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Appendix A3-1 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

4 in. Clip Gage

43.5 in. 43 in.12.5 in. 43.25 in.

Gr1 Gr3 Gr5 Or5 Or3 Or1

x=105.5in.
y=18in.

Gr2

Rd1

Rd2 Rd3 Rd4

Rd5

Ye5

Ye4 Ye3 Ye2

Ye1

Gr4 Gr6 Or4 Or2

x=108.5in.
y=23.4in.

Or6

27.75 in.

Ye6

x=85in.
y=22.5in.

#1

x=57.5in.
y=23.2in.

#5
#4

#6 x=121.8in.
y=15.6in.

#2

43 in. 43 in. 43 in. 12.5 in.

#1#3

Ye7

Br1

Br2

6
5

Rd1,2Br4

Rd7

Rd6

Peak Load: 413 kips.
Widest crack: 0.03 in.
 

East Face of Specimen
T Configuration

1T6

Failure mode: Flexure Tension  

P/2P/2

CL
144 in. 144 in.

51@6 in.

North End

48 in.

12in.

3 in.3 in.

 
 

Figure A3.1:  Instrumentation plan and crack pattern for specimen 1T6. 



 

Appendix A3-2 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.
           0.5 in. disp. sensors located from nearest corner of stem. 

4 in. Clip Gage

44.25 in. 44.125 in. 44.125 in.

#2

Gr1

Gr2

Rd2 Rd3 Rd4

Rd5

Rd6 Ye6

Ye5

Ye4 Ye3 Ye2

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=49.5in.
y=15in.

Rd7

Ye7

#4 x=100.5in.
y=8in. #1x=102.5in.

y=18in.

44 in. 43.875 in. 43.875 in.

Ye1Rd1

#1#3
6

Br2
Br1

#5

Br4

x=105.5in.
y=18in.

5

#6x=85in.
y=22.5in.

CL

P/2P/2
North End

144 in. 144 in.

East Face of Specimen

48 in.

Inverted-T Configuration

51@6 in.

Failure mode: Flexure, Compression 
Peak Load: 472 kips
Widest crack: 0.04 in
 

12in.

1IT6

3 in. 3 in.

 
 

Figure A3.2:  Instrumentation plan and crack pattern for specimen 1IT6. 



 

Appendix A3-3 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

4 in. Clip Gage

43 in. 43 in.12.5 in. 43 in.

Or1 Or3 Or5 Gn5 Gn3 Gn1

x=67.75in.
y=18in.

Ye1 Ye2 Ye3 Ye4 Ye5 Rd5 Rd4 Rd3 Rd2 Rd1

Or2 Or4 Or6 Gn4 Gn2

x=65.25in.
y=24.25in.x=72in.

y=14.375in.

Gn6

23 in.

#4
#2 #1

22 in.

x=85.5in.
y=17.75in.

#6
x=89.25in.
y=33.875in.

#5
#3

x=108.25in.
y=41.625in.

5

Br5 Br6

Br4
Br2

Br1

Br3

6

4

x=91.25in.
y=10in.

x=91.25in.
y=20.5in.

x=91.25in.
y=31.5in.

Distance to
embedded
strain gages 

Peak Load: 332 kips.
Widest crack: 0.165 in.
 

East Face of Specimen
T Configuration

1T18

Failure mode: Shear Compression 

3@6 in
P/2P/2

CL
144 in. 144 in.

7@18 in. 7@18 in.

North End

48 in.

12in.

14 in. 14 in.3 in. 3 in.

4 in.

 
 

Figure A3.3:  Instrumentation plan and crack pattern for specimen 1T18. 



 

Appendix A3-4 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.
           0.5 in. disp. sensors located from nearest corner of stem. 

4 in. Clip Gage

43.875 in. 44.125 in.13.5 in. 44 in.

Or1

Or2

Ye1 Ye2 Ye3
Ye4 Ye5 Rd5 Rd4 Rd3 Rd2 Rd1

Or3

Or4

Or5

Or6

Gn5

Gn6

Gn3

Gn4

Gn1

Gn2

x=108.5in.
y=22in.

#2
x=90.5in.
y=22in.

#4
#1x=120in.

y=19in.

44.125 in. 44 in. 44 in.

#2 #14

5

Br4
Br1

Br2

Gn7 and 8Or 7 and 8

x=102in.
y=18.25in. x=102.25in.

y=18in.

CL
144 in. 144 in.

