
Research Report 
KTC-97-10 

EVALUATION OF WALL 
STRUCTURES IN KENTUCKY 

(KYSPR-85-1 07) 

by 

L. John Fleckenstein 
Senior Principal Research Investigator 

Brad Rister 
Associate Research Engineer 

and 

David L. Allen 
Chief Research Engineer 

Kentucky Transportation Center 
College of Engineering · 
University of Kentucky 
Lexington, Kentucky 

and 

in cooperation with 
Transportation Cabinet 

Commonwealth of Kentucky 

The contents of this report reflect the views of the 
authors who are responsible for the facts and accuracy 

of the data presented herein. The contents do not 
necessarily reflect the official views or policies of 

the University of Kentucky, nor the Kentucky Transportation 
Cabinet. This report does not constitute a standard, 

specification, or regulation. The inclusion of manufacturer 
names and trade names are for identification purposes 

and are not to be considered as endorsements. 

March 1998 



TABLE OF CONTENTS 

LIST OF FIGURES ............................................................ 1 

LIST OF TABLES ............................................................ iv 

EXECUTIVE SUMMARY ...................................................... v 

1.0 INTRODUCTION .......................................................... 1 

2.0 PERFORMANCE EVALUATION ............................................ 2 

2.1 CONCRETE CRIB WALLS .................................................. 2 

2.1.1 Discussion ........................................................ 2 
2.1.2 Recommendations .................................................. 3 

2.2 DOUBLEANDSINGLEBARRELCULVERTWALLS .......................... 13 

2.2.1 Discussion ....................................................... 13 
2.2.2 Recommendations ................................................. 13 

2.3 METAL BIN WALLS ..................................................... 24 

2.3 .1 Discussion ....................................................... 24 
2.3.2 Recommendations ................................................. 24 

2.4 GAB ION WALLS ........................................................ 31 

2.4.1 Discussion ....................................................... 31 
2.4.2 Recommendations ................................................. 32 

2.5 RIGIDCONCRETERETAlNINGWALLS .................................... 37 

2.5.1 Rigid Concrete Soil-Retention Walls ................................... 37 
2.5.2 Rigid Concrete Abutment Walls with Vertical Loading .................... 37 
2.5.3 Rigid Concrete Abutment Walls without Vertical Loading .................. 38 
2. 5.4 Rigid Concrete Wing Walls .......................................... 3 8 
2.5.5 Rigid Concrete Approach Fill Retaining Walls ........................... 38 
2.5.6 Discussion ....................................................... 38 
2.5.7 Recommendations ................................................. 39 

2.6 KEYSTONE BLOCK RETAINING WALLS ................................... 56 

2.6.1 Discussion ....................................................... 56 



2. 7 TIED BACK WALLS ........................... ! .......................... 60 

2. 7 .I Discussion ....................................................... 60 
2.7.2 Recommendations ................................................. 61 

2.8 MECHANICALLY STABILIZED EARTH RETAINING WALLS (M.S.E) ........... 69 

2.8.1 M.S.E. Open Bridge Abutment Retaining Walls .......................... 69 
2.8.2 M.S.E. Wing Walls ................................................ 69 
2.8.3 M.S.E. Closed Bridge Abutment Retaining Walls ........................ 70 
2.8.4 M.S.E. Return Walls ............................................... 70 
2.8.5 M.S.E. Soil-Retention Walls ......................................... 70 
2.8.6 Discussion .................................... 0 .. 0 0 .......... 0 .. 0 71 
208.7 Recommendations .... 0 .... 0 0 ....... 0 0 .. 0 0 0 ........... 0 ............ 72 

2.9 TECHW ALLS ........... 0 .............. 0 ... 0 .......... 0 0 ........... 0 .. 0 0 97 

2.9.1 Discussion ... 0 0 ........ 0 0 .. 0 ............. 0 0 ........... 0 0 0 ........ 97 
2.9.2 Recommendations 0 .......... 0 .. 0 0 .......... 0 . 0 ......... 0 0 .. 0 ...... 97 

2.10 SOUNDWALLS ···o········o···oo ........ o .. oooo········o·o ... o ........ 99 

2.10.1 Discussion ............ 0 0 ........... 0 ........... 0 .... 0 .......... 0 99 
2.10.2 Recommendations .......... 0 ... 0 ......... 0 0 ........... 0 0 0 0 ....... 99 

3.0 SUMMARY AND RECOMMENDATIONS ........ 0 ............ 0. 0 ........... 102 

3.1 OVERALL RECOMMENDATIONS ............. 0 .. 0 ....... 0 0 .. 0. 0 0 ......... 103 

Appendix A ............. 0 ......... 0 ... 0 ............ 0 0 0 ........... 0 ......... I 04 
Appendix B .... 0 0 ... 0 0 ........ 0 0 ... 0 0 ....... 0 0 .......... 0 0 .. 0 0 ........... 0 . 119 
Appendix C . 0 ................. 0 ........... 0. 0 0 ....... 0 .. 0 ............. 0 .... 124 
Appendix D .. 0 ........... 0 0 0 ......... 0. 0 ... 0 .......... 0 ........... 0 .... 0 ... 147 
Appendix E ......... 0 .. 0 ........ 0 0 ............. 0 .. 0 ........ 0 .... 0 .......... 188 



LIST OF FIGURES 

Figure 1. Retaining wall inspection sheet. 
Figure 2. Soil retention crib wall. 
Figure 3. Wing wall/soil retention crib wall. 
Figure 4. Settlement in backfill between crib members (I-75 & I-71 interchange). 
Figure 5. Migration ofbackfill through vertical joint in crib sections (I-75 & I-71 interchange). 
Figure 6. Migration of backfill through open crib wall (Lee County, US 25). 
Figure 7. Displaced crib member due to erosion (Kenton County, KY 8). 
Figure 8. Cracking of horizontal crib member at connection (I-75 & I-71 interchange). 
Figure 9. Spalling of concrete on face of cribbing (Kenton County, KY 8). 
Figure 10. Possible post tilting of crib section (Lee County, US 25). 
Figure 11. Sluffing of unanchored ends (I-75 & I-71 interchange). 
Figure 12. Distress observed on concrete crib walls. 
Figure 13. Separation in Outlet Pipe for I-71 bridge deck drains (I-75 & I-71 interchange). 
Figure 14. Erosional channel leading from bridge deck drain to the top of the concrete crib wall. 
Figure 15. Water flowing through crib structure and freezing on the face of the crib wall. 
Figure 16. Wash-out of backfill around vertical drain (Kenton County, KY 8). 
Figure 17. Wing wall/single-barrel culvert. 
Figure 18. Wing wall/double-barrel culvert. 
Figure 19. Distress observed in culvert wing walls (double-barrel). 
Figure 20. Weephole cracking in culvert wing wall (Greenup County, KY 10). 
Figure 21. Vertical cracks in culvert wing wall (Mason County, KY 9). 
Figure 22. Horizontal cracks in culvert wing wall (Bracken County, KY 9). 
Figure 23. Vertical cracks in culvert wing wall (Bracken County, KY 9). 
Figure 24. Spalling and staining in front/top of barrel (Pendleton County, KY 9). 
Figure 25. Distress observed in culvert wing walls (single barrel). 
Figure 26. Vegetation in culvert outlet (Lewis County, KY 9). 
Figure 27. Vegetation in culvert outlet (Bracken County, KY 9). 
Figure 28. Metal bin soil retention wall. 
Figure 29. Metal bin wing wall. 
Figure 30. Metal bin wall located on US 25E exit ramp (Barbourville, Ky). 
Figure 31. Failure in vertical member in metal bin wall (Barbourville, Ky). 
Figure 32. Failure in vertical member with some lateral displacement. 
Figure 33. Bending in horizontal crib member. 
Figure 34. Metal bin wing wall on US 23 (Greenup County). 
Figure 35. Rusting observed on face of metal bin wall (Greenup County, US 23). 
Figure 36. Possible mower or vehicle damage at base of wall (Greenup County, US 23). 
Figure 37. Gabion wall sections. 
Figure 38. Gabion wall on KY 8 (Mason County). 
Figure 39. Profiles from KY 8 Gabion wall. 
Figure 40. Gabion wall on I-75/I-275 (Kenton County). 
Figure 41. Profile and sagging observed in I-75/I-275 Gabion wall. 
Figure 42. Gabion wall on I-75 (Kenton County). 
Figure 43. Rigid concrete soil-retention wall. 
Figure 44. Rigid abutment and wing retaining walls. 

i 



Figure 45. Rigid retaining wall (approach fill). 
Figure 46. Observed distress for the rigid soil retention walls. 
Figure 47. Cracking and staining stemming from weep hole (Jefferson County, KY 1065). 
Figure 48. Cracking and staining stemming from weep hole (Floyd County). 
Figure 49. Sheared key-joint in rigid wall (Jefferson County, KY I 065). 
Figure 50. Sheared key-joint in rigid wall (Jefferson County, KY I 065). 
Figure 51. Migration of backfill through wall drains (Knox County, 25E). 
Figure 52. Migration of backfill through wall drain (Knox County, 25E). 
Figure 53. Observed distress for the rigid bridge-abutment walls. 
Figure 54. Observed distress for the rigid wing walls. 
Figure 55. Observed distress for the rigid approach-fill walls. 
Figure 56. Moderate cracking in approach-fill retaining wall (Kenton County 2"d. St.). 
Figure 57. Water weeping through cracks in approach-fill wall (Kenton County). 
Figure 58. Forward displacement in approach-fill retaining wall (Boone County, Mall Rd.). 
Figure 59. Broken wall section caused by forward displacement (Boone County, Mall Rd.). 
Figure 60. Overall view of forward displacement in approach fill retaining wall (Boone County). 
Figure 61. Hole left in rigid wall after Construction (Boone County, Mall Rd.). 
Figure 62. Keystone block wall, Richmond Road, Lexington. 
Figure 63. Keystone block wall, Days Inn at Richmond Road & I-75, Lexington. 
Figure 64. Cracks in Keystone blocks. 
Figure 65a. Forward displacement between rows (sliding). 
Figure 65b. Forward displacement of Keystone block wall ( 4 to 5 inches or I 02-127 mm) 
Figure 66. Migration of backfill between blocks. 
Figure 67. Tiedback wall with timber lagging ties (Campbell County, US 27). 
Figure 68. Tiedback wall with timber lagging ties (Carroll County, KY 227). 
Figure 69. Displaced timber lagging ties (Carroll County, KY 227). 
Figure 70. Broken lagging ties (Carroll County, KY 227). 
Fi!,>ure 71. Rusted timber lagging ties (Campbell County, US 27). 
Figure 72. Rusted whaler and timber lagging ties (Campbell County, US 27). 
Figure 73. Erosion of backfill (Campbell County, US 27). 
Figure 74. Single tieback per whaler (Leslie County, KY 118). 
Figure 75. Tieback attached to H-pile (Greenup County, US 23). 
Figure 76. Slight displacement of timber lagging (Greenup County, US 23). 
Figure 77. M.S.E. open bridge abutment with wing walls. 
Figure 78. M.S.E. closed bridge abutment with return walls (approach fill). 
Figure 79. M.S.E. soil-retention wall. 
Figure 80. M.S.E. open bridge abutment distress analysis. 
Figure 81. M.S.E. wing wall distress analysis. 
Figure 82. Cracked precast panel and end bent, 1995 (Boone County, Mall Rd.). 
Figure 83. Cracked precast panel and end bent, 1996 (Boone County, Mall Rd.). 
Figure 84. Forward displacement of precast panel (Boone County, Mall Rd.). 
Figure 85. Settled M.S.E. wall (Knox County, KY 225). 
Figure 86. Settled M.S.E. wing wall (Knox County, KY 225). 
Figure 87. M.S.E. closed bridge abutment distress analysis. 
Figure 88. Extra panel between bridge deck and M.S.E. wall (Fayette County). 
Figure 89. Cracking of precast panels (Fayette County). 

ii 



Figure 90. C.I.P. block between bridge deck and M.S.E. wall {Boone County, Mall Rd.). 
Figure 91. Migration of fines between wall panels (Jefferson County, I-264). 
Figure 92. M.S.E. return walls distress analysis. 
Fi~orure 93a. Distressed area on M.S.E. wall (Kenton County, wall #1). 
Figure 93 b. Vettical, horizontal, and forward displacement (wall # 1 ). 
Figure 94a. Distressed area on M.S.E. wall (Kenton County, wall #2). 
Figure 94b. Vertical, horizontal, and forward displacement and staining (wall #2). 
Figure 95a. Distressed area on M.S.E. wall (Kenton County, wall #3). 
Figure 95b. Vertical and Horizontal Displacement (wall #3). 
Figure 96. Ruler placed 559 mm into panel joint (Kenton County, wall #3). 
Figure 97. Spalling of precast panels (Fayette County). 
Figure 98. Staining and vegetation growing between precast panels (Fayette County). 
Figure 99. Vegetation growing between precast panels (Jefferson County, I-264). 
Fi~orure I 00. Water standing behind V.S.L. wall (Kenton County, I-75). 
Figure I 0 I. Tech Wall on 12'" Street Ramp, Kenton County. 
Figure 102. Tech Wall with patched area, spalling, and staining (Kenton County). 
Figure 103. Staining and spalling between panel joints (Kenton County). 
Figure 104. Brick sound wall (Jefferson County, I-264). 
Figure 105. Metal sound wall (Scott County). 
Figure I 06. Chipped bricks on sound wall caused by mower (Jefferson County, I-264). 
Figure 107. Dented metal on sound wall caused by mowers (Scott County). 

iii 



LIST OF TABLES 

Table 1. Distress observed in soil-retention crib walls. 
Table 2. Distress observed in soil retention/wing crib walls. 
Table 3. Distress observed in Culvert Wing Walls (Double-Barrel). 
Table 4. Distress observed in Culvert Wing Walls (Single-Barrel). 
Table 5. Distress observed in Metal Bin Walls (Soil Retaining Wall). 
Table 6. Distress observed in Metal Bin Walls (Bridge Wing Wall). 
Table 7. Distress observed in Gabion Walls. 
Table 8. Distress observed in Rigid Retaining Walls (Soil-Retention). 
Table 9. Distress observed in Rigid Retaining Walls (Bridge Abutment) Load Bearing. 
Table I 0. Distress observed in Rigid Retaining Walls (Bridge Abutment) Non-Load Bearing. 
Table 11. Distress observed in Rigid Retaining Walls (Wing Wall). 
Table 12. Distress observed in Rigid Retaining Walls (Approach Fill). 
Table 13. Distress observed in Tiedback Walls (Wood lagging held with ties). 
Table 14. Distress observed in Tiedback Walls (Wood lagging placed between soldier beams). 
Table 15. Distress observed in Tiedback Walls. (Concrete Facing). 
Table 16. M.S.E. Retaining Wall (Open Bridge Abutment). 
Table 17. M.S.E. Retaining Wall (Bridge Abutment Wing Wall). 
Table 18. M.S.E. Retaining Wall (Closed Bridge Abutment). 
Table 19. M.S.E. Retaining Wall (Bridge Abutment) Return Walls. 
Table 20. M.S.E. Earth Retention Wall. 

iv 



EXECUTIVE SUMMARY 

Approximately 209 retaining wall structures were visually evaluated under this study for 
long-term perfonnance. The inspection included concrete crib, single-barrel and double-barrel 
culvert wing, metal bin, Gabion, rigid concrete, Keystone block, tiedback, mechanically 
stabilized earth (M.S.E.), Tech Wall, and sound walls. Significant structural distress was 
observed in several of the wall systems. This report discusses the performance of each wall 
system and makes recommendations on the future use of these systems. 
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1.0 INTRODUCTION· 

In the past decade, numerous wall systems have been constructed on Kentucky's highways. 
These walls include such systems as concrete crib, single-barrel and double-barrel culvert wing, 
metal bin, Gabion, rigid concrete, tiedback, M.S.E., Tech Wall, and sound walls. In addition to the 
walls mentioned, the Keystone block wall was also evaluated. A study was initiated in 1996 to 
evaluate these systems. Approximately 209 retaining wall structures were visually evaluated under 
this study for long-term performance. This report discusses the performances of each wall system 
and makes recommendations on their future use. 

The initial step in this project was to review the Kentucky Standard Specifications for Road 
and Bridge Construction (Appendix A), the Standard Drawings (Appendix B), the general notes 
(Appendix C), the Special Provisions and Special Notes (Appendix D), and the manufactures' 
literature that pertained to retaining wall structures (Appendix E). A list of different retaining wall 
structures was then complied. Then, each wall was visually inspected for any signs of distress. 
Performance information was entered on a field performance data sheet develop for this study. Each 
wall system was subdivided into nine sections for analysis purposes (Figure l ). In addition, each wall 
system was photographed and video taped. Distress information from the data sheets was placed into 
a computer database for analysis. The following discussion details the performance of each wall 
system that was inspected. 

RETAINING WALL DATA SHEET 
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Figure l: Retaining Wall Inspection Sheet 
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2.0 PERFORMANCE EVALUATION 

2.1 CONCRETE CRIB WALLS 

A total of four concrete crib walls was visually inspected, in this study. The crib walls 
inspected consisted of both open-face and closed-face designs. The walls were subdivided into two 
categories: I) stand-alone soil-retention structures (Figure 2), and 2) retention/bridge wing walls 
(Figure 3). 

In evaluating the performance of the stand-alone retention walls and wing walls/retaining 
walls, no significant difference was found in the performance of these structures. Several types of 
distress were observed in the crib wall systems including: I) migration of backfill through the crib 
members (Figures 4-6), 2) displaced crib members due to erosion (Figure 7), 3) cracking of the crib 
members (Figure 8), 4) spalling of the face of crib members (Figure 9), 5) slight bulging or tilting 
(Figure 10), and 6) sluffing of unanchored ends (Figure II). 

Distress information from the inspection of the crib walls is contained in Table I and Table 
2. As shown in the tables, the significance of the observed distress (concerning the overall 
performance of the wall system) was ranked from "A" being slight, to "C" being severe. The location 
of the distress is visually plotted for each crib wall in Figure 12. 

2.1.1 Discussion 

The crib wall retaining systems appear to have performed well for the time they have been 
in service. The erosion of the backfill on the I-7 5 wall has been accelerated by water being 
discharged up-grade from a broken deck drain for the I-71 interchange (Figures 13-15). A paved or 
concrete ditch behind the crib wall on KY 8 appears to be discharging on top of the wall and has 
caused erosion of the backfill adjacent to a vertical pipe (Figure 16). Migration of the backfill was 
apparent in all nine sections in the open-face crib wall structure on KY 52. It appears that the backfill 
was initially undersized. 

Cracking observed in the crib members appears to be more common with the closed face wall 
systems and occurs at the connection of the forward and horizontal cribs. The cracking appears to 
be the result of bending occurring at the notch in the horizontal member where the crib is 
substantially thinner. The cracking does not appear to be affecting the performance of the wall 
system. 

Spalling of the concrete was observed on the KY 8 crib wall. It appears the reinforcing steel 
was placed too close to the surface of the concrete. 

Tilting and/or bulging was observed in two of the crib walls. Rearward tilting was observed 
on the US 52 wall in Lee County and slight bulging was apparent on the I-75 crib wall. Migration 
or erosion of the backfill was also apparent in both of the walls. Slight shifting of the crib was also 
observed at the ends of three of the walls. This appears to have been caused by erosion of the backfill 
around the cribbing. 
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2.1.2 Recommendations (Crib Walls) 

The migration of the backfill through the cribbing appears to be the most significant 
problem observed in the crib wall systems. It is apparent that water being discharged behind the I-75 
and KY 8 structures is largely contributing to the migration of the fmes. As with most retaining 
struchJres, surface runoff should be diverted away from the top of the retaining structure. A non
erodible granular backfill should be used to prevent the migration of the backfill, and the surrounding 
soil, through the crib struchrre. If the backfill is classified as erodible or unstable it shall be protected 
by geotextile fabric as stated in Special Provision No. 690 (94) (Appendix D). 
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Figure 2: Soil Retention Crib Wall 

Figure 3: Wing Wall/Soil Retention Crib Wall 
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Figure 4: Settlement in Backfill between Crib Members. 
(I -7 5 and I-71 Interchange) 

Figure 5: Migration of Backfill Through Vertical 
Joint in Crib Sections. (I-75 & I-71 Inter.) 
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Figure 6: Migration ofBackfill Through Open Face Crib Wall. 
(Lee County, US 52) 

Figure 7: Displaced Crib Member Due to Erosion. 
(Kenton County, KY 8) 
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Figure 8: Cracking of Horizontal Crib Member at Connection. 
(I-7 5 & I -71 Interchange) 

Figure 9: Spalling of Concrete on Face of Cribbing. 
(Kenton County, KY 8) 
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Figure 10: Possible Post Tilting of Crib Section. 
(Lee County, US 52) 

Figure 11: Sluffing of Unanchored Ends. 
(I-75 & I-75 Interchange) 
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Figure 12: Distress Observed on Concrete Crib Walls 
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Figure 13: Separation in Outlet Pipe for I-71 Bridge Deck Drain. 
(I-75 & I-71 Interchange) 

Figure 14: Erosional Channel Leading from Bridge Deck Drain to the Top 
of the Concrete Crib Wall. (I-71 & I-75 Interchange) 
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Figure 15: Water Flowing Through Crib Structure and Freezing on the 
Face of the Crib Wall. (I-75 & I-71 Interchange) 

Figure 16: Wash out ofBackfill Around Ve1iical Drain. 
(Kenton County, KY 8) 
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TABLE I. Soil Retention Crib Wall(open and closed face) 

LOCATION SECTIONS 

OBSERVED DISTRESS 

COUNTY RT MP DIR I 2 3 4 5 6 7 

Lee (open) us 52 n!a n!a 7b 7b 3b,7b 7b 7b 3b,7b 7b 
fig. 6,10 

Powell (open) KY33 n!a n!a 5a,4a,l0b lOb lOb lOb lOb lOb lOb 
fig. ru'a 

Kenton ( cld) 175171 187.7 N 4b,5b,6a 4b,6c,8b 4b,6c 4b 4b,8b 4b,6c 4b,7b 
fig. 4,5,8,11,15 

DISTRESS OBSERVED AVG. (%) 

3a=33% 4b=33% 3b=33% 4b=33% 4b=33% 3b=33% 4b=33% 

4a=33% 6c=33% 4b=33% 7b=33% 5a=33% 4b=33% 7b=66% 

4b=33% 7b=33% 6c=33% 10b=33% 7b=33% 6c=33% 10b=33% 

5b=33% 8b=33% 7b=33% 8b=33% 7b=33% 

6a=33% 10b=33% 10b=33% 10b=33% 10b=33% 

7b=33% 

10b=33% 

TABLE 2. Soil Retention Crib /Win~ Wall (closed face) 

LOCATION SECTIONS 

OBSERVED DISTRESS 

COUNTY RT MP DIR I 2 3 4 5 6 7 

Kenton ( cld) KY8 7.57 w 4b,5b lOb 6c lOb 5b,6c 
fig. 7,9,16 

DISTRESS OBSERVED AVG. (%) 

4b=IOO% lOb=lOO% 6c=IOO% lOb=IOO% 5b=!OO% 

Sb=IOO% 6c=100% 

DISTRESS 3. BACKWARDS DISP. 6 WASH OUT OF INTERIOR FILL 9. SPALLING SIGNIFICANCE OF DISTRESS 
l. VERT. DISP. 
2. HORTZ. DJSP. 

