
 

 

MDOT RC-1527

 
 

CONDITION ASSESSMENT AND METHODS 
OF ABATEMENT OF PRESTRESSED 

CONCRETE BOX-BEAM DETERIORATION 
 

Phase II 
 
 

FINAL REPORT 
(APPENDICES) 

 
 
 

 

 

 

 
 

Center for Structural Durability 
A Michigan DOT Center of Excellence



 

 

CONDITION ASSESSMENT AND METHODS OF 
ABATEMENT OF PRESTRESSED CONCRETE BOX-

BEAM DETERIORATION 
 

Phase II 
 

Project Manager: Mr. Steve Kahl, P.E. 
 
 
 

Submitted to: 

 
Submitted by  

 
 
 
 

 

 

Western Michigan University 
Department of Civil & Construction Engineering 
College of Engineering and Applied Sciences 
Kalamazoo, MI 49008 
Fax: (269) – 276 – 3211 
 

Michigan Technological University 
Dept. of Civil & Environmental Engineering 
1400 Townsend Drive 
Houghton, MI 49931 
Fax: (906) – 487 – 1620 
 

Dr. Haluk Aktan, P.E. 
Professor & Chair 
(269) – 276 – 3206 
haluk.aktan@wmich.edu 
 
Dr. Upul Attanayake 
Assistant Professor 
(269) – 276 – 3217 
upul.attanayake@wmich.edu 
 
Mr. Evren Ulku 
Graduate Research Assistant 
(313) – 577 – 3785 
evren@eng.wayne.edu 

 Dr. Theresa M. Ahlborn, P.E 
Associate Professor 
(906) – 487 – 2625 
tess@mtu.edu 
 
Dr. Yogini Deshpande 
Post Doctoral Researcher 
(906) – 487 – 1474 
yogini@mtu.edu  

  

mailto:haluk.aktan@wmich.edu�
mailto:upul.attanayake@wmich.edu�
mailto:evren@eng.wayne.edu�
mailto:tess@mtu.edu�
mailto:yogini@mtu.edu�


 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intentionally left blank 
  



 

 

 

Contents 
 

Appendix A: Material Data Sheets 

Appendix B: Repair Material and Shear Key Grout Volume Required for 

Each Test 

Appendix C: Compressive Strength of Repair Materials and Shear Key 

Grouts 

Appendix D: Slant Shear Bond Strength 

Appendix E: Free Shrinkage Data for Repair Mortar and Shear Key 

Grouts 

Appendix F: Resistance to Freezing and Thawing 

appendix G: Air Content of Repair Materials and Shear Key Grouts 

appendix H: Coeeficient of Thermal Expansion 

Appendix I: Sorptivity 

Appendix J: Rational Transverse Posttension Design 

 
 
  



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Intentionally left blank 
 
 



 

Condition Assessment and Methods of Abatement of Prestressed Concrete Box-Beam Deterioration –Phase II 
A| 1  

 

APPENDIX A: MATERIAL DATA SHEETS 
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APPENDIX B: REPAIR MATERIAL AND SHEAR KEY GROUT VOLUME REQUIRED FOR EACH 
TEST 

Test
Specimen 
Size (in)

Volume of 
Material for 1 

Specimen (in^3)

Total Volume of 
Material (ft^3)

Number of 
Specimens 

Number of 
Grout  

Materials 

Total 
Volume of 
Material 
(in^3)

Total Volume 
of Material 

(ft^3)

Flow test 15 0.00867 1 1 15 0.00867
Air Content 10 0.00578 3 1 30 0.01734

Compressive Strength 2 x 2 8 0.004624 18 1 144 0.083232
Slant Shear Bond 

Strength
3 x 6 42.39 0.02450142 3 1 127.17 0.07350426

Length Change 1 x 12 12 0.006936 6 1 72 0.041616
Elastic Modulus 3 x 6 42.39 0.02450142 3 1 127.17 0.07350426

Fatigue 0 0
Freeze/thaw 3 x 4 x 16 192 0.110976 3 1 576 0.332928

Rapid Chloride 
Permeability

4 x 6 75.36 0.04 3 1 226.08 0.13067424

Sorptivity 4 x 6 75.36 0.04355808 2 1 150.72 0.08711616
Air Content of 

hardened concrete
4 x 6 75.36 0.04355808 1 1 75.36 0.04355808

Restrained Ring Test 3 1 2.1
2.992143
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APPENDIX C: COMPRESSIVE STRENGTH OF REPAIR MATERIALS 
AND SHEAR KEY GROUTS 

 

Table C-1 SikaTop 123 Plus  

 
 

Table C-2 SikaRepair SHA 

 
 
 
 
 
 
 
 
 
 
 

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength 

(psi)
Age Load

Compressive 
Strength  

(psi)
13,000 3250 23,000 5750 27,900 6975
18,500 4625 20,000 5000 27,100 6775
6,000 1500 23,000 5750 24,500 6125

15,500 3875 20,100 5025 26,300 6575
13,500 3375 13,500 3375 27,200 6800
14,000 3500 17,500 4375 26,000 6500
AVG 3500 AVG 5381.25 AVG 6725

STDEV 270.03 STDEV 425.92 STDEV 189.57
COV 7.72 COV 7.91 COV 2.82

1 day 7 days 28 days

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength 

(psi)
Age Load

Compressive 
Strength  

(psi)
7,000 1750 16,500 4125 22,700 5675
9,800 2450 15,750 3937.5 26,200 6550

10,500 2625 15,000 3750 25,600 6400
9,500 2375 13,800 3450 24,100 6025

11,000 2750 17,200 4300 25,500 6375
9,800 2450 17,350 4337.5 22,000 5500
AVG 2530 AVG 4090 AVG 6205

STDEV 153.50 STDEV 342.57 STDEV 427.42
COV 6.07 COV 8.38 COV 6.89

7 days 28 day1 day
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Table C-3 Conpatch VO 

 
 
 

Table C-4 HB2 Mortar Repair 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength 

(psi)
Age Load

Compressive 
Strength  

(psi)
15,500 3875 24,500 6125 41,000 10250
20,800 5200 25,000 6250 41,000 10250
18,900 4725 24,000 6000 42,200 10550
16,300 4075 25,000 6250 39,500 9875
19,900 4975 25,000 6250 37,000 9250
20,200 5050 24,000 6000 37,500 9375
AVG 4805 AVG 6146 AVG 9925