East Face of Specimen

48 in.

Inverted-T Configuration

Failure mode: Shear Compression 
Peak Load: 309 kips
Widest crack: 0.188

     

12in.

1IT18

3@6 in
P/2P/2

7@18 in. 7@18 in.

North End

14 in. 14 in.3 in. 3 in.

4 in.

 
 

Figure A3.4:  Instrumentation plan and crack pattern for specimen 1IT18. 



 

Appendix A3-5 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

44 in. 44 in.13.5 in. 44 in.

Gr1 Gr3 Gr5 Or1 Or3 Or5

x=69.75in.
y=24in.

Gr2

GS1 GS2 GS3 GS4 GS5 GN5 GN4

GN3

GN2 GN1

Gr4 Gr6 Or4 Or6

x=110in.
y=22.25in.

Or2

21 in.

#6

GS6 GN6

x=87in.
y=21.75in.

#1x=70in.
y=24in.

#5

#4
#3x=105.75in.

y=22.5in.

#2x=94.75in.
y=42.25in.

Peak Load: 404 kips.
Widest crack: 0.08 in. 

East Face of Specimen
T Configuration

2T10

Failure mode: Shear Compression 

4@6 in
P/2P/2

CL
144 in. 144 in.

14@10 in. 14@10 in.

North End

48 in.

12in.

4 in.

22 in.

Distance to
embedded
strain gages 

 
 

Figure A3.5:  Instrumentation plan and crack pattern for specimen 2T10. 



 

Appendix A3-6 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.

44 in. 44 in.13.5 in. 44 in. 21 in.

#1

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5
GN5

GN4 GN3
GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or1

Or2

Or3

Or4

Or5

Or6

#6

GS6
GN6

#5

#4

#2

#3

x=46.5in.
y=0in.

x=100in.
y=16.5in.x=39.5in.

y=0in.

x=88.25in.
y=16.25in.

x=107.25in.
y=20.5in.

x=90in.
y=23in.

4@6 in.

CL

P/2P/2
North End

144 in. 144 in.

East Face of Specimen

48 in.

Inverted-T Configuration

14@10 in. 14@10 in.

Failure mode: Shear Tension/Anchorage 
Peak Load: 401 kips, Failed at 387 kips
Widest crack: 0.125 in.
 

12in.

2IT10

.4 in.

Distance to
embedded
strain gages 

22 in.

 
 

Figure A3.6:  Instrumentation plan and crack pattern for specimen 2IT10. 



 

Appendix A3-7 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

44 in. 44 in.13.5 in. 44 in.

Gr1 Gr3 Gr5 Or1 Or3 Or5

x=109.5in.
y=20in.

GS1 GS2 GS3 GS4 GS5 GN5 GN4 GN3 GN2 GN1

Gr2 Gr4 Gr6 Or4 Or6

x=49.5in.
y=16.75in.x=96.5in.

y=30.5in.

Or2

21 in.

#4 #1 #2

22 in.

x=81in.
y=29.5in.

#6 x=94.5in.
y=18in.

#5

#3x=121.5in.
y=42in.

Distance to
embedded
strain gages 

Peak Load: 378 kips.
Widest crack: 0.109 in.
 

East Face of Specimen
T Configuration

2T12

Failure mode: Shear Compression 

4@6 in
P/2P/2

CL
144 in. 144 in.

10@12 in. 10@12 in.14 in. 14 in.7 in. 7 in.

North End

48 in.

12in.

3 in.

 
 

Figure A3.7:  Instrumentation plan and crack pattern for specimen 2T12. 



 

Appendix A3-8 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.

44 in. 44 in.13.5 in. 44 in. 21 in.

#1

Gr1

Gr2

GS1
GS2

GS3 GS4 GS5
GN5

GN4 GN3
GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or1

Or2

Or3

Or4

Or5

Or6

x=49.75in.
y=0in.

#6 #5

#4

#2x=57.75in.
y=15in.

#3x=88.5in.
y=22.25in.

x=62.5in.
y=19.75in.

x=93.5in.
y=20in.

x=78in.
y=16.5in.

4@6 in.

CL

P/2P/2
North End

144 in. 144 in.

East Face of Specimen

48 in.

Inverted-T Configuration

10@12 in. 10@12 in.

Failure mode: Shear Tension/Anchorage 
Peak Load: 358 kips
Widest Crack: 0.104 in

     

12in.