4. CRACKED CRIB MSVIBERS 7. MIGRATION OF BACKFILL 
5. DISP. CRIB bfEMBERS(DUE TO EROSIO!'-') 8. BULGING 

10. VEGETATION A=SLIGHT B=MODERATE 
C= SEVERE 

8 9 

4b,7b 3b,7b 

lOb lOb 

4b,7b 4b,7c 

4b=66% 3b=33% 

7b=66% 4b=33% 

!Ob=33% 7b=33% 

7c=33% 

10b=33% 

8 9 

9b,l0b 5c,6c,9b 

9b=IOO% 5b=IOO% 

lOb=IOO% 6c=IOO% 

9b=IOO% 



2.2 SINGLE-BARREL AND DOUBLE-BARREL CULVERT WING WALLS 

Fifty-two culvert wing walls were visually inspected. Of the fifty-two wing walls inspected, 
thirty-two were double-barrel culvert wing walls, and twenty were single-barrel culvert wing walls. 
As shown in Figures 17 and 18, each wall was divided into ten different sections to help quantify 
repeated distress patterns. 

In evaluating the performance of the double-barrel and single-barrel culvert wing wall 
systems, no significant difference was observed in the performance of these structures. On the 
average, both wall systems have performed well. The only distress that was recurring in both wall 
systems was slight-to-moderate cracking and staining. Most of the cracking mentioned in the culvert 
wing wall evaluation can be attributed to shrinkage cracks. 

Four different kinds of distress were observed in the double-barrel culvert wing walls; 
cracking, spalling, staining, and pop-out. The majority of the distress was either slight-to- moderate 
cracking or staining. A statistical analysis shows that 34 to 3 9 percent of the cracking was observed 
in sections two, five, and eight (Figure 19). Photos taken from two locations show the vertical 
cracks in those sections (Figures 20 and 21 ). There is some concern that the length of the wing wall 
may be a contributing fuctor in the occurrence of cracks in sections two, five, and eight. Figure 21 a. 
shows a regression curve of actual field data that displays as the length of the wing wall increases 
over 6 meters (20ft.) the number of cracks observed increases. Sections one, four, and seven also 
had slight-to-moderate cracking (Figures 22 and 23). The majority of the cracks observed in section 
one were horizontal cracks. Staining, cracking, spalling, and pop-outs were observed in section ten 
(Figure 24). 

The single-barrel culvert walls' distress patterns were very similar to the double-barrel wall 
systems. A statistical analysis shows slight to moderate cracking in sections one, two, four, five, 
seven, and eight (Figure 25). 

Distress information from the inspection of the double-barrel and single-barrel culvert walls 
is contained in Tables 3 and 4. As shown in the tables, the significance of the observed distress 
(concerning the overall performance of the wall system) was ranked from "A" being slight, to "C" 
being severe. 

2.2.1 Discussion 

The double-barrel and single-barrel culvert wing wall systems appear to have performed well. 
Cracking has occurred in both systems in the same sections; one, two, four, five, seven, and eight. 
However, the cracks are slight to medium in magnitude. The majority of the cracks can be attributed 
to shrinkage cracks, and are probably not an indication of faulty design or construction. One 
problem that is not related to the performance of the wing wall system, but is reducing the efficiency 
of the culvert is the overgrowth of vegetation in the mouth to the culvert (Figures 26 and 27). 

2.2.2 Recommendation (Culvert Walls) 

The slight-to-moderate cracking that is occurring in sections two, five, and eight is irregular 
in appearance, and could be controlled by saw cutting the surface for a straight relief joint. Spalling 
occurring on the horizontal face of the top slab ofthe culvert is likely due to water saturating the top 
of the culvert. A possible solution to deter spalling on the horizontal face would be to cover or seal 
the top horizontal face with a waterproof geomembrane. Maintenance crews should periodically 
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check the inlet and outlet ends of the culvert for buildup of debris or vegetation, and take any 
necessary actions to clean up obstructions blocking the culvert. 

2 1 1 2 
6 5 4 ·······if 5 6 
9 8 7 7 8 9 

Figure 17: Wing Wall/Single Barrel Culvert 

1/ II 

1r 
Figure 18: Wing Wall/Double Barrel Culvert 
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Distress Observed with Wing Walls (Double Barrel): Total Inspected (32) 

c----
f-----
f-----

~ u~~ 
f-----
f-----

118.ildRL ht. 
7 

Section 

n. II 

Distress 

DCracking 

liiiSpalling 
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Figure 19: Distress Observed in Culvert Wing Walls (Double Barrel) 

Figure 20: Weephole Cracking in Culvert Wing Wall 
(Greenup County, KY 10, Milepost 3.25) 
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Figure 21: Vertical Cracks in Culvert Wall 
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Figure 22: Horizontal Cracks in Culvert Wing Wall 
(Bracken County, KY 9, Milepost 12.59) 

Figure 23: Vertical Cracks in Culvert Wing Wall 
(Bracken County, KY 9, Milepost 12.59) 
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Figure 24: Spalling and Staining in Front/Top of Barrel 
(Pendleton County, KY 9, Milepost 2.73) 
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Distress Observed with Wing Walls (Single Barrel): Total Inspected (20) 
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Figure 25: Distress Observed in Culvert Wing Walls (Single Barrel) 
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Figure 26: Vegtation in Culvert Outlet. 
(Lewis County, KY 9, Milepost 25) 

Figure 27: Vegetation in Culvert Outlet 
(Bracken County, KY 9, Milepost 4.46) 
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0 

'" .._...._, --'' ..__....,..__, T ..__,.._ .. .._ ""-""'"-' "~ ....., ....... .......,. '-' .LI.......,.._, .J-.1~ .._._..._._ 

LOCATION 

COUNTY RT MP DIR 1 

PENDELTON KY9 2.73 EB/WW 

fig. n/a EBIEW 

PENDELTON KY1S4 EB!WW 

fig. 24 EB/EW 

BRACKEN KY9 12.59 NB/NW 4b 

fig. 22,23 NB/SW 4a 

SB/NW 

SB/SW 4a 

LEWIS KY9 25.185 NB/NW 4a,7a 

fig. 26 NB/SW 

SB/NW 

SB/SW 

LEWIS KY9 21.2 NB/WW 7b,6b 

fig. n/a NB/SW 4a 

SB/NW 

SB/SW 

GREENUP KY9 4 WB/WW 7b 

fig. n/a WB/EW 4a,7b 

EB/WW 

EB/EW 

DISTRESS 
1. VERT. DISP. 3. FORWARD DISP. 
2. HORIZ. DISP. 4. CRACKING 

~ 

2 

4a 

4b 

4a 

4a 

4a 

4a 

4a 

7b 

S. SPALLING 
6. POPOUT 

3 

Sa 

7b 

SECTIONS 

OBSERVED DISTRESS 

4 5 6 

4a 

4b 

4a 

7a 4a Sa 

4b,7b 4a,5a Sa 

4a 

4a 

4a 

7b 

7b 7b 

7. STAINING 

7 8 

4a 

4b 

4a 4a 

4a 

4b,7b 4a 

4a 

4a 

4a 

7b 

7b 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 10 

Sb 

7a 

7a 

4a 

7a 

7a 
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LOCATION 

COUNTY RT 

GREENUP KY!O 

fig. 20 

BRACKEN KY9 

fig. n!a 

LEWIS KY9 

N 
fig. n/a 

DISTRESS 
1. VERT. DISP. 
2. HORlZ. DISP. 

• • .L.L ........ -'- ............. ..........., ._,...., .............. ..._..._ .._....._....__. ....... 

MP DIR 

3.25 WB/WW 

WBIEW 

EBIWW 

EBIWW 

18.255 NB/NW 

NB/SW 

SB/NW 

SB/SW 

27.85 NB/NW 

NB/SW 

SB/NW 

SB/SW 

3. FORWARD DISP. 
4. CRACKING 

1 

4b 

4a 

4a,7a 

1 

4a=21% 

4b=6% 

6b=3% 

7a=3% 

7b=9% 

2 

4a 

4a 

4b 

4b 

2 

4a=25% 

4b=9% 

7b=25% 

5.SPALLING 
6. POPOUT 

3 

3 

5a=3% 

7b=3% 

SECTIONS 

OBSERVED DISTRESS 

4 5 6 7 8 

4b 4b 

4a 4a 

4b 4a 4b 4a 

4a 4b 

4b 4b 

4b 4b 

SECTIONS 

4 5 6 7 8 

DISTRESS OBSERVED AVG. (%) 

4a=3% 4a=28% 

4b=9% 4b=9% 

7a=3% 5a=3% 

7b=6% 7b=3% 

7. STAINING 

5a=6% 4a=9% 4a=25% 

7b=3% 4b=9% 4b=l2.5% 

7b=6% 7b=3% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 10 

7a 

7a 

.. 

9 10 

4a=6% 

5b=6% 

7a=38% 
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LOCATION 

COUNTY 

LEWIS 

fig. n/a 

BRACKEN 

fig. n!a 

BRACKEN 

fig. n!a 

MASON 

fig. n/a 

CAMPBELL 

fig. n/a 

DISTRESS 
I. VERT. DISP. 
2. HORIZ. DISP. 

RT 

KY 10 

KY9 

KY9 

KY9 

M 

MP DIR 1 

17.7 WB!WW 

WB/EW 

EB!WW 

EB/EW 

2.0 NB/NW 4a,7a 

NB/SW 4a,7a 

SBINW 

SB/SW 4a 

4.46 NB/NW 

NB/SW 

SBINW 

SB/SW 7a 

18.465 NB/NW 

NB/SW 

SBINW 

SB/SW 

!6.36 WB!WW 

WB/EW 

EB!WW 

EB/EW 7a 
-----
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4. CRACKING 

~ 
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2 

4a 

4a 

4b . 

4b 

4a 

4a 

4c 

4c 
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3 4 5 

4a 

4a 

4a 

4a 

4a 

4b 

4b 

4a 

4a 

4a 

4c 

4c,7a 

7. STAINING 

6 

........ 

7 8 9 

4a 

4a 

4a 

4a 

4a 

4a 

4a 

4b 

4b 

4a 

4c,7a 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C= SEVERE 

10 

4a 

7b 

. ·. 

7a 

7a 

7a 

7a 
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DISTRESS 
1. VERT. DISP. 
2. HORIZ. DISP. 

............. .. ~ ....., ...... .._ ........ .....,......, >-I.L ............. 

1 

4a=l5% 

7a=20% 

3. FORWARD DISP. 
4. CRACKING 

~ 

SECT!ONTS 

2 3 4 5 

DISTRESS OBSERVED AVG. (%) 

4a=20% 4a=l0% 4a=30% 

4b=l0% 4b=IO% 

4c=l0% 4c=l0% 

7a=5% 

5. SPALLING 7. STAINING 
6. POPOUT 

6 7 8 9 

4a=l5% 4a=25% 

4b=l0% 

4c=IO% 

7a=5% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

10 

4a=l0% 

7a=40% 

7b=l0% 



2.3 METAL BIN WALLS 

Metal bin retaining walls were evaluated in Knox and Greenup Counties. Five walls were 
inspected, four of which served as wing walls to bridge abutments (Greenup Co.) and one that was 
a stand-alone soil retention wall (Knox Co.). Each wall type was divided into nine sections for 
inspection and analysis purposes (Figures 28 and 29). The Knox County wall was located along US 
25E at the Barbourville exit ramp (Figure 30). Significant distress was observed in the center of the 
wall. Five ofthe vertical support members had failed at the base of the wall (Figures 31 and 32), and 
bending was occurring in some of the horizontal members 
(Figure 33). 

The metal bin wing walls in Greenup County appear to have performed well (Figure 34). 
Three of the four walls had slight to moderate rust in sections (Figure 35). Two of the four walls had 
been dented at the base (section 9) (Figure 36). 

Distress information from the inspection of the metal bin walls is contained in Tables 5 
and 6. As shown in the tables, the significance of the observed distress (concerning the overall 
performance of the wall system) was ranked from "A" being slight, to "C" being severe. 

2.3.1 Discussion 

Failures in the vertical supports of the metal bin retaining wall on US 25 in Knox County are 
likely due to post construction settlement of the backfill. Although severe buckling has occurred in 
some of the vertical supports, the wall does not appear to be in inunediate danger of collapsing. 
Further inspection and monitoring are recommended at this time. 

The metal bin walls in Greenup County appear to be performing well. A significant amount 
of spot rusting was observed. The walls should be painted to help reduce rusting. 

2.3.2 Recommendations 

Continue to monitor the metal bin wall on U.S. 25E in Knox County for further vertical 
settlement. Paint the face of metal bin walls with a rust resistant coating. 
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Figure 28: Metal Bin Soil Retention Wall 

• 

? 
• 

3 
• • 

•• • 

•• • 

• 

Figure 29: Metal Bin Wing Wall 
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Figure 30: Metal Bin Wall located on US 25E exit ramp 
(Barbourville, KY) 

Figure 31: Failure in Vertical Member in Metal Bin Wall 
(Barbourville, KY) 
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Figure 32: Failure in Vertical Member with some 
Lateral Displacement 
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Figure 33: Bending in Horizontal Crib Members 



Figure 34: Metal Bin Wing Wall on US. 23 (Greenup County) 

Figure 35: Rusting Observed on Face of Metal Bin Wall 
(Greenup County, US. 23) 
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Figure 36: Possible Mower or Vehicle Damage at Base of Wall 
(Greenup County, US. 23) 
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LOCATION 

COUNTY RT MP DIR 1 

KNOX 25E 

fig. 30,31,32,33 

TABLE 6. METAL BIN WALL (Bridge Wing Wall) 

LOCATION 

COUNTY 

GREENUP 

GREENUP 

GREENUP 

GREENUP 

fig. 34,35,36 

""''""'""'"''"'"' 
I. VERT. DISP. 
2. HORIZ. DISP. 

RT MP DIR 1 

US23 0.84 NB-EW 6a 

US23 0.84 NB-WW 6a 

US23 0.84 SB-EW 6a,7a 

US23 0.84 SB-WW 

3. FORWARD DISP. 
4. VERTICAL COMPRESSION 

OF VERTICAL MEMBERS 

6a=75% 

7a=25% 

5. BENDING 
6. RUSTING 

. '-·· 
SECTION 

OBSERVED DISTRESS 

2 3 4 5 6 

lb,5c lb lb, 5c 

DISTRESS OBSERVED A VG. (%) 

lb=lOO% lb=lOO% Ib=lOO% 

5c=100% 5c=l00% 

SECTION 

OBSERVED DISTRESS 

2 3 4 5 6 

6a 6a 

6a 

7a 6a 6a 

6a 

DISTRESS OBSERVED A VG. (%) 

7a=25% 6a=75% 6a=75% 

SIGNIFICANCE OF DISTRESS 
7. STAINING 9. DENT 
8. RIPE IN METAL 

A=SLIGHT 
B=MODERATE 
C=SEVERE 

7 8 9 

lc, 4c, 5c 

lc=lOO% 

4c=100% 

5c=l00% 

7 8 9 

6a 6a,7a,9a 

Sa 

9b 

6a=25% 6a=25% 

7a=25% 

8a=25% 

9a=25% 

9b=25% 



2.4 GABION WALLS 

Five Gabion walls were visually inspected for this study. Three out of the five walls were 
owned by the state and two were privately owned. Each wall was divided into nine sections for 
analysis purposes (Figure 37). Bulging and/or sagging was observed in four out the five Gabion walls 
that were inspected. The location of each of the walls and observed distresses are contained in Table 
7. A significant amount of bulging was observed in the Gabion wall on KY 8, Mason County. The 
mid-section of the wall (sections 4, 5, and 6) had bulged approximately 0.45 meter (1.5 feet) (Figure 
38). Profile measurements taken from this wall on January 16, 1997 are shown in Figure 39. 

Approximately 152 mm (6 inches) of sagging was observed in the I-75/I-275 Gabion wall 
in Kenton County (Figure 40). Profile measurements along with elevation shots across the top of 
the wall are shown in Figure 41. The other state-owned Gab ion wall was located on I-7 5 at Milepost 
185 and it appeared to be in good condition (Figure 42). 

The two privately owned walls were located on KY 61 0 at Mira Station in Pike County and 
near US 60 in Lexington, adjacent to a Dairy Queen Restaurant. In addition to the sagging and 
bulging occurring with both of the private walls, moderate soil migration was observed in the Gab ion 
wall located in Lexington. 

2.4.1 Discussion 

The Ky 8 Gabion wall did not appear to be tilted back 9.5 degrees or stepped back 457 mm 
(18 inches) in accordance with the Standard Drawing BGX-008-04 (Appendix B). In addition, the 
vertical joints were not offset 457 mm (18 inches) in accordance with the KY Standard Specification 
742.03 which states, unless specified otherwise, the vertical joints between Gabion baskets shall be 
offset 457 mm from course to course (Appendix A). It should be noted that the Standard Drawing 
BGX-008-04 for Gabion wall construction will be deleted from the current Standard Drawings prior 
to Apri11998. However, in the initial part of this study the drawing BGX-008-04 was still effective, 
and the performance of the Gabion walls observed were measured by this standard. A new design 
ofGabion walls has be approved, and the effective date of this new design will be Aprill998. 

The I-75/I-275 Gabion wall's vertical joints were not offset. However, the wall did appear 
to have been built with a proper set-back. Rough profile measurements taken in the field indicate 
the wall is currently set back 8.2 percent in one location and 7.5 percent in another. Sagging in the 
center of the wall may likely be contributed to settlement of the rock in the baskets and/or settlement 
of the foundation. 

The Gabion wall on I-75 at Milepost 185 has performed well. Each succeeding course has 
been properly stepped back and the vertical joints were offset approximately 457 mm (18 inches). 
This wall appears to have been built in compliance with the Kentucky Standard Drawings. 

No soil migration was observed in the state-owned Gab ion walls at the time of the 
inspections. It appears that the state walls have been backfilled with crushed stone that prevent soil 
migration. However, the Dairy Queen wall indicates the possibility of soil migrating through the 
Gabion walls. It is suggested that a geotextile fabric be used between the Gabion wall and backfill 
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material if the backfill material is erodible and the crushed stone used to fill the Gabion baskets 
cannot prevent soil migration. 

2.4.2 Recommendations 

All Gabion wall construction shall be constructed in compliance with the Kentucky State 
Specifications and the new Standard Drawings (Appendixes A and B). The new Standard Drawing 
for Gabion wall construction was not available at the time this report was finalized. Consideration 
shall be given to placing a geotextile between the Gab ion wall and the fill material if the fill material 
cannot be retained on the I 00 millimeter ( 4-inch) sieve--the smallest size stone used to fill the 
Gabion baskets. 

1 

Figure 37: Gabion Wall 
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Figure 38: Gabion Wall on KY 8, Mason County 
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Figure 39: Profiles from KY 8 Gabion Wall 
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Figure 40: Gabion Wall on 1-75/I-275, Kenton County 

This shows the actual sag that was measured in the center of the wall 
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Figure 41: Profile and Sagging Observed in I-75/I-275 Gabion Wall 
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Figure 42: Gabion Wall on I-75, Kenton County 
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TABLE 7. GABION WALLS 

LOCATION 

COUNTY RT MP DIR 

MASON KY8 w 

fig. 38 

KENTON I-75 185 s 
fig. 42 

KENTON 175/275 0.1 w 

fig.40 

DISTRESS 
1. VERT. DISP. 3. FORWARD DISP. 
2. HORIZ. DISP. 4. BROKEN WIRE MESH 

1 

3b,6c,7b 

3b=33% 

6c=33% 

7b=33% 

SECTION 

OBSERVED DISTRESS 

2 3 4 5 6 7 8 9 

3b,6c,7b 3b,6c,7b 3b,6c,7b 3b,6c,7b 3b,6c,7b 3b,6c,7b 3b,6c,7b 3b,6c,7b 

7b 6a 6b,7b 4b,6a 6b,7b 

DISTRESS OBSERVED AVG. (%) 

3b=33% 3b=33% 3b=33% 3b=33% 

6c=33% 6c=33% 6a=33% 6b=33% 

7b=66% 7b=33% 6c=33% 6c=33% 

7b=33% 7b=66% 

5. SOIL MIGRATION 7. SAGGING 
6. BULGING 

3b=33% 

6c=33% 

7b=33% 

3b=33% 3b=33% 3b=33% 

4b=33% 6b=33% 6c=33% 

6a=33% 6c=33% 7b=33% 

6c=33% 7b=66% 

7b=33% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

I 



2.5 RIGID CONCRETE RETAINING WALLS 

Fifty-one rigid concrete retaining walls were visually inspected under this study, and they 
were subdivided into five different categories. Thirteen of the walls were soil-retention walls, eight 
were vertical load-bearing bridge abutment retaining walls (breast walls), five were non-vertical 
load-bearing bridge abutment retaining walls, eighteen were wing walls, and seven were bridge 
abutment approach-fill retaining walls. Each inspected wall was divided into nine sections to help 
quantifY repeated distress patterns. A visual diagram of each wall category and the nine sections may 
be viewed in Figure 43 (soil retention walls), Figure 44 (abutment and wing walls), and Figure 45 
(bridge abutment approach fill walls). 

