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Appendix A: Building Frame Systems
Two of the most widely used construction materials for building frames are steel and concrete
(Guggemos and Horvath 2005). Depending on which one of these materials is used, the design of a
building can differ quite dramatically. There are many factors that determine the reasons for choosing

one material over the other.

Reinforced Concrete Building Systems
Reinforced concrete is a composite material that is made up of Portland cement concrete and

steel rebar. The compressive strength of the concrete usually can range anywhere from 3,000 to 10,000
psi, while the vyield strength of steel is normally 60,000 psi. The tensile strength of concrete is
approximately 10% of its compressive strength. To overcome this weakness steel is used to resist the

tensile forces (Chen and Lui 2005).

The American Concrete Institute (ACl) is an organization which promotes “safe and efficient
design and construction of concrete structures.”(Shaeffer 1992) One of its commitees, specifically
committee 318, publishes basic guidelines for design of concrete structures. These guidelines serve as
the primary code for reinforced concrete structures and are incorporated into the International Building
Code (IBC), as well as the design codes of the American Association of State Highway and Transportation

Officials (AASHTO) (Chen and Lui 2005).

Reinforced concrete is a very versatile material because of the way structural members are cast,
resulting in inherent continuity. This creates naturally occurring moment-resistant connections, which
are not only visually appealing, but also can provide great design efficiency. The uniqueness of concrete
allows for design and construction of a number of different building systems, such as flat plate, flat slab
with shearheads, flat slab with beams, one-way slab, and waffle slab systems (Shaeffer 1992). These

building systems will be discussed in the next few paragraphs.
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One of the simplest concrete building systems is a flat plate system (Figure 1). This system is
comprised of a flat concrete slab without any beams. It can be very economical due to the reduction in
floor height (Chen and Lui 2005). It is primarily used in building with short column-to-column spans and

light loads (Shaeffer 1992).

(a) isometric (b) section

Figure 1 Flat Plate System

The thickness of the slab should not be less than 5 inches and increases with the increase in
span length (Chen and Lui 2005). Slab thickness of flat plate systems for residential loads can be seen in

Table 1.

Table 1 Flat Plate Thickness for Residential Loads

Span (ft) Thickness (in)
12 5
15 6
18 7
20 8

In order to increase the load capacity of flat plates, shearheads can be introduced around the
tops of columns that support flat slabs (Figure 2). These shearheads provide additional support again the
punching shear forces (Chen and Lui 2005) and can be shaped as conical capitals or drop panels,
depending on the shape of the column. Flat slab with sheadheads systems can be very effective and

economical for office or industrial buildings (Shaeffer 1992).
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(a) isometric (b) section

Figure 2 Flat Slab with Shearheads

Slab thickness of flat slab systems with shearheads should not be less than 4 inches (Chen and

Lui 2005). Typical thicknesses of slabs and shearhead panels can be found in Table 2.

Table 2 Flat Slab with Drop Panel Thickness

Thickness of Total Thickness

Span (ft) Slab (in) of Panel (in)
16 6 8
20 8 11
24 10 14
28 12 17

By introducing beams into a floor system, the requirement for the thickness of the slab can be
greatly reduced because beams transfer the floor loads to the columns and thus there are no great
punching shear forces on the slab (Figure 3). The beams also provide rigid moment connections to the
columns which result in a building that can support much greater lateral loads. Overall flat slab with
beam systems are much deeper than flat slab with shearheads system due to the depth of the beams

and the fact that the service ducts have to be run under the beams (Shaeffer 1992).
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(a) isometric

(b) section

Figure 3 Flat Slab with Beams

Flat slab with beam systems can be used for spans ranging from 20 to 30 feet, but other systems
are usually considered for spans more than 24 feet due to the great depth of the beams required along

with their self-weight (Shaeffer 1992) (Table 3).

Table 3 Flat Slab with Beam Thickness

Thickness of Total Depth of

Span (ft) Slab (in) Beams (in)
20 7 16
24 9 20
28 11 25
30 13 28

One-way slab system, which can be seen in Figure 4, is one of the most versatile and widely used
concrete building systems (Shaeffer 1992). Even though the slab is supported on all four sides, if the
ratio of the long to short span length is greater than 2, loads are considered to be transferred in one
major direction (Chen and Lui 2005). Column span lengths of up to 36 feet in the long direction can be

achieved with one-way slab systems (Shaeffer 1992).
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(8) isometric

Figure 4 One-Way Slab System

Waffle Slab system can create the longest column-to-column spaces without the use of
prestressed concrete (Shaeffer 1992). It can also support very heavy floor loads. (Chen and Lui 2005).
Waffle slabs contains 2 to 3 foot ribs and can be designed in a number of ways to transfer the floor loads
to columns. Figure 5 represents two types of waffle slabs, one that uses shearheads and another that
uses beams to transfer loads to columns. Due to its aesthetic looks, waffles slab systems are usually left
unenclosed (Shaeffer 1992). Waffle slab systems usually follow the same design procedures as flat slab

systems (Chen and Lui 2005).
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(a) isometric (P) section

Figure 5 Waffle Slab

Waffle slab systems are generally designed for spans from 25 to 40 feet, but can reach up to 50

feet (Table 4) (Shaeffer 1992).

Table 4 Waffle Slab Thickness

Slab Total
Span (ft) Thickness (in) Thickness (in)
25 3 12
30 3 15
35 4 19
40 5 24

Steel Building Systems
Structural steel possesses many qualities, such as strength, stiffness, toughness, and ductility,

which make it very good for building construction. Strength of steel is usually expressed as yield strength
F, or ultimate strength F,. There are many shapes of steel sections that are used in construction, such as
wide flange (W), the American Standard beam (S), bearing pile (HP), American Standard channel (C),
angles (L), tee (WT), and others. These sections can be formed by one of three primary methods: hot

rolled, cold formed, and welded.

Structural steel sections can be connected to each other to create multistory frames. There are

two main types of steel frames: moment frames and simple frames. A moment frames develops its

88



Project #: GFS-1202

stiffness from rigid joints between beams and columns. This results in a frame that can be designed to
withstand forces with deformations that are well within allowable tolerances. Moment frames also
perform better in earthquakes than other types of steel frames but are less economical due to the
detailing of the rigid connections. Simple frames, unlike moment frames, can’t withstand lateral forces.
They have to be either connected to a moment frame or contain a bracing system. There is a number of
advantages to consider the use of simple frames in steel frames:

1. Simple frames are easier and cheaper to fabricate and erect.

2. Connections can be bolted instead of welded.

3. Structural analysis of a building becomes much simpler because the building can be

broken up into two systems: system that resists vertical loads and system that resists

horizontal loads.

Choosing a floor system is another important consideration for steel frame building. The most
widely used floor system is composite floor system. This system involves steel beams, girders, or trusses
that support a concrete slab. The composite action of the beam comes from the shear studs that
connect the concrete slab to the top flange of the steel beam. A cross section of a composite floor

system can be seen in Figure 6.

In situ concrete

Stud shear
connector

Metal decking

Steel section Reinforcement

Figure 6 Composite beam system — Concrete slab on steel deck
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In this figure the stress distribution diagram shows that the neutral axis is located relatively

close to the top of the steel flange. This results in top flange and concrete slab to be in compression,

while the bottom portion of the steel member to be in tension. One of the main factors that control the

type of composite floor system to be chosen is the span length. A number of composite floor systems

and their respective spans lengths can be seen in Figure 7 and will be discussed in the next few

paragraphs.

Span length (m) 4 6
RC beam and slab

Steel beam T —————

Steel plate girder

Composite steel beam S —

Composite plate girder

Composite beam with

web opening

Parallel beam system
Tapered composite beam
Stub girder system
Haunched composite beam
Composite truss

Prestressed composite beam

Figure 7 Comparison of Composite Floor Systems

20 25

One of the most commonly used composite floor systems is composite beam and girder. In it,

horizontal steel members contain shear studs and support a metal decking. This metal decking is used as

a form for the concrete slab (Figure 8).
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Figure 8 Stress Distribution in Composite Cross-Section

If a longer beam system is required and a deeper beam is chosen, openings inside of the beam
webs can be made to allow for the passage of mechanical ducts and related services. Stiffeners are often

added on top and bottom of the web openings to carry the shear forces, as can be seen in Figure 9.

=== /O {
Stiffener Opepings for
services

Figure 9 Web Opening with Horizontal Reinforcements

Custom fabricated beams can prove to be very economical, especially when they are made
specifically to provide moment and shear resistance in accordance with the loading pattern. If a beam is
simply supported then its maximum bending moment will be located near the center of the beam. To
provide a more economical design, beams can be tapered at the ends. This will also allow for service

ducts to be run next to tapered ends (Figure 10).
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Services

Figure 10 Tapered Composite Beam

Unlike simply supported beams that develop maximum bending moments at mid-span, beams
with rigid connection can be designed to greatly reduce these moments and thus reduce the depth of
the composite floor system by up to 30%. These beams are called haunched composite beams (Figure

11).

!

}'}-’-'"F-_\‘ﬁ"""ﬁri;\"ﬁ‘/—\‘ﬁ ATATATATATATA

i

ismi

eV Services

Figure 11 Haunched Composite Beam

The depth of the haunch can range from 5% to 15% of the span length, depending whether the
frame is sway or non-sway. Haunched beam systems can resist lateral forces. Unfortunately, due to their
difference in symmetry about the bending axis, haunched connections behave differently under

negative and positive moments.

For buildings with long spans and large service ducts, parallel beam system can be the most cost
effective composite floor system. This system uses one set of beams connected to each column, while
also adding a second set of continuous beams that span 2 or 3 spans. The second beam system contains
shear studs and becomes part of the composite system with concrete slab on top. This system can be

seen in Figure 12.

92



Project #: GFS-1202

Figure 12 Parallel Composite Beam System

Instead of using regular W-section beams, trusses can be incorporated into a floor system to
provide cost effective methods for long spans. Three common trusses used are Warren truss, modified
Warren truss, and Pratt truss. Large openings in the truss can allow for service ducts to be run through.
Two major setbacks with composite truss systems is the cost of fabrication and fire proofing, but when

designed properly, this type of system can be very cost effective (Figure 13).

NP N VTN TN N VN
ZNCA

Fire protection

Figure 13 Composite Truss

Stub girder systems can achieve long spans anywhere between 12 and 15 meters. This type of

system uses beam stubs that are attached to beams spanning from column to column (Figure 14).
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Shear connector Shear connector

il b L B S S A e s ]
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/ /
Stub welded to Service zone Composite
bottom chord secondary beam

Figure 14 Stub Girder System

The stubs beams contain shear studs that provide composite action with concrete slab. This type
of system can greatly reduce story-height and provide space for service ducts to be run in between stub
beams. It can also prove to be costly due to temporary formwork required to support concrete floor

during the curing process.

Prestressed composite beam systems can create spans that range anywhere from 12 to 25
meters. This system requires a number of steps (Figure 15) for construction which is usually performed
off-site. A steel been has to first be precambered. Then the lower flange is encased in reinforced
concrete. After the tension chord has been prestressed, shear studs are added to the top flange and the
entire beam is encased in concrete. Concrete is fire resistant and thus no additional fire proofing is

required for this type of system.
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Appendix B: Software and Hand Calculation Verification

Simple Beam Hand Calculations:

2k
o o]
| q
r 1
20"
- @3
Amw( ’.-EE.
WET =
Y${24povks. K 204in")
=,09%F4 in

N
Smissani

Drmoay = 7?'.3
g - | > S
z Zlak (2w")?

{TqeerR ) (204in")

= .0425in

W|2x26

o= pL*
I6ET
= 2\ 240™)*
Wb (29000Ks) (204in")
=.,0012 rod
=,069 °

Project #: GFS-1202

96



Project #: GFS-1202

Software Calculations:
'

- , ! . -
i

Deflection results:
e Scia:-0.101in
e Robot: -0.0974in
e Hand Calculations: -0.0974in

Point force on beam F1 Force --2.00 i

e
oL Al

'~ Dis 2.e-002in

Max=0.0435

Cases: 1 (DL1)

30.0

Deflection Results:
e Scia:-0.047in
e Robot: -0.0435in
e Hand Calculations: -0.0425in

E_ : , . : , | EI HE m.;nﬁ
W © - Min=-7.50 |
Iﬂuu:ﬂnl_u

Above are two moment diagrams for moment-pin connected beam (Units are in kip*ft)
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Results:
e Scia:
o Positive Moment: 6.29
o Negative Moment: -7.42

o Positive Moment: 6.25

o Negative Moment: -7.50

1-story frame comprised of W12x26 columns and beams. Columns are 13ft tall. All beams are 20ft
long. 0.3 kip/ft load is distributed along the beams. All members are pin connected.

~ Dis 2.e-002in
Max=0.1875

Cases: 1(DL1)
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Deflection Results:
e Scia:-0.193in
e Robot:-0.1875in

— My Skipft
Max=15.00
Min= 0.000000
Cases: 1 (DL1)
1-story frame comprised of W12x26 columns and beams. Columns are 13ft tall. All beams are 20ft

long. 0.3 kip/ft load is distributed along the beams. All members have moment connections.

Max=12.93
Min=-7.55

Cases: 1 (DL1)
Moment Distribution Results:
e Scia: 12.94 kip*ft
e Robot: 12.93 kip*ft
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~Dis 2.e-002in
Max=0.1573

Cases: 1(DL1)

Deflection Results:
e Scia:-0.165in
e Robot: -0.1573in

2 Story Frame made up of W12x26 columns and beams. Columns are 13ft tall. Beams are 20ft lon. -

0.3k/ft distributed load is applied to all beams. 4kip point load applied to 4 nodes in one direction to
represent a wind load.
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e ~ i -)"\‘\,\
ve 5 . )
' ~ &.J* - ]
S &
g',\
Dis 0.2in
Max=0.8064
Cases: 1 (DL1)
Deflection Results:
e Scia max nodal displacement is 0.840 in
e Robot max nodal displacement is 0.8064 in
T 7\ Ma: uv:q.kuuoz Max UX=0.7920
R ! e
\

Y \
’\ | \ | TN

r.\_ 1l M!x\UY:U.ﬂUC!'I Max UX=0 3569 |
- L < SN}

- : Ul A N
B AN | —L 1
- =X h
_\\ —\\ “ _A\\
—\ —\ N N
\, \ RN 0
N\ — Y \
) % \
™
—tMy 10kipft
Max=34 80
Min=-37.51
Cases: 1 (DL1)

Moment Results are shown above
Conclusion:
Both Scia Engineer and Robot Structural Analysis have relatively same results when simply supported

beams as well as simple 3D frames are analyzed. Some differences are due to differences in internal
moments. This could point to both softwares treating joints with different rigidity. Overall, we are
confident that we can use both these softwares to analyze the steel structure and be able to achieve
similar results.
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Export from Revit

2 story concrete structure. 6 bays on each floor. Exterior columns are 16”x16”. Interior columns are
22”x22"”. Story height is 14’. Slab is 10.5”. Dead load applied is 0.353 ksf onto slab. Self-weight of the
structure is ignored to simplify the analysis and export. Fixed boundary conditions were added to the
bottom of the columns on the first floor. The following is the Revit structure 3D view and plan view.

Model exported to Scia (left) and Robot (right)

Deflection Results:

e Scia:-1.097 in
e Robot:-1.2171in
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Uz [inch]
0.015
-0.100

Cases: 1 (DL1)

Differences in deflections results can be attributed to differences in material properties in Scia and
Robot. This issue is more closely looked at in Material Mapping section of Appendix H.
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Appendix C: Floor-to-Floor Ceiling Height Determination

Table 5 Optimized Floor to Floor Height Calculations

Project #: GFS-1202

Ceiling Max. Max. Piping
Floor Room . Slab HVAC HVAC . . . Space F-F
Level | Number AFF (ft) Thlc.kness Thickness Duct Insulation Pl.pmg Insu.latlon Required Required
(in.) (in.) (in.) (in.)
1 X X X X 2 X 2 X X
2 X X X X 2 X 2 X X
3 X X X X 2 X 2 X X
4 X X X X 2 X 2 X X
004A X X X X 2 X 2 X X
L 5 X X X X 2 X 2 X X
o 6 X X X X 2 X 2 X X
E 006A X X X X 2 X 2 X X
- 7 X X X X 2 X 2 X X
8 X X X X 2 X 2 X X
9 X X X X 2 X 2 X X
10 8 0.75 0.88 10 2 0.75 2 1.23
11 X X X X 2 X 2 X
12 X X X 2 X 2 X
100 9.5 1.5 0.88 16 2 1 2 1.75 12.25
100A 10.21 0.5 0.88 4.42 2 0 2 0.70 11.83
100B 10.21 0.5 0.88 4.42 2 0 2 0.70 11.83
101 8.5 0.5 0.88 22 4 0.75 2 2.40 11.81
102 8.5 0.75 0.88 30 4 0 2 3.00 12.44
103 8.5 0.75 0.88 30 4 0 2 3.00 12.44
Jan.
104 Closet X 0.88 8 2 X 2 X X
105 8.5 0.75 0.88 6 2 0 2 0.83 10.27
106 8.5 0..75 0.88 8 2 0 2 1.00
107 Stairs X 0.88 X 2 X 2 X X
108 8.5 0.75 0.88 38 4 3 2 3.92 13.35
109 Stairs X 0.88 X 2 X 2 X X
110 X X 0.88 X 2 X 2 X X
113 Annex Annex 0.88 X 2 X 2 X X
111 X X 0.88 X 2 X 2 X X
1200 8.5 0.75 0.88 14 2 2.5 4 1.88 11.31
1201 9.17 0.75 0.88 8 2 2.5 4 1.38 11.48
1202 9.17 0.75 0.88 14 2 0 2 1.50 11.61
1203 9.5 0.75 0.88 14 4 0 2 1.67 12.10
1204 9.17 0.75 0.88 16 2 2.5 2 1.88 11.98
(IF 1205 9.5 0.75 0.88 14 2 2.5 4 1.88 12.31
< 1206 X X 0.88 X 2 X 2 X X
® 1207 9.5 0.75 0.88 12 2 0 2 1.33 11.77
8 1208 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1209 9.5 0.75 0.88 14 2 2.5 4 1.88 12.31
1210 9.5 0.75 0.88 14 2 4 4 2.00 12.44
1211 9.5 0.75 0.88 14 2 5 4 2.08 12.52
1212 9.5 0.75 0.88 14 2 5 4 2.08 12.52
1213 9.5 0.75 0.88 16 2 5 4 2.25 12.69
1214 9.5 0.75 0.88 16 2 5 4 2.25 12.69
1215 9.5 0.75 0.88 14 2 1.5 4 1.79 12.23
1216 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1217 9.5 0.75 0.88 16 2 6.5 8 2.71 13.15
1218 9.5 0.75 0.88 24 4 5 4 3.08 13.52
1219 oTsS 0.75 0.88 38 4 X 2 X X
1220 9.5 0.75 0.88 10 2 12 4 2.33 12.77
1221 9.5 0.75 0.88 10 2 12 4 2.33 12.77
1222 oTS oTS 0.88 8 2 12 4 2.17
1223 9.5 0.75 0.88 18 4 12 2 3.00 13.44
1224 9.17 0.75 0.88 12 2 2.5 2 1.54 11.65
1225 9.58 0.75 0.88 16 2 0 2 1.67 12.19
1226 10 0.75 0.88 14 2 0 2 1.50 12.44
1227 Annex Annex 0.88 X 2 X 2 X X
1230 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1231 X X 0.88 X 2 X 2 X X
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1232 X X 0.88 X 2 X 2 X X
1300 9.17 0.75 0.88 20 2 2.5 4 2.38 12.48
1301 9 0.5 0.88 24 2 0 2 2.33 12.25
1301A 9 0.5 0.88 16 2 0 2 1.67 11.58
1302 9.5 0.75 0.88 10 2 0 2 1.17 11.60
1303 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1304 9.5 0.75 0.88 20 2 1.5 4 2.29 12.73
1305 9.5 0.75 0.88 12 2 2 4 1.67 12.10
1306 9.5 0.75 0.88 12 2 2 4 1.67 12.10
1307 9.5 0.75 0.88 8 2 X 2 X X
1308 9.5 0.75 0.88 12 2 2.5 2 1.54 11.98
1309 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1310 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1311 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1312 9.5 0.75 0.88 12 2 2.5 4 1.71 12.15
1313 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1314 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1315 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1316 9.5 0.75 0.88 12 2 3 4 1.75 12.19
1317 9.5 0.75 0.88 12 2 3 4 1.75 12.19
1318 9.5 0.75 0.88 12 2 0 2 1.33 11.77
1319 9.5 0.75 0.88 8 2 3 4 1.42 11.85
1320 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1321 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1322 9.5 0.75 0.88 X 2 0 2 X X
1323 9.5 0.5 0.88 6 2 0 2 0.83 11.25
1324 9.5 0.75 0.88 10 2 4 4 1.67 12.10
1325 9.5 0.75 0.88 8 2 4 2 1.33 11.77
1326 9 0.5 0.88 12 2 3 2 1.58 11.50
1327 9 0.5 0.88 8 2 0 2 1.00 10.92
1328 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1329 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1330 9.17 0.75 0.88 16 2 0 2 1.67 11.77
1331 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1332 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1333 9 0.5 0.88 10 2 2.5 4 1.54 11.46
1334 9.5 0.75 0.88 10 2 0 2 1.17 11.60
1335 9.5 0.75 0.88 8 2 0 2 1.00 11.44
1336 9.5 0.75 0.88 10 2 0 2 1.17 11.60
1337 9.5 0.75 0.88 10 2 0 2 1.17 11.60
1338 9.5 0.75 0.88 10 2 2.5 4 1.54 11.98
1339 9 0.5 0.88 20 2 2.5 2 2.21 12.13
201 8.5 0.5 0.88 12 2 0 2 1.33 10.75
202 8.5 0.75 0.88 34 4 0 2 3.33 12.77
203 8.5 0.75 0.88 34 4 0 2 3.33 12.77
204 X X 0.88 8 2 X 2 X X
205 8.5 0.75 0.88 6 2 0 2 0.83 10.27
206 8.5 0.75 0.88 8 2 0 2 1.00 10.44
207 X X 0.88 X 2 X 2 X X
208 8.5 0.75 0.88 22 2 5 4 2.75 12.19
209 X X 0.88 X 2 X 2 X X
2400 8.6 0.5 0.88 12 2 1 4 1.58 11.10
— 2401 9 0.75 0.88 22 4 0 2 2.33 12.27
2 2402 9.5 0.75 0.88 12 2 1.5 4 1.63 12.06
™ 2403 9.5 0.75 0.88 10 2 1.5 4 1.46 11.90
o 2404 9 0.75 0.88 10 2 0 2 1.17 11.10
e 2405 9.5 0.75 0.88 12 2 0 2 1.33 11.77
2406 9.5 0.75 0.88 16 2 0 2 1.67 12.10
2407 9 0.75 0.88 14 2 2 4 1.83 11.77
2408 X 0.75 0.88 6 2 X 2 X X
2409 X 0.75 0.88 6 2 X 2 X X
2410 9.5 0.75 0.88 18 4 1.5 4 2.29 12.73
2411 9.5 0.75 0.88 18 2 8.5 6 2.88 13.31
2412 9.5 0.75 0.88 16 2 3 6 2.25 12.69
2413 9.5 0.75 0.88 16 2 4 2.00 12.44
2414 9.5 0.75 0.88 16 4 4 2.17 12.60
2415 9.5 0.75 0.88 24 2 1.5 4 2.63 13.06
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2415A X 0.75 0.88 22 2 5 8 3.08 X
2416 X 0.75 0.88 6 2 9 8 2.08 X
2417 9.5 0.75 0.88 18 2 0 2 1.83 12.27
2501 8.5 0.75 0.88 28 4 2 4 3.17 12.60
2501A 9 0.75 0.88 18 2 0 2 1.83 11.77
2501B 9.5 0.75 0.88 8 2 0 2 1.00 11.44
2501C 9.5 0.75 0.88 10 2 1.5 4 1.46 11.90
2501D 8.5 0.75 0.88 10 4 0 2 1.33 10.77
2502 9.5 0.75 0.88 18 4 2.5 4 2.38 12.81
2502A 9.5 0.75 0.88 8 2 0 2 1.00 11.44
2504 9.5 0.75 0.88 8 2 0 2 1.00 11.44
2505 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2506 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2507 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2508 9.5 0.75 0.88 32 4 0 0 3.00 13.44
2509 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2510 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2511 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2512 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2513 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2514 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2515 9.5 0.75 0.88 6 2 0 2 0.83 11.27
2516 9.5 0.75 0.88 8 2 0 2 1.00 11.44
2517 9.5 0.75 0.88 10 2 0 2 1.17 11.60
2518 X X 0.88 12 2 X 2 X X
2519 9.5 0.75 0.88 14 2 1 4 1.75 12.19
2520 9.5 0.75 0.88 14 2 1 4 1.75 12.19
2521 9.5 0.75 0.88 16 2 0 2 1.67 12.10
2522 9.5 0.75 0.88 12 2 1 4 1.58 12.02
2523 9.5 0.75 0.88 14 2 7.5 6 2.46 12.90
2524 9.5 0.75 0.88 12 2 0 2 1.33 11.77
2500A 9 0.75 0.88 8 2 1.5 4 1.29 11.23
2500B 9 0.75 0.88 10 2 1.5 4 1.46 11.40
2500C 9 0.75 0.88 10 2 0 2 1.17 11.10
2500D 9 0.75 0.88 10 2 1.5 4 1.46 11.40
25002 9 0.75 0.88 16 2 2 4 2.00 11.94
301 8.5 0.5 0.88 12 2 0 2 1.33 10.75
302 8.5 0.75 0.88 30 4 0 2 3.00 12.44
303 8.5 0.75 0.88 30 4 0 2 3.00 12.44
304 X X 0.88 X 2 X 2 X X
305 8.5 0.75 0.88 6 2 0 2 0.83 10.27
306 8.5 0.75 0.88 6 2 0 2 0.83 10.27
. 307 X X 0.88 X 2 X 2 X X
é 308 8.5 0.75 0.88 20 2 6 6 2.83 12.27
- 309 X X 0.88 X 2 X 2 X X
8 401 8.5 0.5 0.88 12 2 0 2 1.33 10.75
QO° 402 8.5 0.75 0.88 30 4 0 2 3.00 12.44
5 403 8.5 0.75 0.88 30 4 0 2 3.00 12.44
404 X X 0.88 X 2 X 2 X X
405 8.5 0.75 0.88 6 2 0 2 0.83 10.27
406 8.5 0.75 0.88 6 2 0 2 0.83 10.27
407 X X 0.88 X 2 X 2 X X
408 8.5 0.75 0.88 20 2 10 2 2.83 12.27
409 X X X X 2 X 2 X X
Min Story
Height 13.52 | 13' 7"
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Appendix D: Architectural Model Development
In the development of the architectural model great caution and care was taken to implement

the key architectural elements that included reference lines, the exterior facade, and interior
components. The gridlines were created according to column locations and then pinned to prevent

accidental shifting. Certain additional gridlines were created for key components of the architectural

and structural model.
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Twelve elevation levels were then created and pinned according to the finish elevations of each
story. The architectural plan elevations were only given for the finish floor levels but additional
elevations were placed in the structural model for the framing of each floor and the roof to eliminate
the need of offsetting structural floor elements beneath the floor slabs. The elevations were also pinned

to prevent accidental shifting.
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Exterior facade Modeling
The exterior fagcade were the next elements of focus and inputted in the model. The exterior

comprised of exterior brick wall on metal studs, curtain walls, and windows. A modified family was
created for the brick wall on metal studs to match the walls per the specifications. In the following

figure, the materials and their respective thickness are shown for the exterior brick wall on metal studs.
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Once the column lines were established a new family was created for the exterior walls

according to the specifications. The exterior walls were then placed along the building perimeter

according to the finish face exterior. The architectural wraps for columns were also taken into account

when modeling the spacing for the exterior fagade. Once the basic wall type used was created the

curtain walls were modeled. A single family type was created for the curtain wall while mullions were

placed manually according to the drawings.
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Interior Modeling
For the interior the elements inputted were the ceilings, doors, and partition walls as well as

basic light fixtures for the purposes of an Architectural walkthrough. Throughout the building four types
acoustic tiles were specified along with a metal stud with gypsum wall board. The rooms were modeled

first to allow for simplified ceiling modeling.
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Once the rooms were completed families for the doors were created according to the door
schedule provided. Doors were placed according to type and not room to avoid excessive switching
between family types.

1812 Aich ModeLevtw= b7s6264 - Floos Plar: LEVEL L

Select |Propentes| Ciphoord | Geometry
Modify | Place Dacr | Morizonal = | T395- | [ |Lesder | 12"

Popetis @

single_panel_sliding_do
or_whafele_hidw para_
Siding Doar

Most Recently Used Types
single_panel sliding_door whalele_hedw parametric_2010 Sliding Doer
Double-flush : 54 5 84

- 3DViews

- Elevations (Building Blevatio

) Legenes

[ Schedules/Quantities

i) Sheets () = -
. i . =10 BB R 1 '
Cickan ip the i i [ -Lgd S Msin Mode

Once the rooms were finalized a reflected ceiling plan was created. Families for each of the four

types of acoustical tiles specified were created. Ceilings were modeled according to room boundaries for

111



Project #: GFS-1202

rooms and manual sketch tool for the hallways. Ceiling heights were determined according to

requirements for the floor to ceiling heights provided in the plans.

SO A G- B 2 Arch Medel = b7662H - Reflecter Cesing Plars LEVEL 1

Modify

‘ . 2. = . :
B Fon - i 2 EEIE a
S| ey oy | e | e = -

Modify | Place Ceiling

ropeties 5 @@ *
Compomsd Ceiion| | i
= GWE an M. Stud an
"
Ceings (1) -] 8 EditType i‘*
i v P9 9§ 299 99 :
e i ! ! Tl .‘ i
Height Offset Fr 86 || = e g ~ —_— —_—— H
oo Bounding | = = ; p i i
. . I [ i :
E-—i s reestas | - ;
H I
I 1 - H
< H |
0 I I !
| I
O—-— i = —H——-— = =t o B
1l | @ !
I | I | | ' i
. : : / !
oo B | I i L / i
e ' ' ' j i i
. o : G :
I !
" oa— S s22ipesseen: Iy EoprenE madmmnniin ;
. i . | ! :
ANNEXROOF I Reas EEH BEmEEzan| |Ruun) jmann) munn) jawan) j2un |
Arnex Roof Framing = H H H
BASEMENT LEVEL I | _I !
Ground Level + auan = 5! (manas = ! et b = H
= B , . |
| &bl L i
b i I I i i i i i :
MECHANICAL PENTHOL ] l | I | I | I i
Foct Framing i h | 1 I i i [ ;
g2V I l I I I I i [ !
& - Elevations (Bulding Blevatiol . . ! ! 1 ! ! :
) Legencs | I I I I i i i i i
FE Schedules/Quantities i
B sheets (al) H
1

& 2] Famiies
. i vl Wt BOG G mER 0«
Click in an area bounded by wallsto creste cel

Biel o o &®S

e [T 23] oin toas a2

1051 P84

Since the annex was not part of the structural analysis certain portions of the model were
created within the architectural model as opposed to the structural model, namely the roof. The roof
was modeled using the manual sketch tool. There is also a roof screen framing which is constructed out
of HSS sections. It was modeled in the Architectural model because it was not going to be analyzed.

Additionally a mechanical penthouse as well as a staircase enclosure were placed on the roof.
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Once the model was completed certain custom families were downloaded to furnish portions of
the building for the purposes of a walkthrough. Since furnishings can vary widely the most popular items
from Revit City were used. Also because of the level of detail required for furnishing even small portions

of the building, only areas used in the walkthrough were furnished.

Once the model was finalized all items were pinned to prevent accidental alteration. Basic level

sites were placed in the model for rendering and presentation.
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Appendix E: Structural Model Development
Once the major portions of the architectural model were completed it was linked into a new

Revit Structures project. Due to problems which occurred during the initial analysis this section will
document the creation of a model which can be fully exported and analyzed. To ensure consistency
between multiple types of models everything was linked according to a common origin. The model was

created in half story sections and analyzed immediately after creation.

The first step was to copy all gridlines created in the architectural model using the copy/monitor
function. These gridlines were pinned immediately to ensure consistency between the two types of
models. These gridlines would eventually determine the location of the columns so it was important

that the architectural model gridline placement was accurate and final.
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Once the gridlines were copied the process was repeated for the elevations created in the
architectural model. These leves were then dupilcated and then offset by the depth of the slab to avoid
offsetting each element of the framing plan. Plan views were then generated for the framing plan
elevations while the finish floor plans did not have associated plan views. This allowed for a consolidated

number of views while ensuring consistency between the two types of models.
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Creation of structural elements began with the placement of spread footings or foundation
mats. These did not have a separate view created for them despite being offset from the typical framing
elevation due to the relatively small quantity. Should there be an excessive number of footings it may be
advantageous to create a separate view since the columns will also end on the footings. Once the
foundations were placed the associated columns were placed in the views. Revit handles column
placement differently than typical elements. A column placed in a view is actually the supporting the
level as opposed to the placed. This means the basement columns were placed in the Level 1 View. Half
of the slab for the level was placed along with any loads which would be applied after which the building

was exported to be analyzed.
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In the case of a structural steel building the columns were modeled according to when they
were necessary since they often span multiple stories. The steel members supporting the floors were
then input according to the specifications. It is important that the members also contain the proper
connection type when modeled to ensure proper analysis as well as documentation. This means that the
connections will have to be applied to the analytical model as well as the physical model. Applying
member end connections after the entire section has been placed will allow for multiple beams and

connection types to be selected.
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End Fx End Extensicn (-0t 0172"
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Shear studs were input after the creation of half a floor to avoid the need to alter numerous

elements of each beam upon placement. Any openings in the slab should be modeled as single

openings, mostly due to the limitations of Robot Structural Analysis which cannot detect shafts at the

moment. Once half the floor was created the building was again exported into the proper analysis

program.
et = @ i
P P9 I .
---------- 5 A M O R 94
[ | \ | | | \ | | [ \
e e T e e e e
[ | | | | | | | | [ |
:::::::::::L,_:,l:::::!Z:::&::i::::::!::::::!::::::ﬁ::::::l;::::::."::::::!:b:::::!:::?ﬁﬁi‘g
B | i i i i i | -
] :;:::::: - :::::! IO N | I | | !:::::::::é;;:?;ﬁ
| | |
—————— = -— —-—-—! — | R
| | | | | |
R | | | | | IFR
= L I R R i T
''''''''' e e e e e e e

In some cases the columns may be shown to fail due to the lack of bracing which would

normally be provided by the additional floors. There are a number of methods to counter this, either by

adding beams temporarily as bracing, by shortening the column for the duration of the analysis or any
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other methods which would provide adequate stiffness to flexural members. Any steps taken should be
undone upon completion of the analysis. A concrete system can be modeled the same way with the

exception of the columns which should be added floor by floor for proper analysis.

