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- Part 1: Background & Review of’ Available Relevant Literature
1= Background, past Earthquake Joint Failures
2= Tests on Non-Ductile Exterior Joints
3= Tiests on Non-Ductile Corner Simulated Joints
4- Testsion Non-Ductile Corner: Joints
5- General Experimental Conclusions
6- Joint Shear Strength Degradation Trends
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- Part 2: Full Scale Corner Joint Tentative Test

I='Suggested Tiest Parameters
2= Suggested Test Matrix: & Specimen Design
3= Tlest Setup 4- Work:Schedule
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BACKGROUND
PAST EARTHQUAKE Corner & Exterior BEAM COLUMN JOINT FAILURES
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BACKGROUND

Partial Building Collapse
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PAST EARTHQUAKE Corner & Exterior BEAM COLUMN JOINT FAILURES
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TEST ON EXTERIOR BEAM COLUMN JOINTS

1- Hanson & Conner 1965 (PCA, lllinals)

TEST PARAMETERS

-Axial Load ILevel 0.54 fc’Ag to 0:86 fc’Ag. Constant Axial ILoad
-Joint Concrete Strength (matching either column or beam strength).
-Isolated Joint versus Joint with transyerse stubs both sides.
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1- Hanson & Cenner 1965 (PCA, lllinais)
TEST RESULTS

-Isolated Exterior Joint, with joint f¢’ = Beam fc” :
Totally inadequate & Brittle, causing joint failure at y=11.3, without beam yielding.

-Exterior Joint with transverse stub & joint f¢’=column f¢’:
Performed very satistactorily, ductility index p=17, joint failure at y=11.3" aiter beam
yielding. No need for' joint hoops (sic):
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TESTS ON EXTERIOR BEAM COLUMN JOINT
2- Uzumen 1977 (U of Torento)

TEST PARAMETERS

~“AxialllLoad Level constant 0.51'f *A, . Constant Axial I.oad
-LLoading History

-Isolated Joint versus Joint with' transverse stub on one side (Simulated corner: joint).
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TESTS ON EXTERIOR BEAM COLUMN JOINT
2- Uzumern 197 7 (U of Terento)

TESIPRE SIFTS

-Axial ILoad is Helpiul in Early Loading Stages & Detrimental at ILater
Stages.

-Loading History doesn’t Affect the Response

-Simulated corner joint showed'similar performance to isolated one
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TESTS ON EXTERIOR BEAM COLUMN JOINT
3- Beres et al 1990 (Cornell Universiity)

TEST PARAMETERS

-Axial Load Level 0.11% “A  vsi0.39'1 A Constant Axial ILoad.
-Column to Beam' Flexural Capacities

-Isolated Joint versus Joint with transyerse stubs on both side (Prestressed stubs)

4= #7 spliced | 4-§10 spliced

= | o o Realistic Pre 1971
DJE Column | D:[E Construction with all
o bl > g deficiencies

2—#6 and 2-§8
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TESTS ON EXTERIOR BEAM COLUMN JOINT
3- Beres et all 1990 (CornellfUniversity)

TEST (RESUIENS

-Hailure mode generally is joint shear failure accompanied ox: followed! by upper column splice
failure. Joint shear strength ranges from 7=5.3 - y=8.3

-Higher Axialllload: Increase joint strength by 209, more gradual strength degradation, but sudden
failure at the end.

-T'ransyverse stubs: Nothing to the strength at high' axial load- 259 joint strength gain at low axial.
& generally lessisevere cracking & moxe gradual degradation:
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TESTS ON EXTERIOR BEAM COLUMN JOINT
4- Clyde et al 2000 (U off Utah)

TEST PARAMETER

-Axial ILoad Level 0:101°A, vs 0.251 A
Randomly varied Axial Load.
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TESTS ON EXTERIOR BEAM COLUMN JOINT
4- Clyde et al 2000 (U off Utah)

TEST RESULAS

-Hailure mode generally isijoint shear failure aliter initial beam yielding. Joint shear
strength coetf: ranges from y=11.5 — y=14