On the average, each wall in the five different categories has performed well, with the 
exception of a few approach fill retaining walls. The majority of the distress observed with each wall 
type consisted of slight to moderate cracking and staining. It should be noted that the majority of 
the cracking observed in each wall type can be attributed to shrinkage cracking, and most of the 
staining observed is due to water weeping through these cracks. 

2.5.1 Rigid Concrete Soil-Retention Walls 

In the rigid concrete soil-retention wall evaluation, six different kinds of distress were 
observed: vertical displacement, forward displacement, cracking, spalling, pop-out, and staining. 
A statistical analysis shows that 46 percent of the walls in this category were experiencing slight to 
moderate staining, and 76 percent were experiencing slight to moderate cracking in all nine sections 
(Figure 46). A visual representation of the observed cracks may be viewed in Figures 47 and 48. 
The majority of the cracks observed in the rigid concrete walls originate at the weep holes and 
propagate toward the top of the wall. Cracking has also been observed in the key-joints along the 
top of the wall on KY 1065 in Jefferson County (Figures 49 and 50). Both of these photos show 
where the vertical key-joints have sheared due to forward displacement of the wall. It appears that 
these vertical joints may not have been properly designed, and with the addition of lateral soil 
pressures pushing out on the wall, the key-joints have failed. In addition to the six different types 
of distress mentioned above, the soil-retention wall on 25E in Knox County had backfill migrating 
out of the wall drains (Figures 51 and 52). Distress information from the inspection of the rigid 
concrete soil-retention walls is included in Table 8. 

2.5.2 Rigid Concrete Abutment Walls with Vertical Loading 

The rigid concrete abutment walls subjected to vertical loads have performed well. A 
statistical analysis of the distress for tllis wall type shows very few problems other than slight 
cracking and staining (Figure 53). Sections one and three, the outer top two sections, had the highest 
percentages of cracking recurring. The majority of the cracks observed in this particular wall type 
were slight in magnitude, and appeared to be shrinkage cracks. Distress information from the 
inspection of the rigid concrete abutment walls with vertical loading is contained Table 9. 
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2.5.3 Rigid Concrete Abutment Walls without Vertical Loading 

The five non-vertical load bearing bridge abutment retaining walls have performed well. The 
only notable distress observed was slight cracking in sections one and four in three out of the five 
walls. Distress information from the inspection of the rigid concrete abutment walls without vertical 
loading is included in Table I 0. 

2.5.4 Rigid Concrete Wing Walls 

There were very few problems observed with the rigid concrete wing walls, other than slight 
staining and cracking. The statistical analysis of the distress shows that the greatest number of 
cracks was observed in sections six and nine (Figure 54). Again, the cracks were minor and can be 
attributed to shrinkage cracking. Distress information from the inspection of the rigid concrete wing 
walls is included in Table 11. 

2.5.5 Rigid Concrete Approach Fill Retaining Walls 

The approach fill retaining walls have been experiencing moderate to severe cracking and 
forward displacement in sections one, four, and seven (Figure 55). Two walls (Figures 56 and 57) 
showed moderate to severe cracking in sections one and seven. The cracks in Figure 56 may be 
attributed to settlement of the approach. The cracks in Figure 57 may be attributed to possible 
freezing and thawing of water that has been seeping down through the approach fill and weeping 
through a construction joint. Figures 58 and 59 are photos taken from I-75 and Mall Road in Boone 
County. Figure 58 shows the forward displacement of the approach retaining wall in relation to the 
end bent (approximately 88.9 mm or 3 Yz inches). Lateral soil and water pressures have pushed the 
wall forward exposing a piece of conduit connecting the wall and the end bent (Figure 59). Figure 
60 is an overall view of the approach fill wall and end bent at I-7 5 and Mall Road. The rigid wall 
on the opposite side of the ramp is displaced 38.1 mm or 1 Yz inches in the forward direction. 
Distress information from the inspection of the approach fill retaining walls is included in Table 12. 

2.5.6 Discussion 

The majority of the rigid concrete retaining walls have performed well, with the exception 
of the approach fill retaining walls. In reference to Figures 4 7 and 48, the majority of the cracks start 
at the weep holes and continue up the face of the wall. It is believed that these cracks may be 
attributed to shrinkage, and are not results of a design or structural flaw. These shrinkage cracks may 
be controlled in future wall construction by using more expansion and contraction joints. Another 
problem noted in the soil retention wall was the use of key-joints for the vertical construction joint 
(Figures 49 and 50). In this particular wall, it is believed that the key-joints have sheared due to 
lateral soil pressures pushing out on the wall. Dowels and water stops shall be used in place of key
joints in future wall construction. Figures 51 and 52 show where the backfill has been migrating out 
of the weep holes. At the time ofthe inspection, the design of the drainage system was not apparent, 
but something has allowed backfill to exit the weep holes. 

The majority of the distress observed in the approach fill retaining walls has been in sections 
one, four, and seven. As discussed earlier, lateral soil and water pressures have forced the wall in 
Figures 58 and 59 to move forward. Although not required in concrete approach fill retaining walls, 
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consideration is to be given to reinforce the backfill. Another problem observed with this particular 
wall was that the grout used to fill the holes left from the form work has begun to come out (Figures 
61). 

2.5.7 Recommendations 

Consideration is to be given to reinforcing the backfill of the approach fills if deemed 
necessary. The vertical joint system used on the Jefferson County wall is not to be used in the future. 
Instead the use of dowels and water stops shall be used. More expansion and contraction joints shall 
be used to control cracking, especially above weep holes. Grout used to fill holes left behind from 
form work shall be of a high construction grade. It is apparent that foundation drains are not fully 
functional on several of the wall systems that were inspected. It shall be required that backfill drains 
be wrapped in fabric as stated in the Kentucky Standard Specifications for drainage 206.08.02. In 
addition, drains shall be inspected with a miniature pipeline camera during construction in order to 
insure the integrity of the drainage system . 

......... / 1 2 3 ~ 

/ 4 5 6 ~ .. 

7 8 9 

Figure 43: Rigid Concrete Soil Retention Wall 
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Figure 44: Rigid Abutment and Wing Retaining Walls 

Figure 45: Rigid Retaining Wall (Approach Fill) 
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Distress Observed with Rigid Retaining Walls (Rigid Soil Retention Wall): 
Total Inspected (14) 

100 

95 

90 Distress 
85 

80 Ill Vert Disp. 
75 

70 

65 - r-- Ill Forward Disp. 

~ 
60 

~ 
55 

0 50 

- - - - r-- - - --
- - - - r-- - - -- DCracking 

- - - - - r-- - - --

E 45 

& 40 

- - - - r-- - - -- Ill Spalling 
- 1- - - - 1- 1- 1- -

35 1- - - - 1- 1- 1- - Ill Pop Out 
30 1- - - - 1- 1- 1- -

25 

20 

1- - - - 1- 1- 1- -
Ill Staining 

1- - - - 1- 1- 1- -
i5 1- - - - 1- 1- 1- -

Distress rates from Slight to Severe. 
iO 1- - - - 1- 1- 1-

Jl 
Refer to spreadsheets for individual 

H -I - - 1- 1- 1- Classification of Distress. 

3 4 7 8 9 

Section 

Figure 46: Observed Distress for the Rigid Soil Retention Walls 

Figure 47: Cracking and Staining Stemming from 
Weep Hole (Jefferson County, KY 1065) 
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Figure 48: Cracking and Staining Stennning from 
Weep Hole (Floyd County) 

Figure 49: Sheared Key-Joint (Jefferson County, KY l 065) 
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Figure 50: Sheared Key-joint (Jefferson County, KY I 065) 

Figure 51: Migration ofBackfill through Wall 
Drains (Knox County, 25E) 
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Figure 52: Migration of Backfill through Wall Drain 
(Knox County, 25E) 

Distress Observed with Rigid Retaining Walls (Bridge Abutment) Vertical load Bearing: 

100 

" 
9<l 

85 

80 

75 

70 

65 

80 

55 

50 

45 ~ f--
40 ~ f--
35 ~ ~ 

30 ~ ~ 

25 ~ ~ 

20 ~ ~ ~ 

15 ~ ~ ~ 

10 ~ ~ -
5 ~ ~ -

2 3 

Total Inspected (8) 

'---
~ 

~ ~ 

f-- ~ 

f-- ~ 

f-- f-- f-- ~ 

f-- f-- f-- ~ 

f-- f-- f-- ~ 

f-- f-- f-- f--

4 5 B 7 

Section 

f-- f--
f-- f--
f-- 1--
f-- f--
f-- f--
f-- f--
f-- f--

f-- r-
f-- r-

9 

Distress 

oCracking 

DStaining 

Distress rates from Slight to Se~.ere. 
Refer to spreadsheets for indi\idual 

Classification of Distress. 

Figure 53: Observed Distress for the Rigid Bridge Abutment Walls 
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Distress Observed with Rigid Retaining Walls (Wing Wall)·:· Total Inspected {16) 

100 

" 
90 

so 

75 

70 

65 

60 

55 

50 

35 

30 

25 

20 

15 

10 

-

- -

- -
- -

1-- r-
1-- f--
f-- f--

1: r-
3 4 

r-
f-- -

f-- -

f-- - ,--
f-- - - - r-
f-- - - - r-
f-- - 1-- f-- -

f-- It 1-- f-- I 
7 s 9 

Sec!lon 

Figure 54: Observed Distress for the Rigid Wing Walls 
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" 
90 

S5 

so 

75 

70 

65 

60 

55 

50 

40 

35 

30 

25 

20 

15 

10 

Distress Observed with Riaid Retaining Walls (Bridae Approach F 

r-

r-
r-
r-
r- -

~l 
- r-

1-- -

2 4 5 
Secllon 

Distress 

DCracking 

C'l Staining 

Distress rates from Slight to Se<,ere. 
Refer to spreadsheets lor individual 

Classification of Distress. 

ill): Total Inspected (7) 

Distress 

1111 Forward Disp. 

DCracking 

• Pop Out 

8l Staining 

Distress rates from Slight to Sewre. 
Refer to spreadsheets for individual 

Classification of Distress. 

Figure 55: Observed Distress for the Rigid Approach Fill Walls 
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Figure 56: Moderate Cracking in Approach Fill Retaining Wall. 
(Kenton County, 2nd. Street) 

Figure 57: Water Weeping through Cracks in Approach Fill Wall 
(Kenton County, I-275 East & KY 16, Milepost 78.76) 
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Figure 58: Forward Displacement in Approach Fill 
Retaining Wall (Boone County, Mall Rd.) 

Figure 59: Broken Wall Section Caused by Forward Displacement 
(Boone County, Mall Rd.) 
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Figure 60: Overall View of Forward Displacement in Approach Fill 
(Boone County, Mall Rd.) 

Figure 61: Hole Left Behind After Construction 
(Boone County, Mall Rd.) 
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~ 
\0 

----- - ------ -------·-- - --- ----- --------·----· ··---

LOCATION 

COUNTY RT MP DIR 1 

FRANKLIN KYRJV 8.728 NB 

fig. n/a SB 

HARRISON us 27 EB 
fig. n/a 

FLOYD HAM.BL EB#1 4a.7a 

fig.48 EB#2 4a,7a 

EB#3 4a,7a 

DAVIESS 56 & 500 EB 
fig. n/a 

KNOX US25E 15.8 4a 
fig. 51,52 

DAVIESS KY56 5 EB 
fig. n/a 

JEFFERSON KY 1065 2.75 4b 
fig. 47,49,50 

PIKE fig. n/a KY3996 EB 4a,7a 

PIKE fig. n/a US23 27.9 SB 4a,7a 

BELL KY66 0.5 4a,7a 
fig. n/a 

KENTON I-75/KY 8 191.3 SB 4a 
fig. n/a 

1. VERT. DISP. 3. FORWARD DISP. 
2. HORIZ. DISP. 4. CRACKING 

2 3 

4a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a 

4a 4a 

3a 3a,4b 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a 4a 

5. SPALLING 
6. POP OUT 

SECTION 

OBSERVED DISTRESS 

4 5 

4a 4a 

4a 4a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a 4a 

4b 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a,7a 4a,7a 

4a 4a 

7. STAINING 
8. BACKWARD DISP. 

6 7 8 

4a 4a 

4a 

4a,7a 4a,7a 4a,7a 

4a,7a 4a,7a 4a,7a 

4a,7a 4a,7a 4a,7a 

4a 4a 4a,6a 

4b 4b 4b 

4a,7a 4a,7a 4a,7a 

4a,7a 4a,7a 4a,7a 

4a,7a 4a,7a 4a,7a 

4a 4a 4a 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 

4a,7a 

4a,7a 

4a,7a 

4a,5a,6a 

4b 

1a,4a,7a 

4a,7a 

4a,7a 

4a 



u. 
0 

----------- --- ---· ---------------- ·----- --------------- ---- .. ----

SECTION 

I 2 3 4 5 6 7 8 

DISTRESS OBSERVED AVG. (%) 

DISTRESS 
l. VERT. DISP. 
2. HORIZ. DISP. 

3. FORWARD DISP. 
4. CRACKING 

4a=57% 

4b=7% 

7a=43% 

3a=7% 3a=7% 

4a=71% 4a=57% 

7a=43% 4b=7% 

7a=43% 

5. SPALLING 
6. POPOUT 

4a=71% 4a=71% 

4b=7% 7a=43% 

7a=43% 

7. STAINING 
8. BACKWARD DISP. 

4a=71% 4a=57% 4a=64% 

4b=7% 4b=7% 4b=7% 

7a=43% 7a=43% 6a=7% 

7a=43% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B =MODERATE 
C=SEVERE 

9 

I 

la=7% I 

4a=57% ! 

