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Project Info

Building Statistics

3 Stories + Partial Basement
102,000 ft2
Building Uses

Construction Team

Einhorn Yaffee Prescott Architecture & Engineering P.C.

Turner Construction
Construction Schedule

November 2005 — June 2007
Total Project Cost

Approx. $40 Million
Structural Systems

Superstructure

Foundations

Lateral Force Resisting System
Vierendeel Truss




Existing System

10 Steel Braced Frames

Analysis Methods

2-D Models: SAP2000

Equivalent Lateral Force Method: ASCE7-02

Frame Forces: MS Excel




Depth Topic | = Lateral Force Resisting System

Existing System

Diagonal Bracing Member Forces

Mamber Allowable | Allowabls Strength
HSE Brace L Story Shear | Brace Axal - - - '
ensile Compress. Design

o cos(theta) Stiffness i = .

S {kfin} (k) orce (k) Strength (k) | Sirength (k)] Eficiency
0.581 5162 223 . 7121 557 15.0% 0.12
0.581 560.5 43.1 E 480.2 303 21.2% .25
0.555 401.7 31.5 : 403.2 203 14.0% 0.33
0.581 540.8 208 E 558.8 320 20.0% 0.14
0.581 482.2 404 E 403.2 217 27.7% 0.28
0.555 401.7 205 ! 403.2 203 13.1% 0.37
0.581 550.5 ! ) 480.2 303 TE.0% 0.4%
0.581 4822 ; 4032 217 82.7% 0.84
0.555 . . 72. 403.2 203 38.1% 1.18
0.581 } 79.8 5588 320 46.1% 0.33
0.581 BZ. 480.2 303 457% 0.52
0.555 . . 403.2 30.2% 0.7%
0.581 . ; . 5588 320 45.4% 0.32
0.581 : ! 403.2 B2.5% 0.58
0.555 . E 403.2 20.7% 0.83
480.2 B2.3% 0.31
480.2 47.0% 0.55
4032 31.5% 0.58
480.2 g3.4% 0.48
480.2 71.8% 0.52
7121 TE.8% .y
568.8 320 45.1%
480.2 303 457%
403.2 203 30.2%
403.2 217 42.1%
4032 217 324%
4032 203 15.3%
482.2 403.2 217 18.5%
462 2 ] 403 .2 217 14.2%
401.7 E 403.2 203 5.7%
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Depth Topic 1 = Lateral Force Resisting System

New Streamlined System

Diagonal Bracing Member Forces
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New Streamlined System

6 Steel Braced Frames

Streamlined System Evaluation

System Strength Capacity

Total Drift Limit: L/400

Raw Material Quantities & Cost
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Breadth Topic « CM Evaluation

Lateral Force Resisting Systems

Raw Materials Construction Cost

Steel Savings Steel Cost Savings

2005 Bare Cosis

Structural Steel Savings: 7.7 tons
Weld Material Savings: 43.1 Ibs

Cost Savings: $18,000

t Savings {tons of steel _
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Depth Topic Il = Foundations

Existing System - Shallow Spread Footings

Short =ar=

COMEINED FTG

|

COMBINED FTG

COMMBINED FTG

e

COMEBINED FTG

COMEINED FTG




Depth Topic Il = Foundations

Subsurface Conditions

FRANMKLIN AND MARSHALL COLLEGE

1 755 LANCASTER, FENNITLVANA

@ FLAING LOCATIDNS

FSTIATFL ELEVaTIOR G0
UF THF OF 300

NOTE. LIMFSTO: WEDRCDCHK 15 MMHACLED;
TENY i ROGCHK SURFACE MAY VARY SIGRIFICARNTE™ -
FHUM THESE ESTIMATED BLEVATION CONTULIRS
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Depth Topic Il = Foundations

Subsurface Conditions
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Depth Topic Il = Foundations

New System - Drilled Concrete Piers

Design Procedure: Principles of Foundation Engineering, 5t Ed.

New System Evaluation: Cost & Raw Material Quantities

Material Constants
Rock Quality Cesignation, RQAD 55
Unconfined Compression Strength (rock]. e L]
Unconfined Compression Strength (concrete), 9, qee 3
Young's Modulus {rock core), E., 18a0

Young's Modulus (rock mass), Exues 280.0
Young's Modubus {concrete), E 3000
Es'E pass 10.71
Jltimate Unit Side Resstance. | 136.931
Facior of Safety, FS 3

&

Braced Frame Foundation Requirements
Max. Applied | Shaft Depth Kin. Vertical Settiement | Ultmate Capacity
Column Load | Into Rock, L| Diameter of | Shaft Area. | Reinforcing, | Embedment | Influence | (Side Resistance

(kips] ft) Shaft, D, (ft)| A, {in%) 0.014,.(ft) | Ratio, LD, | Factor, |, | Onby). @, (kips)

518.3 i018 0.07v 3.3 045 18584
5042 i018 0.0v 3.3 045 1858.4
1061.1 1810 0.13 3.8 0.42 3716.8
4487.2 1018 0.07 3.3 (.45 1858.

