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EXECUTIVE SUMMARY: 
 
 THIS REPORT IS A STRUCTURAL ANALYSIS OF GEORGE READ HALL, LOCATED 
IN NEWARK, DELAWARE.  THE REPORT INCLUDES A DESCRIPTION OF THE STRUCTURAL 
SYSTEM AND DESIGN CODES AS WELL AS AN ANALYSIS OF THE LATERAL FORCES AND 

TYPICAL FLOOR ELEMENTS. 
 GEORGE READ HALL IS A NEW DORMITORY CONSTRUCTED ON THE CAMPUS OF THE 
UNIVERSITY OF DELAWARE.  AT 129,000 SQUARE FEET, IT IS THE LARGEST OF 
THE NEW BUILDINGS BEING CONSTRUCTED TO REPLACE THE EXISTING PENCADER 
RESIDENTIAL COMPLEX.  IT HAS A UNIQUE ARCHITECTURAL SHAPE, WHICH COULD 
AFFECT THE WAY THE LATERAL LOADS ARE DISTRIBUTED.  
 THE EXTERIOR STRUCTURAL SYSTEM OF GEORGE READ HALL CONSISTS OF COLD 
FORMED METAL STUD BEARING WALLS.  AT THE SECOND FLOOR, THE INTERIOR 
SUPPORT IS COMPRISED PRIMARILY OF BEAMS AND COLUMNS.  THE SECOND THROUGH 
FIFTH FLOOR INTERIOR SUPPORT CHANGES TO METAL STUD BEARING WALLS.  THE ROOF 
IS SUPPORTED BY LIGHT GAUGE METAL TRUSSES.   
 A TYPICAL FLOOR SPOT CHECK WAS PERFORMED ON THE HAMBRO COMPOSITE 
FLOOR SYSTEM AND A TYPICAL BEAM UNDER THE SECOND FLOOR CORRIDOR.  THE 
RESULTS OF THESE SPOT CHECKS SHOWED THAT THE EXISTING ELEMENTS ARE SLIGHTLY 

OVERDESIGNED.  THIS COULD POSSIBLY BE ATTRIBUTED TO HIGHER SUPERIMPOSED 
DEAD LOADS IN THE INITIAL DESIGN.  THE JOISTS SIZE MAY HAVE BEEN INCREASED 
TO LEAVE MORE ROOM FOR MECHANICAL EQUIPMENT.  A MORE IN DEPTH DISCUSSION OF 
THE DISCREPANCIES IS PROVIDED IN THIS REPORT. 
 IN ADDITION TO THE FLOOR SPOT CHECK, SIMPLIFIED LATERAL ANALYSES 
WERE PERFORMED TO DETERMINE THE FORCES INDUCED BY WIND AND SEISMIC FORCES.  
THESE LATERAL ANALYSES WERE DONE USING ASCE 7-98.  THE WIND FORCES SEEM 
TO BE LOWER THAN EXPECTED.  THE SEISMIC FORCES DETERMINED IN THIS REPORT 
ARE HIGHER THAN THE FORCES DETERMINED IN THE ORIGINAL DESIGN.  THE ORIGINAL 
DESIGN REPRESENTS WIND AS THE CONTROLLING LATERAL DESIGN FORCE; HOWEVER, 
THIS REPORT SHOWS THAT SEISMIC IS THE CONTROLLING LATERAL DESIGN FORCE.  
THE DIFFERENCES IN THE SEISMIC DESIGN BEGIN WITH THE DESIGN FACTORS FROM 
THE ASCE MANUAL.  IT IS POSSIBLE THAT A DIFFERENT VERSION OF ASCE WAS 
USED FOR THE ORIGINAL DESIGN.  A MORE SPECIFIC REASON FOR THESE DIFFERENCES 
IS UNKNOWN AT THIS TIME.  FURTHER INVESTIGATION WILL BE PERFORMED AT A 
LATER TIME.   

