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EXECUTIVE SUMMARY: 
 
 THIS REPORT IS A COMPARISON OF ALTERNATE FLOOR SYSTEMS FOR GEORGE 
READ HALL.  FOUR DIFFERENT SYSTEMS WERE DESIGNED AND COMPARED TO THE 
EXISTING HAMBRO FLOOR SYSTEM.  THE FOUR SYSTEMS WERE A ONE-WAY SLAB, A 
TWO-WAY FLAT PLATE SLAB, PRECAST HOLLOW-CORE PLANKS, AND NON-COMPOSITE 
STEEL JOISTS.   
 THE ONE-WAY SLAB SYSTEM REDUCED THE FLOOR DEPTH AND IS ECONOMICAL TO 
CONSTRUCT BECAUSE OF THE ABILITY TO REUSE THE FORMWORK.  THE CONS OF THIS 
SYSTEM ARE THAT IT REQUIRES A REDESIGN OF OTHER GRAVITY LOAD AND LATERAL 

LOAD MEMBERS AND INCREASES THE TOTAL WEIGHT OF THE BUILDING. 
 THE TWO-WAY FLAT PLATE SYSTEM IS ECONOMICAL TO CONSTRUCT BECAUSE OF 
THE SIMPLICITY OF THE FORMWORK.  IT ALSO PROVIDES THE SHALLOWEST FLOOR 
DEPTH.  ON THE OTHER HAND, IT GREATLY INCREASES THE TOTAL WEIGHT OF THE 
BUILDING, WHICH COULD PRODUCE HIGHER SEISMIC LOADS AND INCREASE THE FOOTING 
SIZES.  FURTHERMORE, IT REQUIRES A MINIMUM OF 29” SQUARE COLUMNS. 
 A PRECAST HOLLOW-CORE PLANK SYSTEM IS SIMPLE TO CONSTRUCT AND CAN BE 
DONE RATHER QUICKLY.  IT CAN ALSO BE ECONOMICAL BY DECREASING LABOR TIME.  
THIS SYSTEM ALSO RESULTS IN A SHALLOWER FLOOR, BUT ALSO BRINGS SIGNIFICANT 
ADDITIONAL WEIGHT TO THE BUILDING.  THE SUPPORT FOR THIS SYSTEM COULD BE A 
VARIETY OF THINGS, INCLUDING MASONRY BEARING WALLS, STEEL BEAMS, AND 
POSSIBLY METAL STUD BEARING WALLS. 
 NON-COMPOSITE JOISTS WITH A 4” SLAB IS EASY TO CONTRUCT AND 
LIGHTWEIGHT.  THE DOWNFALL OF THIS SYSTEM IS THAT IT REQUIRES MUCH DEEPER 
JOISTS THAN THE EXISTING COMPOSITE SYSTEM IN ORDER TO BE ECONOMICAL.  
ADDITIONALLY, THE SPACING OF THE JOISTS IS HALF AS MUCH, RESULTING IN THE 
NEED FOR TWICE AS MANY MEMBERS.   
 THEREFORE, AFTER ANALYZING AND COMPARING THESE ALTERNATE SYSTEMS, IT 
WAS DETERMINED THAT THREE OF THE FOUR SYSTEMS SHOULD BE CONSIDERED WITH 

FURTHER INVESTIGATION.  THE NON-COMPOSITE JOIST SYSTEM DOES NOT WARRANT 
FURTHER INVESTIGATION BECAUSE IT HAS NO REAL ADVANTAGES OVER THE EXISTING 

COMPOSITE SYSTEM.  THE OTHER THREE SYSTEMS WARRANT FURTHER INVESTIGATION 
BECAUSE THEY DO HAVE ADVANTAGES OVER THE ORIGINAL HAMBRO COMPOSITE SYSTEM 
AND COULD PROVIDE MORE ECONOMICAL OPTIONS. 
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EXISTING SYSTEM: 
 
 THE EXISTING FLOOR SYSTEM IN GEORGE READ HALL IS COMPOSED OF A 
HAMBRO COMPOSITE FLOOR SYSTEM.  THIS SYSTEM USES 14” DEEP STEEL 50 KSI 
STEEL JOISTS WORKING WITH A 23/4” CONCRETE SLAB.  THE JOISTS ARE SPACED AT 
4’-11/4” ON CENTER.  THE TYPICAL SPAN FOR THE JOISTS IS 23’-6” WITH AN 
INTERIOR SPAN OF 6’-0” FOR THE CORRIDOR.  THE TYPICAL BAY IS SHOWN BELOW.   
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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.  THE LIVE LOAD IN THE NON-SHADED 
AREA IS 40 PSF AS DETERMINED BY IBC.   
 
