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Executive Summary

1100 Broadway is a 20-story office building located in the Bay Area of Oakland, California. It contains 310,000
square feet of office space and 10,000 square feet of retail space at the ground level. The project is currently in
the design development phase and construction is scheduled to begin in June of 2010. The gravity system is
composite metal deck supported by composite steel beams and the lateral system is composed of steel moment
and concentric braced frames.

For technical assignment two a structural study and comparison of four floor systems was performed. The current
floor system, composite metal deck on composite steel beams, was redesigned for a typical bay of 1100 Broadway
along with three alternative systems. The other options include longspan steel joists, a two-way post-tensioned
concrete slab, and precast hollow-core concrete planks. The systems were compared based on depth, weight, cost,
deflection, and constructability to determine their potential for use in 1100 Broadway.

The steel composite system is easy to construct, somewhat expensive compared to the other systems and is limited
by deflections. Total depth of the system is 30.25"”. The longspan steel joists system depth totals 27". It’s the
lightest system, average cost but is also limited by deflections. The hollow-core concrete plank system supported
by steel beams is 36" deep, very heavy and would be difficult to erect for the 20-story building.

After analyzing and comparing the four alternative floor systems it was determined that the most feasible option
for 1100 Broadway is the two-way post-tensioned concrete slab. It allowed the total floor system depth to be
reduced from 30.25" to only 9”. Although the system is costly and heavy the potential savings due to reduced floor
to floor height and possibly overall building height could outweigh the negatives. Further investigation of the

post-tension system should follow including considering a one-way slab system.
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Introduction

Building Overview

1100 Broadway is a 20-story tower primarily used for offices but also provides shopping and entertainment at the
ground level. Its architecture combines a new high-rise tower with the adaptive re-use of the Key System
Building facade which houses a smaller portion of the building. The Key System Building is a 37,000 square foot
historic office building which was damaged in the 1989 Loma Prieta earthquake and has remained vacant ever
since. It is now a National Historic Landmark and its facade is incorporated into the design of the first eight
floors of 1100 Broadway. Sustainability was a primary concern in the design of 1100 Broadway. It aims to
achieve a LEED Gold rating by incorporating many green features into its design. It takes advantage of the
opportunity to utilize Transit Oriented Development (TOD) due to its location directly above the 12th Street/City
Center BART public transportation station. It features photovoltaic solar panels on the tower roof, a green roof
on the Key System Building portion, and a rainwater collection, filtration and reuse system. The building envelope
is comprised of high performance glass from floor to roof with large curtain walls on two of the four elevations.
The high performance glass is "tuned" depending on which side of the building it's on: At the south and west
facades, which receive more direct sun, the glass is slightly darker, at the north and east facades the glass is
slightly clearer.

Existing Structural System

Typical office floors are 3V4" light weight concrete fill on a 3" 18 gage Verco W3 Formlock composite steel deck
for a total thickness of 614"”. Composite steel beams support the deck. Columns supporting the composite deck
are standard structural steel wide flange sections. Mechanical areas are similar to the typical office floors with
the exception of normal weight concrete fill in place of the lightweight fill on composite metal deck. The roof
system on the tower portion of the structure consists of the same composite steel deck system as the typical office
floors.

Wind and earthquake forces are resisted by a dual system composed of Steel Special Concentric Braced Frames
located around and across the building core and Special Moment Resisting Frames (SMRF) at the building
perimeter. Braces are wide flange members with welded connections. Diagonal bracing member sizes range
from W12x96 to W14x132. Member sizes of the moment resisting frames range from W24x94 to W24x207.
Lateral forces are distributed to the SMRF at the perimeter of the building and the loads are distributed to
surrounding members based on their relative stiffnesses with a higher percentage of the load being distributed to
the stiffer members.

The main tower of the building is supported by 110 ton, 14”’-square, driven prestressed precast concrete piles
beneath a reinforced concrete mat foundation. The structure utilizes 117 existing 14" square piles and requires
334 new 70’-0" long prestressed concrete piles. The concrete mat slab is 5-9” thick with #11 bars spaced at 12"
0.C. each way on both faces. The remaining portion of the foundation is a 9" thick reinforced concrete slab with
#5 bars spaced at 12" 0.C. Framing within Key System portion of the structure is supported by 6’-0" square
spread footings.
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Floor Systems: Overview

A36'x31’ exterior bay typical of levels 10 - roof was analyzed and redesigned as the following types of floor
systems:

1. Steel Composite (Current System)

2. Longspan Steel Joists

3. Two-Way Post-Tensioned Concrete Slab
4. Precast Hollow-Core Concrete Plank

The four systems were evaluated on depth, weight, cost, deflection control, constructability and fireproofiing and
compared with the current steel composite system to determine if they were feasible for use in 1100 Broadway.
See Figure 1 on page 4 for the typical floor plan indicating the bay analyzed for redesign.

A summary of the advantages and disadvantages of each system is provided after each alternative design. For this
assignment only gravity loads were required for calculations, including a superimposed dead load and a live load.
The self-weight of each system varies. See Table 1 below for design loads used for this assignment.

IBC 2006 was referenced for fire safety and required horizontal assembles for 1100 Broadway to meet a 2-hour

fire-resistance rating. A Live load deflection criterion of L/360 and a total load deflection criterion of L/240 were
considered in the design of the floor systems.

Table 1: Loads used in design of floor systems

Loads used in design
Superimposed dead load for MEP, finishes, misc. 20 psf
Live load for corridors above first floor (ASCE 7-05) 80 psf*

* ASCE 7-05 requires a minimum live load of 100 psf for lobbies and first floor corridors and a live load
of 80 psf for corridors above the first floor. Typical floors are open office plans with no designated
corridors and therefore a live load of 80 psf was used in calculations in lieu of the 50 psf office load to
be conservative since partition layout in the offices are subject to change.
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Typical Framing Plan

Figure 1

Typical Framing Plan for Levels 10 - Roof. The typical bay

highlighted in red will be analyzed for the 4 different floor

systems. North
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Floor Systems: Steel Composite

1100 Broadway’s current floor system is composite metal deck supported by composite steel heams. The assembly consists of a 3", 18
gage, W3 Verco Formlok deck with 3 14" lightweight concrete topping for a total slab depth of 6 ¥4”. A check was performed on the
current design of the W24x55 girder supporting the east end of the beams with 31 evenly spaced shear studs to verify that the available
flexural strength of the composite system could be achieved between the points of zero and maximum moment which is between the
supports and location of beams framing in. The current design is sufficient and the maximum moment does not exceed the available
flexural strength of the composite system.

Using the composite deck properties and the loads from Table 1 the supporting composite members were redesigned. A redesign of the
current system was necessary to serve as a reference for the alternative systems to compare with. The systems can now be directly
compared because they were designed using all of the same loads and assumptions. Deflection due to the total load was the controlling
design parameter for the beams and girders. The redesign consists of W21x55 beams with 24 evenly spaced shear studs. A W24x55 girder
supports the east ends of the beams and the west ends of the beams are supported by a W24x84 girder. The shear studs are concentrated
in the 10.33 feet on each end of the girders in order to achieve the full strength of the system at the points of maximum moment where
the beams frame into the girder. The minimum required shear studs are evenly spaced in the middle 10.33 feet of the girder.

The redesigned members are slightly smaller than those called out in the current design except for the W24x55 girder on the east end
which is the same. The placement of shear studs along the redesigned members is more efficient because the current design calls for
uniformly placed studs causing more studs to be placed on the center portion of the girder than are required. This is usually typical of
members with a uniformly distributed load versus two point loads. A comparison of the current design and the redesign can be seen below
in Figures 2 and 3 respectively.

The 6.25" slab/deck depth with 24" deep supporting composite members gives a total system depth of 30.25”. For system properties see
Table 2 below. The assembly meets the required 2-hour fire rating and does not require additional fireproofing on the deck but the
supporting composite steel members will require fireproofing. No changes to the lateral system are necessary.

Table 2
Steel composite system properties
Deck 3", 18 gage, W3 Verco Formlok deck

Slab depth  |6.25"

Total depth |30.25"

Concrete lightweight, 115 pcf, f'c=3000 psi
Shear Studs |3/4" diameter, 5" length

Figure 2 Figure 3
Existing framing for the typical bay Redesign of composite beams for the typical bay
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Floor Systems: Steel Composite

A brief summary of the advantages and disadvantages of the steel composite system as the relate to 1100
Broadway are listed below. A comparison of all four systems can be found at the end of the report.