4b=7% • 

5a=7% 

6a=7% 

7a=43% 



~~~-- ~· --~- ~ -----·--· ... 

LOCATION 

COUNTY RT MP DIR 

KENTON I 275 78.764 WB 

fig. n/a EB 

KENTON 2nd. ST. 
fig. n/a 

JEFFERSON 264 & 31 15.824 NB#1 

fig. n/a NB#2 

JEFFERSON 264 &PL 13.491 WB 
fig. n/a 

u. 
~ KNOX KY225 11 EB#1 

fig. n/a EB#2 

DISTRESS 
1. VERT. DISP. 3. FORWARD DISP. 
2. HORIZ. DISP. 4. CRACKING 

~-~ ~-~ ....................... ---- ...... - -· ~ ------- ........ 

1 2 

4b 4b 

4a 4a 

4a 

4a 4a 

4a 4a 

4a=50% 4a=38% 

4b=l3% 4b=13% 

5. SPALLING 
6. POP OUT 

SECTION 

OBSERVED DISTRESS 

3 4 5 6 7 8 

4b,7b 4a 4a 4a 4b 

4a 4a 4a 4b 

4a 

4a 4a 4a 4a 4a 4a 

4a 4a 4a 4a 4a 4a 

DISTRESS OBSERVED A VG. (%) 

4a=50% 4a=25% 4a=25% 

4b=13% 

7b=l3% 

7. STAINING 
8. BACKWARD DISP. 

4a=38% 4a=50% 4a=25% 

4b=25% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 

4a 

4a 

4a 

4a 

4a=50% 



V> 
N 

-------- ----- ------·--·- ··--- ---- -------·---·- -·--· ·------------- -------·-

COUNTY 

KENTON 

fig. n/a 

HENDERSO 
N fig. n/a 

BOONE 
fig. n/a 

BOONE 
fig. n/a 

DISTRESS 
l. VERT. DISP. 
2. HORJZ. D!SP. 

LOCATION 

RT MP DIR 

I 75 171 NB 

SB 

351 & 41 WB 

1-75 1S0.6 SB 

I-75 1Sl.l NB 

3. FORWARD DISP. 
4. CRACKING 

1 2 

4a 

4a 4a,6a 

4a,Sa Sa 

4a=60% 4a=20% 

Sa=20% 6a=20% 

8a=20% 

5. SPALLING 
6. POP OUT 

SECTION 

3 4 5 6 7 8 

4a 4a 

4a,6a 4a 4a,6a 4a,6a,7a 

Sa Sa Sa Sa Sa Sa 

DISTRESS OBSERVED AVG. (%) 

4a=20% 4a=40% 4a=20% 

6a=20% Sa=20% 6a=20% 

8a=20% 8a=20% 

7. STAINING 
8. BACKWARD DISP. 

4a=20% 4a=20% Sa=20% 

6a=20% Sa=20% 

7a=20% 

8a=20% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 

Sa 

Sa=20% 



u. 
w 

~~ ~ ~. ~ ..... ~ ~ ...................... ,..._. ............... ~ 

COUNTY 

HENDERSO 
N 

fig. n/a 

JEFFERSON 

fig. n/a 

JEFFERSON 

fig. n/a 

KENTON 

fig. n/a 

KENTON 

fig. n/a 

KENTON 

fig. n/a 

WHITLEY 

fig. n/a 

WHITLEY 

fig. n/a 
DISTRESS 
l. VERT. DISP. 
2. HORIZ. DISP. 

LOCATION 

RT MP DIR 

351 & 41 WB#I 

WB#2 

264 &PL 13.491 WB#I 

WB#2 

264 &PL 13.491 EB #I 

EB#2 

2nd. ST. #I 

#2 

I 275 78.764 WB#I 

WB#2 

I 275 78.764 EB #I 

EB#2 

312 0 NB#I 

NB#2 

312 0 SB #I 

SB#2 

3. FORWARD DISP. 
4. CRACKING 

, ............................ ~, 

1 2 3 

4a 4a 4a 

4a 4a 4a 

4a 4a,7a 

4a 4a 4a 

4b 

4a 

. 

5. SPALLING 
6. POPOUT 

SECTION 

OBSERVED DISTRESS 

4 5 

4a 4a 

4a 4a 

4a 

4a 4a 

4b 

4b 

7. STAINING 
8. BACKWARD DISP. 

6 7 8 

4a 

4a 4a 4a 

4a 4a 4a 

4a,7a 4a 

4a 

4b 

4a 

4b 

4a 4a 

4b 

4b 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

! 

9 

! 

4a 

4a I 

4a,7a 

4a 

. 

4b 

4a 

4b 



V> 

""'" 

.. A~O -.- ....... ~.~~~·~ . ~ ~ ...... .._.. ..................................... .. ......... ... 

DISTRESS 
I. VERT. DISP. 
2. HORIZ. DISP. 

LOCATION 

3. FORWARD DISP. 
4. CRACKlNG 

I 

4a=19% 

2 

4a=31% 

4b=6% 

5. SPALLING 
6. POP OUT 

SECTION 

OBSERVED DISTRESS 

3 4 5 6 7 8 

DISTRESS OBSERVED A VG. (%) 

4a=25% 4a=19% 4a=31% 

7a=6% 4b=6% 4b=6% 

7. STAINING 
8. BACKWARD DISP. 

4a=31% 4a=25% 4a=25% 

4b=13% 4b=l3% 

7a=6% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B~MODERATE 

C~SEVERE 

9 

4a=31% 

4b=l3% 

7a=6% 



v. 
V> 

Table 12. RlGID RETAINING WALL (APPROACH FILL) 

COUNTY 

KENTON 
fig. 56 

KENTON 
fig. 57 

BOONE 

fig. 
58,59,60,61 

DISTRESS 
I. VERT. DISP. 
2. HORIZ. DISP. 

LOCATION 

RT MP DIR 

2nd. St. 

1-275 78.76 nb/es 
#I 

nb/es 
#2 

sb/ws 
#I 

sb/ws 
#2 

1-75 181.1 nb/ws 

nb/es 

3. FORWARD DISP. 
4. CRACKING 

1 2 

4c 

4b,7c 

4b 

4b 

3b,4b,7a 4b,7a 

4a,7a 

3b;l4% 4a;l4% 

4b;57% 4b;l4% 

4c;l4% 7a;28% 

7a;l4% 

7c;l4% 

5. SPALLING 
6. POP OUT 

SECTION 

3 4 5 6 7 8 

4b,7b 

3b,4b,7a 4a,6a,7a 3b,4a,7a 4a,7a 

4a,7a 6a,7a 4a,6a,7b 4a,6a,7b 4a,7a 

DISTRESS OBSERVED A VG. (%) 

3b;l4% 3b;l4% 4a;28% 

4a;l4% 4b;l4% 6a;28% 

7a;l4% 6a;l4% 7a;l4% 

7a;28% 7b;l4% 

7. STAINING 
8. BACKWARD DISP. 

4a;l4% 3b;l4% 4a;l4% 

6a;l4% 4a;28% 7a;l4% 

7b;l4% 4b;l4% 

7a;28% 

7b;l4% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 

4a,7b 

4a,7a 

4a;28% 

7a;l4% 

7b;l4% 



2.6 KEYSTONE (MODULAR BLOCK) RETAINING WALL 

Keystone modular block retaining structures are relatively new to the construction industry. 
To date, this type of structure has not been used by the Kentucky Department of Highways. 
Transportation Personnel did request that Center personnel evaluate the performance of some of the 
private Keystone walls built in the state. Two Keystone modular block retaining walls were 
evaluated. The first wall evaluated was located on Richmond Road at the W almart Department Store 
(Figure 62), and the second wall was located behind Days Inn at Richmond Road and I-75 (Figure 
63). The Walmart wall is approximately 9 meters (30 ft.) high and 125 meters (410 ft.) long. 
Significant distress was observed in several locations along the face of the wall. Distress included: 
cracking (Figure 64), sliding (Figures 65a and 65b), bulging, migration of backfill between blocks 
(Figure 66) and settlement behind the retaining structure. City engineers that were knowledgeable 
of the construction indicated the wall is seated on bedrock and backfilled with a native soil. 

The Days Inn wall is approximately 6 meters (20ft.) high. The wall appears to be in good 
condition. 

2.6.1 Discussion 

It is apparent that post settlement has occurred in the Walmart Wall. It is also apparent that 
the storm drains for the parking lot on top of the wall are no longer fully functional. It is likely the 
backfill is becoming saturated. Movement in the blocks is also allowing the crushed stone drainage 
layer located directly behind the wall to migrate between the blocks. A private consultant for 
Walmart is currently taking bids to install slope inclinometers and install monitoring points to 
evaluate further movement in the wall system. 

The Keystone modular block system has been used in several other areas throughout the 
country. The system is relatively easy to construct, has a pleasing appearance, and is likely a stable 
wall system under the right design and construction conditions. 
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Figure 62: Keystone Block Wall, Richmond Rd. Lexington 

Figure 63: Keystone Block Wall, Days Inn at Richmond Rd & I-75, 
Lexington 
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Figure 64: Cracks in Keystone Blocks 

Figure 65a: Forward Displacement between Rows (sliding) 
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Figure 65b: Forward Displacement ( 4 to 5 inches) 

Figure 66: Migration of Backfill between Blocks 
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2.7 TIEDBACK WALLS 

Ten tiedback walls were visually inspected in this study. Of the ten walls inspected, six had 
a concrete cast-in-place wall placed in front of the tiedback wall, and four had an exposed timber 
lagging facing. To evaluate the performances of the tiedback walls, it will be necessary to look at 
the walls individually, due to differences in design. Each wall was divided into nine sections to help 
quantify repeated distress patterns. 

The four walls with timber lagging facing were similar in some aspects and different in 
others. Two of the tiedback walls used clips attached to the front flanges of the steel piles to hold the 
lagging in place, and the other two tiedback walls had the timber lagging placed behind the front 
flanges of the H-Piles. The two tiedback walls that used clips to hold the lagging in place were in 
Campbell County, US 27 (Figure 67) and Carroll County, KY 227 (Figure 68). Both walls have 
experienced a significant amount of distress. A large number of the lagging clips on the KY 227 
tiedback wall have broken away from the H-piles, and consequently the timber lagging has started 
to displace (Figures 69 and 70). Severe rusting has started to degrade both the timber lagging clips 
and whalers on the US 27 tiedback wall (Figures 71 and 72). The majority of the rusting can be 
attributed to poor performance of the tape coat mastic applied for corrosion protection. An 
additional problem that has been observed with the tiedback wall on US 27 was the erosion of the 
backfill on top of the wall (Figure 73). Distress information for the tiedback walls with timber 
lagging clips is included in Table 13. 

The two tiedback walls that had the timber lagging placed between the webs of the H-piles 
have performed well. The wall in Leslie County on KY 118 has one single tieback per whaler 
(Figure 74), and the wall in Greenup County on US 23 is tied directly to the H-piles (Figure 75). 
Both walls are relatively new and have experienced only minor distress at this time. The only 
noticeable distress observed in either wall was slight displacement in a few of the timber laggings 
on the US 23 tiedback wall (Figure 76). Distress information for the tiedback walls without ties is 
included in Table 14. 

The majority of the treated timbers (lagging) mentioned in both groups above have performed 
well. Weathering of the lagging seems to not have decreased the serviceability of any of the 
observed tiedback walls. 

The six concrete cast-in-place walls have performed well. The only recurring distress noted 
in two-thirds of these walls was slight cracking and staining. Other signs of distress such as 
pavement distress or slide failure in the vicinity of the tiedback wall were not noticeable at the time 
of the inspection. Distress information for the concrete cast-in-place tiedback walls is included in 
Table 15. 

2.7.1 Discussion 

The majority of the tiedback walls have performed well with the exception of the two 
tiedback walls that used clips attached to the front flanges of the steel-piles to hold the lagging in 
place. In both of these walls (Figures 70 and 71), it is apparent that the timber lagging clips have 
rusted in all nine sections. In some areas, the lagging clips have broken away from the H-piles due 
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either to rusting or poor welding. In areas where the lagging clips were broken, the timber lagging 
has dropped down or bowed out(Figures 69 and 70). Once the lagging moves forward, the retained 
backfill is allowed to migrate through the wall. Figure 73 shows erosion on top of the tiedback wall. 
This erosion coupled with displaced lagging has the potential of creating a cavity behind the face of 
the wall. 

The cast-in-place tiedback walls have performed well. It is believed that ifthe cast-in-place 
tiedback wall is constructed properly that its serviceability will outlast that of the exposed timber 
lagging tiedback wall. 

2.7.2 Recommendations 

In future tiedback wall construction, the method of using clips to hold timber lagging in place 
shall not be used. Walls that have used this method have been in service for approximately 13 years 
and are in need of immediate maintenance. The use of tape coat mastic for a preventive against 
corrosion shall not be used. Instead, consideration is to be given to all exposed steel used in tiedback 
walls to be oversized or painted in accordance with the requirements for new steel bridges in 
Kentucky. 
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Figure 67: Tiedback Wall with Timber Lagging Ties (Campbell County, 
US27) 

Figure 68: Tiedback Wall with Timber Lagging Ties (Carroll County, 
KY 227) 
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Figure 69: Displaced Timber Lagging Ties (Carroll County, KY 227) 

Figure 70: Broken Lagging Ties (Carroll County, KY 227) 
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Figure 71: Rusted Timber Lagging Ties (Campbell County, US 27) 

Figure 72: Rusted Whaler and Timber Lagging Ties 
(Campbell County, US 27) 
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Figure 73: Erosion of Backfill (Campbell County, US 27) 

Figure 74: Single Tieback per Whaler (Leslie County, KY 118) 
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Figure 75: Tieback Attached to H-Pile (Greenup County, US 23) 

Figure 76: Slight Displacement of Timber Lagging 
(Greenup County, US 23) 
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0, __, 

... ............ ..., ... -'. "" 
...... .....- ... _ ..... • • ~ ._,....., "'-J ... ........................ ' ............. ~" .................... ~ 

LOCATION SECTION 

OBSERVED DISTRESS 

COUNTY RT MP DIR 1 2 3 4 5 6 7 8 

CARROLL us 227 1 SB 5c,6c,7c 6c 6c 6c 6c 6c 5c,6c,7c 6c 
fig. 68,69,70 

CAMPBELL US27 NB 6c,9b 3b,6c,9b 5c,6c,7c 6c,9b 3b,6c 6c 6c,9b 3b,6c 
fig. 67,71,72,73 

DISTRESS OBSERVED AVG. (%) 

5c=50% 3b=50% 5c=50% 6c=l00% 3b=50% 6c=l00% 5c=50% 3b=50% 

6c=100% 6c=l00% 6c=l00% 9b=50% 6c=IOO% 6c=100% 6c=IOO% 

7c=50% 9b=50% 7c=50% 7c=50% 

9b=50% 9b=50% 
- .... 

....... ...,. ... ..., ..... .............. .....,.L-1 ...... .....-... _ ..... •• ~ ....... ....., "'-J ....................................... ""~ " .. .. ~~ " "' ... .......... ~ 

LOCATION 

COUNTY RT MP DIR 

LESLIE KY 118 3 EB 
fig. 74 

GREENUP US23 12.3 NB 

fig. 75,76 

DISTRESS 
1. VERT. DISP. 4. MIGRATION OF BACKFILL 
2. HORIZ. DISP. 5. LOOSE TIMBER LAGGING 
3. FORWARD DISP. 6. RUSTING 

SECTION 

OBSERVED DISTRESS 

1 2 3 4 5 

4a,9a 

9a 9a 9a 

DISTRESS OBSERVED AVG. (%) 

9a=50% 9a=50% 4a=50% 

9a=IOO% 

7. BROKEN TIMBER LAGGING TIES 10. STAINING 
B. BULGING II. CRACKING 

9. DISP. OF TIMBER LAGGING 

6 7 8 

5c,9a 4a,9a 

5c=50% 4a=50% 

9a=50% 9a=50% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

9 

6c 

6c 

6c=l00% 

9 . 



a, 
00 

---~-- --- ---------- ---- ---

LOCATION 

COUNTY RT MP DIR 

CAMPBELL 471 on .998 SBIWS 
ramp 
from 
Ky.8 

SB/ES 

KENTON 12 St.. 190.67 NB/ES 
onto 1-75 
NB 

NB/WS 

FAYETTE S.BRD. 6.021 NB/WS 

NB/ES 

KENTON KY8 WEST 
L.S. # 1 

L.S. # 2 

DISTRESS 
L VERT. DISP. 4. MIGRATIONOFBACKTILL 
2. HORIZ. DISP. 5. LOOSE TIMBER LAGGING 
3. FORWARD DISP. 6. RUSTING 

-----------·-

SECTION 

OBSERVED DISTRESS 

1 2 3 4 5 

lOa,lla lOa,lla lOa,lla lOa,lla lOa,lla 

lOa,lla IOa,Ila IOa,lla lOa,lla lOa,lla 

lla lla lla !!a lla 

!!a !!a lla !!a lla 

lOa lOa lOa lOa lOa 

lOa lOa lOa lOa lOa 

DISTRESS OBSERVED A VG. (%) 
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2.8 MECHANICALLY STABILIZED EARTH RETAINING WALLS (M.S.E.) 

Seventy-seven M.S.E. retaining walls were inspected. Seventy-five walls were manufactured 
by the Reinforced Earth Company. The other two walls were manufactured by the VSL Retained 
Earth Corporation. For the purpose of this evaluation, the M.S.E. walls were classified into five 
categories: open bridge abutments, closed bridge abutments, wing walls, return walls, and soil
retention walls. Schematics of the five categories are shown in Figures 77 through 79. As shown in 
the schematics, the individual walls were divided into nine sections to help quantify repeated distress 
patterns. 

2.8.1 M.S.E. Open bridge Abutment Retaining Walls 

The M.S.E. open bridge abutment retaining walls appear to have performed well. All nine 
of the inspected walls in this category were manufactured by the Reinforced Earth Company. A 
statistical analysis shows that only one wall had forward and backward displacement at the time of 
evaluation (Figure 80). However, the forward and backward displacement observed in this wall 
along 1-65 in Bullitt County did not exceed the vertical tolerance outlined in Special Provision No. 
66L (94)(plumbness from top to bottom shall not exceed 4 mm in one meter (1/2 inch per 10 feet) 
of wall height) (Appendix D). Distress information from the inspection of the M.S.E. open bridge 
abutment retaining walls is contained in Table 16. 

2.8.2 M.S.E. Wing Walls 

Twenty-seven M.S.E. wing walls were inspected under this study. Eighteen of the wing 
walls were adjoined to M.S.E. open bridge abutment walls, while the other nine wing walls were 
adjoined to cast-in-place abutment walls. All twenty-seven M.S.E. wing walls were manufactured 
by the Reinforced Earth Company. A statistical analysis shows that, on average, the majority of the 
wing walls have performed well witb the exception offour walls (Figure 81). In 1995, significant 
cracking was observed in the MSE wall on Mall Road and 1-75 Southbound in Boone County 
(Figure 82). It is apparent that a cast-in-place block placed between the bridge deck and the edge of 
the wing wall is transferring loads from the bridge deck onto a portion of the M.S.E. wing wall and 
the abutment wall. During the inspection oftbe wall in 1995, it was apparent the base of the cast-in
place block was cracked and a portion had broken away. The wall was inspected again in 1997, and 
the remainder of the cracked block had broken away (Figure 83). On the opposite side of this same 
bridge, one of the panels has started to move forward approximately 38 mm or I Yz inches (Figure 
84 ). This exceeds the maximum allowable offset in any panel joint that is outlined in Special 
Provision No. 66L (94)(the maximum allowable offset in any panel joint shall be 19 mm (3/4 inch)) 
(Appendix D). 

Significant distress also was observed in the M.S.E wing walls for a bridge on KY 225 in 
Knox County (Figures 85 and 86). Figure 85 shows where the M.S.E. wall has started to settle in 
sections four and seven and has consequently, left a 76.2 mm (3 inch) vertical gap between tbe top 
two precast panels. It appears the precast cap block is keeping the top row of blocks from settling. 
Figure 86 shows where tl1e M.S.E. wing wall has started to rotate clockwise from the middle of the 
wall due to settlement in the toe of the M.S.E. wall. Distress information from the inspection of the 
M.S. E. wing walls is included in Table 17. 
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2.8.3 M.S.E. Closed Bridge Abutment Retaining Walls 

Thirteen closed bridge abutment M.S.E. retaining walls were inspected under this study. All 
thirteen closed abutment walls were manufactured by the Reinforced Earth Company. 
A statistical analysis shows that most of the walls in this category have performed well with the 
exception of three walls (Figure 87). In two of the M.S.E walls, a cast-in-place block has been cast 
between the bridge deck and the top of the M.S.E. wall. The block is apparently transferring a 
portion ofload from the bridges to the top of the M.S. E. walls. This was observed in the wall located 
on Jefferson Street in Lexington (Figures 88 and 89), and again, on the M.S.E wall discussed earlier 
on Mall Road (Figure 90). 

The third distressed closed abutment wall was located in Jefferson County on I-264. Fines 
have migrated between the precast panels in sections seven, eight, and nine (Figure 91). Distress 
information from the inspection of the M.S.E. closed bridge abutment retaining walls is contained 
in Table 18. It has also been mentioned by state transportation officials that the use of M.S.E. walls 
passing through notches are undiserable. 

2.8.4 M.S.E. Return Walls 

Twenty-three M.S.E. return walls were inspected. The walls were all manufactured by the 
Reinforced Earth Company. Several recurring distress patterns were observed in the return walls. 
These included horizontal, vertical, and forward displacement; cracking; spalling; and staining. A 
statistical analysis shows the majority of the distress was located in sections one, four, and seven 
(Figure 92). One overpass in Kenton County on the I-275 ramp from I-75 had four distressed M.S.E. 
return walls. Figures 93a thru 95b show the actual vertical, horizontal, and forward displacements 
of the precast panels measured in millimeters. The majority of the measurements recorded exceeded 
the allowable tolerance for panel joint offsets as stated in Special Provision No. 66L (94) (Appendix 
D). In addition to measuring the offsets of the panel joints, a ruler was placed through one of the 
offset joints noted in Figure 95b. At the time of the inspection, the ruler penetrated 559 mm (22 
inches) (Figure 96). 

Other problems with the M.S.E. return walls were observed in Lexington on Jefferson Street. 
These problems consisted of spalling of the precast panels (Figure 97), and staining/vegetation 
growing through panel joints (Figure 98). Vegetation was also observed growing through the panel 
joints on a M.S.E wall located on I-264, in Jefferson County (Figure 99). Distress information from 
the inspection of the M.S.E. return walls is contained in Table 19. 

2.8.5 M.S.E. Soil-Retention Walls 

There were five M.S.E. soil-retention walls evaluated. Three of the five M.S.E. soil
retention walls were manufactured by the Reinforced Earth Company and two were manufactured 
by the VSL Corporation. The walls in this category have performed well with the exception of one 
VSL wall in Kenton County. The wall is approximately 30 meters (I 00 ft.) long and adjoins a 
tiedback wall. It is apparent the top row of blocks is experiencing slight-to- moderate forward 
displacement and cracking. It is believed the forward displacement may be attributed to water 
discharging from headwalls located directly behind the VSL wall (figure I 00). Distress infonnation 
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from the inspection of the M.S.E. soil-retention walls is included in Table 20. 

2.8.6 Discussion 

In most cases, the M.S.E. wing walls and soil-retention walls have performed well. It is 
apparent that some of the walls have settled since construction. Settlement has caused some shifting 
and cracking in isolated areas (Figure 85 and 86). 

Poured concrete panels placed between the bridge deck and the top of the M.S.E walls on 
several structures appear to be transferring vertical loads to the M.S.E. walls. Consequently, the 
M.S.E. wall panels have started to crack (Figures 83, 89, and 90). Conversations with state 
personnel indicated that expansion joint material should have been placed on top of the poured 
panels. 

The most significant and recurring distress observed in the M.S.E systems have been 
observed in the M.S.E return walls. Wall distresses such as forward, horizontal, and vertical 
displacement; cracked precast panels; and staining were observed in the M.S.E. return walls. It 
appears some of the distress may be caused by water in the approach fill embankments and lateral 
earth pressure from bridge approach settlement. Information contained in the Reinforced Earth 
Manual for Bridge Abutments indicates that water must be prevented from seeping under the beam 
seat, where it could cause settlement or subsidence after saturation, or leech and wash away fmes 
(Appendix E). An indication that water has been leeching and washing away fmes in some of the 
M.S.E. walls is shown in Figures 94b and 95b. It is believed that once the fines are allowed to wash 
away and settlement is initiated that the precast panels have the opportunity to displace. It is possible 
that the distresses noted in Figures 93a thru 95b are consequences of settlement and erosion of fines. 

Migration of the granular backfill through joints in the precast M.S.E panels was observed 
at the base of some closed-abutment walls (Figure 91) and in some of the wing walls in which the 
panels had settled and separated. 

It appears that on several of the walls that geotextile may not have been used at the joint 
interface of the precast panels. According to Special Provision No. 66L (94), panel joints shall have 
geotextile fabric placed on the backside of the panels with a minimum width and lap of all fabric 
sheets to be as follows: vertical joints- 457 mm (18 inches); horizontal joints- 305 mm (12 inches); 
and all laps in fabric to be I 02 mm ( 4 inches) (Appendix D). A foam-like material was noted 
between the panel joints on I-75 to I-275 ramp in Kenton County. During the inspection of this 
particular wall, a piece of this foam material was observed hanging out of the panel joint exposing 
the backfill. 

Other problems associated with M.S.E walls was spalling of the precast panels (Figure 97), and 
vegetation growing through the panel joints (Figures 98 & 99). The vegetation growing between the 
panel joints is an indication that the joint of the panel could be partially separated. 

2.8.7 Recommendations 

Level pads for wing walls should be placed on suitably compacted earth. The precast panels 
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or cast-in-place blocks placed between the bridge deck and M!S.E. wall should not be permitted to 
link the two structures. The use ofM.S.E. walls in notches should be avoided. All approach fills 
