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EXECUTIVE SUMMARY :

THIS REPORT IS AN ANALYSIS OF THE EXISTING LATERAL FORCE RESISTING
SYSTEM. INCLUDED IN THE REPORT ARE SEISMIC AND WIND ANALYSES TO DETERMINE
THE CRITICAL LOAD CONDITION, FOLLOWED BY SUBSEQUENT CHECKS OF THE EXISTING
SYSTEM FOR STRENGTH, DRIFT, AND OVERTURNING.

GEORGE READ HALL IS A FIVE STORY RESIDENTIAL DORMITORY LOCATED ON
THE CAMPUS OF THE UNIVERSITY OF DELAWARE. IT RISES 68 FEET HIGH AND
ENCOMPASSES APPROXIMATELY 129,000 SQUARE FEET. THE BEARING WALLS CONSIST
OF METAL STUD FRAMING. THE BUILDING UTILIZES A HAMBRO COMPOSITE FLOOR
SYSTEM WITH 14” OPEN WEB STEEL JOISTS AND A 2°/,” CONCRETE SLAB. THE “U”
SHAPE OF THE BUILDING MAKES IT UNIQUE WHEN DESIGNING THE LATERAL FORCE
RESISTING SYSTEM. LATERAL LOADS CAN NOT BE APPLIED AND DISTRIBUTED IN THE
SAME MANNER AS IN A RECTANGULAR BUILDING. ADDITIONALLY, THE CENTER OF
RIGIDITY AND THE CENTER OF MASS DO NOT COINCIDE, RESULTING IN TORSIONAL
SHEAR.

THE LATERAL FORCE RESISTING SYSTEM OF GEORGE READ HALL CONSISTS OF
X-BRACED SHEAR WALLS. AT THE FIFTH AND FOURTH FLOOR, THE SHEAR WALLS ARE
CONSTRUCTED WITH 2-3” STRAPS. 2-4” STRAPS ARE USED ON THE THIRD AND
SECOND FLOOR, AND 2-4'/,” STRAPS ARE USED ON THE FIRST FLOOR. ALL STRAPS
ARE 16 GAUGE, 50 KSI.

AFTER APPLYING AND DISTRIBUTING THE LATERAL LOADS, IT WAS DETERMINED
THAT THE SEISMIC FORCES CONTROL THE DESIGN. THE WORST CASE SHEAR WALL
LOADING WAS MODELED USING RAM ADVANSE TO DETERMINE THE STRENGTH CAPACITY
AND DRIFTS. AFTER ANALYZING THE STRUCTURE IN RAM ADVANSE, IT COULD
EASILY BE SEEN THAT THE STRAPS ARE UNDERDESIGNED TO CARRY THE INTENDED
LOADING. ALSO, BECAUSE OF THIS, THE DRIFT OF THE BUILDING EXCEEDS THE
ALLOWABLE LIMITS FOR EACH FLOOR.

THE REASON FOR THE MEMBERS BEING UNDERDESIGNED CAN BE ATTRIBUTED TO
MUCH HIGHER CALCULATED SEISMIC FORCES IN THIS REPORT THAN IN THE ORIGINAL
DESIGN. ADDITIONALLY, THE SEISMIC LOADS WERE DISTRIBUTED TO THE SHEAR
WALLS DIFFERENTLY THAN IN THE ORIGINAL DESIGN. IN THE ORIGINAL DESIGN,
THE SEISMIC FORCES WERE MOST LIKELY DISTRIBUTED BY TRIBUTARY WIDTH TO THE
WALLS; HOWEVER, THIS IS NOT THE APPROPRIATE METHOD FOR NON-FLEXIBLE
BUILDINGS.
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INTRODUCTION:

GEORGE READ HALL IS A FIVE STORY, 68 FOOT HIGH RESIDENTIAL
DORMITORY ON THE CAMPUS OF THE UNIVERSITY OF DELAWARE. THE 129,000
SQUARE FOOT BUILDING IS THE LARGEST OF THREE NEW DORMITORIES BEING BUILT ON
THE CAMPUS TO REPLACE THE EXISTING COMPLEX.

