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EXECUTIVE SUMMARY: 
 

GEORGE READ HALL IS A FIVE STORY DORMITORY ON THE UNIVERSITY OF 
DELAWARE’S CAMPUS.  EMCOMPASSING 129,000 SQUARE FEET, IT IS THE LARGEST 
OF THREE NEW BUILDINGS BEING CONSTRUCTED TO REPLACE THE EXISTING COMPLEX. 

THE FLOOR SYSTEM OF GEORGE READ HALL IS A HAMBRO COMPOSITE SYSTEM 
OF 14” DEEP OPEN WEB STEEL JOISTS AND A 23/4” CONCRETE SLAB.  THE FLOOR 
SYSTEM IS SUPPORTED BY 16 GAUGE, 50 KSI COLD FORMED METAL STUD BEARING 
WALLS.  THE LATERAL RESISTING SYSTEM IS COMPRISED OF X-BRACED SHEAR WALLS.  
THESE SHEAR WALLS ARE METAL STUD WALLS WITH 50 KSI METAL STRAPS. 

IN TECHNICAL ASSIGNMENT #2, IT WAS DETERMINED THAT ALTERNATE FLOOR 
SYSTEMS SHOULD BE CONSIDERED FOR USE IN THIS TYPE OF BUILDING.  THE MOST 
LIKELY OF THOSE ALTERNATE SYSTEMS TO BE USED IS PRECAST HOLLOW CORE PLANKS.  
IT WAS ALSO PREVIOUSLY DETERMINED THAT THE EXISTING LATERAL FORCE RESISTING 
SYSTEM IS NOT ADEQUATELY DESIGNED TO RESIST THE NEWLY CALCULATED SEISMIC 

FORCES.  THUS, AN ALTERNATE SYSTEM WILL BE DESIGNED USING REINFORCED 
MASONRY SHEAR WALLS.  HOWEVER, STRENGTH IS ONLY ONE CRITERIA OF AN 
ENGINEER’S DESIGN.   

ANOTHER IMPORTANT ASPECT OF THE DESIGN IS ECONOMY.  IN ORDER TO FIND 
THE MOST ECONOMICAL OVERALL BUILDING SYSTEM, THIS PROPOSAL WILL EXAMINE AN 
ALTERNATE BEARING WALL SYSTEM, SHEAR WALL SYSTEM, AND FLOOR SYSTEM.  THE 
WALL SYSTEM BEING INVESTIGATED IS A LOAD BEARING MASONRY WALL.  
SUPPLEMENTING THE MASONRY BEARING WALL WILL BE REINFORCED MASONRY SHEAR 
WALLS.  THESE MASONRY WALLS WILL BE DESIGNED IN ACCORDANCE WITH ASTM 
STANDARD C90 AND ALL OTHER APPROPRIATE ASTM STANDARDS.  AS MENTIONED 
ABOVE, PRECAST HOLLOW CORE PLANKS WILL BE EXAMINED AS A NEW FLOOR SYSTEM.  
THE CRSI MANUAL WILL BE USED AS A DESIGN AID FOR THE HOLLOW CORE PLANKS. 
  IN ORDER TO DETERMINE IF THE NEW SYSTEM IS MORE ECONOMICAL, A COST 
ANALYSIS WILL BE DONE ON THE ORIGINAL AND ALTERNATE SYSTEMS.  THE 
COMPARISON WILL BE DONE BETWEEN THE ORIGINAL LIGHT GAUGE METAL STUD BEARING 

WALL SYSTEM AND THE NEWLY DESIGNED MASONRY WALL SYSTEM.  A COMPARISON WILL 
ALSO BE DONE BETWEEN THE SHEAR WALL SYSTEMS AND FLOOR SYSTEMS. 
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BREADTH SUMMARY: 
 
 IN ADDITION TO THE STUDY OF THE LATERAL FORCE RESISTING SYSTEM, TWO 
BREADTH TOPICS WILL BE STUDIED.  THIS WILL ALSO HELP TO EXPAND MY 
ENGINEERING KNOWLEDGE AND HELP ME TO BECOME A BETTER-ROUNDED ENGINEER.   
 