should be properly drained. When bridge-end drainage is installed, a miniature pipeline camera 
should be used to inspect the integrity of the drainage system during construction. When constructing 
a M.S.E. wall, geotextile fabrics should be used as outlined in Special Provision No. 661 (94) 
(Appendix D). Water should not be discharged from headwalls directly behind M.S.E. structures. 
Damaged precast panels and wall components should be rejected at the job site during construction. 
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Figure 77: M.S.E. Open Bridge Abutment with Wing Walls 
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Figure 78: M.S.E. Closed Bridge Abutment with Return Walls (Approach Fill) 
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Figure 79: M.S.E. Soil Retention Wall 
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Figure 80: M.S.E. Open Bridge Abutment Distress Analysis 
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Figure 81: M.S.E. Wing Wall Distress Analysis 
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Figure 82: Cracked Precast Panel and Endbent (1995) 
(Boone County, I-75 S.B. & Mall Rd.) 

Figure 83: Cracked Precast Panel and Endbent (1997) 
(Boone County, I-75 S.B. & Mall Rd.) 
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Figure 84: Forward Displacement of Precast Panel 
(Boone County, I-75 S.B. & Mall Rd.) 

Figure 85: Settled M.S.E. Wall (Knox County, KY 225) 
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Figure 86: Settled M.S.E. Wing Wall 
(Knox County, KY 225) 
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Figure 87: Closed Bridge Abutment Distress Analysis 
77 

DISTRESS 

IIIIVertical Disp. 

1111 Forward Disp. 

D Cracking 

1111 Spalling 

C1l Staining 

IIIII Migration of fines 

Distress rates from Slight to Severe. 
Refer to spreadsheets for individual 

Classification of Distress. 

8 9 



Figure 88: Extra Panel between Bridge Deck and M.S.E. Wall 
(Fayette County, Jefferson Street) 

Figure 89: Cracking of Precast Panels 
(Fayette County, Jefferson St.) 
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Figure 90: C.I.P. Block between Bridge Deck and M.S.E. Wall 
(Boone County, I-75 S.B. & Mall Rd.) 

Figure 91: Migration of Fines (Jefferson County, I-264 & Taylorsville Rd.) 
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Figure 92: M.S.E. Return Walls Distress Analysis 
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Figure 93a: Distressed Area on M.S.E. Wall (Kenton County, Wall# 1) 

Blue, Vertical Displacement 
Red, Horizonia Displacement 
i.Jreen : Ci'N :·c r.~~-s!acems! 

Figure 93b: Vertical, Horizontal, and Forward 
Displacement (Wall # 1) 
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Figure 94a: Distressed Area on M.S.E. Wall (Kenton County, Wall# 2) 

Figure 94b: Vertical, Horizontal, & Forward Displacement--Staining 
(Kenton County, Wall# 2) 
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Dstressed Area 

Figure 95a: Distressed Area on M.S.E. Wall (Kenton County, Wall# 3) 

Figure 95b: Vertical and Horizontal Displacement (Wall# 3) 
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Figure 96: Ruler Placed 559 mm into Panel Joint 
(Kenton County, I-75 & I-275 Wall# 3) 

Figure 97: Spalling of Precast Panels (Fayette County, Jefferson St.) 
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Figure 98: Staining & Vegetation Growing between Precast Panels 
(Fayette County, Jefferson St.) 

Figure 99: Vegetation Growing between Precast Panels 
(Jefferson County, I-264 & Taylorsville Rd.) 
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Figure 100: Water Standing Behind V.S.L. Wall 
(Kenton County, I-75 S.B. from KY 8) 
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TABLE 16. M.S.E. RETAINING WALL 

LOCATION 

COUNTY RT MP DIR 

FLOYD US23& 15.609 SB 
MT.PKY 

fig. nla NB 

JEFFERSON US60& 5.529 EB #I 
264 

fig. nla EB#2 

WB 

BULLITT 1-65 & 112 SB #I 
R.R. 

fig. nla SB #2 

NB#I 

NB#2 

DISTRESS 
I. VERT. DISP. 4. CRACKING 
2. HORIZ. DISP. 5. SPALLING 
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1 

3a 

3a=ll% 
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2 3 4 5 6 7 

3a 3a 8a 
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3a=ll% 3a=ll% 8a=ll% 
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C=SEVERE 
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LOCATION 

COUNTY RT MP DIR 1 2 3 

JEFFERSON 264& 13.491 EB/WS 
POP. LV 

fig. n/a EB/ES 

WB/ES 

KNOX KY225 II NB/ES la,3b,4b Ia 

fig. 85,86 SBIES 

NB/WS 4a 2a 

SB/WS Ia 

BOONE I-75 & 180.6 SB/ES #I 6a 
MALL 

fig. n!a SB/ES #2 

JEFFERSON us 60 5.529 E/NS 

fig. n/a E/SS 

DISTRESS 
l. VERT. DISP. 4. CRACKJNG 7. STAINING 
2. HORIZ. DISP. 5. SPALLING 8. BACKWARD DISP. 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 9. MIGRATION OF FINES 

··---, 

SECTION 

OBSERVED DISTRESS 

4 

Sa 

Ia 

4a 

6a 

5 6 7 

Ia 

2a 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B =MODERATE 
C=SEVERE 
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LOCATION 

COUNTY RT MP DIR 

JEFFERSON US60 5.529 wsrws 

fig. n/a WS/SS 

BOONE !~75 & 180.6 SBfWS 
MALL #I 

fig.90 SBfWS 
#2 

FLOYD US23& 15.609 SB/#1 
MT.PKY 

fig. n/a SB/#2 

NB/#1 

NB/#2 

JEFFERSON US60 19.939 
fig. n!a RAMP 

JEFFERSON US60 19.939 #I 

fig. n/a #2 

FAYETTE JEFF. ST. S.END 
fig. n/a 

BULLITT I-65 & 112 NB/EW 
fig. n!a RR 

DISTRESS 
I. VERT. DISP. 4. CRACKING 
2. HORIZ. DISP. 5. SPALLING 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 

1 2 3 

la,3a,4b 

7. STAINING 
8. BACKWARD DISP. 
9. MIGRATION OF FINES 

SECTION 
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4 

2a 
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SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 
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LOCATION 

COUNTY RT MP DIR 1 

BULLITT 1-65 & 112 NB!W 
RR 

fig. n/a SB/E 

SB!W 

la=7% 

3a=4% 

3b=4% 
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2. HORIZ. DISP. 5. SPALLING 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 

SECTION 
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COUNTY RT MP DIR 

JEFFERSON 264 & 60 19.939 WB 
fig. nla RAMP 

JEFFERSON us 60 19.939 WB 
fig. nla RAMP 

JEFFERSON 264& 9.233 WB 
fig.91 TAYL 

EB 

BOONE 75 & 180.6 SB/ES #2 
fig. 82,83 MALL 

SB/ES #I 

SB/WS#2 

JEFFERSON 264& 17.163 WB 
fig. nla KY 

!55 

EB 
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EB 

DISTRESS 
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4b 
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5 6 7 

9a 
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LOCATION SECTION 

OBSERVED DISTRESS 

COUNTY RT MP DIR I 2 3 4 5 6 7 

FAYETTE JEFF. ST. S.END 7a 7b 7c 

fig. 88,89 N.END 

DISTRESS OBSERVED AVG. (%) 

3a=8% 4b=8% 7b=8% 5b=8% 3a=8% 

4b=l5% 4a=8% 
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7c=8% 

9a=l5% 

SIGNIFICANCE OF DISTRESS 
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LOCATION 

COUNTY RT MP DIR 

KENTON 1-275 0.2 S.E. SIDE 
fig. 95a,b,96 RAMP 

94a,b S.W.SIDE 

N.W.SIDE 

93a,b N.E.SIDE 

JEFFERSON 1-264 10.167 S.B. 
fig. n/a S.PKY 

BOONE I-75 180.6 SB/ES 
fig.84 MALL 

JEFFERSON 264& 15.824 N.B.#l 
fig. n/a KY31 

N.B.#2 

S.B. #I 

S.B. #2 

JEFFERSON 264& 17.163 E. SIDE 
fig. n/a KY155 

DISTRESS 
1. VERT. DISP. 4. CRACKING 
2. HORIZ. DISP. 5. SPALLING 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 

1 2 3 

1 b,3a,4a, 
7a 

lb,2b,3a, 
4c,7b 

la,3a,4b 

lb,2b,3b, 
4c 

3a 

7. STAINING 
8. BACKWARD DISP. 
9. MIGRATION OF FINES 

SECTION 

OBSERVED DISTRESS 

4 

4b,7a 

lb,2b,3a, 
4c,7b 

lb,2b,3b 4b 
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3a 

5 6 7 

4a 
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,4a 
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SIGNIFICANCE OF DISTRESS 
A=SLIGHT 
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LOCATION 

COUNTY RT MP DIR I 

JEFFERSON 264& 17.163 W. SIDE 
fig. nla KYI55 

JEFFERSON 264& 13.491 WB/ES 
fig. nla POP. 

LEV 

FAYETTE JEFF. ST. SE/ES 4b 

JEFFERSON 264 & 60 19.939 W.B. 

FAYETTE JEFF. ST. N/WS 

fig. nla N/ES 4c,7c 

JEFFERSON 264& 9.233 WEINS 4b 
fig.90 TAYL 

WB/SS 4a 

EB/NS 4a 

EB/SS 4b, 

JEFFERSON 264& 
fig. n/a BROWN 

JEFFERSON 264& 
fig. nla BROWN 

DISTRESS 
I. VERT. DISP. 4. CRACKING 
2. HORIZ. DISP. 5. SPALLING 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 

2 3 

4b.3b 

4b 4b 

4b 4b 

4a 

4a 

7. STAINING 
8. BACKWARD DISP. 
9. MIGRATIONOFFINES 

SECTION 

OBSERVED DISTRESS 

4 

4b 

4a 

4a 

5 6 7 

4c,5c 4b,7b 

4a 4a 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

8 9 

4b,7b 

4a 



'0 
lh 

-------- ------------ ------------------- ----- ----------------- -------- ··----

DISTRESS 
l. VERT. DISP. 
2. HORIZ. DISP. 
3. FORWARD DISP. 

SECTION 

I 2 3 4 5 6 7 

DISTRESS OBSERVED AVG. (%) 

la=4% 3F4o/o 4b=9% 

lb=l3% 4a=9% 

2b=9% 4b=l3% 

3a=21% 

3b=4% 

4a=i3% 

4b=l7% 

4c=l3% 

7a=4% 

7b=4% 

7c=4% 

4. CRACKING 7. STAINING 
5. SPALLING 8. BACKWARDDISP. 
6. CORNER OF APRON BROKEN 9. MIGRATION OF FINES 

lb=9% 

2b=9% 

3a=9% 

3b=4% 

4a=l3% 

4b=9% 

4c=4% 

7a=4% 

7b=9% 

4b=4% 4a=4% lb=9% 

4c=4% 4b=4% 2b=9% 

5c=4% 3a=4% 

3b=4% 

4a=9% 

4b=4% 

4c=4% 

7b=9% 

SIGNIFICANCE OF DISTRESS 
A- SLIGHT 
B =MODERATE 
C=SEVERE 

8 9 

4a=4% 4a=4% 

4b=4% 

7b=4% 
I 

• 
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TABLE 20: M.S.E. EARTH RETENTION WALL -------- ------------- ---- ----

LOCATION 

COUNTY RT MP DIR 1 

KENTON I-7S & 191.3 SB/ES Sa 
fig. 100 KY8 

SB/WS 3a 

JEFFERSON 1-64 & 19.070 EB 4b,7a 
fig. nla 264 

JEFFERSON 1-64& 19.939 WB 
fig. nla 264 

FLOYD US23& 1S.9S N 
fig. n/a KY2225 

3a=20% 

4b=20% 

5a=20% 

7a=20% 

DISTRESS 
I. VERT. DISP. 4. CRACKING 
2. HORIZ. DISP. 5. SPALLING 
3. FORWARD DISP. 6. CORNER OF APRON BROKEN 

SECTION 

OBSERVED DISTRESS 

2 3 4 5 6 7 

4b 

2a 

4b 

DISTRESS OBSERVED AVG. (%) 

2a=20% 

4b=20% 

7. STAINING 
8. BACKWARD DJSP. 
9. MIGRATION OF FINES 

4b=20% 

SIGNIFICANCE OF DISTRESS 
A-SLIGHT 
B=MODERATE 
C=SEVERE 

8 9 

4a,7a 

Sa 3a 

4a=20% 3a=20% 

5a=20% 

7a=20% 



2.9 TECHW ALL 
t 

There were two Tech Walls inspected for this evaluatiod.' Both walls were located in Kenton 
County on the 12th. street ramp going to I-75 northbound (Figure 101). Both walls have been 
inspected twice, once in 1995 and again in 1997. In both instances, the Tech Walls have appeared 
to be performing well with the exception of some spalling, staining, and cracking in the precast 
panels (Figures 102 and 103). Figure 102 shows where possibly an epoxy has been used to patch 
some of the cracking and spalling noted in one of the precast panels. Figure 103 shows where one 
of the precast panels has begun to spall and stain. 

2.9.1 Discussion 

It is believed that the spalled and cracked areas shown in Figure 102 were probably patched 
shortly after construction. It is uncertain at this time as to what has caused the cracking and spalling. 
It is possible that the precast panel was defective prior to construction, or this wall might be 
withstanding larger than anticipated stresses at this point. The stains that were observed in Figures 
102 and 103 are believed to have come from water weeping through the panel joints. 

2.9.2 Recommendations 

It should be stressed that all precast panels be thoroughly inspected prior to placement, and 
defective materials should be rejected at the job-site. It is recommended that these walls along with 
any other newly accepted alternative retaining walls be placed under a long-term investigation to 
monitor experimental features. 

Figure 101: Tech Wall (Kenton County, 12 s.t. ramp to I-75 N.B.) 
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Figure 102: Tech Wall with Patched Area, 
Spalling, & Staining. (Kenton County) 

Figure 103: Staining & Spalling between 
Panel Joints (Kenton County) 
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2.10 SOUND BARRIERS 

There were two types of sound barriers inspected under this study. One sound wall was 
constructed of bricks (Figure 104), and the other sound wall was constructed using metal sheeting 
(Figure 105). Both walls have perfonned well structurally. The effectiveness of the walls to absorb 
or reflect sound waves was not studied in this project. The only distress that was noted in either of 
two walls appears to be damage caused by mowers (Figures 106 and 1 07). 

2.10.1 Discussion 

The chipped bricks and dented metal in Figures 106 and 107, respectively, could have been 
avoided if proper care was taken while mowing around these structures. Mowers should be 
instructed to use greater caution around these walls. 

2.10.2 Recommendations 

There are no recommendations from a structural standpoint, at this time, for the sound walls. 
However, it is recommended that mowing crews use greater caution near these structures. 

Figure 104: Brick Sound Wall (Jefferson County, 1-264) 
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Figure 105: Metal Sound Wall (Scott County, Georgetown Bypass) 

Figure 106: Chipped Bricks on Sound Wall Caused by Mower 
(Jefferson County, I-264) 
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Figure 107: Dented Metal on Sound Wall Caused by 
Mowers (Scott County) 
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3.0 SUMMARY AND RECOMMENDATIONS 

The following paragraphs summarize findings and list reco=endations. 

The four concrete crib walls inspected have been performing well, structurally. Migration 
of the interior backfill has been accelerated in two of the inspected walls due to uncontrolled surface 
runoff up-grade from the walls. It is recommended that surface runoff be diverted away from all 
retaining-wall structures. Also, in these particular wall structures, the use of non-erodible granular 
backfill is to be used to prevent migration of backfill material. If the backftll is classified as erodible 
or unstable then it is to be protected by a geotextile fabric. 

The fifty-two culvert wing walls inspected have been performing well. The slight-to
moderate cracking that has occurred in sections two, five, and eight may be largely attributed to 
shrinkage cracking. This shrinkage cracking can be controlled in future wall systems by making a 
vertical saw cut down the middle of the wall or by the use of more expansion and contraction joints. 
In addition to the change mentioned above, maintenance crews are to periodically check the inlet and 
outlet ends of the culvert for buildup of debris or vegetation, and take any necessary actions to clean 
up obstructions blocking the culvert. 

Four of the five metal bin walls have been performing well with the exception of some spot 
rusting. This is to be corrected with rust resistant paint. The other metal bin wall which was located 
on US 25E in Knox County has been experiencing vertical settlement in sections two, five, and eight. 
Although severe buckling has occurred in some of the vertical supports, this wall does not appear 
to be in i=ediate danger of collapsing. However, further inspection and monitoring are to be 
performed on this particular wall. 

There were five Gabion walls inspected for this study. Three of the Gabion walls were state 
owned and maintained, and the other two were privately owned. Two of the three state walls were 
not built in compliance with the Kentucky Standard Drawing (BGX-008-04) (Appendix B). In both 
cases, the Gabion walls have started to sag and bulge in sections two, five, and eight. However, 
Kentucky Standard Drawing (BGX-008-04) is no longer effective. Future Gabion wall construction 
shall be constructed in compliance with the new Kentucky State Specifications and Standard 
Drawings available in 1998. It is further recommended that Gabion walls without a crushed stone 
backfill, or a backfill passing the 100-= (4-inch) sieve, that a geotexile shall be placed between 
the backfill and the Gabion wall. 

There were fifty-one concrete retaining walls inspected. Concrete walls used for bridge 
approach fill retaining walls have suffered the most severe recurring distress among the five different 
wall categories. Consideration is to be given to reinforcing the backftll of approach fills, and wall 
drains are to be placed with care. To insure proper drainage at bridge ends, the wall drains are to be 
inspected with a pipeline camera during the construction phase. 

In the stand-alone concrete soil-retention walls, vertical key-joints are not to be used in future 
wall construction. Instead, the vertical joints are to be filled with expansive joint material. To 
control random shrinkage cracking above weep holes in the rigid concrete walls, vertical saw cuts 
are to be made up the face of the wall above the weep holes. Lastly, use construction grade grout 
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to f:tll holes left behind from form work. 

Of the ten tiedback walls inspected in this study, the group that had a cast-in-place wall in 
front of the tiedback wall has performed the best. The two tiedback walls that have used clips to hold 
the timber lagging in place are in need of innnediate maintenance. This method of construction is 
not to be used in future tiedback wall construction. The method of placing timber lagging between 
the webs of the H-Piles appears to be a good alternative to using the clips. However, the tiedback 
walls that used this type of construction are relatively new and are to be monitored further. 

Several problems were noted with the seventy-seven M.S.E. walls. Settlement of the leveling 
pads was noted in several of the inspected M.S.E. wing walls, which may be attributed to poor soil 
compaction. Cracking in M.S.E. wall panels on return walls and bridge abutments has developed 
due to precast panels or cast-in-place blocks located between the bridge deck and the M.S.E. wall. 
In future M.S.E. wall construction, these precast panels or cast-in-place blocks are not to be used to 
bridge the two structures. Drainage was an additional problem that was noted during inspection of 
M.S.E. bridge abutment and retnrn walls. Water is to be diverted away from the reinforced approach 
fill. In areas where wall drains are installed in the approach fill, a miniature pipeline camera should 
be used to inspect the integrity of drainage system dnring construction. Also, water is not to be 
discharged from headwalls directly behind any retaining wall structure. Lastly, use geotextile fabrics 
in M.S.E. wall construction as outlined in Special Provision No. 66L (94) (Appendix D). 

There were two Tech Walls inspected for this study. The Tech Wall is one of the accepted 
alternative walls selected by the Kentucky Department of Highways .. However, this patticular wall 
type has not been used very frequently in Kentucky. The two Tech Walls that were inspected have 
already shown signs of distress. Newly accepted walls such as the Tech Walls, and other retaining 
walls are to be throughly monitored dnring construction. Long-term monitoring should be performed 
on newly accepted alternative wall structures. 

Two types of sound walls were inspected--brick and sheet-metal. Both wall types have 
performed well structurally. Mowers have been the only source of damage. 

3.1 OVERALL RECOMMENDATIONS 

Several walls that were evaluated had significant problems and must be repaired. It is 
recommended that retaining wall structures be inspected annually by maintenance forces. It is 
apparent from this study that drainage plays a major role in the long-term performance of these 
structures. Past edge drain research indicates that 20 to 50 percent of edge drain outlets are not fully 
functional. It is likely that these percentages also are applicable to bridge-end drains. It is 
recommended that bridge-end drains be inspected during construction. It is also recommended that 
a full-scale study be conducted on the performance of bridge-end drainage and to evaluate the lateral 
earth pressures on retnrn walls. 
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SECTION 610- CONCRETE BOX OR ARCH CULVERTS, 
RETAINING WALLS, AND HEADWALLS 

610.01 Description 
610.02 Materials 
610.03 General 
610.04 Footings 
610.05 Culvert Inverts, Aprons, and Curtain Walls 
610.06 Retaining Walls 
610.07 Drainage 
610.08 Placing Concrete 
610.09 Removing Forms 
610.10 Surface Finish and Placing Fill 
610.11 Extensions to Existing Culverts 
610.12 Method of Measurement 
610.13 Basis of Payment 

610.01 Description. All concrete box or arch culverts; headwalls for pipe. 
box. or arch culverts; and concrete retaining walls shall be built as indicated. in 

reasonably close conformity to line. grade. dimensions. and design shown on the 
plans. and in accordance with these specifications. 

Box culverts constructed using precast sections shall meet the 
requirements of Section 616. 

MATERIALS 

610.02 Materials. Materials shall meet requirements specified in the 
following Sections. 

Concrete 
Steel Reinforcement 
Clay Pipe 
Concrete Pipe 
Coarse Aggregate 
Joint Materials 

CONSTRUCTION REQUIREMENTS 

601 
602 
810.02.16 
810.02.01 
805 
807 

610.03 General. All concrete construction shall conform to the 
applicable requirements of Section 601. 

610.04 Footings. Footings shall be constructed to the elevation shown 
on the plans. but such depth may be increased when it is determined by the 
Engineer that the increase is necessary to provide sufficient bearing or to prevent 
undermining. Footing elevations should only be raised when solid rock ls 
encountered at elevations above those shown. 
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The outside face of all footings of concrete headwalls for pipe. box. or arch 
culverts shall be formed full depth of the footing. 

Whenever the natural foundation material is insufficiently stable to 
support the structure or whenever it is anticipated that high water may cause 
excessive erosion around the footings. the Engineer may order extra work 
performed as necess.ary to provide the structure with adequate support or 
protection. Payment for such work shall be made in accordance with Section 
109.04. Extra Work. 

When the condition of excavation for footings is otherwise satisfactory 
butis such that concrete cannot be placed without mud becoming miXed with the 
concrete, special operations shall be performed to remedy the condition. The 
Contractor shall place sufficient sand. coarse aggregate. or a combination of 
aggregates. or shall place a layer of roofing felt or stmilar material. to prevent 
infiltration of mud: or the entire mass of mud shall be removed and replaced with 
stable material. No direct payment will be allowed for the cost of these materials 
and labor. 

610.05 Culvert Inverts, Aprons, Curtain Walls, and Headwalls. All 
culverts, except those founded on solid rock. shall be constructed with a 
substantial concrete slab through the invert or stream bed. This pavement shall 

terminate at each end of the culvert in apron walls, or curtain walls, or cutoff walls 
carried to a depth that will eltminate danger of undermining. Inverts for concrete 
culverts shall be paved with a reinforced concrete slab, unless otherwise directed. 

Apron or cutoff walls shall. in general, be carried down at both ends to the 

depth shown. but may be ordered to additional depth necessary to prevent 
undermining. The outside face of inlet and outlet concrete apron or cutoffwalls 

for single span or multiple span culverts shall be formed for the full depth of the 

apron or cutoff walls. Should it be necessary to form the back face and/or the end 
of apron or cutoff walls due to the nature of the material encountered in the 
excavation. necessary structure excavation therefor will be paid for but will not 

exceed the same limits as set out in the specifications for payment outside the 
neat lines of the footings. 

The Engineer may direct the space between wings to be paved. In this 
event. the apron walls will extend in a straight line between the ends of the wings. 
or at such locations as may afford the best protection. 

When headwalls for pipe culverts are located at the shoulder. the top of 
the headwalls shall be parallel to the shoulder line for both line and grade. 
Standard drav.ings for pipe culvert headwalls list dtmensions from the face of 
concrete to steel reinforcement as clear distances and dtmensions for bar 
spacings as center to center of bars. Precast concrete pipe headwalls shall 