Dis 5in
Max=4 3921
] O

Cases: 9 (COMB1)

The purpose of analyzing the half story sections is not to verify the structural integrity of the
entire sections but rather to ensure that proper modeling techniques are being used. While structural
instabilities may arise during the process a majority of them will be the result of the building being only
partially modeled. Conversely the building passing the built in code checks should not be taken as an
indication of structural validity until the entire building has been modeled and loaded with the

appropriate cases and combinations.
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Appendix F: Robot Model Export and Preparation

The following model is exported from Revit Structure:

Step 1: use the ROBOT Revit link to export the analytical model

Link is located in the Analyze tab as Analysis and Code Check

2HG 6o = oA G oEam )b

Il B 2| N2 L K| W

iaia T

Modify| Loads Load Load Boundary Analytical Analytical Check Consistency Analysis
Cases Combinations Conditions Adjust Reset Supports Checks & Code Check

Select Loads Boundary Conditions | Analytical Model Tools | Structural Analysis

Step 2: Adjust the export options

| Type a keyword o}

‘ .
ﬁ P m_:'— “] “ v v H
Iy = d D& e « I == = i)
Modify| Loads Load Load Boundary Analytical Analytical Check Consistency is |
Cases Combinations Conditions Adjust Reset Supports  Checks & Code Check
Select | Loads Boundary Conditi ¥ Analytical Model Tools ¥
E Reinforcement Code Check
.
|Properties ] I | H Robot Structural Analysis Link
I — &

The following options were used for the export
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-
i Integration with Robot Structural Analysis

Direction of integration with Autodesk Robot Structural Analysis

@ Send model

[ Send options ]

(©) Update model

[] Use Autodesk Robot Structural Analysis RTD file

Help  About [ oK

][ Cancel ]

ﬁ Integration with Robot Structural Analysis - Send Options

ﬂ i Integration with Robot Structural Analysis - Send Options

: Basic Options | Additional Options ‘

 Basic Options | Additional Options |

Scope and comection

Send only curent selection

@) Send entire Revit project (ignore current selection)

[7] Execute model carrection in Robat

Specify the case that contains seff-weight

Scope and comection

@ Send entire Revit project (ignore current selection)
Send only current selection

[] Execute model corection in Robot

Specify the case that contains self-weight

® [

- ® [ou

(© lagnore self-weight
Bar end releases
() Do not use Revit settings

© Use Revit settings

(© lgnore self-weight

Bar end releases
() Do not use Revit settings

@ Use Revit settings

—— ey 4

Step: 3 Click Ok to begin the export process

ﬁ Integration with Robot Structural Analysis

o]

Direction of integration with Autodesk Robot Structural Analysis

@ Send model

[ Send options A

) Update model

[7] Use Autodesk Robot Structural Analysis RTD file

Help About 0K

J|[ Cancel

Step 5: After successfully exporting the model you will be prompted with a window asking if you would
like to review the events report. This will give you a good overview as to potential errors or

unsuccessfully exported elements
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Integration with Robot Structural A is , ; -.

Sending to Robot Structural Analysis is completed.
Command completed successfully.
Do you want to see the events report?

.
S Warning list

& |0 Messages l

Analysis Integration Enabler - Send - &
@ 2012-2-20 21:51:41 - Command execution started.
0 -> Stage execution time: 0 [seconds]

Assigning shared parameter file
0 ~> Stage execution time: 0 [seconds]
Reading Elements
0 ~> Materials: 147 instances registered
© - Levels: 10instances registered
@ -> Stage execution time: 1 [seconds]

Registering loads
0 ~> Stage execution time: 0 [seconds]
Loading the Robot Structural Analysis project
@ > Stage execution time: 16 [seconds] 84

Close

It is generally recommended to view the warning list to ensure everything has worked properly

Step 6: ROBOT will automatically be open to the exported model and should be ready for analysis if all
the necessary steps were taken.
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Step Something: Run the structural analysis, Calculations option in the Analysis tab. This will perform the
actual structural analysis on the building and prepare FEM results.

2 Analysis Types...

Prepare Results...

Save Seismic Combination Results

Calculation Restart

Calculation Report
Yerification...
Meshing b

¢ G tion of computational model

ero " File | Edt | View Geométry [oads Analysis

o o
NSHEWREB X B B 6w ,
roperties
I s - B
ey %] == Diagrams for Bars...
baet nzpscie View | Plan bt Maps on Bars...
HYYZEl QO £ Mops..
Objects Number of... 4 Panel Cuts...
= [l Stories E
i MECHANICAL PENTHOUSE ‘& Reactions
#- ROOF FRAMING - [ Displacements
[+ LEVEL 4 FRAMING i < Deflections
- ANNEX MECHANICAL m Eorces
[ ANNEX ROOF FRAMING L =
@ LEVEL 3 FRAMING 4E Stresses
- L EVEL 2 FRAMING
B LEVEL 1 43 Plate and Shell Results
- LEVEL 1 FRAMING g Stories
: Undefined
R 4 ff Core walls
4 o B T4 Diagrams for buildings...
{*h\e try j Groups §
— 7 T Detailed Analysis...
T - - e i I Global Analysis - Bars...
=[ Properties ‘ ‘ Adyanced ’

For general overviews the maps and panel cuts option will display structural information for the building
directly on the 3d model based on which load combination is selected.
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WNorm,, (in)
Cases: 1(DL1)

For individual member information deflections and displacements will display values for each member
and loading combination. Values can be sorted according to bar number and ascending or descending
values.

BariCase UX (in) vy (in)  [uz (in)
2271 9(C) ~0.0001 ~0.0001
3621 9(C) 0.0001 0.0001
320/ 9 (C) 0.0001 ~0.0001
614/ 9 (C) 0.0001 -0.0001
593/ 9 (C) ~0.0000 0.0001
383/ 9(C) 0.0001 ~0.0003
366/ 9 (C) ~0.0001 0.0002
587/ 9(C) ~0.0000 0.0000
173/ 9(C) 0.0001 ~0.0000
174/ 9(C) ~0.0001 -0.0001
537/ 9(C) ~0.0001 0.0000
304/ 9(C) ~0.0000 0.0000
306/ 9 (C) ~0.0000 -0.0000
1271 9(C) ~0.0001 ~0.0000
318/ 9 (C) 0.0000 0.0000
3741 9(C) ~0.0000 -0.0000
547/ 9(C) ~0.0000 ~0.0000
311/_9(C) ~0.0000 ~0.0000
540/ 9(C) ~0.0000 -0.0000
3191 9(C) 0.0000 0.0000
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Appendix G: Scia Model Export and Preparation

The following model is exported from Revit Structure:

Step 1: is to use the Scia-Revit Link to export the model

The link is installed under Add-Ins tab

EHG- Q-7 2-F0A 8-9F &iB-~

Q ‘—':':; I {5 Options © Help
Filt About
Modify| Export Import VA Fitter s
Getting Started @ Release
Select | Scia Engineer Link

Step 2: Adjust the export options

BHG-G-F- =-FPOA G-0% GB--

& & -

About
Modify| Export Import ¥ Abo

[ Getting Started | [E] Release |
Select | Scia Engineer Link

The following Options were used for the export of the model:

125



Project #: GFS-1202

(4 CADS Revit <--> Scia Engineer [ 38 J][ ) cADS Revit <--> Scia Engineer [ ]
Options. Actions Options
&us 4|3
Export to r Ef(porl to | Siab. m
Scia Engineer 4 Export/Impot s Scia Engineer gnore Slabs o -
Export Intemal Edges with Beams  Yes lgnore Walls No
Export Revit Foundation Support _— 4 General
| i Export Selected Items Only No = et b National Code US.LRFD
g ;‘ap E:ng;:re“er Import $lruch:|ra[ Usvage ToRevit No 5 ciap Engineer Scia Engineer Version 11.0.1102
Ovenwiite Scia Engineer Support(s Yes L 4 Preferences =
) Update Member2d Openings Yes i > Launch Scia Engineer No
Mapping Tables 4 Filters Mapping Tables 4 UserMapping
Preferred Tables Ignore Revit Load Combinations ~ No Preferred Tables Material &5 Unknown No =
Ignore Revit Member Release No Null Material &s Unknown No
User Table Ignore Slabs No User Table Section As Unknown No LY
- ~
oo » . =
: Export Internal Edges with Beams Export Internal Edges with Beams
| Intemal Edges will be exported along with Beams if this value Intemal Edges will be exported along with Beams if this value
I5: i [{ :

Step 3: Click on “Export to Scia Engineer”

,m CADS Revit <--> Scia Engineer =)
Options
B4l | =
Export Intemal Edges with Beams Yes -
Export Revit Foundation

Export Selected Items Only No
Import Structural Usage To Revit  No
Overwiite Scia Engineer Support(s Yes
Update Member2d Openings Yes ‘
4 Filters -
Ignore Revit Load Combinations  No
Ignore Revit Member Release No

Ignore Slabs No

Ignore Walls No
4 General 2
ExportInternal Edges with Beams

Intemal Edges will be exported along with Beams if this value
is set to true.

Step 4: Save the new export file. After clicking on “Export to Scia Engineer,” you will be prompted with a
pop-up which will require to determine the path for the exported model as well as the name for the
model:

(i Save as Scia Engineer r2s

() [ « CTemn » Models » Revit » ~ [ %3 |[ seorch
e ——

| Wy Organize ~
Favorite Links Datemoriferd i vpe s
e & Final Models
p— & | DONEish22.12s
| Dropbox
ol & | DONEish23.12s
Bl Desktop &) Stee BR.2s
&l Recent Places & | STEEL BR3.125
(% Computer & | STEEL_BR3Artur.r2s
B Pictures
B Music
% Recently Changed
More »
Folders Cod
File name: [T
Save as type: Scia Engineer r2s file (*r2s)
= Hide Folders

Step 5: Review the export log:
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% CADS Revit <--> Scia Engineer ‘iI
I } Category Total tems Bxported Not Exported
4 27 |27
‘ Structural Columns 115 s
| Structural Framing 623 608 @
| LoadCase 8 |6
LoadNature 8 7 1
Area Loads 60 60
Floors 5 |5
Walls 24 24
Boundary Conditions 63 |63 |
Total 933 915 18
| |Start Time : 02/20/2012 22:27:44 -
« LoadNature : Temperature - 37243 : Not Supported
* LoadCase : TEMP1 - 37244 : Temperature Load Group Not Found
»LoadCase:LR1  -37240:Not Supported
* Structural Framing - 303092 : Analytical Line is not found
* Structural Framing - 303062 : Analytical Line is not found -
< m » 1]
Export to Scia Engineer is completed!
Please save this Revit model to retain the synchronisation with the exported Scia Engineer model.
[2] [soveioo ﬂ
\
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In the current log it can be seen that 15 Structural Framing members have not been exported. This is
because some structural members were not going to be analyzed and thus the analytical model for

those 15 members was turned off in Revit.

Step 6: Open structural model in Scia Engineer

If you have applied free loads to the structure, you will see a pop-up for every free load applied:

— -
Scia Engineer L] |@| ‘ x|
‘x’/—'\u' The polygon is not in the plane of the entity.
‘€Y' Do you want to change plane of entity by new geometry?
Ce J® ]
.

Hit “Yes” as many times as needed. This message appears when area loads are exported from Revit
Structure to Scia Engineer. There should be no other error messages and the model should load:

Step 7: Adjust Slabs
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It can be seen from the previous screen shot that the both the top of flange and top of the slab are
projected at the same elevation. In our model, the slab on metal deck should be resting on top of the
metal decking. In order to adjust it, select the slab and in the Properties window change the “Member

system-plane at” from “top” to “bottom”

X

20 member (1) >\ V7

After all slabs have been adjusted the model will look as follows
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Step 8: Automatically Adjust the Model

The next step is to automatically adjust the model. This is done in order to delete duplicate nodes and to
connect all members to one another.

“Connect member/nodes” tool is used for this operation which can be located on the top of the menu
screen:

V" Scia Engineer- student version - [DONEish2noannex.ESAd : 1]

@ File Edit View Libraries Tools Modify Tree Plugins Setup Window Help

D © E] | DONEish2noannex.ESAd ~ .| | &2 X3 [2E= N S W\n] <l AaN?.

7 T % 02 3 10 % 3 - [ Al 5%
Main B X! Connect members/nodes
a

After the command has been run, you will see a pop-up which will display how many intersections have
been updated and also how many nodes have been adjuster or created:

‘ B

Scia Engineer- student version {@H P

‘ ? ‘ During the calculation of intersections :
‘@' 709 new nodes have been linked to selected beam(s)
797 new intersections have been generated

Step 9: Adjust Steel Connections

Scia Engineer automatically exports all steel member connections as moment connections. Structural
steel members in the building used for this project are mostly pin connected and some members, which
are part of the moment frame, are moment connected. In order to adjust the model the “Hinge on
beam” tool, which is located in the “structure” menu, should be used to change moment connections to
pin connections:
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— -

T :
e [ =2 Model data
Tl #-Z Support

4

o .
g 28 Hinge on 2D member edge
<

a I Rigid arms

. Line rigid arms
¥ Crossdink

-l Section on beam

f’ ¥ Connect members/nodes

anced
ca
user
Predefffed shapes
@ irogffproject (esa fie)
@A

<« Openshel
{5 tmoort WG, DYF, VRML97
[edtofsoice
Urion o

soids
Subtracton of soids
Intersecton of sokds
Ovision of solds
® Generate vertexes. b

Step 10: Apply Revit’s Area Loads to 2D surfaces.

Unlike Hosted Area Loads, regular Area Loads which have been applied to the structure in Revit
Structure will not be applied directly to structural elements. If they are left without being assigned then
they will not be considered in the analysis process. In order to assign Area Loads to 2D structural
elements, first select which load type you are adjusting in the load’s menu:

‘Load 2 x

&1 ']D

Selfweight
SNOW1
WIND1

{1l on beam
i £ on 2D member edge
LA free
B2 Surface load
£ on 2D member
5B free
= st Thermal
--smt on beam
4% on 2D member
=~ % Moment
.. #) innode
‘<%= on beam
) free
335 Line moment on beam
;’7;59 Line moment on 2D member edge
[—]f' Point displacement
... #¥ Translation of support
H on beam -rel. translation
i %, Rotation of support
%2 on beam - rel. rotation
E-§4 Line displacement
4= on beam - longitudinal strain
- on beam - flexural strain
2 @ 2D member displacement, curvature
& Plane generator
-2, Pond load - water accumulation
=3 Not calculated internal forces
=1 Traffic loads
i ﬁ Single Traffic Loads
) Trafficlane
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After a particular load type has been selected, area loads will appear on the structure

In order to assign an area load to a 2D member, first highlight the area load, then click on “Update 2D
members selection” in the Properties window:

| Update 2D members selection >>>
Move UCS EES)
Edit plane load geometry 35>
Table edit geometry >3

Next step is to select the 2D member (slab) which the load should be applied to.
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Appendix H: Interoperability Issues

Revit

After drawing beams which support floor slabs, and putting the slab on the same level, we realized that
the slab does not rest on top of beams, Instead, top portions of the beams and girders are in cased in
the slab:

H

.

) i

In order to fix this we offset the floors up by the thickness of the slab so that the slab would rest on top
of the beams.

L
.

By offsetting the slab, we fixed the issue with the structural model. We then exported the structure to
Scia for primary error analysis.

After using Scia to calculate deflections in the slab we noticed that the deflections of -0.983in were too
high.
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Uz [inch]

We then looked at the analytical model in Scia:

We realized that the analytical element of the slab was not resting on the beams and thus beams only
supported their self weights and not the slab.

Our model had the same issue in Revit. We then adjusted the alignment of the analytical model of the
slab to be projected to the bottom of the slab in the element property window:
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Analytical Floors {1) v | £ Edit Type

Phasing 3
Phase Created i New Construction
Phase Demolished i None

Structural Analysis
Analyze As : Two-Way

Analytical Properties A
Family Type Floor:41/2" NW co...
Area 8449.26 SF
Perimeter 720" 10 211/256"

Analytical Alignment
Alignment Method

Properties help

Bottorn OF Slab [ |

Gl L

A
: Projection

Top Of Slab

Center Of Slab

Bottom OF Slab
MECHANICAL PENTHOUSE
ROOF FRAMING

LEVEL1

DACCAACAIT 1 CV/E

RS
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After the analytical model has been adjusted, the results are more in line with what is expected (-0.203

in max deflection)

Uz [inch]
0.017
-0.020
-0.040
-0.080
-0.080
-0.100
-0.120
-0.140
-0.160
-0.180
-0.203
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WNorm., (in)
° Cases: 1 (DL1)

Revit does not place a node in the middle of a column slab intersection. Robot does not add the node

WNorm., (in)
Cases: 1 (DL1)

Adding another structural element to the point will fix it. This is a rather unique problem arising out of
foundations extending below slab-on-grade with no other structural support.

Horizontal Slab Projection:

Revit automatically creates the analytical model to the same extents of the physical model so our typical
method was to model the slab to the column center-line with the steel model. Originally the projections
would extend beyond the columns which would create an excessive moments within the cantilevered
portion of the slab.
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However with the concrete model we decided to look into altering the horizontal projections of the floor
system due to the punching stress requirements placed on exterior columns. This lead us to using the
auto-detect settings that were disabled for the vertical projections. The results are shown below.
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When exporting the basement floor into ROBOT our slab on grade in the basement was not
attached to any of the columns. ROBOT reads only the nodes that were placed in Revit and will not
perform an analytical adjust to attach the slab and column intersections the way Scia does. This was an
issue when modeling any slab on grade or slabs that do not end on analytical elements. Since Scia does
not support area boundary conditions we decided to not treat the slab on grade as a boundary

condition.
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Attempting to analyze this model would bring up a separate structure warning and would result in

extremely large deflections.

88 Autodesk Robot Structural Analysis Professional - Calculations [&]
16-02-2012 STATIC ANALYSIS 05:56:17
PHASE OF ANALYSIS
Bereir i —y

Statistics

Number of Nodes
Number of Elements
Number of Equations

Autodesk Robot Structural Analysis ProfessionkB.J_ 28|

o

Separate structure.
Do you want to continue?

Yes

THE

Frontwidth
Initial
Optimized

Start of Analysis :
Estimat. Run Time :

05:55:54

Calculation Priorities

Normal

0175

[ Pase | [ st |

[ Hel
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42692000000000.0000
38385826771653.5470
25590551181102.3630
12795275590551.1820
0.0

-12795275590551.1820
-25590551181102.3630
-38385826771653.5470
51181102362204.7270
-63976377952755.9060
-76771653543307.0940
-89566929133858.2660
-95925900000000.0000
WNorm., (in)

Cases: 1 (DL1)

This was a similar problem to the one encountered above but this is a problem with the way Robot
reads files. Attaching a structural element or analytical node to the bottom of the slab will correct the
issue but does not correctly model the slab on grade behavior

Autodesk Robot Structural Analysis Professional 2012-Student Version - Project: Structure - Results (FEM): available gj Type a keyword or phrase

Edit Geome! Knalysis | Results £
D2HavREGXBRENANEE AQAABY R 22 & F s =
o5 5= AL W L Afe o

The figure above shows that a node which connects the column and the slab is missing. We found that
this issue could be fixed by going into “Nodes” menu under the “Geometry” tab.
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7W Loads  Analysis R4
R Structure Type...
o% Axis Definition...
Stories »
Nodes.. |
!gars...
== Panels...
Objects 3
Structure 3

| Columns...

= Beams ...

By Walls...

& Floors...

By Openings...

&7 Claddings...
Slab Wizard...

# Materials...
Properties »

& Supports...

¥- Releases...
Additional Attributes »
Phases 4

2 Numbering...
B-1 Names of Bars/Objects...

While in the “Nodes” menu, the cursor will automatically snap to the intersection between the column
and the slab and left-clicking the mouse will add the missing node.

3
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In the figure above, it can be seen that a new node “967” was created.

0.7486
0.0
-2.7559
55118
82677
-11.0236
-13.7795
-16.5354
-192913
-22.0472
-24. 8031
-27.5591
-29.3199
WNom_, (in)
Cases: 1 (DL1)

The figure above shows the analysis after columns have been attached to the slabs. It can be seen that
almost zero deflections are achieved near the supporting columns while the ends of the slab have high

deflections because they are not supported by anything.
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Scia

Concrete Column Export Issues

When we created left side of the basement in Revit (you can see structural model and analytical models
and tried to export it to Scia this is what we got.

Concrete columns inside the basement are missing completely

e

If you look at the analytical model you can see that Nodes have been created for the columns but the
columns themselves were are exported.

Now we try export the same model but ignore the walls (via export options). There following model gets
exported:
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Result - Columns are still missing.

Next attempt is to delete the foundation walls and export the model to Scia. The revit model after
removing foundation walls in Revit (prior to deleting the foundation walls completely we also attempted
to turn off the analytical model for the walls and export the model, results were the same - model did
not have walls nor columns but had column nodes):

Export to Scia of the model:

The issue has been solved but foundation walls are not exported at all.

We then wanted to see exactly why the concrete columns were missing during export. We finished the
entire basement floor in Revit:
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and then exported it to Scia again

Instead of all columns inside the walls missing, only some are. We then tried to fix the issue by
redrawing foundation walls, spread footings, columns, and turning off foundation wall analytical models.
Every time different columns would appear and disappear.

Revisiting missing column issue:
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In the figures above you can see a Revit Structural model as well as Revit Analytical Model. These
models were exported into Scia and different columns became missing during the export process.

Next attempt was to replace concrete columns with steel W-shape Columns:

They exported into Scia with no issues:
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Our next attempt to solve the issue was to create foundation walls that do not overlap with concrete

columns:

[@ T

23'-6" ® 160
B ]
o

] S I

5 [
Successful export into Scia:

Ll

R: {+} >

]

] {-}

]
B
[+ 2 {5 =

Conclusion with disappearing columns:

If foundation walls and columns are made out of same material and overlap in the Revit model,
during export, some columns may disappear. To fix the issue, foundation walls and columns should not
overlap.

145



Project #: GFS-1202

Material Mapping Issues
When trying to export a material (or cross-section) which is either not mapped by default or which is
mapped as “null”, you will get a pop-up similar to the following:

48 & 8 ¥t O signin

Add-Ins

Scia Engineer Link

() CADS Revit <> Scia Engineer

Properties & [ Category Totaltems  Expored Not Exported =% *
» | |65 B i il
| Structural Columns |274
@ e b | Structural Framing 791 1 5
lrlr.oiadgase |8 6 2
@ £3 Edit Type LoadNature (8 7 1
Graphics o (2 Material Mapping
View Scale 8 =10 \E‘
Scale Value 1: 196
: > Revit Material 'Concrete - Cast-in-Place Concrete’ National Code 'US.LRFD' is not _
Detail Level Fine ol )
Parts Visibility - Show Original Do you want to add this material? T
Visibility/Grap... 2
Graphic Displ... [ Editw ] B
Discipline Structural 8 X |
Apply
= —TRT—=TZ8U"
Corrected Structural Model - Projec.. 5] Betatcn Stay e G e e b o
3D View 1 - » Structural Framing - 392746 : Analytical Line is not found =
35 s ey i A, SRS PR
Vieiw L Aralytical Export to Scia Engineer P2
{3D}
() Elevations (Building Elevatio il ™
o 3
North ;‘
South L
West
(=) Sections (Building Section)
Section 1 dl &
s i 1 v =10 B XHGRHE D 0 M < =] »

Click to select, TAB for alternates, CTRL adds, SHIFT unselects. e
T [ =l @ & "\§'Pandora Rads t » ¥ 1020PM
”

™ Monday

1/23/2012

| Material Mapping

In the pop-up shown above, the user is asked whether he or she wants to manually add this material (or
cross section). After clicking “Yes”, the user is prompted with a new pop-up requesting for user’s
selection of the material, which can be seen in the following screen shot:

——
} () CADS Revit <> Scia Engineer ) |
Category Totalhems  Expoted  Not Exported 1
» f 16 [10 [1 |
LoadCase 8 |6 |2 |
ﬂb Add Material Mapping To User Table @
Supporting Mapping Database: | General-Materials v ]
Material Category : Concrete
I Revit Material Name : Concrete - Cast-n-Place Concrete
Scia Engineer Material Name : ;
Staf
National Code : gi%
* Lo C5000
* Lgl | ] Use as Unknown
* Lo
-
Export to Scia Engineer 24 %30
!
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{{ CADS Revit <> Scia Engineer

V(Ealegory | Total tems | E_xported | Not Exported
|16 10 [1

ﬂb Add Material Mapping To User Table ‘il

Supporting Mapping Database : | General-Materials '] |

Material Mapping

e
. L e

*

- [ Ok ] [ Cancel J
Export to Scia Engineer 2430

1

Cancel

i}y Add Cross Section To User Table =

Supporting Mapping Database : | General Section-Metic

Revit
Family Name :  Concrete Rectangular B

Section Name: kN

Family Role:  Column

h CatalogiName: [
Section Name: || shape

Catalogld: [g @

[¥] Use as General Cross Section

[ Ok ][ Cancel J
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In this example, the user can select material properties for “Concrete - Cast-in-Place Concrete.” After
selecting C5000 for 5KSI concrete, and clicking “OK”, we got the following error:

This error was persistent on two different personal computers. First computer ran Windows Vista x32
while the second computer ran Windows Vista x64. Due to this error and in order to continue exporting
the model, we had to map materials and cross sections as “unknown,” which can be seen in the
following screen shots:
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" " "

(ﬁ Add Material Mapping To User Table ]ir[
Supporting Mapping Database : Document-Materials v ] [
Material Category : toncrete [

Revit Material Name : Concrete - Castin-Place Concrete
i| Scia Engineer Material Name : - |
National Code : US.LRFD
Use as Unknown
[ Ok ] [ Cancel ]

After doing this, some members would be missing and some members lacked material properties.
When attempting to open up the model in Scia we would get the following error messages:

At one point, after exporting the model, we were not able to open in in Scia and had the following error
message while attempting to open up the file:

{QI Bad reading object property [CrossSection.EP_CrossSection.1,44]

To fix the issue with the model, we had to find a way to correctly map materials and cross-sections. Scia
Online Support Staff suggested that we do not have the administrative privileges to access the mapping

database and presented us with a solution to update the Revit Family Path. They also provided us with a
screen shot on how to perform this operation:
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ﬂb CADS Revit <--» Scia Engineer

Actians

Export to

Scia Engineer

Impart fram

Scia Enginesr

tMapping T ables

Options

(D

4 Export/Import
Export Internal Edges with Beams  Yes
Export Revit Foundation Foundation
Expart Selected lters Only Ma
Impart Structural Usage To Revit Yes
Overwite Scia Engineer Support(s Yes
Update Member2d Operings Yes

Block

m

Frefered Tables 139 Preferred Databases
=

User Table
Tables

Demo Help Aboul

[] HollowCare Section-Metic
General Section-lmperial
General-Materials

m

General Section-Metric
Metherlands Columns
Netherlands Beams
[ UK-Advance Mappings -

Mapping Flules

CrassSection [Uselfnotfourd  ~
Material [Usslfnctfoud =]

=]

High Priarity
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o) User Path - Revit Library

Down

017 Libraries'

Law Priority

[ Source Mapping Ruke |

[ Revit Fanily Mapping /|

I Target Mapping Rules I [ Revit Family Patid ]

—

(el .

Unfortunately, this solution did not help.

Ok Cancel

After changing numerous properties and options for model export, we tried running Revit Structure

2012 as administrators by right clicking on Revit Structure 2012 icon, as selection “Run as

Administrator.” This can be seen in the following screen shot:

) Run as administrator

Open
Open file location

Enable/Disable Digital Signature Icons

1-Zip >
Scan for threats...
Pin to Start Menu

Add to Quick Launch

Add to new encrypted archive...
Add to existing encrypted archive...

Send To 3
Cut
Copy

Create Shortcut
Delete

Rename

Properties

After we ran Revit Structure as “administrators” all issues were gone. We were able to add materials

and cross-sections into user-mapping tables and export materials such as “Concrete - Cast-in-Place

Concrete” into Scia as different types of concrete.
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Slab Opening Issues

The following Revit Structures Model with slab openings on each floor was exported into Scia

The first three slabs were created by manually creating each slab as well as opening. The top slab was
created by copying one of those slabs and copying it to the top level.

After exporting the structure and opening it in Scia Engineer, the following message appears:

& 2D member (Member2d#247850) being medified contains some
t_g internal components which will become incorrect.

The medification cannot be performed.

After clicking “OK,” the model opens up in Scia Engineer
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The Scia model above is missing the copied slab. Some of the openings are also missing, but the nodes
for the openings were exported.

If a slab without openings, seen highlighted in the following screen shot, is copied onto the top floor

The model gets exported to Scia with no issues, as can be seen in the following screen shot:
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Creating a concrete structure. 5ksi concrete. 24”x30” columns at random grid lines. Three openings
created in the floor slab. Top slab is left unedited. All slabs and slab openings were created separately.
None of the items were copied.

The exported model has exported without an error. All slab openings were exported as well as slabs

Conclusion:

If slab openings are created, they have to be created separately in Revit for each slab. To avoid other
issues slabs should not be copied from level to level, even if they are identical. Instead they have to be
manually created.
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Export of Area Loads

In order to correctly analyze a structure in analytical software and to achieve maximum possible
moments inside of beams and slabs, live loads should be applied to alternate bays. Hosted Area Loads
cannot be used for this purpose because they automatically apply the load to the entire slab. Instead,
regular Area Loads should be used.

Modify | Place Loads

N ;‘ % | T Cope - w ||:| & D D’ﬂ o oo

18] - )
|a—s B
3¢ ﬂj bl RAF
t - - 7~ =
Modify L] i+ 5 B ‘m . 88 = 3 727 | point | Line Area Hosted Hosted
= B Boin - Q) TT 2 x oot | Lone | oo [t Lon 1o o SR
Select | Properties | Clipboard Geometry Modify e T Loads

If you place multiple free Area Loads onto a structure, hit “accept” free loads and attempt to export the
structure you, only the first free load that you drew would be exported. This can be seen in the following
screen shots:

In order to successfully export all instances of applied live loads to alternate bay, after placing one fully
enclosed live load (which can be seen in the following screen shot), you have you accept the load by
hitting the check mark button.
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After accepting the load you will have to click on “Area Load” command again and draw the area load.
These two steps would have to be repeated for each instance of free live load placement in order for
successful export to Scia Engineer.
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Appendix I: 5 Interoperability Categories

The following appendix contains information about 5 types of criteria that we thought were
important for export from Revit Structure to Scia Engineer and Robot Structural Analysis packages. The
current appendix is broken up into 5 distinct parts. Each portion briefly introduces the option and tools
under study in Revit. Each section is then divided further into two parts: Scia Engineer and Robot
Structural Analysis, in which the options and tools are exported into their respective structural package.

Loads

When a new project is created in Revit, eight Load Cases are automatically generated: Dead
Loads, Live Loads, Wind Loads, Snow Loads, Roof Live Loads, Accidental Loads, Temperature Loads, and
Seismic Loads. The following screen shot shows the default Load Cases which are automatically
generated when creating a new project in Revit Structure:

Structural Settings @l = ]

[ Symbolic Representation Settings | Load Cases |Load Combinations | Analytical Model Settings | Boundary Conditions Settings

Load Cases

Name Case Number Nature [ Category [+ [ A
Dead Dead Loads

Live Live Loads

Wind Wind Loads

Snow. Snow Loads

Roof Live * Roof Live Loads

Accidental  Accidental Loads

Temperature Temperature Loads

Seismic  Seismic Loads

ou

15}
WINDL
SNOW1
LR1
ACCL
TEMP1
SEISL

mi\.|o. mlslw N|>—~
EIE S TN

tures

Name [ [ A

Dead
Live

Wind
Snow

Roof Live
[6 | Accidental
Temperature
Seismic

8
w[[o[ = [w[m] = g
z
&

(o ) [Ccomed [ e ]

In Revit, Load Cases can be combined to generate Load Combinations which can be seen in the following
screen shot:
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Structural Settings - =]
Symbolic Representation Settings | Load Cases | Load Combinations | Analytical Model Settings | Boundary Conditions Settings.
Load Combination
Name Formula [ Type | state | Usage [~ [ aa ]
(all) =] (el T @i =] Gl ;I\_-! [T]
1 [ j12Du+167101 Combinatio iceabil te
Edit Selected Formula Load Combination Usage
Factor | Caseor C A [ A ] Se| Name ~ [ chekal r
1[1.200000 - DLL 3 [ .
131600000 LT [ Checkiione ]
Delete |
ok J[ conced J[ reb ]
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Overall, there are six types of loads that can be applied to a structure in Revit Structure. These loads
include: Point Load, Line Load, Area Load, Hosted point Load, Hosted Line Load, and Hosted Area Load.

= =*' Ba Bl *
O T2 %

|

o

@& S B

g @‘?.; Point| Line | Area | Hosted | Hosted = Hosted
E @ Join ~ Ei— $ J Load | Load Load PointLoad Line Load Area Load
Select | Properties | Clipboard Geometry Modify View | Measure Create Loads

Loads in Scia Engineer:

When exporting Revit model into Scia, an error comes up in the export log

') CADS Revit <> Scia Engincer T _——

Exported Cross

» LoadCase : TEMP1
* LoadCase:LR1

Start Time : 01/28/2012 21:29:53

o LoadNature : Temperature - 37243 : Not Supported
- 37244 : Temperature Load Group Not Found

- 37240 : Not Supported

Section(s):

Export to Scia Engineer is completed!
Please save this Revit model to retain the synchronisation with the exported Scia Engineer model.

Category Total tems Exported Not Exported
» 22 20

Str | Columns 22 22

LoadCase 8 6 2

LoadNature 8 7 1

Area Loads 1 1

Floors 1 1

Boundary Conditions 22 9 13

Total 84 66 16

-

1][ 2]

[

]

|
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From the above screen shot we can see that Temperature and Roof Live Loads do not get exported from
Revit into Scia. This can be one of the limitations of the Scia-Revit link because Scia supports both

Temperature and Roof Live Loads which can be seen in the following screen shot:

' Load groups | L%_J
LR = A AR
Accidental Name Accidental
Dead Relation Exclusive L‘

Live Load Variable ¥
- IBC -load type: J[L-Liveload
Seiemi L - Live load ¥
- Lr - Roof live load |
Snow W - Wind load
Wind S1 - Snow load saw tooth roofs :
oL 52 - Snow load other roofs
E - Earthquake load
R - Rain load
T - Temperature load
L’ - Live loads > 100 psf
Em - Maximum seismic load
H - Lateral (earth, ground water...) pressure
F - Fluids load |

Scia Online Support has been contacted but were unable to find a solution for this issue.

Overall, Basic Loads and Load Combinations are exported from Revit to Scia. These include both free
loads and hosted loads. This makes the analysis process much more fluent as necessary loads can be
applied to a model directly in Revit and then easily exported to Scia.