BREADTH TOPIC #1:  CONSTRUCTION MANAGEMENT 
 
 THE FIRST BREADTH TOPIC WILL BE A COMPLETE SCHEDULE OF THE 
CONSTRUCTION PROCESS FOR THE ALTERNATE SYSTEM.  THIS SCHEDULE WILL BE 
COMPLETED IN PRIMAVERA PROJECT MANAGER.  THIS SCHEDULE WILL BE COMPARED TO 
THE ACTUAL CONSTRUCTION TIMETABLE TO SEE IF THE NEW SYSTEM RESULTS IN LESS 

CONSTRUCTION TIME. 
 
BREADTH TOPIC #2:  LEED CERTIFICATION 
 
 THE SECOND BREADTH TOPIC WILL BE A STUDY OF LEED CERTIFICATION.  A 
STUDY WILL BE DONE TO DETERMINE WHAT DESIGN CHANGES COULD BE INCORPORATED 

IN ORDER TO RECEIVE A LEED CERTIFICATION FOR THIS BUILDING.  THIS 
REQUIRES 26 OUT OF A POSSIBLE 69 POINTS ON THE GREEN BUILDING RATING 
SYSTEM, VERSION 2.2.  MOREOVER, ONE CATEGORY ON THE CHECKLIST WILL BE 
SELECTED AND THE SUBCATEGORIES WILL BE DESIGNED.  
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INTRODUCTION: 
 
 GEORGE READ HALL IS A FIVE STORY 
RESIDENTIAL DORMITORY ON THE CAMPUS OF THE 
UNIVERSITY OF DELAWARE IN NEWARK, DELAWARE.  
CONSTRUCTION COMPLETED IN AUGUST 2005, AND THE 
BUILDING OPENED TO RESIDENTS FOR THE FALL 2005 
SEMESTER.  GEORGE READ HALL IS THE LARGEST OF 
THREE NEW BUILDINGS BEING BUILT TO REPLACE THE 

FORMER PENCADER HOUSING COMPLEX.  AT APPROXIMATELY 129,000 SQUARE FEET, 
THIS BUILDING HOUSES 1000 BEDS IN DOUBLE OCCUPANCY ROOMS, WITH SOME 

SPECIAL SINGLE OCCUPANCY SUITES.  IN ADDITION TO 
THE DORM ROOMS, THE BUILDING HAS MANY LOUNGE 
SPACES, KITCHEN SPACES, LAUNDRY ROOMS, AND STUDY 
ROOMS.   
 THE BUILDING’S “U” SHAPE MAKES IT UNIQUE 
ARCHITECTURALLY.  HOWEVER, THE SHAPE ALSO MAKES 
THE DESIGN OF THE LATERAL FORCE RESISTING SYSTEM 

MORE COMPLICATED.   
 
EXISTING STRUCTURE: 
 

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 COMPOSITELY 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.   

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.  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” 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 
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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.  THE FLOOR PLANS ARE SHOWN BELOW. 
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TYPICAL BAY: 
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SECOND FLOOR PLAN: 
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THIRD THROUGH FIFTH FLOOR PLAN: 
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BUILDING SECTION: 
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PROBLEM STATEMENT: 
 
 A BUILDING MUST BE DESIGNED TO RESIST ALL APPLIED FORCES IN 
ACCORDANCE WITH THE INTERNATIONAL BUILDING CODE.  THIS INCLUDES GRAVITY 
LOADS AND LATERAL LOADS.  THE GRAVITY LOADS ARE DETERMINED FROM THE DEAD 
LOADS OF THE BUILDING AND THE LIVE LOADS ESTABLISHED IN TABLE 1607.1 OF 
IBC.  THE LATERAL FORCES TAKE INTO ACCOUNT THE EFFECTS OF WIND AND 
SEISMIC.  THESE FORCES ARE ALSO CALCULATED IN ACCORDANCE WITH IBC WITH 
REFERENCES TO ASCE 7.  BECAUSE OF LOAD COMBINATIONS SET FORTH IN THE 
IBC, THE BUILDING DOES NOT HAVE TO RESIST BOTH WIND AND SEISMIC 
CONCURRENTLY.   

