans to 300" l 750 | 074 l 2.87 1.88 2375 28
TSTRUCTURAL STEEL MEMBERS
Shop fab'd for 100+on, 1-2 story project, boited conn's.
WEx9 E2 | 600 | 093 | LF. 362 e 1541 15.20
%16 | | 600 | 093 363 238 a0 27.50
%20 500 | 093 383 238 7701 3
Wax10 800 | 093 363 238 16.46 2050
<15 600 | 093 36 pE] 271 %
%21 600 | 093 363 238 2801 3
%24 550 | 102 3% 759 355 3
128 550 | 102 3% 250 3.05 4150
e 550 | 102 EEG 250 39.05 I
« 35 550 | 102 39 259 4305 4950
X 48 550 | 102 3.9 2,59 56.55 6450
wiox12 500 | 003 363 238 18.56 2250
x15 500 | 093 363 238 2 %
x22 600 | 003 363 238 2901 3450
x26 500 | 093 363 2% 3301 3
%33 550 | 102 3% 259 4105 4750
[TE] 550 | 102 3% 750 5755 53
Wi2x1d 880 | 064 248 162 18.75 b,
x22 80 | 064 48 ¥ 27,10 350
126 80 | 064 248 162 3110 #
135 310 | 06 268 176 3055 4650
150 750 | 075 290 190 5730 §4.50
%58 750 | 075 290 90 65.30 7350
x72 640 | 088 340 223 8063 9150
W87 640 | 088 340 13 %.63 108
W 14526 990 | 057 220 144 3064 35.50
900 | 062 747 158 51 4050
810 | .08 269 1.76 3995 4550
810 | 068 268 176 1945 56
800 | 070 272 L78 80 8750
760 | 074 287 138 8225 @
40 | 076 294 153 9837 110
720 | 078 L 3.03 198 13001 5
1000 | 056 218 143 061 3550
300 | 062 742 158 351 a5
800 | 070 272 178 650 5250
50 | 070 7 178 57 &
v | 780 | 074 287 188 7475 2%
EREE) 328 158 436 4750
30 38 46,86 5350
NE: 3 15 52.86 5050
| a2 | M6 66| g 6550
EH 346 166 | 52.62 1
| 200 350 168 7318 8250
{ 900 350 168 84.68 95.50
- | %0 350 ‘ 1.an 918 107
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