THE SUPERSTRUCTURE OF GEORGE READ HALL CONSISTS OF METAL STUD
BEARING WALLS. THE FLOOR IS COMPRISED OF A HAMBRO COMPOSITE FLOOR SYTEM
OF OPEN WEB STEEL JOISTS ACTING COMPOSITELY WITH A 2%/,” CONCRETE SLAB.
THE ROOF FRAMING IS LIGHT GAUGE, PREFABRICATED METAL TRUSSES. THE
BUILDING IS SUPPORTED ON EXTERIOR CONTINUOUS FOOTINGS AND INTERIOR SPREAD
FOOTINGS.

THE SHAPE OF THE BUILDING MAKES IT VERY UNIQUE. ITS “U” SHAPE
MAKES THE DESIGN OF THE STRUCTURE DIFFERENT THAN MORE REGULARLY SHAPED
BUILDINGS. THIS IS ESPECIALLY IMPORTANT IN THE DESIGN OF THE LATERAL
RESISTING SYSTEM. THE CENTER OF MASS AND CENTER OF RIGIDITY DO NOT
COINCIDE AS THEY MIGHT IN A SYMMETRICAL BUILDING.

THE TYPICAL BAY IS SHOWN BELOW INDICATING THE LOCATION OF THE SHEAR
WALLS WITHIN THE TYPICAL BAY. IN ADDITION, THE FLOOR PLANS ARE ALSO SHOWN
BELOW.

INCLUDED IN THIS REPORT IS A DESCRIPTION OF THE EXISTING SYSTEM,
DETERMINATION OF THE DESIGN CONTROL, AN EXPLANATION OF THE DISTRIBUTION OF
FORCES, SPOT CHECKS, AND A CONCLUSION OF THE RESULTS.



ERIC ALWINE — STRUCTURAL OPTION

GEORGE READ HALL — THE UNIVERSITY OF DELAWARE
DR. BOOTHBY

TECHNICAL ASSIGNMENT #3

NOVEMBER 21, 2005

TYPICAL BAY:
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SECOND FLOOR PLAN:
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EXISTING SYSTEM:

THE EXISTING LATERAL RESISTING SYSTEM CONSISTS OF X-BRACED SHEAR
WALLS. THE WALLS ARE COLD FORMED METAL STUDS WITH 16 GAUGE, 50 KSI METAL
STRAPS. SHEAR WALLS ARE LOCATED ON EACH SIDE OF THE DOUBLE LOADED
CORRIDOR. THE TYPICAL DISTANCE BETWEEN WALLS IS 26’ -8”. AT THE FIFTH
AND FOURTH FLOORS, THE SHEAR WALLS ARE CONSTRUCTED WITH 2-3” STRAPS. 2-
4” STRAPS ARE USED ON THE THIRD AND SECOND FLOOR, AND 2-4'/,” STRAPS ARE
USED ON THE FIRST FLOOR. THE REASON FOR THIS IS BECAUSE THE SHEAR FORCES

ARE HIGHER AT THE BASE OF THE BUILDING. THE TYPICAL SHEAR WALL DETAILS ARE
SHOWN BELOW.
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DETAIL "A"

AS SEEN ON THE DETAILS, THE VERTICAL EDGE MEMBERS OF THE SHEAR WALLS ARE
METAL STUDS. THE STRAPS ARE WELDED TO THE VERTICAL STUDS WITH A 1/8” THICK

FILLET WELD. THIS SHEAR WALL SYSTEM ACTS VIRTUALLY AS A VERTICAL
CANTILEVERED TRUSS.
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LATERAL DESIGN CONTROL:

THE LATERAL RESISTING SYSTEM FOR THIS BUILDING IS CONTROLLED BY THE
SEISMIC FORCES. THIS CAN BE SEEN BY COMPARING THE FORCES ON A TYPICAL
BAY. THE WIND FORCES CREATED A BASE SHEAR OF 27 KIPS, WHILE THE SEISMIC
FORCES CREATED A BASE SHEAR OF 29 KIPS. THIS SEISMIC FORCE IN TURN ALSO
CREATES A GREATER TORSIONAL MOMENT DUE TO THE IRREGULAR SHAPE OF THE
BUILDING. THIS IS A SIMPLIFIED METHOD USED FOR COMPARISON.