ALTERNATE SYSTEMS: 
 
 FOUR ALTERNATE SYSTEMS WERE ANALYZED AND COMPARED TO THE EXISTING 
SYSTEM TO DETERMINE IF A MORE APPROPRIATE DESIGN COULD BE INCORPORATED. 
 
ALTERNATE SYSTEM #1:  ONE-WAY CONCRETE JOIST SYSTEM 
 
SUPERIMPOSED LOAD = 1.2(25) + 1.6(40) = 94 PSF  LIVING SPACES 
SUPERIMPOSED LOAD = 1.2(25) + 1.6(100) = 190 PSF  CORRIDOR  
 

USING THE CRSI MANUAL FOR CONCRETE CONSTRUCTION, 6”WIDE X 8” DEEP 
RIBS SPACED AT 26” ON CENTER WITH A 3” CONCRETE TOPPING CAN SAFELY SPAN 
24’-0” WITH A FACTORED SUPERIMPOSED LOAD OF 104 PSF WHEN REINFORCED WITH 
#4@8.5” TOP BARS AND 1-#4 AND 1-#5 BOTTOM BARS.  THE TABLES ALSO TAKE 
DEFLECTION INTO ACCOUNT.  THE DEFLECTION WAS LIMITED TO L/360, BUT THIS 
SPAN IS CONTROLLED BY FLEXURAL STRENGTH.  IT CAN ALSO BE SEEN FROM THE 
TABLE THAT THE SAME JOIST CAN EASILY SPAN THE 6’-0” CORRIDOR UNDER THE 
CALCULATED LOADS. 
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THE CORRESPONDING GIRDER WAS DESIGNED FOR THIS SPAN, CARRYING HALF 
OF THE LARGER SPAN LIVING AREA AS WELL AS HALF OF THE CORRIDOR SPAN.  THE 
DESIGN LENGTH WAS TAKEN AS 26’-8”.  CALCULATIONS SHOW THAT AN 11” X 20” 
GIRDER WITH 7-#9 TOP BARS AND 5-#9 BOTTOM BARS IS REQUIRED TO CARRY THE 
APPLIED LOADS.  THE DEPTH WAS LIMITED TO 11” TO MATCH THE DEPTH OF THE 
JOISTS.  THIS WILL MAKE THE CONSTRUCTION PROCESS OF THIS SYSTEM MUCH MORE 
EFFICIENT.  DETAILED CALCULATIONS OF THE GIRDER DESIGN ARE SHOWN IN 
APPENDIX A. 
 IN ADDITION TO A MORE EFFICIENT CONSTRUCTION PROCESS, THIS SYSTEM 
CAN BE MORE ECONOMICAL THAN OTHER CONCRETE SYSTEMS BECAUSE THE FORMWORK IS 

REUSABLE THROUGHOUT THE ENTIRE PROJECT.  THE TOTAL DEPTH OF THE SYSTEM IS 
11”.  THIS IS APPROXIMATELY 6” LESS THAN THE EXISTING FLOOR SYSTEM.  THIS 
COULD PROVIDE BENEFICIAL IF THE FLOOR TO CEILING HEIGHT IS CONSTRICTED.  
HOWEVER, THE FLOOR TO CEILING HEIGHT IN GEORGE READ HALL IS APPROXIMATELY 
8’-7”.  THEREFORE, THE NEED TO REDUCE THE FLOOR SYSTEM DEPTH DOES NOT 
SEEM TO BE VERY CRITICAL.  THIS SYSTEM IS ALSO MORE ECONOMICAL BECAUSE FIRE 
PROOFING IS NOT NEEDED SINCE THE SLAB ACTS AS THE FIRE PROTECTION. 
 THIS SYSTEM MAY BE A MORE ECONOMICAL CONCRETE FLOOR SYSTEM, BUT THAT 
DOES NOT MEAN THAT IT IS THE MOST ECONOMICAL OVERALL SYSTEM.  THE LABOR 
COSTS OF CONCRETE ARE MUCH HIGHER THAN THAT OF A STEEL SYSTEM.  
ADDITIONALLY, THIS SYSTEM WOULD REQUIRE THE USE OF INTERIOR CONCRETE 
COLUMNS AND GIRDERS IN LIEU OF THE EXISTING COLD FORMED METAL STUDS.  THESE 
NEW COLUMNS COULD BE QUITE SIZABLE IN COMPARISON TO THE EXISTING HSS 
COLUMNS, POSSIBLY CREATING A LOSS OF ARCHITECTURAL SPACE.  THE EXTRA 
CONCRETE WILL ALSO GREATLY INCREASE THE TOTAL WEIGHT OF THE BUILDING WHICH 

