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XBRACING ANCHORAGE CONNECTION
UNDER STATIC AND SEISMIC LOADING CONDITIONS

ABSTRACT CURRENT PRACTICE OF ANCHORING XBRACING RODS IN LOWRISE

METAL BUILDINGS USES THE WEB OF THE STEEL FRAMING FOR POSITIVE

STOP THE TENSIONONLY BRACING ROD RESTS ON HILLSIDE WASHER

THUS THE ANCHORAGE CONNECTION IS SUBJECTED TO HIGH CONCENTRATION

OF DIRECT PUNCHING LOAD RAISING THE QUESTION ABOUT THE ADEQUATE

STRENGTH NEEDED FOR THE NORMALLY THIN WEB TO RESIST THE DIRECT

PULLOUT FORCE THE ULTIMATE STRENGTH OF SUCH CONNECTION IS NOT

DOCUMENTED IN THE LITERATURE FROM EITHER ANALYTICAL OR EXPERIMENTAL

VIEWPOINT AND IT IS NOT COVERED IN THE COMMON DESIGN STANDARDS

COMPREHENSIVE EXPERIMENTAL LABORATORY TESTING PROGRAM WAS

DESIGNED TO INVESTIGATE THE MAJOR PARAMETERS INFLUENCING THE

ULTIMATE LOAD CARRYING CAPACITY OF THE ANCHORAGE CONNECTION DETAIL

FINITE ELEMENT PROGRAM BASED ON ELASTIC ANALYSIS WAS USED TO

ESTABLISH SIGNIFICANT INFORMATION ON THE LEVEL AND DISTRIBUTION OF

THE STRESSES AROUND THE ANCHORAGE CONNECTION AND TO ISOLATE THE

INTERDEPENDENCIES OF THE MULTIPLE VARIABLES INVOLVED THIRTYFIVE
DIRECT PULLOUT LABORATORY TESTS WERE PERFORMED USING STATIC AND

REPETITIVE TENSILE CYCLIC LOADING THE PARAMETERS IN THESE TESTS

COVERED FOUR ROD SIZES AND CORRESPONDING HILLSIDE WASHERS THREE

WEB THICKNESSES AND TWO METHODS FOR STIFFENING THE WEB PLATE
NAMELY BY USING PATCH PLATE AROUND THE ANCHORAGE SLOTTED HOLE AND

BY PLACING HORIZONTAL STIFFENER PLATES

THE FINITE ELEMENT ELASTIC ANALYSIS APPROACH WAS KNOWN TO BE

INADEQUATE TO PREDICT THE ULTIMATE LOAD CAPACITY AND FOR THIS

REASON YIELD LINE APPROACH LIMIT STATE ANALYSIS WAS USED TO

PERFORM THE PREDICTION PROCESS FIVE FAILURE MECHANISMS WERE

ISOLATED AND IDENTIFIED THE RESULTS FROM THE ANALYTICAL

EXPRESSIONS DERIVED FOR EACH OF THE FAILURE MECHANISMS WERE

COMPARED TO THOSE FROM THE EXPERIMENTAL TESTING PROGRAM THE YIELD

LINE LIMIT STATE DESIGN APPROACH WAS FOUND TO PREDICT WELL THE

FAILURE MODE AND THE ULTIMATE LOAD CARRYING CAPACITY OF THE

BRACING ROD ANCHORAGE CONNECTION REPETITIVE TENSILE LOADING
C6NDITIONS SIMULATING SEISMIC LOADING UP TO THE YIELD POINT OF THE

XBRACING ROD DID NOT CAUSE SERIOUS DETERIORATION TO THE STRENGTH

OF THE CONNECTION AFTER 20 CYCLES OF TENSILE LOADING
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XBRACING ANCHORAGE CONNECTION UNDER STATIC
AND SEISMIC LOADING CONDITIONS