ALSO INCLUDED IN THIS REPORT ARE OTHER STRUCTURAL ISSUES THAT WILL 
NEED TO BE ADDRESSED WITH FURTHER INVESTIGATION, INCLUDING FOOTING 
CAPACITIES, BASEMENT WALL LATERAL PRESSURES, AND EXTERIOR WALL DEFLECTION. 
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INTRODUCTION: 

 
GEORGE READ HALL IS A 129,000 SQUARE FOOT, FIVE STORY RESIDENTIAL 

BUILDING FOR STUDENTS AT THE UNIVERSITY OF DELAWARE IN NEWARK, DELAWARE.  
THE BUILDING IS ONE OF THREE BUILDINGS BEING CONSTRUCTED IN THE NEW COMPLEX 
TO REPLACE THE EXISTING PENCADER RESIDENTIAL COMPLEX.  THE BUILDING’S “U” 
SHAPE MAKES IT UNIQUE.  THE SHAPE COULD AFFECT THE DISTRIBUTION OF LATERAL 
FORCES.  FOR THE PURPOSES OF THIS REPORT, THE LATERAL LOADS WILL BE 
DISTRIBUTED BY THE TYPICAL BAY SIZES.  TYPICAL FLOORS ARE COMPRISED OF 
RESIDENTIAL SPACES ON EITHER SIDE OF A CORRIDOR RUNNING DOWN THE CENTER OF 

THE BUILDING. 
 

OVERALL STRUCTURAL SYSTEM: 
 

THE FLOOR OF GEORGE READ 
HALL IS COMPOSED OF A HAMBRO 
COMPOSITE FLOOR SYSTEM.  THE F
SYSTEM USES 14” DEEP STEEL JOISTS 
WITH A 2

LOOR 

HE 

R 

ENGTH.  
 

3/4” CONCRETE SLAB.  T
JOISTS ARE SPACED AT 4’11/4” ON 
CENTER.  THE FIGURE ON THE RIGHT 
ILLUSTRATES A TYPICAL HAMBRO FLOO

SYSTEM.  THE PLYWOOD IS ONLY USED 
AS FORMWORK FOR THE CONCRETE SLAB 

AND IS REMOVED WHEN THE CONCRETE HAS REACHED ITS FULL COMPRESSIVE STR

THE FIGURE ALSO SHOWS MASONRY BEARING WALLS; HOWEVER, GEORGE READ HALL
USES COLD FORMED METAL STUD BEARING WALLS.   

BEARING WALLS ARE 16 GAUGE, 50 KSI COLD FORMED METAL STUDS.  THE 
FIRST FLOOR IS SUPPORTED WITH 3-6” STUDS @ 16” ON CENTER.  A TYPICAL BAY 
IS 26’-8” X 23’-6”.  INTERIOR FIRST FLOOR FRAMING CONSISTS OF WIDE 
FLANGE BEAMS OF VARIOUS SIZES.  THE SECOND FLOOR METAL STUD FRAMING 
CONSISTS PRIMARILY OF 3-6” STUDS @ 16” ON CENTER.  FRAMING UNDER THE 
SECOND FLOOR HALLWAY IS WIDE FLANGE BEAMS, WITH THE TYPICAL SIZE BEING A 
W14X53.  THESE INTERIOR HALLWAY BEAMS ARE LOCATED ON EACH SIDE OF THE 
6’-0” WIDE HALLWAY.  A TYPICAL SECOND FLOOR BAY SHOWING THESE BEAMS IS 
SHOWN ON PAGE 5.  THE THIRD THROUGH FIFTH FLOOR FRAMING IS VERY SIMILAR.  
THE THIRD FLOOR BEARING WALLS CONSIST MAINLY OF 2-6” STUDS @ 16” ON 
CENTER.  THE FOURTH AND FIFTH FLOOR BEARING WALLS ARE BUILT WITH 1-6”  
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STUD @ 16” ON CENTER.  THE INTERIOR BEAMS ARE REPLACED BY METAL STUD 
BEARING WALLS UNDER THE HALLWAY IN THE THIRD TRHOUGH FIFTH FLOOR FRAMING.  
ROOF FRAMING ON GEORGE READ HALL CONSISTS OF PREFABRICATED LIGHT GAUGE 
METAL TRUSSES AT A MAXIMUM OF 4’-0” ON CENTER WITH 11/2” 22 GAUGE 
GALVANIZED METAL DECK.  THE ROOF TRUSSES SPAN 54’ WITH TWO INTERMEDIATE 
SUPPORTS LOCATED 23’-6” FROM EACH EXTERIOR WALL.   