2IT12

14 in. 14 in.7 in. 7 in.3 in.

 
 

Figure A3.8:  Instrumentation plan and crack pattern for specimen 2IT12. 



 

Appendix A3-9 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

44 in. 44 in.13.5 in. 44 in.

Gr1 Gr3 Gr5 Or5 Or3 Or1

x=105.5in.
y=29.25in.

x=66.5in.
y=24in.

Gr2

GS1 GS2

GS4 GS5

GS6

GS7

GS8

GN8
GN7

GN6

GN5

GN4

GN2

GN1

Gr4 Gr6 Or4 Or2

x=56.75in.
y=14.25in.

x=93in.
y=17.75in.

Or6

21 in.

#4 #1 #2#6

GS6 dead, GN1 and GN6 dead after fatigue.

GS3 GN3

Changes made to crack gages after precrack:
--#1 moved from x=96.75", y=20.75"
--#2 added

#3 added after fatigue, no location information.

Peak Load: 370 kips.
Widest crack: 0.109 in.
There is no written documentation of the post-
fatigue test. 

East Face of Specimen
T Configuration

3T12

Failure mode: Shear Compression 

4@6 in
P/2P/2

CL
144 in. 144 in.

10@12 in. 10@12 in.14 in. 14 in. 7 in.

North End

48 in.

12in.

7 in.3 in.

Distance to
embedded
strain gages 

22 in.

 
 

Figure A3.9:  Instrumentation plan and crack pattern for specimen 3T12. 



 

Appendix A3-10 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.

44 in. 44 in.13.5 in. 44 in. 21 in.

#2

Gr1

Gr2

GS1
GN6

GN5 GN4
GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or1

Or2

Or3

Or4

Or5

Or6

x=112.5in.
y=21.5in.

GN7
GN8

#1x=70.5in.
y=33in.

#4 x=109.75in.
y=17.5in.

GS8

x=67.25in.
y=28.25in.

#5

GS7

GN6 Dead
GN5 Dead after Fatigue

GS2 GS3 GS4 GS6

GS5

Changes made to crack gages after precrack:
--#1 moved from x=112.5", y=21.5"
--#2 moved from x=52.75", y=0"
--#4 moved from x=54.5", y=34"
--#5 moved from x=39", y=0"

GN3

4@6 in.

CL

P/2P/2
North End

144 in. 144 in.

East Face of Specimen

48 in.

Inverted-T Configuration

10@12 in. 10@12 in.

Failure mode: Shear Compression
Widest crack: 0.143 in 
Peak Load: 409 kips
Continued to hold load until loading rate was
increased causing an explosive failure due to
fracturing of one of the stirrups.
     

12in.

3IT12

14 in. 14 in. 7 in.7 in.3 in.

22 in.

Distance to
embedded
strain gages 

 
 

Figure A3.10:  Instrumentation plan and crack pattern for specimen 3IT12. 



 

Appendix A3-11 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 
           0.5 in. disp. sensors located from nearest corner of stem. 

44 in. 44 in.13.5 in. 44 in.

Gr1 Gr3 Gr5 Or1Or3Or5

x=89.75in.
y=26.75in.

x=50.75in.
y=19.5in.

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

Gr4 Gr6 Or4Or6

x=109.5in.
y=19in.

x=64.5in.
y=24in.

Or2

21 in.

#4
#1

#2

#6

x=68.75in.
y=17.25in.

#5

Peak Load: 299 kips.

Loaded using load control to 200 kips,
and displacement control thereafter.

 

East Face of Specimen
T Configuration

3T18

Failure mode: Shear Compression
Widest crack: 0.21 in 

3@6 in
P/2P/2

CL
144 in. 144 in.

8@18 in. 8@18 in.

North End

48 in.

12in.

3 in.

22 in.

Distance to
embedded
strain gages 

 
 

Figure A3.11:  Instrumentation plan and crack pattern for specimen 3T18. 



 

Appendix A3-12 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.

44 in. 44 in.13.5 in. 44 in. 21 in.

x=63.75in.
y=41.625in.

x=98.875in.
y=21.875in.

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or1

Or2

Or3

Or4

Or5

Or6

x=104.125in.
y=19.875in.

x=66.375in.
y=41.875in.

#6

#5
#4 #2

#3x=81.375in.
y=33.75in.

GN6

GN7

GN8

GS6

GS7

GS8

No data available for GN8.

3@6 in.