INTRODUCT ION

CURRENT PRACTICE OF ANCHORING XBRACING RODS IN LOWRISE METAL

BUILDINGS USES THE WEB OF THE ISECTION OF THE STRUCTURAL FRAMING

FOR POSITIVE STOP SLOTTED HOLE IS PUNCHED INTO THE WEB AND

THE THREADED XBRACING ROD IS INSERTED THROUGH THE HOLE TO BE

LOCKED IN PLACE BY THREADED NUT BEARING AGAINST HILLSIDE

WASHER THE FLAT BEARING SURFACE OF THE HILLSIDE WASHER BEARS ON

THE THIN WEB AND IS LOCKED IN PLACE BY PROTRUDING NIPPLE THAT

FITS INTO THE ROUNDED UPPER EDGE OF THE SLOTTED HOLE HENCE THE

TENSILE XBRACING ROD CAUSES DIRECT PUNCHBEARING PRESSURE OF THE

FLAT BASE AND NIPPLE OF THE HILLSIDE WASHER AGAINST THE THIN WEB OF

THE FRAMING SECTION THE VERTICAL ANGLE THAT THE XBRACING ROD

MAKES WITH THE WEB OF THE SECTION VARIES WITH THE RISE TO BAY

SPACING RATIO OF THE STRUCTURAL FRAMING THIS ANGLE HAS DIRECT

INFLUENCE ON THE DISTRIBUTION OF STRESSES AND THE OVERALL STRENGTH

OF THE CONNECTION

CERTAIN METAL BUILDING MANUFACTURERS SELECT TO USE HIGH

STRENGTH STEEL CABLES FOR THE XBRACING INSTEAD OF SOLID RODS

THIS PRACTICE HAS NO SIGNIFICANT IMPACT ON THE OBJECTIVES AND

FINDINGS OF THIS REPORT PROVIDED THAT THE ANCHORAGE CONNECTION

DETAILS ARE SIMILAR TO THOSE DESCRIBED HERE

THE WEB PLATES OF THE METAL FRAMING SECTION SUPPORTING THE

ANCHORAGE OF THE XBRACING RODS ARE USUALLY QUITE THIN WITH THE

UNSUPPORTED DEPTH TO THICKNESS RATIO OF 100200 THIS CAUSES THE

ANCHORAGE MECHANISM TO BEHAVE IN VERY FLEXIBLE MANNER ALSO THE



THIN WEB RAISES THE POTENTIAL OF THE HILLSIDE WASHER TO PULL OUT

THROUGH THE SLOTTED HOLE EITHER BY DIRECT SHEAR PUNCHING OR BY

TENSILE TEARING OF THE BEARING CONTACT AREA FURTHERMORE THE

FILLET WELDS BETWEEN THE THIN WEB AND THE FLANGES OF THE FRAMING

SECTION ARE SUBJECTED TO HIGH CONCENTRATIONS OF STRESSES THAT ARE

NOT USUALLY CONSIDERED IN THE STRUCTURAL DESIGN AND PROPORTIONING

OF THE SECTION OF THE FRAMING SYSTEM

IN THE PRESENT DESIGN PROCEDURES THE XBRACE IS INTENDED TO

RESIST THE LATERAL FORCES FROM THE WIND LOADS UNDER SEISMIC

LOADING CONDITIONS OF MODERATE TO HIGH INTENSITY THE DESIGN

LATERAL FORCES CARRIED BY THE BRACING RODS COULD REACH HIGH LEVELS

OF CONCENTRATION FURTHERMORE THESE DYNAMIC LATERAL FORCES COULD

BE COUPLED WITH SERIOUS POTENTIAL FOR IMPACT FACTORS DUE TO THE

EXTREME SLENDERNESS OF THE RODS IT IS RECOMMENDED BY SEAOC 1990

THAT THE BRACING MEMBERS RESIST MOST OF THE LATERAL FORCES IN

MAJOR EARTHQUAKE AND THE DESIGN FORCES NEED TO DEVELOP AT MOST THE

TENSILE YIELD STRENGTH OF THE BRACING ROD THESE SAME MINIMUM

STRENGTH REQUIREMENTS FOR THE BRACE MUST ALSO APPLY TO THE DESIGN

OF THE ANCHORAGE CONNECTIONS AS THEY ARE PART OF THE BRACING

SYSTEM

THE LATERAL TENSILE FORCE IN BRACING MEMBER IN MAJOR

EARTHQUAKE IS EXPECTED TO EXCEED THE FORCE CAUSED BY HIGH WIND

FORCES THE REQUIREMENT IN CURRENT DESIGN RECOMMENDATIONS FOR

MAGNIFIED AND FACTORED EFFECTS ASSOCIATED WITH ANY SEISMIC ANALYSIS

MADE IT NECESSARY TO INVESTIGATE IN DETAIL THE CURRENTLY USED

BRACING ANCHORAGE SYSTEM THE TESTING PROGRAM REPORTED HERE

ATTEMPTS TO ENCOMPASS THE ANALYTICAL PROCEDURE FOR EVALUATING THE



LOAD TRANSFER MECHANISM OF THE ANCHORAGE CONNECTION UNDER STATIC

AND REPETITIVE LOADING CONDITIONS UP TO THE COLLAPSE POINT WHILE

KEEPING IN MIND THE DESIRABILITY TO AVOID ANY BRITTLE FAILURE OF

THE BRACE CONNECTION ITSELF

LITERATURE REVIEW

XBRACING RODS OR CABLES HAVE BEEN IN USE TO RESIST LATERAL

FORCES IN LOWRISE METAL BUILDINGS FOR LONG TIME THE DEPENDENCY

ON THIS TENSILE TIE BRACING SYSTEM IS BASED ON ASSUMING BUCKLED

CONFIGURATION ON THE OTHER SIDE OF THE XBRACE THE SYSTEM HAS

PERFORMED WELL OVER THE YEARS FAILURES ASSOCIATED WITH THE TIE

BRACING IN RESISTING WIND LATERAL LOADING HAVE BEEN ISOLATED AND

ARE RATHER RARE DOCUMENTED EARTHQUAKE FAILURES ATTRIBUTED TO THE

TIE ROD XBRACING SYSTEMS ARE NONEXISTENT IN THE LITERATURE IN

RECENT BUILDING SURVEY OF THE EPICENTER AREA AFTER THE LOMA PRIETA

SAN FRANCISCO EARTHQUAKE OF OCTOBER 17 1989 MBMA 1990 THE

BRACING CONNECTIONS AND RODS SUSTAINED NO RECORDED DAMAGE IN ANY OF

THE INSPECTED METAL BUILDING FRAMES IN THE AREA HOWEVER IN

REVIEWING THE LITERATURE IT IS FOUND THAT CERTAIN DESIGN

LIMITATIONS ON STRUCTURAL FRAMING UTILIZING THE CONTRIBUTION OF

BRACING TO RESIST SEISMIC LATERAL FORCES ARE WELL COVERED BY MANY

RESEARCHERS AND PUBLICATIONS SEAOC 1990 HWANG ET AL 1989 POPOV

AND BLACK 1981 CHANG ET AL 1989 MBMA 1986

THE ULTIMATE LOAD CARRYING CAPACITY OF THE XBRACING ANCHORAGE

CONNECTION AS USED IN CURRENT PRACTICE IS NORMALLY BASED ON

EMPIRICAL RELATIONSHIPS SUPPORTED BY LIMITED PROPRIETARY TESTS AND

THE EXPERIENCE OF THE INDIVIDUAL MANUFACTURER THE STRENGTH AND



BEHAVIOR UNDER LOAD OF THE CONNECTION AND THE CONTRIBUTION OF

STIFFENERS TO THE THIN WEB WHEN STIFFENERS ARE USED TO SUPPORT

THESE CONNECTIONS ARE NOT KNOWN EXPERIMENTAL TEST RESULTS

SUPPORTING OR FORMING THE REFERENCE FOR COMPREHENSIVE DESIGN

APPROACH ARE NOT FOUND IN THE LITERATURE

THE ANALYSIS OF STRESSES IN THIN WEBS WITH HOLES HAS RECEIVED

THE ANALYTICAL AND EXPERIMENTAL ATTENTION OF SEVERAL RESEARCHERS

THE MAJOR CONCERN IN THESE STUDIES HAS BEEN THE OVERALL STRENGTHOF

THE STRUCTURAL MEMBERS IN CARRYING THE DESIGN LOADS SIMILARLY

THE STRESS ANALYSIS OF THIN WEBS SUPPORTED BY STIFFENER PLATES

PLACED TRANSVERSELY AND LATERALLY HAS CONSIDERABLE COVERAGE IN THE

LITERATURE BUT THE THEORETICAL AND EXPERIMENTAL EVALUATION OF

THE STRENGTH OF THE ANCHORAGE CONNECTION ITSELF WITH AND WITHOUT

STIFFENERS IN CARRYING THE XBRACING TENSILE FORCE HAS NOT BEEN

STUDIED THIS REPORT ADDRESSES THIS PROBLEM THROUGH EXPERIMENTAL

TESTING AND ANALYTICAL FORMULATIONS FOR THE PREDICTION OF THE

ULTIMATE LOAD CARRYING CAPACITY OF THE ANCHORAGE CONNECTION

IN KEEPING WITH THE NATURE OF THE PROBLEM LIMIT STATE

DESIGN PHILOSOPHY IS RECOMMENDED TO BE USED THIS APPROACH FITS

WITH THE CURRENT TREND TOWARD LOAD AND RESISTANCE FACTOR METHOD

LRFD FOR STRUCTURAL STEEL DESIGN AISC 1986 IT IS IMPERATIVE

TO NOTE THAT THE PRESENCE OF SEVERE LOCAL STRESS CONCENTRATIONS

RESIDUAL STRESSES AND COMBINED STRESSES IN ALL FORMS AT THE

CONNECTION MAKES THE USE OF AN ELASTIC OR AN ELASTOPLASTIC

STRENGTH ANALYSIS INADEQUATE TO PREDICT THE ULTIMATE LOAD CARRYING

CAPACITY AND THE ASSOCIATED FAILURE MODE



OBJECTIVES

THE NEED FOR COMPREHENSIVE ANALYTICAL APPROACH FOR

DETERMINING THE BEHAVIOR AND ULTIMATE CAPACITY OF THE XBRACING

ANCHORAGE CONNECTION IN LOWRISE METAL BUILDINGS UNDER STATIC AND

SEISMIC LOADING CONDITIONS NECESSITATED THIS RESEARCH PROJECT

COMPREHENSIVE EXPERIMENTAL TESTING PROGRAM WAS EXECUTED TO OBSERVE

THE POTENTIAL FAILURE MECHANISMS AND THE INFLUENCE OF THE INHERENT

VARIABLES ON THE ULTIMATE LOAD CARRYING CAPACITY OF THE CONNECTION

THE PXESENT DESIGN PROCEDURE FOR SELECTING THE XBRACING IS

CONCENTRATED ON ESTIMATING THE MAGNITUDE OF THE LATERAL WIND FORCES

FOLLOWED BY AN APPROXIMATE DESIGN FORMULATIONS FOR THE SIZING AND

PROPORTIONING OF THE CONNECTION DETAIL THE PRIMARY OBJECTIVE OF

THIS RESEARCH WORK WAS TO ESTABLISH PERFORMANCE CRITERIA OF THE

CONNECTION UNDER LOAD AND TO DEVELOP ANALYTICAL FORMULATIONS FOR

PREDICTING ITS ULTIMATE LOAD CARRYING CAPACITY

IT HAS BEEN ESTABLISHED THAT LATERAL WIND FORCES CARRIED BY

BRACING TENSILE RODS ARE RELATIVELY EASIER TO PREDICT THAN THOSE

CAUSED BY THE DYNAMIC SEISMIC FORCES IN THE DESIGN FOR EARTHQUAKES

BY ALMOST ALL OF THE APPLICABLE SEISMIC DESIGN CRITERIA USUALLY

CERTAIN MAGNIFICATION FACTORS HAVE BEEN REQUIRED OR RECOMMENDED TO

BE INCLUDED IN THE DESIGN OF THE XBRACING ROD AND ANCHORAGE

CONNECTIONS SEAOC 1990 MBMA 1986 THE SECONDARY OBJECTIVE OF

THIS RESEARCH WAS TO EVALUATE ON THE BASIS OF LABORATORY TEST

RESULTS THE PERFORMANCE OF THE ANCHORAGE CONNECTION UNDER

SIMULATED SEISMIC LOADING CONDITIONS

THE EXPERIMENTAL LABORATORY TESTING PROGRAM WAS DIVIDED INTO

TWO MAIN SETS OF TESTS THE FIRST SET COVERED THE STATIC TESTING



OF THE CONNECTION THIS SET SERVED THE OBJECTIVE OF ISOLATING THE

DIFFERENT POTENTIAL FAILURE MECHANISMS AND RELATED PROBLEM AREAS

THE SECOND SET CARRIED THE FINDINGS ONE STEP FURTHER BY FOCUSING

ON THE DETERIORATION OF THE STRENGTH OF THE CONNECTION UNDER HIGH

RATE OF REPETITIVE LOADING OF TENSILE FORCES THE SIGNIFICANCE OF

IMPACT LOADING USUALLY ASSOCIATED WITH SEISMIC LOADING CONDITIONS

AND THAT MIGHT JEOPARDIZE THE ULTIMATE LOAD CARRYING CAPACITY OF

THE CONNECTION WAS ALSO OBSERVED

EXPERIMENTAL INVESTIGATION

STATIC AND REPETITIVELY LOADED DIRECT PULLOUT TESTS WERE

PERFORMED TO EVALUATE THE ULTIMATE LOAD CARRYING CAPACITY OF THE

ANCHORAGE CONNECTION OF THE XBRACING THE PARAMETERS WERE

ISOLATED AND WERE EXPLORED IN SEQUENTIAL ORDER TO ELIMINATE

WHERE POSSIBLE CERTAIN CONTROLLING MECHANISMS OF FAILURE THIS

APPROACH WAS ASSISTED BY THE FINDINGS FROM COMPUTER PROGRAM USING

ELASTIC ANALYSIS

CERTAIN PARAMETERS WERE KEPT UNCHANGED IN ALL OF THE TESTS

THESE WERE THE SIZE AND LOCATION OF THE WEBFLANGE FILLET WELD THE

LOCATION OF THE ANCHORAGE POINT OF THE ROD AND THE ANGLE BETWEEN

THE ROD AND THE WEB OF THE SECTION ONLY THE MOST COMMONLY USED

RANGE FOR THE PARAMETERS WERE TESTED THE TEST SETUP USED IN

PERFORMING THE PULLOUT TESTS IS SHOWN IN FIG THE LOCATION OF

THE TENSILE FORCE OF THE XBRACE WAS KEPT AT DISTANCE OF 25 IN

FROM THE ADJACENT FLANGE AND 14 IN FROM THE SECOND FLANGE AS

SHOWN IN FIG

THE VARIABLE PARAMETERS IN THE EXPERIMENTAL LABORATORY TESTS
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WERE THE FOLLOWING

THE DIAMETER OF THE XBRACING ROD AND THE CORRESPONDING

SIZE OF THE ANCHORAGE HILLSIDE WASHER

THE THICKNESS OF THE WEB OF THE STRUCTURAL FRAMING

SECTION

STIFFENING OF THE WEB PLATE BY ADDING 34 78

14 IN REINFORCING PATCH PLATE WELDED ALL AROUND TO THE

WEB OF THE SECTION SERIES GP

STIFFENING OF THE WEB PLATE BY USING TWO 16 12 14 IN

TRANSVERSE STIFFENER PLATES PLACED IN FROM THE SLOTTED

HOLE OF THE XBRACING ROD SERIES BS

THE SIZE OF THE WELD BETWEEN THE WEB OF THE FRAMING SECTION

AND THE FLANGES WAS NOT INTENDED TO BE VARIABLE PARAMETER IN THE

PLANNING OF THE TEST SPECIMENS FIG BUT WAS NOTED TO VARY

DURING TESTING THE INDIVIDUAL SPECIMENS THE ORIGINAL DETAILS OF

THE TEST SPECIMENS CALLED FOR 332 IN WELD ON ONE SIDE OF THE WEB

HOWEVER THE ACTUAL TEST SPECIMENS WERE SUPPLIED BY DIFFERENT METAL

BUILDING MANUFACTURERS AND DID NOT HAVE CONSTANT SIZE WELD

ACCORDINGLY THE WELD SIZE NEXT TO THE ANCHORAGE SLOTTED HOLE FOR

THE XBRACE WAS VISUALLY INSPECTED MEASURED AND RATED AT THE TIME

EACH TEST WAS PERFORMED THE AVERAGE SIZE WAS USED IN THE

ANALYTICAL CALCULATIONS FOR EACH TEST ALSO THE WELD PENETRATION

WAS NOT ALWAYS UNIFORM ALONG THE LENGTH OF THE WEBFLANGE

CONNECTION AND CERTAIN TEST SPECIMENS WERE OVER WELDED AND CARRIED

TWO PASSES OF WELD LINE THESE OBSERVATIONS CAUSED CERTAIN

INCONSISTENCIES IN THE RESULTS OF TESTS THAT WERE SUPPOSED TO BE

SIMILAR
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STATIC TESTS UP TO THE FAILURE LOADS WERE PERFORMED ON 25 TEST