THE FOUNDATION IS COMPRISED OF A COMBINATION OF CONTINUOUS AND 
SPREAD FOOTINGS.  THE CONTINUOUS FOOTINGS RANGE FROM 3’-0” WIDE TO 7’-0” 
WIDE AND ARE 1’0” DEEP AND ARE REINFORCED WITH CONTINUOUS #5 BARS.  
FIFTEEN DIFFERENT SIZES OF SPREAD FOOTINGS ARE USED RANGING IN SIZE FROM 
3’-0” WIDE X 3’-0” WIDE X 1’-0” DEEP TO 10’-0” WIDE X 10’-0” WIDE X 
2’-3” DEEP.  THESE SPREAD FOOTINGS CARRY THE CONCENTRATED LOADS FROM THE 
INTERIOR COLUMNS.  REINFORCING BARS FOR THE SPREAD FOOTINGS CONSIST OF #5 
BARS OR #6 BARS.   THE FOOTINGS WERE DESIGNED WITH A SOIL BEARING CAPACITY 
OF 4000 PSF.  BASEMENT WALLS ARE 1’-4” THICK WITH #4@12 BOTH WAYS IN 
BOTH FACES.  THE BASEMENT FLOOR OF GEORGE READ HALL IS A 5” THICK SLAB ON 
GRADE WITH 6X6-W1.4 X W1.4 WELDED WIRE MESH.  SLAB CONTROL JOINTS ARE 
LOCATED SO THAT THERE IS A MAXIMUM OF 40 FEET IN LENGTH ALONG ANY ONE SIDE 
WITH A MAXIMUM UNINTERRUPTED CONCRETE AREA OF 1200 SQUARE FEET. 

  THE LATERAL FORCE RESISTING SYSTEM OF GEORGE READ HALL IS X-
BRACED SHEAR WALLS.  THE SHEAR WALLS ARE LOCATED ALONG TYPICAL BAY LINES.  
FIRST FLOOR SHEAR WALLS CONSIST OF X-BRACING USING 2-41/2” METAL STRAPS. 
THE SECOND AND THIRD FLOOR SHEAR WALLS ARE X-BRACED WALLS OF 2-4” METAL 
STRAPS.  FOURTH AND FIFTH FLOOR SHEAR WALLS ARE 2-3” X-BRACED METAL 
STRAPS. 
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THE BUILDING FOOTPRINT AND TYPICAL BAY ARE SHOWN BELOW.  THE HATCHED 

AREA ON THE DIAGRAM REPRESENTS THE TYPICAL BAY, WHICH IS SHOWN IN MORE 
DETAIL ON PAGE 3. 
 

 
 
 

BUILDING FOOTPRINT 
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THE SHADED AREA REPRESENTS THE CORRIDOR AREA WHERE THE LIVE LOAD IS 
INCREASED TO 100 PSF.  THE SPAN ARROWS SHOW THE DIRECTION OF THE STEEL 
JOIST FRAMING IN THE HAMBRO FLOOR SYSTEM. 