4487.2 1018 0.07 3.3 (.45 1858.

10046 i810 0.13 .8 0.42 3ria.8
1137.3 1810 0.13 1.8 0.43 A718.8
1085.0 1810 0.13 3.8 0.43
428.0 1018 0.07 3.3 .25
428.0 1018 0.07 3.3 (.25
250.0 10148 0.07 1.7 0.5

I | | B3| —|

0 | 0| =d| O | W
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=
ol ied | an | | | B |3 | od| u | a3 | e

N = e A EEE
e en|enfen | e i) enf e e

Foundation Loads: 1.2D + 1.0E + 0.5L +0.2S
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Breadth Topic « CM Evaluation

Foundation Systems

Raw Material Quantities

Existing System New System

note: frame 7 & 8 share a column

TOTALS| 8399 | 1889 |
10499 | 2361

Concrete Savings: 400 yd3
Steel Rebar Savings: 55.5 ft3
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Breadth Topic « CM Evaluation

Foundation Systems

Construction Costs — R.S. Means 2006

Existing System N[ System

A1010 210 SPREAD FOC Y -inc s excavation, backfill, } 02455 DRILLED CAISSONS - include
reinforcement, 3 si

Lancaster, PA - 0.929

Additional Cost: $162,000
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Existing System — Vierendeel Truss
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Depth Topic Il = Long Span Options

New System — Long Span Steel Joists

System Design
RAM Structural System

New Columbia Joist Catalog

New System Evaluation

Architectural Impact

3ELHOY

JeLHI2 .

Mechanical Impact — HVAC Ducts anLhe

40LHLE
40LHLE
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Breadth Topic = Architectural Impact

Vierendeel Truss System
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Breadth Topic = Architectural Impact

Long Span Steel Joists
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Breadth Topic = Mechanical Impact

Partial HVAC Ductwork Plans

First Floor Second Floor

HVAC Duct Sizes
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Conclusions & Recommendations

The lateral force resisting system can be safely reduced from 10
frames to 6 frames for a estimated savings of $18,000.

A drilled pier foundation system is not a cost efficient replacement
for the spread footing system.

The Vierendeel truss is extremely effective and efficient for
carrying significant loads over a large span.
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Welded Brace Connections

9| TYE COLLUMM RASE DETAI -TYRF =" e BEALE 6 | TYMHSS SRACT COMMN AT ZEAM CLMTLE

Existing System
=i ey s New System

Reg'd Weld | Req'd Weld | Reg'd Weld

Story Shear | Brace axial | "y 2| aeien | area o)

03] Force (k)

. *Assumes = 1/2" Thick
Connector Flates Brace End [Beam Bottom| Column
pc] 834 20.0 10.0 200 | ——— Req'd Weld | Reqd Weld | Reg'd Weld
431 84.2 20.0 10.0 200 {theta) r{k] Force (k) Arsa (in®) | Area (in) Area (in®)
35 284 20.0 10.0 200 ’
00 782 200 0.0 200 0.051 30.5 1140 200 10.0 200
404 80.2 200 0.0 200 0.051 5a.0 277 20.0 10.0 20.0
205 6.6 20.0 10.0 200 0.883 431 388 20.0 10.0 20.0
625 233.1 20.0 10.0 200 0.851 223 105.8 20.0 10.0 20.0
1784 20.0 0.0 200 0.851 54.7 214 200 10.0 200
704 200 10.0 200 0883 40.0 380 200 10.0 200
178.8 0.851 112.0 418.1 200 20.0
1384 20.0 10.0 200 216.0 3217 20.0
612 20.0 10.0 200 158.0 1424 200
177.1 54.3 103.5
136.3 20.0 0.0 200 126.0 148.0 . 200
603 o914 5.0
152.6 96.1 2868 200
1174 ] I 135.3 2708 20.0
51.3 136.6 08.4 20.0
2283 24.3 351.8 20.0
178.0 181.8 2707 20.0
438 132.9 118.8 200
45872 178.8 # of Cs i Per Story| 2
0.851 828 138.4 . . TOTAL WELD AREA (in)
0953 B7 0 612 TOTAL WELD VOLUME in%)
0.851 245 915 TOTAL WELD MATERIAL (Ibs)
0.051 473 704
0.883 48 312
0.051 107 40.1
0851 07 308
0.053 15.1 137
# of Connections Per
TOTAL WELD AREA (n%
TOTAL WELD VOLUME (i)

TOTAL WELD MATERIAL (Ibs)|