STDEV 442.79 STDEV 122.90 STDEV 522.02
COV 9.22 COV 2.00 COV 5.26

28 day1 day 7 days

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength 

(psi)
Age Load

Compressive 
Strength  

(psi)
9,500 2375 18,650 4663 26,500 6625

11,500 2875 19,200 4800 27,000 6750
10,850 2713 19,900 4975 25,800 6450
9,250 2313 18,500 4625 25,850 6463

10,200 2550 18,000 4500 25,000 6250
11,600 2900 20,100 5025 27,250 6813
AVG 2534 AVG 4766 AVG 6538

STDEV 263.66 STDEV 158.57 STDEV 239.14
COV 10.40 COV 3.33 COV 3.66

28 day7 days1 day
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Table C-5 SET 45  

 
 
 

Table C-6 Type I Cement Grout  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength (psi)

Age Load
Compressive 
Strength (psi)

17,000 4250 23,000 5750 27,900 6975
19,200 4800 20,000 5000 27,500 6875
16,200 4050 23,000 5750 24,500 6125
18,200 4550 20,100 5025 26,300 6575
16,000 4000 13,500 3375 26,850 6712.5
13,100 3275 17,500 4375 27,450 6862.5
AVG 4330 AVG 5381 AVG 6688

STDEV 340.22 STDEV 425.92 STDEV 381.61
COV 7.86 COV 7.91 COV 5.71

7 days 28 days1 day

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength (psi)

Age Load
Compressive 

Strength  (psi)
11,600 2900 13,500 3375 18,250 4563
10,300 2575 14,200 3550 18,000 4500
10,600 2650 13,900 3475 17,850 4463
8,600 2150 13,700 3425 18,000 4500
9,000 2250 13,600 3400 17,900 4475
8,500 2125 13,600 3400 17,800 4450
AVG 2442 AVG 3450 AVG 4500

STDEV 314.11 STDEV 64.71 STDEV 40.05
COV 12.86 COV 1.88 COV 0.89

28 days1 day 7 days
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Table C-7 Masonry Cement Grout  

 
 
 
 
 
 

Age Load
Compressive 

Strength  (psi)
Age Load

Compressive 
Strength (psi)

Age Load
Compressive 

Strength  (psi)
11,600 2900 13,500 3375 18,250 4563
10,300 2575 14,200 3550 18,000 4500
10,600 2650 13,900 3475 17,850 4463
8,600 2150 13,700 3425 18,000 4500
9,000 2250 13,600 3400 17,900 4475
8,500 2125 13,600 3400 17,800 4450
Avg 2442 Avg 3450 Avg 4500
SD 314.11 SD 64.71 SD 40.05

COV 12.86 COV 1.88 COV 0.89

28 days1 day 7 days
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APPENDIX D: SLANT SHEAR BOND STRENGTH 

Table D-1 SikaTop 123 Plus  

 

Table D-2 SikaRepair SHA 

 

Table D-3 Conpatch VO 

 
 
 
 
 
 
 
 
 
 
 
 

Sample # Load
Slant Shear 
Strength 1 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 14600 1033 shear 1 18000 1274 compressive
2 14000 991 shear 2 18800 1331 compressive
3 14000 991 compressive 3 18200 1288 shear

AVG 1005 AVG 1297
STDEV 20.02 STDEV 24.06

COV 1.99 COV 1.85

Sample # Load
Slant Shear 
Strength 1 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 11900 842 shear 1 16500 1168 shear
2 13000 920 compressive 2 15900 1125 shear
3 12200 863 shear 3 17000 1203 shear

AVG 875 AVG 1165
STDEV 32.86 STDEV 31.83

COV 3.75 COV 2.73

Sample # Load
Slant Shear 
Strength 1 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 15100 1069 compressive 1 19300 1366 shear
2 15100 1069 compressive 2 18900 1338 compressive
3 15000 1062 shear 3 19250 1362 compressive

AVG 1066 AVG 1355
STDEV 3.34 STDEV 12.59

COV 0.31 COV 0.93
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Table D-4 HB2 Mortar Repair 

 

 

Table D-5 SET 45  

 

 

Table D-6 Type I Cement Grout  

 
 
 
 
 
 
 
 
 

Sample # Load
Slant Shear 
Strength 1 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 4500 366 shear 1 12800 1041 compressive
2 4200 341 compressive 2 14500 1179 compressive
3 3700 301 compressive 3 15000 1220 compressive

AVG 336 AVG 1146
STDEV 26.83 STDEV 76.56

COV 7.98 COV 6.68

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 19200 1561 shear 1 23200 1886 compressive
2 18000 1463 shear 2 23300 1894 shear
3 18600 1512 compressive 3 23600 1919 shear

AVG 1512 AVG 1900
STDEV 39.83 STDEV 13.82

COV 2.63 COV 0.73

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 13000 1057 compressive 1 17250 1402 compressive
2 12000 976 shear 2 17500 1423 compressive
3 13500 1098 compressive 3 17000 1382 compressive

AVG 1043 AVG 1402
STDEV 50.70 STDEV 16.60

COV 4.86 COV 1.18
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Table D-7 Masonry Cement Grout  

 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

Sample # Load
Slant Shear 
Strength 7 
day (psi)

Mode of 
Failure 

1 11000 894 compressive 1 14500 1179 shear
2 11500 935 compressive 2 13800 1122 compressive
3 11600 943 compressive 3 14000 1138 compressive

AVG 924 AVG 1146
STDEV 21.34 STDEV 23.93

COV 2.31 COV 2.09
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APPENDIX E: FREE SHRINKAGE DATA FOR REPAIR MORTAR AND 
SHEAR KEY GROUTS 

 
Figure E-1. Development of free shrinkage in Sika Top®123 PLUS in 100 % RH 

 

Figure E-2. Development of free shrinkage in Sika Top®123 PLUS in 50 % RH 
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Figure E-3. Development of free shrinkage in Sika Repair ® SHA in 100 % RH 

 