SPECIMENS FOLLOWED BY REPETITIVE LOADING TESTS ON 10 SELECTED TEST

SPECIMENS ON THE BASIS OF THE RESULTS OBSERVED FROM THE STATIC

TESTS THE MAGNITUDES OF THE REPETITIVE CYCLIC LOADS WERE SET SO

THAT YIELDING OF SOME PART OF THE ANCHORAGE CONNECTION TOOK PLACE

THE REPETITIVE LOADS WERE CYCLED BETWEEN PREDETERMINED MAXIMUM

LOAD AND MINIMUM OF 500 LBS TENSILE LOAD FOR 20 CYCLES IF NO

FAILURE OCCURRED DURING THE REPETITIVE CYCLE LOADING THEN THE

TENSILE LOADING CONTINUED UNTIL FAILURE

TEST RESULTS

THE YIELD AND ULTIMATE STRENGTH OF THE XBRACING RODS WITH

FAILURE AT THE THREADED SECTION WERE DETERMINED IN SEPARATE DIRECT

TENSION TESTS THE YIELD AND ULTIMATE STRENGTH OF THE STEEL PLATES

USED IN MAKING THE WEBS OF THE STRUCTURAL FRAMING SECTIONS WERE

ALSO DETERMINED FROM TENSION COUPONS CUT FROM THE WEB PLATES OF THE

SECTIONS

THE TEST RESULTS FROM THE DIRECT TENSION TESTS ON THE RODS AND

THE WEB PLATES ARE SHOWN IN TABLES AND RESPECTIVELY

THE TEST SPECIMENS WERE SUPPORTED AT BOTH ENDS IN TESTING

FRAME AS SHOWN IN FIG AN ADDITIONAL SUPPORT WAS USED TO HOLD

ONE FLANGE OF THE SECTION IN PLACE AT IN FROM THE XBRACING

ANCHORAGE CONNECTION THIS ADDED SUPPORT WAS USED TO SIMULATE THE

TIE USUALLY PROVIDED BY THE GIRTS OR PURLINS IN THE FULLSIZE

STRUCTURAL FRAMING
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TABLE DIRECT TENSION TESTS ON WEB PLATES

SERIES YIELD STRENGTH ULDINATE STRENGTH EFFECTIVE YIELD STRENGTH

PSI PSI PSI

61100 83000 75700

CC 56300 78200 70900

60857 82160 75059

AVERAGE 59419 81120 73886

59800 74700 69733

GP 55800 72700 67067

56700 73800 68100

AVERAGE 57433 73733 68300

58170 85500 76390

BS 55500 84100 74566

55800 84800 75133

AVERAGE 56490 84800 75363
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TABLE DIRECT TENSIOII TESTS ON THREADED SECTION OF XBRACING RODS

ROD DIA YIELD FOITE UKMME FORCE ELFECOVE YIELD FORCE

IN LBS LBS LBS

12 10400 10820 10680

CFLREALED 10100 10710 10506

10200 10840 10627

0140 IN 9300 10750 10266

9500 11080 10553

AVE 9900 10840 10527

58 15500 16500 16167

DREADED 15550 16000 15850

MEA 15750 17080 16637

0220 IN 15850 16870 16530

15740 16870 16493

15500 17100 16567

AVERAGE 15648 16736 16374

34 24000 28300 26867

THREADED 24000 28800 27200

FFEA 23500 28700 26967

0363 IN 25750 29250 28083

AVERAGE 24312 28762 27278

42250 51800 48617

FLAEA 42250 52200 48883

AREA 42200 50800 47934

0628 IN

AVERAGE 42233 51600 48478
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TABLE TEST SPECIMENS PARAMETERS STATIC TESTS

TEST TEST PROPERTIES

NO SPECIMEN

WEB WEB ROD WASH WEBFLANGE WELD

TW SIZE

IN IN IN LEG SIZE RATING

IN

C2
CL

CC 18 LI2A 0126 1T2 12 011 FAIR

CC 18 12B 0126 12 58 015 TWO PASSES

CC 18 5BA 0129 58 58 016 TWO PASSES

CC 1B 5B 0126 58 34 016 TWO PASSES

CC1BR34A 0127 34 34 010 UNEVENWELD

CC1BR34B 0129 34 34 011 FAIR

CC 1BR 34 0127 34 34 011 FAIR

CC 316 58 0183 5B 58 012 FAIR

CC316R34A 0186 34 34 011 FAIR

10 CC316R34B 0186 34 34 011 FAIR

11 CC 316 34 0183 34 34 012 GOOD

12 CC 14 34 0249 34 34 017 TWO PASSES

13 CC 14 0249 012 UNEVEN WELD

14 CC 14R 13 0249 017 TWOPASSES

15 GP 1BR IP 0119 PATCH PLATE 12 12 020 EXCELLENT

16 GP 1B 34A 0119 PATCH PLATE 34 34 020 EXCELLENT

17 OP 1B 34B 0119 PATCH PLATE 34 34 020 EXCELLENT

18 GP 316 0178 PATCH PLATE 020 EXCELLENT

19 BS 1BR 34A 0118 TRANS STIFFENERS 34 34 018 GOOD

20 BS 1BR 34B 0118 TRANS STIFFENERS 34 34 018 GOOD

21 BS 316 5B 0177 TRANS STIFFENERS 5B 34 DOUBLE PASSESIOVER WELDING

22 B5316R34 0177 TRANSSTIFFENERS 34 34 019 GOOD

23 BS 316 0177 TRANS STIFFENERS DOUBLE PASSESOVER WELDING

24 BS 14 IA 0249 TRANS STIFFENERS 019 GOOD

25 BS 14 LB 0249 TRANS STIFFENERS DOUBLE PASSESOVER WELDING

TEST SPECIMEN DESIGNATION CC SERIES 18 WEB THICKNESS R12 XBRACING ROD DIAMETER TEST
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TABLE COMPARISON OF EXPERIMENCAL AND ANALYTICAL RESULTSSTATIC TESTS

TEST TEST U1 LOADS LBS RATIO FAILURE MODE

NO SPECIMEN MIAIYDCAL AS PER FAILURE MODES
PU TEST THEORY

IMENT

PUEXP
10 11

CC 18 12A 8840 10527 14850 28727 7791 8380 113

CC 18 11TH 10800 10527 22046 31030 12592 12820 102

CC 18 R58B 15250 16274 23515 31768 I2 118 OR

CC 18 58A 15000 16374 26861 35443 2S224 21721 092

CC 18 34A 14800 27278 16788 35725 28447 21885 088

CC 18 34B 18750 27278 18467 36288 28896 22211 102

CC 18 34C 18000 27278 18467 35725 28447 21885 098

CC 316 58 17000 16374 17637 45066 18289 18020 104

CC 316 34A 17500 27278 18467 52321 41663 31308 095

10 CC 316 34B 17750 27278 18467 52321 41663 31208 096

11 CC 316 34 22500 27278 20145 51478 40992 30840 112

12 CC 14 34 28300 27278 28540 70044 55775 40898 104

13 CC 14 LA 25000 48478 2L78 80586 82890 57292 108

14 CC 14 LB 32350 48478 32836 80586 82890 57292 099

15 GP 18 12 10750 10527 38189 24882 21091 19300 102

16 GP 18 34A 23850 27278 47491 30944 76406 53559

17 OP 18 34B 24000 27278 47491 30944 76406 53559

18 OP 316 RI 37250 48478 54640 53253 141445 86400

19 BS 18 34A 17950 27278 30218 33857 23997 18406 098

20 BS 18 34B 18200 27278 30218 33857 23997 18406 099

21 BS 316 58 17050 16374 50785 35995 26988 104

22 BS 316 34 28700 27278 31897 50785 35996 26988 103 OR

23 BS 316 40050 48478 58430 60100 38904 103

24 BS 14 LA 38000 48478 36698 82198 84548 53495 104

25 35 14 13 50700 48478 82198 84548 53595 104

TEST TERMINAIED BEFORE CONNECDON FAILURE IS REACHED BECAUSE OF EXCESSIVE DEFLECTION OF WEB AND DEFORMATION OF ENTIRE

TEST SECTION
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THE BASIC PARAMETERS OF THE TEST SPECIMENS ARE SHOWN IN TABLE

THE TEST RESULTS ARE GIVEN IN TABLE AND COL GIVES THE

EXPERIMENTAL ULTIMATE LOADS AND COL 10 GIVES THE TEST FAILURE

MODES THE FOLLOWING NOTATION IS USED

MODE TENSILE FRACTURE OF THE XBRACING ROD

MODE FAILURE OF THE FILLET WELD BETWEEN THE WEB PLATE

AND THE FLANGE OF THE SECTION ADJACENT TO THE

ANCHORAGE CONNECTION

MODE DIRECT SHEAR FRACTURE OF THE WEB PLATE AT THE EDGE

OF THE ADJACENT WEBFLANGE FILLET WELD

MODE PUNCHING SHEAR FRACTURE OF THE WEB PLATE BENEATH

THE HILLSIDE WASHER

MODE TENSILE FRACTURE OF THE ANCHORAGE SLOTTED HOLE IN

THE WEB PLATE OF THE SECTION BENEATH THE HILLSIDE

WASHER

TEST RESULTS OF SERIES CC NO WEB STIFFENERS WERE USED IN THIS

SERIES OF TESTS

TESTS NO AND THESE TWO TESTS WERE IDENTICAL EXCEPT FOR THE

SIZE OF THE HILLSIDE WASHER THE 12 IN HILLSIDE WASHER IN TEST

NO PUNCHED THROUGH THE WEB PLATE OF THE SECTION AT THE ULTIMATE

LOAD IN TEST NO THE ANCHORAGE CONNECTION WAS CAPABLE OF

CARRYING THE FULL STRENGTH OF THE 12 IN DIAMETER XBRACING ROD BY

USING 58 IN HILLSIDE WASHER THUS THE FAILURE MODE IN TEST

NO WAS BY TENSILE FAILURE OF THE XBRACING ROD

TESTS NO AND THESE TWO TESTS WERE REPEAT OF TESTS NO

AND EXCEPT FOR THE SIZE OF THE HILLSIDE WASHERS THE HILLSIDE
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WASHER WAS 58 IN IN TEST NO AND 34 IN IN TEST NO IN THE