DISTRIBUTION OF LATERAL FORCES:

A MORE ACCURATE ANALYSIS OF THE SEISMIC FORCES TAKES INTO ACCOUNT
THE ENTIRE WEIGHT OF THE STRUCTURE. IT WAS ASSUMED IN THIS ANALYSIS THAT
THE BUILDING ACTS AS A RIGID DIAPHRAGM. A MORE IN DEPTH ANALYSIS TO
DETERMINE THE RIGIDITY OF THE STRUCTURE MAY BE CONDUCTED FOR THE END OF
SEMESTER PROPOSAL. THE TOTAL BASE SHEAR WAS CALCULATED USING THE TOTAL
BUILDING WEIGHT, CALCULATED BY FLOOR AREA. THE RESULTING BASE SHEAR WAS
CALCULATED TO BE 836.8 KIPS. THE STORY FORCES WERE THEN CALCULATED BY
DISTRIBUTING THE LOADS ACCORDING TO THE HEIGHT AND WEIGHT OF EACH FLOOR.
THE DIRECT SHEAR FORCES WERE DETERMINED, ACCORDING TO RIGIDITY, BY
APPLYING THESE STORY FORCES TO THE BUILDING IN BOTH DIRECTIONS.

Level Wy hy Wyh, -° Cux Fy Shear
Roof 959.6 50 47980 0.162875 | 136.2937
5 2796.7 41.333 115596 | 0.392407 | 328.3661 | 136.2937
4 2796.7 31.333 87629 0.297469 | 248.922 | 328.3661
3 2796.7 21.333 59662 | 0.202531 | 169.478 | 577.2881
2 2796.7 11.333 31695 | 0.107593 | 90.03393 | 746.7661
Base 2796.7 - - - 836.8 836.8
294582 1

EACH WALL REPRESENTS A PORTION OF THE RIGIDITY IN A CERTAIN

DIRECTION.

THE DIRECT SHEAR IN EACH MEMBER.
USING THE STIFFNESSES OF EACH SHEAR WALL.
WHEN COMPARED, AN ECCENTRICITY OF 15’ RESULTS.
THE TORSIONAL

DETERMINED.

ECCENTRICITY WAS USED TO DETERMINE THE TORSIONAL MOMENT.

SHEAR FORCES WERE DETERMINED AND ADDED TO THE DIRECT SHEAR FORCES TO FIND
THE TOTAL SHEAR FORCE IN THE SHEAR WALLS.
DISTRIBUTED ACCORDING TO THE RIGIDITY OF EACH WALL AND THE PERPENDICULAR

THIS PROPORTION IS MULTIPLIED BY THE STORY FORCE TO DETERMINE
THE CENTER OF RIGIDITY WAS CALCULATED
THE CENTER OF MASS WAS ALSO

THIS

THE TORSIONAL SHEAR WAS
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DISTANCE FROM THE CENTER OF RIGIDITY. THE WORST CASE LOADING ON THE SHEAR
WALLS IS SHOWN IN THE DIAGRAM BELOW. THE TOTAL SHEAR LOADS ON ALL WALLS AT
ALL FLOORS CAN BE SEEN IN THE APPENDIX.

c0 0k —>

478k —

80./k —P

104 .3k—>

109 8k ——p

THE WIND FORCES WERE DISTRIBUTED BY TRIBUTARY WIDTH ONTO THE SHEAR
WALL. THE DIRECT AND TORSIONAL SHEAR FORCES ON EACH MEMBER WERE NOT
CALCULATED BECAUSE THE SEISMIC FORCES ARE THE DESIGN CONTROL.