conform to the requirements of Section 710. 

610.06 Retaining Walls. Gravity type or nonreinforced retaining walls 
may be constructed of Class B Concrete and shall be constructed in accordance 

With standard drawing no. RGX-002. unless specilled otherwise. Class A 
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concrete may be used at the Contractor's option, but no change in contract price 
will be allowed. 

The base width shall be 1/2 of the vertical height ofthe wall and the top · 
width shall be 305 mm (12 inches). Transverse expansion joints 12.7 mm (l/2 
inch) in width shall be placed at intervals ofnotover 9.14 m (30 feet) throughout 
the length of retaining walls and e.xpansion joint material shall be placed therein. 
All exposed edges shall be beveled 22.2 mm (7/8 inch). The walls shall not be 
surcharged except in special cases wherein special drawings will be furnished. 
When the height is such that it is not practicable to pour the wall to full height In 
one operation, construction joints shall be truly horizontal, and adequate bond 
shall be provided between the sections by means of keys formed by beveled 
timbers. Where necessary to provide construction joints in the length of the wall, 
such Joints shall be truly vertical and adequate bond shall be provided between 
the sections by means of shear keys formed by beveled timbers. 

Reinforced concrete retaining walls shall be constructed of Class A 
Concrete and shall be constructed as shown on the plans. 

610.07 Drainage. Weep holes consisting of 102-rnillimeter (4-inch) pipe 
or formed to 102 mm (4 inches) in diameter shall be placed at intervals not to 
exceed 7.62 m (25 feet) in retaining walls, nor exceeding 3.05 m (10 feet) in box 
culverts having a clear opening height of 1.83 m (6 feet) or more. The outlet invert 
elevation of the weep holes shall correspond to the elevation to which earth will be 
placed at the outside retaining wall face. The outlet Invert elevation of weep holes 
in box culverts shall be placed 102 mrn (41nches) above the flowline ofthe culvert. 
Adequate provision shall be made for thorough drainage of backfill and 
embankment as specified in Section 206.08. More elaborate drainage systems 
will be required when shown on the plans. 

610.08 Placing Concrete. Concrete shall be placed as specified In 
Section 601. 

The base slab or footings shall be placed and allowed to harden before the 
remainder of the structure is constructed. When required, suitable provision 
shall be made for bonding the walls to the base by means of longitudinal keys 
formed by insertion and subsequent removal of beveled timbers. Base slabs, 
footings, and apron walls shall be constructed as monolithic units, when 
practicable. When construction joints are necessary. they shall be placed at right 
angles to the culvert barrel or retaining wall and suitable provision made for 
bonding adjacent sections by means of keys formed by beveled timbers. 

Before concrete is placed in the walls.- the footings shall be thoroughly 
cleaned of all debris. or other extraneous material and the surface carefully 
chipped and roughened In accordance with the method of bonding construction 
joints. as specified under Section 601.18. 

In the construction of all box culverts having a clear height of 1.52 m (5 
feet) or more, concrete in the side walls shall be placed and allowed to set before 
the top slab is placed. 
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For culverts having a clear height ofless than 1.52 m (5 feet), the culvert 
may be poured monolithic when the Contractor so desires. When this method of 
construction is used, any necessary construction joints shall be vertical and at 
right angles to the axis of the culverts. 

Each wingwall shall be constructed as a monolithic unit. Construction 
joints. where unavoidable and when not shown, shall be horizontal. 

610.09 Removing Forms. The removal of forms shall be governed by the 
applicable provisions of Section 601.22. The removal of forms from arch culverts 
shall conform to the requirements specified in Section 608.22, Part A 

610.10 Surface Finish and Placing FiU. Surfaces shall be fmished in 
accordance with the requirements of Section 601.26, Top slabs ofbox culverts to 
be used as the wearing surface for traffic shall be textured as specified in Section 
609.13 and shall meet roadway rideability requirements of section 501.24 or 
bridge slab requirements of Section 609.11. 

Backfill or embankment shall not be placed about culverts. retaining 
walls, and headwalls until permission Is given by the Engineer. 

Backfill shall be constructed as specified in Section 206.08. 
Embankment shall be constructed as specified in Section 207.06. 

610.11 Extensions to Existing Culverts. Extensions shall be constructed 
as designated on the plans. Pertinent requirements In the foregoing paragraphs 

shall apply to extensions of existing culverts. Extensions shall conform to the 
lines and grades established and to dimensions shown. 

Portions of the existing structure designated to be removed shall be 
removed in a manner to provide a neat junction With the extension and leave 
undamaged that portion of the existing structure that is to remain in service. The 
Engineer may require sav.ing of the existing concrete to a depth sufficient to 
ensure a neat joint. when the joint will be exposed In the fmished work. Any 
damage to the existing structure shall be repaired by the Contractor at his 
expense. All silt or other debris that may have collected Within the barrel of the 
existing structure shall be removed and disposed of by the Contractor. payment 
for which shall be incidental to the work. 

Where extensions to existing concrete structures are required. the walls 
and top and bottom slabs shall be removed for a distance of at least 610 mm (24 
inches) to a plane paralleling the load-carrying steel. Projecting reinforcing bars 
in the existing structure shall be left undamaged and shall be tied to reinforcing 
bars placed in the formed extension. 

610.12 Method of Measurement. Concrete, steel reinforcement, and 
structure excavation for box or arch culverts. retaining walls and headwalls, 
except pipe headwalls, will be measured as specified in Sections 601.28, 602.10, 

and 206.10. respectively. Pipe headwalls will be measured a~ specified in Section 
611.11. 
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610.13 Basis of Payment. Concrete. steel reinforcement and structure 
excavation for box or arch culverts. retaining walls, and headwalls, except pipe 
headwalls, and removal of portions of existing structures will be paid for at the 
unit price bid for the Items in accordance With prOYislons of Sections ·601.29, 
602.ll. 206.11. and 203.10. respectively. Pipe headwalls will be paid for as 
specified In Section 611.12. No payment will be made for excavation or backftllln 
excess of the llmlts described In these specifications that may be necessary to 
achieve safe working conditions. 

Code 

Payment will be made under: 

Payltem 

Concrete 
Steel Reinforcement 
Structure Excavation 
Pipe Headwalls 
Removal of Portion of 

Existing Structure 
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Pay Unit 

See Section 601.29 
See Section 602.11 
See Section 206.11 
See Section 611.12 

See Section 203.10 



SECTION 742- GABION RETAINING WALLS 

742.0 l Description 
742.02 Materials 
742.03 General 
742.04 Method of Measurement 
742.05 Basis of Payment 

742.01 Description. This work shall consist of furnishing and tnstalling 
wire mesh gabion baskets and furnishing and placing interior fill material, all in 
accordance with these specifications. and In reasonably close conformity with the 
lines, grades, and dimensions shown on the plans and standard drawing. 

MATERIALS 

742.02 Materials. Gabion baskets shall meet the requirements of Section 
813.15. 

Stone used to ftll the gablons shall meet the general requirements of 
Section 805. The gradation of the stone shall be such that 100 percent will pass 
through a 305-millimeter by 305-millimeter (12-inch by 12-lnch) square 
opening. and 100 percent will be retained on a 100 millimeter (4-inch) sieve. 

CONSTRUCTION REQUIREMENTS 

742.03 General. The foundation shall be accurately prepared to accept 
the gabions as shown on the plans, and shall be approved before any gab ions are 
placed. 

Individual gabion baskets shall be assembled by placing flat on the 
ground, flattening any kinks or bends, and then erecting the sides, ends and 
diaphragms. All creases shall be in the correct position and the tops of all sides 
level. The 4 corners of the gab ion shall be laced together with alternating single 
and double loops at 127-millimeter (5-inch) intervals, With both ends of the 
lacing wire secured by looping and tWisting. Internal diaphragms shall be 
installed. and laced In a similar way. Individual assembled baskets shall be 
placed in their proper location and all adjoining gabions connected. This 
connection shall be accomplished using individual tie Wires looped and tWisted at 
approximately 76-rnillirneter (3-inch) intervals along the entire perimeter of their 
contact surfaces. 

Each course of gabions shall be stretched to proper alignment by 
partially filling the firstgabion in line for anchorage, and stretching the connected 
gab!ons using a come-along or other means of at least 0.9 metric ton (one ton) 
capacity. Gab ions shall be kept in tension while being filled. Gabionjoints shall 
be controlled to avoid any unravelling. Gabions shall be carefully filled in 
0.30-meter (one-foot) layers, in a manner that will minimize voids. Two 
connecting wires shall be placed in each direction between each layer in all cells 

109 



by looping lacing wire around 2 mesh openings in the front and back face, and 1n 
the ends and diaphragms. The ends of the connecting wires shall be securely 
twisted to prevent their loosening under tension. Cells In each course of gablons 
shall be filled in stages, I.e. at no time shall any cell be filled to a depth exceeding·· · 
0.30 m (one foot) more than the adjoining cell. The last layer of stone shall be 
leveled with the top of the gab ion to allow proper closing of the lid and provide an 
even surface for the next course. Lids shall be stretched tight over the stone fill 
using crowbars or similar methods, until the lid meets the edges of the front and 
ends. The lid shall be tightly tied along all edges, ends, and diaphragms In the 
same manner as required for connecting adjoining gab ions. Succeeding courses 
or tiers shall be placed and connected as specified for the first course. Baskets for 
succeeding courses shall be placed so vertical joints are offset at least 457 mm (IS 
Inches) from course to course, unless otherwise shown on the plans or standard 
drawings. Gabions shall be placed as headers or stretchers in accordance with 
the standard drawings. Each course of gablons shall be tied to the lower course 
after stretching but before filling. by use ofindividual tie wires looped and twisted 
at approximately 76-millimeter (3-inch) spacing along all edges and diaphragms. 
Vertical edges at each end of the wall that are not connected to an adjoining 
gabion shall be reinforced by looping and twisting individual tie wires at 
approximately 76-millimeter (3-inch) spacing the full length of such edges. 

Care shall be exercised during all gabion wall construction to ensure the 
stone fill is firmly in place, bulging or distortion of the filled baskets is minimal, 
and all lacing and tying is thoroughly wound, looped and twisted to preclude 
loosening in service. 

742.04 Method ofMeasurement. Gabion retaining walls will be measured 
in cubic meters (cubic yards) complete and accepted in the final work. The 
volume will be calculated using dimensions shown on the plans or as directed in 

~~- ) 

Structure excavation. as classified, will be measured in cubic yards for 
the volume actually excavated from within the limits bounded by vertical planes 
one foot outside the neat lines of the base of the gab ion retaining walls at the ends 
and front face, and a plane one foot outside and parallel to the back face of the 
lowest gabion. Measurement will be made, within the designated limits, between 
the original ground and bottom of the excavated pit. except in cut sections where 
the fmished cross section Will govern. 

742.05 Basis of Payment. The accepted quantity of gab ion retaining wall 
Will be paid for at the contract unit price per cubic meter (cubic yard). The 
accepted quantities of structure excavation, as classified, will be paid for as 
specified in Section 206.11. Payment shall be full compensation for all materials, 

equipment. labor, and incidentals necessary to complete the work. 
Payment will be made under: 

Code Pay Item Pay Unit 

26!0 Retaining Wall, Gabion 
Structure Excavation. as classified 

II 0 

Cubic Meter or Cubic Yard 
See Section 206.11 



(B) Wire Mesh for Mattress Units. The wire mesh shall permit elongation 
equivalent to a minimum of 10 percent of the length of the section under test 
without reducing the diameter or tensile strength of indiVidual wire. 

The maximum linear dimension of the mesh opening shall not exceed 83 
mrn (3 1 I 4 inches) and the area of the mesh opening shall not exceed 3 870.96 
mrn2 (6 square Inches). 

{C) Mattress Units. Wire mattress units shall be fabricated In such a 
manner that the base. sides, and ends can be assembled at the construction site 
Into a rectangular unit of the specified size. The body of the mattress units shall 
be of single unit construction; the bottom. ends, and sides formed of a single 
woven mesh unit. The top shall be a separate woven unit of the same mesh and 
wire speclflcations as the body. 

The mattress units shall be subdivided tnto compartments a maximum 
of .91 m (3 feet) long extending over the full width of the mattress unit by the 
Insertion of diaphragms made of the same mesh as the rest of the mattress unit. · 
The diaphragms shall be factory secured In proper position on the bottom With a 
continuous spiral Wire, in such a manner that no additional tytng at this joint will 
be necessary. 

All pelimeter edges of the mesh forming the mattress unit shall be 
securely selvaged so that the joints formed by tytng the selvage have at least the 
same strength as the body of the mesh. 

Lacing Wire shall be supplied In sufficient quantity so that all sides, ends 
and diaphragms may be securely fastened together. and the top may be securely 
fastened to all sides, ends, and diaphragms. The connecting Wire shall meet or 
exceed the same specifications as the wire specified for the mesh. 

Mattress units shall be supplied In the lengths and Widths designated by 
the plans or reqUired by the Engineer. Width of all mattresses shall be uniform. 
and shall be Within plus or minus 3 percent of the ordered Width. 

813.14.02 Acceptance. The Engineer will sample each shipment for 
testing of the Wire size and zinc coating, and other tests as deemed necessary. 
Acceptance Will be based on laboratory testing and Visual tnspection by the 
Engineer on the project. 

813.15 Gabion Baskets. 

813.15.01 Requirements. 

(A) Wire for Gab ion Baskets. Steel wire sizes and zinc coa lings shall be as 
follows: 

ITE:I-1 ME'<l:I-IUM DIAMETER MTh'ThiDI COATING 

Mesh wire - baskets 
and diaphragms 
Selvedge Wire 
Lacing and 

mm (inches) 

2.896 (0.114) 
3.810 (0.150) 

Connecting wire 2.108 (0.083) 

kgim' (ounces per S.F.) 

2.44 (0.80) 
2.44 (0.80) 

2.14 (0.70) 

Zinc coating will be tested In accordance with ASTM A 90. 
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(B) Wire Mesh for Gabton Baskets. The mesh shall be made of the 
specified wire. trtple twisted, fonnlng a uniform hexagonal mesh pattern of 
approximately 83 mm by 114 mm (3 1 I 4 Inch by 4 1 /2 Inch) nominal openings. 

(C) Gab ton Baskets. The mesh shall be fabricated Into baskets of the 
dimensions required by the contract. The length. width, and height ofthe gablons 
as shown In the plans are minimum dimensions acceptable and gabions of 
slightly greater dimensions will be allowed. 

When the gabion length exceeds Its width, It shall be supplied with 
diaphragms to form individual cells of equal length and width. The diaphragms 
shall be of the same material composition as the gab ion. 

Tying and connecting wire shall be supplied In sufficient quantity so that 
all required tying, connecting, and lacing can be performed. ·When gablon 
baskets are purchased directly by the Department. tying and connecting wire 
shall be supplied In a minimum amount of8 percent of the weight of the gab ions. 

813.15.02 Acceptance. The Engineer will sample each shipment for 
testing of the wire size, ztnc coating. and other tests as deemed necessary. 
Acceptance will be based on laboratory testing and visual Inspection by the 
Engineer on the project. 
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SECTION 701- CONCRETE CRIII-TYPE RETAINING WALLS 

701.01 Description 
701.02 Materials 
701.03 Foundation 

· 701.04 Concrete Crib bing 
701.05 Interior Fill and Backfill 
701.06 Method of Measurement 
701.07 Basis of Payment 

701.01 Description. This work shall consist of furnishing and Installing 
concrete crib members and furnishing and placing the. Interior fill material all in 

. accordance with these specifications and In reasonably close conformity with the 
lines. grades. and dimensions shown on the plans. The crib members shall be 
reinforced concrete and shall comply with requirements hereinafter specified. 

MATERIALS 

701.02 Materials. Concrete crib members shall be of Class D Concrete 
cast In conformance with general requirements specified in Section 605. 
Materials shall meet requirements specified under the followtng Sections. 

Miscellaneous Metals 
Concrete. Class D 
Steel Reinforcement 
Perforated Pipe 

813 
601 
602 
705.02 

Interior fill for closed face concrete cribbing shall be granular material 
approved by the Engineer, and may be any of the followtng alternates providing 
none contains more than 15 percent passing the 150 )lm (No. 100) sieve: 

(1) Well graded or uniformly graded crushed or uncrushed gravel. 
(2) Crushed stone or crushed slag up to 76 mm (3 Inches) maximum 

size. 
(3) Finely shot limestone, sandstone, or rock-like shale (SDI 95 or 

greater by fu\1 64-513) up to 76 mm (3 inches) maximum size. 
(4) Well graded or uniformly graded natural or crushed sand. 

The granular material shall contain no more than 5 percent dirt and/or 
soil-like shale (SDI 50 or less by KM 64-513), as determined byvisuallnspectlon 
by the Engineer. 

Natural sand, crushed sand, or crushed aggregate smaller than No. 57 
shall not be used to fill open face concrete cribbing. 

The 0.61 m (2.0 feet) of minimum soil cover. as shown on the standard 
drawings, shall be silt-clay materials (more than 35 percent passing 0.075 mm). 
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CONSTRUCTION REQUIREMENTS 

701.03 Foundation. The foundation or bed for cribbing shall be excavated 
true to the established grade. shall be finn. and shall be approved before any crib 
work Is placed. 

701.04 Concrete Cribbing. In general. transverse concrete sill members 
shall be used to support the lower clibblng course. Ciib members shall be 

handled and erected in a manner to avoid damage. Any members that are cracked 
or otherwise damaged shall be replaced at the Contractor's expense. Each 
member shall be secured by means of approved interlock features of the cribbing. 
Double rows of headers shall be placed at approximately 29.26-m (96-foot) 
Intervals to provide for differential expansion and settlement along the wall. 
Closed face end headers and closed face stretchers shall be used when shown on 
the plans. The same type crtbbing and construction shall be used throughout the 
project. 

701.05 Interior Fill and BackfLII. Filling for the interior of the clib shall 
progress simultaneously with erection of the ciibbtng and shall be of approved 
materials placed in layers not to exceed 305 mm (12 inches) loose thickness or as 
shown on the plans, tamped and consolidated to the satisfaction of the Engineer. 
Two hundred three--millimeter (eight-inch) perforated pipe shall be Installed 
behind each retaining wall as directed. 

Backfilling around and behind the clib wall shall be done as set out in 
Section 206.08. Filling and backlllllng operations and equipment shall be such 
that alignment of the wall is not disturbed. 

Geotextile fabiic meeting the requirements of Section 845 for Type II 
shall be placed between the tntertor fill and the soil cover. The fabrtc will not be 
paid for separately. but will be considered Incidental to the tntertor fill. 

701.06 Method of Measurement. Ciibbtng will be measured In square 
meters (square feet) complete and accepted In the fmal work. The gross area lying 
In a plane of the outside front face of the structure as shown on the plans or as 
directed in wrtting will be measured. Perforated pipe will be measured as 
specified in Section 705.04. 

Structure e..'Ccavation, as classified. will be measured in cubic yards for 
the volume actually e..'Ccavated from within the !Jmits bounded by vertical planes 
one foot outside the neat lines of the crib wall base at the ends and the front face 
and a plane one foot outside and parallel to the back face of the lowest cell. 
Measurements will be made, within the designated limits. between the original 
ground and bottom of the excavated pit, except In cut sections where the finished 
cross section will govern. 

The intertor fill will be measured in cubic yards complete and accepted in 
the final work. Measurement will be made of the actual volume compacted In 
place, within the crib and computed from the lntelior dimensions shown on the 
plans or as directed in Writing .. 
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701.07 Basis of Payment. The accepted quantities of cribbing will be paid 
for at the contract unit price per square meter (square foot). The accepted 
quantities of structure excavation, as classified. will be paid for as specified In 
Section 206.11. Perforated pipe will be paid for as specified In Section 705.05. 

The accepted quantities of Interior fill will be paid for at the contract unit 
price per cubic yard. Payment shall be full compensation for all materials. 
equipment, labor. and Incidentals necessary to complete the work. 

Payment will be made under. 

Code Pay Item 

8031 Retaining Wall, Concrete 
Cribbing 

Structure Excavation, as Classified 
27 53 Interior Fill for Cribbing 

Perforated Pipe 
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Pay Unit 

Square Meter or Square Foot 
See Section 206.11 
Cubic Meter or Cubic Yard 
See Section 705.05 



SECTION 702- METAL BIN-TYPE RETAINING WALLS 

702.01 Description 
702.02 Materials 
702.03 General 
702.04 Method of Measurement 
702.05 Basis of Payment 

702.01 Description. This work shall consist of furnishing and Installing 
metal bin-type retaining walls and placing interior materials all in accordance 
With these specifications and in reasonably close confonnity with the lines. 
grades. and dimensions shown on the plans. Metal bin-type retaining walls shall 
consist of a plurality of pairs of columns. one column of each pair being in the 
plane of the front of the wall and the other column being in the plane of the rear of 
the wall. With the pairs of columns spaced longitudinally With overlapping 
U-shaped tie members. Necessary bolts and appurtenances shall be furnished 
for complete assembly of units into a continuous closed face wall of connected 
bins. 

Units In the wall shall conform to the dimensions and thicknesses 
specified and, when assembled. shall present a uniform and workmanlike 
appearance. 

MATERIALS 

702.02 Materials. Members shall be of the siZes shown on the plans. The 
Contractor shall submit shop drawings of the members to be used at least 3 full 
weeks prior to construction for review. GalvaniZed bolts for assembly shall bt:; 
15.9 mm (5/8 inch) in diameter and shallhaveaminimumlengthof32 mm (1 1//, 
inches) measured from the underside of the bolt head. Perforated pipe shall meet 
requirements of Section 705.02. · 

GalvaniZed steel sheets used to fabricate the wall shall conform to ASTM 
A 444 With respect to base metal analysis and weight of zinc coating only. 