Loads in Robot:

Loads placed in Revit will automatically be applied in ROBOT. The export process works seamlessly and

allows for all types of loads to be exported as either basic free loads or hosted loads. Robot does include

the option to specify which load case contains the self weight or to ignore the self weight of the building

as seen in figure below. The loads can also be exported as combinations or can be combined within
Robot depending on what type of design is being used.
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ﬁ Integration with Robot Structural Analysis - Send Options g

Basic Options | Additional Options

Scope and comection

@ Send entire Revit project (ignore current selection)
Send only current selection

[] Execute model correction in Robat

|
Specify the case that contains self-weight
@ [pu

|

| ) lgnore self-weight

| Bar end releases

| () Do not use Revit settings

| Hele About [ ok ][ Cancel ]

Materials
In Revit Structure, different materials can be assigned to different elements:

Properties (=]

Concrete-Rectangular-Column

12x18
Structural Columns (1) '] Edit Type
Top Offset 0' 0" -
Column Style Vertical
Moves With Grids
Room Bounding i
Materials and Finishes A
Column Material [Concrete - Cast-in-... |
Structural A
Enable Analytical M... 3
Rebar Cover - Top F... : Interior (framing, c...
Rebar Cover - Botto... : Interior (framing, c...
Rebar Cover - Other ... : Interier (framing, c... |

Dimensions

Volume :15.00 CF
Identity Data

Comments i
Properties help | Apply

»

»
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Some of these materials contain structural properties which can be seen in the following screen shot:
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[1dentity [ Graphics | [ structre |
Parameter | Value

Properties By Property Set
Property Set Name Normal Weight Concrete - 4 ksi
Class Concrete
Subclass
Behavior Isotropic
Description
Young modulus X 3834.00 ksi
Young medulus Y 3834.00 ksi
Young modulus Z 3834.00 ksi
Poisson ratio X 0.200000
Poisson ratio Y 0.200000
Poisson ratio Z 0.200000
Shear modulus X 1598.00 ksi
Shear modulus Y 1598.00 ksi
Shear modulus Z 1598.00 ksi
Thermal expansion coefficient X - 0.00000550 1/°F
Thermal expansion coefficient ¥ :0.00000550 1/°F
Thermal expansion coefficient Z : 0.00000550 1/°F
Unit weight 150.00 Ib/ft*
Damping ratio 0.020000
Concrete compression 400 ksi
Lightweight @]
Shear strength modification 1.000000

Each material in Revit has structural properties. The following shows the properties for Revit’s “Normal
Weight Concrete - 5 ksi,” and Scia’s “C5000 Concrete”:

,

A e BBEK - & B3

3000 Name ~ [C5000
o Coe oo > S .‘ cioo B Code independen
Material type Concrete
Materials | Structure Property Sets Identity | Graphics | Appearance | Structure ;
Thermal expansion [inch/inchF] 0.00
Enter Search Words Y TR 7 C6000 z =
arameter falue Unit mass [kips/ft"3] 0.155
Class - Subdass [ <all> ~] Properties By Property Set C8000 E modulus ks
Property Set Name Normal Weight Concrete - 5 kst
ASTM - Grade 60 - Low-Allow Steel C10000 Poi ff
Pt Class. Concrete 0isson Coett.
P, Subclass Independent G modulus (u]
ASTM AS00 - Grade B g"‘““" Eotropic G modulus [ksi] 3 B
ASTM AS00 - Grade B - Rectangular and Square escription. |
SRR trate d ol Voung moduius X 4287.00 ksi Log. decrement 015 0]
ASTM AS00 - Grade C - Rectangular and Square Young modulus ¥ Colour I
ASTM ASD0 - Grade C -Round Yolng motdlisZ Speciic heat [J/gC] 6.0000e-01
ASTM AS72 - Grade 50 Poisson ratio X o
ASTM 4615 - Grade 40 - Billet Steel Poisson ratio ¥ 0.200000 Themal conductivity [W/mF] 2.5000e+01
ASTM A615 - Grade 60 - Bilet Steel Poisson ratio Z 0.300000 Order in code 2
ASTM A615 - Grade 75 - Bilet Steel Shear modulus X 1786.00 ksi Bl ACI 318(M)-05
ASTM A992 Shear modulus ¥ 178600 ksi fi ——
Lightweight Concrete - 4 ksi Shear modulus 7 1786.00 Sp campEssve senglhifc:.. M
Normal Weight Concrete - 3ksi Thermal expansion coefficient X 0.000005501/°F Calculated dependent values
Normal Weight Concrete - 4ksi Thermal expansion coefficient ¥ 000000550 1/°F Square root of specfiied compressi...
Tharmal Spancion cocticiant 2 000000550 1/ ; -
: ) & Lo Specified compressive strength for...
Unit weight 15000 Ib/ft ;
Drsping rats 0020000 Modulus of rupture fr_[ksi]
Concrete compression 5.00 ksi. Strain at reaching maximum streng.
Lightweight s Maximum compressive strain eps ...
Shear strength modification 1.000000 -
B Stress and strain diagram
Type of diagram Parabolaectangle diagram LI
Picture of diagram
DbhEHITEE
T (- o |[Cnew et ) et | pote ] Cox JY
= - —

These structural material properties slightly vary between Revit and Scia and thus one must be aware of
these slight variations when working with different materials.
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Most common materials are already mapped though and thus this is not an issue unless you use some
special elements (C shapes, HSS memeberts, etc). Scia support has been contacted to see what the error
is. Waiting for response.

Scia:

When you create a concrete column or a generic concrete slab the basic concrete material is called
“Concrete - Cast-in-Place Concrete”.

Materials - Concrete - Cast-nr_\-l?lgce Concm‘ ek S .
[ [ 1dentity | Graphics | Structure

aterl |
Enter Search Words Q
Acoustic Celing Tile 24" 24 -~

Acoustic Ceiling Tile 24" x 48

Acoustical Treatment

Air Barrier - Ar Infiltration Barrier

Analytical Floor Surface

Analytical Slab Surface

Analytical Wall Surface

Asphalt

Boundary Condition - Fixed

Boundary Condition —Pinned

Boundary Condition —Roller

Boundary Condition — X-Axis

Boundary Condition - Y-Axis

Boundary Condition — Z-Axis

Carpet (1)

Carpet (2)

Concrete

Congete - Cast-in-Place Concrete

Concrete - Cast-in-Place Lightweight Concrete - 4 ksi
Concrete - Normal Weight - 3 ksi

Concrete - Normal Weight - 4 ksi

Concrete - Normal Weight - 5 ksi

Concrete - Precast Concrete - Normal Weight 5 ksi
Concrete - Precast Concrete - Normal Weight - 5 ksi
Curtain Wall Mulions

Default

Default Floor

Defauit Form

@/l2] % |

Default Light Source -

bEn SEE

Shading
[ Use Render Appearance for Shading

]

RGB 192-192-192
Transparency: 0% 1}

Surface Pattern

S

Concrete Black

Black

Cut Pattern

When exporting the structure which is primarily made up of cast-in-place from Revit to Scia, you get an
error message in the report log saying: “Revit Material :”Concrete - Cast-in-Place Concrete” is mapped as
“Unknown” based on user mapping.” This means that it would seem that all elements which are made
up of concrete in the project would have unknown material properties.

! b Wrong material type for cross-section: Rectangle - Rectangle.

When opening the exported model in Scia you get the following error message:

o > '- \
Scia Engineer- student version X

After clicking “OK”, you will be able to interact with the model. Prior to performing structural analysis on
model, all elements should have material properties assigned to them. Because Concrete Cast-in-Place
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has been mapped as Unknown in Scia, material properties can be seen to be missing for columns:

7
# ' Cross-Sections

A e #6585 Bem| ) 2

==

B3] =5

> ¥

[ cccongl - Rectan. I3

& Rectangle - Rectan... | | 1YPe
Detailed

| Materal
H finch]
| Bfinch]
|E General

|El Parameters

Draw colour
Colour

Fibre text zoom
Propertties editable

[ New | inset || Edt | Delete

The material can be manually edited for the cross section in order to represent the correct one:

8 ' Cross-section RFE L 20 . » @J@
Name -
Type F
Z Detailed
) Parameters
N —
N H finch] C3000
i 8 finch] g;% =
= General Ce000 I
Draw colour C8000
Colour 10000
i Fibre text zoom 1.0 v
= Properties editable o
= Buckling editable 5]
<z Buckling y- b =
— Buckling z-z b L,
—_ Fabrication concrete _v_]
Y o
E Concrete
Curve dividing 36
Edt joints =]
Edit cuts &
y:. 1 Edit named items _J
AutoDesign constraints _|
B Property reducti 24
T 1
Export ] [ Update ] [ Document ]
Picture i Fibres
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After columns have been checked and correct material has been decided, we checked the slab. We
found that wrong material has been assigned to the slab:

Properties X
wy
x
[Name | Member2d#248143 4
Type plate (90) Rl
Analysis model  Standard =
Shape Flat
Material A572grade 50 «v|..| -
FEM model Isotropic L‘
FEM nonlinear ... |none |
Thicknesstype  constant ~|
Thickness finch] | 10.500 L3
Member system... top LI
Eccentricity z ... | 0.000
LCS Type Standard _'.I
Swap orientation 0 no
- | |LCS Angle [deg] |0.00 Elv
" [ Table edt geometry >>> ||

Instead of assigning a different type of concrete or not assigning material at all, Scia exported the cast-
in-place concrete as A572 grade 50 Steel. This is a serious error because steel is a completely different
type of material and errors like this can greatly compromise the structural integrity of the structure.

When you change the material in Revit to “Concrete - Normal Weight - 5 ksi”, the material is mapped in
Scia correctly, which matches up with C5000 (Scia’s version of 5ksi Concrete):

Materials

Material - Concrete - Normal Weight -5 m“ EEEEE B

Enter Search Words

Q

Acoustic Celing Tile 24" x 24
Acoustic Ceiing Tie 24" x 48
Acoustical Treatment

Air Barrier - Air Infiltration Barrier
Analytical Floor Surface
Analytical Slab Surface

Analytical Wall Surface

Asphalt

Boundary Condition -~ Fixed
Boundary Condition - Pinned
Boundary Condition — Roller
Boundary Condition - X-Axis
Boundary Condition - Y-Axis
Boundary Condition —Z-Axis
Carpet (1)

Carpet (2)

Concrete

Conrete - Cast-in-Place Concrete
Conarete - Cast-in-Place Lightweight Concrete - 4ksi
Concrete - Normal Weight - 3 ksi
Concrete - Normal Weight - 4 ksi

Conarete - Precast Concrete - Normal Weight 5 ksi
Concrete - Precast Concrete - Normal Weight - 5 ksi
Curtain Wall Mulions

Defauit

Default Floor

Defauit Form

Default Light Source

Concrete - Normal Weight - 5 ksi

DE®H

| R

Identity | Graphics Structure

Shading
[ Use Render Appearance for Shading

]

RGB 192-192-192
Transparency: 0% i}

Surface Pattern
e i B -/:\
Black
Cut Pattern
Concrete Black

Properties X
AV
x
Name Member2d#248143 -
Type plate (30) _vJ‘ |
Analysis model | Standard L]
Shape Flat ‘
Material C5000 v.. \E‘
FEM model Isotropic _:Jl
FEM nonlinear ... |none ~|
Thickness type | constant ~|
Thickness finch] | 10.500 L3
Member system... top ~|
Eccentricity z fi... | 0.000
LCS Type Standard ~|
Swap orientation [0 no
LCS Angle [deg] |0.00

| Table edit geometry

v o
v |:
v

- 1
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Boundary Conditions

In Revit, three types of Boundary Conditions can be set for different types of members. These conditions

are Point, Line, and Area, and can be see in the foIIowmg screen shot
’@El@wn-w .f@A@ Q..E @“n-* o

I**‘""". |\:I&Dk D|/ oty DD |

Slcut - % 8- au
*JI

o "
Line  Area
v @wn- |PBOT E f S ‘
Clipboard | Geometry | Modlfy View | Measure |  Create Boundary Conditions

Point boundary conditions are used primarily for column supports. Line boundary conditions are used
for foundation and retaining walls. Area boundary conditions are used for slabs on grade.

= -

Select | Properties

Boundary Conditions in Scia:

In Scia, boundary conditions are called “supports.” If you look at Scia’s structural menu (pictured below),
you can see there there are 4 types of supports.

Structure 8%

Z point on beam
ZZ line on beam
& line on 2D member edge

< Openshel
& Lnport DWG, DIF, VML97

2 e
Robot Boundary Condition Scia Support
Point In node
N/A Point on beam
Line Line on beam
Line on 2D member edge
Area N/A
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From this table we can see that exporting Point and Line loads from Revit to Scia would work, but If you
Export a slab that is supported by an Area boundary condition, it will not be recognized in Scia, and thus
the slab will not be supported at all (if it isn’t connected to any other member), or it will be supported by
the columns that it is attached to. During the export of a structure with an area boundary condition, you

will recieve the following error in the export log:

Export to Scia Engineer is completed!

—l
() CADS Revit <—> Scia Engincer MR =S|

Category Total tems Exported Not Exported [
» 65 44

Structural Columns 274 1139 135

Structural Framing |791 1662 |129

LoadCase 8 |6 12

LoadNature 8 |7 1

Area Loads 3 |3

Walls 23 [ 12

Floors e 12 L

Boundary Conditions 53 |44 S

Total 1237 917 239
*Walls - 311882 : Ignored by user. -
*Walls - 316132 : Igncred by user.
*Walls - 33370€ : Ignecred by user.
* Boundary Conditions - 432948 : Not Supported
« Boundary Conditions - 432957 : Not Supported B
Exported Cross Section(s) : =
< 1 ] )

Please save this Revit model to retain the synchronisation with the exported Scia Engineer model.

T —)
!

,.u"_-‘l

When you export a structure from Revit to Scia, Scia automatically replaces the foundation blocks with

Rigid Support types.
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Boundary Conditions in Robot:

Robot will model different boundary conditions depending on what is assigned in Revit. The screenshot
below shows a fixed point boundary condition, modeled as a box, as well as an area boundary condition,
modeled as a set of pin supports beneath the applied surface.

Linear boundary conditions will be set as a set of point boundary conditions applied along the length of
a member as shown in the figure below.
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Steel Connection Types

Overall in Revit you can set member beam and girder connections, which include none (pinned),
cantilever moment and moment frame. Different connection type can be set to each different endpoint
of the beam, ie. one side can be pinned while the ether side is connected with a moment connection.

Properties X

.| W-Wide Flange l
W21X44

Structural Framing ( v Edit Type

Beam Material : Metal - Steel... 4
Structural A

Stick Symbol ... : Center of G...

Start Connecti...: None

End Connection|[{ 3 ;’\

Cut Length None

Structural Usa... Cantilever Moment

Start Attachm...

End Attachme.... End Elevation

Camber Size

Number of st... S

Properties help

Steel Connections in Scia:

When exporting this structure to Scia, all connections turn into moment connection by default. No
matter what type of connection is exported from Revit to Scia, Scia automatically treats them as
moment connections. In order to create a pinned connection, a “hinge” must be places at the end of the
beam.

Scia support has been contacted to clarify whether or not steel connection types are available for export
from Revit to Scia. The reply stated: “The import of connections from Revit to Scia Engineer is not
supported.”

Steel Connections in Robot:

When exporting steel connections into Robot there are two different options, the connections can
either be ignored if they were not previously set or may be exported as the values applied in Revit. In
the send options of the export window there will be an option to export bar end releases as modeled in
Revit or to ignore the releases. Ignoring releases will automatically export each member as a fixed
pinned member as shown in in figure below.
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(ﬁé Releases L= > l
DX 20@EE % =

X DELETE bar release
=) — Fized-Pinned
= Pinned-Fixed

= Pinned-Pinned

Current selection

659 -

[ Apply ][ Close ][ Help ]

(QL Releases - - Q_J'_L._Sg_
-

DX oo@E & &

& DELETE bar release
= Fized-Pinned
= Pinned-Fixed
- | = Pinned-Pinned
" =p — Revit xxxxff-Pinned

Current selection

] [ Close
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Reinforcement

Scia does not support steel reinforcement to be exported from Revit. Overall, if you start a project in
Scia and you use International Building Code as the primary code for the project, you will not be able to
manually add reinforcement at all.

Robot supports steel reinforcement. It was used for the design of the cast-in-place concrete structure.
Details about steel reinforcement in Robot can be in Appendix K.

168



Project #: GFS-1202

Appendix J: Cast-in-Place Concrete Structure Hand Calculation

Table 6 Slab Design

150 | pcf concrete
5000 | psi concrete
60 | ksi steel
Dead Load 161.25 | psf
Live Load 100 | psf
Reduced Live
Load 53 | psf
wu 353.5 | psf
Mu 614 | ft*kips
Clear Span 31.625 | ft
Thickness 9.4875 | in
Story Height 13.58 | ft
Moments
End Spans Interior
Slab Exterior Interior
Moments Negative Positive | Negative Positive | Negative
Total
Moment 159.72 | 319.43 430.01 | 215.00 399.29
Column Strip 159.72 | 190.43 325.58 | 129.00 301.01
Middle Strip 0.00 | 129.00 104.43 86.00 98.29
Reinforcing
Span BarsNo | No5
Location Mu b (in) d As Asmin |4 bars
End Span

Column Strip | Ext. Negative 159.72 66.00 9.25 4.32 1.39 22 14

Ext. Positive 190.43 66.00 9.25 5.15 1.39 26 17

Int. Negative 325.58 66.00 9.25 8.80 1.39 44 29
Middle Strip | Ext. Negative 0.00 132.00 9.25 0.00 2.77 14 9

Ext. Positive 129.00 132.00 9.25 3.49 2.77 18 12

Int. Negative 104.43 132.00 9.25 2.82 2.77 15 10

Interior Span

Column Strip | Positive 129.00 132.00 9.25 3.49 2.49 18 12
Middle Strip | Positive 86.00 132.00 9.25 2.32 2.49 13 9
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Interior Column Properties

Exterior Column Properties

Table 7 Column Design

Project #: GFS-1202

Size 22.5 | in Size 16 | in
2hr .
fire 0.75 | in zgvf;e
cover 0.75 | in
lu 166.5 | in lu 166.5 | in
klu/h 8.325 klu/h 8.33
dpn | 1607 | k dPn 714.19 | k
Interior Colum Design
. . Cumulative Cumulative
Floor DL LL AT RedLL:-ced SIJDTL(JIL?UV Cumulative Factored Unfactored | Moment Lateral kl/r Eq9-2 Eq9-3 EqS-4 Eq9-6 Ast Pg | Bars Number
ps) L Load Load Moment Pu Mu Pu Mu Pu Mu Pu Mu
5 120 20 | 739.75 10.52 96.27146 7.78 127.97 104.05 45.57 10.31 | 30.25 134.25 | 45.57 134.25 81.16 | 121.21 39.28 86.46 16.50 2.88 | 0.5% 6 7
4 179.31 | 100 | 739.75 | 52.58 236.42 46.67 358.37 283.09 45.57 21 397.17 | 45.57 | 397.17 89.71 | 318.91 56.38 | 212.50 33.60 | 2.88 | 0.5% 5 7
3 179.31 | 100 | 739.75 | 52.58 376.56 85.56 588.77 462.12 45.57 30 660.09 | 45.57 | 660.09 96.91 | 516.60 70.78 | 338.54 48.00 | 3.72 | 0.6% 6 8
2 179.31 | 100 | 739.75 | 52.58 516.71 124.46 819.18 641.16 68.35 44 923.01 | 68.35 | 923.01 | 144.56 | 714.30 | 104.58 | 464.58 7040 | 5.18 | 0.9% 8 8
1 179.31 | 150 | 739.75 150 656.85 235.42 1164.89 892.27 68.35 44 1268.60 | 68.35 | 1268.60 | 144.56 | 937.84 | 104.58 | 590.62 70.40 | 10.16 | 1.8% 8 10
Exterior Column Design
. . Cumulative Cumulative
Floor DL LL AT RedLL:-ced SIJDTL(JIL?UV Cumulative | ¢ tored Unfactored | Moment | -2t kl/r Eq9-2 Eq9-3 Eq9-4 Eq9-6 Number
ps) L Load Load Moment Pu Mu Pu Mu Pu Mu Pu Mu Ast Pg Bars 5
5 120 | 20 | 369.88 20 | 48.07388 7.3975 | 69.52466667 | 55.47138889 | 45.5686 5.41| 454 69.52 | 45.57 69.52 77.24 | 61.39 31.44 43.27 8.66 | 1.28 | 0.5% 4 5
4| 170.4 | 100 | 369.88 100 | 114.7711 44.385 | 208.7414313 | 159.1561927 | 45.5686 14.25 208.74 | 45.57 | 208.74 84.31 | 159.92 45.58 | 103.29 22.80 | 1.28 | 0.5% 4 8
3| 170.4 | 100 | 369.88 100 | 181.4684 81.3725 | 347.9581959 | 262.8409966 | 45.5686 18 347.96 | 45.57 | 347.96 87.31 | 258.45 51.58 | 163.32 28.80 | 1.55| 0.6% 4 10
2| 170.4 | 100 | 369.88 100 | 248.1658 118.36 | 487.1749605 | 366.5258004 | 68.3529 39 487.17 | 68.35 | 487.17 | 140.56 | 356.98 96.58 | 223.35 62.40 | 3.66 | 1.4% 4 11
1| 170.4 | 150 | 369.88 150 | 314.8631 | 173.84125 | 655.9817251 | 488.7043542 | 68.3529 39 655.98 | 68.35 | 655.98 | 140.56 | 464.76 96.58 | 283.38 62.40 | 6.24 | 2.4% 4
Pg 0.02
0.52
979
As 5| in"2
Bars 8 | No. 10
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Table 8 Foundation Design

Project #: GFS-1202

First Floor Design

4 Feet deep

Soil Capacity 6 | ksf

interior Column Load 641.16 | k Exterior Column Load | 324.25 | kips
sq

Areq 106.86 | sq feet Areq 54.04 | feet

Footing Size 11.5 | feet Footing Size 8.5 | ft

11.5 | Feet

Depth 3 | feet Depth 2| ft
sq

Area 132.25 | Sq feet Area 72.25 | feet
sq

Allowable Load 793.5 | kips Allowable Load 4335 | feet

Total Load 700.67 | kips Total Load 345.93 | Kips

11.5 foot spread
Foundation Size footing Foundation Size 8.5 Spread Footing

1.5 feet deep

Basement Design
4 Feet deep
Soil Capacity 3.5 | ksf
interior Column Load 892.27 | k Exterior Column Load 446.51 | kips
Areq 254.93 | sq feet Areq 127.57 | sq feet
Footing Size 22 | feet Footing Size 13 | ft
15 | Feet

Depth 3 | feet Depth 2.5 | ft
Area 330 | Sq feet Area 169 | sq feet
Allowable Load 1155 | kips Allowable Load 591.5 | sq feet
Total Load 1040.77 | kips Total Load 509.88 | Kips

13 Foot Spread
Foundation Size 15 Foot wide mat Foundation Size Footing

1.5 Feet Deep
Soil Capacity 3 | ksf
interior Column Load 892.27 | k Exterior Column Load 446.51 | kips
Areq 297.42 | sq feet Areq 148.84 | sq feet
Footing Size 22 | feet Footing Size 14 | ft
17.5 | Feet

Depth 3 | feet Depth 2.5 | ft
Area 385 | Sq feet Area 196 | sq feet
Allowable Load 1155 | kips Allowable Load 588 | sq feet
Total Load 1065.52 | kips Total Load 520.01 | Kips

Foundation Size

17.5 foot mat

Foundation Size

14 ft spread footing

Soil Capacity 4 | ksf
interior Column Load 641.16 | k Exterior Column Load | 324.25 | kips
sq
Areq 160.29 | sq feet Areq 81.06 | feet
Footing Size 14.50 | feet Footing Size 10 | ft
14.50 | Feet
Depth 3.00 | feet Depth 2| ft
sq
Area 210.25 | Sq feet Area 100 | feet
sq
Allowable Load 841.00 | kips Allowable Load 400 | feet
Total Load 735.77 | kips Total Load 354.25 | Kips
14.5 foot spread
Foundation Size footing Foundation Size 8.5 Spread Footing
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Table 9 Exterior Beam Design

in

Beam 16 | square

Floor DL LL AT RedLuLced F;Et(‘l’orl‘fe)d Ffft(‘;f)d Wu (kIf) L Mu (k ft) Ce\::er Su;’;‘ort Vuatd
5 120.00 | 20.00 | 350.75 | 16.33 | 1656.00 | 300.41 1.96 | 36.75 | 330.2823 | 35.94909 | 32.03627 | 33.34054
4 179.31 | 100.00 | 350.75 | 81.63 | 3126.45 | 1502.07 4.63 | 36.75| 781.3878 | 85.04901 | 75.79198 | 78.87766
3 179.31 | 100.00 | 350.75 | 81.63 | 3126.45| 1502.07 463 | 36.75| 781.3878 | 85.04901 | 75.79198 | 78.87766
2 179.31 | 100.00 | 350.75 | 81.63 | 3126.45 | 1502.07 4.63 | 36.75| 781.3878 | 85.04901 | 75.79198 | 78.87766
1 179.31 | 150.00 | 350.75 | 150.00 | 3126.45 | 2760.00 589 | 36.75 | 993.7526 | 108.1636 | 96.39065 | 100.3149

Project #: GFS-1202
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Appendix K: Cast-in-Place Concrete Structural Analysis

Assuming that proper modeling and export guidelines have been followed the structural
analysis and design should begin with a fully exported structural model with boundary
conditions and loads applied. If loading conditions were created in the Revit model as well they
will have already been loaded into the analysis project. If they were not created new load
combinations will have to be created. If major load cases have already been identified they may
be input into the project manually, and if not the automatic combinations option has a
simplified automatic combinations option which will generate a list of combinations which will
produce the most extreme results. The figure below shows the different types of combinations
that Robot Structural Analysis can create.

,ﬁn' Load Case Code Combinations | £3 |

Combinations according to code: | LRFD =] .

Mare / Delete

I Full automatic combinations
@) Simplified autarmatic combinations
I t anual combinations - generate
L Estimated number of combinations: E stimation in progress...

I Automnatic generation of combinations producing extreme results
according to selected criteria. Combination types [ULS, SLS and ALC)
are grouped into composed cases whose components include
subsequent combinations. Combination envelope cazes [+ are alzo

I generated.

It works anly for inear cases and reguires launching calculations.

| | Cancel | | Help | | More > |

Once the load combinations have been created the structure can be analyzed for
internal forces and deflections. Different results can be viewed by the selecting the results
option from the main menu, shown in the figure below. One of the most useful, single glance
overviews available is the maps option. Any areas with large deflections will appear so any

areas with errors in modeling or design can be viewed.
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Results esign ool
WP FEiiEE [

P rties
I L e

%4;’49 Qiagraﬁfar B;r_s...
1 == Maps on Bars...

& Maps...

gEanrzl Cuts...

ﬂ, Reactions
[ Displacements
v Deflections

ﬁ Forces

A Stresses
&5 Plate and Shell Results

[k Stories
t Core walls
i Diagrams for buildings...

Detailed Analysis...
I Global Analysis

Advanced
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Once the structure has been analyzed the project may be loaded into the concrete

design module which is split between RC Beams/Columns and RC Slabs/Walls, as show below.

Design oo Add-Ins Window Help

[ 4T Steel Members Design ...
Steel Members Design - Options
¥ Steel Connections Design-+.

£ Timber Members Design ...
1 Timber Members Design - Options

Required Reinforcement of RC Beams/Columns ...

Required Reinforcement of Bearmns/Columns - Options

Required Reinforcement of RC Slabs/Walls ...
Required Reinforcement of Slabs/Walls - Options
£ Provided Reinforcement of RC Elements

F - e B i |

T

TEOT W T

=

In general RC Slabs/Walls should be completed first to ensure proper punching capacity

which could require resizing columns. The main component for the RC Slabs/Walls module will

be the Plate and Shell Reinforcement pane shown below. Any elements of interest, or the

entire building, may be analyzed in the List of Panels area. Members may be chosen based on

groupings made, family type, or by member number. One key option that must be selected is

the reduction of forces (at supports or above columns and walls). This option will reduce the

number of finite elements around columns to avoid the extremely high forces which would

typically be a result of the column being analyzed as a point.
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e mET T T T TETT T T T T T T TEE

& Plate and Shell Reinforcement m = .|
-
List of panels: 488 670 6760698 793 804 { [:] @ Calculations ) Werification
Calculations for panel no.: Calculate
Calculated panels: Close
Limit states Deflection verification
LS 11218021 [ Method:
SLS E] @ Equivalent stiffness [Elastic)
ACE (=] Wiith stiffress update (FEM)
Method: analytical T Dizplacement [+] Auto
Globally averaged design forces .
; Dizplacement [-] Auta
Feduction of forces [at supports or above columng and wallz)

The results of the plate and shell reinforcement will be stored as a required

reinforcement and will be used in the Provided Reinforcement of RC Elements module. The RC

design requires that each element to be designed be selected in the main view of Robot. Once

in the Provided Reinforcement module several parameters for design may be selected. The

calculations option under the analysis tab will allow for different design parameters to be

selected. One possible set of values can be seen below. Once all parameters have been set the

calculations can be started, also located in the analysis tab. This will also provide the option of

generating a set of drawings for the calculated elements which will show general plans,

reinforcement patterns and schedule of required reinforcing bars and the corresponding

lengths.
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&= Calculation Options - ACI 318

General | Concrete I Reinforcing bars | “Wire fabrics I Reinf. for punching
Cower [in]

Cancel

[E—
[ERE
b

d2
w2
—
il

Help

Standard
c2 (079 Saveds .

Delete

Deflection calculstions Fire resistance

Comection-reinforcernent modification @ Approximated

Deflaction < 0000 in Calculated

tdimimum [relative) capacity:
Seismic dizpositions

Calculations of punching and shear

The design module for RC Beams/Columns will be very similar to the RC Slabs/Walls
module with the exception of a required reinforcement summary pane. This pane will be blank
until the calculations are run for each member at which point it will give a summary of the

required reinforcement. One example can be seen below.
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Required Reinforcement Required Reinforcement
Bar reinforcement along b - reinforcement along h - Transversal reil nt - ty ibution
along b (in2) distribution along h (in2) distribution
4950 0.50 2B 0.48 25 244 30@7.00
498 0.80 B 0.48 8 244 30@7.00
499 0.80 B 0.48 b3 2#4 30@7.00
500 0.80 243 0.45 243 244 30@7.00
501 0.80 248 0.48 245 24 30@7T.00
508 0.80 B 0.48 B 244 19@7.00
509 0.80 2B 0.45 23 2#4 19@7.00
510 0.50 2B 0.48 25 2#4 19@7.00
5 1.14 ez 0.14 fezi] 244 19@7.00
512 0.12 248 1.16 2#3 2#4 19@7.00
513 127 243 151 343 244 16@11.00
514 1.80 WD 1.08 245 Z#4 19@11.00
515 1.80 %8 1.08 28 2#4 19@11.00
516 1.80 343 1.08 23 2#4 19@11.00
517 1.80 343 1.08 25 2#4 19@11.00
518 1.80 %D 1.08 fezi] Z#4 19@11.00
519 278 4%8 0.10 2#3 2#4 16@11.00
520 0.45 243 242 443 244 16@11.00
521 1.80 WD 1.08 245 Z#4 16@11.00
522 1.80 348 1.08 B 244 16@11.00
523 1.80 343 1.08 23 2#4 16@11.00

After this point the beams and column provided reinforcement will be identical to the

slab provided reinforcement, even using the same design module.
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Appendix L: Steel Building Structural Analysis
The steel analysis process can be completed in the same manner as the concrete

analysis. Refer to Appendix K for the analysis process. After the analysis has been completed
the structure should go through the steel members design module available under the design
tab. The design module will bring up a number of different options however the main one used
will be the calculations pane, shown below. If there are certain areas of interest or members
which need to be verified individual members can be verified as opposed to running

verifications on the entire building.

==

Yerification optiong

@ Merber verfication: 17 3573 83talh 106t0’
() Code group verification:
() Code group design:

O ptimization Options ]

Loads Limit state
Cazes: Ttod [ List |
B m Ultimate

Calculation archive

. ; | Serviceabili
Save calculation results ] gerviceatiiy

[Ennfiguratinnl [ Calculations | [ Help ]

Certain configurations can be set for the member verification from the configurations
option in the calculations tab. The different options will allow for various settings to be adjusted
such as number of points for analysis, efficiency ratios, calculation methods and alternative

verification methods, show in the figure below.
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Calculation points

Humber of points: g =

[7] Characteristic points

Calculation parameters

Efficiency ratio: 1.00

b amimurn slendermess:
Compression; 200.00
Tension: 300.00

Components of comples bars are
nat taken inta account

Calculation methods
@ LRFD () ASD

Alkemative verification methods:

[7] Flewure and compression [H1.3]

il Werifization according to [HZ2] instead
of [H1]

[ Shear - "Tension field action" [G3]

[ Enxclude internal forces from calculations

Urits of results
() Code @ Robot

Camber
T ake the deflections fram the

following casze into consideration:
1 DL

™

'4iC Configuratiol

(]9

Cancel

Help

Project #: GFS-1202

The results from the member verification are presented in tabular form and give an overview of

the members including section, material, applicable ratios, and most extreme loading cases.

One example is shown below. Any members which fail the member verification will appear

without the check marks and can be opened for further details.

L ANSI/AISC 360-05 - Member Verification { ULS ) 17 39t073 83t086 1060139 1410150 16

234 92 242 256t0

[Calc. Note] [ Close ]

Result: | Messages
Member Section Material Lay Laz Ratio Case -
39 Column_39 W14x145 STEEL AS52- 66.76 | 106.11 0.75 5 COMB1 [
40 Column_40 W14x145 STEEL AS52- 65.88 | 104.73 0.71 5 COMB1
41 Column_41 W14x145 STEEL AS52- 65,80 | 10473 0.71 S COMB1
42 Column_42 W14x145 STEEL AS52- 66,76 | 106.11 0.73 S COMB1
43 Column_43 W14x145 STEEL AS52- 66,76 | 106.11 0.74 S COMB1
44 Column_44 W14x145 STEEL AS92- 66.76 106.11 0.78 9 COMBA1
45 Column_45 W14x145 STEEL AS92- 66.76 106.11 077 9 COMBA1 ~

Ratio

[ Ainalysiz ] [ bap ]

Calculation points

Divisior: n=2
E rtremes: rione
Additional:  nane
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After all the members have been verified the design can be input into the steel
connection design module to create and detail connections. The connection design module can
automatically select the type of connection to design based on members selected in the
structure tab of the design module. For a standard beam to column connection the members
may be attached using either angle irons or plates and then fixed using brackets or seat profiles,
a screen shot is provided below. Different properties for the connections used may be set such

as angle sections and number of bolts required.

1% Define a pinned Beam-to-Column (flange) connection - EN 1993-1-8:2005/AC:

H | Geometry Number 2 - MName Beam-column flange)
Il Sections Connecting elements
[ Plate
| W oses Arle
Connection type:
|| |E Seat profiles ] Brackets -
Seat profiles

|| “E Bolts far angles
|| Iﬁ Bolts far seat profiles

Help [ Aoy J[ ok ][ Cancel

Once the connection has been fully designed Robot will provide a sample drawing
providing member properties, connection geometry, and bolt/weld verifications. These will be

automatically applied to the building. A sample connection note can be seen below.
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v Results EI'?'