Advantages :
Depth: 30.25"
Weight: 58.8 psf - deck and slab assembly (48.8 psf) + steel framing (10 psf)
Cost: $32 per square foot
Constructability: Simple and easy system to construct
Lateral System: No changes to current lateral system

Disadvantages:
Fireproofing: Required fireproofing on supporting beams can be expensive and time consuming
Deflection: Deflection due to total load controlled design of supporting members

Conclusion for use in 1100 Broadway: High feasibility
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Floor Systems: Longspan Steel Joists

Longspan steel joists were considered as alternative floor system for 1100 Broadway. The deck and slab were
designed referencing the United Steel Deck Design Manual and the joists were designed referencing the CMC
Joist and Deck Catalog. A 1” UFX1 form deck with a 3” lightweight concrete topping was chosen for the
deck/slab system. Joists are evenly spaced at 5.17’ over the 31’ length and span 36’ in the East/West direction.
See Table 3 below for system properties. 24LHO8 joists provide the most economical design but 20LHQ9 joists
may be used if there are restrictions on the floor depth. The 24" depth of the joists with a 3” thick deck/slab
system amount to a total system depth of 27”. A W24x76 beam will support the west end of the joists and a
W21x55 beam will support the East end of the joists. See figure 4 below for the framing layout. The supporting
beams were sized to meet industry accepted values for deflection and the joist tables from the CMC Joist and
Deck Catalog were designed for the joists to meet deflection limits. The slab/deck assembly meets the required
2-hour fire rating but spray applied fire resistive materials (SAFRM) must be applied to the steel joists in order
for the total floor system to meet the 2-hour fire rating. Changing 1100 Broadway’s floor system to longspan steel
joists would not have any significant impact on the lateral system. The current system of steel moment and braced

frames could remain as the lateral system with the longspan steel joist floor system.

Figure 4
Table 3 241 HO08 steel joist design for the 36'x31 typical bay spaced
24LHO08 joist system properties at5.17’0.C.
Joist depth 24"
Deck/Slab depth [3" 24LHO8
Total depth 27" I"-H
Joist weight 18 plf
24LH08
241 HO8
Ye) N
> 24LHO8 2
S R
= =
24LHO8
24LH08

SONJA HINISH - 1100 BROADWAY



Page 8

Sonja Hinish October 24, 2008

Structural Option Advisor: Dr. Hanagan
1100 Broadway, Oakland, CA Technical Report 2

Floor Systems: Longspan Steel Joists

A brief summary of the advantages and disadvantages of the longspan steel joist system are listed below.

Advantages:
Weight: 31 psf - deck (1.5psf) + slab (24 psf) + joists (0.5psf) + steel framing (5 psf)
Cost: $26 per square foot
Lateral: No changes to the lateral system required

Disadvantages:

Depth: 27"

Fireproofing: Required fireproofing steel joists and supporting beams can be expensive and time
consuming

Deflection: Supporting beam sizes increased due to deflection

Vibrations: Relatively high

Conclusion for use in 1100 Broadway: Low feasibility
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Floor Systems: Two-Way Post-Tensioned Concrete Slab

A Two-way post-tensioned concrete slab was considered as an alternative floor system. For simplicity in the
preliminary analysis the post-tensioning tendons were only designed in one direction. The design features a 9”
thick normal weight concrete slab with 1/2” diameter banded tendons. See Table 4 for system properties. The
banded tendons were designed in the East/West direction across the 36’ span and run across the column lines.
Twenty-two banded tendons are required to adequately stress the slab. The effective prestress force of the 22
tendons is approximately 585 kips. To avoid overstressing the slab fewer tendons were used than originally
designed and additional mild steel reinforcing may be required. Twelve #4 steel reinforcing bars are required at
the first interior support where the moment is largest and four #4 bars are required at the exterior support. See
Figure 5 for a section of the system. The uniform tendons will span the North/South direction but were not
designed in this analysis. Deflections were not calculated due to the complexity of hand calculations and lack of
software capable of post-tension design but are normally minimal in post-tensioned systems. The slab meets the
cover requirements from IBC 2006 to acquire a 2-hour fire rating and no additional fireproofing is required. See
Figure 6 below for the layout of the post-tensioned system. Switching to a post-tensioned slab will require
changes to the lateral system. The post-tensioned slab will be able to handle a portion of the lateral forces but
shear walls or concrete moment frames will be needed for additional resistance to the lateral loads. Locations of
openings in the post-tensioned slab are critical. Unlike openings in a typical mild steel reinforced slab, cutting
through a tendon could cause the entire post-tensioned floor slab to fail.

Table 4 Figure 6
Post-tensioned slab system properties Tendon layout for typical bay ,itorm tendons
Total depth 9"
Concrete f'c=5000 psi, f'ci=3000 psi ” . [
- - tendons < T T
Banded Tendons |unbonded, 1/2" diameter, 7-wire strand — e
Figure 5
Post-tensioned concrete slab section
-
(12) #8 bars (4) #8 bars [~
—H—1
\ J—\_I/ banded tendon proﬁle-/
VR S Ve
22 tendons < E

uniform tendons
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Floor Systems: Two-Way Post-Tensioned Concrete Slab

A brief summary of advantages and disadvantages of the two-way post-tensioned concrete slab system are listed

below.
Advantages :
Depth: 9"
Vibrations: Very limited
Cost: $24 per square foot
Deflection: Not calculated but kept to a minimum in post-tensioned design
Fireproofing: None Required

Disadvantages:

Constructability: Difficult to properly place and stress tendons. Opening locations are critical.
Weight: 115 psf
Lateral: Post-tensioned slab will require an alternate lateral system of either concrete

moment frames or shear walls.

Conclusion for use in 1100 Broadway: High feasibility
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Floor Systems: Precast Hollow-Core Concrete Plank

A precast hollow-core concrete plank system was the final floor system considered for 1100 Broadway. Concrete
plank size was determined using the 6th Edition of PCI Handbook. A 4’-0” x 10” normal weight concrete plank
with 2" topping was chosen for the design. See Figure 7 for a section view of the plank and Table 5 for system
properties. Nine hollow-core planks fit within the 36’ span. Steel beams to support the planks were designed using
AISC 13th Edition Manual of Steel Construction. The beam supporting the north end of the planks is a W24x176
while the beam supporting the south end is a W24x146. For the plank layout and beam locations for the typical
bay see Figure 8 below. The total system depth including the steel beams is 36" which exceeds the composite
system depth by more than one foot. The precast concrete planks consider deflection in their design and meet
fireproofing requirements for a 2-hour fire rating. The supporting beams also meet deflection requirements but
will require SAFRM to achieve a 2-hour fire rating. The hollow-core concrete planks will be capable of resisting a
significant portion of the lateral load. Steel moment frames or concrete moment frames are options for lateral
systems. Locations of openings in the planks are critical and can be costly to perform. Engineering approval
should be obtained before cutting any openings. The openings can be core drilled or cut with a concrete saw but
should be cut only after the planks have been erected. Erection of the hollow-core plank system may be costly for
the 20-story height.

Table 5
Hollow-core concrete plank system properties
Concrete topping 2" normal weight Figure 8
Plank width 4'-0" Hollow-core plank layout for typical 36’x31’ bay
Plank depth 10"
Plank+topping weight  |370 plf — W24x176
Plank concrete normal weight, f'c=5000 psi | | I I I I | I I
Beam depth 24" I I I : : : | : :
Total depth 36" : : | | | | : | |
| | I I I I | I I
Figure 7 | | I I I I | I I
Hollow-core concrete plank section : : I I I I : I I
. | | I I I I | I I
| e i R N A (R T E (R
| | I I I I | I I
;rOO()(}(), 1o Lo
. : : - : ’l | | I I I I | I I
1: | | | | I | | | |
| | I I I I | I I
f. = 5,000 psi ILI I | | | | I | | T
W24x146
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Floor Systems: Precast Hollow-Core Concrete Plank

A brief summary of advantages and disadvantages of the precast hollow-core concrete plank system are listed

below.
Advantages :
Cost: $24 per square foot
Deflection: Precast hollow-core planks were designed for deflections
Fireproofing: None Required
Lateral: Concrete planks will handle a portion of the lateral load but steel or concrete

moment frames will also be necessary

Disadvantages:

Depth: 36"
Weight: 105 psf
Constructability: Location of openings are critical and may be costly to perform

Conclusion for use in 1100 Broadway: Low feasibility
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Comparison and Conclusion

Comparison:

A comparison of the floor systems as they relate to 1100 Broadway can be seen below in Table 6.

Table 6
System Comparison

Steel Composite Steel Joists Post-Tensioned Slab Hollow-Core Plank
System Depth (in.) 30.25 27 9 36
Weight (psf) 58.8 31 115 105
Cost (per sq. ft.) $32.00 $26.00 $24.00 $24.00
Deflections Medium High Low Low
Constructability High Medium Low Low
Fireproofing Supporting Beams [Supporting Beams |Not required Not required

|Feasibility |High |Low High Low
Potential for more
in depth investigation Yes No Yes No

Conclusion:

The two-way post-tensioned concrete slab is the best alternative floor system studied for 1100 Broadway. The
post-tensioning of the system makes it possible to reduce the total floor depth from 30.25" with the composite
system to 9”. Post-tensioned slab systems are capable of achieving relatively shallow depths for long spans which
was exemplified in the redesign of the 36’ span. With the reduction in floor depth comes the potential for
reduction in the overall height of the building due to the decreased floor to floor height. This potentially makes the
post-tensioned design a very economical alternative for 1100 Broadway. Deflections are also limited with
post-tensioned design due to the upward force exerted by the tendons.

The main disadvantages of the system are its heavy weight, low constructability, and location of openings being
critical. The increased weight of the system will likely impact the foundations and will require further evaluation.
Placing the tendons and concrete so that the tendons follow the appropriate profile can sometimes be difficult and
properly stressing the tendons can also be challenging.

The post-tensioned system will require an alternative lateral system. The post-tensioned slab will be able to resist
a portion of the lateral load but either concrete moment frames or shear walls will also be necessary to resist the
lateral loads.