Interior fill shall be granular material approved by the Engineer, and may 
be any ofthe following alternates providing none contains more than 15 percent 
passing the 150 J1l11 (No. I 00) sieve: 

(1) Well graded or uniformly graded crushed or uncrushed gravel. 
(2) Crushed stone up to 76 mm (3 inches) maximum siZe. 
(3) Finely shot limestone. sandstone. or rock-like shale (SO! 95 or 
greater by l\.,'\1 64-513) up to 76 mm (3 inches) maximum siZe. 
(4) Well graded or uniformly graded natural or crushed sand. 

The granular material shall contain no more than 5 percent dirt and/or 
soil-like shale (SO! 50 or less by KM 64-513). as determined by visual inspection 
by the Engineer. 

The 0.61 m (2.0 feet) of minimum soil cover, as shown on the standard 
drawings. shall be silt-clay materials (more than 35 percent passing 0.075 mm). 
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CONSTRUCTION REQUIREMENTS 

702.03 General. The foundation or bed for the bin wall shall be fliTil and 
shall be approved before any of the bin wall is placed. Members shall be erected as 
shown on the plans. The members shall be handled carefully and any which are 
damaged shall be removed and new members substituted at the Contractor's 
expense. 

Filling for the Interior of the bin wall shall progress simultaneously With 
erection of the members and shall be of approved material, as shown on the 
standard draWing, placed in layers not to exceed 305 mm (12 inches) loose 
thickness or as shown on the plans, tamped and consolidated to the satisfaction 
of the Engineer. 

Two hundred and three-mUlimeter (eight-Inch) perforated pipe shall be 
placed behind each retaining wall as directed. 

Backfilling around and behind the bin-type retaining walls shall be done 
as specilled in Section 206.08. Filling and backfilllng operations and equipment 
shall be such that alignment of the wall is not disturbed. 

Geotextile fabric, meeting the requirements of Section 845 for 1)rpe II, 
shall be placed between the interior fill and the soil cover. The geotextile fabric 
v.ill not be paid for separately. but will be considered incidental to the interior fill. 

702.04 Method of Measurement. Metal bin-type retaining walls will be 
measured In square meters (square feet) complete and accepted In the final work. 
The area to be measured will be the area lying in the plane of the outside frontface 
of the structure as shown on the plans or as directed in writing. 

Structure excavation, as classilled, will be measured in cubic meters 
(cubic yards) for the volume actually excavated from v.ithin the limits bounded by 
vertical planes one foot outside the neat lines of the wall base at the ends and front 
face and a plane one foot outside and parallel to the back face of the wall. 
Measurements will be made. v.ithin the designated limits, between the original 
ground and bottom of the excavated pit, except in cut sections where the fmished 
cross section will govern. 

Perforated pipe will be measured as specilled in Section 705.04. 
The interior fill will be measured in cubic meters (cubic yards) complete 

and accepted in the final work. Measurement will be made of the actual volume 
compacted in place within the wall and computed from the interior dimensions 
shown on the plans or as directed in writing. 

702.05 Basis of Payment. The accepted quantities of metal bin-type 
retaining wall will be paid for at the contract unit price per square meter (square 
foot). 

The accepted quantities of structure exca\·auon, as classified, will be 
paid for as specilled in Section 206.11. The accepted quantities of interior fill will 
be paid for at the contract unit price per cubic meter (cubic yard). Perforated pipe 
Will be paid for as specified in Section 705.05. Payment shall be full 
compensation for all materials, equipment. labor, and incidentals necessary to 
complete the work. 
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Code 

8022 

Payment will be made under: 

Payltem 

Retaining Wall, Metal Bin 
Structure Excavation, 

as Classified 
Interior Fill for Bin-'IJpe 

Retaining Walls 
Perforated Pipe 
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Pay Unit 

Square Meter or Square Foot 

See Section 206.11 

Cubic Meter or Cubic Yard 
See Section 705.05 
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SPECIAL DESIGNS REQUIRED 
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NOTES 
THE RETAINING WALL DEPICTED ON THIS DRAWING SHALL BE USED 
WilEN TilE !lElGHT I II DIMENSION I OF THE WALL IS 366D MM OR LESS 
PHOVIDED TilE FILL COMPLIES WIT II TilE FOLLOWING CONDIT IONS: 

CASE I - WALL BACKFILL SLOPES DOWN~ IS LEVEl, OR SLOPES UP 
FROM WALL AT 1:20 OR FLATTtR. THIS LOW SLOPE ALLOWS 
FOR BACKFILLS WHICH WOULD BE LEVEL EXCEPT FOR TilE 
SLOPE REQUIRED TO FACILITATE PROPER DRAINAGE. 

CASE II - BACKFILL SLOPES UP STEEPER THAN 1:20 BUT NOT 
STEEPER THAN 1:4. 

CASE Ill - BACKfiLL SLOPES UP STEEPER THAN 1:4 BUT NOT 
STEEPER THAN 1:2. WHEN H DIMENSION IS GREATER 
THAN 2440 MM IIIEIGHT OF EXPOSED fACE GREATER THAN 
1830 MM INCREASE THE EMBEDMENT DEPTH TO '/4H. 1 I'. 

SPECIAL DESIGNS SHALL BE REQUIRED WHEN HIE FOLLOWING 
CONDITIONS EXIST: 
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- TilE LIMITS Of A 1:1 SLOPE EXTENDING FROM THE 

BASE OF HiE WALL. 
AREAS AND VOLUMES !lAVE BEEN COMPUTED. WITHOUT DEDUCTING 
FOR BEVELED EDGES OR PIPE DRAINS. WHEN A RETAINING WALL 
VARIES IN HEIGHT, THE PRISMOIDAL FORMULA SHALL BE USED IN 
COMPUTING VOLUMES. 

(]') MINIMUM EMBEDMENT VALUE FOR FIRM EARTH IS 610 MM; 
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OVER 2440 MM !SEE CASE Ill ABOVE!. 
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INCLUDED IN THE UNIT PRICE BID FOR GRAVITY TYPE RETAINING 
WALLS. 
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REFERENCES: 

April 28, 1994 

RETAINING WALL GENERAL NOTES 
ALTERNATE WALLS 

All references to the Standard Specifications are to the Kentucky Department 
of Highways standard Specifications for Road and Bridge Construction, current 
Edition. 

All references to the AASHTO Specifications are to the current Edition of the 
AASHTO Standard Specifications for Highway Bridges with Current Interims. 

All references to the Special Provisions are to the Department's Current 
Edition. 

All references to the Special Notes are to the Department's current Edition. 

ACCEPTABLE WALL TYPES: 
The wall selected by the contractor shall be one of the following: 

1. Mechanically Stabilized Earth (MSE) Walls; 
a. Reinforced EarthR, 
b. VSL Retained Earth, 
c-. Hilfiker RSE & HSE. 
~ GENESIS~ - see Special Note, 
~ PYRAMIDTM - see Special Note, or 
~ ISOGRIDTM - see Special Note. 

2. Cast-In-Place (C.I.P.) Reinforced Concrete Wall; 
a. Provided by the Department or 
b. Provided by the Contractor 

3. DOUBLEWAL'; 
~. T-WALL™ - see Special Note; 
5. TeChwall r™ and II™- see Special Note; 
6. Evergreen (experimental); and 
7. Other walls when permitted. 

The wall type selected by th~ contractor shall be used throughout for that 
wall or set of walls. The walls shall conform to the requirements of Special 
Provision 66 and Special Notes that apply. A separate and complete set of 
design calculations and construction plans shall be submitted for each wall 
unless grouping of the walls is permitted by the Engineer. Prior approval in 
writing· is required before walls may be submitted in groups. These notes do 
not apply to shoulder barrier walls~ 

DESIGN: 
All reinforced concrete members shall be designed by the load factor design 
method in accordance with the AASHTO Specifications. 

The wall design shall be in accordance with the AASHTO Specifications, the 
Special Notes, and Special Provision 66. Exceptions to these requirement-s are 
listed in these general notes or shown on the plans. Traffic live loads above 
the wall, if applicable, shall be considered for design as equivalent to an 
additional (*) feet of surcharge. 

(*Use 2 feet for construction live load and 5 feet for HS 25 live load 
but use 2 feet for HS 25 live load on an approach slab.) 
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The Mechanically Stabilized Earth (MSE) Reinforcement lengths shown are the 
minimums required by the AASHTO Specifications and/or the minimums required to 
satisfy external stability. Contrary to the AASHTO Specifications, the 
required MSE Reinforcement lengths shall be based on the mechanical height. 
(H') of the wall. Details shown elsewhere en these plans define the 
mechanical height (H'). The MSE Wall suppliers' design may require greater 
reinforcement lengths and MSE volume to satisfy their design. If the 
reinforcement lengths are increased the areas requiring foundation replacement 
shall be increased accordingly. The additional quantities of excavation, 
Roadway Fill - Granular Embankment, MSE Reinforcement and reinforced volume, 
and all other items necessary to complete the work required by this increased 
length shall be incidental to the unit price bid for the Retaining Wall. 
Unless otherwise shown on the plans, MSE Reinforcement lengths shall be equal 
to or greater than the length shown on the plans or as required by the AASHTO 
Specifications for the mechanical height (H') of the wall. 

The lengths of the MSE Reinforcement shall be constant from the bottom to the 
top of the section. 

The material required for the reinforced volume of MSE Walls shall extend six 
inches minimum beyond the ends of the reinforcement. 

contrary to the AASHTO Specifications, the carbon steel loss after zinc 
depletion shall be 12 urn per year. 

In the absence of site specific product data thje following Factors of Safety 
shall be used for MSE Walls with polymeric reinforcement: 

FD = 2.0 and FC = 3.0 

In no case shall the Factors of Safety be less than: 
FD = 1.1 and FC = 1.25 

Refer to the Subsurface Data Sheets for in-situ soil parameters, factors of 
safety for stability, and other geotechnical requirements and information. 
Contrary to these sheets, the coefficient of friction for sliding resistance 
for MSE Walls shall be no greater than tangent ¢. 

MATERIALS: 
All the material used in the areas requiring foundation replacement shall meet 
the material requirements for Roadway Fill - Granular Embankment as given in 
the Current Edition of Special Provision 69, Section II. c. 

ASTM or AASHTO Specifications as designated below shall govern the materials 
furnished: 

ASTM AASHTO 
M-270 - Grade 50 

Material 
Structural Steel 

(Add other Materials as required) 

STUB ABUTMENTS: 
Foundation materials 
bearing pressure of 

for the Stub Abutments are required to resist a maximum 
• ksf. (* 4.0 Maximum) 

The horizontal load on the retaining wall due to the Stub Abutment is 
klf applied at the base of the Stub Abutment footing. 

CALCULATIONS AND PLANS: 
Design calculations and construction plans clearly showing conformance with 
the standard Specifications, AASHTO Specifications, Special Provisions, 
Special Notes, and contract plans shall be submitted for approval. Wall 
designs and plans shall be dated, sealed, and signed by a registered 
professional engineer. separate sets of plans shall be prepared and submitted 
for each wall required by these notesc Grouping· of walls into one set of 
plans shall not be permitted unless prior approval from the Director, Division 
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of Bridges has been received or the plans state that certain walls shall or 
may be combined and submitted in one set of plans. The Contractor shall allow 
30 working days for the Department to review his first complete submission. 
Additional time required by the Department to review resubmissione. shall not 
be cause for increasing the number of contract working days and st.all be at no 
cost to the Department. 

GENERAL: 

c.I.P. Walls may require expansion and contraction joints. Expansion joints 
shall be provided at intervals of about 90'. Contraction joints shall be 
provided at intervals of about 30'. Reinforcing steel shall not pass through 
either joint. Two inch 0 commercial grade smooth steel dowel bars shall be 
symmetrically positioned along the centerline of the joints. The spacing 
shall be the same as the spacing of the horizontal reinforcement. one end 
(18") of each dowel shall be greased to allow movement. 

The method of measurement and basis of payment shall be in accordance with 
special Provision 66 with modifications as shown in the contract plans. All 
preformed cork joint material, commercial grade caulking compound, smooth 
roofing paper, cut-back asphalt, commercial grade smooth steel dowels, and 
other materials; equipment; and labor necessary to complete the joints shall 
be incidental to the unit price bid per square foot face of Retaining Wall. 

The upper limits, from out to out of roadway shoulders, for the reinforced 
backfill material used in the MSE Wall volume supporting bridge abutments 
shall be the top of the abutment footing or pile cap. The remainder of the 
embankment shall be constructed in accordance with the Specifications. Type 
rv geotextile fabric shall be used as a separator between the MSE Reinforced 
backfill material and the embankment materials. The contractor shall have the 
option of constructing this portion of the embankment with the same material 
as used in the reinforced backfill and eliminating the geotextile fabric. 

The bottom of wall elevation may be raised if solid rock is encountered. 
However, the top of the leveling pad or footing shall be a minimum of six 
inches below the finish grade in front of the wall or as directed by the 
Engineer. The Retaining Wall pay limits shall be revised accordingly. 

Foundation replacement of the in-situ soil with Roadway fill - Granula7 
Embankment is required at certain sections of the walls. The upper limit is 
the bottom of wall elevations as shown on the plans. The lower limit and the 
lateral limits for foundation replacement are shown on the plans. At some 
sections the lower limit for foundation replacement is shown as solid rock. 
An interpolated rock line has been used to define the lower limit. The 
interpolated rock line has been used for calculating external stability, 
allowable bearing capacity, and pay quantities. All work associated with 
foundation replacement shall be incidental to the unit price bid for Roadway 
Fill - Granular Embankment The pay limits for Roadway Fill - Granular 
Embankment shall be identical to the limits for foundation replacement. 

changing the limits or quantities of the retaining wall or foundation 
replacement, except as directed by the Engineer shall not be cause for 
changing the plan pay quantities. Lowering the bottom of wall elevations to 
accommodate the wall design or configuration of pre-fabricated concrete units 
shall not be cause for changing the plan pay quantities. Extension of the 
horizontal limits to accommodate the wall design, configuration of pre
fabricated concrete units, or lengths of soil reinforcement for MSE Walls 
shall not be cause for changing the plan pay quantities. 

Excavation, sheeting, shoring, labor, and equipment necessary to complete this 
work shall be incidental to the unit price bid for Roadway Fill - Granular 
Embankment. The pay quantity for Roadway Fill - Granular Embankment shall be 
adjusted for the rock line as determined in the field. 

126 



Any roadway Fill - Granular Embankment used to backfill over-excavation, at 
wall steps, or behind the wall volume shall be incidental to the unit price 
bid for the Retaining Wall. 

Refer to the suosurface Data Sheets for geotechnical design parameters and 
requirements~ In no case shall the geotechnical strength parameters used for 
design exceed the values allowed by the AASHTO Specifications~ 

All final wall tracings, with drqwing number, shall be submitted on 3 mil, or 
thicker, 22" X 36"' mylar film. The format shall be in accordance with the 
Division of Bridges Guidance Manual. The first sheet shall be a title sheet. 
The preparer of the wall designs and plans shall contact the Division of 
Bridges before beginning any work. The drqwing number is 23174. 

OPTIONAL NOTES 

Contrary to Special Provision 66, a design and construction plana can be 
provided by the Department (or Consultant) for a c.I.P. Wall (or other type). 
The contractor shall notify the Department within 30 calendar days of receipt 
o.f the Notice to Proceed if design and construction plans are required.. The 
Contractor shall allow the Department (or Consultant) 30 working days to 
provide the design(s) and construction planse The Contractor shall have the 
option of providing his own wall design(s) and construction plans in 
accordance with Special Provision 66. 

Sheeting, shoring, temporary walls or other earth retention systems necessary 
to stabilize the earth behind the wall(s) during construction shall be the 
responsibility of the Contractore All designs, labor, materials, etc. 
required to complete this work shall be at no additional cost to the 
Department, but shall be incidental to the unit price bid for the Retaining 
Wall ( s) • 

See the Lighting Plans for details of light standards, conduits, etc. 

GENERAL INSTRUCTIONS 

If the date of the Current Edition of AASHTO or the Standard Specifications is 
not shown elsewhere in the plans, show the date in these General Notes. 

If the current Edition of Special Provisions or Special Notes are not shown 
elsewhere in the plans, show the correct edition under References. Place 
References on the right side and above the title block of sheet one of the 
plans. 

The Geotechnical Branch will provide the list of acceptable wall types. Show 
only the walls selected as Acceptable Wall Types. 

As of April 20, 1994, the following walls have not been approved and the 
Special Notes have not been approved: 

1. ISOGRIDT", 
2. PYRAMIDn.t, 

Provide live load surcharge. 

Has the maximum bearing pressure and horizontal load for stub abutments been 
provided? 

Is an estimate of quantities for Department/Consultant designed C.I.P. Wall 
provided? 

Add slash to phi angle symbol. 

Is mechanical height (H') shown in the plans? 
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Have the proprietary wall suppliers been notified? 

Are the addresses of the proprietary wall suppliers shown? 
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ADDITIONAL NOTES 
C.I.P. WALL 

GENERAL NOTES 

Design Loads: The retaining walls are designed in accordance with the current 
AASHTO Specifications. The effective weight of the soil is * pounds 
per cubic foot. The equivalent fluid pressure of the sail is * pounds 
per cubic foot. Traffic live loads above the wall, if applicable shall 
be considered for design as equivalent to an additional ** feet of 
earth surcharge. 

* See Geotechnical Engineering Report 
** Use 2 feet for construction live load and 5 feet for HS 25 live 
load but use 2 feet for HS 25 live load on an approach slab. 

Design Method: All reinforced concrete members are designed by the load 
factor method as specified int the current AASHTO Specifications. 

Sawcutting Existing Concrete: Prior to the removal of existing concrete 
masonry, cut the surface with a concrete saw to a depth of one inch to 
facilitate a neat line. The cost of all materials, labor, and 
incidental items necessary to complete this work shall be incidental to 
and included in the unit price bid for Class A Concrete. 

Bonding New Concrete to Old Concrete: All new concrete shall be bonded to 
the old concrete with a Two-component Epoxy Resin System conforming to 
sections 736 and 833 of the Specifications. The cost of all materials, 
labor, and incidental items necessary to complete this work shall be 
incidental to and included in the unit price bid for Class A concrete~ 

PLAN NOTES 

1. The costs of all materials, labor, and incidental items necessary to 
complete the Rustication Pattern and Masonry Coating Finish shall be 
incidental to and included in the unit price bid for Class A C011crete. 

2. The costs of all materials, labor, and incidental items necessary to 
install the 1" Premolded Expansion Material and Joint Waterproofing 
shall be incidental to and included in the unit price bid for a Class A 
Concrete. 

3. Reinforcing steel shall not pass through expansion joints or 
construction/contraction joints. commericial grade smoothe steel dowel 
bars shall be placed along the centerline of the joint. The Dowel bars 
shall have a one inch diameter and be thirty-six inches. One end of the 
dowel bars. shall be greased. 
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In the absence of site specific product data the following Factors of Safety 
shall be used for MSE Walls with polymeric ·reinforcement: 

FD = 2.0 and FC = 3.0 

In no case shall the Factors of Safety be less than: 
FD = l.l and FC = 1.25 
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Expansion joints are to be provided at intervals of about 90'~ contraction 
joints are to be provided at intervals of about 30'. Reinforcing steel shall 
not pass through either joint. 'wo inch 0 commercial grade smooth steel dowel 
bars shall be symmetrically positioned along the centerline of the joints. 
The spacing shall be the same as the spacing of the horizontal reinforcement. 
One end of each dowel shall be grease to allow movement. 

All preformed cork joint material, commercial grade caulking compound, smooth 
roofing paper, cut-back asphalt, commercial grade smooth steel dowels, and 
other materials, equipment and labor necessary to complete the joints shall be 
incidental to the unit price bid per square foot of Retaining Wall. 
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1991 INTERIM 

C5.2.1.4 
Full height panels (30 square feet) when used, have been subject to longitudinal and 

vertical cracking and visible bending. 

Where ground stray currents are anticipated within a 200-foot distance of a structure, the 
potential for stray current corrosion exists, when metallic reinforcements are used. Induced
current cathodic protection measures have not been successful in the past and have caused two 
known failures. 

C5.8.1 
Parametric studies considering m1mmum acceptable soil strengths have shown that 

structure dimensions satisfying all requirements of Article 5.8.1 require length to height ratios 
varying from 0.8H for low structures (10 feet) to 0.63H for high structures (40 feet). 

Shorter reinforcing lengths may be considered for structures in cut situations or 
constructed on rock. Under these conditions, bottom reinforcements have been shortened to 40 
percent of the structure height in lieu of removing rock for construction. 

C7.5.4 
The minimum length of reinforcement based on experience has been taken as 22 feet or 

equal to 0.6H + 6.5 feet, which ever is greater. (H measured from bottom of wall to roadway 
surface) Length of reinforcement should be constant throughout the height to limit differential 
settlements across the reinforced zone which overstresses the reinforcements. 

At abutments the relative high footing loads near the panel connections increase the 
connection load to calculated maximum values and therefore no reduction should be applied. 

7.5.4 
Abutment footings shall be proportioned to meet the overturning and sliding criteria 

specified in Article 5.5.5 and for maximum uniform bearing pressure using an effective footing 
width of .foundation (B- 2e). The maximum allowable bearing pressure shall be 4.0 ksf. 
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INSTRUCTIONS 
FOR 

MSE WALLS 

PREBID 

1. Determine Mechanical Height- H'. 
a. All Abutments, H' = Height of wall from bottom of wall to 

roadway surface. 
b. Wall, Level Backfill, H' = Height of wall from bottom 

to wall to top of backfill. 
c. Wall, Sloping Backfill, H' = H (level Backfill) divided 

by (1-0.JtanB] 
Where B = slope of backfill. 
H' = H/[1 - O.JtanB] 

2. Estimate bearing pressure (p) in ksf. 
a. True Abutments, p >= 1.54 H' + 1.44 
b. Walls with Pile Bents, p >= .176 H' 
c. Traditional Walls, p >= .176 H' 

(H in feet) 

3. Estimate Strap Length in feet. The minimum 
length shall be the greater of the following. 

reinforcement 

4 . 

a. True Abutments, L = 22.0' 
L = 0.6 H + 6.0' 
L= 0.7H 

b. Pile Bents, L = 8.0' 
L= 0.7H 

c. Traditional Walls, L = 8.0' 
L = 0. 7H 

(H in feet) 

Calculate Allowable Bearing capacity with no undercut. 