Scheme I Connection View I Structure | Results |

»

: : Autodesk Robot Structural Analysis Professional 2012-Student Version .

Design of truss node connection :
EN 1993-1-8:2005/AC:2009 Py

m

D1 - HERE 10680 375

D2 - HERE 10680 375

M - 183
\‘/
-8
-
-
-
GENERAL

Connection no.: 3
Connection name: Tuke
Structure node: 13
Structure bars: a3, 14, 15
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Appendix M: Moment Connections (Welds & Web Stiffeners)

Table 10 Required Field Welds and Web Stiffeners

Project #: GFS-1202

Connection Girder Girder Girder Column Column Column Column Column  Connection Areaof Web Thickness of Length of Welds Depth of Length of  Thickness Length of Welds Thickness of
Number Flange Flange Flange Flange Web Web Method Stiffener Web for Stiffener (in) Welds for Beam of Beam for backing bar welds for
Width  Thickness Width (in) Thickness Thickness Height (inn2) Stiffener (in) Stiffener (in)  Welds (in) Welds (in) (in) backing bar (in)
(in) (in) (in) (in) (in)

1 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

2 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

3 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

4 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

5 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

6 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

7 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

8 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125

9 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
10 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
11 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
12 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
13 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
14 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
15 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
16 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
17 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
18 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
19 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
20 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
21 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
22 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
23 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
24 W24X104 12.8 0.75 W14x132 14.7 1.03 0.645 10 BtoF 281.1 0.75 192.44 0.375 25.6 0.75 51.2 0.3125
25 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
26 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
27 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
28 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
29 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
30 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
31 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
32 W24x84 9.02 0.77 W14x109 14.6 0.86 0.525 10 BtoF 281.5 0.77 192.6 0.385 18.04 0.77 36.08 0.3125
33 W21X166 12.4 1.36 W14x145 15.5 1.09 0.68 10 BtoF 296.4 1.36 198.56 0.68 24.8 1.36 49.6 0.3125
34 W21X166 12.4 1.36 W14x145 15.5 1.09 0.68 10 BtoF 296.4 1.36 198.56 0.68 24.8 1.36 49.6 0.3125
35 W24X131 12.9 0.96 W14x145 15.5 1.09 0.68 10 BtoF 296.4 0.96 198.56 0.48 25.8 0.96 51.6 0.3125
36 W24X131 12.9 0.96 W14x145 15.5 1.09 0.68 10 BtoF 296.4 0.96 198.56 0.48 25.8 0.96 51.6 0.3125
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202

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

W24X94
W24X94
W24X94
W24X94
W24X131
W24X131
W24X131
W24X131
W24X94
W24X94
W24X94
W24X94
W18X60
W18X60
W30X132
W30X132
W30X132
W30X132
W30X99
W30X99
W30X99
W30X99
W30X132
W30X132
W30X132
W30X132
W30X99
W30X99
W30X99
W30X99
W30X132
W30X132
W30X132
W30X132
W30X99
W30X99
W30X99
W30X99
W30X132
W30X132
W30X132
W30X132
W30X99

9.07
9.07
9.07
9.07
12.9
12.9
12.9
12.9
9.07
9.07
9.07
9.07
7.56
7.56
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5
10.5

W14x109
W14x109
W14x109
W14x109
W14x145
W14x145
W14x145
W14x145
W14x109
W14x109
W14x109
W14x109
W14x145
W14x145
W14x145
W14x145
W14x145
W14x145
W14x109
W14x109
W14x109
W14x109
W14x145
W14x145
W14x145
W14x145
W14x109
W14x109
W14x109
W14x109
W14x145
W14x145
W14x145
W14x145
W14x109
W14x109
W14x109
W14x109
W14x145
W14x145
W14x145
W14x145
W14x109

14.6
14.6
14.6
14.6
15.5
15.5
15.5
15.5
14.6
14.6
14.6
14.6
15.5
15.5
15.5
15.5
15.5
15.5
14.6
14.6
14.6
14.6
15.5
15.5
15.5
15.5
14.6
14.6
14.6
14.6
15.5
15.5
15.5
15.5
14.6
14.6
14.6
14.6
15.5
15.5
15.5
15.5
14.6

0.86
0.86
0.86
0.86
1.09
1.09
1.09
1.09
0.86
0.86
0.86
0.86
1.09
1.09
1.09
1.09
1.09
1.09
0.86
0.86
0.86
0.86
1.09
1.09
1.09
1.09
0.86
0.86
0.86
0.86
1.09
1.09
1.09
1.09
0.86
0.86
0.86
0.86
1.09
1.09
1.09
1.09
0.86

0.525
0.525
0.525
0.525
0.68
0.68
0.68
0.68
0.525
0.525
0.525
0.525
0.68
0.68
0.68
0.68
0.68
0.68
0.525
0.525
0.525
0.525
0.68
0.68
0.68
0.68
0.525
0.525
0.525
0.525
0.68
0.68
0.68
0.68
0.525
0.525
0.525
0.525
0.68
0.68
0.68
0.68
0.525

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF

281.5
281.5
281.5
281.5
296.4
296.4
296.4
296.4
281.5
281.5
281.5
281.5
296.4
296.4
296.4
296.4
296.4
296.4
281.5
281.5
281.5
281.5
296.4
296.4
296.4
296.4
281.5
281.5
281.5
281.5
296.4
296.4
296.4
296.4
281.5
281.5
281.5
281.5
296.4
296.4
296.4
296.4
281.5

192.6
192.6
192.6
192.6
198.56
198.56
198.56
198.56
192.6
192.6
192.6
192.6
198.56
198.56
198.56
198.56
198.56
198.56
192.6
192.6
192.6
192.6
198.56
198.56
198.56
198.56
192.6
192.6
192.6
192.6
198.56
198.56
198.56
198.56
192.6
192.6
192.6
192.6
198.56
198.56
198.56
198.56
192.6

0.4375
0.4375
0.4375
0.4375
0.48
0.48
0.48
0.48
0.4375
0.4375
0.4375
0.4375
0.3475
0.3475
0.5
0.5
0.5
0.5
0.335
0.335
0.335
0.335
0.5
0.5
0.5
0.5
0.335
0.335
0.335
0.335
0.5
0.5
0.5
0.5
0.335
0.335
0.335
0.335
0.5
0.5
0.5
0.5
0.335

18.14
18.14
18.14
18.14
25.8
25.8
25.8
25.8
18.14
18.14
18.14
18.14
15.12
15.12
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

36.28
36.28
36.28
36.28
51.6
51.6
51.6
51.6
36.28
36.28
36.28
36.28
30.24
30.24
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
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202

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

W30X99
W30X99
W30X99
W24X76
W24X76
W24X76
W24X76
W16X67
W16X67
W16X67
W16X67
W24X76
W24X76
W24X76
W24X76
W16X67
W16X67
W16X67
W16X67
W18X50
W18X50
W18X50
W18X50
W16X67
W16X67
W16X67
W16X67
W18X50
W18X50
W18X50
W18X50

10.5
10.5
10.5
8.99
8.99
8.99
8.99
10.2
10.2
10.2
10.2
8.99
8.99
8.99
8.99
10.2
10.2
10.2
10.2

7.5

7.5

7.5

7.5
10.2
10.2
10.2
10.2

7.5

7.5

7.5

7.5

0.67
0.67
0.67
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57

W14x109
W14x109
W14x109
W12X79
W12X106
W12X106
W12X87
W12X79
W12X106
W12X106
W12X79
W12X79
W12X106
W12X106
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79
W12X79

14.6
14.6
14.6
12.1
12.2
12.2
121
12.1
12.2
12.2
121
12.1
12.2
12.2
121
12.1
121
12.1
121
12.1
121
12.1
121
12.1
121
12.1
121
12.1
121
12.1
121

0.86
0.86
0.86
0.735
0.99
0.99
0.81
0.735
0.99
0.99
0.735
0.735
0.99
0.99
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735
0.735

0.525
0.525
0.525
0.47
0.61
0.61
0.515
0.47
0.61
0.61
0.47
0.47
0.61
0.61
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.47

10

10

10
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125
9.125

BtoF
BtoF
BtoF
BtoW
BtoF
BtoF
BtoW
BtoW
BtoF
BtoF
BtoW
BtoW
BtoF
BtoF
BtoW
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF
BtoF

281.5

281.5

281.5
230.4975
211.5175
211.5175

229.67625

230.4975
211.5175
211.5175
230.4975
230.4975
211.5175
211.5175
230.4975
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475
212.2475

0.67
0.67
0.67
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57

192.6

192.6

192.6
166.04
165.72
165.72
165.68
166.04
165.72
165.72
166.04
166.04
165.72
165.72
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04
166.04

0.335
0.335
0.335
0.34
0.34
0.34
0.34
0.3325
0.3325
0.3325
0.3325
0.34
0.34
0.34
0.34
0.3325
0.3325
0.3325
0.3325
0.285
0.285
0.285
0.285
0.3325
0.3325
0.3325
0.3325
0.285
0.285
0.285
0.285

21
21
21
17.98
17.98
17.98
17.98
20.4
20.4
20.4
20.4
17.98
17.98
17.98
17.98
20.4
20.4
20.4
20.4
15
15
15
15
20.4
20.4
20.4
20.4
15
15
15
15

0.67
0.67
0.67
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.68
0.68
0.68
0.68
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57
0.665
0.665
0.665
0.665
0.57
0.57
0.57
0.57

42
42
42
35.96
35.96
35.96
35.96
40.8
40.8
40.8
40.8
35.96
35.96
35.96
35.96
40.8
40.8
40.8
40.8
30
30
30
30
40.8
40.8
40.8
40.8
30
30
30
30

0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
0.3125
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Table 11 Summary of Field Welds Table 12 Summary of Web Stiffeners
Depth of Weld (in) Length of Weld (ft) Thickness (in) Plate Area (ft?)
0.285 110.69 0.57 11.79
0.3125 376.44 0.665 17.93
0.3325 165.99 0.67 31.28
0.335 256.80 0.68 12.27
0.34 110.56 0.695 4.12
0.3475 33.09 0.75 31.23
0.375 256.59 0.77 31.28
0.385 256.80 0.875 15.64
0.4375 128.40 0.96 12.35
0.48 99.28 1 32.93
0.5 264.75 1.36 4.12
0.57 10.00
0.665 20.40
0.67 28.00
0.68 45.08
0.695 2.52
0.75 34.13
0.77 24.05
0.875 12.09
0.96 12.87
1 28.00
1.36 4.13
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Appendix N: Existing Steel Structure Estimate

Table 13 Existing Steel Structure Estimate

Project #: GFS-1202

CostWorks 2011 - Gateway Phase Il (Steel)

Qty
0.67
66.04
481.33
405.00
246.00
209.25
32.00
481.33
271.67
479.25
93,202.00

75,262.74

17,485.32

11.79
17.93
31.28
12.27

4.12
31.28
15.64
12.35
32.93

412

31.23

Description

Column, structural tubing, 8" x 8" x 3/8" x 14'-0", incl shop primer, cap &
base plate, bolts
Column, structural, 2-tier, W12x106, A992 steel, incl shop primer, splice

plates, bolts

Column, structural, 2-tier, W12x53, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x58, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x65, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x79, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x87, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W14x109, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W14x132, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W14x145, A992 steel, incl shop primer, splice
plates, bolts

Metal floor decking, steel, non-cellular, composite, galvanized, 1-1/2" D,
18 gauge

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious
for fireproofing, beams, 1 hour rated, 1-3/8" thick, excl. tamping or canvas
protection

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious
for fireproofing, columns, 1-1/8" thick, excl. tamping or canvas protection

Steel plate, structural, for connections & stiffeners, 0.57" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.665" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.67" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.68" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.695" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.77" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.875" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.96" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 1" T, shop fabricated,
incl shop primer

Steel plate, structural, for connections & stiffeners, 1.36" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 3/4" T, shop fabricated,
incl shop primer

Crew

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E4

G2

Daily Output

50
984.00
984.00
984.00
984.00
984.00

984
984.00
984.00
984.00

3,650

1,500

1,100

Labor
Hours

1.12

0.057

0.057

0.057

0.057

0.057

0.057

0.057

0.057

0.057

0.009

0.016

0.022

Unit

Ea.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

S.F.

S.F.

S.F

S.F.

S.F

S.F.

S.F

S.F.

S.F.

S.F.

S.F.

S.F.

S.F.

S.F.

Bare Mat.

370.74
7,340.35
26,771.57
24,632.10
16,755.06
17,300.79
2,912.00
55,006.39
37,607.28
72,793.28

190,132.08

37,631.37

9,791.78
261.03
463.31
814.22
324.17
111.24
936.21
532.07
461.03

1,284.27
217.99

905.67

Bare Labor

44.76

227.84
1,569.14
1,328.40

814.26

109.12
1,665.40
956.28

$
$
$
$
$
$ 705.17
$
$
$
$ 1,706.13
$ 47,533.02
$ 69,994.35

$ 22,031.50

Bare Equip.

$
$
$
$
$
$
$
$
$
$
$

$

21.71
110.95
760.50
643.95
393.60
341.08

52.80
813.45
467.27
833.90

2,796.06

6,021.02

1,923.38

Total

437.21
7,679.13
29,101.21
26,604.45
17,962.92
18,347.04
3,073.92
57,485.24
39,030.83
75,333.31

240,461.16

113,646.74

33,746.66
261.03
463.31
814.22
324.17
111.24
936.21
532.07
461.03

1,284.27
217.99

905.67

Total Incl. O&P

LB - B - A - A - TR - S - S - B - . -

1524

*

L B - R < R R - B - B -2 N - S - R - N <

507.68
8,536.13
32,624.87
29,784.30
20,077.59
20,457.47
3,424.00
63,884.94
43,307.82
83,533.74

296,382.36

152,783.36

46,161.23
287.13
509.64
895.64
356.59
122.36

1,029.83
585.28
507.13

1,412.70
239.79

996.24
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74.01

365.46

1,561.60

1,561.60

64.69

297.67

30.68

86.24

98.58

1,466.59

22.00

150.75

49.70

711.53

333.49

597.47

61.00

487.09

111.42

166.88

773.47

73.50

182.42

30.50

Structural concrete, in place, column (4000 psi), square, avg reinforcing,

36" x 36", includes forms(4 uses), reinforcing steel, concrete, placing and

finishing
Structural concrete, in place, spread footing (3000 psi), over 5 C.Y.,
includes forms, reinforcing steel, concrete, placing and finishing

Structural concrete, placing, elevated slab, pumped, less than 6" thick,
includes strike off & consolidation, excludes material

Structural concrete, ready mix, normal weight, 4000 PSI, includes local
aggregate, sand, Portland cement and water, delivered, excludes all
additives and treatments

Structural steel member, 100-ton project, 1 to 2 story building, W10x12,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W10x15,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W10x19,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W10x22,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x16,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x19,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x26,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x40,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x58,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W14x22,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x26,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x31,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x36,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x50,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x57,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x67,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x35,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x46,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x50,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x60,
A992 steel, shop fabricated, incl shop primer, bolted connections

C14A

Cl14C

C20

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

ES

ES

E5

E5

23.32

75

140

600

600

600.00

600

880

880.00

880

880.00

750

750.00

1,000

900

900.00

800

800.00

760

960

960

912

900.00

8.576

1.493

0.457

0.093

0.093

0.093

0.093

0.064

0.064

0.064

0.064

0.075

0.075

0.056

0.062

0.062

0.07

0.070

0.074

0.083

0.083

0.088

0.089

C.Y.

C.Y.

C.Y.

C.Y.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

23,313.15

57,377.22

147,571.20

808.63

4,658.54

609.00

1,983.52

1,646.29

29,111.81

594.00

6,305.87

3,006.85

16,365.19

9,004.23

19,417.78

2,287.50

25,572.23

6,652.89

11,681.60

28,231.66

3,528.00

9,577.05

1,913.88

$ 39,965.40
$ 32,708.67
$ 38,259.20
$ =
$ 362.26
$ 1,666.95
$ 17181
$ 48294
$ 374.60
$ 5,573.04
$ 83.60
$ 639.18
$ 222.16
$ 2,163.05
$ 1,113.86
$ 2,222.59
$ 24278
$ 2,040.91
$ 476.88
$ 734.27
$ 3,906.02
$ 371.18
$ 966.83
$ 163.18

2,442.33

113.29

8,744.96

175.31

806.69

80.07

233.71

182.37

2,713.19

40.70

310.55

107.85

1,045.95

540.25

1,081.42

118.34

993.66

231.75

357.12

1,399.98

133.04

348.42

58.56

65,720.88

90,199.18

47,004.16

147,571.20

1,346.20

7,132.17

860.88

2,700.17

2,203.26

37,398.05

718.30

7,255.60

3,336.86

19,574.19

10,658.34

22,721.78

2,648.62

28,606.80

7,361.52

12,773.00

33,537.66

4,032.21

10,892.30

2,135.61

90,677.05

113,285.29

67,164.42

162,328.32

1,681.94

8,781.27

1,043.35

3,277.12

2,661.66

44,682.30

847.00

8,415.80

3,802.05

22,812.14

12,505.88

26,288.68

3,055.02

32,635.03

8,370.45

14,435.12

39,060.24

4,630.50

12,495.77

2,443.98
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23.00

30.50

7,015.75

404.25

36.75

308.00

91.50

287.98

79.85

258.54

304.85

292.00

335.50

122.00

62.92

128.73

36.75

19.00

9,218.00
932.02

165.99
256.80
110.56
256.80

99.28
128.40

33.09

Structural steel member, 100-ton project, 1 to 2 story building, W18x65,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W21x166,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W21x44,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W21x50,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W21x93,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x104,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x131,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x55,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x68,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x76,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x84,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W24x94,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W30x132,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W30x99,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W33x118,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W36x160,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W8x10,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W8x28,
A992 steel, shop fabricated, incl shop primer, bolted connections
Weld shear connector, 3/4" dia x 5" L

Welded wire fabric, sheets, 6 x 6 - W2.9 x W2.9 (6 x 6) 42 Ib. per C.S.F.,
A185

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 0.3325" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 0.335" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 0.34" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 0.385" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 0.48" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 04375" thick,
continuous fillet, type 6011

Welding structural steel in field, 3 passes, 0.5 Lb/LF, 3.475" thick,

ES

ES5

ES

ES

ES

ES5

ES

ES5

ES

ES

ES

ES5

ES

ES

ES5

ES

E2

E2

E10
2 Rodm

E14

E14

El4

El4

El4

El4
El4

900

1,000.00

1,064

1,064

1,000

1,050

1,050.00

1,110

1,110

1,110

1,080

1,080

1,160

1,200

1,176

1,160.00

600

550

920.00
29

30.00
30.00
30.00
30.00
30.00

30.00
30.00

0.089

0.080

0.075

0.075

0.08

0.076

0.076

0.072

0.072

0.072

0.074

0.074

0.069

0.067

0.068

0.069

0.093

0.102

0.017
0.552

0.267

0.267

0.267

0.267

0.267

0.267
0.267

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

C.S.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.
L.F.

1,564.00

5,279.55

322,724.50

21,223.13

3,564.75

33,572.00

12,532.76

16,558.85

5,669.35

20,424.66

26,674.38

28,616.00

45,963.50

12,688.00

7,739.16

21,497.91

384.04

551.00
6,176.06
21,436.46

132.79
208.01

90.66
251.66
136.01

151.51
28.13

124.20

147.32

31,851.51

1,835.30

177.50

1,419.88

421.82

1,252.71

347.35

1,124.65

1,365.73

1,308.16

1,402.39

491.66

258.60

536.80

205.80

115.90

9,586.72
36,348.78

2,360.38
3,679.94
1,609.75
4,255.18
2,085.87

2,434.46
492.71

$ 44.39
$ 53.07
$ 11,435.67
$ 658.93
$ 63.95
$ 508.20
$ 150.98
$ 449.25
$ 124.57
$ 403.32
$ 487.76
$ 467.20
$ 499.90
$ 175.68
$ 92.49
$ 193.10
$ 99.59
$ 56.24
$ 3,226.30
$ -

484.69
757.56

330.57

447.75

513.60

$
$
$
$ 880.82
$
$
$ 101.26

1,732.59

5,479.94

366,011.68

23,717.35

3,806.20

35,500.08

13,105.55

18,260.81

6,141.26

21,952.63

28,527.86

30,391.36

47,865.79

13,355.34

8,090.25

22,227.81

689.43

723.14

18,989.08
57,785.24

2,977.86
4,645.51
2,030.99
5,387.66
2,669.64

3,099.58
622.09

*

L - - I R -~ S -+ B - AR - A -

1,978.00

6,121.62

420,945.00

27,084.75

4,299.75

40,040.00

14,710.10

20,734.56

6,946.95

24,819.84

32,009.25

34,164.00

54,015.50

15,006.00

9,123.40

24,972.36

882.00

864.50
27,378.20
81,561.07

4,878.34
7,608.75
3,327.11
8,815.69
4,352.91

5,062.53
1,018.85
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continuous fillet, type 6011

256.59 x\lllgldgg:tégitll.lral steel in field, 3 passes, 0.5 Lb/LF, 3/8" thick, continuous E14 30 0.267 LE $ 266.85 $ 4,233.74 $ 933.99 $ 5.434.58 $ 8.852.36

264.75 mgldlt;g;tégitfral steel in field, 4 passes, 0.7 Lb/LF, 1/2" thick, continuous E14 22 0.364 LE $ 386.54 $ 5.956.88 $ 1.315.81 $ 7.659.22 $ 12,445.90

34.13 Welt_:hng struptural steel in field, 5 - 6 passes, 1.3 Lb/LF, 3/4" thick, E14 12 0.667 LE $ 92.15 $ 1,399.33 $ 312 29 $ 1,803.77 $ 2.935.86
continuous fillet, type 6011

28.00  Welding structural steel in field, 8 - 11 passes, 2.4 Lb/LF, 1" thick, E14 6 1.333 LF. $  139.44 $ 2310.00 $ 50060 $ 295904 $ 481656
continuous fillet, type 6011

110.69 Welc}mg stru_ctural steel in field, single pass, 0.4 Lb/LF, 0.285" thick, E14 38.00 0.211 LE $ 73.06 $ 1.331.60 $ 276.73 $ 1,681.38 $ 2.723.05
continuous fillet, type 6011

10.00 Welc'Jllng struptural steel in field, single pass, 0.4 Lb/LF, 0.57" thick, E14 38.00 0.211 LE $ 18.10 $  260.80 $ 58.00 $ 336.90 $ 541.67
continuous fillet, type 6011

20.40 Welt_:hng struptural steel in field, single pass, 0.4 Lb/LF, 0.665" thick, E14 38.00 0.211 LE $ 4794 $  674.42 $ 153.61 $ 875.98 $ 1,406.00
continuous fillet, type 6011

28.00 Welt_jlng stru_ctural steel in field, single pass, 0.4 Lb/LF, 0.67" thick, E14 38.00 0.211 LE $ 66.64 $  937.44 $ 213 64 $ 1217.72 $ 1,954.45
continuous fillet, type 6011

45.08 Welt_:hng struptural steel in field, single pass, 0.4 Lb/LF, 0.68" thick, E14 38.00 0.211 LE $ 110.00 $ 1.548.95 $ 35343 $ 2012.37 $ 3,229.72
continuous fillet, type 6011

2.52 Welding structural steel in field, single pass, 0.4 Lb/LF, 0.695" thick,

continuous fillet, type 6011 E14 38.00 0.211 L.F. $ 6.40 $ 90.04 $ 20.59 $ 117.03 $ 187.80

2405 Welding struciural steel in field, single pass, 0.4 Lb/LE, 077" thick, E14 38.00 0.211 LF. $ 73.11 $ 1,049.78 $ 24050 $ 1,36339 $  2,188.39
continuous fillet, type 6011

12.09 Weldmg struptural steel in field, single pass, 0.4 Lb/LF, 0.875" thick, E14 38.00 0.211 LE $ 46.30 $  704.48 $ 159 35 $ 910.14 $ 1,463.29
continuous fillet, type 6011

12.87 Welt_:hng struptural steel in field, single pass, 0.4 Lb/LF, 0.96" thick, E14 38.00 0.211 LE $ 58.43 $  949.68 $ 21081 $ 1,218.92 $ 1,963.80
continuous fillet, type 6011

4.13 Welt_jlng stru_ctural steel in field, single pass, 0.4 Lb/LF, 1.36" thick, E14 38.00 0.211 Ea $ 36.01 $  860.20 $ 16908 $ 1,065.29 $ 1,736.11
continuous fillet, type 6011

376.44 Welt_:hng struptural steel in field, single pass, 0.4 Lb/LF, 5/16" thick, E14 38 0.211 LE $ 31245 $ 491254 $ 1.084.15 $ 6.300.13 $ 10,163.88
continuous fillet, type 6011

Totals $1,534,146.29 $418,057.65 $ 66,157.58 $2,018,361.53 $ 2,435,118.04
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Appendix O: Laterally Braced System Estimate

Table 14 Laterally Braced Steel System Estimate

Project #: GFS-1202

CostWorks 2011 - Gateway Phase Il (Steel)

Qty
26.760
0.67
66.04
1,013.33
14.04
1,304.04
162.04
32.00
0.00
94.42
93,202.00

73,162.88

15,562.93
11.79

17.93
12.27

74.01

365.46
1,561.60

1,561.60

53.48

297.67

Description

Column, structural tubing, 10" x 6" x 3/8" x 14'-0", incl shop primer, cap &

base plate, bolts
Column, structural tubing, 8" x 8" x 3/8" x 14'-0", incl shop primer, cap &
base plate, bolts
Column, structural, 2-tier, W12x106, A992 steel, incl shop primer, splice

plates, bolts

Column, structural, 2-tier, W12x53, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x58, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x65, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x79, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x87, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W14x109, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W14x132, A992 steel, incl shop primer, splice
plates, bolts

Metal floor decking, steel, non-cellular, composite, galvanized, 1-1/2" D,
18 gauge

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious

for fireproofing, beams, 1 hour rated, 1-3/8" thick, excl. tamping or canvas

protection

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious
for fireproofing, columns, 1-1/8" thick, excl. tamping or canvas protection
Steel plate, structural, for connections & stiffeners, 0.57" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.665" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.68" T, shop
fabricated, incl shop primer

Structural concrete, in place, column (4000 psi), square, avg reinforcing,

36" x 36", includes forms(4 uses), reinforcing steel, concrete, placing and

finishing
Structural concrete, in place, spread footing (3000 psi), over 5 C.Y.,
includes forms, reinforcing steel, concrete, placing and finishing

Structural concrete, placing, elevated slab, pumped, less than 6" thick,
includes strike off & consolidation, excludes material

Structural concrete, ready mix, normal weight, 4000 PSI, includes local
aggregate, sand, Portland cement and water, delivered, excludes all
additives and treatments

Structural steel member, 100-ton project, 1 to 2 story building, W10x12,
A992 steel, shop fabricated, incl shop primer, bolted connections

Structural steel member, 100-ton project, 1 to 2 story building, W10x15,
A992 steel, shop fabricated, incl shop primer, bolted connections

Crew

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E4

G2

G2

C14A

C14cC

C20

E2

E2

Daily Output

50
50
984.00
984.00
984.00
984.00
984.00
984
984.00
984.00

3,650

1,500

1,100

23.32

75

140

600

600

Labor
Hours

1.12

1.12

0.057

0.057

0.057

0.057

0.057

0.057

0.057

0.057

0.009

0.016

0.022

8.576

1.493

0.457

0.093

0.093

Unit

Ea.

Ea.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

S.F.

S.F.

S.F

S.F.

S.F.

S.F.

C.Y.

C.Y.

C.Y.

C.Y.

L.F.

L.F.

$
$
$
$
$
$
$
$
$
$
$

$

Bare Mat.

14,851.80
370.74
7,340.35
56,361.41
853.91
88,818.16
13,397.47

2,912.00

13,070.56

190,132.08

36,581.44

8,715.24
261.03

463.31

324.17

23,313.15

57,377.22

147,571.20

668.50

4,658.54

Bare Labor

$ 1,792.92
44.76
227.84
3,303.46
46.05
4,316.37
546.07

109.12

$
$
$
$
$
$
$
$
$ 33236
$

47,533.02

©

68,041.48

$ 19,609.29

$ 39,965.40

$ 32,708.67

$ 38,259.20

$ 299.49

$ 1,666.95

Bare Equip.
$ 869.70
$ 21.71
$ 110.95
$ 1,601.06
$ 22.32
$ 2,086.46
$ 264.13
$ 52.80
$ -
$ 162.40
$ 2,796.06
$ 5,853.03
$ 1,711.92
$ 2,442.33
$ 113.29
$ 8,744.96
$ -
$ 144.93
$ 806.69

$
$
$
$
$
$
$
$
$
$
$

152

Total

17,514.42
437.21
7,679.13
61,265.93
922.29
95,221.00
14,207.67

3,073.92

13,565.32

240,461.16

110,475.95

30,036.45
261.03

463.31

324.17

65,720.88

90,199.18

47,004.16

147,571.20

1,112.92

7,132.17

Total Incl. O&P

L I Y S -~ SN - S -~ R = S - SR - N - .

20,337.60
507.68
8,536.13
68,684.18
1,032.52
106,430.80
15,841.95

3,424.00

15,051.81

296,382.36

148,520.65

41,086.14
287.13

509.64

356.59

90,677.05

113,285.29

67,164.42

162,328.32

1,390.48

8,781.27
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30.68

40.22

98.58

1,466.59

22.00

150.75

711.53

333.49

1,054.97

61.00

523.84

74.67

166.88

902.97

73.50

182.42

30.50

23.00

7,627.00

330.75

36.75

132.00

349.98

79.85

221.79

Structural steel member, 100-ton project, 1 to 2 story building, W10x19,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W10x22,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x16,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x19,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x26,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W12x40,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W14x22,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x26,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x31,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x36,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x50,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x57,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W16x67,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x35,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x46,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x50,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x60,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W18x65,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W21x44,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W21x50,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W21x93,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W24x104,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W24x55,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W24x68,
A992 steel, shop fabricated, incl shop primer, bolted connections
Structural steel member, 100-ton project, 1 to 2 story building, W24x76,
A992 steel, shop fabricated, incl shop primer, bolted connections

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

E2

ES

ES5

ES

ES

ES

ES5

ES

ES

ES

E5

ES5

ES

600.00

600

880

880.00

880

880.00

750.00

1,000

900

900.00

800

800.00

760

960

960

912

900.00

900

1,064

1,064

1,000

1,050

1,110

1,110

1,110

0.093

0.093

0.064

0.064

0.064

0.064

0.075

0.056

0.062

0.062

0.07

0.070

0.074

0.083

0.083

0.088

0.089

0.089

0.075

0.075

0.08

0.076

0.072

0.072

0.072

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

L.F.