AFTER A REVIEW OF TECHNICAL ASSIGNMENT #2 IT WAS PREVALANT THAT 
SEVERAL ALTERNATE FLOOR SYSTEMS WERE WORTH FURTHER INVESTIGATION.  THE MOST 
VIABLE ALTERNATIVE FLOOR SYSTEM IS PRECAST HOLLOW CORE PLANKS.  THIS WAS 
DETERMINED BECAUSE IT HAS THE MOST ADVANTAGES.  IT WAS CONCLUDED IN 
TECHNICAL ASSIGNMENT #3 THAT THE SEISMIC FORCES CONTROL THE DESIGN OF THE 
SYSTEM.  THIS DIFFERS FROM THE ORIGINAL DESIGN IN WHICH THE WIND FORCES 
WERE DETERMINED TO CONTROL THE DESIGN.  BECAUSE OF THIS, IT WAS ALSO 
DETERMINED THAT THE EXISTING LATERAL SYSTEM IS NOT APPROPRIATELY DESIGNED 

TO RESIST THESE HIGHER SEISMIC FORCES.  THEREFORE AN ALTERNATE LATERAL 
FORCE RESISTING SYSTEM WILL BE DESIGNED.   
 ALTHOUGH THE SYSTEM OF X-BRACED SHEAR WALLS IS FAIRLY SIMPLE IN THE 
SCHEME OF LATERAL RESISTING SYSTEMS, THE IRREGULAR SHAPE OF THE BUILDING 
REQUIRES AN ANALYSIS BEYOND THE SCOPE OF MY EDUCATIONAL EXPERIENCES THUS 

FAR.  THE DETERMINATION OF THE DIRECT AND TORSIONAL SHEAR FORCES ARE MORE 
COMPLEX THAN IN A RECTANGULAR OR MORE REGULARLY SHAPED BUILDING.  
THEREFORE, THE DESIGN OF AN ALTERNATE LATERAL FORCE RESISTING SYSTEM WILL 
EXPAND MY EXPERIENCES IN STRUCTURAL ENGINEERING.  ADDITIONALLY, 
INTRODUCING A NEW LATERAL SYSTEM WOULD NOT BE APPROPRIATE WITH THE EXISTING 

GRAVITY LOAD RESISTING SYSTEM.  AS A RESULT, A REDESIGN OF THE BEARING 
WALLS SYSTEM WILL ALSO BE DONE.   
 ONE OF THE MOST IMPORTANT THINGS TO CONSIDER WHEN DESIGNING 
BUILDINGS IS TO MAKE IT AS ECONOMICAL AS POSSIBLE.  BECAUSE OF THIS, IT IS 
VERY CRITICAL TO INVESTIGATE DIFFERENT SYSTEMS. 
  
PROBLEM SOLUTION: 
 
 THE SOLUTION TO THIS IS TO DESIGN AN ALTERNATE SYSTEM AND COMPARE IT 
TO THE ORIGINAL DESIGN.  THE ALTERNATIVE SYSTEM BEING CONSIDERED IN THIS 
PROPOSAL IS A LOAD BEARING MASONRY SYSTEM AS WELL AS MASONRY SHEAR WALLS.  
ALSO, A NEW FLOOR SYSTEM OF PRECAST HOLLOW CORE PLANKS WILL BE STUDIED.  
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THE ALTERNATE SYSTEMS WILL THEN BE COMPARED TO THE ORIGINAL DESIGN TO 
DETERMINE WHETHER IT IS A CONSIDERABLE ALTERNATIVE. 
 
SOLUTION METHOD: 
 
 THE FIRST STEP IN SOLVING THIS PROBLEM IS TO ACCURATELY DETERMINE 
THE LOADS ON THE BUILDING ACCORDING TO APPROPRIATE CODES AND REFERENCES.  
THE GRAVITY LOADS MUST BE APPLIED TO DETERMINE THE NECESSARY FLOOR SYSTEM 
REQUIREMENTS AND BEARING WALL ASSEMBLY.  THE FLOOR SYSTEM WILL BE DESIGNED 
USING THE CRSI MANUAL IN ORDER TO FIND AN APPROPRIATE HOLLOW CORE PLANK 
SYSTEM.  ASTM STANDARD C90 WILL BE USED AS A REFERENCE FOR THE LOAD 
BEARING BLOCKS.  OTHER ASTM STANDARDS ARE REQUIRED FOR THE REINFORCING 
STEEL DEPENDING ON THE GRADE OF THE STEEL.  THIS INCLUDES WIRE AND 
REINFORCING BARS.   
 THE INTERNATIONAL BUILDING CODE AND ASCE 7 WILL BE USED TO 
DETERMINE WHETHER THE BUILDING ACTS AS A RIGID OR FLEXIBLE DIAPHRAGM.  
AFTER DETERMINING THE CORRECT METHOD, THE LATERAL FORCES WILL BE APPLIED 
AND DISTRIBUTED TO DETERMINE THE FORCE IN EACH SHEAR WALL.  THE FORCES WILL 
BE DISTRIBUTED ACCORDING TO RIGIDITIES.  THIS WILL ALLOW THE SHEAR WALLS TO 
BE DESIGNED.  THE SAME ASTM STANDARDS WILL BE USED FOR THE SHEAR WALLS.  
THE BUILDING WILL BE MODELED IN THE STRUCTURAL ENGINEERING COMPUTER PROGRAM 
E-TABS IF MORE IN DEPTH AND COMPLEX DESIGN IS REQUIRED.  AFTER ALL OF THE 
DESIGN IS COMPLETED, AN ECONOMIC ANALYSIS WILL BE PERFORMED. 
 