Figure E-4. Development of free shrinkage in Sika Repair ® SHA in 50 % RH 
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Figure E-5. Development of free shrinkage in HB2 Repair Mortar in 100 % RH 

 

Figure E-6. Development of free shrinkage in HB2 Repair Mortar in 50 % RH 
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Figure E-7. Development of free shrinkage in Conpatch VO in 100 % RH 

 

Figure E-8. Development of free shrinkage in Conpatch VO in 50 % RH 
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Figure E-9. Development of free shrinkage in SET 45 in 100 % RH 

 

Figure E-10. Development of free shrinkage in SET 45 in 50 % RH 
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Figure E-11. Development of free shrinkage in Type I Cement Grout in 100 % RH 

 

 

 

 

 

 

 

 

Figure E-12. Development of free shrinkage in Type I Cement Grout in 50 % RH 
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Figure E-13. Development of free shrinkage in Masonry Cement Grout in 100 % RH 

 

Figure E-14. Development of free shrinkage in Masonry Cement Grout in 50 % RH 
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APPENDIX F: RESISTANCE TO FREEZING AND THAWING 

 

Figure F-1. Relative Dynamic Modulus of Sika Top®123 PLUS over 300 cycles  

 

Figure F-2. Length Change in Sika Top®123 PLUS over 300 cycles 
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Figure F-3. Relative Dynamic Modulus of Sika Repair ® SHA over 300 cycles  

 

Figure F-4. Length Change in Sika Repair ® SHA over 300 cycles  
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Figure F-5. Relative Dynamic Modulus of Conpatch VO over 300 Cycles  

 

Figure F-6. Length Change in Conpatch VO over 300 cycles  
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Figure F-7. Development of free shrinkage in SET 45 in 100 % RH 

 

Figure F-8. Development of free shrinkage in SET 45 in 50 % RH 
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Figure F-9. Development of free shrinkage in Type I Cement Grout in 100 % RH 

 

 

Figure F-10. Development of free shrinkage in Type I Cement Grout in 50 % RH 
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Figure F-11. Development of free shrinkage in Masonry Cement Grout in 100 % RH 

 

Figure F-12. Development of free shrinkage in Masonry Cement Grout in 50 % RH 
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Figure F-13. Photograph of Sika Top 123 PLUS at the End of 300 Cycles of Freezing and 
Thawing  

 

 

Figure F-14. Photograph of Sika Repair SHA at the End of 300 Cycles of Freezing and Thawing  

 

 

Figure F-15. Photograph of Conpatch VO at the End of 300 Cycles of Freezing and Thawing  
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Figure F-16. Photograph of HB2 Repair Mortar Sample Cast for F/T Testing  
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APPENDIX G: AIR CONTENT OF REPAIR MATERIALS AND SHEAR 
KEY GROUTS 

 

Figure G-1. Stereo Image of Sika Top 123 PLUS Mortar  

 

Figure G-2. Stereo Image of Sika Repair SHA Mortar 
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Figure G-3. Stereo Image of HB2 Repair Mortar  

 

 

Figure G-4. Stereo Image of Conpatch VO Mortar  
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Figure G-5. Stereo Image of Type I Cement Shear Key Grout  

 

 

Figure G-6. Stereo Image of Masonry Cement Shear key Grout 
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APPENDIX H: COEEFICIENT OF THERMAL EXPANSION 

Table H-1. CTE analysis for Repair Mortar and Shear key Grouts  

 

 

 
 
 
 

Material 
CTE for 
Sample 1 

(mm/mm/°C) 

Age    
(days) 

CTE for 
Sample 2 

(mm/mm/°C) 

Age       
(days) 

Average 
CTE 

(mm/mm/°C) 
SD COV 

Substrate 
Concrete 

1.32E-05 28 13.24E-6 30 1.32E-05 2.11E-08 0.16 

Sika Top 123 
PLUS 

18.88E-6 7 18.88E-6 11 1.89E-05 0.00E+00 0.00 

Sika Repair SHA 15.34E-6 7 14.26E-6 9 1.48E-05 7.59E-07 5.13 

HB2 Repair 
Mortar 

11.78E-6 7 9.98E-06 11 1.09E-05 1.27E-06 11.71 

Conpatch VO 13.58E-6 7 13.74E-6 9 1.37E-05 1.08E-07 0.79 

SET 45 12.59E-6 28 12.38E-6 28 1.25E-05 1.43E-07 1.15 

Type I Cement 
Grout 

10.78E-6 28 9.87E-6 28 1.03E-05 6.44E-07 6.24 

Masonry Cement 
Grout 

9.41E-6 28 9.73E-6 28 9.57E-06 2.28E-07 2.38 
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APPENDIX I: SORPTIVITY 

Table I-1 Sorptivity Analysis of Repair Mortar and Shear Key Grouts  

Material  

Initial  Rate 
of 

Absorption 
(mm*s-1/2) 

Regression 
Coefficient  

Secondary 
Rate of 

Absorption  
(mm*s-1/2) 

Regression 
Coefficient  

Average 
Initial  Rate 

of 
Absorption 
(mm*s-1/2) 

Average 
Secondary 

Rate of 
Absorption  
(mm*s-1/2) 

COV of 
Initial Rate 

of 
Absorption 

COV 
Secondary 

Rate of 
Absorption  

Sika Top 
123 PLUS 

7.00E-6 0.9882 6.00E-7 0.97 
5.50E-06 8.00E-07 38.57 35.36 

4.00E-6 0.9903 1.00E-6 0.99 

Sika Repair 
SHA  

4.00E-6 0.9728 7.00E-6 0.9846 
3.00E-06 5.00E-06 47.14 56.57 

2.00E-6 0.9717 3.00E-6 0.9921 

HB2 Repair 
Mortar 

3.00E-7 0.5495 8.00E-7 0.98 
6.00E-07 8.00E-07 70.71 0.00 

9.00E-7 0.8405 8.00E-7 0.98 

Conpatch 
VO  

7.00E-6 0.9756 2.00E-6 0.9943 
7.50E-06 3.00E-06 9.43 47.14 

8.00E-6 0.9815 4.00E-6 0.989 

SET 45 
30.00E-6 0.976 5.00E-6 0.9849 

3.00E-05 3.00E-06 0.00 94.28 
30.00E-6 0.9893 1.00E-6 0.9905 

Type I 
Cement 
Grout  

40.00E-6 0.984 7.00E-6 0.9944 
2.50E-05 8.00E-06 84.85 17.68 

10.00E-6 0.9915 9.00E-6 0.9905 

Masonry 
Cement 
Grout  

30.00E-6 0.976 5.00E-6 0.9849 
3.00E-05 3.00E-06 0.00 94.28 

30.00E-6 0.9893 1.00E-6 0.9905 
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Figure I-1. Initial Absorption Curves for Sika Top 123 PLUS  