609.00

925.06

1,646.29

29,111.81

594.00

6,305.87

16,365.19

9,004.23

34,286.53

2,287.50

27,501.60

4,458.55

11,681.60

32,958.41

3,528.00

9,577.05

1,913.88

1,564.00

350,842.00

17,364.38

3,564.75

14,388.00

20,123.85

5,669.35

17,521.41

171.81

225.23

374.60

5,573.04

83.60

639.18

2,163.05

1,113.86

3,924.49

242.78

2,194.89

319.59

734.27

4,560.00

371.18

966.83

163.18

124.20

34,626.58

1,501.61

177.50

608.52

1,522.41

347.35

964.79

80.07

109.00

182.37

2,713.19

40.70

310.55

1,045.95

540.25

1,909.50

118.34

1,068.63

155.31

357.12

1,634.38

133.04

348.42

58.56

44.39

12,432.01

539.12

63.95

217.80

545.97

124.57

345.99

L5

860.88

1,259.29

2,203.26

37,398.05

718.30

7,255.60

19,574.19

10,658.34

40,120.51

2,648.62

30,765.12

4,933.45

12,773.00

39,152.78

4,032.21

10,892.30

2,135.61

1,732.59

397,900.59

19,405.10

3,806.20

15,214.32

22,192.23

6,141.26

18,832.19

1,043.35

1,528.36

2,661.66

44,682.30

847.00

8,415.80

22,812.14

12,505.88

46,418.68

3,055.02

35,097.28

5,609.60

14,435.12

45,599.99

4,630.50

12,495.77

2,443.98

1,978.00

457,620.00

22,160.25

4,299.75

17,160.00

25,198.56

6,946.95

21,291.84
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106.82 Structural steel member, 100-ton project, 1 to 2 story building, W24x84,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,080 0.074 L.F. $ 9,346.75 $ 478.55 $ 170.91 $ 9,996.22 $ 11,216.10
73.50 Structural steel member, 100-ton project, 1 to 2 story building, W24x94,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,080 0.074 L.F. $ 7,203.00 $ 329.28 $ 117.60 $ 7,649.88 $ 8,599.50
62.92 Structural steel member, 100-ton project, 1 to 2 story building, W33x118,
A992 steel, shop fabricated, incl shop primer, bolted connections ES 1176 0.068 L.F. $ 7,739.16 $ 258.60 $ 92.49 $ 8,090.25 $ 9.123.40
128.73 Structural steel member, 100-ton project, 1 to 2 story building, W36x160,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,160.00 0.069 L.F. $ 21,497.91 $ 536.80 $ 193.10 $ 22,227.81 $ 24,972.36
36.75 Structural steel member, 100-ton project, 1 to 2 story building, W8x10,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 600 0.093 L.F. $ 384.04 $ 205.80 $ 99.59 $ 689.43 $ 882.00
19.00 Structural steel member, 100-ton project, 1 to 2 story building, W8x28,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 550 0.102 L.F. $ 551.00 $ 115.90 $ 56.24 $ 723.14 $ 864.50
9,218.00 Weld sh tor, 3/4" dia x 5" L
eid shear connector ax E10 920.00 0.017 $  6,176.06 $ 9,586.72 $ 322630 $ 18980.08 $  27,378.20
932.02 lezlged wire fabric, sheets, 6 x 6 - W2.9 x W2.9 (6 x 6) 42 Ib. per C.S.F., 2 Rodm 29 0.552 CSE. $ 21.436.46 $ 36,348.78 $ i $ 5778524 $ 81.561.07
eSS X\éf]'t?::]%j;“f‘iﬁte‘i"’t‘;;teegg'flf'e'd’ & PRESEE, 019 e, W2k dies E14 30.00 0.267 LF. $ 13279 $ 2,360.38 $ 48469 $ 2977.86 $  4,878.34
110.56 Xﬁﬁ'ﬁ!ﬁ% jg?iﬁtel“t'"’t"y;;eg'o'lnlf'e'd’ 3 passes, 0.5 Lb/LF, 0.34" thick, E14 30.00 0.267 LF. $ 90.66 $ 1,609.75 $ 33057 $ 203099 $ 332711
105.00 x\lllzld![r;gestégitfral steel in field, 3 passes, 0.5 Lb/LF, 3/8" thick, continuous E14 30 0.267 LE $ 109.20 $ 1.732.50 $ 382 20 $ 2.223.90 $ 3.622.50
110.69 \C’\éi't?r']’;% j;“;iﬁgr"’t‘llzteeg'o'{‘lf'e'd’ single pass, 0.4 Lb/LF, 0.285" thick, E14 38.00 0.211 LF. $ 73.06 $ 1,331.60 $ 27673 $ 168138 $  2723.05
10.00 \C"(’)f]'t?r']r;%j;r‘;iﬁfa‘:r"’t‘;lgfg'o'{‘lf'e'd’ single prss, 0.0 Lalls, G e E14 38.00 0.211 L.F. $ 18.10 $  260.80 $ 5800 $ 33690 $ 541.67
20.40 \C’\éi't?r']’;% j;“;iﬁgr"’t‘llzteeg'o'{‘lf'e'd’ single pass, 0.4 Lb/LF, 0.665" thick, E14 38.00 0.211 LF. $ 47.94 $  674.42 $  153.61 $ 87598 $ 1,406.00
0.00 Welding structural steel in field, single pass, 0.4 Lb/LF, 0.67" thick, i ) i ) )
continuous fillet, type 6011 El4 38.00 0.211 LF. $ i i ¢ ¢
11.99 \(f\(l)ilt?r:rl],l% jér%ﬁtelir?;/;teegi)lflfleld1 single pass, 0.4 Lb/LF, 0.68" thick, E14 38.00 0.211 L.F. $ 29.26 $ 411.98 $  94.00 $ 53523 $ 859.01
Eael/l X‘éﬁ'ﬁ:&%j;”f‘iﬁte‘i"’t‘;;teeg'o'flf'e'd’ sz pess, A Loz, SiET e, E14 38 0.211 LF. $ 70.36 $ 1,106.25 $ 24414 $ 142075 $  2,288.79
Totals $1,366,740.31 $379,845.09 $ 58,904.10 $1,805,489.49 $ 2,175,797.37
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Appendix P: Cast-in-Place Concrete Estimate

Table 15 Cast-in Place Concrete Estimate

Project #: GFS-1202

CostWorks 2011 - Gateway Phase Il (Concrete)

Qty

7,404.300

8,434.240

3,040.000
70,650.000
1,858.000
8.07

68.08
170.21
34.04
7,426.00
37.600
200.000

2,486.32

1,527.40
11.79
17.93
12.27

17.60

457.890
342.110
140.420
225.190

124.42

Description

C.I.P. concrete forms, column, square, steel framed plywood, 16" x 16",
based on 50 uses of purchased forms, 4 uses of bracing lumber, includes
erecting, bracing, stripping and cleaning

C.I.P. concrete forms, column, square, steel framed plywood, 24" x 24",
based on 50 uses of purchased forms, 4 uses of bracing lumber, includes
erecting, bracing, stripping and cleaning

C.I.P. concrete forms, elevated slab, edge forms, to 6" high, 4 use,
includes shoring, erecting, bracing, stripping and cleaning

C.I.P. concrete forms, elevated slab, flat slab with drop panels, to 15'
high, 4 use, includes shoring, erecting, bracing, stripping and cleaning
C.I.P. concrete forms, elevated slab, floor, with 1-way joist pans, 1 use,
includes shoring, erecting, bracing, stripping and cleaning

Column, structural tubing, 8" x 8" x 3/8" x 14'-0", incl shop primer, cap &
base plate, bolts

Column, structural, 2-tier, W12x106, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x79, A992 steel, incl shop primer, splice
plates, bolts

Column, structural, 2-tier, W12x87, A992 steel, incl shop primer, splice
plates, bolts

Metal floor decking, steel, non-cellular, composite, galvanized, 1-1/2" D,
18 gauge

Reinforcing Steel, in place, columns, #3 to #7, A615, grade 60, incl labor
for accessories, excl material for accessories

Reinforcing Steel, in place, elevated slabs, #4 to #7, A615, grade 60, incl
labor for accessories, excl material for accessories

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious
for fireproofing, beams, 1 hour rated, 1-3/8" thick, excl. tamping or
canvas protection

Sprayed cementitious fireproofing, sprayed mineral fiber or cementitious
for fireproofing, columns, 1-1/8" thick, excl. tamping or canvas protection
Steel plate, structural, for connections & stiffeners, 0.57" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.665" T, shop
fabricated, incl shop primer

Steel plate, structural, for connections & stiffeners, 0.68" T, shop
fabricated, incl shop primer

Structural concrete, in place, column (4000 psi), square, avg reinforcing,
36" x 36", includes forms(4 uses), reinforcing steel, concrete, placing and
finishing

Structural concrete, in place, foundation mat (3000 psi), over 20 C.Y.,
includes forms(4 uses), reinforcing steel, concrete, placing and finishing
Structural concrete, in place, spread footing (3000 psi), over 5 C.Y.,
includes forms, reinforcing steel, concrete, placing and finishing
Structural concrete, placing, column, square or round, pumped, 18" thick,
includes strike off & consolidation, excludes material

Structural concrete, placing, column, square or round, pumped, 24" thick,
includes strike off & consolidation, excludes material

Structural concrete, placing, elevated slab, pumped, less than 6" thick,

Crew

C1

C1

C1

Cc2

C2

E2

E2

E2

E2

E4

Rodm

Rodm

G2

G2

C14A

C14cC

C14C

C20

C20
C20

Daily Output

400

440

500
544
415
50
984.00
984.00
984
3,650
15

2.9

1,500

1,100

23.32

56.4
75
90

92
140

Labor
Hours

0.08

0.073

0.064

0.088

0.116

1.12

0.057

0.057

0.057

0.009

21.333

11.034

0.016

0.022

8.576

1.986

1.493

0.711

0.696
0.457

Unit

SFCA

SFCA

L.F.

S.F.

S.F.

Ea.

L.F.

L.F.

L.F.

S.F.

Ton

Ton

S.F.

S.F.

SF

S.F.

S.F.

C.Y.

C..

C.Y.

C.Y.

C.Y.
C.Y.

¥ B B & B B B B B & &

R R Y S - S

B B B o P

Bare Mat.

7,552.39

5,482.26

486.40
79,834.50
9,661.60
4,478.85
7,567.09
14,072.96
3,097.64
15,149.04
36,660.00

205,000.00

1,243.16

855.34
261.03
463.31

324.17

5,544.00

70,972.95

3,711.27

$

Bare Labor

30,209.54

31,206.69

9,940.80
325,696.50
11,240.90
540.69
234.88
573.61
116.08
3,787.26
56,400.00

157,000.00

2,312.28

1,924.52

9,504.00

54,488.91
30,618.85
5,335.96

8,332.03
3,048.29

&

o I < N R - 2R - - S -- S - B - B - B

Bare Equip.

262.28
114.37
277.44

56.17

222.78

198.91

168.01

580.80

192.31
06.05
,235.70

1,936.63
696.75

®B B B H B B B B B 8 ©

® e v v B e

B B B B B

Total

37,761.93

36,688.94

10,427.20
405,531.00
20,902.50
5,281.82
7,916.34
14,924.01
3,269.88
19,159.08
93,060.00

362,000.00

3,754.34

2,947.88
261.03
463.31

324.17

15,628.80

125,654.17
84,436.17
6,571.66

10,268.66
3,745.04

Total Incl. O&P

©¥B B B B B B B B 8 ©

$B s B v B »

L2 B - -

4,421.61

53,979.14

15,808.00
589,927.50
27,870.00
6,133.20
8,799.81
16,640.69
3,642.28
23,614.68
131,600.00

75,000.00

5,047.23

4,032.34
287.13
509.64

356.59

21,563.52

162,550.95
106,054.10
9,408.14

14,862.54
5,351.30
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includes strike off & consolidation, excludes material
2,906.460 Structural concrete, placing, elevated slab, pumped, over 10" thick,
includes strike off & consolidation, excludes material
124.42 Structural concrete, ready mix, normal weight, 4000 PSI, includes local
aggregate, sand, Portland cement and water, delivered, excludes all C.Y. $ 11,757.69 $ -8 - % 11,757.69 $ 12,933.46
additives and treatments
3,155.300 Structural concrete, ready mix, normal weight, 5000 psi, includes local

C20 180 0.356 C.Y. $ - 55,368.06 $ 2,730.29 $ 68,098.36 $ 98,819.64

aggregate, sand, Portland cement and water, delivered, excludes all C.Y. $ 321,840.60 $ - % - $ 321,84060 $ 353,393.60
additives and treatments
298.60 Structural steel member, 100-ton project, 1 to 2 story building, W12x19,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 880.00 0.064 L.F. $ 5,927.21 $ 1,134.68 $ 55241  $ 761430 $ 9,097.39
59.07 Structural steel member, 100-ton project, 1 to 2 story building, W12x40,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 880.00 0.064 L.F. $ 2,470.90 $ 25046 $ 12168 $ 2,843.04 $ 3,297.65
18.42 Structural steel member, 100-ton project, 1 to 2 story building, W14x22,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 750.00 0.075 L.F. $ 423.66 $ 56.00 $ 21.08 $ 506.73 $ 590.56
139.97 Structural steel member, 100-ton project, 1 to 2 story building, W16x31,
A992 steel, shop fabricated, incl shop primer, bolted connections =5 — Oitier Tk $ GRS $ STk $ 2P 2l $ ileieteld
130.13 Structural steel member, 100-ton project, 1 to 2 story building, W16x67,
A992 steel, shop fabricated, incl shop primer, bolted connections E2 760 0.074 L.F. $ 9,109.10 $ 57257  $ 27848 % 9,960.15 $ 11,256.25
78.32 Structural steel member, 100-ton project, 1 to 2 story building, W18x35,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 960 0.083 L.F. $ 2,858.68 $ 39552 % 141.76 % 3,395.96 $ 3,955.16
105.92 Structural steel member, 100-ton project, 1 to 2 story building, W18x50,
A992 steel, shop fabricated, incl shop primer, bolted connections ES 912 0.088 L.F. $ 5,560.80 $ 561.38 $ 20231 % 6,324.48 % 7,255.52
71.98 Structural steel member, 100-ton project, 1 to 2 story building, W24x55,
A992 steel, shop fabricated, incl shop primer, bolted connections = Lol Ot Tk $ EollelE $ ElER $ Mz2e 9 AriOhsd $ B30
34.85 Structural steel member, 100-ton project, 1 to 2 story building, W24x68,
A992 steel, shop fabricated, incl shop primer, bolted connections ES 1,110 0.072 L.F. $ 2/474.35 $ 151.60 $ 54.37 $ 2,680.31 $ 3,031.95
126.29 Structural steel member, 100-ton project, 1 to 2 story building, W24x76,
A992 steel, shop fabricated, incl shop primer, bolted connections = Lol Ot ik $ SRl $ LD $ L AL I2S2 $ ISR
40.85 Structural steel member, 100-ton project, 1 to 2 story building, W24x84,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,080 0.074 L.F. $ 3,574.38 $ 183.01 $ 65.36 $ 3,822.74 % 4,289.25
26.17 Structural steel member, 100-ton project, 1 to 2 story building, W33x118,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,176 0.068 L.F. $ 3,218.91 $ 10756 $ 38.47 $ 3,364.94 $ 3,794.65
128.73 Structural steel member, 100-ton project, 1 to 2 story building, W36x160,
A992 steel, shop fabricated, incl shop primer, bolted connections E5 1,160.00 0.069 L.F. $ 21,497.91 $ 536.80 $ 193.10 $ 22,22781 $ 24,972.36
867.00 Weld shear connector, 3/4" dia x 5" L E10 920.00 0.017 $ 580.89 $ 901.68 $ 30345 $ 1,786.02 $ 2,575.06
74.26 lezlcsied wire fabric, sheets, 6 X 6 - W2.9 x W2.9 (6 x 6) 42 Ib. per C.S.F., Rozdm 29 0.552 CSE. $ 1,707.98 $ 2896.14 $ P 4.604.12 $ 6,498.49
165.99 Welt_:hng stru_ctural steel in field, 3 passes, 0.5 Lb/LF, 0.3325" thick, E14 30.00 0.267 LE $ 13279 $ 236038 $ 484.69 $ 2.977.86 $ 4.878.34
continuous fillet, type 6011
110.56 Welt_jlng stru_ctural steel in field, 3 passes, 0.5 Lb/LF, 0.34" thick, E14 30.00 0.267 LE $ 90.66 $ 160075 $ 33057 $ 2.030.99 $ 3.327.11
continuous fillet, type 6011
110.69 Welghng struptural steel in field, single pass, 0.4 Lb/LF, 0.285" thick, E14 38.00 0.211 LE $ 73.06 $ 1.331.60 $ 276.73  $ 1,681.38 $ 2.723.05
continuous fillet, type 6011
10.00 Weldmg struptural steel in field, single pass, 0.4 Lb/LF, 0.57" thick, E14 38.00 0.211 LE $ 18.10 $ 260.80 $ 58.00 $ 336.90 $ 541 67
continuous fillet, type 6011
20.40 Welt_jmg struptural steel in field, single pass, 0.4 Lb/LF, 0.665" thick, E14 38.00 0.211 LE $ 4794 $ 674.42 $ 153.61 $ 875 98 $ 1,406.00
continuous fillet, type 6011
11.99 Welt_dmg stru_ctural steel in field, single pass, 0.4 Lb/LF, 0.68" thick, E14 38.00 0.211 LE $ 29.26 $ 411.98 $ 94.00 $ 535 23 $ 859 01
continuous fillet, type 6011
84.77 Welt_jlng stru_ctural steel in field, single pass, 0.4 Lb/LF, 5/16" thick, E14 38 0.211 LE $ 70.36 $ 110625 $ 24414  $ 142075 $ 2.288.79
continuous fillet, type 6011
Totals $934,547.97 $814,765.57 $22,961.35 $1,772,274.88 $2,322,710.44
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Appendix Q: Schedule

Project #: GFS-1202

The formwork process is completely integrated and interrelated with the construction schedule of concrete structures. Formwork

systems are defined as “the total system of support for freshly placed concrete including the mold or sheathing which contacts the concrete as

well as supporting members, hardware, and necessary bracing” (Peurifoy and Oberlender 2010, P 14). Figure 16 displays the integrated process

where after the erection of the chosen formwork system, the construction sequence of placing of rebar, pouring concrete, and curing returns to

the formwork cycle activities of stripping and re-shoring.

StartQ

Cheose
Formwoik
System

FORM

Repair/
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or Slore
Remove
Reshore or
Backshore

Fabricate
Formwork

LIFE CYCLE

Erect
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WORK Use
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Strip
Pravide N\ Forms
Reshore/

Backshors

Interchangeable

Place
Congrate

CONCRETE

Place Inserts
& Re-Inforcement

Concrete

LIFE CYCLE

Cure
Concrete

Finish
Concrete

Figure 16 Integrated Concrete Formwork Life Cycle

(Hanna 1999)

CONSTRUCTION | Consolidate

Formwork accounts for a significant portion of the cost for a concrete structure. It can range “from one-third to one-half of the total

installed cost” of the building (Peurifoy and Oberlender 2010, P 8). Therefore, substantial benefits can be obtained if an emphasis is placed on

the constructability and formwork scheduling of the structure. Formwork efficiencies improve safety, reduce probability of errors, and

accelerate the rate of construction (Peurifoy and Oberlender 2010, P 7). As a result the overall construction schedule was? reduced and allow

economic savings to be obtained. Focusing on these elements can reduce the total associated direct and indirect frame costs as greatly as 25%

(Peurifoy and Oberlender 2010, P 7).

To develop a detailed and competitive construction schedule for the redesigned concrete building great consideration was placed on the

selected formwork system and construction floor cycle. There are several available formwork systems in the construction industry for concrete

structures and they are wood, metal, flying truss, column mounted, and the tunnel system. To choose an appropriate formwork system various

factors must be considered such as building geometry, available capital, and local conditions. The selected formwork system for the redesigned

GWP Il building was guided by Figure 17. From the figure a conventional wood or metal system would be appropriate since the building square

footage is very close to 100,000 square feet and the building story heights are close to 14 foot high stories.

Formwork system

Convertional wood

Column-mounted

systom g;:liﬁllonal metal Fiylng truss system shoring system Tunnel form
Inlluence tactor
a Al slab systems Twio-way: fat plate and flat slab One-way slab
& supported by walls
= | Slab type Most sufted for two-way slab supported by One-way: slab supported by beams or walls and Lepsp:lhan :’2_ in
‘% baams or cne-way slab, beam, girdar Jeist slab {standard or skip-joist) . )
o thickness
=
g ﬁﬁ?:ﬂ?ah:?oad Compalible with all lateral load supporting Generally not suitable for framed fuba and tube Beari |
o ; syslems in lube becaus4 ol the close distance betwaen eanng we
® 2| supporting
- » syslom columng which characlariz e the tube systams
Horizontal Can handla variations In beam size and Jocation Baams should be of tha same size and localion E:;;r:ss;!;o:ﬂl?:c:fﬁlg:
f Can handle variations in cantilever shape, size, i i : :
uniformity / or wilhiy 20% ditferencs from floor to Hoor Cantilavar balconias
irragularity and location Cantilover chould ba of the same size ant should be of the same
Avoid ¢ross beams location or within 20% differenca from flgor to fioor | siza and localion
[ Vertical Can bandla vadations of columniwall size Columniwall should be ¢f the same sfze and Walls should ba of the
‘9 2 unitermity / and location. location or within 20% diffarence from fioor te Hoor | same sizs, logation,
g % irregularity C_amn.handla“;::lal\?rla il':1 :Lo’rtyol}leolghl Can handle fimitad vatiation (20%) In story helght ;:d;rhaw‘ght from flcor to
=1 witnin ¢ne Qor m I,
o ,E High stofiea Not suitable for high Mors auitable for high Limitad by truss depth Haight independent Umitad height system
& .-g- (higher than 14 f1) | slories slores {llight alum, wt,} { up to 20 ft) system {between 7.5 and 10 ft)
= |&d —L. :
o Opanings iy:;zronncan handle variation In opening size and Can handle limited variation (20%) In cpening size and location
3
- 3 Slopes and cambars System must by
8 P d dasigned 1o Slopas and camber must be identical from iloor to floor
c | Slopas and | ©an be accommodate accommodate slopes
8 at additional cos| P
§ cambers and cambars
a Can accommodals Cannot accommodate .
= | HVAC extensiva HVAC axtansive HVAG HVAC should be minimal and identical from lloor to floor
Used for small building | ooy toF medium
il ilding i
Dimansion building size { between Used for lamge size buildings { more than 200,000 i}
Ize (less than 100,000 9 d g
Limitations| 5 (452 0" 100,000 and 206,000

Figure 17 Factors Affecting the Selection of Horizontal Framing System

(Hanna 1999, P 221)
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The tables below display the major building elements categorized from the RS Means estimates. Then the Item Description column
shows the corresponding activity per building element. In the following column the daily output values were taken from RS means and represent
the output for 1 crew. The Total Quantity values are the summarized from the estimates. Next the Crews column shows the number of crews
allocated in the schedule for the item descriptions. Lastly, the Duration column shows the values input into the Primavera scheduling. The
durations were calculated by dividing the total quantity column values by the daily output column values that were first multiplied by the
number in the Crews column.

Table 16 Concrete System Schedule

Floor | Building Element Activity Daily Output | Total Quantity Units Crews
Formwork, Rein. Steel Installation,
Pouring, Finishing 0.2
Ftgs. 75 11.5 (A% 1
Formwork, Rein. Steel Installation,
Pouring, Finishing 2.7
Mat 56.4 457 c.Y 3
Rein. Steel Installation 1.5 3.3 Tons 1 2.2
Formwork, 24 x 24 440 1353 SFCA 2 1.5
Formwork, 16 x 16 400 834 SFCA 2 1.0
Pour, 18" 90 13 c.Y 1 0.1
Columns, 0-1 Pour, 24" 92 25 cy 1 0.3
15" thick, 12" high, |nc!. forms, reinf. 5126 253 cy 3 16
steel, pouring
Fdn. Walls
3500 PSI, 6" thick incl. forms, rein. 11
steel, pouring '
LVLO Slab on Grade 92 316 cy 3
Rein. Steel Installation 1.5 6.7 Tons 3 1.5
Formwork, 24 x 24 440 1873 SFCA 3 1.4
Columns, 1-2 Formwork, 16 x 16 400 2519 SFCA 3 2.1
Pour, 18" 90 39 c.Y 1 0.4
Pour, 24" 92 35 c.Y 1 0.4
Formwork, flat slab 544 8151 S.F 3 5.0
Reshoring 1400 8151 S.F 5 1.2
Elevated Slab, 1 Rein. Steel Installation 2.9 30 Tons 5 2.1
Pour, over 10" thick 180 264 c.Y 2 0.7
Slab on Grade, 1 3500 PSI, 6" thick incl'. forms, rein. 18
steel, pouring
LvL1 92 483 cY 3
Rein. Steel Installation 1.5 6.7 Tons 3 1.5
Formwork, 24 x 24 440 1738 SFCA 3 1.3
Columns, 2-3 Formwork, 16 x 16 400 2172 SFCA 3 1.8
Pour, 18" 90 34 cy 1 0.4
Pour, 24" 92 32 c.Y 1 0.3
Formwork, flat slab 544 20165 S.F 6 6.2
Reshoring 1400 20165 S.F 7 2.1
Elevated Slab, 2 Rein. Steel Installation 2.9 50 Tons 8 2.2
LVL 2 Pour, over 10" thick 180 653 cY 3 1.2
Rein. Steel Installation 1.5 6.7 Tons 3 1.5
Formwork, 24 x 24 440 1731 SFCA 3 1.3
Columns, 3-4 Formwork, 16 x 16 400 2172 SFCA 3 1.8
Pour, 18" 90 34 c.Y 1 0.4
Pour, 24" 92 32 c.Y 1 0.3
Formwork, flat slab 544 20165 S.F 6 6.2
Reshoring 1400 20165 S.F 7 2.1
Elevated Slab, 3 Rein. Steel Installation 2.9 50 Tons 8 2.2
LVL3 Pour, over 10" thick 180 653 cy 3 1.2
Rein. Steel Installation 1.5 7 Tons 3 1.6
Formwork, 24 x 24 440 1738 SFCA 3 1.3
Columns, 4-5 Formwork, 16 x 16 400 2172 SFCA 3 1.8
Pour, 18" 90 34 c.Y 1 0.4
Pour, 24" 92 32 cy 1 0.3
Formwork, flat slab 544 20167 S.F 6 6.2
Reshoring 1400 20167 S.F 7 2.1
Elevated Slab, 4 Rein. Steel Installation 2.9 50 Tons 8 2.2
LVL 4 Pour, over 10" thick 180 653 cY 3 1.2
Formwork, flat slab 544 21037 S.F 6 6.4
Roof Elevated Slab, Reshoring 1400 21037 S.F 7 2.1
5 Rein. Steel Installation 2.9 20 Tons 8 0.9
LVL5 Pour, over 10" thick 180 681 c.Y 3 1.3
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Table 17 Existing Steel Schedule

Project #: GFS-1202

Building Element | Item Description Daily Output | Crew Quantity | Units | Duration

P1,P2,P3 23.32 316 | LF 13.5506

W12x79 984 1 47 | LF 0.047764

Columns W14x145 984 1 47 | IF 0.047764

FDN Walls 51 3 253 | ¢y 2

FTGS 11.5 1 11.5 | ¢Y 1

LVLO | Slab on Grade 92 3 316 | ¢y 1

W12x58 984 1 405.02 | LF 0.411606

W12x65 984 1 246.01 | LF 0.25001

W14x132 984 1 27168 | LF 0.276098

Columns W14x145 984 1 381.39 | LF 0.387591

W14X22 750 1 22 | LF 0.029333

W16X50 800 1 41359 | LF 0.516988

W16X57 800 1 36.75 | LF 0.045938

W16X67 760 1 36.75 | LF 0.048355

W18X65 900 1 23 | LF 0.025556

C-Channel: C12X20.7 1 101 | LF 0

W10X15 600 1 11.67 | LF 0.01945

W12X16 880 1 2172 | LF 0.024682

W12X19 880 1 116.05 | LF 0.131875

W14X22 750 1 205 | LF 0.027333

W16X26 1000 1 97.19 | LF 0.09719

W16X36 900 1 61 | LF 0.067778

W16X57 800 1 37.92 | LF 0.0474

Horizontal Framing W18X60 900 1 305 | LF 0.033889

Metal Decking 3650 1 8313 | SF 2.277534

Shear Studs 920 1 938 | CT 1.019565

WWF 29000 1 8313 | SF 0.286655

LvL1 Slabs Concrete Pour 140 4 653 | CY 4.664286

W8X10 600 1 36.75 | LF 0.06125

W12X16 880 1 222 | LF 0.025227

W12X19 880 1 12571 | LF 0.142852

W14X22 750 1 202.87 | LF 0.270493

W16X31 900 1 183 | LF 0.203333

W16X50 800 1 735 | LF 0.091875

W16X57 800 1 36.75 | LF 0.045938

W18X35 960 1 170.65 | LF 0.17776

W18X46 960 1 735 | LF 0.076563

W18X50 912 1 46 | LF 0.050439

W21X44 1064 1 1641.75 | LF 1.542998

W21X50 1064 1 36.75 | LF 0.034539

W21X93 1000 1 36.75 | LF 0.03675

W21X166 1000 1 30.5 | LF 0.0305

W24X68 1110 1 45 | LF 0.040541

W24X76 1110 1 36.75 | LF 0.033108

W24X104 1050 1 132 | LF 0.125714

W24X131 1050 1 30.5 | LF 0.029048

W30X132 1160 1 91.5 | LF 0.078879

Horizontal Framing [ w33x118 1176 1 36.75 | LF 0.03125

Metal Decking 3650 1 19777 | SF 5.418356

Shear Studs 920 1 2887 | CT 3.138043

WWF 29000 1 19777 | SF 0.681966

LVL2 Slab Concrete Pour 140 4 653 | CY 4.664286

W12x53 984 1 481 | LF 0.488821

W14x109 984 1 481 | LF 0.488821

Columns W14x145 984 1 51 | LF 0.051829

W12X16 880 1 212 | LF 0.024091

W12X19 880 1 21061 | LF 0.23933

W14X22 750 1 172.37 | LF 0.229827

W16X26 1000 1 26.65 | LF 0.02665

W16X31 900 1 183 | LF 0.203333

W18X35 960 1 144 | LF 0.15

W21X44 1064 1 1790.75 | LF 1.683036

W21X50 1064 1 735 | LF 0.069079

W24X55 1110 1 23 | LF 0.020721

W24X94 1080 1 96.5 | LF 0.089352

W24X104 1050 1 176 | LF 0.167619

W24X131 1050 1 61 | LF 0.058095

Horizontal Framing | w3ox132 1160 1 122 | LF 0.105172

Metal Decking 3650 1 19759 | SF 5.413425

Shear Studs 920 1 2118 | CT 2.302174

WWF 29000 1 19759 | SF 0.681345

LVL3 Slab Concrete Pour 140 4 653 | CY 4.664286

W12X16 880 1 212 | LF 0.024091

W12X19 880 1 2003 | LF 0.227614

W14X22 750 1 275 | LF 0.366667

W16X26 1000 1 26.65 | LF 0.02665

W16X31 900 1 91.5 | LF 0.101667

W18X35 960 1 144 | LF 0.15

W21X44 1064 1 1519 | LF 1.427632

W21X50 1064 1 294 | LF 0.276316

W24X55 1110 1 46 | LF 0.041441

W24X76 1110 1 95 | LF 0.085586

W24X84 1080 1 132 | LF 0.122222

W24X94 1080 1 134 | LF 0.124074

Horizontal Framing [ w3ox132 1160 1 122 | LF 0.105172

Metal Decking 3650 1 19771 | SF 5.416712

Shear Studs 920 1 2641 | CT 2.870652

WWF 29000 1 19771 | SF 0.681759

LVL 4 Slab Concrete Pour 140 1 653 | CY 4.664286
HSS-Hollow Structural Section:

HSS16X4X3/8 70 1 17 | LF 0.242857

W8x28 550 1 19 | F 0.034545

W10X12 600 1 53.48 | LF 0.089133

W10X15 600 1 286 | LF 0.476667

W10X19 600 1 30.68 | LF 0.051133

W10X22 600 1 4022 | LF 0.067033

W12X16 880 1 12.26 | LF 0.013932

W12X19 880 1 516 | LF 0.586364

W12X26 880 1 22 | LF 0.025

LVL5 Horizontal Framing [ wi2xa0 880 1 91.68 | LF 0.104182
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W16X26 1000 1 183 | LF 0.183

W18X35 960 1 2135 | LF 0.222396

W18X50 912 1 305 | LF 0.033443

W21X44 1064 1 20645 | LF 1.94032

W24X55 1110 1 147 | LF 0.132432

W24X84 1080 1 132 | LF 0.122222

W24X94 1080 1 61 | LF 0.056481

W30X99 1200 1 122 | LF 0.101667

Metal Decking 3650 1 20683 | SF 5.666575

Shear Studs 920 1 0| CT 0

WWF 29000 1 20683 | SF 0.713207

Slab Concrete Pour 140 1 981 | cY 7.007143

All BM 1500 2 75262 | SF 25.08733
Levels | CL Fire proofing 1100 2 17561 | SF 7.982273
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Table 18 Laterally Braced System Schedule

Project #: GFS-1202

Floor Building Element | Item Description Daily outpout | Crew | Quantity | Units | Duration
Footings 11.5 1 11.5 | cY 1
P1,P2,P3 23.32 1 316 | LF 13.5506003

Columns W14X132 984 1 94.42 | LF 0.09595528

Fdn Walls 51 3 253 | ¢y 2
Slab On Grade 92 3 316 | ¢y 1
Lvl O Columns W12X65 984 1 1304.04 | LF 1.3252439
W-Wide Flange: W14X22 750 1 43 | LF 0.05733333

W-Wide Flange: W16X50 800 1 414 | LF 0.5175

W-Wide Flange: W16X57 800 1 75 | LF 0.09375

W-Wide Flange: W16X67 760 1 36.75 | LF 0.04835526

W-Wide Flange: W18X65 900 1 23 | LF 0.02555556

W-Wide Flange: W10X15 600 1 11.67 | LF 0.01945

W-Wide Flange: W12X16 880 1 22 | LF 0.025

W-Wide Flange: W12X19 880 1 116 | LF 0.13181818

W-Wide Flange: W16X26 1000 1 98 | LF 0.098

W-Wide Flange: W16X36 900 1 61 | LF 0.06777778

Framing W-Wide Flange: W18X60 900 1 305 | LF 0.03388889

Metal Deck 3650 1 8313 | SF 2.27753425

Shear Studs 920 1 938 | CT 1.01956522

WWF 29000 1 8313 | SF 0.28665517

Lvl 1 Slabs Concrete Pour 140 4 653 | CY 4.66428571
W-Wide Flange: W8X10 600 1 36.75 | LF 0.06125

W-Wide Flange: W12X16 880 1 22 | LF 0.025

W-Wide Flange: W12X19 880 1 126 | LF 0.14318182

W-Wide Flange: W14X22 750 1 203 | LF 0.27066667

W-Wide Flange: W16X31 900 1 336 | LF 0.37333333

W-Wide Flange: W16X50 800 1 111 | LF 0.13875

W-Wide Flange: W18X35 960 1 171 | LF 0.178125

W-Wide Flange: W18X46 960 1 74 | LF 0.07708333

W-Wide Flange: W18X50 912 1 46 | LF 0.0504386

W-Wide Flange: W21X44 1064 1 1671 | LF 1.57048872

W-Wide Flange: W21X44 1064 1 36.75 | LF 0.03453947

W-Wide Flange: W21X50 1064 1 36.75 | LF 0.03453947

W-Wide Flange: W21X93 1000 1 36.75 | LF 0.03675

W-Wide Flange: W24X68 1110 1 45 | LF 0.04054054

W-Wide Flange: W24X76 1110 1 36.75 | LF 0.03310811

W-Wide Flange: W24X104 1050 1 66 | LF 0.06285714

Framing W-Wide Flange: W33X118 1176 1 36.75 | LF 0.03125

Metal Deck 3650 1 19777 | SF 5.41835616

Shear Studs 920 1 2887 | CT 3.13804348

WWF 29000 1 19777 | SF 0.68196552

Lvl 2 Slabs Concrete Pour 140 4 653 | CY 4.66428571
Columns W12X53 984 1 1013.33 | LF 1.02980691
W-Wide Flange: W12X16 880 1 21 | LF 0.02386364

W-Wide Flange: W12X19 880 1 211 | LF 0.23977273

W-Wide Flange: W14X22 750 1 172 | LF 0.22933333

W-Wide Flange: W16X26 1000 1 26.65 | LF 0.02665

W-Wide Flange: W16X31 900 1 366 | LF 0.40666667

W-Wide Flange: W18X35 960 1 144 | LF 0.15

W-Wide Flange: W21X44 1064 1 2071 | LF 1.94642857

W-Wide Flange: W24X55 1110 1 23 | LF 0.02072072

Framing W-Wide Flange: W24X104 1050 1 66 | LF 0.06285714

Metal Deck 3650 1 19759 | SF 5.41342466

Shear Studs 920 1 2118 | CT 2.30217391

WWF 29000 1 19759 | SF 0.68134483

Lvl 3 Slabs Concrete Pour 140 4 653 | CY 4.66428571
W-Wide Flange: W12X16 880 1 21 | LF 0.02386364

W-Wide Flange: W12X19 880 1 201 | LF 0.22840909

W-Wide Flange: W14X22 750 1 254 | LF 0.33866667

W-Wide Flange: W16X26 1000 1 26.65 | LF 0.02665

W-Wide Flange: W16X31 900 1 214 | LF 0.23777778

W-Wide Flange: W18X35 960 1 175 | LF 0.18229167

W-Wide Flange: W21X44 1064 1 1682 | LF 1.58082707

W-Wide Flange: W21X44 1064 1 36.75 | LF 0.03453947

W-Wide Flange: W21X50 1064 1 294 | LF 0.27631579

W-Wide Flange: W24X55 1110 1 46 | LF 0.04144144

W-Wide Flange: W24X76 1110 1 59 | LF 0.05315315

Framing W-Wide Flange: W24X94 1080 1 74 | LF 0.06851852

Metal Deck 3650 1 19771 | SF 5.41671233

Shear Studs 920 1 2641 | CT 2.87065217

WWF 29000 1 19771 | SF 0.68175862

Lvl 4 Slabs Concrete Pour 140 1 653 | CY 4.66428571
W-Wide Flange: W8X28 550 1 19 | LF 0.03454545

W-Wide Flange: W10X12 600 1 54 | LF 0.09

W-Wide Flange: W10X15 600 1 286 | LF 0.47666667

W-Wide Flange: W10X19 600 1 31 | LF 0.05166667

W-Wide Flange: W10X22 600 1 41 | LF 0.06833333

W-Wide Flange: W12X16 880 1 13 | LF 0.01477273

W-Wide Flange: W12X19 880 1 516 | LF 0.58636364

W-Wide Flange: W12X26 880 1 22 | LF 0.025

W-Wide Flange: W12X40 880 1 92 | LF 0.10454545

W-Wide Flange: W16X26 1000 1 183 | LF 0.183

W-Wide Flange: W18X35 960 1 336 | LF 0.35

W-Wide Flange: W18X50 912 1 305 | LF 0.03344298

W-Wide Flange: W21X44 1064 1 2131 | LF 2.00281955

W-Wide Flange: W24X55 1110 1 208 | LF 0.18738739

Framing W-Wide Flange: W24X84 1080 1 69 | LF 0.06388889

Metal Deck 3650 1 20683 | SF 5.66657534

Shear Studs 920 1 0| CT 0

WWF 29000 1 20683 | SF 0.7132069

Lvl 5 Slabs Concrete Pour 140 1 981 | cY 7.00714286
BM 1500 2 73162 | SF 243873333
All Levels | CL Fire proofing 1100 2 15562 | SF 7.07363636
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Appendix R: Laterally Braced Frame System Structural Drawings
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GENERAL NOTES:

1.— All work shall conform to the requirements of the State Building Code of the
Commonwealth of Massachusetts, Eighth edition.