  
 
 

 
 
 

 
2ND FLOOR BAY SHOWING INTERIOR BEAMS 
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TYPICAL 3RD THROUGH 5TH FLOOR BAY 
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DESIGN CODES AND CODE REQUIREMENTS:   
 

• IBC 2000 – INTERNATIONAL BUILDING CODE 
• ACI 301 – SPECIFICATION FOR STRUCTURAL CONCRETE 
• ACI 318 – BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE 
• CRSI MANUAL OF STANDARD PRACTICE 
• AISC MANUAL OF STEEL CONSTRUCTION, ALLOWABLE STRESS DESIGN   
• ASCE 7-98 – MINIMUM DESIGN LOADS FOR BUILDINGS 
• AISI – AMERICAN IRON AND STEEL INSTITUTE 

 
MATERIAL STRENGTHS: 
 
CONCRETE: 

• NORMAL WEIGHT, 4000 PSI 
• REINFORCING BARS – ASTM A 615/A 615M, GRADE 60 
• WELDED WIRE MESH – ASTM A 185 

 
CONCRETE MASONRY UNITS: 

• NORMAL WEIGHT, 1900 PSI 
• JOINT REINFORCEMENT- ASTM A-153, GRADE B 

 
STRUCTURAL STEEL: 

• STEEL SHAPES, PLATES, AND BARS – ASTM A992, GRADE 50 
• COLD-FORMED STRUCTURAL TUBING – ASTM A 500, GRADE B 
• STEEL PIPE – ASTM A 53, TYPE E, GRADE B 
• ANCHOR BOLTS – ASTM A307 GRADE A 
• HIGH-STRENGTH BOLTS – ASTM A325 
• STEEL JOISTS – FY = 50 KSI 
• COLD FORMED METAL STUDS – FY = 50 KSI 
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GRAVITY DESIGN LOADS: 
 
DEAD LOADS: 

• WEIGHT OF SLAB = (2.75 IN) X (150 PCF) X (1/12 IN/FT) = 35 PSF 
• WEIGHT OF JOISTS = 2 PSF 
• MISCELLANEOUS DEAD LOAD = 5 PSF 
• SUPERIMPOSED DEAD LOAD = 20 PSF 
• TOTAL DEAD LOAD = 35 + 2 + 5 + 20 = 62 PSF 

 
LIVE LOADS: 

• ROOF – 20 PSF 
• GROUND SNOW LOAD – 20 PSF 
• LIVING SPACES – 40 PSF 
• CORRIDORS, LOUNGES, STAIRS – 100 PSF 
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FLOOR SPOT CHECK:   
 

SINCE ALL FLOORS ARE PRIMARILY THE SAME OCCUPANCY USE, A TYPICAL 
FLOOR SPOT CHECK CAN BE DONE AT ANY FLOOR.  THE TYPICAL FLOOR SYSTEM IS A 
HAMBRO COMPOSITE FLOOR SYSTEM USING STEEL BAR JOISTS WORKING COMPOSITELY 
WITH A CONCRETE SLAB.  FOR THE CHECK, A DESIGN AID PROVIDED BY HAMBRO WAS 
USED.  THE RESULTS CAN BE SEEN BELOW.  THE WORST CASE SPAN OF THE FLOOR 
SYSTEM IS 24’-0” IN THE LIVING SPACES.   

   
THE RESULTS OF THE DESIGN AID SHOW THAT A FLOOR SYSTEM USING 10” JOISTS 
AND A 23/4” SLAB CAN SPAN 25’-0” UNDER THE APPROPRIATE DESIGN LOADS.  THE 
EXISTING FLOOR SYSTEM UTILIZES 14” JOISTS WITH A 23/4” SLAB.  THESE 
DIFFERENCES COULD BE DUE TO SEVERAL DIFFERENT THINGS.  ONE POSSIBLE REASON 
FOR THE DIFFERENCE COULD BE THAT A HIGHER SUPERIMPOSED DEAD LOAD OR 

MISCELLANEOUS DEAD LOAD WAS USED IN THE INITIAL DESIGN.  ANOTHER POSSIBLE 
REASON MIGHT BE THE NEED FOR LARGER OPENINGS IN THE JOISTS FOR MECHANICAL 

PIPES OR EQUIPMENT. 
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IN A
MED ON A TYPICAL SECOND FLOOR BEAM AT THE CORRIDOR, USING THE 