SONJA HINISH - 1100 BROADWAY
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Appendix A: Steel Composite
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in Yhe  firsh /0,33 Jhere will be 0 evenly Spaced ShJs.

10 stds # 1T by = (M = 2Qn

——

0

o skds. Wads,  [Dshds.
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Appendix A: Steel Composite

Hand Calculation: Check current design of girder supporting East end of beams

| |
—y {

h betf = 943"
%”ﬂq. Lo (eckt runs@) £ 3e)  begge i (7 =205
Be= beg &) (Y
= ‘(;(_ c
~ z ‘:]‘;’;‘(_(ol?,g) 5‘?0.(:?(\':3 = ¢
= 5F,25mE . 21
CC, = DI%S ";HC, Ac_ ;
= 0.85 (3 Ka'..)(ﬁ%i,l":‘i@ St S0xeMI¥F & lWC{Z.?,i’-:\yci
= quZ.Z [ Vc' %lou- = 5
‘T, = Fy As C4=Vg = 2Qn = V11¥ controls and
# = 50 Kst ( \(pzl\\) Vs! % gicder i5
= 10 K pa(—ho.,ll_b)
com\oo‘a\-’re
oz 26~ . julk - @09
G‘SS-F'g'beﬂ: o 3‘5(3'&5-.)(."(3\5
Ap = kg bp
= 0,505 (7.0))
Area. oF Steel i Compre..ss'mn'.
Poe= To=Co | S0 -1TE . (.34 ) 3.5Y"=A¢
2 2 (5D Y—S\)
) Fj NP‘ “w n We.b
X= Pse = ey s @3 =35 L p st = 102
+ w/ D . 3?5" g1
P
a-owimk-ccsir"‘
(L= 111K = 3SHF
C, .= L5 = 285
236
T, =¥ ‘[
+ Wy g :
P
T s ke "L-Z:?")— 95%(05'35/:.)—zss(T‘Mi/zﬂazSW)‘r%w(“""”')
M= 9904 nk
B = 0.7( 301 ia-R=9M36n 0w~ 69F 4ok,
dMp = 098 Sk Y YB3 Bk = Hu .

&5 Ju"/%-'cfélbg‘ E

o Corrant d“fj% |
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Appendix A: Steel Composite

Hand Calculation: Design of supporting beams

Redﬁé}jn of currnd Composite  System.

For Deek/Slab  Progecties  tefegnee Uniteol Stee| Deek Des)jn mef
for beapr cfeﬁy?»\, Reference  13M Editian AlSe Sted ﬂlanuoue |

b_
A T Deckssiad & |3 gage 3" metal Deck ;
3 M L}ght,ue} ht CoY\C.SML‘;
We1. G psF < b psf = UBTERS,
/ 210" Sl Dead > 20 p3F |
a 0, - go psf.

{/ E@I‘o.'&f _ wa =110 + 1.6L

H%—I 4 =12 (L% ?’ps-f)i—lfa(ﬂﬂé

i

. v o= 210 . SG (w":
Desigr of  composite beams

Sppovting  comppsite deck s Moy wnshoveod Span= |2, 26’
] j m-@re he,ed thms :
Wu;-— LI~ ) pS'C (IO, 33 @k) i 3"‘ Po,n‘rs of 7(,)&.“
. = 2“?5 p%—' fﬂ), — ac)
- 2l = 1030 spreiny.
o N - .
My - %g 2 fz-mwrfs( 36 j/_éwz 5574 ft-t Degg=mm § oo = “i'i.

5;&543: fD,??'::i: 7y
Assvme a=1" |

“- - bl ‘F: ‘08”
Y 625"~ Y 25957 355" nsem, Fig%

Ty WIg %3 5 ¢ —
] JQCK runs
| fMmp= 249 k. pwpeaﬁudm
msS
dmpe = L)l #t-k san® |94 k. @ePNAC. c— ) "

cribs spaced @ (2"

(M hech PTSSWhP-Hm dht o=1.0"
o Moy # of Studs

o= 20w - Jau kK 7,'" (}" . Bl Ao this ,,mq’
o 35%L E@ o*a*s*(bum)(l()?) " pssmpin - Bl :.
Consecfative,

M-SRk £ Ak g,
. ok => sti|l need o choek deflecions,
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Appendix A: Steel Composite
Hand Calculation: Design of supporting beams

Daotermine & Shese shuds requiced,

~From Table 3-21 OE/CL pev pendicy lac) stong a%)s 4 shd pea cib
Le =3 Ksi 5 L-w. gdncrm j/l}, '45 Stuel s,

An = {7\ Shds tequred = 26~ - |94k . fzmg
| SN

1L shds each side of heam
= 20 bl £ 36 dak Wl G o eRA |

Lheek Deflection :
Deﬁ{ec;héf\ dwrmﬂ CmSWO-hom wnelea U)d' concvzia )oaﬁLZ

Wieekjcones = 68.%5 pst.  flssume. Consruchen Live locdk= &Ofs-f
W = [17 (655 e5€) + 1.6(20 psFﬂ*(!O.BB) = &Y plf

Mu = we 8% < JIEIBLDT _ j972 sei < puafek=-m,
o T

T Aconstruction Limik =17 fr Spars greaton than FoRet.
T (%35 = 50 '
A= Bwog L . B (05 8psE)(03346) (36 %)‘1 UT2%id) - 132"
M‘W %84 (19, 000,00)( s10)
ﬁm";l.?Z“ > bﬁlla‘r’ - Not joool‘ j
|
T reguiced $o Lisid defleckion do 17 '
Tagh = Suaeed L . 5 (658 psDl10.33 £ 36 A" (1295 2 9294
3*541 e B, Z¥Y(29,000, 000) ( 1") |

=7 Choose W2xS? T - 9B 7 Togg = WINY Lok .
PpMp= N> > 1928 -1, o, |

PMpc = 599 -k D 3524 5K = Mu-

2@]’\‘: M | 4 == Shear Studs fe%fa( = “

y = 1] shds each lee.E
7272 +wotdl (3@,{0!?,
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Appendix A: Steel Composite

Hand Calculation: Design of supporting beams

Checl Lve [pad Defteckion ‘ ‘

B DL '—_j_gk_f_.:_ti . 5( FO pst» 10,33 Fk) Lze&)“ 172 _ 162" _
5ol F__?:W(Z"lpoo,ooo)(ﬁ?‘{w“) |

Loy = A o BLente, 1,7 BL=toa" <127 % O%Y

3O 20 |

Cheel Jeflection dur Yo hfal lead |
Dy = 5wt L 5 (en % v0)(10,53)(3680 1 (128) _ 9. oy

I M| 334( 29, 000,00 O)( 98Y oy
Do = 4 - 3oz 0izee - 13"
240 240

DT = t°‘*>"3"7% = M"ﬁ""’d‘ :

Find new T'regol =

T- Swia¥ . 5 (68.5+90) (1.3 36 QY129 MERS:
—~ 231 EAT 284 ( 29,000,000 (].8") |

Choose W2{x55 - T, = uyo wm

QWp= y1dft-k > 191 f-K 3 ok,
dMe = 77 Ky BS2.Y4 -k - M o)k
S Rz 205 K. —>  reqd ¥ Swan Stee =283F | g stk

(7.0°  eadn sde.

E&wosa W2ix5S beams wiL 44 skeon Shd$
evenly dishibuted,
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Appendix A: Steel Composite

Hand Calculation: Design of girder supportlng East ends of beams

De ch\; of ano!bux \_’)um?euhm ﬁams

.

P 26-0" X Dot Loads on 3!('0'0/\.
__L”'QML___I ¢
+— L 7 Worct ts100+ 5= 5.8 psfy 40,33 . = 1710 m&
W2 x5S (zv) /’1 \ Wnaixss beam = S5 Mﬂ'
e s
Wil yss @4 _ 3 Fivwe = B0pst (10,33 )7 FLEY o6
W/ E
\/ Lo=l20+ 16018
ML er S— )

fo = {7»(%5 ‘7p!F)+ 1.L(F26 M ptF] [‘E'"

‘;’5" . o3k ) Puw = H0.2%.
oo Sy < <17 -9‘
-smCiﬂé ﬁ
i | Mo =4\ Y

7‘ a=1033

Stark with WZ\xSS  since beams frame “into qirden and 5‘?‘0'“”"’%
contlied the design, nt mu. ;

Assume o =" Y= 025 o2 595" > chovse Yo TS5 cansenn

HMp < 473 sk Checl Assumption A =1 |
) G . o3 &<l
chpé‘ G772 fe-L > Uil fe-k = Mu. A= fm 055D .‘C,Jlo): ,

For defiechion due 4 vek cmcrok durtng  Constuchion! |
Pm“@(ﬁ."( pf)le 4 e (20 ps»(;;p,aapt_)]w" ~ 22,5F i
Mu = fuso =225 K(p,33 feet) = 2 30,5 $t—K . "

= — 51‘ \C“:"K;_ = .
e = y1% fe-L > 1235, 5 ﬂhmﬂ'o)k
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1100 Broadway, Oakland, CA Technical Report 2

Appendix A: Steel Composite

Hand Calculation: Design of girder supporting East ends of beams
Awns. Limk =1" Yo  Spar~ =BlFe P 3o ft

. Tunx 55 = 1100wt fomdead toadz (765.7 pF)18 £6)/rec0
M. = PLZ - (2,959 (2180 (28) - 0.07" < 1" & 0K
3BE| 2% 19,000) 11 40inY)

Cheefr love  load thm',

Linla-' .:__ﬁ. = 3"‘"\‘2«‘/&& = ‘abS“ = br?\(.u"ﬁ- i
300 T340 | :

P13 (82608 B 00) (51 VY 28) < 0. 53"

75| 2%(29,000)( {140 in%)

AL :—0‘%’5“ <~. |(0?)u = '&manpc (f’ fo’-ﬂ__

Chock ole,gfec—ﬁoh Aue. +o +etd foad !
Lovory ;,%0-.%_».@% = 155
!