2.— The Contractor shall verify all dimensions and conditions in the field prior to
commencing work. Where dimensions and elevations of existing construction could
affect the new construction, it is the Contractor's responsibility to make field
measurements in time for their incorporation in the Shop Drawings. The Architect
and Engineer shall be notified of any discrepancies that may exist.

3.— See architectural drawings for floor elevations, slopes, locations of depressed
floor areas, and floor openings. The Contractor shall compare the structural
drawings with the architectural drawings and report any discrepancy to the
Architect and Engineer prior to construction.

4.— Principal openings through the framing are shown on these drawings. The General
Contractor shall examine the structural, architectural and mechanical drawings for
the required openings and shall verify size and location of all openings with the
Mechanical Contractor. Providing all openings required by the Mechanical, Electrical,
or Plumbing trades shall be a part of the General Contract, whether or not shown
in the structural drawings. Any deviation from the openings shown on the structural
drawings shall be brought to the Engineer's attention for review.

5.— Furnish and place all supports, temporary and permanent, whether shoring, bracing,
needling, underpinning, or sheet piling, necessary to brace existing walls or framing
to remain, so that no horizontal or vertical settlement occurs to the existing
structures. Temporary supports shall be maintained in place until permanent
supports are installed. Design of these supports shall be by a registered Structural
Engineer in the project state in the employ of the Contractor.

6.— Alternate connection details may be approved if such details are submitted to the
Engineer for review and acceptance is granted. However, the Engineer shall be
the sole judge of acceptability and the Contractor’s bid shall anticipate the use
of those specific details shown on the drawings. The Contractor shall retain a
registered Structural Engineer to be responsible for the design of any alternate
details which he proposes.

7.— Work not indicated on a part of the drawings but reasonably implied to be
similar to that shown at corresponding places, shall be included in the
Contractor’s work.

8.— The Contractor shall be completely responsible for the safety of adjacent
structures, property, his workmen, and the public, as affected by the construction
of this project.

9.— All Contractors are required to examine the drawings and specifications carefully,
visit the site and fully inform themselves as to all existing conditions and
limitations, prior to agreeing to perform the work. Failure to visit the site and
familiarize themselves with the existing conditions and limitations will in no way
relieve the Contractor from furnishing any materials or performing any work in
accordance with drawings and specifications without additional cost to the Owner.

10.— Structural drawings may represent construction with a reference scale. Due to the
inherent process of drawing development and presentation not all work may be shown
"exact’ in that scale. Do not "scale’ drawings to obtain any missing information or to
interpret any information not specifically dimensioned for "exact” detailing or construction
purposes.

FOUNDATIONS:

1.— The foundation design is based on recommendations contained in the Geotechnical
Report by Maguire Group Inc. dated November 2009. This report is available
to bidding Contractors for their information, however their attention is directed to
the limitations of the report described therein.

2.— Al footings shall be carried down to soil having minimum bearing capacity of
3.0 tons per square foot at street level and 1.5 tons per square foot at basement
level. Elevations if given, are the bottom of the footings, are minimum depths,
and are not to be construed as limiting in any way the depth of excavation
required to reach good bearing.

3.— In general, exterior construction shall be carried down to @ minimum of 4 feet
below finished exterior grade or the lowest slab level.

4.— No foundations shall be placed in water or on frozen ground.

5.— All footing excavations are to be finished by hand, unless otherwise directed by
the Geotechnical Engineer.

6.— All finished foundation excavations shall be inspected and approved by the
Architect or his designate before any concrete is placed.

7.— Unless otherwise noted, all footings and pilasters shall be centered under
supported members.

8.— Dowels from foundations into piers, columns, buttresses, or walls above shall be
the same size and number as vertical reinforcement in piers, columns, buttresses,
or walls above, except as otherwise shown on the drawings.

9.— Carefully follow the requirements of the specifications for back fill under or
adjacent to any portion of the building.

10.— Where foundation elements are to have fill on both sides, each side shall be
filled simultaneously, maintaining a common elevation.

11.— Coordinate under floor drain requirements with architectural and mechanical
drawings and the requirements of the Geotechnical Engineer.

12.— Contractor shall provide continuous control of surface and underground water as
required during construction such that the work is done in the dry. However, the
Contractor shall insure that ground water levels under adjacent structures are not
lowered by his construction techniques. Additionally, if so directed by notes in the
plans, the Contractor will continue to maintain a condition of no hydrostatic
pressure until sufficient building weight is in place to prevent flotation of any
part of the structure.

13.— Building walls retaining earth rely on the completed floor slabs for lateral
support. If required by the construction sequence, the Contractor shall temporarily
brace all building walls against which back fill is to be placed until all floor slabs
supporting the walls are in place and have attained at least 75% of their specified
design strength. Design of temporary braces shall be by a registered structural
engineer in the employ of the Contractor.

CONCRETE:

1.— All concrete work shall conform to the 2002 edition of the ACI Building Code
Requirements for Reinforced Concrete (ACl 318) and the Commonwealth of
Massachusetts State Building Code. In case of conflict, the State Building
Code shall govern.

2.— All concrete shall be controlled concrete, mixed and placed under the super—
vision of an approved concrete testing agency.

3.— For locations listed below, concrete shall be normal weight concrete with sand
and gravel aggregate, Type | or Type Il Portland Cement and a minimum
compressive strength (f'c) in 28 days as follows:

Footings and piers. . . . .. .. ... ..... . 4000 psi
Foundation tie beams. . . . . . . .. ... ... .4000 psi
Walls. . . . .. .. . . ... 4000 psi
Slabs on grade. . . . . .. ... ... ..... . 4000 psi
All other foundation concrete. . . . . .. .. .. . 3000 psi
Fill concrete. . . . .. . ... ... ...... . 3000 psi
Mudmats. . . ... ... ... ... ...... .2000 psi
Steel member encasement. . . . . . . .. .. ... 3000 psi
Slabs on metal deck . . . . . . .. ... ... .. See note 5

4.— Al concrete exposed to the weather or possible freeze/thaw action shall contain
an air entrainment admixture. See specifications for air content.

5.— Concrete floor slabs on metal deck shall have normal weight or lightweight coarse
aggregate, Type | or Type Il Portland Cement and 4000 psi Compressive strength
(f'c) in 28 days.

6.— The steel framing has been designed as unshored construction, and the plans
may show cambering of some structural members to counteract some of the
system deflection under the weight of concrete as it is placed. Due consideration
should be given to camber tolerance and erection tolerance in providing for
the thickness of concrete necessary to obtain the specified finish floor elevations.
The final slab thickness shall not be less than called for on plans. Contractor
is to provide the additional concrete required to compensate for deflection of
unshored beams and deck and to produce a slab level within tolerance and with
a slab thickness at least the thickness specified in all locations.

7.— All concrete shall be placed without horizontal construction joints, except where
specifically noted. Vertical construction joints and stops in shored concrete work
shall be made at midspan. Horizontal reinforcement shall be continuous through
vertical construction joints.

8.— Construction joint locations other than shown on the drawings are permitted
subject to prior approval of the Engineer. Expansion joint and control joint
locations are mandatory as shown. Contractor shall submit drawings showing
intended placing sequences and locations of construction joints to the Engineer
for approval. At poured in place walls, Construction joints shall be located so
as to provide a 60'—0" maximum horizontal length of concrete placement in
any direction.

9.— Unless otherwise shown on drawings, slabs on grade shall be cast in alternating
strips, one (1) column bay wide. Adjacent sections shall be placed no sooner
than three days apart. Alternatively, slab on grade areas may be poured in as
large an area as can be handled provided that saw cut joints are cut as soon
as the concrete will support a man’s weight without permanent deformation
and the joint process does not dislodge aggregates.

10.— Grout under column base plates and under other bearing plates shall be non—
shrink, nonmetallic grout with @ minimum compressive strength of 5000 psi
at 3 days.

11.— Pipes or conduits placed in slabs on grade shall not be placed closer than 3
diameters on centers and shall have an outside diameter less than 1/3 of the
slab thickness and be positioned so that they do not interfere with slab
reinforcement. Aluminum conduits shall not be placed in concrete. No conduits
or pipes shall be placed in composite slabs on metal deck.

12.— All keys shall be 2° x 4" (nominal) unless otherwise shown on the drawings.

13.— Concrete cast on sloped surfaces shall begin at the lowest elevation and
continue monolithically toward the higher elevations until the intended pour is
completed.

14.— No concrete shall be cast before review and approval of the reinforcing and
embedded items have been obtained from the Architect, or his designated
representative.

15.— All exposed edges of concrete members shall be chamfered 3/4" unless shown
otherwise on architectural drawings.

16.— Concrete must reach the following percentages of its 28—day compressive
strength (f'c) before forms or shores may be removed:

Walls and beam sides. . . . . . . 20%
Floor systems. . . . . ... .. . 85%

17.— Refer to architectural drawings for concrete finishes. Where finish is not
specified, conform to requirements of ACl 301 — "Specifications for Structural
Concrete for Buildings.”

18.— See architectural drawings for door and window openings, drips, washes,
reglets, concrete finishes, masonry anchors, and for miscellaneous embedded
plates, bolts, anchors, angles, etc.

19.— The placement of sleeves, outlet boxes, box—outs, anchors, etc., for the
mechanical, electrical and plumbing trades is the responsibility of the trade
involved. However, any box—outs not covered by typical details in the structural
drawings shall be submitted for approval.

20. At sawcutting of existing concrete, including slabs on grade, no overcut at corners
is allowed. All corners shall have a core hole of sufficient diameter made prior to
cutting at adjacent sides to prevent cut beyond the required dimension.

REINFORCING:

1.— Al concrete reinforcing bars less than #11 shall conform to ASTM A615, Grade 60,
except where noted. All concrete reinforcing bars #11 and greater shall conform to
ASTM A615, Grade 75. All reinforcing bars to be welded shall conform to ASTM A706.
Reinforcing bars may not be welded without prior approval of the Structural Engineer.

2.— Al welded wire fabric (W.W.F.) shall conform to ASTM 185.(Fy=65 KSI min.) W.W.F.
shall be provided in flat sheets. The following W.W.F. shall be used for areas specified
below unless otherwise shown on the drawings. ie: WW.F. designations where shown
on the plans supersede these shown below:

Slab on grade: . . . . . . . .. 6x6 — W2.9 x W2.9

Slab on metal deck:. . . . . .6x6 — W2.1 x W2.1

Around structural members. . .4x4 — W1.4 x W1.4, plus 1-#5
encased in concrete: spacer bar each corner

In middle of concrete. . . . . . 2x2 - W14 x W14
fill for stairs:

Note: Fibermesh at 1 1/2#/cu. yd. may be substituted for WWF in stairs.

3.— Reinforcement shall be continuous through all construction joints unless otherwise
noted on drawings.

4.— Detailing of concrete reinforcement and accessories shall be in accordance with
ACl 315 - "Manual of Standard Practice for Detailing Reinforced Concrete
Structures,” latest edition.

5.— Provide and schedule with the shop drawings, all necessary accessories to hold
reinforcing securely in position.
Minimum requirements shall be:

High chairs. . . . . . ... 4'-0" on center
Slab bolsters. . . . . . .. 4'-0" on center
Support bars for high chairs No. 5

6.— All continuous reinforcement shall have a minimum lap as required for a Class
B splice (AC1 318) unless noted otherwise.

7.— All laps in WW.F. shall be one mesh plus two inches at splices.

8.— Concrete protection for reinforcement including W.W.F. shall be provided as
follows unless otherwise shown on the drawings:

a. Surfaces cast against earth. . .3 inches

b. Formed surfaces exposed to earth or weather
6 through #18 bars. . . . . .2 inches
5 bars and smaller. .1 1/2 inches

c. Formed surfaces not exposed to earth or weather
Slabs, walls, joists

#11 bar and smaller. . . . . .3/4 inch

#14 and #18 bar. . . . . . .1 1/2 inches

Beams, columns. . . . . . . .1 1/2 inches
d. Slabs on grade

(from top of slab). . . . . . .1 1/2 inches
e. Slabs on metal deck

Top. . . ... ... ... .3/4 inch

Bottom. . . ... ....... 3/4 inch

Maximum deviation from these requirements shall be +1/4 inch for sections 10
inches thick or less; and £1/2 inch for sections over 10 inches thick. See
ACl 318-95, section 7.7.1 for conditions not listed.

9.— All hooks shown on drawings shall be standard hooks unless noted otherwise.

10.— Where continuous bars are called for, they shall run continuously around corners
and be lapped at necessary splices, or hooked at discontinuous ends. Lap
lengths shall be as given in the splice and development table. Lap beam top
bars at mid-span and beam bottom bars at supports, unless otherwise noted.

11.— Provide additional reinforcing at the sides and corners of all openings in concrete
in accordance with the typical details. Minimum additional reinforcing shall be as
follows:

(2) - #5 top and bottom in slabs
(2) - #5 each face in walls
(2) - #5 x 40" long diagonally each corner of opening

Extend bars a minimum of 2'—0" beyond opening, hook where extension is
not possible.

12.— In beams, where stirrups are not specified for the whole beam length, or for
any part thereof, provide #3 [ spaced at (beam depth -2")/2, or 24" maximum.

13.— Provide for a minimum of 1-#5 stirrup support bar at each stirrup bend where
primary bars do not exist.

14.— In beams over 18" deep provide continuous #4 bars on the side faces with a spacing of

not more than 12" on center.

15.— Primary top & bottom horizontal reinforcing in beams and girders shall be detailed to be

placed in one layer unless shown or noted otherwise on the drawings.

16.— All beam "stirrups” or “ties” shall be continuous closed type [ 7 unless otherwise
noted on the drawings.

REINFORCED MASONRY:

1.— All masonry work shall conform to the “Building Code Requirements of Masonry
Structures” (ACl 530-05/ASCE 5-02) And (ACI 530.1-05/ASCE 6-02).

2.— The compressive strength of the masonry, f'm, shall be at least 1500 psi. Unless
otherwise approved by the Structural Engineer on the basis of prism testing the
components of the masonry shall have compressive strengths as given below:

3.— All concrete masonry units (CMU) shall conform to ASTM C90, grade N-1,
with an individual compressive strength of 2400 psi

4.— Mortar for block wall construction shall be Type M or S conforming to ASTM
C270.

5.— Grout for piers and block walls shall conform to ASTM C476 with a minimum
compressive strength of 2000 psi determined in accordance with the provisions
of ASTM C1019.

6.— Reinforcing bars shall conform to ASTM A615, Grade 60, except bars to be welded
shall conform to ASTM A706.

7.— Wire for joint reinforcing shall conform to ASTM AB2, yield point = 70 ksi (min.).

8.-
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Unless noted otherwise provide the following minimum reinforcing:

VERTICAL

6" and 8 CMU

<8 High 8'-12" High >12" High
#4024 #4037 #5@48"
10" and 12° CMU

<8 High 8-12" High >12' High
4024" $#5@32" 4#6@32"
HORIZONTAL

6" and 8 CMU

#9 Dur—o-wal Ladur (2-W1.7 wires)

016 o.c.

10" and 12" CMU
3/16" Dur—o—wal Ladur (2-W1.7 wires)
@16"o.c.

Provide bond beams with 2—#5 continuous, at [the top of foundation walls and]
the top of parapets, at each floor level, and where shown on the drawings.

Unless noted otherwise on plans, provide the following additional vertical reinforcement

in the cell immediately adjacent to each side of a masonry opening and in the cell

of discontinuous walls. These bars are to extend full height of the wall or in the case

of masonry openings at multi—story walls, from story to level above to story level
below the opening.

6" and 8 CMU Walls — 2—#5
10" and 12" CMU Walls — 2—-#6

Extend additional reinforcement a minimum of 36 bar diameters beyond the opening.

The minimum length of lap for reinforcing bars embedded in grout is 48 bar
diameters, unless shown otherwise on the drawings.

Place reinforcing bars before grouting. Place grout in lifts not exceeding 5 feet.
Consolidate each lift by mechanical vibration. The next lift of the pour may be
made after the initial water loss and reconsolidation of the prior lift, while it is
still plastic.

Properly secure reinforcing bars to maintain the positions indicated on the drawings.
Bars to be located in center of cells unless otherwise noted.

Al CMU shall be braced during construction for the governing code lateral design
loads until permanent restraints have been installed.

The following steps are to be followed when laying masonry in the temperatures
stated below:

40 — 37 F (mean daily air temperature)

Heat mixing water or aggregate to 70" F.
Protect masonry from rain or snow for 24 hours.

32 - 20° F, mean daily air temperature

Heat mixing water and aggregate to 70° F.

Provide wind breaks for wind velocity in excess of 15 m.p.h.
Cover masonry with insulating blankets for 24 hours and
provide heat sources on both sides of masonry construction.

Below 20° F, mean daily air temperature

Heat mixing water and aggregate to 70° F.

Provide enclosures and heat to maintain 40° minimum temperature.
Temperature of masonry units must be 40° F minimum when laid.
Maintain masonry above 40" F for 24 hours by enclosures and
supplemental heat.

STRUCTURAL STEEL:

Structural steel design conforms to “Load and Resistance Factor Design Specification
for Structural Steel Buildings” (AISC, Third Edition).

Structural steel rolled shapes, plates, and bars shall conform to the following
ASTM designations:

ASTM A-572, Grade 50. . . . . Al W shapes, unless noted otherwise

or A992

ASTM A-36. . . . ... ... . All other rolled shapes, plates and bars unless noted
unless noted otherwise

ASTM A-500, Grade B. . . . . . HSS sections (square, rectangular)

ASTM A-500, Grade C. . . . . . HSS sections (round)

ASTM A-53, Grade B. . . . . . Pipe

ASTM A-325, Type SC or N. . . All bolts for connecting structural members
ASTM F-1554. . . . . . . . .. All anchor bolts, unless noted otherwise

Shop painting of structural steel is not required unless otherwise noted.
Add/Alternate: Provide 1 coat of standard shop primer to all interior steel
except at beam flanges receiving shear studs and steel receiving spray
fireproofing around stairs, shafts, elevators, and in the annex.

Filler beams shall be spaced equally between established dimensions, unless noted
otherwise.

The concrete slabs and/or non—composite steel decks are part of the stability system
for a completed structure. The Contractor shall provide temporary erection bracing to
maintain structural steel in proper position until permanently secured. Remove temporary

bracing and their connections only after erection of permanent members is complete

and all concrete slabs have been placed and cured and non—composite steel decks are

properly fastened. A completed structure has its boundary’s defined by the building
exterior and/or interior expansion joints where they exist between building segments.

Shear connectors shall be 3/4" diameter headed studs, field applied, with a
nominal shear strength of 26.1 kips per connector. The number of shear connectors
is indicated in brackets by each beam. More than one number in a bracket
indicates groups of shear connectors to be placed between connection points of
intersecting beams. Substitution of shear connectors with nominal strength less than

given above, or a placement which results in a reduction factor by formulas I3—1 or
I3-2, AISC manual (Third Edition) if approved, will require an adjustment in the number

of shear connectors to maintain the same total shear transfer capacity and will be at

the Contractor’s expense.

All composite beams, using concrete slab as compression flange, are designed
for strength assuming unshored construction, unless otherwise noted.

Provide an upward beam camber at the mid span between supports where indicated
thus: +c= 1 1/2°, if specified on drawings. Camber is to be provided by mill
rolling or shop fabrication, or a combination of each. Contractor is to note that
the structural steel beams have been cambered in an effort to limit extra concrete
placement due to the deflection of the structural steel beams and girders. However,
the amount of actual camber for each structural steel member may vary due to
mill or shop tolerance and beams with computed initial deflections of no more
than 3/4" are not cambered at all. Therefore, the Contractor may not assume that
the cambers indicated eliminate the need for extra concrete placement.

Shop connections unless otherwise noted, shall be made by welding, or by using
snug tight 3/4°¢ high strength bolts, minimum.

All shop and field welds shall be made by certified welders, and shall conform to
"Structural Welding Code — Steel” (AWS D1.1 2000).

Electrodes for all field and shop welding shall conform to AWS E-70 Series.

Bolted field connections shall be made with 3/4" diameter A325 bolts, minimum,
unless otherwise noted.

A325 bolts installed with the bolt tension (pre—tensioned) specified in Table J3.1 of

the AISC LRFD Third Edition Specification, shall be used for the following connections.

Column splices

Connections of beams and girders to columns

Bolted moment connections

Bracing members

Hangers

Connections noted as Type SC on the design drawings

Connections of beams and girders to columns in brace frames

Connections ¢, d, e, f, and g shall be designed as "slip critical’ connections.

semeanoe

% Al other A325 bolts may be pre—tensioned as defined by AISC.
* All other A325 bolts shall not be pre—tensioned but shall be installed to the snug

14—

tight condition as defined by AISC.

Connections shown on these drawings are generally schematic. They are intended
to define the spatial relationship of the framed members and show a feasible
method of making the connection. Any connection that is not shown or is not
completely detailed on the structural drawings shall be designed by a registered
professional Engineer, retained by the fabricator. Details and connections may be
designed to conform to AISC Manuals Third Edition — LRFD or Ninth

Edition — ASD. Completely detailed means the following information is

shown on the shop detail drawings:

a. Al plate dimensions and grade.
b. Al weld sizes, lengths, pitches and returns.
c. Al hole sizes and spacings.
d

Number and type of bolts: where bolts are shown but no number is given,
the connection has not been completely detailed.

e.  Where partial information is given, it shall be the minimum requirement for
the connection.

f.  Method of design.
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Al rectangular hss members to be orientated long side vertical u.n.o.

Details and connections completely detailed in the Contract Drawings may not be
altered without written approval by the Engineer. Where approved, altered connections
shall be completely detailed by the fabricator's engineer clearly on the shop drawings.

Alterations of schematic connection details may impact architectural concept and
shall not be made without prior written approval of the Engineer.

Minimum connection plate thickness shall be 3/8", unless otherwise indicated in
the Contract Drawings.

Unless otherwise noted, beam to beam connections and beam to column connections
shall be double angle (t=5/16") framed beam connections shop welded per Table 10-2,
AISC Manual Third Edition — LRFD) using weld A, or shop bolted using Table 10-1 and
using 3/4" diameter A325-N bolts in standard or horizontally slotted holes for the

field connection. The number of rows of bolts, n, shall be in accordance with the
following table. Table applies to composite and non—composite beams.

Beam Size n Shear Design Strength (kips)
W8x10, W10x12. . . . . . . . .. .. .. ... .2 .. ... ... 185
W8x13, 15, W10x15. . . . . . . . . .. .. .. .2 X
W8x18, 21, 24, W10x17, 19, 22, 26. . . . . .. .2 . . ... .. . 269
W8 >28,WI0>30. ............. .2 ... .. ... 348
Wi2x14, 16. . . . . . . . . ... ... ... .. 3. ...... . 330
W14 < 30, W12x19, 22, 26, 30. . . . . . . . . B T [ V2
W12x35, 40, 45 W14x34, 38, 43, 48. . . . .. .3 . . ... .. . 521
Wi2 > 50 W14 >53. . ... ... ... .. .3 . ... ... . 830
W16x26, 31. . . . . . . .. . ... ... 4 . . ... ... 600
W16x36, 40 W18x35, Wi8x40. . . . . . . . . . . 4 . ... ... .79
W16 > 45, W1Bx46, 50, 55. . . . . . . . . .. .4 . ... ... . 842
W18 > 60, W21 < 62, W24x55. . . . . . . .. .S oL 01067
W21 > 68, W24x62, 68, 76. . . . . . . . . .. .9 oL 1265
W24 > 84, W27x84. . . . . . . .. ... ... .6 . ... . 151.8
W27 > 94, W30x90, 99. . . . . . .. ... ... 7 . ... . 195.0
W30 > 108. . . . . . .. ... 8 . ..... . 230.0
W33. . . . .9 . . 260.0
W36. . . . . . . 0 . .. ... . 290.0
W40 . . . L . 319.0

Where the Fabricator proposes an alternate connection, it shall have at least the

shear capacity indicated in the above table. Where reactions are indicated in the

drawings (example: R=85k) they supersede the table above and the Fabricator

shall provide a connection with a capacity at least equal to the reaction indicated.

Seated beam connections will not be allowed unless the seat is used for erection
purposes only. For other beam shapes (S, C, MC) provide a two bolt connection

unless otherwise shown on the drawings. Where reactions are posted, they have

been factored per State Building Code of Commonwealth of Massachusetts, Seventh Edition.

“Load and Resistance Factor Design Specifications for Steel Hollow Structural Sections” (2000).

Unless otherwise noted, all connections at HSS sections shall be designed and detailed

in accordance with the AISC "Load and Resistance factor design specifications for steel hollow
structural sections” (2000).

Moment connection details on the drawings must be consistent with Note 21. Typical

moment connection details allow for 3 options:

Beam to column moment connections that are part of the lateral force resisting system shall be
FyZ. Connection shall be detailed in accordance with chapter 11
Ordinary Moment Frames of AI%C 341-02). The connection shear strength shall meet or exceed

designated for 1.1RyMy= 1.1R

values shown on structural steel note 19, unless noted otherwise.

The connection at the ends of tension or compression members shall develop the force due to the
design load, but not less than 100% of the tension strength of the member where no design load is
posted. Design forces, if posted, have been factored in accordance with the Governing Building Code
and no stress increase is permitted. Tension strength of member = 0.9Fy x Ag, except for braces
that are of the seismic load resisting system. These brace connections shall be designed for the
expected tensile strength = RyFyAg. When design force is based on tension capacity of member, load

is to be applied as a tension or compression force.

Splicing of structural members where not detailed on the drawings is prohibited
without prior approval of the Structural Engineer.

Provide welded stiffener plates on both sides of the web of beams at points of
concentrated loads including beams supporting columns or running over the tops
of columns or other beams. Minimum stiffener plate thickness shall be 5/8" or
flange thickness of column above or below, whichever is greater.

Screed plates, pour stops and slab supports at slab openings, at slab edges and
supports for metal deck around columns shall be furnished by the contractor as
required to complete the work.

Cuts, holes, coping, etc. required for work of other trades shall be shown on the
shop drawings and made in the shop. Cuts or burning of holes in structural
steel members in the field will not be permitted, unless specifically approved in
each case by the Structural Engineer.

Unless otherwise detailed in the drawings, provide galvanized loose steel angle lintels
over all openings in masonry walls, as follows. Lintels shall have a minimum of &
bearing on each side of opening. Steel angles in pairs shall be plug welded or
bolted at 2'—0" o.c. or stitch welded top and bottom at 1'-0" o.c.

For each 4" of wall thickness

L4 x 3 1/2 x 5/16 for spans less than 5'-0"

L5 x 3 1/2 x 5/16 for spans greater than 5°-0" to 7'-0"
L6 x 3 1/2 x 3/8 for spans greater than 7'-0" to 9'-("
L6 x 3 1/2 x 1/2 for spans greater than 9'-0" to 12'-0"

For each 6" of wall thickness

L6 x 6 x 5/16 for spans to 7'-0"
L6 x 6 x 3/8 for spans greater than 7'-0" to 9'-0"
L6 x 6 x 1/2 for spans greater than 9’-0" to 12'-0"

All structural steel directly supporting a concrete floor slab shall have shear studs
spaced longitudinally at no more than 24”o.c. unless otherwise noted.

All HSS shapes except diagonal bracing members (round, square rectangular, etc.)
are to have a 1/4" cap plate at all exposed ends. Cap plates to be seal welded
all around, u.n.o.

All weld sizes not shown in details herein shall be the minimum required size based
on thickness of thicker part as per AISC, Tables J2.3 & J2.4. Exception:

At member splices, welds or bolts shall develop full strength of the member or
components being connected.

All around welds indicated herein shall be discontinuous at the flange tips of
open sections.

Al structural steel, including baseplates and tops of anchor bolts, to be encased in
concrete are to be coated with with an approved coal tar epoxy. 16 mils minimum thickness.

Any alteration made by the detailer on the structural steel shop drawings to schematic
or completely detailed connections shown on the contract drawings must be clearly
identified by clouding or by direct note on the shop drawing by the detailer prior to
submission to the engineer.

Any member sizes shown on the plans, and currently listed in the AISC Manual

of Steel Construction, Latest Edition, which are not currently available must be brought

to the Architect and Structural Engineers attention prior to award of steel contract. No

claim for additional cost will be accepted after the award, for member/built up member
substitutions for these sizes.

The submerged arc welding process may be substituted for welding together plate girder
sections. Fabricator to submit equivalent weld sizes to be used in lieu of the requirements
specified herein.

COMPOSITE METAL FLOOR DECK

Design of composite metal floor deck shall be governed by the "Specifications for
the Design of Cold Formed Steel Structural Members,” by the American Iron and
Steel Institute (AISI) and conform to the design and loading requirements of the
Steel Deck Institute (SDI).

Metal deck shall be manufactured from galvanized steel conforming to
ASTM A653, grade 33 or higher. Galvanizing shall conform to the
requirements of ASTM A653, coating class G30.

3" composite metal floor deck shall have a minimum ratio of width to depth
(W/H) of 2.0. The metal deck shall be adequate to support the dead load of

the concrete slabs indicated on the drawings and 20 Ibs/sq. ft. of construction
live load without shoring. The deflection of the deck for concrete weight shall not
be greater than 1/180th of the span or 3/4", whichever is smaller. The composite
floor deck supplied shall be capable of supporting the design loads given in these
drawings, and have section properties per foot of width of approximately:

3 inch x 20 gauge deck (0.0358")

Lo 0.953 inches*
S (Positive). . . . . ... ...... 0.548 inches®
S (Negative). . . .. ....... .0.577 inches®

3 inch x 18 gauge deck (0.0474")

Lo 1.261 inches*
S EPositive) .............. 0.793 inches®
S (Negative). . . .. ....... .0.790 inches®

Fasten metal floor deck by prequalified methods at all supports with 3/4" diameter

fusion welds or welded (sy;ud shear connectors spaced not more than 12" o.c.
Fasten side laps @ 3'-0" on—center or mid—span, whichever is less.

Fabricate deck units in lengths to span three or more support spacings, where
possible.

Coordinate size and location of floor openings with architectural and mechanical
drawings. See typical details for supplemental framing.

METAL ROOF DECK:

1.— Design of metal roof deck and accessories shall be governed by the "Specifications for the

Design of Cold Formed Steel Structural Members,” by the American Iron and Steel
Institute (AISI) and conform to the design and loading requirements of the "Steel
Deck Institute” (SDI).

2.— Metal roof deck shall be rolled of steel sheet, galvanized and conforming to

3.~ Unless otherwise shown on the drawings, fasten metal roof deck by prequdlified methods at all

4-
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ASTM A653 Grade 33 or higher, coating class G60 [or painted and conforming to
ASTM A1008]. The metal roof deck supplied shall be capable of supporting the
design loads given in these drawings and have section properties per foot of
width of approximately:

3 inch Type N x 20 gauge deck (0.0358")
Lo 0.790 inches*

S gPositive) .............. 0.470 inches®

S (Negative). . . ... ...... .0.510 inches®
3 inch Type N x 18 gauge deck (0.0474")

Lo 1.140 inches*

S gPositive) .............. 0.650 inches®

S (Negative). . . ... ...... .0.700 inches®

1 1/2 inch Type B x 20 gauge deck (0.0358")

L 0.200 inches*
S (Positive). . . . . ... ...... 0.230 inches®
S (Negative). . . ... ...... .0.230 inches®

1 1/2 inch Type B x 18 gauge deck (0.0474")

Lo 0.290 inches*
S gPositive) .............. 0.320 inches®
S (Negative). . . ... ...... .0.320 inches®

supports with 5/8" diameter fusion welds in every rib at end laps, every other rib at
intermediate supports and at every rib or 6" o.c. at all supports within 15'=0" of building
periphery, braces, openings. Fasten side laps at 2'—6" maximum o.c. or mid—span,
whichever is less.

Fabricate deck units in lengths to span three or more support spacings, where possible.
Fabricate roof deck to lap ends a minimum 2 inches.

Coordinate size and location of roof openings with architectural and mechanical drawings.
See typical details for supplemental framing.

Do not suspend pipes, ducts, or conduit from roof deck.

LIGHT GAGE STEEL FRAMING

Light gage steel framing is to be supplied with engineering and detailing by the
supplier. See specification Section 05400.

Information in these drawings regarding light gage steel framing is only to set
conditions important to the appearance of the finished building, to identify where
structural loadings from the light gage steel framing will be delivered to the building
structure, or to specify the structural interaction between the light gage steel framing
and the building structure.

DESIGN LOADS:

Uniformly Distributed Floor Live Loads:

Offices/Lab. . . . . . . . .. ... ..... 100 psf
Corridors above 1st floor. . . . . . .. .. .100 psf
First Floor. . . . ... .. .. ...... .150 psf
Slab on grade. . . . . .. ... ... .. .150 psf
Storage ﬁight). .............. 125 psf
Storage (heavy). . . . . . .. ... ... .. 250 psf
Stairs. . . .. ... .100 psf
Mechanical areas. . . . . . . ... .. .. .150 psf*
Elevator machine room. . . . .. . .. .. .150 psf*
Sidewalks (intentional or accidental. . . . . .250 psf

vehicular traffic)

* or actual equipment weights where greater

Roof Live Load:
Minimum roof live load=20 psf

Roof Snow Load:

Ground snow load, pg=55 psf

Flat roof snow load, pr =0.7Ce Ct Is pg =38.5psf

Snow exposure factor, Ce=1.0.

Thermal factor, C; =1.0.

Snow load importance factor, Is=1.0

Snow drift conditions in accordance with Section 1608.0

Concentrated Live Loads:

Floors have been designed to support the uniformly distributed live loads
prescribed in (1) above, or the following concentrated loads, whichever produces
the greater stress.