CL

P/2P/2
North End

East Face of Specimen

48 in.

Inverted-T Configuration

8@18 in. 8@18 in.

Failure mode: Shear Compression 

Peak Load: 285 kips
Fractured stirrups cross failure
crack.
Locations of fractured stirrups:
 East face across from GS6
 West face above GS7
     

26 in.

3IT18

130 in. 130 in.

Widest crack:  0.171 in. 

22 in.

Distance to
embedded
strain gages 

 
 

Figure A3.12:  Instrumentation plan and crack pattern for specimen 3IT18. 



 

Appendix A3-13 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

GN3 broken; Gr1 broke during
precracking; GS4 broke during
loading to failure. 

44 in. 44 in.13.5 in. 44 in. 21 in.

#6 x=66in.
y=25in.

x=80in.
y=25.25in.

#5

#4 x=99.75in.
y=26in.

#1

#2

#3

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6 GS7 GS8

GN8 GN7 GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=94.75in.
y=29.5in.

x=75in.
y=31.5in.

x=52.25in.
y=30in.

Crack motion sensor #1 added
during precracking, remaining
added during loading to failure. 

22 in.

Distance to
embedded
strain gages 

4@6 in.

CL

P/2P/2
North End

10@6 in.

144 in. 144 in.

East Face of Specimen

42 in.

Inverted-T Configuration

6@10 in. 10@6 in. 6@10 in.

Failure mode:  punching through
     the deck at both supports.

Peak load:  423 kips
Widest crack:  0.08in. 

12in.

4IT6-10

14 in.7 in.3 in.

6 in.

 
 

Figure A3.13:  Instrumentation plan and crack pattern for specimen 4IT6-10. 



 

Appendix A3-14 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

GN5 broken; #3 did not appear
to record valid data; GN4, GN6,
GS5 broke during loading to
failiure. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=94.5in.
y=22in.

x=113.5in.
y=26in.

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6 GS7

GN7 GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=104in.
y=30in.

x=89.5in.
y=35in.

x=72.5in.
y=24.5in.

#1

#3

#2

#4

#5

Crack motion sensors #1
and #4 added during
precracking, remaining
added during loading to
failure; locations estimated
from photos. 

Distance to
embedded
strain gages 

22 in.

18@ 8 in.

CL

P/2P/2
North End

130 in. 130 in.

East Face of Specimen
Inverted-T Configuration

5@12 in. 5@12 in.

26in.

4IT8-12

42 in.

Failure mode:  shear-compression

Peak load:  476 kips
Widest crack:  0.172in. 

7 in.3 in.

6 in.

14 in.

 
 

Figure A3.14:  Instrumentation plan and crack pattern for specimen 4IT8-12. 



 

Appendix A3-15 

4@6 in

CL

P/2P/2
North End

East Face of Specimen
T Configuration

144 in. 96 in.12in.

12@10 in.10@12 in.14 in.7 in.3 in.

42 in.

6 in.

4T10-12

Failure mode:  shear-compression

Peak load:  402 kips
Widest crack:  0.081 in. 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=76.5in.
y=28.5in.

Gr1

Gr2

GS2 GS3 GS4 GS5 GS6GS1

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

GS2 broke during unloading of
the 350kip load step. 

#4 corresponds
to the crack
below

#5

#6

#2
#1

x=83.5in.
y=20.75in.

x=91.5in.
y=16in.

x=121.75in.
y=26in. x=87.5in.

y=21.5in.

{

Tilt sensor locations inferred
from photos. 

Distance to
embedded
strain gages 

22 in.

 
 

Figure A3.15:  Instrumentation plan and crack pattern for specimen 4T10-12. 



 

Appendix A3-16 

3@6 in

CL

P/2P/2
North End

East Face of Specimen
T Configuration

144 in. 96 in.12in.

12@12 in.8@18 in.3 in.

42 in.

6 in.

4T12-18

Failure mode:  shear-compression

Peak load:  394 kips
Widest crack:  0.095 in. 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=90.5in.
y=20.5in.

Gr1

Gr2

GS2 GS3 GS4 GS5GS1

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

#6

GS3 broke on the 200kip load
step; GS2 and GN3 broke on
the 350kip load step; GN4 went
off the upper limit. 

Tilt sensor locations inferred
from photos. 

#4

#5

#1

#2

#3

x=75.5in.
y=19.5in.

x=62in.
y=14in.

x=89in.
y=16.5in.

x=100in.
y=17.5in.

x=116in.
y=19.25in.