 

 

Figure I-2. Secondary Absorption Curves for Sika Top 123 PLUS  
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Figure I-3. Initial Absorption Curves for Sika Repair SHA  

 

 

Figure I-4. Secondary Absorption Curves for Sika Repair SHA  
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Figure I-5. Initial Absorption Curves for Conpatch VO  

 

Figure I-6. Secondary Absorption Curves for Conpatch VO  
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Figure I-7. Initial Absorption Curves for HB2 Repair Mortar  

 

 

Figure I-8. Secondary Absorption Curves for HB2 Repair Mortar  
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Figure I-9. Initial Absorption Curves for SET 45 

 

Figure I-10. Secondary Absorption Curves for SET 45 
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Figure I-11. Initial Absorption Curves for Type I Cement Grout 

 

Figure I-12. Secondary Absorption Curves for Type I Cement Grout 
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Figure I-15. Initial Absorption Curves for Mortar Cement Grout 

 

Figure I-16. Secondary Absorption Curves for Mortar Cement Grout 
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APPENDIX J: RATIONAL TRANSVERSE POSTTENSION DESIGN 

TABLE J-1  Averaged Transverse Moment, N-m/m (in-lb/in)  

R
ow

 N
o.

 

Shear key 
location 
m (in.) 

End Diaphragm Moment 
Averaged within 1.91m (75 in.) 

Intermediate Diaphragm Moment 
Averaged within 3.81 m (150 in.) 

Midspan Diaphragm Moment 
Averaged within 3.81 m (150 in.) 

Loads Loads Loads 
Deck 

(a) 
Barrier 

(b) 
1 truck 

(c) 
1 lane 

(d) 
2 trucks 

(e) 
2 lanes 

(f) 
Deck 
(g) 

Barrier 
(h) 

1 truck 
(i) 

1 lane 
(j) 

2 trucks 
(k) 

2 lanes 
(l) 

Deck 
(m) 

Barrier 
(n) 

1 truck 
(o) 

1 lane 
(p) 

2 trucks 
(q) 

2 lanes 
(r) 

1 
0.95 

(37.5) 
-730 

(-164) 
-2982 
(-670) 

-2728 
(-613) 

-547 
(-123) 

-1838 
(-413) 

-263 
(-59) 

2283 
(513) 

-2332 
(-524) 

8669 
(1948) 

2532 
(569) 

7432 
(1670) 

2078 
(467) 

3039 
(683) 

-2554 
(-574) 

10992 
(2470) 

3244 
(729) 

9372 
(2106) 

2657 
(597) 

2 
1.94 

(76.5) 
779 

(175) 
-2439 
(-548) 

739 
(166) 

863 
(194) 

988 
(222) 

828 
(186) 

3974 
(893) 

-4303 
(-967) 

10805 
(2428) 

3872 
(870) 

9919 
(2229) 

3453 
(776) 

5224 
(1174) 

-5006 
(-1125) 

14098 
(3168) 

4873 
(1095) 

13087 
(2941) 

4406 
(990) 

3 
2.93 

(115.5) 
1460 
(328) 

-2194 
(-493) 

1833 
(412) 

1095 
(246) 

2390 
(537) 

1077 
(242) 

5002 
(1124) 

-5304 
(-1192) 

13025 
(2927) 

3484 
(783) 

14374 
(3230) 

3698 
(831) 

6501 
(1461) 

-6439 
(-1447) 

16105 
(3619) 

4388 
(986) 

18165 
(4082) 

4810 
(1081) 

4 
3.92 

(154.5) 
1606 
(371) 

-2140 
(-481) 

1384 
(311) 

360 
(81) 

2768 
(622) 

721 
(162) 

5345 
(1201) 

-5611 
(-1261) 

5994 
(1347) 

1571 
(353) 

11988 
(2694) 

3142 
(706) 

6920 
(1555) 

-6906 
(-1552) 

7939 
(1784) 

2145 
(482) 

15878 
(3568) 

4294 
(965) 

5 
4.91 

(193.5) 
1460 
(328) 

-2194 
(-493) 

552 
(124) 

-18 
(-4) 

2390 
(537) 

1077 
(242) 

5002 
(1124) 

-5304 
(-1192) 

1348 
(303) 

209 
(47) 

14374 
(3230) 

3698 
(831) 

6501 
(1461) 

-6439 
(-1447) 

2060 
(463) 

423 
(95) 

18165 
(4082) 

4810 
(1081) 

6 
5.91 

(232.5) 
779 

(175) 
-2439 
(-548) 

249 
(56 ) 

-36 
(-8) 

988 
(222) 

828 
(186) 

3974 
(893) 

-4303 
(-967) 

-886 
(-199) 

-414 
(-93) 

9919 
(2229) 

3453 
(776) 

5224 
(1174) 

-5006 
(-1125) 

-1010 
(-227) 

-467 
(-105) 

13087 
(2941) 

4406 
(990) 

7 
6.9 

(271.5) 
-730 

(-164) 
-2982 
(-670) 

890 
(200) 

285 
(64) 

-1838 
(-413) 

-263 
(-59) 

2283 
(513) 

-2332 
(-524) 

-1237 
(-278) 

-454 
(-102) 

7432 
(1670) 

2078 
(467) 

3039 
(683) 

-2554 
(-574) 

-1620 
(-364) 

-587 
(-132) 

9372 
(2106) 

2657 
(597) 

 Note:  Negative (-) moments develop tension on top of the deck 
 Highlighted cells contain the critical moments for AASHTO LRFD (15) Service I combination  
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Design of Transverse Posttension Force 

The design calculations for transverse posttension are included in detail.  The sign convention in 

these calculations is: tension negative (-) and compression positive (+).  Additionally, using the 

common moment sign convention negative moment develops tension at the top. 