Location Concentrated Load

Elevator machine room 300 Ibs.
gratings (on 2.0 inches square)

Floor areas and roofs with concrete 2000 Ibs.
(on 30 inches square)

Hatches, skylight ribs, and 200 Ibs.
accessible ceilings
(on 1.0 inch square)

Stair treads (on 2.0 inches square) 300 Ibs.

Roofs w/o0 concrete 200 Ibs.
(on 6 inches square)

All concentrated loads above have been assumed to be non—concurrent with
uniform live loads.

Live Load Reduction:

For design live loads of 100 psf or less: Except for places of public assembly,
floors of passenger car garages, and roofs, a structural member having a tributary
area of K Ar that is greater than 400 square feet, may be designated for a
reduced live load, L, as follows.

L = L (0.25+15A/Kw At), where

Lo= basic design live load
Ar= loaded area tributary to the member, square feet.

Ku= live load element factor as follows:
Ku= 4 for interior columns and exterior columns without cantilever slabs
Kyu= 3 for edge columns with cantilever slabs
Ku= 2 for corner columns with cantilever slabs, edge beams without cantilever
slabs, and interior beams
Ku= 1 for all others

L shall not be less than 0.50L for members supporting one floor and not less than 0.40L, for
members supporting two or more floors.

Places of public assembly, passenger car garages, and design live loads greater than 100 psf:

for members supporting load from more than one floor may be designed for a reduced live
load equal to 0.80L,but shall not be less than L as calculated above.

Wind Loads:

Basic Wind Speed (3-Second gust) = 100 mph.
Wind Importance factor, I, = 1.0
Wind Exposure = B

Design wind pressures for main wind force resisting in accordance with ASCE-02 Section 6.5.12.2
Design wind pressures on components and cladding in accordance with ASCE-02 Section 6.5.12.4

Earthquake Loads:

Seismic importance factor, Ir = 1.0

Seismic Use Group = I.

Spectral response acceleration at short periods, % = 0.24

Spectral response acceleration at 1-second period, S1 = 0.067

Site class D.

Design spectral response acceleration at short periods, Sds = 0.256

Design spectral response acceleration at 1-second period, Sdy= 0.107

Seismic design category = B.

Basic Seismic force resisting system = Steel braced frames not specifically detailed
for seismic resistance — (X—direction)

= Steel moment frames not specifically detailed

for seismic resistance — (Y—direction)

422k (X-direction)
282k (Y—direction)
Seismic response coefficient, G; = 0.0500 (X—direction)
= 0.0333 (Y—direction)
Response Modification Coefficient = 3.0 (X direction)
= 3.0 (Y direction)
Analysis procedure = Equivalent Lateral force.

Seismic Base Shear

PERKINS
+ WILL

55 Court St., 2nd Floor

Boston, MA 02108
t617.478.0300
f617.478.0321

www.perkinswill.com

Gateway Park |

50 Prescott Street
Worcester, Massachusetts

GATEWAY
PARK, LLC

100 Institute Road

Worcester,

MA 01609

MEP-FP Engineer

R.W. Sullivan Engineering

529 Main St # 203
Boston, MA 02129
t617.523.8227
£617.523.8016

Structural Engineer

McNamara/Salvia Inc.
160 Federal Street, 5th Floor

Boston, MA 02110
t617.737.0040
£617.737.0042

Landscape & Civil Engineer

Vanasse Hangen Brustlin, Inc

Union Station, Suite 219
Worcester, MA 01604

t508.752.1001
f508.752.1276

Permit & Construction Documents | Mar 25, 2011
Pricing set Mar 18, 2011
Steel and Foundation Package Feb 14, 2011
Drawing Issue Date
Revisions
[N ISSUE | DATE |
Sheet Information
Date 03.18.2011
Job Number 29067.00
Drawn R.J.M
Checked M.F.A
Approved -
Title

GENERAL NOTES

Sheet

S-001

Copyright © 2009 Perkins+Will




Autodesk Revit

www.autodesk.com/revit

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

No.

Description

Date

2
A Offset_- TN e PN P N P i TN P R G
(1) (for 2 ) (3) (4) (5) (6) 7)) (8 ) 8.2 (9 9.7) (10)
T Mechanical b e S~ S N s Mo it s < o e
Roof (13)
23 -0" . ‘ 22'-0Q" _ 22'-0" . 22'-0" 22'-0" . 22'-0" _ 22'-0" _ 19 -9|1;’4“ 2'_-__:_2 3{4" 17'-71/4" 5 -43/4" _
A = i S i I = i e = =l e | r—- ot i |
(A f—ft— o — o — b
| | |
B
offset
‘,-’ Ay | | | |
(for ) N _L
Mechanical
Roof
| | | |
5-41/2"
3‘? st -
S | | | | |
10\
S9 /
e N |
— 5 o B B 14" Retaining Wall _
|f/ B \\ ! &:JJ__ =1 kel R T T TR = Rt R LTl TR RS F135 — — - — £ _ _ . . o A P Mer ‘oo i = T
\° ) T ! IRECY ¥ D o = - - - - 1177 i I
_ | " ) : ;
P 3 P P p3 PR
\F L} ; . “F12
12 . F12 R F135 F12
1] ! |
o
8 %[ | -1
(7] =
R
| | r I I I } f |
| 3
| 1f.
Ir"/C ) ey ‘ o P4 I 4 o o o - . . . 5 - A - - e R . Cm AT e .. Fe % S g ) 1 T i o % LT - g o A 4 5 Pl IJ fd T L LSS T _ e p— A —
7/ b B = + LT L] L | | EA] I AL i
e p3 p3 p3 p3 p3 Wit P2 |
.r/’-_ _‘.\". ‘ 3
|“IC_2’} T o .__. - .._. — — — - - - - — | - — — — — _— —— —_ —_ _— — = == == c— = _—
- 18K | |
a
E 3
Offset 18k | |
/
(for — + ~ — = - —— - - . = - = - - . . : i . - . B B B - B B )
Mechanical - ;
. | F11.5 | | :
ROOf | | F11.5 *’f | F115 I F11.5 | F11.5 | F11.5 I F11.5 | I
/ / / | / / F95
1 P P2 P2 P2 P2 / P | P1 P1
South ;,
i Q ;- I|
(D) - ! - Wen | . i = . E g P e - R . ) e[ B I = e B el T
/ N ry i O s =)= e = G T i (ol i s g ]
l,\D 1 - = _ - - - = = = = = = — — — = — — — - - — - - ™ = — i b - e |
el | P2 = _rm _ |
| —'— ; i
e N\
TN . F115
| | | ——% |
F7
‘F11.5

~~ BASEMENT LEVEL

I\_j/_); 1;8‘! = 1],0"

Basement Structyral Foundation Schedulg

Elevation at
Family and Type Level Bottom
Footing-Rectangular: F7 BASEMENT LEVEL 474'- 4"
Footing-Rectangular: F9.5 |BASEMENT LEVEL 472'-6"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 472'- 2"
Footing-Rectangular: F11.5 |BASEMENT LEVEL 473'- 8"
Footing-Rectangular: F12 |BASEMENT LEVEL 472' - 2"
Footing-Rectangular: F12 | BASEMENT LEVEL 472'-2"
Footing-Rectangular: F12 |BASEMENT LEVEL 1472 -2"
Footing-Rectangular: F12 |BASEMENT LEVEL 472' - 2"
Footing-Rectangular: F12 |BASEMENT LEVEL 472'-2"
Footing-Rectangular: F12  |BASEMENT LEVEL 472" - 2"
Footing-Rectangular: F13.5 |BASEMENT LEVEL 472'- 0"
Footing-Rectangular: F13.5 |BASEMENT LEVEL 472'-0"
Footing-Rectangular: F13.5 |BASEMENT LEVEL 472'-0"
Footing-Rectangular: F13.5 |BASEMENT LEVEL ~ |472'-0"
Footing-Rectangular. F13.5 |[BASEMENT LEVEL 472'-0"
Footing-Rectangular. F13.5 |BASEMENT LEVEL 472' - 0"
Footing-Rectangular: F13.5 |BASEMENT LEVEL 472' - 0"
Footing-Rectangular: F13.5 |BASEMENT LEVEL 472'-0"
Footing-Rectangular. F13.5 |BASEMENT LEVEL 472'-0"

Gateway
Buidling 2012

Basement
Framing Plan

Project Number Project Number

Date Issue Date

Drawn By Author

Checked By Checker
S.2

Scale

4/26/2012 1:03:38 AM



®)

B

(. for >2w

Mechanical

-

L1

g

S

[+]
LT
e

)
"

1]

offset

(for )

22'-0"

20 "

l

22'-

23'-0"

Autodesk Revit

www.autodesk.com/revit

Mechanical
Roof

L]

W12X19 15

8-0"

W12X19/17
W18X60 54
W16X26 33

(o]
'
9

8-71/22"

) —1I1

W12X19 12

\W14X22 21

W12X1912

=
—
£
>
N
N
)
[=]

W1626 20

6'-11/72"

10|- "

10'-91/4"

10 -23/8"
W16X36 33

W12X16 6

W12X16 6

W16X36

W12X19

W12X19 10

W18X65 24

L]

C12X20.7

W16X26 18

W12X19

W10X15

Offset
(for |
Mechanical
Roof

36 -9"

W16X26 20

W16X67 69

W16X50 38

W16X50 38
W16X50 38

W16X50 38

W16X50 38
W16X50 38

W16X50 38
W16X50 38

W16X50 38
W16X50 38

W16X50 38

W16X57 44

W16X57 44

W12X19

11'-31/4"

[

o

111 '0"

17 -

I

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

No.

Description Date

)

&

-

-

17 -6"

. Dependent on LEVEL 1 FRAMING

—y
e

\.J 1:‘(8" = 1!_0!!

Lvl 1 Structural Foundation Schedule

Family and Elevation at
Type Level Bottom
Footing-Re LEVEL 1 484'-7 1/2"

ctangular:

F9

Footing-Re LEVEL 1 484'-3 1/2"
ctangular:

F10

Footing-Re |LEVEL 1 484'-3 1/2"
ctangular:

10 [ L
Foundation LEVEL 1 487'-10
Slab: 6" FRAMING 1/2"
Foundation

Slab

Gateway
Buidling 2012

Level 1

Framing Plan

Project Number Project Number

Date Issue Date

Drawn By Author

Checked By Checker
S =] 3

Scale

4/26/2012 1:03:57 AM




Autodesk Revit

www.autodesk.com/revit

2 Consultant
Offset Address
o il /-\\ /‘\\ - Vi REIES b i T G Address
/ \ N / \
G ) (for )2 ) (3) (@ @ ) (6) (7) (s? ) 8.2) (9) 9.7) (10) Phone
i Mech nical L= N~ _ f \H—_r_n’t S b /Jﬂ__‘::u_ 1 3 ARG S Zarf]a'i
R \ 131G
L ! ! | ! Consultant
D\ W18X50 38 W21X44 26 W21X44 26 W21X44 W21X44 W21X44 ,- W21X44 26 W21X44 26 W21X44 26 Address
(A F 2E H H H H = i T — - - - - - - Address
\_q_,_../ - Phone
i T | Fax
~ e-mail
B 7-8" 7-8" 7-8 1.0 11'-0° 1'-0" 11'-0" 11°- 0" 11 -0 1-0 11'-0" 11'-0" 11 -0* 11 - 0° -0 19-0° -0t | 12' - 0 D1 4.0
f 1 1 ! Consultant
offset F bw12x19 12 ﬁggress
: _ ress
(fOF } g - u - ~ . - - - - . - - - — - . Bl . - - - - T - 1l § - - - - - - - - Phone
Mechanical ) Fax
Roof 3 S 3 3 3 3 3 S S S 3 3 3 3 >3 3 1 3 3 . © e-mail
8 3 3 3 3 e 3 3 3 s ! 3 I 3 3 3 X 3 F(L_yWi2x1912 |
& & & x 2 X =] = oS x = x 3 x x > § x x| S|
2 S S S S S g s S 2 S S g S S g 12 g, Consultant
b Address
l o | Address
> Phone
§ W12X19 12 Fax
J | e-mail
3 |
5 Consultant
» Address
e | waix4a26 || || —" W21}44 26 W21X4426 1l W21X44 26 W21X44 26 W21X44 26 il W21X44 26 W21X44 26 ‘l | W21X44 26 | éﬁg:‘?s
( B / I .: ' = ' ‘_&.)‘ Wi2X19 15 2 - — ‘._k_r T = 1_r1“_r = =R l= - sH E: ag a8 ' = e H— — — — — — — — Fax
\v - T | | ,
3 30" | e-mail
& 19'-9 1/4" 6-812" || 6-712 || o
® | # = (11)
~—
v W14X22 18 5 W14X22 18 W14x22 18 ! W12X16 6 [
[ B Bddieaadiddl | S |
- = N 3 S - ” s 3 N 8 8 8 -
AR 8 2 5 5 5 2 2 5 5 2 > : 8 8 8 2
e g - s ° < S S s S S o s sh 2 Zlle | wiaxie 2
= = = = = = = = = I [ f
‘ W14X22 18 _ W14X22 22 W14X22 18 W14X22 18 W12X16 6 & "
| ! : = ;
l | I W12X19 12 1 /
i . W12X16 Y i
o : | o = /
= i~ -
' 5 /
(6‘\-\ ‘ : W21X44 26 i W21X44 26 4 W21X44 26 .| W21X44 26 4 W21X44 26 + W21X44 26 Il W21X44 26 L W21X44 26 S ° W21X44 26 | ! F‘“ B B B B B !/ B
)I e —— - —t - | ——
S 9-2 /
T o 5.1 + | |
: . [ /
=) 2| = &
g ;
/_,-—\\ W18X3526 | ff
| wizxie L - =
(99 1M || - e - _ - - T - - - - - - - [ - - bl - - - - - - - A==t m m e -
3 | | § 5 6'-25/8" 6'-25/8"3-11/4" / /
2l = / inti
3 3 3 5 N 3 3 3 3 3 3 3 3 3 3 3 3 3 e 5] ° No. Description Date
Offest  * = = 2 o E g g g g g g s g g E S g g gl Tos o2l
3 5 5 5 5
dryy 44— - - 0 ¥ 4 4 4 SN N | N N A QP |
. s s = = =
Mechanical 5 W12X19 12 W12X19 12
Roof ‘
e
| »
(’6“\ W18X50 26 1 W21X44 26 W21X44 1l W2[(X44 W21X44 26 W21X44 26 1l W21X44 26 W24X68 26 ik W24X88 26 il
ST / = 1 L it iy Tt “‘ L = =
D1 N -~ -~ -~ I -~ _ -~ _ -~ -~ -~ _ -~ _ -~ _ -~ -~ B -~ _ -~ _ -~ -~ I -~ _ -~ _ -~ -~ -~
N o i
S~ |
/
(E ) - - - - - - - - - - - - - - - - - - - -+ - - - - = = iy = - - —H - - - - -
T [ | | | |
| |
25 |
| |
[ |
AT

N
&-n
|
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|

Gateway
Buidling 2012

Level 2
@z Framing Plan

Project Number Project Number
Date Issue Date
Drawn By Author
Checked By Checker

S.4

Scale

4/26/2012 1:04:17 AM




4

Autodesk Revit

www.autodesk.com/revit

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

No.

Description Date

(\ LEVEL 3 FRAMING

I i ,/\\ T
1) 97) (10)
2 SR i \-.._/'}
1 23'-0" 22'-0" 22'-0" 22'-0" 22'-0" 22'-0" 10'- 5 3/4" 17'-71/4" I 5'-43/4"
o
@ \ . W21X44 26 W21X44 26 W21X44 26 W21X44 W21X44 W21X44 26 W21X44 26 W21X44 26
/ B
= |
> |
B y W12X19 12 W12X1|9 12
] 11'-0" 11"-0" ¥
cgifse:t , |
or )— —|te— - ~ - : - — 1t - = - - - . T ~
Mechanical o
Roof 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 8
sy 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 [ wixp2_ 3
I = X X X X x x X X x X X X X X x X =
% g E S g S g g E S g g g S g E S S g
~
» |
y W12X19 12 W12X19 12
! |
. |
~ |
»
(’/E"\l W21X44 26 i W21K44 26 & W21ﬂf}4 26 W21K44 26 W21X W21X44 26 W21K44 26 W21X444 26
+— wizxig -
St -7 |
&
& g
W14X22 18 § & W14X W14X22 18 W13X16 6
Cl x - "
el
- 3| =l 3 3| 3 -~ - ® @ © - 3| 8 3 -
2 . 8 4l S 5 | 5 2 2 5 5 s 2 2l 8l %] 8] <
s = o s S o o S s o 3 S S | o sfle] 2l wmxs =
- S - S s 2 2 2 2 S =
W14X22 18 : W14X22 22 W14X W14X42 18 W13X16 6 ™~
| W12}J(19 12 |
& & Y - ]
o o o 8
(6\;" W21X44 W21X44 W21K44 W2[|X44 w21 W2/1x44 W21X44 W21Xdd | ~ ] B
< .
@
q 2 C
3| g | T
s Wikl W18X35 26 ‘
= =3
ap]
3 3 o B 3 3 3 3 3 3 3 3 3 3 3 3 3 wikas B | @
F[__xe 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3| S 4|
C X = X x x x x x x x x X x x x x x X
Offset £ g g o S g S g g g g g S g g g g g gz
for | 8 W12K19 ©
Mechanical W12X19 12 | :
ROOf W12X19 12 I‘I’ |
| !
3
®
- _ | -
<’ D } T W24X55 26 W21X44 26 W21X44 26 W2/ X44 wai W21X44 26 W21K44 26 W21X444 26 o 1 B
l“—"’/. — — — — — — — . — —
8-2" H|
- | |
7-8" Yl
ES5) . . . . . . S o ST .
|
( F \) — - - —~ - — — — - - %— - H -

Gateway
Buidling 2012

Level 3

Framing Plan

Project Number Project Number

Date Issue Date

Drawn By Author

Checked By Checker
S =] 5

Scale

4/26/2012 1:04:36 AM




Autodesk Revit

www.autodesk.com/revit

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

No. Description Date

P e 5 g8 7 N -~ = S N — 7
(1) (2) (3) (4 5 ) ( ( ¢ 8.2) (9) (0.7) (1
‘-___.f/ \xh_ __//‘ E \.__/ R S \m__/ g™ \x,___/' \\\ o o \x__/ g Mg
13
e
23'-0" 22'-Q" 22'-0" 22'-0" 22'-0" 22 -0" 22'-0" 19'-91/4" 2'-2 314" 23'-0"
. = =i et = ot i - i oo I et 'i e
( “\ N W24X55 26 n W21X44 26 ; W21X44 26 W21X44 . W21X44 W21X44 W21X44 26 ] W21X44 26 L W21X44 26
B -- | = - -
g
o 3 11'-0" 11'-0" 110" 11'-0" 11'-0" 11'-0" 11'-0" : 11'-0" |
.' > 1 |
o™
B - W12X19 12 | W12X19 12
offset | |
(fOI' )—'—— 34— — — = = . = - - = — = = 1 = — — — — — - =i = . = = =
Mechanical | || & |
Roof B o & ) 3 3 & & 3 3 P & & 3 3 S & | 3 3 o 3
g % N N X 3 3 3 3 3 3 3 X % 3 3 3 £ =
s 5, s s s S S g S g s S s S s S s 1S g s
o x |
S > |
WW12X19 12 | W12X19 12
E
iy |
~ |
> |
(/ B) W21X44 26 W24X76 26 " | W21X44 26 W21X44 26 1 W21X44 26 W21X44 26 W21X44 26 I W21X44 26 ! W21K44 26
' S WA2xa9 15— ] 11 L = n
— S
' | |
: 3.0 A S S~
e i 2 =) il
- N
W14X22 = W14X22 18 y  W14x2218 | W12%16 6 /
E Q ————————————————————— | | .E
= I /
N e ] @ =0 3 sl 3 - - 3 3 3 " . 2 2 2 s f
o & bl §l : ; g 5 g 2 g g g o - il gl bl 8 X
g s = s S © oH © S s g S 3 s = S ol 2| = W12X19
W14X22 W14X22 18 ¢ Wi14x2218 L |W12%16 6 AN
I " W14X22 22 L i B & = n;
W12X19 12
3 . N | W12X16 9 & e
& > o ) S
’6“\ W21X44 26 [ y  W21X4426 W21X44 26 W21X44 26 i W21X44 26 W21}44 26 W21Xl44 26 W21X44 26 = W31X44 26 ~
U 1 i T m 10" -3 1A
R ® =
S X — 5 ”
© = & | F
WI12X19 12 =
W18X35 26
' &
| 8 \::1 o B o & % 3 3 3 3 3 3 3 3 3 3 3 -
c s 3 % 2 2 3 g % 2 X 2 X 2 X g % g X Lk
s . s s & g s S g s S S g g S S s s S . ®2
Offset 3 5] -
~ g wi12x19 ©
( for ) o ) § ‘ :
Mechanical W1pX19 12 §
i 1
ROOf ) W12X19 1:%©
T
5 - /
o} ]
(,.f[;\,\ I W24X55 W2(|X44 | W21jx44 | W21X44 )i W2/{{x44 . w21x44 ) W21 X44 I WH1X44 | W2({X44 o | |
TN : /} ==l u = T =TF — TF 1 £ = — E = = —] = [;' =
ol —— - — — e — o — - : f———- - - — - e ,—,———e,ee— —- :
\‘-__
| |
‘e - B - B - B B B B L B | B - B - B - N N N N L . B
BT
|
IF
/f
(E.S/\‘ - - — e e — — - b = = = = 3 = = - = _ = = = = = + I— -

C

1) LEVEL 4 FRAMING

Gateway
Buidling 2012

Level 4
Framing Plan

~/ 178" = 10"

Project Number Project Number

Date Issue Date

Drawn By Author
Checked By Checker
S ] 6

Scale

4/26/2012 1:04:54 AM



Autodesk Revit

www.autodesk.com/revit

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

No.

Description

Date

Offset - =, == 2
4
(for 2 ) ) (8)  (82) (9) (9.7) (1
. - N \\__F_/_. Ne o N
Mechanical
Roof
23 - 0" 22'- 0" 22'-0" 22 -0 22'-0" 23-0
-t i - ’ - ' -
(/R N W21X44 | W21X44 W21X44 W21X44 W21X44 | W31X44 1 W21X44 |
oL
| |
iy |
o o 10" 11'-0" 10" 11'-0" . 7-8 7-8 7-8"
B 12X19 6 L Al Bt - [ - —— =
% nd m
offset | - I
( \ wio | 5 W10X22
vecnanical |3 | Dk | ok | o I | : _ : e
eCI; al}lca 2X40 W12§19 W12X19 < " . 4
00 G0 - B 3 3 3 3 3 3 3 3 3 3 3 3 W o3 | wowt
— — - - — = - - - - - = g — | — bt bt - =
g g g g g wizxte & wizxte £ wizxie £ S S wi2xte £ wizxte g wizxte £ wi2x1e £ wi2xig g gl o g g g g
. s
~ : |
P =
> y |
—— K W12X40
%\ W12X19 W12X19 W12X19 W12X19 W12X19 W12X19 W12X19 W12X19 '
| hoxz2
: W12x19 W12X19 W12X19 Coc
g l |
o™~ |
o > W10X15 w13{x15
A W21X44 w21X44 W21X44 w2 1 ! 0= W21X44
(B} et 0 : i
i s — | | |
. ) C8X11.5 3 - 434"
5 D ||| 5 %
=} > - g < = o
" 8 8 shall = 5 8
= > S| v - 3¢
12X19 6-112"| 5-71/2" 7-3 W12X16 e
— ot - %lE 3
W12)26 W10X15 W10X15 W10X15 W10X15 W10X15 W10X15 W10X15 W10X15
8 8 & & o o 3 8 8 3 3 8 8 8 8 3 8 § 3 8
3 3 S &t 2 2 3 B S 3 3 B 3 3 s & s s B g
— — | = | W8X28 o WGEAZS = - - — — — - - - - - - I — — W12X4H g
2 S S T2 = e —=t 2 S S s 2 s S S 3 2 S 2 (| . 1 S
& - » . _ 3
12X19 o = 1 . 2 . o x16 |3 i
= -|lE = = — g W12X19 g ) ~
| | 2 s | © | W12X40
: o 2|
. X X o T g
b oo " 9 " I 9 "
T-d = 7-4 S| 7.4 4 §
fé“‘\ W21X44 0 w2ixdd | W21X44 W2 W2(|x44 w21x4% | 3
U I - Il | I 343
2 o Foxi2 2 2 g -
S (Ed % S | f— _y [ Wizxeo
» = 2 | = |FWi2xao
wyizxie W10X15 W10X15 W10X15 W10X15 W10X15 W10X15 W10X15 W10X15 wioxis | W10X15 W10X19 W10X15 ||
C I W12X40
C.2 R e e e e T - . - - — - -
e ﬁ | If I
: | W10X15 wiox1e || wiox19 |
[+, — = = —— — =
W12X40
gl woos| 3|3 3 3 3 3 3 3 3 3 3 3 3 3 3 T ] R
~— W12x¢|0‘_ - - - bl - - - - — — ¢ e - = - - - T
C £ S g 03 2 E g g g S g S g S g s 3 g 3 S .
o
ff = |
Offset ~ ' W12X40
( for ) - Il
Mechanical Vy12X19 %l |
L] |
Roof . 2 1408 11%-0°
&
i |
o South |
o > | |
' D \ W21X44 1 ] W21{X44 W2({Xd4 w2gxe4 W24x84 W21X44 W21X44
/’_““‘\\1 /’ = == o I = B T
PA— = S s N — - - - - BN R [ S ———
S
B | I
(E ) _ _ - _ _ -~ _ _ _ _ _ _ _ _ _ -~ _ |
Nl
I I
(.

7 ROOF FRAMING

Gateway
Buidling 2012

Roof Framing

Plan

118" = 10"

Project Number Project Number

Date Issue Date

Drawn By Author

Checked By Checker
S.7

Scale

4/26/2012 1:05:13 AM



WY Z€-CL:C ¢L0T/ocly

| - e e o
o oL ol
® -— O | Cc X
) © £ 0353
v > O D \g”
s AN - =
® € c
_k S 9
; & O) O
&
N ; 2 = .
i 5 c = &
e =) % el
© Q - — O
O : © @
2 O S n,
= w
mm&e = mm%e t— m%%e E— m&me — M%ﬁe = £ 2
> 80e5.7 B o5.7 E-oE.T Eoc5.F Boo8.T 2| 2%
o I o 1 o T O T o 1 . =z m o]
SB328T S33EFT 33388 §33£8% 833885 S af . 3
p 3 le =3 o
S |m |8 |c O
o OO o w
o0& 0|8 o & 0|8 |8 z
Z|lo T2« "2l “Zlo TZ |« WL o
HE P HE HE P o
oxw _M T % T VY JWw (B pur T m %L .,4..
A" ﬁ”
% ey
%Y %Y
|||||||||||||||||||||| IT||||||||||||||||||||.I||||||||||_ mm
_ o
0 m’
ﬂlmmv GA*_.W\
%Y Y
[ [+2]
|||||||||||||||||||||| e e e e O
bES %9
ﬁ\ @@
|||||||||||||||||||||| +|||||||||||||||||||||||||||||||
-l’ @
Hy e
%Y Y
I~
|||||||||||||||||||||| e 1 e e A e e, A
& %
nv_$ I@$ s £ g £ s =
© o8 <@ | QS olE o z
llllllllllllllllllllll B e e e A e e e e ) W2 o SE | v TZ | SZ| o SZ |« =5
mm i~ VW & WW 2 WW & Wm i WW R
Fu | o “ir |8 Y| s Y W%\\.W il 415
& £
) y e, -
%Y Y % 53
|||||||||||||||||||||| S I Iy e e © 20
o mmnwn
|6 ]
Nat et nmJ
& he] 4
s s B
L £, £
%Y . %Y . %Y -
||||||||||||||||||||||||||||||||||||||||||||||||||||| L] [+1]
o w
&V <& %
b 5
£, £, £,
Y . Y ) Y 5
o w
&f %m ﬁf
% % _ % | 9
1111111111111111111111 T e T e § | &
| o Fll 55
w
& % e
m&\ Lm@ 4 a@a -
||||||||||||||||||||||| e —— & &
w
% % _ % .
IIIIIIIIIIIIIIIIIIIIII o e e i e e e e e i i e e e e e i | ] - e e e e e e e e o | e e e i e ] 9
| o 2
% % <
o) T %
||||||||||||||||||||||||||||||||||||||||||||||||||||| o .
—+ & o
Nl O ap.-
s s >
% % %, 3
llllllllllllllllllllll e s P g e s P © 7 e
i) w
& £ &
e T s
% % L = y
|||||||||||||||||||||| e e e e e e e I I e 7 ]
o t
)
Nat Fat \Aﬁ
% % @@
& & % -
|||||||||||||||||||||| 4 — — — ———— ] 2 -
(a]
& S %
%y, i ,
Y Y Y
0 -
|||||||||||||||||||||| T 2 e T
T % T G
% % % % o .
|||||||||||||||||||||| = — —— e R A S i D e e 2 [l e 3
& S & %
Hy ey %y e "
%Y Y %Y Y o
............................ ST sy —————————— e —— 2 - 7 2
% % % %
S S S
% % | % 2 &
1111111111111111111111 e e e B 2 T e e e e RE:
<5 %9 bt 59
, Yy “ wmv\,.“ =, i?
ol ~
IIIIIIIIIIIIIIIIIIIIII T ——————————————————— @ A
T % B %
& “ <& & Y &
|||||||||||||||||||||| o= ——=———————————j-F=———=———=—=——=—14 e Q@
< (a]
<5 %9 ik 59
ey e 7 %y ey &
Y % , %Y Y >
wn
IIIIIIIIIIIIIIIIIIIIII T —————_—————————————————————— A
Y “ <& Y Y i
[+
|||||||||||||||||||||| B e A I 3 7 3
% 9 it %9
=, % \ ", % “
I~ ™
[ 2 . == s sy S e e e e e e e e e e 3
B % e, T
(3]
[ 2 S B R R ] A
% < & £
ey Ty a %y ey
Y % , %Y %
© oy
_ < | T a}
S =N N -
% % Y ¥ &
_ 3 =8
S ¥
\Aw \\.v |, % -
|||||||||||||||||||||| ———————————————————————————— @ =
y: o
m
%
£ O lc*“.-
L o % Y
%y “y s % "
||||||||||||||||||||||||||||||||||||||||||||||||||| o e
= ) 53
. % 2%, S
,,m.m . Bl T o
Y “y <& £ % a
o™
IIIIIIIIIIIIIIIIIIIIII e ol e Mmool e et et e nn Ws
E &
B2 o
)
Olz
o
o |B 1k g B Ak 1k 2 " o |B o B o |B o 5% 1k 2 "
L2 |° SZ |+ “E | € |o g% s.|5 g8 LE|° SE | “E|w SZ & “E|< s.l5 |g5
9% |& 22 |4 B2 s 2215 23 s CEITE 93 | 23 | a B2 e S Juity 82 & 98| |33
X | o 4|3 il 4K |8 4 |9 a4 |5 oS el S 48 4|5 s Lr 2 a4 | $ oS

@




© ®

— v S - o e e e e e e e Y s e e e e e e e e e e e e e e e e e e e e e e e S s e e e e s e e e e

—

T ] 4
o W W W e W W . P . .

'\.;—\.i—\.i-—\..ir—\.ni":i—'.'i—'-g-: _

ROOF FRAMIMNG

47 - 012"

_LEYEL 4 FRAMING

552 412"
LRMER

WEC HA RIC &L
T530 - 07 @

ARNME X ROOF

FRAMING
TEM o0t @

: = B | By B I I T = : d e 3
tnn‘nnnnﬂgﬂ.' n%hnﬂnn."nnnnnnnnnnnnnnnnnnn.l"\..l"\.nnnnnnnn.l"\..l"\..l"\.nnnnnnﬂﬁﬁﬁnnnn‘m—\n!—u—\nnﬂnn
e L

AN

LEVEL 3 FRAMING
= RN @

ﬂ l l 5D3I-D1J‘2"
| / \
I | LEYEL 1
: : b @é\-nnnnnnntﬂ.‘n.H\..-:\.r:nnn-;ﬂ.nr:.H\..--f'.r‘\l:.l-';\..l":\.n.l'\.nn.H\.-\.H\..H\.nr:nnnfw.“-‘-\nnnn‘-—xnnr:.nnhnf—'xni—t;ml‘h—-.;l\i—h - — - : : : : _489I'D" “\'?J
| 1 7
-+ = LE*EL 1 FRA
- 438" - 4 172"
_ _ _ 20 o gt e _BASEMEMT LEYEL
77 -
AN o e
o - 4| :.: -'"_. 2 = " - o - -_-

Section 1

@

114" =10"

Autodesk Revit

ey autod esk comirewit

Consultant
Addreszs
Address
Phone
Fax

e-mail

Consultant
Address
Address
Phone
Fax

e-mail

Conzultant
Address
Address
Phone
Fax

e-mail

Consultant
Addreszs
Address
Phone
Fax

e-mail

Conzultant
Address
Address
Phone
Fax

e-mail

No. Description Date

Gateway
Buidling 2012

| ateral Braced
Section

Project Number Project Number

Date Issue Date

Drawn By Author

Checked By Checker
n

Zcale

42602012 12:38:32 A




Project #: GFS-1202

Appendix S: Cast-in-Place Concrete Structural Drawings

210



2!1

111

12"

0

2/11/2011 1:46:06 PM

P:\PROJ\2009\29067.00 - Gateway Park Lot 3 - Worcester\Structural\Revit\29067 - Gateway Park Lot.rvt

GENERAL NOTES:

1.— All work shall conform to the requirements of the State Building Code of the
Commonwealth of Massachusetts, Eighth edition.

2.— The Contractor shall verify all dimensions and conditions in the field prior to
commencing work. Where dimensions and elevations of existing construction could
affect the new construction, it is the Contractor's responsibility to make field
measurements in time for their incorporation in the Shop Drawings. The Architect
and Engineer shall be notified of any discrepancies that may exist.

3.— See architectural drawings for floor elevations, slopes, locations of depressed
floor areas, and floor openings. The Contractor shall compare the structural
drawings with the architectural drawings and report any discrepancy to the
Architect and Engineer prior to construction.

4.— Principal openings through the framing are shown on these drawings. The General
Contractor shall examine the structural, architectural and mechanical drawings for
the required openings and shall verify size and location of all openings with the
Mechanical Contractor. Providing all openings required by the Mechanical, Electrical,
or Plumbing trades shall be a part of the General Contract, whether or not shown
in the structural drawings. Any deviation from the openings shown on the structural
drawings shall be brought to the Engineer's attention for review.

5.— Furnish and place all supports, temporary and permanent, whether shoring, bracing,
needling, underpinning, or sheet piling, necessary to brace existing walls or framing
to remain, so that no horizontal or vertical settlement occurs to the existing
structures. Temporary supports shall be maintained in place until permanent
supports are installed. Design of these supports shall be by a registered Structural
Engineer in the project state in the employ of the Contractor.