Y

Poesd = (T65,9 4326, wpea)(\% W Mooo (3157 (72D - 1,1,
— 2% (29,000)( Y0 m,“)

Bdead = 1" > 1,55 AW‘U)‘: AJD fjbio“

dﬂbanL Ire‘ﬁ) "

T = (2657 18240 (188100 o (518°L1728) = []77.2:0F
25 (24,000) ([ 55")

Choose WIY y55
G Mp = Bod - > 237,5 6% = mugg,

2&,.\'9 AOH K -

Shean Stvdp Ragd 1 Tabde 2-21, Dock Paallel 55 715 "8, Fe-5, e,
R = mh
f_-_& = Z_Qi\c: . on each 51de ve b Mu, "~

[ch 170" (6.85) .
hin 5(’“‘-3 inmd sechon = - min ¥ Slaly $icfress=50
. /-:"" : 3L™ —controls :

@ (D
wW24ixss
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Appendix A: Steel Composite

Hand Calculation: Design of girder supporting West end of beams

S 1 | ﬁ
Dtoi'jn of girden svppn'd:j (&t end of beams: ('(15 mﬁfafrf;;kba !

. Po?n’c' Londy ma},tra(h Fom  beams . CIThns's gy

= 120 +1.6( _ {
i -)l/’z(jq,g,‘? plF) + 1.6{3%06.Y pfFﬂx&j’ , ?
= nyk
M= Puroe = myK(10,33) = 1LY, s Fe-k
boff = Hanyy = ANy = 937

Asoume. =" . Yo 2l.25-Y; =55 o> (“}gigtg‘ conservaive .
Since deHeetion éwef Yo dead load has been. G@’}{ﬂ)ﬂr"ﬁ dQSfynJ
Lymx  wada reﬁ,ol Te, Mo =1.55"
Teegd - (Léﬂs{hfl&.mﬂii%/mo (31¢4)° (1728
2% (29,600)( .55 ") i
Tragd = 21N . Tryy WU Y x,, = 2% 1 ot |
= 340 Fe-K '
= ¢ﬂ1fc, = 170 &+ 7%%51“
in» = 209 K.

Wﬁd‘ﬂ due. do u-c)(‘ Cancﬁ@lu’c‘“}ff%
Cwmohan.
(02070659 pIF) + t.6C20psA00.33)( 33" = 1.3
””umw Rr o= YLK (1033 Feeb )= 427 frok
Muconst, = 42786k < G40 fo-k =@M 2 Ok
bCf.msé Limk = | "

Acong, = (105.7) (534 ) frooo (2150 122%) . 0.65" < | s 2K
25 (29,000)(2370 in?)

Live load Beflechon . Aumu = 2o 2EE = 03"

Ave = B206,4p6)336) oo (316> (1719) - 0.73"
2% (29,000) (2370 .wlj

. Npe = 0,237 -<A,.,,,, =le3" = ok .
Cheek Mumphsp thak o=("
a2 . 201k BACTN qsewnp‘hd‘r\. Trecorrecl:
. Orﬁpt’"‘ﬁ' 0:‘5’(5)({13‘ "é _ (ozs'_.lb/ 5 60".3) 5‘1‘; stk CJ&N
We&re, oK~
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Appendix A: Steel Composite

Hand Calculation: Design of girder supporting West end of beams

Determme & Sheon studs recbmreo( Takle 3-720 , Qecle parnﬂg_ﬁjf(;;‘sjg
/“é 5’f‘¥c){5 'PC B sl J_u_)c.me\c 1

B 20w _ 369 K - |9 stede eadh. 5)1de O = 1 ”4
VL | |
min. cemkinto cordia 5pqcin3 of studs mlanj mem e zbidgﬁ' j
CheclA ‘W\C‘i‘ 19 shhds  can e ‘-:(a(:yq“) %

ﬁ)lacecL i~ 10,33 fedk T _ 115”
/033 teek x Ringy = 125,76 =als . 1% shds
" /Lt / J}huﬁg Lii" .ﬂ\' |O.53£Qdi ;
il Mwy spacing @ md section of beam
= 3 “reek. D place Y studs in
mid  secHiaon,
(19) () ()
W 2yxsY ' i
—~ | |
A welx 55 L) T |
- .
Cx l S
= W x55 (2Y) ™
s 5
ﬂ Wl xs5 (L) =
of g
T)_' wZl rsS‘(Zl\) I
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Appendix A: Steel Composite

Tables from the United Steel Deck Design Manual

Table A.1
Maximum uniform live service load

3x12"DECK F =33ksi f'_ =3 ksi 115 pcf concrete
| o T T e e ———
L, Uniform Live Service Loads, psf *

Slab &Mn
Depth in.k 900 950 10.00 10.50 11.00 1150 12.00 1250 13.00 13.50 14.00 14.50 15.00

on [ TS (08 1oh
amemEs

2 (28 on L NS [

Table A2
Maximum unshored span

COMPOSITE PROPERTIES
Slab oM, " . S, k. oM, oV,  Max unshored spans, ft

3

Depth jnk in? 3fft2 in3 in# ink Ibs. 1span 2span 3span

1148 1361 1407 0.0}

179 7988 7170 1007 1216 1257 0.0]
301 198 8442 7510 988 1196 1236 00]
317 218 8903 7860 971 1177 1216 0.0
: 9839 8570 943 1142 1180 0.0}
368 286 10315 8930 933 1125 1162 09
385 311 10794 0300 923 11.09 1146 0.0]

11504 513 !
12072 538 0479
12640 563 0500
13776 613 0542
14344 639 0563
14042 666  0.583

|5\ BB
(=]
&
ho

Table A.3

Fire Rating
e gty 1 Ui 3 alW u BLLFTO,LFZLFCZEESEFTI
|t D1 | N 4%NW | BLBLCLF15LFC1.LF2LFC LFC3,NL,NLC
H 7 D916 N 3 ValW E!LLB_LCLLF‘_I_ﬁ_JL_FC?:LFZ:LFCﬂ FC3,NL.NLC
ke D916 N 3%LW BL,BLC,LF15LFC1,LF2,LFC2LF3,LFC3,NLNLC
S D918 N 4 % NW LF15LFC1.LF2 LFC2 LF31FC3.NLNLC

-Meets 2-hour fire rating requirement and requires no additional fire proofing on deck

SONJA HINISH - 1100 BROADWAY
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Appendix B: Longspan Steel Joists

Hand Calculation:

Reference . Unidec] Steel Deck Dp_s‘\sh Manval and Ca'!'alc:’S of Pmcluc'fs

o Choose Dec((, Slab thickness and SP”“"“"S i

Try V' (UFLX) Form Dtek. with o 3" A'jhtwajm‘ Cmerete.
slab. Tetal Thickness = 3", i

Sel - weigit of slabo - (3'-V) NSpef = 24 psf.

|27

Joist Sp,,c;,.j: pver B\ fe Qenjﬂ_ > Mmost 5 even quc?n%

O . : a ein
él(.'__,?l'l Spca

De,-lermin;nj foad :
LRFO
Wi = g0 psf Wy =002 Woe + 1.6l

WDL: Werp + i1 We = [,2 (4Y PJ;) 4+ Lb(® ps'F)

= 24 5% + 20pst W = 18] psf
= Yy psf-

for UFAX deck , Wu = /9 pS)cn - 22 3qu_ decl 15 sof§cient,

/193 PS‘-F‘ Lor s-‘rlafg_ Span

Wy - /57 PSF £ aéd_-fg 1l [/ pg? Lor olaub’e Sfan

» Desian Lengspan Steel TJoists!
Roférence cmt Tp;st and Deck C'mb./aj‘

W= [L2(utpse)+ 16 (€0 ps)]# 5,17 feck

Wuw = 985 plf
for the 26’ Span choose  20LHO] or  2YLHOZ
20Ltt09 weighs 2| plf =¥ W * 954 pIf D 135 pif . OK.

2YLu08 weighs IS M, =t Weafe = 9%2p1F only sr;jhﬂ‘j less Yhan 135 pif.

(51 0.= 20 psf is Conservative 5o
2LYLH0B Toists will be svfcient)

JYLHOB s mere etonemical because ith ll'jh'h',r, bat choose
| 20LH09 if depth is5 restricted .,
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Appendix B: Longspan Steel Joists

Hand Calculation:

]

:DBSQH of  beams 5up-parﬁn5 Yo Z2YLHOS Sweel Joists,

A4 WDL,* Y4 psf (prc.vraus Page)
= R0 psf

= 1.2 (44psh) ¢ 16(&Dpsf) = B psF.
//i[‘! (in&‘fﬁ .5‘-%1:&0{ @ 5.17 0.C'>

£ Steel  Manao! Table 3-2.