TWO TESTS THE OBSERVED FAILURE MODES CONFIRMED THAT THE SIZE OF

THE FLAT BEARING BASE OF THE HILLSIDE WASHER INFLUENCED THE

ULTIMATE LOAD CARRYING CAPACITY OF THE ANCHORAGE CONNECTION

TESTS NO AND THE TWO TESTS WERE IDENTICAL EXCEPT FOR THE

SIZE OF THE XBRACING RODS THE DIAMETER OF THE ROD WAS INCREASED

FROM 12 IN IN TEST NO TO 58 IN IN TEST NO THE ROD

FAILURE THAT OCCURRED IN TEST NO WAS PREVENTED IN TEST NO

TESTS NO AND THE TENSILE FAILURE OF THE XBRACING ROD

OF TEST NO WAS PREVENTED BY INCREASING THE SIZE OF THE ROD FROM

58 IN TO 34 IN IN TESTS NO AND WHILE OTHER PARAMETERS

REMAINED THE SAME THE WEBFLANGE FILLET WELD FAILED IN TESTS NOS

AND

TESTS NO AND 10 II THE XBRACING ROD FAILED IN TEST NO

WHERE 58 IN HILLSIDE WASHER WAS USED THIS ROD TENSILE FAILURE

WAS PREVENTED IN TESTS NO 10 AND 11 WHERE THE SIZE OF THE

HILLSIDE WASHER AND THE ROD WERE BOTH INCREASED FROM 58 IN TO 34

IN AND THE FAILURE OCCURED IN THE WEBFLANGE WELD

TESTS NO 12 AND 13 14 IN TEST NO 12 THE 34 IN DIAMETER

BRACING ROD FAILED IN TENSION WHEN THE ROD WAS INCREASED TO IN

IN DIAMETER IN TESTS NO 13 AND 14 AND WITH IN HILLSIDE

WASHER THE ROD DID NOT FAIL IN TENSION THE WEB TO FLANGE FILLET

WELD FAILED IN THE LAST TWO TESTS

IN SUMMARY THE STATIC TESTS PERFORMED ON SERIES CC WERE USED

TO ISOLATE AND DEMONSTRATE THE DIFFERENT FAILURE MECHANISMS THE

CONTRIBUTION OF EACH OF THE VARIABLE PARAMETERS TO THE ULTIMATE
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LOAD CARRYING CAPACITY OF THE XBRACING WAS CAREFULLY EVALUATED AND

NOTED IT WAS POSSIBLE TO ACHIEVE THE TENSILE YIELD STRENGTH OF

THE BRACING ROD IN ALL OF THE TEST SETUPS THE AREA AND THE

GEOMETRY OF THE FLAT BEARING BASE OF THE HILLSIDE WASHER INFLUENCED

SIGNIFICANTLY THE ULTIMATE LOAD CARRYING CAPACITY OF THE

CONNECTION THE TESTS HAVE ALSO SHOWN THAT AN ADEQUATE SIZE OF

WEBFLANGE WELD IS NEEDED FOR PROPER AND BALANCED DESIGN THE

REQUIRED SIZE OF WELD BETWEEN THE WEB AND THE FLANGE MIGHT EXCEED

THAT USED IN THE BUILTUP SECTION OF THE FRAMING THE TESTS

DEMONSTRATED THAT THE SIZE OF THE SLOTTED HOLE FOR ANCHORING THE

BRACING ROD AND THE SIZE OF THE FLAT BASE OF THE HILLSIDE WASHER

NEED TO BE COORDINATED FOR THIN WEBS AND WITH LARGE SIZE SLOTTED

HOLES THE PUNCHING FRACTURE OF THE WEB PLATE UNDER THE HILLSIDE

WASHER WAS CRITICAL FAILURE OF THE WEB PLATE IN FLEXURE WAS NOT

SERIOUS PROBLEM AS IT DID NOT DOMINATE THE FAILURE MODE IN ANY OF

THE TESTS

TEST RESULTS OF SERIES GP IN THIS SERIES OF TESTS FLAT PATCH

PLATE WAS USED AS STIFFENER TO THE WEB PLATE OF THE SECTION THE

PATCH PLATE WAS 34 78 14 IN WELDED ALL AROUND THE WEB

PLATE USING 14 IN FILLET WELD AN AUTOMATIC SUBMERGED ARC

WELDING SAW WAS USED FOR THE WEBFLANGE WELD LINE IN THIS SERIES

THE WELD WAS UNIFORMLY PLACED WITH FULL PENETRATION

TEST NO 15 THIS TEST WAS REPEAT OF TEST NO WHERE THE

HILLSIDE WASHER PUNCHED THROUGH THE THIN WEB OF THE SECTION IN

THIS TEST THE ROD FAILED IN TENSION

TESTS NO 16 17 18 THE PATCH PLATE IN THESE TESTS PROVIDED MORE
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THAN ADEQUATE STRENGTH TO THE ANCHORAGE BEARING AREA THE LOADING

WAS TERMINATED AT THE LOAD SHOWN IN TABLE COL BEFORE FAILURE

OCCURRED DUE TO EXCESSIVE DEFORMATION OF THE WEB PLATE AND THE

ENTIRE TEST SECTION

THIS SERIES OF TESTS CONFIRMED THAT FAILURE OF THE ANCHORAGE

CONNECTION WAS LOCALIZED PHENOMENA CONCENTRATED AROUND THE

HILLSIDE WASHER THE SIZE OF THE HILLSIDE WASHER DEFINED THE

EXTENT OF THE HIGHLY STRESSED AREAS

TEST RESULTS OF SERIES ES IN THIS SERIES OF TESTS TWO TRANSVERSE

STIFFENER PLATES 16 12 34 IN WERE PLACED ON BOTH SIDES OF THE

WEB AT IN FROM THE SLOTTED HOLE THE USE OF THESE TWO STIFFENER

PLATES WAS CONSIDERED IN THE TESTING PROGRAM FOR TWO REASONS

TO STIFFEN THE WEB PLATE IN SIMULATION OF THE STIFFENERS NORMALLY

USED AT RAFTER ENDS AND KNEE JOINTS OF THE FRAMING SYSTEM AND

TO SIMULATE THE BASE PLATE AT THE BOTTOM OF THE COLUMN OF THE

STRUCTURAL FRAMING

TESTS NO 19 AND 20 THE SETUPS FOR THESE TWO TESTS WERE

IDENTICAL AND THE TEST RESULTS WERE SIMILAR THE FAILURE MODE WAS

LOCALIZED TO THE WEB PLATE BENEATH THE FLAT CONTACT AREA OF THE

HILLSIDE WASHER TENSION FRACTURE OF THE TWO LONGITUDINAL SIDES OF

THE SLOTTED HOLE TOOK PLACE THESE TWO TESTS WERE ALSO REPEAT OF

TEST NOS AND OF SERIES CC WITH THE EXCEPTION OF THE SIZE

OF THE SLOTTED HOLE AND THE SIZE OF THE WEBFLANGE WELD THE

IMPROVED WELD IN THIS SERIES SHIFTED THE FAILURE MECHANISM TO THE

ANCHORAGE CONNECTION ITSELF WHERE THE LARGER IN SLOTTED HOLE

CAUSED THE THIN WEB PLATE TO FRACTURE UNDER THE TENSILE COMPONENT



FIG FINITE ELEMENT GRID FOR ELASTIC ANALYSIS
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OF THE PRESSURE OF THE CONCENTRATED PUNCHING LOAD

TESTS NO 22 AND 22 THESE TWO TESTS WERE REPEAT OF TESTS NO

AND 10 11 RESPECTIVELY OF SERIES CC THE FAILURE MODES

CONFIRMED THE WEAKNESS OF THE LOCALIZED AREA UNDER THE HILLSIDE

WASHER THE CONTRIBUTION OF THE TRANSVERSE STIFFENER PLATES TO

THE LOAD CARRYING CAPACITY OF THE ANCHORAGE CONNECTION WAS MINIMAL

THE LOADDEFLECTION SHAPE OF THE SPECIMENS WITH TRANSVERSE

STIFFENER PLATES WELDED TO THE WEB SHOWED CONSIDERABLE RESTRAINTAS

THE LOADING PROGRESSED BEYOND YIELDING OF THE WEB PLATE HOWEVER

THIS ADDED STIFFNESS TO THE SECTION DID NOT STRENGTHEN OR PREVENT

THE LOCAL FAILURE OF THE WEB PLATE AROUND THE HILLSIDE WASHER

THE FAILURE MODES AND THE PREDICTION OF THE FAILURE LOADS WERE

INVESTIGATED USING THE OBSERVATIONS NOTED DURING THE ACTUAL

PERFORMANCE OF THE TESTS AND FROM THE EXPERIMENTAL TEST RESULTS

THE ANALYTICAL FORMULATIONS FOR THE CALCULATIONS OF THE ULTIMATE

LOAD CARRYING CAPACITY FOR EACH OF THE FAILURE MODES ARE DISCUSSED

IN THE FOLLOWING SECTIONS

ELASTIC ANALYSIS FINITE ELEMENT APPROACH

ELASTIC ANALYSIS USING FINITE ELEMENT APPROACH WAS USED TO

GAIN SIGNIFICANT FEEL FOR THE LEVEL AND THE DISTRIBUTION OF THE

STRESSES AROUND THE XBRACING ANCHORAGE CONNECTION THE GRID FOR

THE FINITE ELEMENTS AND THE SUPPORT CONDITIONS TO THE FRAMING TEST

SECTION THAT WERE USED IN THE COMPUTER ANALYSIS ARE SHOWN IN FIG

THE ELASTIC ANALYSIS APPROACH WAS PERFORMED ALTHOUGH IT WAS

INADEQUATE TO PREDICT THE ULTIMATE LOAD CAPACITY AND THE FAILURE



FIG TYPICAL DEFLECTED SHAPE BY ELASTIC ANALYSIS
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MODES OF THE ANCHORAGE CONNECTION THE FINITE ELEMENT ANALYSIS DID

NOT ALLOW FOR THE STRESS CONCENTRATIONS THE RESIDUAL STRESSES AND

THE REDISTRIBUTION OF STRESSES IN THE CONNECTION IT WAS USED

STRICTLY TO ASCERTAIN THAT THE SIZE OF THE TEST SPECIMEN WAS

ADEQUATE TO ENCOMPASS THE DISTRIBUTION OF THE GENERATED STRESSES

AND TO ISOLATE THE IMPACT OF EACH OF THE VARIABLE PARAMETERS ON THE

STRESS DISTRIBUTION AROUND THE ANCHORAGE CONNECTION THE RESULTS

FROM THE ELASTIC ANALYSIS PROVED HELPFUL IN PROVIDING THE

ANALYTICAL DATA ON THE ELASTIC DEFLECTED SHAPE OF THE TEST

SPECIMENS CAUSED BY THE OBLIQUE CONCENTRATED PULLOUT FORCE THE

DISTRIBUTION OF THE COMBINED STRESSES IN THE CONNECTION WHEN

CARRIED BEYOND THE ELASTIC ZONE WERE FOUND TO BE HIGHLY

INDETERMINATE AND COULD NOT BE ANALYZED WITHOUT EXTENSIVE

ASSUMPTIONS

THE NUMBER OF TEST SPECIMENS REQUIRED TO BE TESTED TO SATISFY

THE OBJECTIVES OF THIS STUDY WERE REDUCED CONSIDERABLY AS RESULT

OF THE KNOWLEDGE PROVIDED BY THE COMPUTERIZED ELASTIC ANALYSIS

THE RESULTS OF TYPICAL FINITE ELEMENT ELASTIC ANALYSIS ARE SHOWN

IN FIGS AND

THE FOLLOWING GENERAL COMMENTS CAN BE MADE ON THE BASIS OF THE

ANSWERS PROVIDED BY THE COMPUTERIZED ELASTIC ANALYSIS WHICH WERE

CONFIRMED BY THE FINDINGS OF THE EXPERIMENTAL TEST RESULTS

HIGH STRESSES THAT DEVELOP AT EARLY STAGES OF LOADING ARE

CONCENTRATED AROUND THE CONTACT AREA OF THE HILLSIDE

WASHER WITH THE WEB
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YIELD STRESSES IN THE WEB PLATE COULD BE REACHED AROUND