ALLOWABLE STRESS DESIGN METHOD.  CONTRIBUTING LOADS CAME FROM THE ROO
FOUR FLOORS ABOVE.  THE SECOND FLOOR FRAMING USES INTERIOR BEAMS AND 
COLUMNS BECAUSE OF DIFFERENT OCCUPANCY USE ON THE FIRST FLOOR.  THE LO
FROM ABOVE IS TRANSFERRED DOWN THROUGH METAL STUD BEARING WALLS ON THE 

THIRD THROUGH FIFTH FLOORS.  THE TOTAL LOAD WAS DETERMINED TO BE 7.142
K/FT OVER A LENGTH OF 13’-3”.  IT WAS DETERMINED THAT THE EXISTING 
W14X53 IS OK; HOWEVER, A W14X43 COULD BE USED INSTEAD.  ONCE AGAIN
THIS DIFFERENCE COULD BE ATTRIBUTED TO DISCREPANCIES IN SUPERIMPOSED DEAD

LOADS.  THE DEFLECTIONI CRITERIA COULD ALSO HAVE AN EFFECT ON THE RESULT. 
THE CALCULATIONS IN APPENDIX B WERE DONE USING A DEFLECTION CRITERION OF 
L/360.  IT IS POSSIBLE THAT A MORE STRINGENT CRITERION WAS USED.  
DETAILED CALCULATIONS CAN BE FOUND IN APPENDIX B. 
 
WIND : 

WIND LOADS WERE CALCULATED USING IBC 2000 AND ASCE 7-98 AND THE 
LLOW

   V = 90 MPH 

  

BUILDING IS CATEGORY II WITH AN EXPOSURE CATEGORY B.  THE WIND 
ORY 

 

 
 
FO ING DESIGN FACTORS: 
 
 
    I = 1.0 
    KZT = 1.0 
    KD = 0.85 
 
THE 
LOADING DIAGRAM IS SHOWN BELOW, ALONG WITH A TABLE SUMMARIZING THE ST
FORCES, STORY SHEARS AND OVERTURNING MOMENT.  AFTER SEEING THE RESULTS IN
THE TABLE, THE STORY FORCES SEEM TO BE LOW.  FURTHER INVESTIGATION WILL BE 
PERFORMED AT A LATER TIME TO DETERMINE MORE ACCURATE RESULTS.  DETAILED 
CALCULATIONS CAN BE FOUND IN APPENDIX C.   
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5 2.10 - 86.1 
4 4.02 2  1.10 24.62 
3 3.83 6.12 80.43 
2 3.78 9.95 41.58 

B 13.73 3ASE - 32.73 
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SEIS : 

SEISMIC LOADS WERE ALSO CALCULATED USING IBC 2000 AND ASCE 7-98.  
AS

 

SS = 0.225 

 
SMS = 1.6(0.225) = 0.36 

 
SDS = 

2/3(0.36) = 0.24 
  

 
 THE TABLE BELOW SHOWS THE FORCE AT EACH LEVEL IN THE RIGHT MOST 

LUMN  

LEVEL WX HX WXHX
1.0 CVX FX

 
 
IT W  DETERMINED FROM ASCE 7-98 THAT THE SIMPLIFIED ANALYSIS PROCEDURE 
CANNOT BE USED BECAUSE IT IS A LIGHT GAUGE BUILDING OVER THREE STORIES.  
THEREFORE, THE EQUIVALENT LATERAL FORCE METHOD WAS USED.  THE BUILDING IS
SEISMICALLY CLASSIFIED AS SITE D, DESIGN CATEGORY A, AND USE GROUP I.  
THE FOLLOWING FACTORS WERE USED IN THE DESIGN: 
 

S1 = 0.07 
R = 3 
I = 1.0 
FA = 1.6 
FV = 2.4  

SM1 = 2.4(0.07) = 0.168 

SD1 = 
2/3(0.168) = 0.112

 
CO , WITH THE TOTAL BASE SHEAR BEING THE SUM OF THESE STORY FORCES.  
 