Step 1:    First Stage Posttension (before Cast-in-Place Deck Placement) 

Cast-in-place concrete deck weight is applied as a dead load to the analysis model with 

stiffness properties of RVE without a deck. 

Step 1.1: Moments at End Diaphragm 

 Maximum averaged negative moment = -730 N-m/m (-164 lb-in/in) (Table J-1: row 1, 
column a) 

 Maximum nominal negative moment (M1) = -730 (N-m/m) × 1.9 m = -1.387 kN-m (-1.0 
ft-kips) 

 Maximum averaged positive moment = 1606 N-m/m (371 lb-in/in) (Table J-1: row 4, 
column a) 

 Maximum nominal positive moment (M2) = 1606 (N-m/m) × 1.9 m = 3.051 kN-m (2.3 ft-
kips) 

Step 1.2: Stresses at End Diaphragm 

 Moment of inertia (I) = 1.708 × 1010 mm4 (Table J-2: row 2, column a) 
 Neutral axis depth (y) = 343 mm (Table J-2: row 3, column a) 

 Stress at the top fiber due to M1 

𝑓𝑓1,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀1𝑦𝑦
𝐼𝐼

=
−1.387 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  343 (𝑚𝑚𝑚𝑚)

1.708 × 1010(𝑚𝑚𝑚𝑚4)
= −2.8 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (−4.1 × 10−3 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M1 
  𝑓𝑓1,𝑏𝑏𝑏𝑏𝑏𝑏 = 2.8 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (4.1 × 10−3 𝑘𝑘𝑘𝑘𝑘𝑘) 
 Stress at the top fiber due to M2 

𝑓𝑓2,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀2𝑦𝑦
𝐼𝐼

=
3.051 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  343 (𝑚𝑚𝑚𝑚)

1.708 ×  1010(𝑚𝑚𝑚𝑚4) = 6.1 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (8.9 × 10−3 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M2 
  𝑓𝑓2,𝑏𝑏𝑏𝑏𝑏𝑏 = −6.1 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (−8.9 × 10−3 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 1.3: Moment at Intermediate Diaphragm 

 Maximum averaged positive moment = 5345 N-m/m (1201 lb-in/in) (Table J-1: row 4, 
column g) 
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 Maximum nominal positive moment (M) = 5345 (N-m/m) × 3.81 m = 20.365 kN-m (15.0 
ft-kips) 

Step 1.4: Stresses at Intermediate Diaphragm 

 Moment of inertia (I) = 9.557 × 109 mm4 (Table J-2: row 2, column b) 
 Neutral axis depth (y) = 343 mm (Table J-2: row 3, column b) 

 Stress at the top fiber due to M 

𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀𝑀𝑀
𝐼𝐼

=
20.365 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  343 (𝑚𝑚𝑚𝑚)

9.557 ×  109(𝑚𝑚𝑚𝑚4) = 7.309 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (1.06 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M 
  𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 = −7.309 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (−1.06 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 1.5: Moment at Mid Diaphragm 

 Maximum averaged positive moment = 6920 N-m/m (1555 lb-in/in) (Table J-1: row 4, 
column m) 

 Maximum nominal positive moment (M) = 6920 (N-m/m) × 3.81 m = 26.365 kN-m (19.4 
ft-kips) 

 

Step 1.6: Stresses at Mid Diaphragm 

 Moment of inertia (I) = 9.557 × 109 mm4 (Table J-2: row 2, column b) 
Neutral axis depth (y) = 343 mm (Table J-2: row 3, column a) 

 Stress at the top fiber due to M 

𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀𝑀𝑀
𝐼𝐼

=
26.365 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  343 (𝑚𝑚𝑚𝑚)

9.557 ×  109(𝑚𝑚𝑚𝑚4) = 9.462 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (1.37 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M 
  𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 = −9.462 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (−1.37 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 1.7: Required Posttension Force before 6-in. Cast-in-Place Concrete Deck Placement 

 AASHTO LRFD (15) Service I limit state is implemented.  Posttension force is 
calculated based on no tension criterion. It is assumed that the posttension stress is 
uniformly distributed across the diaphragm cross-section. 

The posttension force required at the end diaphragm is determined using the maximum 
tensile stress calculated in step 1.2. Posttension force is calculated multiplying the tensile 
stress (step 1.2) and the intermediate diaphragm cross-section area (Table J-2: row 1, 
column a). 

 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞 = 6.1 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 × 4.356 × 105(𝑚𝑚𝑚𝑚2) 
             = 26.6 𝑘𝑘𝑘𝑘 ≅ 𝟑𝟑𝟑𝟑 𝒌𝒌𝒌𝒌 ( 𝟔𝟔.𝟖𝟖 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌) 

 The posttension force required at the intermediate diaphragm is determined using the 
maximum tensile stress calculated in step 1.4. Posttension force is calculated multiplying 
the tensile stress (step 1.4) and the end diaphragm cross-section area (Table J-2: row 1, 
column b). 
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 7.309 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 × 2.442 × 105(𝑚𝑚𝑚𝑚2) 
             = 178.5 𝑘𝑘𝑘𝑘 ≅ 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌𝒌𝒌 ( 𝟒𝟒𝟒𝟒.𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌) 

 The posttension force required at the midspan diaphragm is determined using the 
maximum tensile stress calculated in step 1.6. Posttension force is calculated multiplying 
the tensile stress (step 1.6) and the midspan diaphragm cross-section area (Table J-2: row 
1, column b). 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 9.462 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 × 2.442 × 105(𝑚𝑚𝑚𝑚2) 
             = 231.1 𝑘𝑘𝑘𝑘 ≅ 𝟐𝟐𝟐𝟐𝟐𝟐 𝒌𝒌𝒌𝒌 ( 𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌) 

Step 2:    Second Stage Posttension (after Cast-in-Place Deck Placement) 

Barrier and HL-93 (lane and HS-20 truck) load are applied to the analysis model with 

stiffness properties of RVE with deck.  Truck and lane loads are positioned considering 

one and two-loaded lanes.  