THE ANCHORAGE POINT AT RELATIVELY LOW LEVELS OF PULLOUT

FORCE IN COMPARISON WITH THE ULTIMATE LOAD CAPACITY

THESE HIGH STRESSES DISSIPATE AND DECREASE IN MAGNITUDE

RADIALLY AWAY FROM THE ANCHORAGE POINT TO THE OTHER WELD

LINE BETWEEN THE WEB PLATE AND THE FLANGE OF THE SECTION

FOR THE SIZE OF THE TEST SPECIMEN USED HERE THE SEMI

CIRCULAR STRESS DISTRIBUTION FADES OUT TO LOW LEVELS AT

RADIAL DISTANCE OF APPROXIMATELY INS FROM THE

ANCHORAGE POINT

HIGHER CONCENTRATED AND LOCALIZED STRESSES ARE ALSO

GENERATED ON THE OTHER SIDE OF THE WEBFLANGE WELD LINE

OF THE SECTION AWAY FROM THE ANCHORAGE POINT

YIELD LINE APPROACH USING LIMIT STATE ANALYSIS WILL BE

NEEDED TO PREDICT THE LOAD CARRYING CAPACITY OF THE

BRACE CONNECTION AT FAILURE THE YIELD LINE ANALYSIS IS

EXPECTED TO ALSO PREDICT THE POTENTIAL FAILURE MODE BY

VIRTUE OF ITS SCANNING PROCEDURE OF THE POTENTIAL FAILURE

MECHANISMS

ANALYTICAL INVESTIGATION

RECENT THEORETICAL INVESTIGATIONS HAVE BEEN SUCCESSFUL IN

USING THE YIELD LINE APPROACH FAILURE MECHANISMS TECHNIQUE FOR

PREDICTING THE ULTIMATE LOAD CARRYING CAPACITY OF STEEL

CONNECTIONS EG PARKER AND MORRIS 1977 PARKER AND BRUNNO

1986 AND STEVENS AND KITIPORNCHAI 1990 THIS APPROACH WAS

PROPOSED INITIALLY BY JOHANSEN 1962 AND HOGNESTAD 1953 FOR
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ESTIMATING THE ULTIMATE CAPACITY OF REINFORCED CONCRETE SLABS ON

THE BASIS OF POTENTIAL FAILURE PATTERNS THE INELASTIC YIELD LINE

METHOD FINDS ADDED SUPPORT IN THE ARGUMENTS USED IN PROMOTING THE

STRONG CURRENT TREND FOR THE LIMIT STATE DESIGN PHILOSOPHY OF THE

LRFD SPECIFICATION AISC 1986 THE PREDICTION PROCESS ON THE

BASIS OF FAILURE MECHANISMS OR FAILURE PATTERNS FOR THE ULTIMATE

LOAD CAPACITY CAN FAIRLY EASILY ACCOMMODATE THE STRESS

CONCENTRATIONS THE RESIDUAL STRESSES AND THE REDISTRIBUTIONOF

STRESSES IT CAN ALLOW FOR BALANCED DESIGN AT FAILURE AMONG THE

DIFFERENT VARIABLES IT IS ALSO POSSIBLE TO USE AN EFFECTIVE

FAILURE STRESS RATHER THAN USING INITIAL YIELD OR FRACTURE STRESSES

TO DEFINE FAILURE AS SUGGESTED BY PACKER AND BRUNO 1986 AND

STEVENS AND KITIPORNCHAI 1990

IN THE FOLLOWING ANALYTICAL FORMULATIONS ALL PREVAILING AND

MEANINGFUL FAILURE MECHANISMS ARE INCLUDED IN THE ANALYSIS EXCEPT

FOR THE FAILURE DUE TO THE COLLAPSE OF THE HILLSIDE WASHER ITSELF

THE WASHER SERVES THE PURPOSE OF TRANSFERRING THE PULLOUT FORCE

FROM THE XBRACING ROD TO THE WEB PLATE OF THE FRAMING SECTION

ITS STRENGTH IS NOT CONSIDERED TO BE PART OF THE CONNECTION AND

ITS DESIGN IS EXPECTED TO BE ESTABLISHED BY THE MANUFACTURER THE

CONTACT AREA BETWEEN THE FLAT BASE OF THE HILLSIDE WASHER AND THE

WEB OF THE STEEL FRAMING IS AN IMPORTANT PARAMETER IN THE ANALYSIS

AS IT WAS FOUND TO INFLUENCE THE PERFORMANCE OF THE CONNECTION

THE GEOMETRY OF THE CONTACT FLAT BASE AND THE NIPPLE ENGAGEMENT OF

THE HILLSIDE WASHERS USED IN THE EXPERIMENTAL TESTS OF THIS REPORT

ARE SHOWN IN FIG
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FAILURE MECHANISMS AND ANALYTICAL CALCULATIONS

THE PROCEDURE USED IN EXECUTING THE LABORATORY TESTS WAS BASED

ON ALTERING THE VARIABLE PARAMETERS ONE AT TIME IN EACH OF THE

TESTS THE OBSERVED FAILURE MODE WAS USED AS GUIDE IN

DETERMINING THE NEXT TEST SETUP THE ANALYTICAL PREDICTION

PRESENTED HERE FOLLOWS THESE MAJOR PARAMETERS OF THE CONNECTION

DETAIL AND ADDRESSES EACH POTENTIAL FAILURE MECHANISM ON ITS OWN

MERITS

FAILURE MECHANISM TENSILE FAILURE OF THE XBRACING ROD

THE ULTIMATE LOAD CARRYING CAPACITY CORRESPONDING TO THIS

FAILURE MECHANISM IS GIVEN BY

7T

OYIEFF

IN WHICH IS THE TENSILE STRESS DIAMETER AT THE THREADED ZONE OF

THE ROD AISC 1988 AND IS THE EFFECTIVE YIELD STRESS OF THE

STEEL ROD

THE EFFECTIVE YIELD STRESS IS ASSUMED TO LIE SOMEWHERE BETWEEN

THE ULTIMATE AND THE ACTUAL YIELD STRESS IT COULD BE STATED THAT

THE ULTIMATE STRENGTH SHOULD BE USED IN THIS LIMIT STATE

ANALYTICAL APPROACH BUT IN GENERAL THE CHARACTERISTICS OF THE

ENTIRE STRESS VERSUS STRAIN CURVE HAVE BEEN FOUND TO INFLUENCE THE

LOAD CARRYING BEHAVIOR OF STEEL CONNECTIONS IN CONTRAST TO THE

IDEALIZED ASSUMPTION OF UNIFORM PLASTIC STRESS DISTRIBUTION AT

FAILURE THE TRUE DISTRIBUTION OF THE ULTIMATE STRESS IS SELDOM



28

UNIFORMLY DISTRIBUTED ACROSS THE SECTION WHEN PLASTIC HINGE

FAILURE OCCURS THE IDEALLY TENSILE XBRACING ROD WAS FORCED BY

THE ROTATION OF THE HILLSIDE WASHER TO BEND NORMAL TO THE DEFLECTED

SHAPE OF THE PLATE OF THE SECTION FAILURE OF THE BRACING ROD

OCCURED AT THAT POINT OF CONTACT BETWEEN THE BASE OF THE HILLSIDE

WASHER AND THE WEB PLATE THE ANALYSIS OF THE ACTUAL TEST RESULTS

CONFIRMED THIS OBSERVATION THE USE OF AN EFFECTIVE YIELD STRESS

AGREES WITH THE FINDINGS OF PACKER AND BRUNO 1986 AND STEVENS ND

KITIPORNCHAI 1990 THE SUGGESTED EFFECTIVE YIELD STRESS COY EFF

USED IN ESTIMATING THE PLASTIC CAPACITY OF REAL SECTION IN

CONNECTION IS GIVEN BY

OYEFF

NOTE THAT THE DIFFERENCE BETWEEN THE ULTIMATE STRENGTH AT AND THE

EFFECTIVE YIELD STRENGTH UYEFF AS GIVEN IN EQ FOR THE

BRACING RODS IS QUITE SMALL SEE TABLE THE CONCEPT OF USING AN

EFFECTIVE YIELD STRESS IS USED THROUGHOUT THIS REPORT

THE ULTIMATE TENSILE LOAD OF THE XBRACING ROD AS GIVEN IN

EQ SHOULD BE THE REFERENCE MINIMUM ULTIMATE CAPACITY THAT THE

CONNECTION MUST WITHSTAND FOR PROPER CONNECTION DESIGN

FAILURE MECHANISM WELD FAILURE OF THE WEBFLANGE CONNECTION

THE WELD LINE BETWEEN THE WEB AND THE FLANGE OF THE SECTION IS

SUBJECTED TO HIGH CONCENTRATION OF LOCALIZED STRESSES DUE TO THE
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PULLOUT FORCE OF THE XBRACING ROD USING AN EFFECTIVE LENGTH OF

WELD AND THE SUGGESTED LRFD AISC 1986 APPROACH FOR CALCULATING

THE ULTIMATE STRENGTH CAPACITY OF FILLET WELD THE STRENGTH OF

THE WELD ADJACENT TO THE ANCHORAGE POINT WITH ONLY ONE SIDE OF THE

WEB PLATE WELDED TO THE FLANGE FIG IS EQUAL TO

SI LWDDDSIN

AND FOR 165 IN 25 INS AND 600 FROM THE TEST SET

UP THEN

U2 0816FE SI 3A

IN WHICH FEXX THE CLASSIFICATION TENSILE STRENGTH OF THE WELD

METAL AND EFFECTIVE THROAT THICKNESS AND THE EFFECTIVE

LENGTH OF THE ADJACENT WEBFLANGE FILLET WELD LINE RESPECTIVELY

SEE LRFD AISC 1986 FOR THE DEFINITION OF THE EFFECTIVE THROAT

THICKNESS AND FIG FOR THE DEFINITION OF THE EFFECTIVE LENGTH OF

THE ADJACENT FILLET WELD THE EMPIRICAL DEFINITION OF THE

EFFECTIVE LENGTH OF WELD AS SHOWN IN FIG WAS BASED ON THE

AVERAGE OF ALL OBSERVATIONS OF THE YIELD LINES OF THE INITIAL

FAILURE OF THE TEST SPECIMENS THAT FAILED DUE TO WEAK WELDS THE

LEG SIZE OF THE FILLET WELDS SHOWN IN TABLE COL WERE FOUND

BY PHYSICAL MEASUREMENTS FROM EACH TEST SPECIMEN CERTAIN

VARIATIONS AND INCONSISTENCIES IN THE SIZE WORKMANSHIP AND

PENETRATION OF THIS WELD LINE OVER ITS EFFECTIVE LENGTH WERE

CLEARLY EVIDENT IN MOST OF THE TEST SPECIMENS ESPECIALLY WHEN THE

SHIELDED METAL ARC PROCESS SMAW WAS USED FOR WELDING BUT
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UNIFORM AND DEEPER PENETRATION WELDS WERE NOTED IN TEST SPECIMENS