-Higher Axial ILoad: Slight increased' joint strength by 8%, tendency to more brittle
failure, reduced the deformational capacity by 40% & energy dissipation by 20%

-Residuall Axaal Capacity: 189 drop in axial capacity at joint shear failure

Tast #2 - 0.1F A axial load Test #4 - 0.251 A axial load
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TESTS ON EXTERIOR BEAM COLUMN JOINT

5- Pantelides et al 2002 (Uroeil: Utah)

TEST PARAMETERS
~Axial Load LLevel 0:10'f *A vs 0.251 A,  -Bottom Beam Rit Anchorage Detail
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TESTS ON EXTERIOR BEAM COLUMN JOINT
5- Pantelides et all 2002 (U of Uta)

TEST RESULTS (Boend Slip Fallure Specimens)

-Hailure modes : Bond slip in short embedded lengthibottom baxs with Loss of lateral load
Capacity

-Joint shear strengthi coefficient y=5.2/- =7

-Higher Axial I.oad: Increase joint strength by 35%, tendency to more brittle failure,
25Y%0 reduction’ in displacement ductility & 329 reduction in energy dissipation

50

Lateral Load (kips)
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TESTS ON EXTERIOR BEAM COLUMN JOINT
5- Pantelides et all 2002 (U ofi Utah)

TEST RESULTS (Joint Shear Failure Specimens)

-Hailure modes : Joint Shear: Failure with ILoss of Gravity LLoad Capacity , more brittle (359 less
ductility) than bond slip failure

-Joint shear strength coefficient y=10.3 - y=11.8.  (77% higher than bond slip: joints)

-Higher Axial lload: Increase joint strength by 159, tendency to more brittle failure, 5%, reduction
in displacement ductility. & 155 reduction in encrgy dissipation
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TESTS ON EXTERIOR BEAM COLUMN JOINT
6- Pampanin et al 2002 (l1t2aly)

TEST SPECIMENS SPECIMENTI

-Deficient 1960 Joints: =
1= Plain (Smooth) Rebars 2
2- Beam Rebars'Anchorage Deficient (Unhooked)
3= Absence of Capacity Design

4- ILow Characteristic Strength ofi Materials

COLUMN SECTION BEAM SECTION

3 21
+
# a2

BEAM STIRRUPS 10 4/11.5 cm

Axial Load

Low level 0.10/f’A, :

Varied with lateral load' bilinear I—mﬁ
»OLUMN STIRRUPS 1 24/13.5 cm

JIESITEaINELET:
Effect of Beam Flexural Strength e A
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TESTS ON EXTERIOR BEAM COLUMN JOINT
6~ Pampanin et all 2002 (1italy)

JESTRRESHIETS

-Hailure modes ¢ Brittle hybrid failure mechanisme: sudden and severe joint shear damage after the
first diagonal crack combined with slip failure of'beam rebars. (Joint Wedge)

-Hinal Failure: By loss of Axial load capacity
-Joint shear strength coefficient y=4.3 (Diagonal Strut not developed), Displacement Ductility: p=2.67

-Similar Performance to Bent out Beam Rebars Joints
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TESTS ON SIMULATED CORNER BEAM COLUMN JOINT
1- Hansen & Conner 1972 (PCA, lllineis)

TEST SPECIMEN

-One preloaded Transyerse Stub until cracking
-Preloading removed before test

AxiaiNEeEE
High Ratio/0.80 1 A Constant lLoad

Test Parameter

Hifect of Transverse Stub Confinement on Joint Strength

I_HI:
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TESTS ON SIMULATED CORNER BEAM COLUMN JOINTS

1- Hansen & Conner 1972 (PCA, lllinols)

TEST RESULTS

-Hailure mode & Joint Shear Failure After Beam: Yielding. Adequate response up) to n1=2.67.
Hollowed! by severe cracking