‘j 310" Qeference. MSC 15t Ldihion

A

b |
".,/ ¥

350"
| Size  Geam B
! T‘Flb u\‘[[HJ?\ (|5‘+|%N 53 F-Cei, A

| M - MJL (/?’Ff”(%)(&) =MP -t = chwoose W2yxh
| dMp = 750 y M¥=Mu

i Beam ® quﬂ'?ﬂ

|—Tl_’\b width = 18"’
My =(’3’P5*‘)(ﬂ')(3")a= 59L -t = chovse WZ)xY$
¥. ¢mp =393 > 392 =My

Beam B W2l f‘fﬂz——-p.- Aften. cheeking deflechons on
| next Page jf-\ Wzl xsS

is feﬁuired.
. (Biam & - v »s5 |
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Appendix B: Longspan Steel Joists

Hand Calculation:

Detlection Cheek of  beams supporting  24LH0E Jois73

| By imay = 2k 2T 0 \2VEE o |08
30 3o
| B i i B RG Vg | ¢ Y55
Z40 o =4
Beam B W24yxlb: Tx = 2lo0ia’.
Pue = Sw k' _ 5@0pst 4 33 66) (310 (ims wAP) < 0.90°
284 T 33“’{ (29, 000,000)2100 W-‘*)

pkBe= 01T < 103" = foa o OkY [

Dot = 5_(@1&3 Gz - 1"
384 ( 29,000)000) ( 2100)

Eﬁg - LN 55 | & Do e OKT/‘]

NB_Q‘*M W W2 YT & Ty = qs“m".
|

B = 5(50es)s DD (1728) - LoF"
i 334 (29, 000,006) (9 59)

AL =108" 3103" Bipax o (Must seleet [argen Boam
l.'

Wj WZ|rs5 2 Ty =140

A= 5030 psOOEN (30)10(728) . 5.91"
231 (1,°| 000,000) (1140 in")

[Boen 9o < L3 TR jik | & (0K &

= 5(vwe4_,é)(w£ﬂ OOt [ciresy o gyt
-l:o"fk!. 384 (29,000, 209)( |1 Y0 m “)

fA. =)y =5 L il T OKa
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Appendix B: Longspan Steel Joists

Table B.1
Table from the United Steel Deck Design Manual and Catalog of Products: Determination of steel form deck, 22 gage UF1X.

| 0 » ASD RFD
E 26 0.0179 1.00 0.039 0.066 0.066 2009 309 396 2387 485 715
| 24 0.0239 1.2 0.056 0.096 0.096 2906 491 629 3310 731 875
I 22 0.0295 1.50 0.072 0.127 0.127 3625 715 1349 4073 992 1808
’ 20 0.0358 2.00 0.088 0.163 0.163 4338 971 2181 4927 1339 3013
UF1X
L 27" cover The bottom
= — W =1 - e = e ’( flange can
0 shear stud.
f : > T
S — 4%" Pitch —> 1%t
approx. scale: 1%" = 10"

UNIFORM TOTAL LOAD / Load that Produces 1/180 Deflection, psf

Span
Condition
Single 176/ 126 129/80
Double 1741304 | 128/192 98/128 78190 63 /66
Triple 216/238 | 159/150 | 122/101 97/M 79/51
Single 256/182 | 188/114 144 /77 114 /54 92/39
Double 253/437 | 186/275 | 143/184 | 113/130 92/94
Triple 314/342 | 232/215 | 178/144 | 141/101 14/74
Single 339/233 | 249/147 191/98 151769 122150
Double 334 /562 | 246/354 | 189/237 | 150/167 | 121/121
Triple 414 /440 | 306/277 | 235/186 | 186/130 151/95 125171 105/55 90/43 77135
Single 435/285 | 319/180 | 245/120 193/85 156/ 62 129/ 46 109/36 93/28 80/22
Double 427/687 | 315/433 | 242/290 | 192/204 | 155/148 | 129/111 108/86 | 92/68 80 /54
Triple 530/538 | 392/339 | 301/227 | 239/159 | 194/116 160/ 87 135/ 67 115/53 99 /42
Single 2791126 205/80 157 /53 124137 100/ 27 83/21 70/16 59/12 51/10
Double 191/304 | 163/192 | 143/128 123790 99/66 82/49 69 /38 59/30 51/24
Triple 217/238 | 186/150 | 163/101 144 /71 124/ 51 103 /39 86 /30 7423 64/19
Single 405/182 | 298/ 114 228177 180 /54 146/ 39 121129 101/23 86/18 ~74/14
233/437 | 200/275 | 175/184 | 156/130 140/ 94 120/ 71 101/55 86/43 7434

2§§J’%2 22“21§ _1&5.-’144 177/101 i
Single 5361233 | 394/147 302 /98 238/69 193/50 160/ 38 134129 14123 98/18
Double 482/562 | 385/354 | 297/237 | 235/167 || 191/121 158 /91 133/70 113/55 98/44
Triple 548/440 | 470/277 | 368/186 | 292/130 § 238/95 197 / 71 166 /55 141/43 1
688/285 | 506/180 | 387/120 306 /85 24862 205/ 46 172/ 36 147/ 28 126/ 22
666 /687 | 493/433 | 380/290 | 301/204 || 245/148 | 203/111 171/86 146/ 68 126 /54
821/538 | 610/339 | 471/227 | 374/159 [L.304/116 | 252/87 212167 181/53 157142

Gage

99/53 78137 63/27 52/21 44/16 37112
52149 44 /38 37130 32124
65/ 39 55/30 47123 40/19
76/29 64 /23 55/18 47114
76/71 64 /55 54/43 47134
95 / 56 80/43 68/34 59/27
101/38 85/29 72123 62/18
100/ 91 84/70 72/55 62/44
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Appendix B: Longspan Steel Joists

Table B.2
Table from the CMC Joist and Deck Catalog: Determination of longspan steel joist size, 20LH09 or 24LH08.

LRFD

STANDARD LOAD TABLE FOR LONGSPAN STEEL JOISTS, LH-SERIES
Based on a 50 ksi Maximum Yield Strength - Loads Shown in Pounds per Linear Foot (plf)

22-24 25 | 26 | 27 | 28 | 290 | 30 | 31 | 32 | 33 | 34 | 35| 36 | 37 | 38 | 39 | 40

10 20 11300 | 663 | 655 646 | 615 | 582 547 | 516 | 487 | 460 | 436 412 | 393 | 373 | 355 | 847 | 322
306 | 303 | 208 | 274 | 250 | 228 | 208 | 190 | 174 | 160 | 147 | 1 126 | 117 | 108 | 101

11 20 12000 703 | 694 687 @ 678 | 651 | 621 | 502 | 558 528 | 499 474 | 448 | 424 | 403 | 382 | 364
337 | 333 | 317 | 302 | 280 | 258 | 238 | 218 | 200 | 184 | 169 | 156 | 143 [ 198 | 123 | 114

12 20 14700 861 | 849 | 837 | 792 | 744 700 | 660 | 624 580 | 558 | 520 | 502 | 477 | 454 433 | 412
428 | 406 | 386 | 352 | 320 | 291 | 265 | 243 | 223 | 205 | 189 | 174 | 161 | 149 | 139 | 129

e 14 | 20 15800 | 024 | 913 | 903 | 892 | 856 816 | 760 726 687 | 651 | 616 | 585 | 556 520 | 504 | 481
459 | 437 | 416 ‘ 895 | 366 | 337 | 308 | 281 | 258 | 238 | 219 | 202 | 187 | 173 | 161 | 150

1 | 20 | 21100 1233 | 1186 1144 1084| 1018 952 894 B840 790 745 | 703 | 666 | 631 | 598 568 | 541
| 806 | 561 | 521 | 477 | 427 | 386 | 351 | 320 | 292 | 267 | 246 | 226 | 209 | 192 | 178 | 165

& | e 22500 | 1317 1267 1221 1179 1140| 1066 1000 940 885 | 834 789 | 745 | 706 | 670 637 | 606
| 647 | 500 | 556 | 518 | 484 | 438 | 398 | 362 | 331 | 303 | 278 | 256 | 236 | 218 | 202 | 187

19 20 | 23200 1362 | 1309 1263 1219| 1177 1140 1083) 1030 981 | 931 | 882 | 837 | 795 | 754 | 718 | 685
| AR | 619 | 575 | 536 | 500 | 468 | 428 | 395 365 | 336 | 300 285 | 262 | 242 | 225 | 209

% | D 25400 | 1485 1429 1377 1329| 1284 1242 1203| 1167 1132| 1068 1009| 954 | 904 | 858 | 816 | 775
‘ 729 | 675 626 | 581 | 542 | 507 | 475 | 437 | 399 | 366 | 336 | 309 | 285 | 264 244 | 227

g | 20 27400 | 1602 | 1542 1486 1434 | 1386 1341 | 1297 | 1256 1221 | 1186 1122 1060 | 1005 954 906 | 862
- 786 | 724 | 673 | 626 | 585 | 545 | 510 | 479 | 448 | 411 | 377 | 346 | 320 | 206 | 274 | 254