THE LOADS ARE TRANSFERRED FROM THE STRAPS INTO THE METAL STUD WALLS
AND THE FLOOR SLAB. THE SLAB HAS A MUCH HIGHER RELATIVE STIFFNESS THAN THE
STRAPS, WHICH ALSO ALLOWS THE FORCES TO BE DISTRIBUTED TO THE ENTIRE WIDTH
OF THE BUILDING. A CONCERN IN THIS TRANSFER OF FORCES IS THE STRENGTH OF
THE WELDED CONNECTION OF THE STRAP TO THE STUDS. EVEN WITH AN ALL AROUND
WELD, THE WELD CAN NOT DEVELOP THE REQUIRED FORCE TO APPROPRIATELY TRANSFER
THE LOAD.

STRENGTH CHECK:

AFTER DETERMINING THE CRITICAL LOADS, THE TYPICAL X-BRACED SHEAR
WALL WAS MODELED USING RAM ADVANSE. UPON APPLYING THE CRITICAL LOADS, IT
WAS DETERMINED THAT THE EXISTING MEMBERS ARE SIGNIFICANTLY OVERSTRESSED.
THE REASON FOR THIS IS BECAUSE THE SEISMIC FORCES DETERMINED IN THIS
ANALYSIS ARE MUCH HIGHER THAN THOSE DETERMINED IN THE EXISTING DESIGN. IN
ADDITION, IT WAS DETERMINED IN THE ORIGINAL DESIGN THAT WIND WAS THE
LATERAL DESIGN CONTROL. THE DIFFERENCE IN THE SEISMIC FORCES STARTS WITH
HIGHER DETERMINED SPECTRAL ACCELERATIONS. ALSO, THE ANALYSIS PROCEDURE IN
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THIS REPORT MAY BE MORE IN DEPTH THAN THE ORIGINAL DESIGN. HOWEVER, THE
LOADS IN THIS REPORT SEEM TO BE HIGH. FURTHER INVESTIGATION INTO THE
DISTRIBUTION OF THE SEISMIC FORCES WILL BE PERFORMED AND INCLUDED IN THE
END OF SEMESTER PROPOSAL.

DRIFT CHECK:

IN ADDITION TO A STRENGTH CHECK, THE DRIFT WAS ALSO DETERMINED AND
COMPARED TO ALLOWABLE VALUES. THE TOTAL BUILDING DRIFT WAS DETERMINED TO
BE 14.1”. THE LARGEST INTERSTORY DRIFT WAS ON THE FIRST FLOOR WITH A
VALUE OF 4.49”. THIS FAR EXCEEDS THE ALLOWABLE DRIFT OF 0.23”. THE
ALLOWABLE DRIFT IS CALCULATED FROM ASCE 7 TABLE 9.5.2.8.

AALLOW = 0 . 02HX

ALL OF THE STORY DRIFTS EXCEED THE ALLOWABLE LIMITS PUT FORTH BY THE ABOVE
EQUATION. THIS IS DIRECTLY CORRELATED TO THE LOADS APPLIED AND THE LOAD
RESISTING ELEMENTS. THEREFORE, SINCE THE LOADS SEEM TO BE HIGH AND THE
MEMBERS ARE UNDERDESIGNED, IT MAKES SENSE THAT THE DRIFT IS EXCEEDED.
OVERTURNING:

THE LATERAL FORCES ON THE STRUCTURE CAN CAUSE PROBLEMS WITH THE
FOOTINGS TRYING TO PREVENT OVERTURNING. THE OVERTURNING MOMENT IS

CALCULATED BELOW.

OM = (109.3)(5.67) + (104.3)(16.33) + (80.7)(26.33) +
(47.8)(36.33) + 20(45.67) = 7098 K-FT

WEIGHT OF STRUCTURE = 5(26.67) (54) (62) + 26.67(54) (15) = 468.1 K
RESISTING MOMENT = 468.1(27) = 12,638 k-F7. > 7098
THEREFORE, THE DEAD WEIGHT OF THE BUILDING CAN RESIST THE OVERTURNING

MOMENT CAUSED BY THE SEISMIC FORCES. ADDITIONALLY, THE FOOTINGS ARE NOT
REQUIRED TO RESIST THE OVERTURNING MOMENT IN ADDITION TO THE GRAVITY LOADS.