Distance to
embedded
strain gages 

22 in.

 
 

Figure A3.16:  Instrumentation plan and crack pattern for specimen 4T12-18. 



 

Appendix A3-17 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=69.5in.
y=37.5in.

#4 #5
x=115in.
y=19.13in.

#1 #2

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6

GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=90.5in.
y=26.375in.

x=69.5in.
y=29in.

22 in.

Distance to
embedded
strain gages 

x=90.5in.
y=35.25in.

#6

GN8

GN7
GN6GS8

GS7

#4 and #6 added after fatigue.

Embedded GN6 broken after precrack,
replaced by added GN6.

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  382 kips
Widest crack:  0.094 in. 

26 in.

5IT12-B1

14 in.7 in.3 in.

 
 

Figure A3.17:  Instrumentation plan and crack pattern for specimen 5IT12-B1. 



 

Appendix A3-18 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=78.5in.
y=31in.

#5

#4
x=115in.
y=10.5in.

#1
#3

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6

GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=108.75in.
y=20in. x=42.5in.

y=42.375in.

22 in.

Distance to
embedded
strain gages 

#2
x=72.5in.
y=32in.

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  427 kips
Widest crack:  0.101 in. at 0 kips 

26 in.

5IT12-B2

14 in.7 in.3 in.

 
 

Figure A3.18:  Instrumentation plan and crack pattern for specimen 5IT12-B2. 



 

Appendix A3-19 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=64in.
y=42in.

#5
#4

x=101in.
y=26in.

#1
#2

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6

GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=70.5in.
y=26.5in.x=90.5in.

y=30in.

22 in.

Distance to
embedded
strain gages 

#3

x=132in.
y=3in.

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  379 kips
Widest crack:  0.24 in. 

26 in.

5IT12-B3

14 in.7 in.3 in.

 
 

Figure A3.19:  Instrumentation plan and crack pattern for specimen 5IT12-B3. 



 

Appendix A3-20 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=80in.
y=26.5in.

#4

#5
x=113.25in.
y=21.75in.

#1#2

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5 GS6

GN6 GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=81.25in.
y=26.5in.

x=111.5in.
y=13.75in.

22 in.

Distance to
embedded
strain gages 

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  405 kips
Widest crack:  0.124 in. 

26 in.

5IT12-B4

14 in.7 in.3 in.

 
 

Figure A3.20:  Instrumentation plan and crack pattern for specimen 5IT12-B4. 



 

Appendix A3-21 

CL

P/2P/2

North End

East Face of Specimen
T Configuration

130 in. 130 in.26in.

51@6 in.
3 in.

42 in.

6 in.

6T6

Failure mode:  shear-compression
Peak load:  473 kips
Widest crack:  0.149 in. 

Low Cycle Fatigue; Cut Bar

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on east side of beam unless otherwise noted
          4 in disp. sensors located on west side of beam
          Tilt sensors located on west side of beam

. 

44 in. 44 in.13.5 in. 44 in. 21 in.

Gr1

Gr2

GN3
GN2

GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

GN4 and Br1 Located on West
Face of Specimen 

#4

corresponds
to the crack
below

#6

#3

x=97.25in.
y=27.75in.

x=90.75in.
y=19.5in.

Br2

GN4

Br1

 
 

Figure A3.21:  Instrumentation plan and crack pattern for specimen 6T6. 



 

Appendix A3-22 

CL

P/2P/2
North End

51@6 in.

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

Failure mode:  Beam did not fail.
Peak load:  475 kips
Widest crack:  0.096in. 

26in.

          6IT6
Low Cycle Fatigue

3 in.

6 in.

24in.

4 in. disp. sensor

0.5 in. disp. sensor

5 in. string pot (on both sides of beam) 

Tilt sensor 

Note:  All equipment is on west side of beam unless otherwise noted. 

 

44 in. 44 in.13.5 in. 44 in. 21 in.

#5 x=69.75in.
y=26.5in.

x=87.5in.
y=21.25in.

#4

#6 x=118.75in.
y=23in. #1

#2

Gr1

Gr2

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=97.5in.
y=20.75in.

x=62.75in
y=31.25in.

Crack motion sensor #1 added
during precracking, remaining
added during loading to failure.

Crack pattern does not match
on the East and West faces
due to specimen twisting. 