AASHTO LRFD (15) service I limit state is considered. Multiple presence factors of 1.2 

and 1.0 for one and two-lane cases are included in the calculations.  The dynamic 

allowance factor of 1.75 for deck joints is considered. 

Step 2.1: Moments at End Diaphragm 

 The maximum service I nominal negative moment is a result of applying barrier load and 
single-lane truck and lane loads (Table J-1: row 1, column b, c, d) 

 The averaged moment due to  
  barrier load = -2982 N-m/m (-670 lb-in/in) (Table J-1: row 1, column b) 
  single truck load = -2728 N-m/m (-613 lb-in/in) (Table J-1: row 1, column c) 
  single lane load = -547 N-m/m (-123 lb-in/in) (Table J-1: row 1, column d). 

The nominal moment due to  
barrier load = -2982 (N-m/m) × 1.9 m = -5.666 kN-m (-4.2 ft-kips) 
single truck load = -2728 (N-m/m) × 1.2× 1.75  × 1.9 m = -10.885 kN-m (-8.0 ft-

kips) 
single lane load = -547 (N-m/m) × 1.2× 1.9 m = -1.247 kN-m (-0.92 ft-kips). 

 The maximum service I nominal negative moment 

      𝑀𝑀1 = −5.666 − 1.0 [10.885 + 1.247] =  −17.8 𝑘𝑘𝑘𝑘 −𝑚𝑚 (-13.12 ft-k) 
 The maximum service I nominal positive moment is a result of applying truck and lane 

loads on to both lanes of the structure in conjunction with the barrier load (Table J-1: row 
3, column b, e, f) 

The averaged moment due to  
  barrier load = -2194 N-m/m (-493 lb-in/in) (Table J-1: row 3, column b) 
  two-truck load = 2390 N-m/m (537 lb-in/in) (Table J-1: row 3, column e) 
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  two-lane load = 1077 N-m/m (242 lb-in/in) (Table J-1: row 3, column f). 

The nominal moment due to  
barrier load = -2194 (N-m/m) × 1.9 m = -4.169 kN-m (-3.1 ft-kips) 
single truck load = 2390 (N-m/m) × 1.0× 1.75  × 1.9 m = 7.947 kN-m (5.86 ft-

kips) 
single lane load = 1077 (N-m/m) × 1.0× 1.9 m = 2.046 kN-m (1.5ft-kips). 

 The maximum service I nominal positive moment 

      𝑀𝑀2 = −4.169 + 1.0 [7.947 + 2.046] =  5.824  𝑘𝑘𝑘𝑘 −𝑚𝑚 (4.3 ft-k) 

Step 2.2: Stresses at End Diaphragm 

 Moment of inertia (I) = 3.114 × 1010 mm4 (Table J-2: row 5, column a) 
Neutral axis depth (yt) = 419 mm (Table J-2: row 6) 

 Stress at the top fiber due to M1 

𝑓𝑓1,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀1𝑦𝑦
𝐼𝐼

=
−17.8 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  419 (𝑚𝑚𝑚𝑚)

3.114 ×  1010(𝑚𝑚𝑚𝑚4)
= −2.4 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (−3.4 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M1 
  𝑓𝑓1,𝑏𝑏𝑏𝑏𝑏𝑏 = 2.4 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (3.4 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 
 Stress at the top fiber due to M2 

𝑓𝑓2,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀2𝑦𝑦
𝐼𝐼

=
5.824 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  419 (𝑚𝑚𝑚𝑚)

3.114 ×  1010(𝑚𝑚𝑚𝑚4) = 7.8 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (1.14 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M2 
  𝑓𝑓2,𝑏𝑏𝑏𝑏𝑏𝑏 = −7.8 × 10−2𝑀𝑀𝑀𝑀𝑀𝑀 (−1.14 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 2.3: Moments at Intermediate Diaphragm 

 The maximum service I nominal negative moment is a result of applying barrier load and 
single-lane truck and lane loads (Table J-1: row 6, column h, i, j). 

 The averaged moment due to  
  barrier load = -4303 N-m/m (-967 lb-in/in) (Table J-1: row 6, column h) 
  single truck load = -886 N-m/m (-199 lb-in/in) (Table J-1: row 6, column i) 
  single lane load = -414 N-m/m (-93 lb-in/in) (Table J-1: row 6, column j). 

The nominal moment due to  
barrier load = -4303 (N-m/m) × 3.81 m = -16.4 kN-m (-12.1 ft-kips) 
single truck load = -886 (N-m/m) × 1.2× 1.75  × 3.81 m = -7.1 kN-m (-5.2 ft-kips) 
single lane load = -414 (N-m/m) × 1.2× 3.81 m = -1.9 kN-m (-1.4 ft-kips). 

 The maximum service I nominal negative moment 

      𝑀𝑀1 = −16.4 − 1.0 [7.1 + 1.9] =  −25.4 𝑘𝑘𝑘𝑘 −𝑚𝑚 (-18.73 ft-k) 

 The maximum service I nominal positive moment is a result of applying barrier load and 
single-lane truck and lane loads (Table J-1: row 3, column h, i, j). 

The averaged moment due to  
  barrier load = -5304 N-m/m (-1192 lb-in/in) (Table J-1: row 3, column h) 
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  single truck load = 13025 N-m/m (2927 lb-in/in) (Table J-1: row 3, column i) 
  single lane load = 3484 N-m/m (783 lb-in/in) (Table J-1: row 3, column j). 

The nominal moment due to  
barrier load = -5304 (N-m/m) × 3.81 m = -20.21 kN-m (-15.0 ft-kips) 
single truck load = 13025 (N-m/m) × 1.2× 1.75  × 3.81 m = 104.2 kN-m (76.8 ft-

kips) 
single lane load = 3484 (N-m/m) × 1.2× 3.81 m = 16.0 kN-m (11.74 ft-kips). 