10
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CONCLUSIONS:

IN CONCLUSION, THE LATERAL RESISTING SYSTEM OF GEORGE READ HALL IS
NOT SUFFICIENTLY DESIGNED TO RESIST THE APPLIED CALCULATED LOADS. THE X-
BRACED STRAPS CAN NOT RESIST THE SEISMIC LOADS AND ALLOW THE BUILDING TO
DRIFT TOO MUCH. ADDITIONALLY, THE WELDED CONNECTIONS AT THE ENDS OF THE
STRAPS CAN NOT APPROPRIATELY TRANSFER THE LOAD INTO THE STUDS.

THE DEAD WEIGHT OF THE STRUCTURE IS SUFFICIENT TO RESIST THE
OVERTURNING MOMENTS CAUSED BY THE SEISMIC FORCES. THEREFORE, THE FOOTINGS
ARE NOT REQUIRED TO HELP RESIST THE OVERTURNING MOMENT, AND ARE CONTROLLED
IN DESIGN BY THE COMPRESSIVE FORCES OF THE WEIGHT ABOVE.

11
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APPENDIX

12
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APPENDIX A:
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APPENDIX B:
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APPENDIX C:
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APPENDIX D:
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RAM Advanse
File :pencader2. AVW Analysis (1st order)
Condition: dI=Dead load - - Bl Date: 11/20/2005 4:14:34 PM
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RAM Advanse

File . Pipencader.AVW
Units system : English
Date : 11/20/2005 4:09:29 PM
Analysis Results

Translations

Translations [in] Rotations [Rad
Node ™ TY TZ RX RY RZ
Condition di=Dead load
1 0.00000 0.00000 0.00000 0.00000 0.00000 -1.07503
2 0.00000 0.00000 0.00000 0.00000 0.00000 -0.05725
3 0.00000 0.00000 0.00000 0.00000 0.00000 -0.03092
4 0.00000 0.00000 0.00000 0.00000 0.00000 -0.03087
5 4.49041 1.01013 0.00000 0.00000 0.00000 0.27198
6 447484 -1.01697 0.00000 0.00000 0.00000 -0.00058
7 4.45016 1.01373 0.00000 0.00000 0.00000 -0.03050
8 4.44498 -1.01329 0.00000 0.00000 0.00000 -0.03049
9 8.02600 1.42863 0.00000 0.00000 0.00000 -0.05125
10 8.01530 -1.43258 0.00000 0.00000 0.00000 -0.03920
1" 7.99843 1.43464 0.00000 0.00000 0.00000 -0.02520
12 7.99480 -1.43365 0.00000 0.00000 0.00000 -0.02522
13 10.68069 1.59378 0.00000 0.00000 0.00000 0.12283
14 10.67291 -1.58720 0.00000 0.00000 0.00000 -0.01493
15 10.66047 1.60164 0.00000 0.00000 0.00000 -0.01953
16 10.65786 -1.60026 0.00000 0.00000 0.00000 -0.01953
17 12.78198 1.69597 0.00000 0.00000 0.00000 0.13716
18 12.77770 -1.69809 0.00000 0.00000 0.00000 -0.01923
19 12.77092 1.70624 0.00000 0.00000 0.00000 -0.01470
20 12.76949 -1.70439 0.00000 0.00000 0.00000 -0.01471
21 14.12184 1.70384 0.00000 0.00000 0.00000 0.15717
22 14.12122 -1.70556 0.00000 0.00000 0.00000 -0.01350
23 14.12019 1.71480 0.00000 0.00000 0.00000 -0.01206
24 14.11997 -1.71280 0.00000 0.00000 0.00000 -0.01207
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