-Joint shear strength coetficient y=12, Displacement Ductility p=4 SPECMEN 7

-Very Slight Strength gaini over the isolated joint,
-Some improvement il ductility;
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TESTS ON SIMULATED CORNER BEAM COLUMN JOINT
2- Uzumeri 1977 (U of Terenito)

TEST SPECIMEN

-One preloaded Transyerse Stub until cracking
-Preloading persists during test

Axiallioad
High' Ratio0.51°1 A Constant IL.oad

Test Parameter

Hifect of Transverse Stub Confinement on Joint Strength

I_HI:



http://nees.org/
http://www.nsf.gov/index.jsp

Mitigation of Collapse Risk in Older Concrete Buildings

Grand Challenge Research

Pacific Earthquake Engineering Research Center & Network for Earthquake Engineering Simulation

TESTS ON SIMULATED CORNER BEAM COLUMN JOINTS

2- Uzumern 1977 (U of Terenito)
TESITNRESHIES

-Hailure'mode & Joint Shear Failure. Beam & Column Intact

-Joint shear strength coetficient y=11.2; Displacement Ductility p=3
-Generally behaved similar'to isolated exterior: joint.

-No additional confinement effect strength gain due to transyerse stubs.
-Slight increase in ductility (15%)

-Stub slightly increased the anchorage capacity of' beam! reinforcement

O
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TESTS ON CORNER BEAM COLUMN JOINT
1- Preistley 1994 (UCSD)

TEST SPECIMENS

-One Unreinforced Corner Joint
-One reinforced Corner Joint

-No Slab

-Unrealistic Boundary Conditions

Axial Load

Axial Iload Ratio 0.15't "A_ Varied with
ILateral (Dynamic Analysisg)

STRONG WALL

Column Support

MOMENT PATTERN

Jlest Parameter
Hyvaluate Unreinforced Joint Shear Strength

-
<
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w
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=
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Fead HISterY,
Uniaxial Loading followed By diagonal Biaxial
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TESTS ON CORNER BEAM COLUMN JOINTS

1- Preistiey 1994 (UCSD)
TEST RESULTS (Unreiniferced Joint)

-Failure mode : Joint Shear Failure After Beam Yielding

-Hinal Failure : Loss of Gravity LLoad Capacity

Deflection (mm)

-Generally Very Poor Performance ~75 -60 —45 ~30 =15 0 15 30 45 60 75 90 105 120

L1

-Joint shear strength coefficient:

vy=5.61 for Uniaxial L.oading,
y=8.11 Diagonal ILoading.

Load (kN

-Displacement Ductility Factor p=2.39

Vertical Load (kips)

Vertical
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GENERAL EXPERIMENTAL CONCLUSIONS

EFFECT OF AXIAL LOAD

On Strength

-Opimion 1 : Slightly increases Joint shear strength (8%0-20%6)
-Opinion 2/ : No Effect at All
-Opinion 3, : Helpful in early stages of loading, Detrimental in inelastic stages

On Ductility

-More pronounced effect than on strength
-More tendency to brittle failure withr higher axial load
-1556 -32%0 Reduction in Driit and Displacements; Ductility

-20% drop in Energy Dissipation

O
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GENERAL EXPERIMENTAL CONCLUSIONS

EFFECT OF SLAB PRESENCE

Noen-Ductile Jeints

No Data Available

Ductile Exterior Joints

-Increasing Beam Plastic Capacity, Imposes Higher Demand on Joint

-Reduces Spandrels Confining Eifect on Joint due to Imposed! Toxsional Stresses, moxe
rapid Joint Strength: Deterioration

O
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GENERAL EXPERIMENTAL CONCLUSIONS

EFFECT OF LOADING HISTORY

1-'No Effect on Joint Shear Strength (Uni. vs Diagonal)

2= More Pronounced Deterioration in Stiffness withi Biaxial ILoading

3= Quasi-Static is more Conservative than Dynamic ILoading (Apparent Strengthi Increase
with Rapid Dynamic)

O
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GENERAL EXPERIMENTAL CONCLUSIONS

EFFECT OF TRANSVERSE SPANDREL CONFINEMENT

1= Opinion 1 Tremendous Strength Improvement (Questionable Result)
2- Opinion 2 No or Very Slight Strength Improvement

3= Slight Increase in Beam Rebar Anchorage Capacity.