WILL CAUSE GREATER SEISMIC FORCES.  THE ADDITIONAL BUILDING WEIGHT COULD 
ALSO CAUSE AN INCREASE IN THE FOOTINGS SIZES.  THE TYPICAL ONE-WAY JOIST 
LAYOUT IS SHOWN BELOW. 
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ALTERNATE SYSTEM #2:  TWO-WAY FLAT PLATE 
 
SUPERIMPOSED LOAD = 94 PSF 
 
 AGAIN USING THE CRSI MANUAL, WITH A DESIGN SPAN OF 27’ IT CAN BE 
SEEN THAT A 9” THICK SLAB IS NEEDED.  THE REQUIRED COLUMN STRIP 
REINFORCEMENT IS 14-#5 TOP BARS AT THE EXTERIOR SUPPORT, 9-#7 BOTTOMS 
BARS, AND 12-#8 TOP BARS AT THE INTERIOR SUPPORT.  IN THE MIDDLE STRIP 
11-#5 TOP BARS AND 14-#4 BOTTOM BARS ARE REQUIRED.  THESE NUMBERS ASSUME 
A SQUARE PANEL.  THE ACTUAL PANEL DIMENSIONS ARE 26’-8” X 23’-6”.  THE 
DIFFERENCE BETWEEN THE TWO SPANS IS RELATIVELY CLOSE, SO THE SAME 
REINFORCEMENT CAN BE USED IN BOTH DIRECTIONS WITHOUT BEING UNECONOMICAL. 
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 ONE OF THE PRIMARY ADVANTAGES OF THE TWO-WAY FLAT PLATE SYSTEM IS 
ITS ECONOMY.  THE FORMWORK IS VERY SIMPLE, RESULTING IN LESS LABOR TIME TO 
FORM AND STRIP THE CONCRETE.  ANOTHER ADVANTAGE OF THE FLAT PLATE SYSTEM IS 
THAT THE TOTAL DEPTH OF THE FLOOR IS ONLY 9”.  HOWEVER, AS DISCUSSED 
ABOVE, THE DEPTH OF THE FLOOR IS NOT A CRITICAL ISSUE.  AGAIN, FIRE 
PROOFING IS NOT NECESSARY FOR THIS SYSTEM BECAUSE OF THE USE OF THE 9” 
THICK CONCRETE SLAB. 
 THE MAJOR DOWNFALL OF THIS SYSTEM IN THE CONTEXT OF THIS REPORT IS 
THAT IT ALSO WOULD REQUIRE THE USE OF INTERIOR CONCRETE COLUMNS AND BEAMS.  
THIS SYSTEM REQUIRES MINIMUM 29” SQUARE COLUMNS WHICH COULD REDUCE THE 
AMOUNT OF USABLE SPACE.  THE USE OF A TWO-WAY FLAT PLATE WOULD ALSO 
INCREASE THE TOTAL WEIGHT OF THE BUILDING DUE TO A THICKER SLAB AND LARGER 

CONCRETE COLUMNS THAN IN THE EXISTING HAMBRO SYSTEM.  THIS WILL AGAIN 
CAUSE AN INCREASE IN THE SEISMIC LOADS AND INTRODUCE GREATER LOADS INTO THE 

FOOTINGS. 
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ALTERNATE SYSTEM #3:  PRE-STRESSED HOLLOW CORE PLANK 
 
SUPERIMPOSED LOAD = 94 PSF 
 
 USING THE PCI DESIGN HANDBOOK’S PROVIDED LOAD TABLES FOR HOLLOW 
RE PLANKS, IT WAS DETERMINED THAT 4’-0” WIDE X 8” DEEP LIGHTWEIGHT 
ANKS WIT HE 

INFORCING FOR THESE PLANKS IS 6-3/8” STRAIGHT PRESTRESSING STRANDS 
CATED 11/2” UP FROM THE BOTTOM OF THE PLANKS.  ADDITIONAL CALCULATIONS 
OW THAT A W16X50 IS REQUIRED TO SUPPORT THE EDGES OF THE PLANKS.  THESE 
LCULATIONS CAN BE SEEN IN APPENDIX B.  THE TYPICAL PLANK CROSS SECTION 
 SHOWN BELOW ALONG WITH THE CORRESPONDING LOAD TABLES. 
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 THE TYPICAL BAY IS SHOWN BELOW.  THE SPAN ARROWS INDICATE THE 
DIRECTION OF THE HOLLOW-CORE SPAN.  THE SHADED AREA REPRESENTS THE AREA 
ERE THE LIVE LOAD IS INCREASED TO 100 PSF. 
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STEM IS ONLY  WHICH IS THE SECOND SHALLOWEST OF ALL THE SYSTEMS 