6.— Alternate connection details may be approved if such details are submitted to the
Engineer for review and acceptance is granted. However, the Engineer shall be
the sole judge of acceptability and the Contractor’s bid shall anticipate the use
of those specific details shown on the drawings. The Contractor shall retain a
registered Structural Engineer to be responsible for the design of any alternate
details which he proposes.

7.— Work not indicated on a part of the drawings but reasonably implied to be
similar to that shown at corresponding places, shall be included in the
Contractor’s work.

8.— The Contractor shall be completely responsible for the safety of adjacent
structures, property, his workmen, and the public, as affected by the construction
of this project.

9.— All Contractors are required to examine the drawings and specifications carefully,
visit the site and fully inform themselves as to all existing conditions and
limitations, prior to agreeing to perform the work. Failure to visit the site and
familiarize themselves with the existing conditions and limitations will in no way
relieve the Contractor from furnishing any materials or performing any work in
accordance with drawings and specifications without additional cost to the Owner.

10.— Structural drawings may represent construction with a reference scale. Due to the
inherent process of drawing development and presentation not all work may be shown
"exact’ in that scale. Do not "scale’ drawings to obtain any missing information or to
interpret any information not specifically dimensioned for "exact” detailing or construction
purposes.

FOUNDATIONS:

1.— The foundation design is based on recommendations contained in the Geotechnical
Report by Maguire Group Inc. dated November 2009. This report is available
to bidding Contractors for their information, however their attention is directed to
the limitations of the report described therein.

2.— Al footings shall be carried down to soil having minimum bearing capacity of
3.0 tons per square foot at street level and 1.5 tons per square foot at basement
level. Elevations if given, are the bottom of the footings, are minimum depths,
and are not to be construed as limiting in any way the depth of excavation
required to reach good bearing.

3.— In general, exterior construction shall be carried down to @ minimum of 4 feet
below finished exterior grade or the lowest slab level.

4.— No foundations shall be placed in water or on frozen ground.

5.— All footing excavations are to be finished by hand, unless otherwise directed by
the Geotechnical Engineer.

6.— All finished foundation excavations shall be inspected and approved by the
Architect or his designate before any concrete is placed.

7.— Unless otherwise noted, all footings and pilasters shall be centered under
supported members.

8.— Dowels from foundations into piers, columns, buttresses, or walls above shall be
the same size and number as vertical reinforcement in piers, columns, buttresses,
or walls above, except as otherwise shown on the drawings.

9.— Carefully follow the requirements of the specifications for back fill under or
adjacent to any portion of the building.

10.— Where foundation elements are to have fill on both sides, each side shall be
filled simultaneously, maintaining a common elevation.

11.— Coordinate under floor drain requirements with architectural and mechanical
drawings and the requirements of the Geotechnical Engineer.

12.— Contractor shall provide continuous control of surface and underground water as
required during construction such that the work is done in the dry. However, the
Contractor shall insure that ground water levels under adjacent structures are not
lowered by his construction techniques. Additionally, if so directed by notes in the
plans, the Contractor will continue to maintain a condition of no hydrostatic
pressure until sufficient building weight is in place to prevent flotation of any
part of the structure.

13.— Building walls retaining earth rely on the completed floor slabs for lateral
support. If required by the construction sequence, the Contractor shall temporarily
brace all building walls against which back fill is to be placed until all floor slabs
supporting the walls are in place and have attained at least 75% of their specified
design strength. Design of temporary braces shall be by a registered structural
engineer in the employ of the Contractor.

CONCRETE:

1.— All concrete work shall conform to the 2002 edition of the ACI Building Code
Requirements for Reinforced Concrete (ACl 318) and the Commonwealth of
Massachusetts State Building Code. In case of conflict, the State Building
Code shall govern.

2.— All concrete shall be controlled concrete, mixed and placed under the super—
vision of an approved concrete testing agency.

3.— For locations listed below, concrete shall be normal weight concrete with sand
and gravel aggregate, Type | or Type Il Portland Cement and a minimum
compressive strength (f'c) in 28 days as follows:

Footings and piers. . . . .. .. ... ..... . 4000 psi
Foundation tie beams. . . . . . . .. ... ... .4000 psi
Walls. . . . .. .. . . ... 4000 psi
Slabs on grade. . . . . .. ... ... ..... . 4000 psi
All other foundation concrete. . . . . .. .. .. . 3000 psi
Fill concrete. . . . .. . ... ... ...... . 3000 psi
Mudmats. . . ... ... ... ... ...... .2000 psi
Steel member encasement. . . . . . . .. .. ... 3000 psi
Slabs on metal deck . . . . . . .. ... ... .. See note 5

4.— Al concrete exposed to the weather or possible freeze/thaw action shall contain
an air entrainment admixture. See specifications for air content.

5.— Concrete floor slabs on metal deck shall have normal weight or lightweight coarse
aggregate, Type | or Type Il Portland Cement and 4000 psi Compressive strength
(f'c) in 28 days.

6.— The steel framing has been designed as unshored construction, and the plans
may show cambering of some structural members to counteract some of the
system deflection under the weight of concrete as it is placed. Due consideration
should be given to camber tolerance and erection tolerance in providing for
the thickness of concrete necessary to obtain the specified finish floor elevations.
The final slab thickness shall not be less than called for on plans. Contractor
is to provide the additional concrete required to compensate for deflection of
unshored beams and deck and to produce a slab level within tolerance and with
a slab thickness at least the thickness specified in all locations.

7.— All concrete shall be placed without horizontal construction joints, except where
specifically noted. Vertical construction joints and stops in shored concrete work
shall be made at midspan. Horizontal reinforcement shall be continuous through
vertical construction joints.

8.— Construction joint locations other than shown on the drawings are permitted
subject to prior approval of the Engineer. Expansion joint and control joint
locations are mandatory as shown. Contractor shall submit drawings showing
intended placing sequences and locations of construction joints to the Engineer
for approval. At poured in place walls, Construction joints shall be located so
as to provide a 60'—0" maximum horizontal length of concrete placement in
any direction.

9.— Unless otherwise shown on drawings, slabs on grade shall be cast in alternating
strips, one (1) column bay wide. Adjacent sections shall be placed no sooner
than three days apart. Alternatively, slab on grade areas may be poured in as
large an area as can be handled provided that saw cut joints are cut as soon
as the concrete will support a man’s weight without permanent deformation
and the joint process does not dislodge aggregates.

10.— Grout under column base plates and under other bearing plates shall be non—
shrink, nonmetallic grout with @ minimum compressive strength of 5000 psi
at 3 days.

11.— Pipes or conduits placed in slabs on grade shall not be placed closer than 3
diameters on centers and shall have an outside diameter less than 1/3 of the
slab thickness and be positioned so that they do not interfere with slab
reinforcement. Aluminum conduits shall not be placed in concrete. No conduits
or pipes shall be placed in composite slabs on metal deck.

12.— All keys shall be 2° x 4" (nominal) unless otherwise shown on the drawings.

13.— Concrete cast on sloped surfaces shall begin at the lowest elevation and
continue monolithically toward the higher elevations until the intended pour is
completed.

14.— No concrete shall be cast before review and approval of the reinforcing and
embedded items have been obtained from the Architect, or his designated
representative.

15.— All exposed edges of concrete members shall be chamfered 3/4" unless shown
otherwise on architectural drawings.

16.— Concrete must reach the following percentages of its 28—day compressive
strength (f'c) before forms or shores may be removed:

Walls and beam sides. . . . . . . 20%
Floor systems. . . . . ... .. . 85%

17.— Refer to architectural drawings for concrete finishes. Where finish is not
specified, conform to requirements of ACl 301 — "Specifications for Structural
Concrete for Buildings.”

18.— See architectural drawings for door and window openings, drips, washes,
reglets, concrete finishes, masonry anchors, and for miscellaneous embedded
plates, bolts, anchors, angles, etc.

19.— The placement of sleeves, outlet boxes, box—outs, anchors, etc., for the
mechanical, electrical and plumbing trades is the responsibility of the trade
involved. However, any box—outs not covered by typical details in the structural
drawings shall be submitted for approval.

20. At sawcutting of existing concrete, including slabs on grade, no overcut at corners
is allowed. All corners shall have a core hole of sufficient diameter made prior to
cutting at adjacent sides to prevent cut beyond the required dimension.

REINFORCING:

1.— Al concrete reinforcing bars less than #11 shall conform to ASTM A615, Grade 60,
except where noted. All concrete reinforcing bars #11 and greater shall conform to
ASTM A615, Grade 75. All reinforcing bars to be welded shall conform to ASTM A706.
Reinforcing bars may not be welded without prior approval of the Structural Engineer.

2.— Al welded wire fabric (W.W.F.) shall conform to ASTM 185.(Fy=65 KSI min.) W.W.F.
shall be provided in flat sheets. The following W.W.F. shall be used for areas specified
below unless otherwise shown on the drawings. ie: WW.F. designations where shown
on the plans supersede these shown below:

Slab on grade: . . . . . . . .. 6x6 — W2.9 x W2.9

Slab on metal deck:. . . . . .6x6 — W2.1 x W2.1

Around structural members. . .4x4 — W1.4 x W1.4, plus 1-#5
encased in concrete: spacer bar each corner

In middle of concrete. . . . . . 2x2 - W14 x W14
fill for stairs:

Note: Fibermesh at 1 1/2#/cu. yd. may be substituted for WWF in stairs.

3.— Reinforcement shall be continuous through all construction joints unless otherwise
noted on drawings.

4.— Detailing of concrete reinforcement and accessories shall be in accordance with
ACl 315 - "Manual of Standard Practice for Detailing Reinforced Concrete
Structures,” latest edition.

5.— Provide and schedule with the shop drawings, all necessary accessories to hold
reinforcing securely in position.
Minimum requirements shall be:

High chairs. . . . . . ... 4'-0" on center
Slab bolsters. . . . . . .. 4'-0" on center
Support bars for high chairs No. 5

6.— All continuous reinforcement shall have a minimum lap as required for a Class
B splice (AC1 318) unless noted otherwise.

7.— All laps in WW.F. shall be one mesh plus two inches at splices.

8.— Concrete protection for reinforcement including W.W.F. shall be provided as
follows unless otherwise shown on the drawings:

a. Surfaces cast against earth. . .3 inches

b. Formed surfaces exposed to earth or weather
6 through #18 bars. . . . . .2 inches
5 bars and smaller. .1 1/2 inches

c. Formed surfaces not exposed to earth or weather
Slabs, walls, joists

#11 bar and smaller. . . . . .3/4 inch

#14 and #18 bar. . . . . . .1 1/2 inches

Beams, columns. . . . . . . .1 1/2 inches
d. Slabs on grade

(from top of slab). . . . . . .1 1/2 inches
e. Slabs on metal deck

Top. . . ... ... ... .3/4 inch

Bottom. . . ... ....... 3/4 inch

Maximum deviation from these requirements shall be +1/4 inch for sections 10
inches thick or less; and £1/2 inch for sections over 10 inches thick. See
ACl 318-95, section 7.7.1 for conditions not listed.

9.— All hooks shown on drawings shall be standard hooks unless noted otherwise.

10.— Where continuous bars are called for, they shall run continuously around corners
and be lapped at necessary splices, or hooked at discontinuous ends. Lap
lengths shall be as given in the splice and development table. Lap beam top
bars at mid-span and beam bottom bars at supports, unless otherwise noted.

11.— Provide additional reinforcing at the sides and corners of all openings in concrete
in accordance with the typical details. Minimum additional reinforcing shall be as
follows:

(2) - #5 top and bottom in slabs
(2) - #5 each face in walls
(2) - #5 x 40" long diagonally each corner of opening

Extend bars a minimum of 2'—0" beyond opening, hook where extension is
not possible.

12.— In beams, where stirrups are not specified for the whole beam length, or for
any part thereof, provide #3 [ spaced at (beam depth -2")/2, or 24" maximum.

13.— Provide for a minimum of 1-#5 stirrup support bar at each stirrup bend where
primary bars do not exist.

14.— In beams over 18" deep provide continuous #4 bars on the side faces with a spacing of

not more than 12" on center.

15.— Primary top & bottom horizontal reinforcing in beams and girders shall be detailed to be

placed in one layer unless shown or noted otherwise on the drawings.

16.— All beam "stirrups” or “ties” shall be continuous closed type [ 7 unless otherwise
noted on the drawings.

REINFORCED MASONRY:

1.— All masonry work shall conform to the “Building Code Requirements of Masonry
Structures” (ACl 530-05/ASCE 5-02) And (ACI 530.1-05/ASCE 6-02).

2.— The compressive strength of the masonry, f'm, shall be at least 1500 psi. Unless
otherwise approved by the Structural Engineer on the basis of prism testing the
components of the masonry shall have compressive strengths as given below:

3.— All concrete masonry units (CMU) shall conform to ASTM C90, grade N-1,
with an individual compressive strength of 2400 psi

4.— Mortar for block wall construction shall be Type M or S conforming to ASTM
C270.

5.— Grout for piers and block walls shall conform to ASTM C476 with a minimum
compressive strength of 2000 psi determined in accordance with the provisions
of ASTM C1019.

6.— Reinforcing bars shall conform to ASTM A615, Grade 60, except bars to be welded
shall conform to ASTM A706.

7.— Wire for joint reinforcing shall conform to ASTM AB2, yield point = 70 ksi (min.).

8.-

10.-

.-
12.-

13.-

14—

15—

16.—

1.-

2.-

10.-

.-
12.-

13.-

Unless noted otherwise provide the following minimum reinforcing:

VERTICAL

6" and 8 CMU

<8 High 8'-12" High >12" High
#4024 #4037 #5@48"
10" and 12° CMU

<8 High 8-12" High >12' High
4024" $#5@32" 4#6@32"
HORIZONTAL

6" and 8 CMU

#9 Dur—o-wal Ladur (2-W1.7 wires)

016 o.c.

10" and 12" CMU
3/16" Dur—o—wal Ladur (2-W1.7 wires)
@16"o.c.

Provide bond beams with 2—#5 continuous, at [the top of foundation walls and]
the top of parapets, at each floor level, and where shown on the drawings.

Unless noted otherwise on plans, provide the following additional vertical reinforcement

in the cell immediately adjacent to each side of a masonry opening and in the cell

of discontinuous walls. These bars are to extend full height of the wall or in the case

of masonry openings at multi—story walls, from story to level above to story level
below the opening.

6" and 8 CMU Walls — 2—#5
10" and 12" CMU Walls — 2—-#6

Extend additional reinforcement a minimum of 36 bar diameters beyond the opening.

The minimum length of lap for reinforcing bars embedded in grout is 48 bar
diameters, unless shown otherwise on the drawings.

Place reinforcing bars before grouting. Place grout in lifts not exceeding 5 feet.
Consolidate each lift by mechanical vibration. The next lift of the pour may be
made after the initial water loss and reconsolidation of the prior lift, while it is
still plastic.

Properly secure reinforcing bars to maintain the positions indicated on the drawings.
Bars to be located in center of cells unless otherwise noted.

Al CMU shall be braced during construction for the governing code lateral design
loads until permanent restraints have been installed.

The following steps are to be followed when laying masonry in the temperatures
stated below:

40 — 37 F (mean daily air temperature)

Heat mixing water or aggregate to 70" F.
Protect masonry from rain or snow for 24 hours.

32 - 20° F, mean daily air temperature

Heat mixing water and aggregate to 70° F.

Provide wind breaks for wind velocity in excess of 15 m.p.h.
Cover masonry with insulating blankets for 24 hours and
provide heat sources on both sides of masonry construction.

Below 20° F, mean daily air temperature

Heat mixing water and aggregate to 70° F.

Provide enclosures and heat to maintain 40° minimum temperature.
Temperature of masonry units must be 40° F minimum when laid.
Maintain masonry above 40" F for 24 hours by enclosures and
supplemental heat.

STRUCTURAL STEEL:

Structural steel design conforms to “Load and Resistance Factor Design Specification
for Structural Steel Buildings” (AISC, Third Edition).

Structural steel rolled shapes, plates, and bars shall conform to the following
ASTM designations:

ASTM A-572, Grade 50. . . . . Al W shapes, unless noted otherwise

or A992

ASTM A-36. . . . ... ... . All other rolled shapes, plates and bars unless noted
unless noted otherwise

ASTM A-500, Grade B. . . . . . HSS sections (square, rectangular)

ASTM A-500, Grade C. . . . . . HSS sections (round)

ASTM A-53, Grade B. . . . . . Pipe

ASTM A-325, Type SC or N. . . All bolts for connecting structural members
ASTM F-1554. . . . . . . . .. All anchor bolts, unless noted otherwise

Shop painting of structural steel is not required unless otherwise noted.
Add/Alternate: Provide 1 coat of standard shop primer to all interior steel
except at beam flanges receiving shear studs and steel receiving spray
fireproofing around stairs, shafts, elevators, and in the annex.

Filler beams shall be spaced equally between established dimensions, unless noted
otherwise.

The concrete slabs and/or non—composite steel decks are part of the stability system
for a completed structure. The Contractor shall provide temporary erection bracing to
maintain structural steel in proper position until permanently secured. Remove temporary

bracing and their connections only after erection of permanent members is complete

and all concrete slabs have been placed and cured and non—composite steel decks are

properly fastened. A completed structure has its boundary’s defined by the building
exterior and/or interior expansion joints where they exist between building segments.

Shear connectors shall be 3/4" diameter headed studs, field applied, with a
nominal shear strength of 26.1 kips per connector. The number of shear connectors
is indicated in brackets by each beam. More than one number in a bracket
indicates groups of shear connectors to be placed between connection points of
intersecting beams. Substitution of shear connectors with nominal strength less than

given above, or a placement which results in a reduction factor by formulas I3—1 or
I3-2, AISC manual (Third Edition) if approved, will require an adjustment in the number

of shear connectors to maintain the same total shear transfer capacity and will be at

the Contractor’s expense.

All composite beams, using concrete slab as compression flange, are designed
for strength assuming unshored construction, unless otherwise noted.

Provide an upward beam camber at the mid span between supports where indicated
thus: +c= 1 1/2°, if specified on drawings. Camber is to be provided by mill
rolling or shop fabrication, or a combination of each. Contractor is to note that
the structural steel beams have been cambered in an effort to limit extra concrete
placement due to the deflection of the structural steel beams and girders. However,
the amount of actual camber for each structural steel member may vary due to
mill or shop tolerance and beams with computed initial deflections of no more
than 3/4" are not cambered at all. Therefore, the Contractor may not assume that
the cambers indicated eliminate the need for extra concrete placement.

Shop connections unless otherwise noted, shall be made by welding, or by using
snug tight 3/4°¢ high strength bolts, minimum.

All shop and field welds shall be made by certified welders, and shall conform to
"Structural Welding Code — Steel” (AWS D1.1 2000).

Electrodes for all field and shop welding shall conform to AWS E-70 Series.

Bolted field connections shall be made with 3/4" diameter A325 bolts, minimum,
unless otherwise noted.

A325 bolts installed with the bolt tension (pre—tensioned) specified in Table J3.1 of

the AISC LRFD Third Edition Specification, shall be used for the following connections.

Column splices

Connections of beams and girders to columns

Bolted moment connections

Bracing members

Hangers

Connections noted as Type SC on the design drawings

Connections of beams and girders to columns in brace frames

Connections ¢, d, e, f, and g shall be designed as "slip critical’ connections.

semeanoe

% Al other A325 bolts may be pre—tensioned as defined by AISC.
* All other A325 bolts shall not be pre—tensioned but shall be installed to the snug

14—

tight condition as defined by AISC.

Connections shown on these drawings are generally schematic. They are intended
to define the spatial relationship of the framed members and show a feasible
method of making the connection. Any connection that is not shown or is not
completely detailed on the structural drawings shall be designed by a registered
professional Engineer, retained by the fabricator. Details and connections may be
designed to conform to AISC Manuals Third Edition — LRFD or Ninth

Edition — ASD. Completely detailed means the following information is

shown on the shop detail drawings:

a. Al plate dimensions and grade.
b. Al weld sizes, lengths, pitches and returns.
c. Al hole sizes and spacings.
d

Number and type of bolts: where bolts are shown but no number is given,
the connection has not been completely detailed.

e.  Where partial information is given, it shall be the minimum requirement for
the connection.

f.  Method of design.

15.-
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Al rectangular hss members to be orientated long side vertical u.n.o.

Details and connections completely detailed in the Contract Drawings may not be
altered without written approval by the Engineer. Where approved, altered connections
shall be completely detailed by the fabricator's engineer clearly on the shop drawings.

Alterations of schematic connection details may impact architectural concept and
shall not be made without prior written approval of the Engineer.

Minimum connection plate thickness shall be 3/8", unless otherwise indicated in
the Contract Drawings.

Unless otherwise noted, beam to beam connections and beam to column connections
shall be double angle (t=5/16") framed beam connections shop welded per Table 10-2,
AISC Manual Third Edition — LRFD) using weld A, or shop bolted using Table 10-1 and
using 3/4" diameter A325-N bolts in standard or horizontally slotted holes for the

field connection. The number of rows of bolts, n, shall be in accordance with the
following table. Table applies to composite and non—composite beams.

Beam Size n Shear Design Strength (kips)
W8x10, W10x12. . . . . . . . .. .. .. ... .2 .. ... ... 185
W8x13, 15, W10x15. . . . . . . . . .. .. .. .2 X
W8x18, 21, 24, W10x17, 19, 22, 26. . . . . .. .2 . . ... .. . 269
W8 >28,WI0>30. ............. .2 ... .. ... 348
Wi2x14, 16. . . . . . . . . ... ... ... .. 3. ...... . 330
W14 < 30, W12x19, 22, 26, 30. . . . . . . . . B T [ V2
W12x35, 40, 45 W14x34, 38, 43, 48. . . . .. .3 . . ... .. . 521
Wi2 > 50 W14 >53. . ... ... ... .. .3 . ... ... . 830
W16x26, 31. . . . . . . .. . ... ... 4 . . ... ... 600
W16x36, 40 W18x35, Wi8x40. . . . . . . . . . . 4 . ... ... .79
W16 > 45, W1Bx46, 50, 55. . . . . . . . . .. .4 . ... ... . 842
W18 > 60, W21 < 62, W24x55. . . . . . . .. .S oL 01067
W21 > 68, W24x62, 68, 76. . . . . . . . . .. .9 oL 1265
W24 > 84, W27x84. . . . . . . .. ... ... .6 . ... . 151.8
W27 > 94, W30x90, 99. . . . . . .. ... ... 7 . ... . 195.0
W30 > 108. . . . . . .. ... 8 . ..... . 230.0
W33. . . . .9 . . 260.0
W36. . . . . . . 0 . .. ... . 290.0
W40 . . . L . 319.0

Where the Fabricator proposes an alternate connection, it shall have at least the

shear capacity indicated in the above table. Where reactions are indicated in the

drawings (example: R=85k) they supersede the table above and the Fabricator

shall provide a connection with a capacity at least equal to the reaction indicated.

Seated beam connections will not be allowed unless the seat is used for erection
purposes only. For other beam shapes (S, C, MC) provide a two bolt connection

unless otherwise shown on the drawings. Where reactions are posted, they have

been factored per State Building Code of Commonwealth of Massachusetts, Seventh Edition.

“Load and Resistance Factor Design Specifications for Steel Hollow Structural Sections” (2000).

Unless otherwise noted, all connections at HSS sections shall be designed and detailed

in accordance with the AISC "Load and Resistance factor design specifications for steel hollow
structural sections” (2000).

Moment connection details on the drawings must be consistent with Note 21. Typical

moment connection details allow for 3 options:

Beam to column moment connections that are part of the lateral force resisting system shall be
FyZ. Connection shall be detailed in accordance with chapter 11
Ordinary Moment Frames of AI%C 341-02). The connection shear strength shall meet or exceed

designated for 1.1RyMy= 1.1R

values shown on structural steel note 19, unless noted otherwise.

The connection at the ends of tension or compression members shall develop the force due to the
design load, but not less than 100% of the tension strength of the member where no design load is
posted. Design forces, if posted, have been factored in accordance with the Governing Building Code
and no stress increase is permitted. Tension strength of member = 0.9Fy x Ag, except for braces
that are of the seismic load resisting system. These brace connections shall be designed for the
expected tensile strength = RyFyAg. When design force is based on tension capacity of member, load

is to be applied as a tension or compression force.

Splicing of structural members where not detailed on the drawings is prohibited
without prior approval of the Structural Engineer.

Provide welded stiffener plates on both sides of the web of beams at points of
concentrated loads including beams supporting columns or running over the tops
of columns or other beams. Minimum stiffener plate thickness shall be 5/8" or
flange thickness of column above or below, whichever is greater.

Screed plates, pour stops and slab supports at slab openings, at slab edges and
supports for metal deck around columns shall be furnished by the contractor as
required to complete the work.

Cuts, holes, coping, etc. required for work of other trades shall be shown on the
shop drawings and made in the shop. Cuts or burning of holes in structural
steel members in the field will not be permitted, unless specifically approved in
each case by the Structural Engineer.

Unless otherwise detailed in the drawings, provide galvanized loose steel angle lintels
over all openings in masonry walls, as follows. Lintels shall have a minimum of &
bearing on each side of opening. Steel angles in pairs shall be plug welded or
bolted at 2'—0" o.c. or stitch welded top and bottom at 1'-0" o.c.

For each 4" of wall thickness

L4 x 3 1/2 x 5/16 for spans less than 5'-0"

L5 x 3 1/2 x 5/16 for spans greater than 5°-0" to 7'-0"
L6 x 3 1/2 x 3/8 for spans greater than 7'-0" to 9'-("
L6 x 3 1/2 x 1/2 for spans greater than 9'-0" to 12'-0"

For each 6" of wall thickness

L6 x 6 x 5/16 for spans to 7'-0"
L6 x 6 x 3/8 for spans greater than 7'-0" to 9'-0"
L6 x 6 x 1/2 for spans greater than 9’-0" to 12'-0"

All structural steel directly supporting a concrete floor slab shall have shear studs
spaced longitudinally at no more than 24”o.c. unless otherwise noted.

All HSS shapes except diagonal bracing members (round, square rectangular, etc.)
are to have a 1/4" cap plate at all exposed ends. Cap plates to be seal welded
all around, u.n.o.

All weld sizes not shown in details herein shall be the minimum required size based
on thickness of thicker part as per AISC, Tables J2.3 & J2.4. Exception:

At member splices, welds or bolts shall develop full strength of the member or
components being connected.

All around welds indicated herein shall be discontinuous at the flange tips of
open sections.

Al structural steel, including baseplates and tops of anchor bolts, to be encased in
concrete are to be coated with with an approved coal tar epoxy. 16 mils minimum thickness.

Any alteration made by the detailer on the structural steel shop drawings to schematic
or completely detailed connections shown on the contract drawings must be clearly
identified by clouding or by direct note on the shop drawing by the detailer prior to
submission to the engineer.

Any member sizes shown on the plans, and currently listed in the AISC Manual

of Steel Construction, Latest Edition, which are not currently available must be brought

to the Architect and Structural Engineers attention prior to award of steel contract. No

claim for additional cost will be accepted after the award, for member/built up member
substitutions for these sizes.

The submerged arc welding process may be substituted for welding together plate girder
sections. Fabricator to submit equivalent weld sizes to be used in lieu of the requirements
specified herein.

COMPOSITE METAL FLOOR DECK

Design of composite metal floor deck shall be governed by the "Specifications for
the Design of Cold Formed Steel Structural Members,” by the American Iron and
Steel Institute (AISI) and conform to the design and loading requirements of the
Steel Deck Institute (SDI).

Metal deck shall be manufactured from galvanized steel conforming to
ASTM A653, grade 33 or higher. Galvanizing shall conform to the
requirements of ASTM A653, coating class G30.

3" composite metal floor deck shall have a minimum ratio of width to depth
(W/H) of 2.0. The metal deck shall be adequate to support the dead load of

the concrete slabs indicated on the drawings and 20 Ibs/sq. ft. of construction
live load without shoring. The deflection of the deck for concrete weight shall not
be greater than 1/180th of the span or 3/4", whichever is smaller. The composite
floor deck supplied shall be capable of supporting the design loads given in these
drawings, and have section properties per foot of width of approximately:

3 inch x 20 gauge deck (0.0358")

Lo 0.953 inches*
S (Positive). . . . . ... ...... 0.548 inches®
S (Negative). . . .. ....... .0.577 inches®

3 inch x 18 gauge deck (0.0474")

Lo 1.261 inches*
S EPositive) .............. 0.793 inches®
S (Negative). . . .. ....... .0.790 inches®

Fasten metal floor deck by prequalified methods at all supports with 3/4" diameter

fusion welds or welded (sy;ud shear connectors spaced not more than 12" o.c.
Fasten side laps @ 3'-0" on—center or mid—span, whichever is less.

Fabricate deck units in lengths to span three or more support spacings, where
possible.

Coordinate size and location of floor openings with architectural and mechanical
drawings. See typical details for supplemental framing.

METAL ROOF DECK:

1.— Design of metal roof deck and accessories shall be governed by the "Specifications for the

Design of Cold Formed Steel Structural Members,” by the American Iron and Steel
Institute (AISI) and conform to the design and loading requirements of the "Steel
Deck Institute” (SDI).

2.— Metal roof deck shall be rolled of steel sheet, galvanized and conforming to

3.~ Unless otherwise shown on the drawings, fasten metal roof deck by prequdlified methods at all

4-
5.—
6.-

ASTM A653 Grade 33 or higher, coating class G60 [or painted and conforming to
ASTM A1008]. The metal roof deck supplied shall be capable of supporting the
design loads given in these drawings and have section properties per foot of
width of approximately:

3 inch Type N x 20 gauge deck (0.0358")
Lo 0.790 inches*

S gPositive) .............. 0.470 inches®

S (Negative). . . ... ...... .0.510 inches®
3 inch Type N x 18 gauge deck (0.0474")

Lo 1.140 inches*

S gPositive) .............. 0.650 inches®

S (Negative). . . ... ...... .0.700 inches®

1 1/2 inch Type B x 20 gauge deck (0.0358")

L 0.200 inches*
S (Positive). . . . . ... ...... 0.230 inches®
S (Negative). . . ... ...... .0.230 inches®

1 1/2 inch Type B x 18 gauge deck (0.0474")

Lo 0.290 inches*
S gPositive) .............. 0.320 inches®
S (Negative). . . ... ...... .0.320 inches®

supports with 5/8" diameter fusion welds in every rib at end laps, every other rib at
intermediate supports and at every rib or 6" o.c. at all supports within 15'=0" of building
periphery, braces, openings. Fasten side laps at 2'—6" maximum o.c. or mid—span,
whichever is less.

Fabricate deck units in lengths to span three or more support spacings, where possible.
Fabricate roof deck to lap ends a minimum 2 inches.

Coordinate size and location of roof openings with architectural and mechanical drawings.
See typical details for supplemental framing.

Do not suspend pipes, ducts, or conduit from roof deck.

LIGHT GAGE STEEL FRAMING

Light gage steel framing is to be supplied with engineering and detailing by the
supplier. See specification Section 05400.

Information in these drawings regarding light gage steel framing is only to set
conditions important to the appearance of the finished building, to identify where
structural loadings from the light gage steel framing will be delivered to the building
structure, or to specify the structural interaction between the light gage steel framing
and the building structure.

DESIGN LOADS:

Uniformly Distributed Floor Live Loads:

Offices/Lab. . . . . . . . .. ... ..... 100 psf
Corridors above 1st floor. . . . . . .. .. .100 psf
First Floor. . . . ... .. .. ...... .150 psf
Slab on grade. . . . . .. ... ... .. .150 psf
Storage ﬁight). .............. 125 psf
Storage (heavy). . . . . . .. ... ... .. 250 psf
Stairs. . . .. ... .100 psf
Mechanical areas. . . . . . . ... .. .. .150 psf*
Elevator machine room. . . . .. . .. .. .150 psf*
Sidewalks (intentional or accidental. . . . . .250 psf

vehicular traffic)

* or actual equipment weights where greater

Roof Live Load:
Minimum roof live load=20 psf

Roof Snow Load:

Ground snow load, pg=55 psf

Flat roof snow load, pr =0.7Ce Ct Is pg =38.5psf

Snow exposure factor, Ce=1.0.

Thermal factor, C; =1.0.

Snow load importance factor, Is=1.0

Snow drift conditions in accordance with Section 1608.0

Concentrated Live Loads:

Floors have been designed to support the uniformly distributed live loads
prescribed in (1) above, or the following concentrated loads, whichever produces
the greater stress.

Location Concentrated Load

Elevator machine room 300 Ibs.
gratings (on 2.0 inches square)

Floor areas and roofs with concrete 2000 Ibs.
(on 30 inches square)

Hatches, skylight ribs, and 200 Ibs.
accessible ceilings
(on 1.0 inch square)

Stair treads (on 2.0 inches square) 300 Ibs.

Roofs w/o0 concrete 200 Ibs.
(on 6 inches square)

All concentrated loads above have been assumed to be non—concurrent with
uniform live loads.

Live Load Reduction:

For design live loads of 100 psf or less: Except for places of public assembly,
floors of passenger car garages, and roofs, a structural member having a tributary
area of K Ar that is greater than 400 square feet, may be designated for a
reduced live load, L, as follows.

L = L (0.25+15A/Kw At), where

Lo= basic design live load
Ar= loaded area tributary to the member, square feet.

Ku= live load element factor as follows:
Ku= 4 for interior columns and exterior columns without cantilever slabs
Kyu= 3 for edge columns with cantilever slabs
Ku= 2 for corner columns with cantilever slabs, edge beams without cantilever
slabs, and interior beams
Ku= 1 for all others

L shall not be less than 0.50L for members supporting one floor and not less than 0.40L, for
members supporting two or more floors.

Places of public assembly, passenger car garages, and design live loads greater than 100 psf:

for members supporting load from more than one floor may be designed for a reduced live
load equal to 0.80L,but shall not be less than L as calculated above.

Wind Loads:

Basic Wind Speed (3-Second gust) = 100 mph.
Wind Importance factor, I, = 1.0
Wind Exposure = B

Design wind pressures for main wind force resisting in accordance with ASCE-02 Section 6.5.12.2
Design wind pressures on components and cladding in accordance with ASCE-02 Section 6.5.12.4

Earthquake Loads:

Seismic importance factor, Ir = 1.0

Seismic Use Group = I.

Spectral response acceleration at short periods, % = 0.24

Spectral response acceleration at 1-second period, S1 = 0.067

Site class D.

Design spectral response acceleration at short periods, Sds = 0.256

Design spectral response acceleration at 1-second period, Sdy= 0.107

Seismic design category = B.

Basic Seismic force resisting system = Steel braced frames not specifically detailed
for seismic resistance — (X—direction)

= Steel moment frames not specifically detailed

for seismic resistance — (Y—direction)

422k (X-direction)
282k (Y—direction)
Seismic response coefficient, G; = 0.0500 (X—direction)
= 0.0333 (Y—direction)
Response Modification Coefficient = 3.0 (X direction)
= 3.0 (Y direction)
Analysis procedure = Equivalent Lateral force.

Seismic Base Shear
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