 The maximum service I nominal positive moment 

      𝑀𝑀2 = −20.21 + 1.0 [104.2 + 16] =  100  𝑘𝑘𝑘𝑘 −𝑚𝑚 (73.7 ft-k) 

Step 2.4: Stresses at Intermediate Diaphragm 

 Moment of inertia (I) = 1.746 × 1010 mm4 (Table J-2: row 5, column b) 
Neutral axis depth (yt) = 419 mm (Table J-2: row 6) 

 Stress at the top fiber due to M1 

𝑓𝑓1,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀1𝑦𝑦
𝐼𝐼

=
−25.4 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  419 (𝑚𝑚𝑚𝑚)

1.746 ×  1010(𝑚𝑚𝑚𝑚4)
= −6.1 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (−8.8 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M1 
  𝑓𝑓1,𝑏𝑏𝑏𝑏𝑏𝑏 = 6.1 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (8.8 × 10−2 𝑘𝑘𝑘𝑘𝑘𝑘) 
 Stress at the top fiber due to M2 

  𝑓𝑓2,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑀𝑀2𝑦𝑦
𝐼𝐼

= 100 (𝑘𝑘𝑘𝑘−𝑚𝑚) × 419 (𝑚𝑚𝑚𝑚 )
1.746× 1010 (𝑚𝑚𝑚𝑚 4) = 2.4 𝑀𝑀𝑀𝑀𝑀𝑀 (3.5 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M2 
  𝑓𝑓2,𝑏𝑏𝑏𝑏𝑏𝑏 = −2.4 𝑀𝑀𝑀𝑀𝑀𝑀 (−3.5 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 2.5: Moments at Midspan Diaphragm 

 The maximum service I nominal negative moment is a result of applying barrier load and 
single-lane truck and lane loads (Table J-1: row 6, column n, o, p). 

 The averaged moment due to  
  barrier load = -5006 N-m/m (-1125 lb-in/in) (Table J-1: row 6, column n) 
  single truck load = -1010 N-m/m (-227 lb-in/in) (Table J-1: row 6, column o) 
  single lane load = -467 N-m/m (-105 lb-in/in) (Table J-1: row 6, column p). 

The nominal moment due to  
barrier load = -5006 (N-m/m) × 3.81 m = -19.1 kN-m (-14.1 ft-kips) 
single truck load = -1010 (N-m/m) × 1.2× 1.75  × 3.81 m = -8.1 kN-m (-6.0 ft-

kips) 
single lane load = -467 (N-m/m) × 1.2× 3.81 m = -2.1 kN-m (-1.6 ft-kips). 

 The maximum service I nominal negative moment 

      𝑀𝑀1 = −19.1 − 1.0 [8.1 + 2.1] =  −29.3 𝑘𝑘𝑘𝑘 −𝑚𝑚 (-21.6 ft-k) 

 The maximum service I nominal positive moment is a result of applying barrier load and 
single-lane truck and lane loads (Table J-1: row 3, column n, o, p).  
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The averaged moment due to  
  barrier load = -6439 N-m/m (-1447 lb-in/in) (Table J-1: row 3, column n) 
  single truck load = 16105 N-m/m (3619 lb-in/in) (Table J-1: row 3, column 0) 
  single lane load = 4388 N-m/m (986 lb-in/in) (Table J-1: row 3, column p). 

The nominal moment due to  
barrier load = -6439 (N-m/m) × 3.81 m = -24.53 kN-m (-18.1 ft-kips) 
single truck load = 16105 (N-m/m) × 1.2× 1.75  × 3.81 m = 129.0 kN-m (95.0 ft-

kips) 
single lane load = 4388 (N-m/m) × 1.2× 3.81 m = 20.1 kN-m (14.8 ft-kips). 

 The maximum service I nominal positive moment 

      𝑀𝑀2 = −24.53 + 1.0 [129 + 20.1] =  124.6  𝑘𝑘𝑘𝑘 −𝑚𝑚 (91.8 ft-k) 

Step 2.6: Stresses at Midspan Diaphragm 

 Moment of inertia (I) = 1.746 × 1010 mm4 (Table J-2: row 5, column b) 
Neutral axis depth (yt) = 419 mm (Table J-2: row 6) 

 Stress at the top fiber due to M1 

𝑓𝑓1,𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑀𝑀1𝑦𝑦
𝐼𝐼

=
−29.3 (𝑘𝑘𝑘𝑘 −𝑚𝑚)  ×  419 (𝑚𝑚𝑚𝑚)

1.746 ×  1010(𝑚𝑚𝑚𝑚4)
= −7.0 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (−1.0 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

 Stress at the bottom fiber due to M1 
  𝑓𝑓1,𝑏𝑏𝑏𝑏𝑏𝑏 = 7.0 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 (1.0 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 
 Stress at the top fiber due to M2 

  𝑓𝑓2,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑀𝑀2𝑦𝑦
𝐼𝐼

= 124.6 (𝑘𝑘𝑘𝑘−𝑚𝑚) × 419 (𝑚𝑚𝑚𝑚 )
1.746× 1010 (𝑚𝑚𝑚𝑚 4) = 3.0 𝑀𝑀𝑀𝑀𝑀𝑀 (4.3 × 10−1 𝑘𝑘𝑠𝑠𝑠𝑠) 

 Stress at the bottom fiber due to M2 
  𝑓𝑓1,𝑏𝑏𝑏𝑏𝑏𝑏 = −3.0 𝑀𝑀𝑀𝑀𝑀𝑀 (−4.3 × 10−1 𝑘𝑘𝑘𝑘𝑘𝑘) 

Step 2.7: Required Posttension Force after 6-in. Cast-in-Place Concrete Deck Placement 

The posttension force required at end diaphragm is calculated in order to suppress the 
maximum tensile stress developed at the top or bottom fiber due to applied loads.  The 
maximum tensile stress is calculated in step 2.2 as 0.24 MPa.  Resultant posttension force 
is eccentric to the neutral axis of the deck-beam composite section and develops a 
moment as shown in Table J-2: row 6. 