WHEN THE AUTOMATIC SUBMERGED ARC WELDING METHOD SAW WAS USED

ACCORDINGLY THE PROVISIONS OF SECTION J22A OF THE AISC LRFD

SPECIFICATION AISC 1986 WERE FOUND TO BE APPLICABLE THESE

PROVISIONS WERE USED IN THE CALCULATIONS FOR THE STRENGTH OF THE

WELD TABLE COL

FAILURE MECHANISM DIRECT SHEAR FRACTURE OF THE WEB PLATE

DIRECT SHEAR FRACTURE OF THE WEB PLATE AT THE EDGE OF THE

WELD LINE WHEN USING THE EFFECTIVE WELD LENGTH WAS FOUND TO

THEORETICALLY CONTROL THE COLLAPSE MECHANISM OF THE CONNECTION FOR

THIN AND WEAK BASE METAL WEBS ONLY THE FILLET WELD FAILED BEFORE

THE CONNECTING BASE METAL IN ALL OF THE TEST SPECIMEN THAT FAILED

AT THE WEBFLANGE CONNECTION BECAUSE THE ULTIMATE SHEAR STRENGTH OF

THE BASE METAL WAS CONSIDERABLY HIGHER THAN THE ELECTRODE STRENGTH

THIS OBSERVATION OF THE TEST RESULTS CONFIRMED THE AISCLRFD

SPECIFICATIONS J4 THE MATHEMATICAL FORMULATION FOR THE DIRECT

SHEAR FAILURE WHEN IT CONTROLS THE FAILURE MECHANISM IS GIVEN BY

PU LWDDDSINO

AND USING THE DATA OF THE TEST SETUP THEN EQ REDUCES TO

O785O 4A

IN WHICH EFFECTIVE YIELD STRESS OF THE WEB PLATE AS DEFINED

BY EQ AND THICKNESS OF THE WEB PLATE
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FAILURE MECHANISM PUNCHING SHEAR FRACTURE OF THE WEB PLATE

USING YIELD LINE APPROACH FOR PREDICTING THE DIRECT PULLOUT

FORCE REQUIRED FOR THE HILLSIDE WASHER TO PUNCH THROUGH THE WEB

THEN

LJ TVSIN

IN WHICH EFFECTIVE ULTIMATE PUNCHING SHEAR STRESS OF THE WEB

PLATE EFFECTIVE PERIMETER OF THE FLAT BASE OF THE HILLSI

WASHER AND THICKNESS OF WEB PLATE THE EFFECTIVE SHEAR

STRESS AT YIELD CAN BE RELATED TO THE EFFECTIVE TENSILE YIELD

STRENGTH OF THE WEB PLATE BY ANY OF THE FAMILIAR FAILURE THEORIES

USING THE TRESCA YIELD CRITERIA THEN

O5CY

OR IF THE VON MISES FAILURE THEORY IS USED THEN

BUT USING THE AISC LRFD SPECIFICATIONS APPROACH FOR THE SHEAR

STRENGTH ON AN EFFECTIVE AREA YIELDS

THE DIFFERENCE BETWEEN THESE THREE SHEAR STRESS CORRELATIONS EQS

AND IS ACADEMIC AND RELATIVELY SMALL FOR THIS REASON

EQ IS USED IN THE CALCULATIONS OF THE EFFECTIVE ULTIMATE

PUNCHING SHEAR STRENGTH AT FAILURE
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THE EFFECTIVE PUNCHING SHEAR PERIMETER OF THE CONTACT AREA OF

THE HILLSIDE WASHER WITH THE WEB WAS FOUND TO BE RELATED TO

THE SIZE OF THE SLOTTED HOLE IN THE WEB THROUGH WHICH THE XBRACING

ROD PASSES THE NET EFFECTIVE PERIMETER WAS ASSUMED ON THE BASIS

OF THE TEST RESULTS TO BE EQUAL TO THE ACTUAL PERIMETER OF THE BASE

OF THE HILLSIDE WASHER REDUCED BY THE SIZE OF THE SLOTTED HOLE IN

THE WEB THE NET EFFECTIVE PERIMETER IS THEN EQUAL TO

2BB LH1 C9

IN WHICH AND LENGTH AND WIDTH OF THE CONTACT AREA OF THE BASE

OF THE HILLSIDE WASHER RESPECTIVELY AND AND LENGTH AND WIDTH

OF THE SLOTTED HOLE IN THE WEB PLATE

USING EQS AND THE ULTIMATE LOAD CARRYING CAPACITY FOR

THIS FAILURE MECHANISM EQ CAN BE WRITTEN AS

1154 BBL4H SA

FAILURE MECHANISM TENSILE FRACTURE OF THE WEB PLATE

THE DETAILS OF THE PROTRUDING ROUNDED NIPPLES OF THE HILLSIDE

WASHERS THAT FIT INTO THE SLOTTED HOLE OF THE WEB PLATE ARE SHOWN

IN FIG THE INPLANE PARALLEL TO THE WEB COMPONENT OF THE PULL

OUT FORCE WAS FOUND TO INDUCE DIRECT TENSILE STRESSES THAT

EVENTUALLY CAUSED TENSILE MODE FRACTURE OF THE LONGITUDINAL SIDES

OF THE SLOTTED HOLE AS SHOWN IN FIG THIS LOCALIZED FRACTURE

CAUSED THE HILLSIDE WASHER TO RIP THROUGH THE SLOTTED HOLE UNDER

THE EFFECT OF THE PULLOUT FORCE
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DIRECT YIELD LINE APPROACH FOR THE PREDICTION OF THE

ULTIMATE LOAD WAS ALSO POSSIBLE FOR THIS MODE OF FAILURE ON THE

BASIS OF THE OBSERVATIONS MADE DURING THE EXECUTION OF THE ACTUAL

TESTS AND THE TEST RESULTS THE OBSERVED FAILURE CONFIRMED THE

FINITE ELEMENT ELASTIC ANALYSIS PREDICTIONS OF COMPLETE YIELDING OF

THE AREA UNDER THE HILLSIDE WASHER PLASTIC FLOW OF THE WEB PLATE

AROUND THE HILLSIDE WASHER WAS CLEARLY EVIDENT IN THE TESTS

TENSILE FRACTURE OCCURRED ALONG THE TWO LONGITUDINAL SIDES OF THE

SLOTTED HOLE AS THE PULLOUT FORCE EXHAUSTED THE PLASTICITY OF THE

WEB METAL THE ULTIMATE PULLOUT LOAD WAS FORMULATED ON THE BASIS

OF THE COMBINED EFFECTS OF THE DIRECT BEARING AND TENSILE STRESSES

UNDER THE HILLSIDE WASHER AS FOLLOWS

1154 8BHT SIN BBLH3

IN WHICH BH NET WIDTH OF THE WEB PLATE BOUNDED BY SIDES OF THE

HILLSIDE WASHER AND BBLH NET BEARING AREA UNDER THE BASE OF

THE HILLSIDE WASHER SEE FIG

COMPARISON OF EXPERIMENTAL VERSUS ANALYTICAL RESULTS

THE PRECEDING ANALYTICAL APPROACH WAS BASED ON USING YIELD

LINE LIMIT STATE APPROACH FOR EACH OF THE INDEPENDENT FAILURE

MECHANISMS THE PREDICTED ANALYTICAL VALUES FOR THE ULTIMATE LOADS

WERE VERIFIED BY THE RESULTS OF THE LABORATORY EXPERIMENTAL TESTING

PROGRAM THE INDEPENDENT VARIABLES WERE ALTERED INDIVIDUALLY IN

EACH TEST SETUP IN ORDER TO DEMONSTRATE THE IMPACT OF EACH

VARIABLE ON THE ULTIMATE LOAD AND THE FAILURE MECHANISM THE

FAILURE MODE PREDICTED BY THE ANALYTICAL APPROACH WAS CHECKED

AGAINST THAT OBSERVED IN THE ACTUAL TEST
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THE PREDICTED FAILURE LOADS U5 FROIN EACH OF THE FIVE

FAILURE MECHANISMS ARE SHOWN IN TABLE COLS 48 THE LOWEST

PREDICTED VALUE THE CONTROLLING VALUE IS UNDERLINED IN THE

LISTING THE EXPERIMENTAL ULTIMATE LOADS UEXP ARE ALSO SHOWN IN

TABLE COL THE RATIOS OF UEXP ARE LISTED IN COL THE

FAILURE MODE FROM THE TEST AND THAT CORRESPONDING TO LOWEST

ANALYTICAL VALUE ARE SHOWN IN COLS 10 AND 11 RESPECTIVELY IT

CAN BE SEEN THAT THE AGREEMENT BETWEEN THE ANALYTICAL PREDICTIONS

AND THE TAST RESULTS FOR BOTH THE ULTIMATE LOAD CAPACITIES AND THE

FAILURE MODES IS GENERALLY VERY GOOD THE NOTICEABLE EXCEPTION IS

WITH THE CASES OF WELD FAILURES THIS WAS ATTRIBUTED TO THE

INCONSISTENCY IN THE WORKMANSHIP AND QUALITY OF THE WELD AS NOTED

EARLIER

IN THE GSSERIES THE WELD LINES BETWEEN THE WEB AND THE

FLANGES WERE PLACED USING THE AUTOMATIC SUBMERGED ARC WELDING

METHOD SAW THIS WELDING OPTION PROVIDED AS EXPECTED SUPERIOR

QUALITY AND DEEPER PENETRATION WELDS THE STRONGER WELD LINES IN

THIS SERIES OF TESTS PREVENTED PREMATURE WELD FAILURE THE PATCH

STIFFENER THAT WAS USED TO STRENGTHEN THE WEB PLATE PREVENTED THE

LOCAL FAILURE OF THE CONNECTION TENSILE ROD FAILURE WAS PREDICTED

FOR ALL OF THE TESTS IN THIS SERIES THE TEST RESULTS CONFIRMED

THE PREDICTIONS OF THE ANALYTICAL ANALYSIS

IN THE BSSERIES OF THE TEST SPECIMENS WELDING WAS

EXCESSIVELY DONE AS TO THE THICKNESS AND NUMBER OF PASSES AS

INDICATED IN TABLE THE INTENTIONAL OVERWELDING IN THIS SERIES

OF TESTS INFLUENCED AS EXPECTED THE FAILURE MODE OF THE TESTED

SPECIMENS
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THE COMPARATIVE ANALYSIS OF THE THEORETICAL VALUES VERSUS THE