ST ATED IN THIS REPORT.  THIS DEPTH ASSUMES THAT A BULKHEAD WOULD BE 
BUILT OUND THE BEAMS.  IT MAY BE POSSIBLE TO BEAR THE PANELS ON METAL 
STUD W L, BUT FURTHER INVESTIGATION IS REQUIRED TO DETERMINE ITS 
FEASIBI Y.  ANOTHER POSITIVE OF THIS SYSTEM IS THAT A VARIETY OF OPTIONS 
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ARE AV LABLE FOR PLANK BEARING.  A WIDE FLANGE BEAM WAS DESIGNED AS THE 
BEARIN MEMBER IN THIS REPORT, BUT MASONRY WALLS AND METAL STUD WALLS COULD 
BE OTH  OPTIONS.  THIS WILL ALLOW FOR THE MOST ECONOMICAL SYSTEM TO BE 
USED T SUPPORT THE PLANKS.  BECAUSE THE CONCRETE IS PRECAST, THE 
CONSTR TION TIME IS A LOT LESS FOR THIS SYSTEM.  THIS WILL BE MORE COST 
EFFICI T.  FIRE PROTECTION IS ALSO ALREADY PROVIDED BY THE PLANKS. 
 E  WITH LIGHTWEIGHT CONCRETE, THIS SYSTEM IS STILL SLIGHTLY 
HEAVIE THAN THE EXISTING SYSTEM.  THE BULKHEADS BUILT AROUND THE WIDE 
FLANGE UPPORTS COULD PRESENT AN ARCHITECTURAL PROBLEM.   
 
ALTERN E SYSTEM #4:  NON-COMPOSITE STEEL JOISTS 
 
 A MING A 4”SLAB, THE DISTRIBUTED LOAD ON THE JOISTS IS: 
 

= 1.2(50) + 1.2(25) + 1.6(40) = 154 PSF 
 
AT 2’-0” ON CENTER, 18K3 STEEL JOISTS ARE REQUIRED.  THIS WAS DETERMINED 
USING E K-SERIES ECONOMY TABLE FROM THE COLUMBIA JOIST COMPANY CATALOG.  
THE SL  REINFORCEMENT IS #3@12 BOTTOM BARS.  
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 THIS SYSTEM CAN BE MORE ECONOMICAL THAN A COMPOSITE SYSTEM BECA
IT DOESN’T REQUIRE THE USE OF HAMBRO SPECIALISTS.  THIS WOULD RESULT IN
LESS LABOR COSTS.  ANOTHER POSITIVE ASPECT OF THIS SYSTEM I

USE 

 

S THAT COLD 

RMED METAL STUDS CAN STILL BE USED.  THE NON-COMPOSITE SYSTEM IS ALSO 
FFECTS ON THE SEISMIC 

ADS AND FOOTING CAPACITIES ARE NOT AS GREAT AS IN THE OTHER ALTERNATE 

THE DEPTH OF THIS SYSTEM TOTALS 22”.  THIS IS 5” DEEPER THAN THE 
EXISTI THE JOISTS ARE 

ACED AT 2’-0” ON CENTER INSTEAD OF 4’-11/4” ON CENTER.  THIS MEANS 

STS MUST HAVE ADEQUATE 

FO

CLOSER IN WEIGHT TO THE EXISTING STRUCTURE, SO THE A
LO

SYSTEMS.  THE EXISTING SHEAR WALL SYSTEM CAN ALSO BE USED. 
 

NG SYSTEM.  IN ADDITION TO THIS ADDITIONAL DEPTH, 
SP

THAT TWICE AS MANY JOISTS ARE REQUIRED, SIGNIFICANTLY INCREASING THE 
MATERIAL COSTS AS WELL AS LABOR COSTS TO INSTALL MORE JOISTS.  MORE JOISTS 
ALSO REQUIRES MORE FIREPROOFING.  ALL OF THE JOI
FIREPROOFING APPLIED AS REQUIRED BY CODE.  THE TYPICAL BAY LOOKS THE SAME 
AS THE EXISTING SYSTEM; HOWEVER, IN THIS DIAGRAM, THE SPAN ARROWS 
REPRESENT 18K3 JOISTS AT 2’-0” ON CENTER. 
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SUMMARY: 
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CONCLUSIONS: 
 
 AFTER ANALYZI  F ND COMPARING THEM TO 

THE EXISTING SYSTEM CLUSIO REE OF THE FOUR 
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APPENDIX B: 
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APPENDIX C: 
 

 

 18 



 
Eric Alwine ˘ Structural Option 
George Read Hall ˘ The University of Delaware 
Dr. Boothby 
Technical Assignment #2 
October 31, 2005 
 
 
APPENDIX D: 
 
SECOND FLOOR FRAMING PLAN 
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THIRD THROUGH FIFTH FLOOR PLAN 
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BUILDING SECTION 
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