4- Decrease Severity of Cracking & Strength Degradation

5- Minor: Ductility Improvement (15%)

O
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GENERAL EXPERIMENTAL CONCLUSIONS

EFFECT OF BEAM REBAR ANCHORAGE DETAIL IN JOINT

1= "Detail 13 Bent-Out Rebars: Entirely inadequate, very low Joint Shear Strength, Can’t
Develop Diagonal Strut, y < 4

2- Detail 2: Bent-In Rebars : Better Performance, still inadequate, y up to 11-12

3= Detail 3: Short Bottom Rebar Embedded : Cerxtain Bond Slip Failuxe, y=5-7, LLittle
More Ductile

4- Detail 4: Smooth Unhooked Rebars: Similar Performance to Detail 1, No Strut
Deyveloped, yv=4.2

O
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JOINT SHEAR STRENGTH DEGRADATION TRENDS

NON-DUCTILE ISOLATED EXTERIOR JOINTS

Theoretical vs Experimental Joint Shear Stress (Isolated Exterior Joints)

¢ Isolated Exterior Joints

Suggested y="11.25 [ ‘ ‘

Suggested Limit: 11.25

Suggested = 2.7

vj / SQRT (f'c) Experimental

8 10
vj / SQRT(f'c) Theoretical
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JOINT SHEAR STRENGTH DEGRADATION TRENDS

NON-DUCTILE EXTERIOR JOINAIF with TWO SPANDRELS

Joint Shear Stress-Displacement Ductiltiy Relationship (Exterior Joints with 2 Stubs)

1
‘ ¢ Exterior Joints with 2 Stubs‘
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JOINT SHEAR STRENGTH DEGRADATION TRENDS

CORNER NON-DUCTILE JOINTS

Joint Shear Stress-Displacement Ductiltiy Relationship (Corner Joints)
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¢ Corner Joints
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PART 2

TENTATIVE FULL SCALE CORNER BEAM
COLUMN JOINT TEST

O
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Drawhacks & Unanswered QUestions, In Previeus: ests
1= Definite Result about the Effect of High Axial load

Pacific Earthquake Engineering Research Center & Network for Earthquake Engineering Simulation

2= Distinction of Joint Strength for Different Failure Scenarios,

3= Reliable Shear: Strength Degradation Models for Non-ductile Joints
4- Corner’' Joint Shear: Strength Coeti: v, and Corresponding

5- Non-ductile Joint Shear Strength, for varying Joint Aspect Ratio

6- Effect of Beam to Column Width Ratio, (Joint Masking Area)

7- Hifect of' Slab’ Presence for non-ductile joints

8= Realistic Representation off Biaxial lLoading

9- Assessment of Joint capability to support Gravity Axial LLoad aiter severe
inelastic loading

O
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SUGGESTED TEST PARAMETERS
1- Axial LLoad Level, 0.15 fc’Ag vs 0.30 fc’Ag

2~ Failure Mechanism, Joint Shear: failure vs Joint Shear Failure after
Beam Yielding

3- Beam to Column Flexural Strength ) M /) M, . Strong Column
Weak Beam vs Strong Beam Weak Column Conditions.