Distance to
embedded
strain gages 

22 in.

 
 

Figure A3.22:  Instrumentation plan and crack pattern for specimen 6IT6. 



 

Appendix A3-23 

4@6 in

CL

P/2P/2
North End

East Face of Specimen
T Configuration

144 in.12in.

42 in.

6 in.

6T10

Failure mode:  flexural-compression
Peak load:  421kips
Widest crack:  0.12in. 

144 in.

14@10 in.4 in. 14@10 in. 4 in.

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=118in.
y=23.875in.

Gr1

Gr2

GS2

GS3

GS4

GS5

GS6GS1
GN5

GN4
GN3

GN2

GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

GN6, GN7, GS1, GS2, GS6 maximums
exceeded during last loadstep; GS8
during 400k loadstep.  GN8 did not
appear to gather any data. 

#4

#5

#6

#2 #1

x=67.75in.
y=19.25in.

x=57.5in.
y=21.5in. x=89.75in.

y=16.5in.
x=49.25in.
y=17in.

Distance to
embedded
strain gages 

22 in.

GN6
GN7

GN8
GS7

GS8

#3x=108.75in.
y=25.5in.

 
 

Figure A3.23:  Instrumentation plan and crack pattern for specimen 6T10. 



 

Appendix A3-24 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.
           0.5 in. disp. sensors located from nearest corner of stem. GN4 and GN6 maximums exceeded

during 400k loadstep; GS1, GS2, GS3,
GS5, GS6 during 450k loadstep; GN2,
GN5, GS4 during last loadstep.

44 in. 44 in.13.5 in. 44 in. 21 in.

#5
#4 x=79.25in.

y=29.375in.

#2

Gr1

Gr2

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=80.125in.
y=31.75in.

#3

x=109.75in.
y=17in.

x=109.75in.
y=18.125in.

x=100.375in.
y=14.75in.

#6

GS6

GS5

GS4

GS3

GS2

GS1

GN6
GN5

GN4

GN3
GN2

GN1

x=59.25in.
y=27.375in.

#1

Distance to
embedded
strain gages 

22 in.

Changes made to crack gages after precrack:
--#1 removed
--#2 moved from x=98.875", y=26.75"
--#3 replaced
--#6 added

East Face of Specimen
Inverted-T Configuration

Failure mode: Shear Compression 

6IT10

48 in.

North End

CL

14@10 in.

12in.

130 in. 130 in.

4 in. 4@6 in.
P/2P/2

14@10 in. 4 in.

Peak load:  468kips
Widest crack:  0.131in. 

A
a

C
BDFEg

Crack comparator measurement location (will not print)

 
 

Figure A3.24:  Instrumentation plan and crack pattern for specimen 6IT10. 



 

Appendix A3-25 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

#5
#4 #2

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

26 in.

Distance to
embedded
strain gages 

#3
#1

x=72.25in.
y=15.75in.

x=107.5in.
y=23.75in.

x=108.25in.
y=24.25in. x=61.5in.

y=17.75in.
x=68.5in.
y=13.75in.

GS6

GN6

6 in.

CL

P/2P/2 North End

144 in. 144 in.

East Face of Specimen

42 in.

T Configuration

51 @ 6 in.

Failure mode:  Flexural
Peak load:  427 kips
Widest crack:  0.08 in. 

12 in.

7T6

3 in.

 
 

Figure A3.25:  Instrumentation plan and crack pattern for specimen 7T6. 



 

Appendix A3-26 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.19.5 in. 44 in. 21 in.

x=108.25in.
y=21.5in.

#5 #4
x=115in.
y=27.75in.

#1

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=123in.
y=27in.

22 in.

Distance to
embedded
strain gages 

GS6

GN6

x=58.5in.
y=33.25in.

#6 #2
x=105.5in.
y=20.5in.

#3
x=53.5in.
y=32.5in.

6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

53 @ 6 in.

Failure mode:  Shear
Peak load:  406 kips
Widest crack:  0.20 in. 

32 in.

7IT6

3 in.

 
 

Figure A3.26:  Instrumentation plan and crack pattern for specimen 7IT6. 



 

Appendix A3-27 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.5 in. 44 in. 21 in.

#4

#6

#1

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

26 in.

Distance to
embedded
strain gages 

#2

#3

x=56.75in.
y=13in.

x=103in.
y=27.75in.

x=112in.
y=35.25in. x=79.5in.

y=19in.

x=107in.
y=31.25in.