LRFD |

STANDARD LOAD TABLE FOR LONGSPAN STEEL JOISTS, LH-SERIES ]
Based on a 50 ksi Maximum Yield Strength - Loads Shown in Pounds per Linear Foot (pif) ‘

| Approx. Wi | Depth | SAFELOAD® i
Joist in Lbs. Per in in Lbs. CLEAR SPAN IN FEET ]
Designation | Linear Ft. | inches Between o
(Joists only) 28-32__ 34 37 38 a6 47 |
24LH03 K] 24 17250 513 508 504 | 484 | 460 | 439 310
PR R sy {amd 235 226 | 218 | 204 | 188 | 175 | 102 |
24LHO4 12 24 21150 628 597 568 | 540 | 514 490 | 468 @ 447
oA I | = | | =288 | 265 | 246 | 227 | 210 | 195 [ {82 | 460 Ha
24LHO5 13 [ 24 22650 673 | 669 660 | 628 | 598 570 | 544 | 520 | 496 | 475 | 456 | 436 420 | 403 |
SIS | _ |co8 | 297 | 285 | 264 | 244 | 226 | 210 | "496°] 182 {171 | 160 | 150 | 141 | 1321
24LH06 16 24 30450 906 | 868 | 832 | 795 | 756 720 | 685 | 655 625 598 571 | 546 | 522 | 501 @ :
d . 1 | 411 382 )| 356 | 331 | 308 | 284 | 263 | 245 | 228 | 211 | 197 | 184 SAFENSISTHE
24LH07 17 24 33450 997 | 957 919 | 882 | 847 | B11 774 736 702 669 639 610 583 559 535 5
452 | 421 | 303 | 367 | 343 | 320 | 297 | 276 | 257 | 239 | 223 | 208 | 195 | 182 | 171 |4
24LH08 18 24 35700 1060 1015 973 [ 933 | 895 858 817 780 | 745 | 712 | 682 | 652 | 625 600 576 55
| 480 | 447 @ 416 | 388 | 362 | 338 | 814 | 202 | 272 | 254 | 238 | 222 | 208 | 196 | 184 | 1§
24LH09 ] 21 24 42000 1248 | 1212| 1177 1146 1096 | 1044 994 948 | 003 861 B22 | 786 @ 751 A 720 | 690
i i ER | s62 | 530 | 501 | 460 | 424 | 393 | 363 | 337 | 313 | 252 | 272 | 254 | 238 | 223 | 209
24LH10 23 24 44400 1323 | 1284 | 1248 1213 1182 1152 1105 1053 1002 955 012 873 | 834 799 766
E | N | 596 | 559 | 528 | 500 | 474 | 439 | 406 | 378 | 351 | 326 | 304 | 285 | 266 | 249 | 234 |
24LH11 25 24 46800 1390 135G 1312 1276 1243 1210 1180 1152 1101 1051 1006 063 @924 885 850
624 588 555 525 498 472 449 418 388 361 237 | 316 | 294 276 | 259 |
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Hand Calculations:

Loads ! .
Pend ant{ (nat Mo/ud{v ﬂ’/—f’wmy&) =~ 29 P:f.

Live load = GO psf (cocridsrs above Jhe first r-ﬁoar,)

mqfeﬂ'-ﬂ/»j rI|I
Conerete : MNormal wtf"jhf“ = /|50 pef.
-F- e = -5',000#51'
ci = 3,000 psd

Kebp, = 60y000 psi

pr: Hnbma(ed ‘lgﬂdlﬁj
Vo '¢ ) 7- wire Staads s B 0,45 in -
Fow = 200 Ksi
Estimatedl Presiess Josses= /5 ks
e 0104p = 0,70 (270 = [sksi = 17 A
lefr < A*E, = 0uSD( 1TTks) = Dbilo K/tpmlian.

re limi i ess

,ﬁ- = 53' ; La‘ngl.ﬂ" Sraam-— =86’

= h;- A 1M, %,bb["—:bfrg 3
i

Loadine s

Dead load of Slpk = /5D ﬂfij...-' = 1B u5f
11/f¢

Dead Load Jﬁc/ud;)-j Self weight = 25 pst.

lve  Leadl =90 psf

Lt Losd Reduction pr TBC 2006

}4,!,. Slad =1 15

Ar =365 31" < 16 Leto (025 % fyar
L = Dot (o.2$'+-d'7%,;)
L=50 pef
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Based on a A" Slab dhickness

Tendon _ Occtinate Tondeon (ocation from bottam of Slab
Ext. support ~-anchioy™ 4.5"

Tt Svpport - Yop ‘6"

Int. Span - botiorn l |

Enol Span -~ Lottom LES

/70 AR R B

R A BNR R
-

M&s Foree 'Req\u‘.red Jo Valance 52 of Sﬁlg-waiihﬁ‘ d_*_ff_é(_i%-‘?-(—
The endspan 1117 Tupically “govern e moki re ?f“'rred post- lengiming
borce due o the S‘;jn,ifimnf_/y reducosl tenolon drape ) Rend

Wp = 0,75y = ©. 75’(/!3954()(31 B) * 2627 pf = 2.2,

Force needed  n dendons do coun tecact “The loadd in ¥he end Loy

PovylfBopy = 2627(360%, 1155 K
3‘1(‘4.{3/2_)

Lheek rompression.ollowenee

DP_'}E’J wmine, number of dondons do ochieve “’55 | "-P

Bfordons ~ 1B0K = Y2,9 ~ we YL Tedms

Ak b K/ fendon

Petval force for banded  tendons
Btvnl = (2 Jerdmd (14:68) = 12

The balancedk  foad hr he end span s Slz'jhfzf/y aquujfed
Wy= INT2K (2.2 Kpe) = 2.997 [Tt
e 1] D5
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Appendix C: Two-Way Post-Tensioned Concrete Slab

De&“@'\ of E/W Yame ' ba:/) Lzl S) - " = 37L"
Section fropiy ! /

Design Juso ~way) Slap wa Class U (ﬁd |7, 3.5)
G055 - cross sectional faa‘amﬁ'a} alfoved.

A-bih- (ama")(a") = 3OS

5
Dz Bk & (3'J’LX"]“\1= S0Z’L i
e E e

Allovable Stress Hor class W.
M 4ime of jacking (Acl /3.4.])

Ca»nfrzssrm =g b s 0,6(3,000) = |BDO ps L
Temsion = B{Fec = 33000 7 164D gol

> Kbt Service loadS (Ael 18.92(a) and U5, 3,3)
Compre 551 = 0,45 ft » 0.45(S000) = 1, 150 ps¢
Tunsion = Glfe = ( [5000 = Y2Y,3 pst

Target joad Dalances !
Assume 0.%5% of DL (self -wei M) for slabs |

= 0 QSWD = 0,'75—(“6 = %‘5/}5-,5

Coven Qpch.t'lre ments v 2-houn  fire f‘a.ﬁrlnj (xée J006)
Pestrained Slabs= 3" botlom |
nreshained slab> = |2 bottom i dep.

nﬂmﬂé’/ Qt.mﬂprzSSIOh limits
P/P« = 125 psi min,
= 300 PS\ may,
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Deter mine  actva | preeo mpression  Stress

Duetval . MLLE™ 33y ot > 300 pst e,

A 334% ial
Thevefoce. will need o use
less 4endons to ﬁrevﬂn'l‘ Ovefﬁfe;{uj,
Cheek 10, Spom  be fore dederminia
hawman5 lesg  tordeng fo vse

Cheell_nterioc § g force!

Pr (2627 wa)(30)" . 507 k< INTLZF
g *("7711")

A 5‘15n'rf1cav\+b less5 force s (e ew'.r(d 0 Yhe CG“Mb"ﬂ‘
be@/?’r? *’_)ﬁ")/?”/m) e (.22 kiF,

>

0%
wWh, _ 4.5 - [% >) I00%
WoL (7 'J‘pr‘f)( 3 )/,m

Backsslve 40 determne svhlicient # of 1endens fe
aveid  overskessing

Whe= 359, wh = 0,95 (3.553) = 3.52 ket

WL

3, 32K = Raa(2%) (") 5Pl 5%.5 K
Fe 20 % i

Deter mine numloen of Hendons *®  achieve S0.5 k

# dondms = 570,5% = 21.Y = chwe 2Z Jendons.
Z6 -6 K Honden

Aotval krce of bandeod Fondins.
Pl = 22(2L0)E BYs. 3

balanced foad fn end span adjusiel.
My EESEE Gl o) = & O]
570.5%
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Qeterming. new preosmgeession  Srress

hetvll . 2¥8.2F . )05 pa 3125 i wum, ON
= “EE«TE‘.-? gl <300 pss mox. Ok~

Chee. ntenior sean -

W: 35,2 )1 %) = 3.4l p
@IL

e - B4l ¥e =97.5Y% < |0d% .%ateeptable .

oo 3.503 /e

Eask - wut Tnterion Frame
uﬂc-h\;e, PreSﬂQSS -%rc.&, Pef§ et \[

Deaa, Live, and Balancing moments were calculated
Usin PCA Slab Softvare. Sece Ffﬂurf, Oal
"‘Q’f reSu 13,
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Stoge 41 Stresses ymmecliotely oS Jocking (O +@ 1)
Midspan Shesses :

'E}o“’ 4 ("mm. t m&m__\ - f_gl S R previeus = SDLLiA

S = -

P - ,q5p51

I

«Fbo*_}v_m e C"!"m[)l. -~ Mp, at ) el
o

DI

Tbenin Spam
'{h{; {~123.8 + 108.6)0 D000 | o222 — 115 pst

fop = -36 1757 = 211 ook compression.