4- Joint Shear Strength, throughi Joint Aspect Ratio, 1 vs 1.67
5- Beam to Column Width Ratio, (Joint Masking Area), 0.9 vs 0.55
6- Effect of Slab Presence

O
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SUGGESTED TEST MATRIX
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_ Axial Load
Axial Load Axial Load .15 fc’Ag

0.15 fc’Ag 0.30 fc'Ag Joint
Aspect Ratio 2

Axial Load
0.15fc’Ag

i Beam Yields . . . Smaller Beam to
Beam_ Yields Joint Failure First Joint Failure Beam Vielies Joint Failure wigEle R Column Width
First First Strong Beam i

No Slab
Specimen

o CALIE
o TN
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SUGGESTED SPECIMENS

Specimen 1: ILow Axial TLoad, Aspect Ratio 1, Beam Yield—» Joint Failure

Specimen 2: High Axial Load, Aspect Ratio 1, Beam Yield *Joint Failure

Specimen 3: Low Axial ILoad, Aspect Ratio 1, Joint Failure

Specimen 4: High Axial ILoad, Aspect Ratio 1, Joint Failure

Specimen 5: lLow Axial [Load, Aspect Ratio 2, Beam Yield™ Joint Failure

Specimen 6: LLow Axial Load, Aspect Ratio 2, Joint Failure

Specimen 7: High Axial ILoad, Aspect Ratio 2, Joint Failure

Specimen 8: ILow Axial ILoad, Aspect Ratio 1. [Lower Beam Rft, Beam Yield™ Joint Failure
Specimen 9: Low Axial ILoad, Aspect Ratio 1, Weak Column Strong Beam, Beam' Yield=>Joint Failure
Specimen 10: LLow Axial ILoad, ASpect Ratio 1, Smaller Beam' to Column: Width Ratio, Joint Failure
Specimen 11: ILow Axial [Load, Aspect Ratio 1, No Slab, Beam Yield >Joint Failure

O
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8+#8

R. 1 —— S5#3@e6"

Column Section

Specimen 1 Specimen 3 Specimen 4

8#8 3 8#10 8#10 3 8#10

hoop S ‘ - hoop S ‘ hoop ° _ hoop
#3@varies L #3@varies L #3@varies L #3@varies

Specimen 5 Specimen 6 Specimen 7

12#10 s 8#10 "* 8#10

hoop E ‘ - ' | hoop G e | | hoop
#3@varies #3@varies #3@varies
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Test Setup
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Test Attachments

3D Universal Jornt

6 x 6 x 10 Gr. 50 Steel Block

6' Ear Hol
6'' Dia. Gr. 50 Steel Cylinders ar Zoe

1.5" Gr. 50 Steel Ear Plate
1.25" Gr.50 Steel Base Plate

6x6x 10 Gr. 50 Steel Block

6'' Dia. Gr. 50 Steel Cylinders

15" E80 Fillet Weld /8" Holes, 4.5" Spacing

1.5" Gr. 50 Steel Ear Plate
1.25" Gr.50 Steel Base Plate
Joint Core (Alternative 1)

800 Kips Compression, 350 Kips Tension Capacities

(@ees@ O

& o
" b g
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Experimental Program Performance Timeline

Work Schedule N NERENEN (8B CN ORI TS T e EE e e e
Experimental Tasks e O

€ ' >

Final Decision on
Design & Parameters

—
Prepare Detailing |
& Constr, Drawings —

Tentative Eirst flest e

& Labor

End of Oct 2008 e ]

Internal Instrumentation |

Building 9 Steel Cages

Building 3 Formworks

Casting, 3 Specimens. at
atime

Curing of Specimens

Drilling Installing Fixturs
Fior Fxct_Inatr, N

Fabricate or Arrange |
Strong Actuator Beam, | —_—
Fab. Braces for Column | i

Fabricate Top & Bottom ' E’ |
Collars | | |

Arrange External | |
Instrumentations | | | BT
with Lab. Personnel | | |

Plan Procedures, Load | | |

Sequence, Special Test | | T
Instructions withLab. | | |

Secure Video Filming, | |
Photography Positions | | |
Inventory Check for | | |
Needed Access. Supplies, | | | [—
for Positioning | |

Prepare Test Area, Clear | | | |
Obstacles, Secure | | [ | —
Specimen Transp. | ‘ | | |

3. Test

Specimen | Placement & | | : f .
Test | |

Specimen 2-6 Placement |
& Test | |

Specimen 7-9 Placement |
& Test | I
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