BREADTH STUDIES: 
 
 TWO BREADTH TOPICS WILL BE STUDIED AS PART OF THIS THESIS.  THE 
FIRST OF WHICH WILL BE TO DETERMINE THE CHANGES IN MATERIALS AND SYSTEMS IN 

ORDER TO OBTAIN A LEED CERTIFICATION FOR THIS BUILDING.  IN ORDER TO 
OBTAIN THIS RATING, 26 OUT OF A POSSIBLE 69 POINTS MUST BE ATTAINED ON THE 
LEED CHECKLIST.  THE CHECKLIST IS FROM THE GREEN BUILDING RATING SYSTEM, 
VERSION 2.2.  TO DETERMINE THE FEASIBILITY OF THIS CERTIFICATION, ONE 
CATEGORY WILL BE SELECTED AND STUDIED IN DEPTH. 
 THE SECOND BREADTH TOPIC WILL BE A COMPLETE SCHEDULE OF THE 
CONSTRUCTION PROCESS FOR THE ALTERNATE SYSTEM.  THIS SCHEDULE WILL BE 
COMPLETED IN PRIMAVERA PROJECT MANAGER.  THIS SCHEDULE WILL BE COMPARED TO 
THE ACTUAL CONSTRUCTION TIMETABLE TO SEE IF THE NEW SYSTEM RESULTS IN LESS 

CONSTRUCTION TIME. 
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TASKS AND TOOLS: 
 
TASK 1:  DETERMINE LOADS 

A. DETERMINE GRAVITY LOADS FROM DEAD LOADS AND LIVE LOAD TABLE 
1607.1 IN IBC. 

B. DETERMINE WIND AND SEISMIC FORCES IN ACCORDANCE WITH ASCE 7-98 
CHAPTERS 6 & 9 RESPECTIVELY 

TASK 2:  APPLY LOADS AND FIND CRITICAL DESIGN MEMBERS 
A. DETERMINE CRITICAL FLOOR LOADS 
B. DETERMINE CRITICAL BEARING WALL LOAD 
C. DETERMINE CRITICAL SHEAR WALL LOAD 

TASK 3:  DESIGN OF SYSTEM 
A. FIND REQUIRED PRECAST HOLLOW CORE PLANK SIZE FROM CRSI HANDBOOK 
B. DESIGN LOAD BEARING MASONRY SYSTEM ACCORDING TO ASTM STANDARDS 
C. DESIGN MASONRY SHEAR WALLS AS REQUIRED BY THE ABOVE CALCULATIONS 

IN ACCORDANCE WITH THE APPROPRIATE ASTM STANDARDS 
TASK 4:  BREADTH TOPICS 

A. RESEARCH LEED CERTIFICATION 
B. PERFORM REQUIRED WORK ON CHOSEN LEED TOPIC 
C. PERFORM COST ANALYSIS USING RS MEANS 
D. CREATE CONSTRUCTION SCHEDULE USING PRIMAVERA 

TASK 5:  REPORT 
A. COMPILE FINAL REPORT 
B. REVIEW 
C. FINAL PRESENTATION 

 
TIMETABLE: 
 

1/9 - 1/13 1/16 - 1/20 1/23 - 1/27 1/30 - 2/3 2/6 - 2/10 2/13 - 2/17 2/20 - 2/24 2/27 - 3/3 3/6 - 3/10 3/13 - 3/17 3/20 - 3/24 3/27 - 3/31 4/3 - 4/7 4/10 - 4/14
Task 1 B
Task 2 R
Task 3 E
Task 4 A
Task 5 K

January February March April
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