TEST RESULTS EMPHASIZE THE SIGNIFICANCE OF THE TWO MAIN VARIABLES

THE SIZE OF THE XBRACING ROD AND THE STRENGTH OF THE WEB

FLANGE WELD THE STATIC TEST RESULTS INDICATED THAT IF THESE TWO

VARIABLES ARE DESIGNED TO SUSTAIN GIVEN LOAD THEN THE FAILURE

CRITERIA RESTS ON THE GEOMETRY OF THE FLAT CONTACT AREA BETWEEN THE

HILLSIDE WASHER AND THE SLOTTED WEB OF THE SECTION THE TEST AND

THEORETICAL RESULTS HAVE INDICATED THAT WITH AN ADEQUATE WEB

FLANGE WELD IT IS POSSIBLE TO DESIGN AN ANCHORAGE CONNECTION

CAPABLE OF WITHSTANDING THE FULL TENSILE STRENGTH OF THE XBRACING

ROD OR THE MAXIMUM LOAD THAT THE FRAMING SECTION CAN WITHSTAND

WHICH EVER IS SMALLER FROM SEISMIC LOADING POINT OF VIEW THIS

IS IMPORTANT BECAUSE OF THE POTENTIAL USE OF THE ANCHORAGE

CONNECTION AS DAMPING MECHANISM TO CONTROL THE RESPONSE OF THE

FRAMING STRUCTURE DURING EXTREME SEISMIC ACTIVITIES

REPETITIVE TENSILE LOADING TESTS SEISMIC LOADING

PREESTABLISHED MAXIMUM PULLOUT FORCE WAS APPLIED FOR 20

CYCLES IN THIS SERIES OF TESTS THE LOAD WAS SET ON THE BASIS OF

THE RESULTS FROM THE STATIC LOADING OF SIMILAR TEST SPECIMENS IF

FAILURE DID NOT OCCUR DURING THIS REPETITIVE CYCLIC LOADING THEN

THE PULLOUT DIRECT TENSILE LOAD WAS INCREASED UNTIL FAILURE

OCCURRED THE LOADDEFLECTION OF THE WEB PLATE AT THE POINT OF

LOADING WAS RECORDED FOR COMPARATIVE ANALYSIS BETWEEN THE DIFFERENT

TESTS THE TENSION ONLY HYSTERESIS LOOP WAS USED TO DETECT

DETERIORATION IN THE STIFFNESS OF THE CONNECTION UNDER CYCLIC

LOADING THE BASIC PARAMETERS OF THE TEST SPECIMENS ARE SHOWN IN
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TABLE THE TEST RESULTS AND THE PREDICTED ULTIMATE LOAD

CAPACITIES WITH THE FAILURE MODES ARE SHOWN IN TABLE THE

RECORDED LOADDEFLECTION DIAGRAMS ARE SHOWN IN FIGS 915

LOADING UP TO THE YIELD POINT OF THE XBRACING ROD WAS USED IN

THE TEST SETUPS WHERE THE ROD TENSILE FAILURE WAS EXPECTED TO

CONTROL THE ULTIMATE LOAD IN THE REMAINDER OF THE TEST SETUPS

THE PREDETERMINED UPPER LIMIT ON THE REPETITIVE CYLIC LOAD WAS SET

SO THAT YIELDING WILL OCCUR SOMEWHERE AT THAT LOAD IN THE ANCHORAGE

CONNECTION THE LOWER LIMIT ON THE TENSILE REPETITIVE CYCLIC LOAD

WAS 500 POUNDS

THE INFLUENCE OF THE SIZE OF THE HILLSIDE WASHER ON THE

FAILURE LOAD WAS INVESTIGATED BY OVERSIZING THE WASHER WHILE

KEEPING ALL OTHER VARIABLES THE SAME IN TEST NO THE SIZE OF

THE HILLSIDE WASHER WAS LARGER THAN THAT OF THE ROD 34 VERSUS 58

IN WHILE IN TEST NO 58 IN FOR BOTH THE ROD AND THE WASHER

WERE USED THE TENSILE STRENGTH OF THE ROD CONTROLLED THE FAILURE

MODE IN TEST NO AND THE TENSILE FRACTURE STRENGTH OF THE WEB

PLATE CONTROLLED THE ULTIMATE LOAD IN TEST NO

FAILURE OF THE WELD BETWEEN THE WEB AND THE FLANGE ADJACENT TO

THE PULLOUT FORCE WAS NOT SERIOUS FAILURE MECHANISMS IN THE

REPETITIVE LOADING TESTS BECAUSE THE WELD WAS OVERSIZED CAREFULLY

PLACED AND WITH FULL PENETRATION IN ALMOST ALL OF THE TEST

SPECIMENS ACCORDINGLY PREMATURE WELD FAILURE DID NOT OCCUR AND

THE PREDETERMINED MAXIMUM REPETITIVE CYCLIE LOAD WAS SUSTAINED BY

ALL OF THE TEST SETUPS

THE 20 CYCLES OF REPETITIVE LOADING WERE APPLIED CONTINUOUSLY

AT AN APPROXIMATE RATE OF SIX SECONDS PER CYCLE THE LOAD



37

TABLE TEST SCECIMENS PARAMNEIS REPEDDVE TESTS

TEST TEST PROPERT
NO SPECIMEN

WEB WEB WEBFLANGE WELD

LU SDFFCN SIZE

IN IN IN LEG SIZE

IN

43
RCC 118 5BA 0127 58 58 016 TWO PASSES

RCC118RSSB 0127 58 34 012

RCC18R34A 0128 34 34 012

RCC 18 34B 0126 34 34 012 GOOD

RCCI4R1 0249 021 TWOPASSES

RGP 316 34A 0178 PATH PLAZA 34 34 020 EXCELLENT

RG316 34B 0178 PA PLAZA 34 34 020 EXCELLENT

RBSI8R34 0118 TIMMS 34 34 018 GOOD

RES 316 34 0177 TRASS 34 34 019 GOOD

10 RBS 14 RI 0249 TXASSS



38

TABLE COMPARISON OF EXPCRIMEN AND ANAIY RESULTS RE TES

TEST PAANVE
UTHINI OADS 1BS RANO MODE

NO SPECIMEN EXP ANALYOCAL AS PAR FAILURE MODES PUEXN

IMEN PU TESTTHEORY

PREP NOOF PUT

LBS CYCLES UCXD
C7 10 11 1213

RCC 118 5BA 14000 15 14000 16374 23515 31276 12692 12914 108

RCC 18 SSB 15000 10 15000 20146 36006 28672 21385 092

RCC 118 34A 15000 20 19900 27278 36006 28672 22048 099

RCC 118 34B 15000 20 18000 27278 FL 35443 28234 21721 090

RCC 14 RI 130000 20 38250 48478 056L 80586 82390 57792 094

RGP316R34A 18000 20 47491 53253 88622 60806

ROP 316 34B 22000 20 7R 47491 53253 38622 60806H4
RBS 18 34 15000 20 17500 27278 30218 33257 23997 095

RBS 316 34 21500 20 27000 31897 50785 35996 ORR 100 ORS

10 RBS 14 RI 30000 20 42500 48478 82198 34548 53595 100

TEST TENNINA BEFORE CONNECTION FAILURE IS REACHED BECAUSE OF EXCESSIVE DEFLEC OF WEB AND DEFORMATION OF ENOXE TEST SECTION
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DEFORMATION CURVES HAVE CLEARLY INDICATED AMONG OTHER THINGS THAT

WHEN THE LOADING OF THE SPECIMEN WAS CARRIED FAR ENOUGH TO PRODUCE

PLASTIC STRAINS IN THE CONNECTION THEN THE UNLOADINGLOADING IN

THE FOLLOWUP CYCLES DID NOT INFLUENCE THE ULTIMATE LOAD CARRYING

CAPACITY OF THE CONNECTION THE PLASTIC STRAINS ESTABLISHED IN THE

FIRST AND SECOND CYCLES OF LOADING DID NOT INCREASE SIGNIFICANTLY

IN THE FOLLOWUP CYCLES THIS OBSERVATION DEMONSTRATED

SIGNIFICANT AND HIGHLY DESIRABLE DAMPING CHARACTERISTTH

ASSOCIATED WITH THE ANCHORAGE CONNECTION IN VIEW OF THE EXCESSIVE

DEFORMATION EXHIBITED BY THE WEB PLATE OF THE SECTION SEE FIGS

915 THE OVERALL EVALUATION OF THE TEST RESULTS SHOWED THAT THERE

WAS NO DETERIORATION IN THE STRENGTH OF THE CONNECTION AT THE END

OF THE 20 CYCLES OF REPETITIVE LOADING

THE LOADING WAS EXTENDED BEYOND THE 20 REPETITIVE CYCLES BY

MONTONICALLY INCREASING THE DIRECT PULLOUT FORCE TO FAILURE THE

TEST RESULTS INDICATED THAT THE CONNECTION SUSTAINED THE LOADING UP

TO THE EXPECTED ULTIMATE STRENGTH BUT AT RELATIVELY LOWER

DUCTILITY THAN THAT OF THE STATIC LOADING THUS THE COMBINED

EFFECT OF ANY WORKHARDENING PROCESS AND STRENGTH REDUCTION

FACTORS SUCH AS BAUSCHINGER EFFECT AND THE RESIDUAL DEFORMATION

LEFT FROM THE PLASTIC HINGE FORMATION DURING THE INITIAL LOADING

RESULTED IN MAINTAINING THE STATIC ULTIMATE LOAD CAPACITY ON THE

OTHER HAND IT SHOULD BE NOTED THAT DETERIORATION IN THE STRENGTH

OF SUCH CONNECTIONS UNDER SEISMIC LOADING HAS BEEN ERRONEOUSLY

ASSUMED AND TAKEN FOR GRANTED BY MANY DESIGNERS THE DETERIORATION

IN STEEL CONNECTIONS IS USUALLY ASSOCIATED WITH THE COMPRESSION LEG

OF THE HYSTERESIS LOOP AND DOES NOT NECESSARILY APPLY TO THE
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TENSILE XBRACING THE TEST RESULTS CONFIRMED THAT DETERIORATION