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  423 kips
Widest crack:  0.216 in. 

26 in.

7T12

14in.7in.3 in.

 
 

Figure A3.27:  Instrumentation plan and crack pattern for specimen 7T12. 



 

Appendix A3-28 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.19.5 in. 44 in. 21 in.

x=109.38in.
y=22.13in.

#4
#5

x=125.88in.
y=23.75in.

#1

Gr1

Gr2

GS1 GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=103.63in.
y=27in.

22 in.

Distance to
embedded
strain gages 

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

11 @12 in. 11 @12 in.

Failure mode:  Shear
Peak load:  400 kips
Widest crack:  0.132 in. 

32 in.

7IT12

8 in.7 in.3 in.

 
 

Figure A3.28:  Instrumentation plan and crack pattern for specimen 7IT12. 



 

Appendix A3-29 

East Face of Specimen
Inverted-T Configuration

8IT10

48 in.

North End

CL

14@10 in.

12in.

130 in. 130 in.

4 in. 4@6 in.
P/2P/2

14@10 in. 4 in.

144 in. 144 in.

Note:  The two exterior longitudinal bars
terminate 7� from centerline.

Failure mode: Shear Compression
Peak load:  437k
Widest crack:  0.09in.

4 in. disp. sensor

0.5 in. disp. sensor
West face, precrack and
post-fatigue 5 in. string pot (on both sides of beam) 

Tilt sensor 

Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.
           0.5 in. disp. sensors located from nearest corner of stem. 

Precrack:  GN5 broke on the 300k loadstep.
GS3 maximum exceeded on the 300k
loadstep, GS2 on the 350k loadstep
Post-fatigue:  GN2 broke on the 400k
loadstep and GN8 did not appear to gather
any data.  GN6 maximum exceeded on the
350k loadstep, GN7 and GS6 on the 400k
loadstep, GS7 and GS8 on the last loadstep.

44 in. 44 in.13.5 in. 44 in. 21 in.

Gr1

Gr2

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

GS6

GS1

GN6
GN1 Distance to

embedded
strain gages 

22 in.

External strain gages on east face,
crack motion sensors used during
fatigue on east face.

0.5 in. disp. sensor
East face, fatigue

#

#

#5
#4 #2 #3#6 #1

#4 #5
#6 #1#2

#3

GS4 GS5

GS2 GS3

GS7

GS8

GN4
GN2

GN3
GN5

GN7

GN8

GS5 GN5

Flexural steel
gage on center
bar for failure
test (previously
stirrup channel) 

Flexural steel
gage on center
bar for failure test
(previously stirrup
channel) 

 
Figure A3.29:  Instrumentation plan and crack pattern for specimen 8IT10. 



 

Appendix A3-30 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 43.7 in.13.5 in. 44.1 in.

x=94in.
y=27in.

#5 #4
x=115in.
y=26in.

#1

Gr1

Gr2

GS1
GS2

GS3

GS4

GS5

GN5

GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=92in.
y=29in.

22 in.

Distance to
embedded
strain gages 

#3
x=53.5in.
y=42in.

#2
x=71in.
y=31.5in.

6 in.

4@6 in.

CL

P/2P/2 North End

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  365 kips
Widest crack:  0.113 in. 

26 in.

8IT12

14 in.7 in.3 in.

 
 

Figure A3.30:  Instrumentation plan and crack pattern for specimen 8IT12. 



 

Appendix A3-31 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

43.5 in. 44.25 in.13.75 in. 44 in.

x=102.125in.
y=18.125in.

#2#1
x=78.75in.
y=18.625in.

#6

Gr1

Gr2

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=55in.
y=10in.

Distance to
embedded
strain gages 

x=36.5in.
y=13in.

#3 #4
x=105in.
y=24.5in.

#5
x=81.625in.
y=17.25in.

Gr3

GS1
GS2 GS3 GS4 GS5

GN5 GN4 GN3 GN2
GN1

26 in.

6 in.

42 in.

4@6 in.

CL

P/2P/2 North End

144 in. 144 in.

East Face of Specimen
T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  361 kips
Widest crack:  0.08 in. 

12 in.

8T12-B3 (No hooks)

7 in.3 in. 14 in.

 
 

Figure A3.31:  Instrumentation plan and crack pattern for specimen 8T12-B3. 



 

Appendix A3-32 

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted. 