- Al pw € 7. @'01[({; :0.6(3600(55-.) = 1500 Py ' Ok,

Lozl = AT 7 20 pac temson < 3JFE = /b1 psi [ OF.

e —

;fop - 365, (1 + 32&.09)(1?)6@02]/@11;3 ~ IS pse

= =Ibo,s =115 = =d 1SS compressiom L 1300 psi | OK.

fosk = jo0.S -175 = =TS @) <1800 pst .. oK,

Sufyo‘l;t S#QSSQS ‘
Ay GMoL = mw% w0 5

2@’5*3 - 970,31)[!1){_!000)/91,1 -—|7S'(5C
= /99 - s = = 2 pok (e) £ 1300 px ., OX.

=

Lot = (~Moc *Mput)fs - F/A
= L)Y =115 = =324 psi L1800 psi . of
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Appendix C: Two-Way Post-Tensioned Concrete Slab

e 2 Shreses ok service load (OL+L + PT)
Midspam Stresses !
Lp2 {0y = o = Mypn)fs '~ P/A

Intemot Spa.m. :
Tlop» € 123,8 - 2,12 + 16,6)(W(0OY 502 — 175

= =157 =175 = -332pgsi (C) £ 225005 ., OK.
[hottom = +157 =175 = = 18,,< 2250 psi > OK .

En, Spm‘c
» frop =(30%.11 - )y9,92 * 326.06)(11{;@/40& - e

= ='19.97 =175 = =367 poi (¢) L2250 par ! 0K
Logt = 19197 = 175 = | Tpel (T) <92Y pot oK

Supfarf Stresse s |
fﬂ’f"‘ (*mm. 4 My — mbaﬂ.)/s -/~

fpot = (= MoL = M + My Vs —P/A
’["’”P = (3 5B, M6 + 125 29 - t{qo,k!)(lZ)Cwoo)/sou =1s
= +030.3) —195 = 51T psi (T)3N2Yp5i ! M ged.
Shess o )atenior Saf,voﬂi exceeds code qlloved
Ionit o tensisn ot 6/Fe  Jherehre  additonsl
rairrFﬂfC'Vg around column s peedea

Fromms = 68131 =175 = - 202 (C) 0 % 1800 ps .\ OX.

U Himate

Determine factored. Moments:
The  primary  posi - %enskoromg moments, /}1,,-' vy a/o;y the k@«/ﬁ

of Jhe Span
m,=Fe e =" a ext Jufpmf

e =35 @ int svppoit (NA, Jo coton oftendon)

m, - @%g,zﬂ(?,s")ﬁl..
- ’r” -F[’-’ﬂ
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Appendix C: Two-Way Post-Tensioned Concrete Slab

The Second st-Hensioning  momenTs | Msee
he secondony o " J

MS&L = %41 = /hf

Moo = Y90,%1- [7] = 220 -k & nt, Svfpo{'i;

T'gpu'caﬂ load combiration (or W 1¥imate S*Terfj\m design
Mu=1.2 My, *+ .My *+ 10Mgoe

2 Midspan . My = J.Z(Bes.ll)ﬂ.é,(m"{fn) t LD(%’)
ﬂ?u, = 42 fi -K.

e Support . mu;'l.z(s—sllb] 3(.&(225“,3\ 1 1,6(32)
= =ps Ft-K

,Danf’r'm‘m& minimum_bonded reinforcement ! Yo see
£ accephble for ultmate Strength design . Desgning
only reinforcement for He Sbx3|’ -}—bp‘moQ pan @l
fositive Moment Region
Bnd Span.t VH = 1T psi KAJFc == 4l psi
<. No Pajf-}-wb (e inforcement 15 Qﬁu:‘ﬂ?d. (A1 1%, 9, 3.0

N%gﬁvn. moment Reisy :
s % (he) 13- 9.3,

min =0,000 75 A

:E-&‘ Svfpu'\i ‘ y _
ef = momef 7" \;6"*3‘@/1— Y 3l | #i2
ack. = 9(33)07) = 356y %
Bippin = ©. 000 75(%561m)
® 2. 00 02" ::b%(\uj HY bars beco.uSe,‘} bhae  Hie
’ﬁb:w =206 tal Same. dometer oS the tendams.
0.0 nt & x-sec. arep of Y bor,

—’#é)nﬁj, = m bars .

(14) #Y  Hop (3,30
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Appendix C: Two-Way Post-Tensioned Concrete Slab

exdeior SUPPO("‘ :

Aef = max of 9" (382, 3172 = >34%
Asmin= 0. 00075 (> 3Y8)
Asmn = 2.5 J'nz'

T {
f% bafé . %2:1 T ]:‘b bq(fﬁ-

(13) #Y Top (2.60:n%)

- Must Span a minimum of /6 Ine_clear Snan
oneach Side. of Sugport pen (Ael 1949 24 ¢
= Place Jdop bars wirthia [(Sh away Fom the face

of e SupPert oneach side (18.9,4,3)

=2 1.5132")
__:_9 J_ﬁ:s—” |

Cheel.  Minimum  reinfoccement  Jor Ulhimate 57‘&;:7%
My = (Asty + Aps Jps)r(d = /2)

Pos= 0,153 (22 4endon5)
= 5.3066 mn*

795: 7@&-} ;.o;ooo .,_{[\é'l;‘d)/’bboﬁp ﬁrSlabs wi

Lps = 174,000 416,000 + D00 (3)D4 L/h F 55
200 (3,306) | 36x1T_ yg 7235
fo = I84,000 + 1542 4 |
Cre) J5.7,2)
/o Asﬁg {Hps—fjs
©.v5 + ’c—rb)_—
(2 Supports :

Ol—_ q“ _r}/,bl‘l__ VH n 152 B:lr
7[,05 : /8Y,000 + /847 ()
Fs. = 197, 136 psi
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Appendlx C: Two- Way Post-Tensioned Concrete Slab

A (2.0 borst) 4 (3 36bu)(198. 136 1e5t)
‘ 0,%5 (sksi) (31 fl'l'y-ﬂ-)
at 0,150 | |

@/’}n A 7{2 go)({pa ,ts.. + (3 3&,6)(!98 TSEH)‘LB - s',':‘»j

{Z=

Bhy, = 485.5 ﬂ'-K 5 piK|

12 Qvin—ﬁ_rfémﬂﬁ for ultimate sire h?)HN [
r{%u]'r{mg n'f’S 5 overfs,

: Drﬁerﬁ\\ne« As.r@%d
| | Tap & <o ‘i[_c,w; (015 + .36 (1% mﬂ (,r’ 73 3
Aﬁruﬁﬂ' = ‘?.l ;m : T@ a l*rgezg,_ ___;bar _sirbe-
| b(,smj '#3 baks! =2 iﬂf,j = 0.79in"

’#bms il "l 'r‘n |2 barsl = .48 o
o 7‘1'/\ | | |

@L_)#% T’-GP .@:\fn'i'é,fi;o,w 6%09:{-‘- )
To | uSO- $ame Size bqr for %_ﬂ;exfeh‘égf 5!-";‘0@4/-{,

@)#“f I 9____fof7m.+sg¢ Y bacis |
I_ | 0.'7‘?:\1

m 73,9 @ Eﬁerfﬂr Qudapoﬁ—f
NOTE: —

The typical 36'x31’ bay was only designed in the East/West direction for the preliminary
analysis to give a rough idea of the feasibility of using post-tensioned design for the building.

FINAL DESIGN:
Slab:
9" Two-way post-tensioned slab

Tendons:
(22) 1/2" diameter, 7-wire strands, banded tendons spanning the E/W frame
Effective prestress force = 585.2 kips

Mild Steel Reinforcing:
(12)#8 top at interior support of typical bay
(4) #8 top at exterior support of typical bay
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Appendix C: Two-Way Post-Tensioned Concrete Slab

Figure C.1
Moment Diagrams computed using PCA Slab software for use in post-tensioned slab design
. . 156316 X
| | |
| | 34 3 |
| | | |
i -25?'-‘“?"258.85 ! I
| | |
VIS g2 ' '
-1 16 53 I I I
-93 .46
| | |
| | |
| | |
| | | |
I 13045 | 123680 I |
| | | |
| | | |
| | | 368,11 |
Moments due to dead load
[ [ [ [
i | I225.29 |
' ATT S '
| | |
! -108 84 1p5.42 !
-4?.*9K o ' I -3E. D!
| | |
| | | |
i 56.80 I A0.42 i i
I I I 14002 I
Moments due to live load
| | | |
| | | |
| | | |
| | | |
| | |
| | |
103%4arH I I 8391
! 23;22%’9.6? | |
| | | |
! I za8419 I
| | |
i i il i
Balancing moments
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Appendix D: Precast Hollow-Core Concrete Plank

Hand Notes: Hollow-core plank design

Frorn Tthe O™ Edition PCI Hamdbook

Hellow - core._concrete Plank design:

For bpped members  a superimposed dead load of /5 pst
15 assumed in the Safe load fable.