DID NOT OCCUR IN THE CONNECTION IT IS FELT THAT MORE CONTROLLED

SEISMIC LOAD SIMULATION TESTS ON FRAMED STRUCTURE WILL BE NEEDED

IN ORDER TO ELABORATE QUANTITATIVELY ON THIS OBSERVATION

CONCLUSIONS

THE EXPERIMENTAL TESTING PROGRAM COUPLED WITH THE ANALYTICAL

FORMULATIONS PRESENTED HERE HAVE PERMITTED THE EVALUATION OF THE

VARIOUS PARAMETERS THAT COULD LEAD TO THE COLLAPSE OF THE CURRENTLY

USED ANCHORAGE CONNECTION FOR XBRACING RODS OR CABLES IN LOW RISE

METAL BUILDINGS HILLSIDE WASHER BEARING ON THE FLAT WEB OF THE

FRAMING SECTION IS ASSUMED TO BE USED IN THE ANCHORAGE DETAIL

THE FOLLOWING CONCLUSIONS CAN BE MADE ON THE BASIS OF THE TEST

RESULTS FOR STATIC AND REPETITIVE LOADING CONDITIONS

THE GEOMETRY AND SIZE OF THE NET CONTACT AREA BETWEEN THE FLAT

BASE OF THE HILLSIDE WASHER AND THE WEB OF THE STRUCTURAL

SECTION IS OF PRIMARY IMPORTANCE IN THE DESIGN OF THE

CONNECTION

PREMATURE FAILURE COULD OCCUR IN THE WEBFLANGE WELD NEXT TO

THE XBRACING ANCHORAGE CONNECTION IF THE SIZE OF THE

STRUCTURAL FRAMING WELD OF THE SECTION IS NOT CHECKED FOR THE

EFFECTS OF THE LOAD CARRIED BY THE XBRACING ROD THE

EFFECTIVE LENGTH OF THE WEBFLANGE WELD LINE THAT CONTRIBUTES

TO THE RESISTANCE OF THE CONCENTRATED XBRACING FORCE IS

CONCENTRATED AROUND THE LENGTH OF THE LONGITUDINAL SIDE OF THE

HILLSIDE WASHER WITH PROPER WELD SIZE PENETRATION AND

QUALITY PREMATURE FAILURE OF THE WEBFLANGE WELD CONNECTION
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CAN BE AVOIDED

ADDITIONAL WELDING ALONG THE EFFECTIVE LENGTH OF THE WELD OVER

AND ABOVE THAT REQUIRED FOR THE STRUCTURAL FRAMING OF THE

SECTION WILL GENERALLY BE NEEDED FOR THE FULL DEVELOPMENT OF

THE ANCHORAGE CONNECTION

LOCALIZED YIELDING OF THE WEB PLATE DUE TO STRESS CONCENTRA

TION AROUND THE ANCHORAGE CONNECTION USUALLY DEVELOP AT THE

EARLY STAGES OF LOADING NEITHER THE TRANSVERSE STIFFENER NOR

THE PATCH PLATE STIFFENER TO THE WEB PLATE WILL RESTRAIN OR

ELIMINATE THE YIELDING FROM TAKING PLACE HOWEVER USING

PATCH PLATE TO STIFFEN THE WEB PLATE COULD PROVIDE THE LOCAL

STRENGTHENING REQUIRED TO PREVENT THE HILLSIDE WASHER FROM

PUNCHING THROUGH THE WEB PLATE

PLASTIC DEFORMATION OF THE ANCHORAGE CONNECTION CAN BE

EXCESSIVE BEFORE FAILURE TAKES PLACE IF PREMATURE FAILURE OF

THE WEBFLANGE WELD IS PREVENTED THE PLASTIC DEFORMATION OF

THE WEB PLATE AND THE ANCHORAGE CONNECTION DETAIL AS WHOLE

COULD BE USED TO DAMPEN THE SEISMIC RESPONSE OF THE FRAMED

METAL BUILDING

REPETITIVE TENSILE LOADING BEYOND YIELDING OF THE ANCHORAGE

CONNECTION DID NOT CAUSE SERIOUS DETERIORATION TO THE ULTIMATE

STRENGTH OF THE CONNECTION AFTER 20 CYCLES OF LOADING

THE LOAD CARRYING CAPACITY OF THE ANCHORAGE CONNECTION CAN BE

PREDICTED FAIRLY SUCCESSFULLY USING LIMIT STATE DESIGN

APPROACH THE PREDICTED ULTIMATE LOADS AND FAILURE MODES WERE

IN GOOD AGREEMENT WITH THE TEST RESULTS
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APPENDIX II NOTATION

THE FOLLOWING SYMBOLS ARE USED IN THIS PAPER

LENGTH OF FLAT BASE OF HILLSIDE WASHER

WIDTH OF FLAT BASE OF HILLSIDE WASHER

DEPTH OF FRAMING SECTION

DISTANCE FROM THE ANCHORAGE POINT TO THE

ADJACENT FLANGE

DE EFFECTIVE DIAMETER OF XBRACING ROD AT THE
ROOT OF THE THREADED SECTION

FEXX CLASSIFICATION STRENGTH OF THE WELD METAL

WIDTH OF SLOTTED HOLE IN WEB PLATE AT
CONNECTION

LENGTH OF SLOTTED HOLE IN WEB PLATE AT

CONNECTION

EFFECTIVE LENGTH OF WEBFLANGE WELD

PREP MAXIMUM REPETITIVE LOAD APPLIED IN THE
CYCLIC LOADING TESTS

U2 U5 ANALYTICAL ULTIMATE LOAD CAPACITY OF

CONNECTION AND CORRESPONDING VALUES FOR
MODES TO

UEXP EXPERIMENTAL ULTIMATE LOAD CAPACITY OF

CONNECTION

SW EFFECTIVE THROAT THICKNESS OF WEBFLANGE
FILLET WELD SEE LRFD AISC 1986

THICKNESS OF WEB PLATE OF FRAMING SECTION

EFFECTIVE YIELD PUNCHING SHEAR STRENGTH OF
WEB PLATE

THE VERTICAL ANGLE OF XBRACING ROD WITH THE
WEB

YIELD AND ULTIMATE TENSILE STRENGTH
RESPECTIVELY AND

YIELD STRENGTH OF XBRACING ROD AND WEB

PLATE RESPECTIVELY
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APPENDEX III DESIGN OF ANCHORAGE CONNECTION USING ALLOWABLE
STRESS DESIGN ASD

THE PREDICTION PROCESS AND FORMULATIONS PRESENTED IN THIS

REPORT ARE BASED ON LIMIT STATE DESIGNULTIMATE STRENGTH THE

EQUATIONS ARE DIRECTLY APPLICABLE AND CAN BE USED WITH THE AISC

LOAD AND RESISTANCE FACTOR DESIGN METHOD LRFD AFTER INCORPORATING

THE APPROPRIATE RESISTANCE FACTOR INTO THE NOMINAL STRENGTH

EQUATIONS OF THE DESIGN STRENGTH IS THEN CALCULATED FOR EACH

APPLICABLE LIMIT STATE FAILURE MECHANISM AS PU AISC 1986

IN ORDER TO CONVERT THE PREDICTION EQUATIONS PRESENTED IN THIS

REPORT TO WORKING STRESS DESIGN FORMULATIONS IT IS RECOMMENDED

TO INCORPORATE AN APPROPRIATE SAFETY FACTOR FOR EACH OF THE FAILURE

MECHANISMS AS FOLLOWS

FAILURE MECHANISM TENSILE FAILURE OF XBRACING ROD EQ

USING 13 OF THE EFFECTIVE YIELD STRENGTH OF THE ROD FOR THE

ALLOWABLE TENSILE STRESS ON THE NET AREA AT THE THREADS THEN EQ

CAN BE WRITTEN AS

026 LASD

IN WHICH IS THE EFFECTIVE YIELD TENSILE STRENGTH OF THE

BRACING ROD SEE EQ

FAILURE MECHANISM WELD FAILURE OF THE WEBFLANGE CONNECTION
EQ

THE ALLOWABLE SHEAR LOAD FOR FILLET WELD IS RECOMMENDED TO

BE TAKEN AS 03 OF THE CLASSIFICATION NOMINAL TENSILE STRENGTH OF
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THE WELD AND EQ CAN BE WRITTEN AS

030 LI DDSIN 2ASD

FOR WELD SIZE EQUAL TO OR LESS THAN 18 IN HIGHER FACTOR OF

SAFETY MIGHT BE JUSTIFIED TO BE USED IN THE ABOVE EQUATION

FAILURE MECHANISM DIRECT SHEAR FRACTURE OF THE WEB PLATE

EQ

THE ALLOWABLE LOAD FOR THIS FAILURE MECHANISM IS RECOMMENDED

TO BE BASED ON 03 OF THE EFFECTIVE YIELD TENSILE STRENGTH OF THE

WEB METAL AND EQ CAN BE WRITTEN AS

03
TWLW DDSIN 3ASD

FAILURE MECHANISM PUNCHING SHEAR FRACTURE OF THE WEB PLATE

EQ

USING 03 OF THE EFFECTIVE YIELD TENSILE STRENGTH OF THE WEB

METAL FOR THE ALLOWABLE PUNCHING SHEAR STRESS THEN EQ CAN BE

WRITTEN AS 6B SIN 4ASDYWW

FAILURE MECHANISM TENSILE FRACTURE OF THE WEB PLATEEQ 10

THE ALLOWABLE TENSILE LOAD FOR THE WEB METAL IS RECOMMENDED TO

BE TAKEN AS 12 ITS EFFECTIVE YIELD TENSILE STRESS AND EQ 10

CAN BE WRITTEN AS

0BHT BBLH 5ASD
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APPENDIX IV NUMERICAL EXAMPLE

ROD DIAMETER 34 IFL DE 068 IN 7515 KSI

HILLSIDE WASHER BXB 3085X1940 IN

FILLET WELD FEXX 60 KSI LEG SIZE 011 IN

WEB PLATE 0186 IN 739 KSI 165 IN 25 IN

SLOTTED HOLE 1875 IN 0875 IN 600

THEORETICAL ULTIMATE STRENGTH SEE TABLE TEST NO 10

7RX068 2728 KIPS

U2 B2DHTAN30 3085225L94578 485 IN

U2 6X60X0707X011X485X 165 1847 KIPS
16525 0866

U3 0577X739X0186X485X165 5233 KIPS
16525 0866

U4 L1543085194018750875X739X0186X
0866

4167 KIPS

U5 154X73 051940875 0186086613 085X194

L875X0875 3131 KIPS

FAILURE MECHANISMS CONTROLS WELD FAILURE L84 KIPS

ALLOWABLE STRESS DESIGN EQ 15 ASD

903 KIPS ALLOWABLE TENSILE FORCE ON XBRACING ROD

923 KIPS ALLOWABLE FORCE BY WEBFLANGE WELD

2720 KIPS ALLOWABLE FORCE BY DIRECT SHEAR OF WEB

PLATE

2166 KIPS ALLOWABLE FORCE BY PUNCHING SHEAR OF
HILLSIDE WASHER
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1565 KIPS ALLOWABLE FORCE BY TENSILE FRACTURE OF WEB

PLATE

DESIGN IS CONTROLLED BY THE ALLOWABLE FORCE IN THE XBRACING ROD

APPENDIX IV CONVERSION TO SI UNITS

TO CONVERT TO MULTIPLY BY
LBIN KG 04536
LBF 4448
FT IN 03048
KIPS KN 4448
KSI KPA 6895
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