5 5 4 2  0.1 470. 41 066.4 747  11.35331 
4 154.9 31 4801.9 0.406077 26.38282 
3 154.9 21 3252.9 0.275084 17.87223 
2 154.9 11 1703.9 0.144092 9.361645 

BASE 154.9 - - - 64.97 
   118 125.  1  
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THES
ENGINEER ON THE JOB.  THE DIFFERENCE BEGAN WITH SS AND S1 DETERMINED TO 

HIGHER THAN THAT SPECIFIED ON THE DRAWINGS.  IN ADDITION, FA AND FV WERE 

ALSO DETERMINED TO BE HIGHER VALUES.  A SPECIFIC REASON FOR THIS DIFFERENC
IS UNKNOWN AT THIS TIME.  MORE DETAILED ANALYSIS AND CALCULATIONS WILL BE 
DONE TO DETERMINE THE REASON FOR THE DIFFERENCE.  DETAILED SEISMIC 
CALCULATIONS CAN BE FOUND IN APPENDIX D.     
 
SHEA : 

AFTER PERFORMING THE WIND AND SEISMIC ANALYSES, IT CAN EASILY BE 
 

S.  

RESULTS OF THIS CHECK SHOWED THAT THE EXISTING STRAPS ARE OK.  SINCE THIS  

 
 
SEEN THAT THE LATERAL DESIGN CONTROL IS THE SEISMIC FORCES.  THE MAXIMUM
SHEAR FORCE IS 26.38 KIPS AT THE FOURTH FLOOR.  THE SHEAR RESISTING 
ELEMENT AT THIS LEVEL IS AN X-BRACED SHEAR WALL WITH 2-4” METAL STRAP
A SIMPLIFIED METHOD WAS USED TO DETERMINE THE FORCE IN EACH STRAP.  THE 
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IS A VERY SIMPLIFIED METHOD OF ANALYSIS, IT IS POSSIBLE T

 PERFORMED TO DETERMINE A MORE PRECISE ANALYSIS.  THE SIMPLIFIED 

HAT THE SHEAR WALL 

IS SUBJECTED TO HIGHER LOADS THAN MODELED.  MORE IN DEPTH CALCULATIONS WILL 
BE

CALCULATION IS SHOWN IN APPENDIX E. 
 
OTHER STRUCTURAL ISSUES: 
 
 SEVERAL OTHER STRUCTURAL ISSUES MUST BE ADDRESSED IN MORE DETAIL IN 

 DETERMINE WHETHER OR NOT THE CONTINUOUS AND 

READ FOOTINGS ARE SUFFICIENTLY DESIGNED WITH RESPECT TO THE SOIL BEARING 

PACI

OTHER REPORTS.  FIRST IS TO
SP

CA TY.  A SECOND ISSUE IS IF THE BASEMENT WALLS WILL BE AFFECTED AS A 
RESULT OF BEING SUBJECTED TO LATERAL SOIL LOADS.  A FINAL CONCERN IS THE 
IMPACT OF WIND FORCE ON THE EXTERIOR WALL; IT MUST BE DESIGNED TO THE 
PROPER DEFLECTION CRITERIA SO THAT THE BRICKS ARE NOT DAMAGED IN ANY 

MOVEMENT CAUSED BY WIND. 
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APPENDIX A: 

ULATION OF ROOF SNOW LOAD: 

= 0.7CeCtCsPgIs 

 = 1.0 

 = 1.0  THE ROOF HAS TWO DIFFERENCE SLOPES, BUT 1.0 IS CONSERVATIVE 
F  

(1.0)(1.0)(20)(1.0) = 14 PSF 

 
CALC
 
S 
 
Ce

Ct = 1.0      

Cs  
Pg = 20 PS
Is = 1.0 
 
S = 0.7(1.0)
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APPENDIX C: 
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APPENDIX D: 
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APPENDIX E: 
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APPENDIX F: 
 
SECOND FLOOR FRAMING PLAN 
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THIRD THROUGH FIFTH FLOOR PLAN 
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BUILDING SECTION 
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