[,.-‘VE, Load = 80 fysif_ TN

Mlﬂw"”j the %I SPCU" LMI"Hf\. a sService loqd of %“f:yf
=D Choose H',O" X 0" normal min' h()”gw-(_a,re_ plants

T i e Waém %pp‘m\fj,s%'raml
Aes}jnaﬁon code =(%-S

«——3L" spam >
o PSS W U I A
' ( { f
i 1 ‘ ] Total depth of
g1 ] (3 (| \ system = ¢4
f-f ( { it '
( ( ( ( ’
( b {1
( I
EEREESEN
( ficd { f % \ ( N'g
o
y'-o*
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Appendix D: Precast Hollow-Core Concrete Plank

From PCl Handbook 6th Edition:

Figure D.1
Hollow-Core Properties RE SRS P
Strand Pattern Designation .
48-S HOLLOI,,VV C,,O Untopped Topped
4'-0"x10 '
t Normal Weight Concrete A = 259 in’ 355 in.”
S = straight I = 3223 in. 5,328 in.
Diameter of strand in 16ths Y = 5.00 in. 6.34 in.
No. of Strand (4) 4'-0" A % . 5.00 in. 5.66 in.z
" B _
Safe loads shown include dead load of 10 l | Sy = 645 !n.3 840 !n._‘i
psf for untopped members and 15 psf for r T —T 2" 8 = 645 in. 941 in.
topped members. Remainder is live load. 1}6" 7 b s 270 pif 370 pif
Long-time cambers include superimposed ‘ O Q O O O 10" pL = 68 psf 93 psf
dead load but do not include live load. I . . g 2 . Ye. 52% i
Capacity of sections of other configurations *
are similar. For precise values, see local
= anufacturer. r :
hollow-core manu fc =51000 psi ‘
Key fou = 270,000 psi
258 - Safe superimposed service load, psf
0.3 — Estimated camber at erection, in.
0.4 — Estimated long-time camber, in.
[ 4HC10+2 |
Table D.1
Table of safe superimposed service load (psf) and camber (in.) - 2 in. Normal Weight Topping
D as.tra"?i ’7 Span, ft
signation
Code 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35|36|37 38 39 40 41 42 43 M4 45 46
308 287 256 228 204 183 165 148 133 119 107 96 86 74 63 52 43 34 26
48-S 03 03 03 03 03 03 03 03 03 02 02 02 0021 04-01-02-03-04
03 03 03 02 02 02 01 01 00-01-02-03-0f GF |[N0-12-14-17
317 298 282 287 252 237 219 198 180 163 148 134 12 B 69 59 50 41 33 26
58-s 04 04 04 05 05 05 05 05 05 05 05 04 o] 0.5 | 02 2 01 00-01-03-04
e 04 04 04 04 04 04 04 03 03 02 01 0.0-0 0 3 -0.5 -0.R-0.9 -1.2 -1.5 -1.8 2.1
326 307 291 273 258 246 234 222 212 202 188 171 15 . 10§ 96| 84 74 64 55 48 38 31

68-S 05 05 06 06 06 07 07 07 07 07 07 07 07 oL 06 04 05|05 04 03 02 0.1-0.1-02
i 0.5 06 06 06 06 06 06 06 05 05 04 04 03 02 00~01-03}05-07-09-12-15-18-22

335 313 297 279 267 252 240 228 218 208 196 189 181 165 150 135 122 109 97 86 76 67 58 50 42 35 28
78-8 06 07 07 07 08 08 09 09 09 08 09 10 10 10 09 09 09 08 08 07 06 05 04 03 01 00-02
107 07 07 08 08 08 08 08 08 08 07 07 06 05 04 03 02 0.0-02-04-06-09-12-16-19 23 28
344 322 306 288 273 258 246 234 221 211 202 195 184 178 172 158 144 130 118 107 96 87 77 ©8 60 52 44

88-s 07 08 08 09 09 10 10 11 1.1 12 12 12 12 12 12 12 12 12 12 1.1 11 10 08 08 07 05 03
\_10.3 08 00 09 10 10 10 10 10 10 10 10 09 09 0.8 07 06 04 03 01-01-03-06-09-13-1.6 ~2.0

Strength is baseq on strain compatibility; bottom tension is limited to 7.5./f. ; see pages 2-7 through 210 for explanation.
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Appendix D: Precast Hollow-Core Concrete Plank

Hand Calculation: Design of supporting beams

DE&jn of bfam_‘; Suppectin hb.”%} -LOre CﬂVtC-f?-er Planks
Qeferonce Fiam'rg. j i
Weight of| H=0"x 0" N.w. concrote plank, wf2 foppiny = S0 4H .

4 ] " ! |
FIL % 2 W&ﬁ 3'?01'5 r __‘_..- E q ?nS.PS-F
L= ' £t | Y

=
I

L o e 81 O I R P M P W zsr.’_s" .u’smu.‘ 15 pst
1

U)LNL = @ fSF

=7 Redieed. = Bl psF |
("EFOm_PoS% ~fensisn c:alcs)

=il Lobd| chwmb.
We= 120 +1.bL.
{ 3 _’L«’- Wy = I-Z(‘?Q.ﬁ"lZS)-}J,‘:[fG)
Wu_,: _'230.6 |4°~.$‘)C
— i . 3 —~ = QDI‘D“
by — == P

Sue Beam B | | Alse 1% Bhition |
Tribh, width: (28‘-8" + 3l -9)/7, T2 -F‘E' /-b &"@.e‘\ mﬂﬂUCL‘ ~> Tabl(_ -2
| i AL Chonse=> W33 x99 40p= (10
8 £
mu [ @D'{' pSL)(aq'g t)ty') = ||I5 g—}_!s Lp=36" > 21,4 ., Myst vse
e Table 2 -10 -
Ligntest = w 2uxnb

M\M—% 176 or Wm leat Oepth = Wigx a2

S'\u Boam @ |
~ . W 1 " ﬁbc—:’
Teb. wibth = (3v-0" 420%-0")2 = 05, 5k Table. (3 2
Fchase WOIOXAD  ¢mp= 06O

3L |
My = (?;_V_L)_W £)(255°)(36)" = 953 se-K Ly =36' > 20,9, must use

- Table 3-8
| - L mes = wazux Wb
\Beam ® W21 r\‘{bj | Phonamizil, | &
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Appendix D: Precast Hollow-Core Concrete Plank

Hand Calculation: Supporting beam deflection check:

Deflection of Beom B Supporﬁg dhe north end
of e hollow - core planks: .

AL(&\AP = _—L——— - &b'%\l“ﬁﬁt = I» Z” IZ"‘XI"G = 5@80(_/\\‘
%0 2L
‘ Twigx QL = 3870 0"
A = & - 36 x4 . 1.B" B
B z4o Lwatsme = 560

AWZ““‘M& - 5 U}"J‘L‘ - 5(5@05‘*2‘13*‘?)(_5@)“(ﬂ;gp,e/#@
(LNJL) 23y £ T SX‘(CLﬁ,Doo)omN‘D(SQw) i

@““”" 2038 € L2 Plawy = OK i |
Lve

Awp{,(l-/b =5 (?\psf* ’L‘Lg&)t%l‘)\{ (1728
Tota/ 294 (29, 000,000) (5630)

@537” <Y Brmoex ”K/):
“Ta A \

Te Wag a1 -

. [
Drrar = 5 (jQP“{ N9 5’) (3’("7 6\77}3)
(tive) 33U (29,000, 000) (58770)

@(g/y{ﬁ\l = 0.51" £ L1 Brmex ﬂK./l

\ LNve |

Bgwn = 5 (3 pof x29.8)(26)" (7128)
o Z84 (29,000, 000)(3¥70)

@L - 57 <\ 3 mmﬂL

Defcton ot Beam (D Suppor fing +he Sowtn
end of dhe  hellow- (sre (oncrefe™ Planks-

Ayt = 556 + 955%) (260" (1128)

(A 234 (29, OOO)OOD)( 5% C:o)
@Lﬂ)‘l“‘b = O 65" 4 \(l”A”W o OJL ‘\/J ‘
LNve

Dwgs e - 5.(F1 »25.5)30)* (1728)
Total 24 (29 ,000 o00) (S® 60)

Doy, = OHE" 4L L F" bT/W -~ o0,k ‘/\/)

Todad -
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Appendix E: Cost Summary

A rough cost per square foot of material estimate for the typical bay was determined using a combination of
RSMeans Assemblies Cost Data 2009 and RSMeans Cost Works Online.

System cost summary:
Material ($/s.f.) Total ($/s.f)

Steel Composite:
Composite beams, deck, and slab 24.00 31.35

Longspan Steel Joists:
Steel joists, beams, and slab 19.00 25.45

Two-Way Post-Tensioned Concrete Slab:
Cast-in-place (large job) $490.00/c.y. $848.00/c.y. 13.61 23.56

Precast Hollow-Core Concrete Plank:
Precast plank $10.08/sf $11.54/sf 12.70 23.95
Supporting W16x31 beams $37.50/If $41.84/If
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