 Other variables used in the calculations are defined in Table J-2. 
 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡 > 0 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥  𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡
�1
𝐴𝐴  – (𝑦𝑦2−𝑦𝑦1)

2𝐼𝐼 𝑦𝑦𝑡𝑡�
= 2.4×10−1 (𝑀𝑀𝑀𝑀𝑀𝑀 )

� 1
5.321 ×105�𝑚𝑚𝑚𝑚 2�

 – (241−89)(𝑚𝑚𝑚𝑚 ) ×419  (𝑚𝑚𝑚𝑚 )
2×3.114 ×1010  �𝑚𝑚𝑚𝑚 4�

�
 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥ 𝟐𝟐𝟐𝟐𝟐𝟐 𝒌𝒌𝒌𝒌 (63 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘) 

With the level of applied posttension, grout close to the beam bottom fiber is subjected to 
the highest level of compression.  It is required to check if the grout capacity is adequate 
to carry the level of stress exerted by the posttension force. 
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 𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 (𝑃𝑃 = 281 𝑘𝑘𝑘𝑘) = 𝑃𝑃
𝐴𝐴

+ 𝑃𝑃 (𝑦𝑦2−𝑦𝑦1) 𝑦𝑦𝑡𝑡
2𝐼𝐼

= 281  (𝑘𝑘𝑘𝑘)

5.321×105
�𝑚𝑚𝑚𝑚2�

+ 281 (𝑘𝑘𝑘𝑘)×(241−89) (𝑚𝑚𝑚𝑚 ) ×419 (𝑚𝑚𝑚𝑚)

2×3.114×1010 �𝑚𝑚𝑚𝑚4�
 

   𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 (𝑃𝑃 = 281 𝑘𝑘𝑘𝑘) = 815 𝑘𝑘𝑘𝑘𝑘𝑘 << grout compressive strength 

 
The posttension required at intermediate diaphragm is calculated to suppress the tensile 
stresses calculated in step 2.4. 

The maximum tensile stress at the top fiber = 6.1 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀 
The maximum tensile stress at the bottom fiber = 2.4 𝑀𝑀𝑀𝑀𝑀𝑀  

 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡 > 0 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥  𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡
�1
𝐴𝐴  – (𝑦𝑦2−𝑦𝑦1)

2𝐼𝐼 𝑦𝑦𝑡𝑡�
= 6.1×10−1 (𝑀𝑀𝑀𝑀𝑀𝑀 )

� 1
2.983 ×105�𝑚𝑚𝑚𝑚 2�

 – (241−89)(𝑚𝑚𝑚𝑚 ) ×419  (𝑚𝑚𝑚𝑚 )
2×1.746 ×1010  �𝑚𝑚𝑚𝑚 4�

�
 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥ 400 𝑘𝑘𝑘𝑘 (90 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)  
 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 > 0 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥  𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏
�1
𝐴𝐴+ (𝑦𝑦2−𝑦𝑦1)

2𝐼𝐼 𝑦𝑦𝑡𝑡�
= 2.4 (𝑀𝑀𝑀𝑀𝑀𝑀 )

� 1
2.983 ×105�𝑚𝑚𝑚𝑚 2�

+ (241−89)(𝑚𝑚𝑚𝑚 ) ×419  (𝑚𝑚𝑚𝑚 )
2×1.746 ×1010  �𝑚𝑚𝑚𝑚 4�

�
 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥ 𝟒𝟒𝟒𝟒𝟒𝟒 𝒌𝒌𝒌𝒌 (105 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)  

 Under service conditions, stress in grout is in a safe range, much smaller than the 
compressive strength.  

The posttension required at midspan diaphragm is calculated to suppress the tensile 
stresses calculated in step 2.6. 

The maximum tensile stress at the top fiber = = 7.0 × 10−1𝑀𝑀𝑀𝑀𝑀𝑀  
The maximum tensile stress at the bottom fiber = 3.0 𝑀𝑀𝑀𝑀𝑀𝑀  

 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡 > 0 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥  𝑓𝑓𝑡𝑡𝑡𝑡𝑡𝑡
�1
𝐴𝐴  – (𝑦𝑦2−𝑦𝑦1)

2𝐼𝐼 𝑦𝑦𝑡𝑡�
= 7×10−1 (𝑀𝑀𝑀𝑀𝑀𝑀 )

� 1
2.983 ×105�𝑚𝑚𝑚𝑚 2�

 – (241−89)(𝑚𝑚𝑚𝑚 ) ×419  (𝑚𝑚𝑚𝑚 )
2×1.746 ×1010  �𝑚𝑚𝑚𝑚 4�

�
 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥ 458 𝑘𝑘𝑘𝑘 (103 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)  
 𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏 > 0 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥  𝑓𝑓𝑏𝑏𝑏𝑏𝑏𝑏
�1
𝐴𝐴+ (𝑦𝑦2−𝑦𝑦1)

2𝐼𝐼 𝑦𝑦𝑡𝑡�
= 3.0 (𝑀𝑀𝑀𝑀𝑀𝑀 )

� 1
2.983 ×105�𝑚𝑚𝑚𝑚 2�

+ (241−89)(𝑚𝑚𝑚𝑚 ) ×419  (𝑚𝑚𝑚𝑚 )
2×1.746 ×1010  �𝑚𝑚𝑚𝑚 4�

�
 

  𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 ≥ 𝟓𝟓𝟓𝟓𝟓𝟓 𝒌𝒌𝒌𝒌 (130 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘)  

 Under service conditions, stress in grout is in a safe range, much smaller than the 
compressive strength.  

 The transverse posttension force requirements calculated in step 1.7 and 2.7 are 
summarized in Table J-3.   
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Table J-2  Geometric Parameters of Diaphragms and Transverse Posttension Locations along the Beam 
Height 

 Transverse Posttension Locations along Beam Height 
 

 
 Diaphragm Cross-Section without Deck 
 End Diaphragm (a) Intermediate and Midspan Diaphragms (b) 

 

  
1. Cross-Section Area (A) mm2 4.356 × 105 2.442 × 105 
2. Moment of Inertia (I) mm4 1.708 × 1010 9.557 × 109 
3. Neutral Axis Depth (y) mm 343 343 
 Diaphragm Cross-Section with Deck 

 

  
4. Cross-Section Area (A) mm2 5.321 × 105 2.983 × 105 
5. Moment of Inertia (I) mm4 3.114 × 1010 1.746 × 1010 

6. Miscellaneous Parameters 
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TABLE J-3  Posttension Force Requirement for the Sample Bridge 

 
Posttension Force at Diaphragm, kN (kips) 

End Diaphragm Intermediate Diaphragm Middle Diaphragm 

Before deck placement 30 (7) 180 (41) 232 (52) 

After deck placement 281 (63) 464 (105) 580 (130) 

Total 311 (70) 644 (146) 812 (182) 
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