44 in. 44 in.13.4 in. 44 in.

x=81in.
y=20in.

#4#5
x=71.5in.
y=26in.

#1

Gr1

Gr2

GS1

GS2 GS3

GS4
GS5

GN5 GN4 GN3 GN2 GN1

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=85.75in.
y=15.75in.

26 in.

Distance to
embedded
strain gages 

x=66.5in.
y=16.75in.

#6 #2
x=111.75in.
y=19in.

#3
x=92.5in.
y=32 in.

α β
F

C

D
A

B

6 in.

42 in.

4@6 in.

CL

P/2P/2 North End

144 in. 144 in.

East Face of Specimen
T Configuration

10 @12 in. 10 @12 in.

Failure mode:  Shear
Peak load:  312 kips
Widest crack:  0.17 in. 

12 in.

8T12-B4

7 in.3 in. 14 in.

 
 

Figure A3.32:  Instrumentation plan and crack pattern for specimen 8T12-B4. 



 

Appendix A3-33 

East Face of Specimen
Inverted-T Configuration

Note:  The two exterior longitudinal bars
terminate 7� from centerline.

Failure mode: Shear Compression
Peak load:  426k
Widest crack:  0.147in.

9IT12-B1

North End

CL

10@12 in.

12in.

130 in. 130 in.

4@6 in.
P/2P/2

7 in.3 in. 14 in.

42 in.

6 in.

4 in. disp. sensor

0.5 in. disp. sensor 5 in. string pot (on both sides of beam) 

Tilt sensor Strain gage (embedded) 

Added strain gage

Note:  All equipment is on west side of beam unless otherwise noted.
           0.5 in. disp. sensors located from nearest corner of stem. 

#2 and #3 added during post-fatigue.

Precrack:  GS3 broke during 350k loadstep
Post-fatigue:  GN6, GS1, GS7, GS8 maxi-
mum exceeded during 350k loadstep; GN7
during 400k loadstep.  GS3 and GS9 bro-
ken, GS6 broke during 300k loadstep 

44 in. 44 in.13.5 in. 44 in. 21 in.

#5

#4 x=90.25in.
y=30.25in.

#2

Gr1

Gr2

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=65.875in.
y=27in.

#3

x=124.625in.
y=25.5in.

x=114.125in.
y=17.125in.

GS6

GS1

GN6

GN1

x=103in.
y=23.625in.

#1

Distance to
embedded
strain gages 

22 in.

GN2

GN3GN4GN5

GN7GS2

GS3 GS4 GS5
GS7

GS8 GS9

 
 

Figure A3.33:  Instrumentation plan and crack pattern for specimen 9IT12-B1. 



 

Appendix A3-34 

CL

P/2P/2

North End
10@12 in.

130 in. 130 in.

East Face of Specimen

42 in.

Inverted-T Configuration

Failure mode:  Shear Compression
Peak load:  359 kips
Widest crack:  0.11in.
Total Cycles: 501 

26in.

      9IT12-B2
Low Cycle Fatigue

6 in.

7 in. 14 in.
4@6 in.

4 in. disp. sensor

0.5 in. disp. sensor

5 in. string pot (on both sides of beam) 

Tilt sensor 

Note:  All equipment is on west side of beam unless otherwise noted. 

 

44 in. 44 in.13.5 in. 44 in. 21 in.

x=93.5 in.
y=23.5in.

#4

#2

#1

Gr1

Gr2

           0.5 in. disp. sensors located from nearest corner of stem. 

Gr3

Gr4

Gr5

Gr6

Or5

Or6

Or3

Or4

Or1

Or2

x=109.5in
y=23.5in

x=93in
y=24.75in

22 in.

#5 x=119.75 in
y=20.5in.

Strain gage (embedded) 

Ye1 Ye2 Ye3
Ye4

Ye5 Rd1

Rd2

Rd3Rd4Rd5

 
 

Figure A3.34:  Instrumentation plan and crack pattern for specimen 9IT12-B2. 
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Figure A3.35:  Instrumentation plan and crack pattern for specimen 9T12-B3. 
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Figure A3.36:  Instrumentation plan and crack pattern for specimen 9T12-B4. 
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Figure A3.37:  Instrumentation plan and crack pattern for specimen 10T0. 
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Figure A3.38:  Instrumentation plan and crack pattern for specimen 10T24-B3. 
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Figure A3.39:  Instrumentation plan and crack pattern for specimen 10T24-B4. 