abc = (5.53c/2 + yd) a. Cohesive Soil, 

Example c = 1.000 ksf, y = o. 125 kef, and 
d = 2 I • 

p. Cohesionless 
Example 

abc 
Soil, 

y = 
d = 

= 3.02ksf 
abc= (ydNq + 0.4 yBNy)/2 

0.125 kef, Nq =33, Ny = 14.5, 
2', and B(feet) = Straplength 
L(feet). 

Refer to 
parameters. 

abc = (4.588 + .348 B) ksf 
Geotechnical Engineering Report for soil 

5. Estimate Depth of Undercut (d) and replacement with Roadway 
Fill - Granular embankment if Required, ie. p > abc (at base of 
wall). 

p - See Step 2 
L' = p(L)/abc ( at base of undercut) 
L' = L + d 

d = L' - L 
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6. calculate Nominal Allowable Bearing Capacity due to 
Undercut. 

Nominal abc' = (abc) L/L' 
The Nominal Allowable BeaTing capacity is that presure 

allowed at the base of the wall which will not exceed the 
Allowable Bearing capactiy at the base of the undercut. 

POST BID 

Note: Copies of the design calculations and construction plans 
are forwarded to the Geotechnical Branch. Design consultant are 
provided with copies if they are involved. 

1. Check vertical and lateral limits. 
Check limits of undercut if applicable. 
Review plan notes and details. 

2 .. Check applied pressure (p). 
p <= abc - no undercut 
p <= abc' - with undercut 

3. Review design calculations. 

4. Return red-marked copy of calculations and plans for 
revision if necessary. 

Request calculations and plans be resubmitted for review if 
necessary. 

5. After calculations and plans are satisfactory, reques.mylar 
reproducibles. 

6. Forward nine full-size and two reduced-size copies to the 
division of construction. Forward one reduced-size copies of the 
plans to the Geotechnical Branch and, if applicable, to the 
consultant. 

* * * Note y = (unit weight) 

* * * Roadway Fill - Granular Embankment for undercut 
backfill shall be meet the requirements of Special Provision 69, 
current Edition. 
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DON C. KELLY, P .E. 
SECRETAR.Y OF TRANSPORTATION 

COMMONWEALTH OF kENTUCKY 

TRANSPORTATION CABINE1 
FRANKFORT,I<ENTUCKY 40b22 

JERRY D. ANGUN 

DEPUTY SECRETARY 
AND 

COMMISSIONER OF HIGHWAYS 

February 16, 1994 

Mr. Ray Greer, P.E. 
Federal Highway Administration 
John C. Watts Building 
Frankfort, KY 40601 

Gentlemen: 

In Re: State Approved Retaining Walls 

The following wall systems are acceptable for routine use. 

A. Mechanically Stabilized Earth (MSE) Walls 
1. By Special Provision 66 

a. Reinforced Earth Wall, 
b. VSL Retained Earth Wall, and 
c. Hilfiker RSE Wall. 

2. By Special Note 
a. Genesis Wall, 
b. Pyramid Wall, and 
c. ISOGRID Wall. 

(Special Notes for walls 2.b. and 2.c. are in final 
development stage.) 

B. Cast-In-Place (C.I.P.) Reinforced Concrete Walls 
1. Design provided by the Department and 
2. Design provided by Contractor. 

c. Doublewal - by Special Provision 66 

D. T-Wall - by Special Note 

E. TechWall I & II - by Special Note 

F. Evergreen Wall - by Special Provision 66 (Experimental) 

BRERETON C. JONES 
GOVERNOR 

Walls are •approved' for use on a site specific basis. Currently only C.I.P. 
walls and the MSE Walls of Item A.l. are permitted for the support bridge 
abutments. 

We have no stated cutoff for height of wall. I have no knowledge of a 
Department constructed wall exceeding 30 feet. Walls exceeding 25 feet, 
having unusual foundation conditions, or requiring unique design would be 
reviewed in-depth by this Division and the Geotechnical Branch. The 
Department would then list in the plans the walls approved for the particular 
situation. 

Preliminary plans are required for all situations where a wall is required. 
Plans are either developed for a specific wall system or for alternate walls. 
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Mr. Ray Greer, P.E. 
Page #2 
February 16, 1994 

When the contract documents permit alternate walls, 'the contractor is required 
to choose a sys~em from the list of walls approved for each situation. The 
list of approved walls is shown on the plans for each wall site. 

contact this office if you have questions. 

Y e y truly, 
4 

:,e.,.#"/. -.d.· .. ~.& .. ,;{. ,/ 
Richard K. Sutherland, P.E. 
Director 
Division of Bridges 

RKS/WHP/rrm 
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DON C.· KELLY, P.E. 
SECRETARY OF TRANSPORTATION 

JERRY D. ANGLIN 
DEPUTY SECRETARY 

AND 
COMMISSIONER OF HIGH\V AYS 

Mr. Paul Tousssaint 
Division Administrator 

COMMONWEALTH OF KENTUCKY 

TRANSPORTATION CABINET 
FRANKFORT, KENTUCKY 401>22. 

May 20, 1993 

Federal Highway Administration 
Frankfort, Ky. 40602 

ATTN: Gary Kinchen 

Gentlemen: 

In Re: Retaining Wall Systems 

BRERETON C. JONES 
GOVERNOR 

This letter provides the Department's current policy for 
accepting new Retaining Wall systems. The Department treats new 
wall systems as a new product. This review effort is currently 
coordinated by the New Product Evaluation Committee located in 
the office of the State Highway Engineer. Willie McCann is'the 
chairman of this committee. 

When the manufacturer or supplier of a proprietary product 
contacts anyone in the Department concerning his system he is 
referred to Willie Mccann. The manufacturer is required to 
complete form TC 40-12, "Preliminary Information for Product 
Review". A copy of this form is enclosed. His submission of 
this form to the New Product evaluation committee initiates the 
Department's review process for his product. 

A "New Product Evaluation Report" is prepared by Willie McCann. 
A sample of this report is enclosed. The Divisions expected to 
review the product are shown on the form with the routing 
sequence by number. 
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Mr. Paul Toussaint 
May 20, 1993 
Page #2 

The Division of Bridges and the Geotechnical Branch are mainly 
responsible for recommending the acceptance or rejection of new 
wall systems. The Divisions of Construction, Design, and 
Maintenance usually provide only an cursory review. 

Completion of this review constitutes the first step in 
preliminary approval of the wall system. The Report is presented 
to the New Product Evaluation committee By Willie McCann. The 
committee forwards the report to the State Highway Engineer with 
recommendation to approve or reject the product. Most wall 
systems are given a conditional approval. They are used on 
projects where permitted by the contract documents. 

The State Highway Engineer has the authority to reject products 
that have been recommended for acceptance by the committee. 
Products approved by the State Highway Engineer still must 
receive acceptance by the FHWA Division office before they can be 
used on federal aid projects. 

The next step is a request for the manufacturer to provide more 
detailed information for an in-depth review. Documentation of 
design theory, design calculations, construction plans, 
construction manuals, material specifications, and special notes 
are required. The Division of Bridges and the Geotechnical 
Branch perform an in-depth review of all the information. w~ 
work closely with manufacturer during this review. If neces~ary, 
we request that a representative of the manufacture meets with us 
to explain his system. 

currently we require all Mechanically stabilized Earth Systems to 
be designed for a 100 year life. Contrary to AASHTO, we use a 
•steel loss after zinc depletion' of 12 urn per year. The 
Department's gradation requirements for material within the 
stabilized earth volume are found in Special Provision 66. 

The Department uses the following references for review of new 
wall systems. 

1. 1991 AASHTO, 
2. Task Force 27 'In-Situ soil Improvement Techniques', 

(Henry Phillips was a member of this FHWA Task Force.), 
3. FHWA Foundation Engineer Manual, 
4. FHWA Tieback Manuals. 
5. Roadway Plans, 
6. Division of Bridges and Geotechnical Guidance Manuals, 
7. Special Provisions and Special Notes, and 
8. Proprietary Design and Construction Manuals. 
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Mr. Paul Toussaint 
May 20, 1993 
Page #3 

Acceptance of a manufacturer's proprietary wall does not 
constitute blanket approval for use of that wall indiscriminately 
on any project. Site specific requirements and Department 
restrictions limit acceptable wall types. The contract plans 
list the acceptable wall types for the project. The Division of 
Bridges and the Geotechnical Branch have the main responsibility 
for deciding which wall types are acceptable. The Division of 
Design and the District Design Office may recommend or reject 
certain wall types. Usually their determination is for aesthetic 
reasons or to match an existing wall. 

Site specific limitations may also preclude certain wall types at 
various locations. For instance, Reinforced Earth and VSL 
Retained Earth walls are the only Mechanically stabilized Earth 
Walls permitted for supporting bridge abutments. Height of wall 
may limit the use of standard gravity walls, cantilevered walls, 
crib walls, metal bin walls and gabion walls. 

The Division of Construction and District Construction personnel 
are responsible for the construction supervision of all walls. 
Redesigns or plan revisions due to construction conditions, plan 
errors, utility conflicts or other field conditions are the 
handled the Division of Bridges. The Division of Bridges 
requires the manufacturer of proprietary wall to revise the 
design or plans when their wall is involved. 

The contractor is responsible for providing the design 
calculations and construction plans for the wall system he 
chooses unless a set of construction plans were included in the 
contract plans. The Division of Bridges and Geotechnical Branch 
review the contractor's submissions in-depth. The design, 
details, dimensions, and elevations are not completely checked. 
The contractor is responsible for the completeness of his wall 
plans and for their conformance with the contract. The 
Department's review does not relieve the contractor from full 
responsibility for the accuracy and completeness of his design 
calculations and construction plans. 

Information concerning the Department's contracting procedures 
for alternate wall systems is discussed in our April 26, 1993, 
letter to your office. 
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Mr. Paul Toussaint 
May 20, 1993 
Page #4 

Notify this office if additional information is required. 

RKS/WHP/rrrn 
Enclosures 
cc: J. M. Yowell 

Charlie Raymer 
Willie McCann 
FHWA Files 

Yours very truly, 

J. M. Yowell, P.E. 
State Highway Engineer 

£~~'-~~i 
BY: R. K. sutherland, P.E. 

Director 
Division of Bridges 
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DON C. KELLY, P.E. 
SECRETARY OF TRANSPORTATION 

JERRY D. ANGLIN 
DEPUTY SECRETARY 

AND 
COMMISSIONER OF HIGHWAYS 

COMMONWEALTH OF KENTUCKY 

TRANSPORTATil)N CABINET 
FRANKFORT,KENTUCKY 40b22 

April 26, 1993 

Mr. Paul Toussaint 
Division Administrator 
Federal Highway Administration 
P.O. Box 536 
Frankfort, Kentucky 40602 

ATTN: Gary Kinchen & Ray Greer 

Gentlemen: 

In Re: Alternate Retaining Walls 

BRERETON C. JONES 
GOVERNOR 

This letter provides the Department's current 
(unofficial) policy for contracting for Alternate 
Retaining Walls. This effort is currently coordinated by 
Henry Phillips in the Division of Bridges. 

References to the 'design engineer' can mean either the 
Department's or the consultant's roadway or structure 
engineer. Currently, the structure engineer takes the 
lead in assuring that alternate wall plans are prepared 
and included in the contract plans. 
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Mr. Paul Toussaint 
April 26, 1993 
Page #2 

PREBID 

Step 1: The engineer preparing the roadway plans is 
responsible for identifying the locations requiring 
retaining walls. 

Step 2: By consensus, engineers from the roadway, 
structures, and geotechnical disciplines review the 
situations and recommend appropriate retaining wall 
alternates for each specific wall location. 

Step 3: A subsurface exploration plan is developed 
and implemented for each wall situation. The proposed 
investigation and testing plan should be reviewed by the 
structure engineer. Geotechnical engineers provide a 
report with recommendations for the various acceptable 
wall types. The report provides the geotechnical design 
parameters and the requirements for external stability, 
overturning, sliding, and bearing. This report also 
addresses any special requirements such as granular 
backfill behind the wall and undercutting with granular 
replacement beneath the wall. This report should be 
comprehensive enough for the structure engineer to 
analyze different wall types for feasibility and 
economics. 

Step 4: The roadway engineer provides the physical 
limits for each wall. He should provide the top of wall 
elevation, finish grade elevations, lateral limits, 
stationing and offsets to face of wall, right-of-way, 
utilities restrictions, special architectural treatment 
of facing, etc. 

step 5: The structure engineer is responsible for 
providing the final contract documents and construction 
plans. Generally, plans for walls involving roadway cuts 
and/or fills only are included in the roadway plans. 
Walls involving structures are included in the plans for 
that particular structure. In some cases a separate set 
of structure plans are provided for a wall. It is the 
structure engineer's responsibility to determine how 
plans are treated for each specific wall. Currently, it 
is the structure engineer's responsibility to insure that 
there are no conflicts among the Subsurface Data Sheets, 
Roadway Plans, Structure Plans Special Provisions, 
Special Notes, Specifications, and any other contract 
document. 
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Mr. Paul Toussaint 
April 26, 1993 
Page #3 

The structure engineer is responsible for consolidating 
the information provided by the roadway and geotechnical 
engineers and accuracy of the final details and notes for 
the contract plans. The structure engineer is 
responsible for ensuring that the depth of burial, wall 
height, and lateral limits meet design, specification, 
and project requirements. The structure engineer is 
responsible for developing and enforcing the design 
criteria for proprietary walls. The structure engineer 
provides the minimum soil reinforcing lengths for 
Mechanically Stabilized Earth (MSE) Walls. The 
geotechnical engineer determines when granular material 
is needed behind or beneath the wall. The structure 
engineer provides the physical limits for the final 
design and details for the undercut and granular 
replacement when needed. The structure engineer relies 
extensively on the Geotechnical Engineering Report for 
developing many of these restrictions. Method of 
Measurement and Basis of Payment is developed by the 
structure engineer. 

Note: At any time prior to the letting, the permitted 
wall types may be amended by geotechnical, roadway or 
structure engineers. 

POST BID 

Step 6: When a set of wall plans is not part of the 
contract documents, the contractor is required to submit 
a set of design calculations and construction plans for 
one of the permitted wall types for the particular 
location. The Division of Bridges is responsible for 
coordinating the review of all design calculations, 
construction plans, and shop drawings submitted by the 
contractor. Review comments are solicited from roadway 
and geotechnical engineers. The structure engineer 
consolidates all comments and forwards a marked-up copy 
of the design calculations and construction plans to the 
contractor for revision. The design, details, 
dimensions, and elevations are not necessarily completely 
checked. The contractor is responsible for the design 
and for the completeness of the wall plans. The review 
does not relieve the contractor of full responsibility 
for the accuracy and completeness of his design 
calculations and construction plans and for conformance 
with the contract documents. 
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Mr. Paul Toussaint 
April 26, 1993 
Page #4 

step 7: When the design calculations and construction 
plans have been completed to the satisfaction of the 
Department, the contractor is requested to submit final 
design calculations and mylar reproducible copies of the 
construction plans to the Division of Bridges. The 
Division of Bridges provides sufficient full-size and 
reduced-size copies of the construction plans to the 
Division of Construction for distribution. 

Note: steps 6 and 7 are skipped if the contractor uses a 
set of wall plans which were included in the contract 
documents. 

step 8: conflicts, changes, revisions and/or 
corrections due to field conditions or project 
requirements are resolved by the structure engineer. 

GENERAL 

The 'Basis of Payment' is square foot face as measured in 
a vertical plane. The 'Pay Limits' are shown on the 
contract plans. Changes in the pay limits to accommodate 
a particular design or the configuration of proprietary 
precast wall panels are not permitted. Necessary changes 
in the pay limits require prior written approval from the 
Department. 

The Division of Bridges is responsible for maintaining 
the permanent files for all walls. The design files 
include a copy of the Geotechnical Engineering Report and 
all pre-bid correspondence. The construction files have 
all the post-bid correspondence. All design calculations 
are kept in a separate calculation file. Final plans are 
kept in the Division of Bridges plan files. 

currently the Division of Bridges uses the following 
references for wall design and construction: 

1. 1991 AASHTO, 
2. Task Force 27 'In-Situ Soil Improvement 

Techniques', (Henry Phillips was a member 
of this FHWA Task Force), 

3. FHWA Foundation Engineer Manual, 
4. FHWA Tieback Manuals, 
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Mr. Paul Toussaint 
April 26, 1993 
Page #5 

5. Roadway Plans, 
6. Division of Bridges and Geotechnical Guidance 

Manuals, 
7. Geotechnical Engineering Report, 
8. Special Provisions and Special Notes, and 
9. Proprietary Design and Construction Manuals. 

Alternate Wall Types: 

1. Mechanically Stabilized Earth Walls 
A. With inextensible reinforcement 
B. With extensible reinforcement 

2. Modular Walls 
3. Precast Walls 
4. crib Walls 
5. Tieback Walls 

A. With a pressure treated timber face 
B. With a reinforced concrete face 

a. Cast-in-place 
b. Precast 

6. Tangent Pile Walls 
7. Cast-in-place Reinforced Concrete Walls 
8. Standard Walls 

A. concrete gravity wall 
B. Metal Bin wall 
c. concrete crib wall 
D. Gabion wire wall 

9. A myriad of Proprietary Walls 
(Note: There are too many brand names to try to 
list the different walls by trade names.) 

The following are enclosed: 

1. Instructions for MSE Walls, 
2. Sample set of Retaining Wall General Notes, and 
3. Sample set of pre-bid plans. 

The Division of Bridges is also responsible for the 
Department's noise wall effort. Currently, the 
contractor is responsible for providing design 
calculations and construction plans for noise walls. The 
contracting process is similar to that used for alternate 
retaining walls. The Department provides all physical 
and design requirements. The AASHTO Guide Specifications 
for structural Design of Sound Barriers, current Edition, 
is used as well as many of the references used for 
alternate retaining walls. 
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Mr. Paul Toussaint 
April 26, 1993 
Page #6 

The Department currently permits steel, concrete (Cast
in-place or precast), and masonry noise walls. 

NEEDS 

1. standard Drawings for cast-in-Place Cantilevered 
Reinforced Concrete Retaining Walls with and 
without Traffic Barriers. 

2. Office Practice for Alternate Retaining Walls. 
3. Microstation capability. 
4. Computer program for analyzing MSE Walls. ___ _ 
5. Capability for checking internal stability of 

MSE Walls. 

RKS/WHP/rrm 
Enclosures 
cc: J. M. Yowell 

Charles Raymer-wfa 
FHWA Files-wfa 

Yours very truly, 

J. M. Yowell, P.E. 
State Highway Engineer 

&tfi/.~J 
BY: Richard K. Sutherland, P.E. 

Director 
Division of Bridges 
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KENTUCKY TRANSPORTATION CABINET 
DEPARTMENT OF HIGHWAYS 

SPECIAL PROVISION NO. -'9 (9-'l 
METAL SOUND BARRIER 

This Special Provision shall applv when indicated on the plans or in the 
proposal. 

I. DESCRIPTION 

This work shall consist of furnishing and installing a metal sound 
barrier in accordance with the requirements of this Special Provision, the 1991 
Standard Specitications, the plans, and proposal. 

II. MATERL\LS 

A. General. 'Wben tested in accordance with ASTM E 90, the sound 
barrier wall shall pro\ ide a minimum transmission loss of 16 dB at 500 Hz and 
20 dB at 2,000 Hz. 

B. Interlocking Panels. Panels shall be interlocking, shall be of steel 
meeting the requirements of ASTM A 446, Grade 8, and shall be galvanized 
in accordance with ASTM A 525, Class G 90. The panels shall have a 
minimum thickness of 22 gage, unless otherwise speci.tied. 

C. Flashings and Caps. All comer !lashings and other t1ashings, and 
caps, shall be fabricated from the same steel material, and be the same 
thickness, as the panels. All posts and girts shall be covered by !lashing. 
Galvanizing of t1ashings and caps shall meet ASTM A 525, Class G 90. 

D. Protective Color Coating. All panels, post co,·ers, cap trim, 
comer t1ashings. and other t1ashings shall have a polyvinyl t1uoride coating at 
lea:,138 J.lm (I 1/2 mils) thick. The coating shall be a product recommended 
for this use by the coating manufacturer. The coating shall be capable of 
withstanding removal of stains by use of detergents. paint solvents, or 
commercially available cleaning t1uids, with no color change or damage to the 
coating. Color shall be as specified elsewhere in the contract. 

The gaJ,·anized steel shall be cleaned. and the coating applied, at the 
factory in strict accordance with the recommendations of the coating 
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manufacturer. Ends of pands cut after the coating is applit:d shall be 
toucht:d-up with color matching paint dther furnished or recommended by the 
coating manufacrurer. 

Color-matching enamel tor touch-up of minor scratches in the coating 
after erection shall be a product either furnished or recommended by the 
coating manutacrurer. 

The panels shall be embosst:d after application of the protective color 
coating, in a manner that \\ill minimize light ret1ectance under wet conditions. 

E. Posts and Girts. Posts and girts shall be fabricated from steel 
meeting the: requirements of ASTM A 36, and shall be galvanized m 
accordance with AS"D.! A 123. 

F. Fasteners. All bolts, nuts, washers, se!J::drilling screws, and other 
fasteners that will be: exposed in the iinisht:d work shall be stainless steel 
meeting the requirements of ASTM A 320. Fasteners covered by tlaslring 
shall conform to AST~l A 307 and be galvanized in accordance with ASTM 
A 164. 

G. Shop Dra,.ings. The Contractor shall submit shop drawings tor 
review by the Engineer, showing top and bottom elevations of the panels, 
tinishc:d grade line and theoretical sound attenuation line. Any fabrication 
begun on the sound barrier betore the Engineer's review of the shop drawings 
is completed will be at the Contractor's risk. 

The Contractor is responsible tor determining the actual ground 
elevations at the location of the barrier, and the post length and panel height 
necessary. 

H. Material Certification & Test Reports. Each shipmc:nt of 
material to the projc:ct shall be accompanic:d by 4 copies of the tollowing 
items: 

(I) a certification from the barrier manufacturer that all manut'actured 
materials meet the requirements of this Special Provision; 
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( 2) test reports from an independent laboratory showing that the 
barrier meets the sound transmission loss requirements in paragraph II.A 
above; 

(3) certilication from the protective coating manufacturer that the 
resin portion of the protective coating is 100 percent polyvinyl fluoride: and 

( 4) des<:riptive and technical literature from the coating manufacturer 
giving recommended cleaning materials and procedures. 

Construction of the barrier shall not begin until the certifications and 
test reports have been approved by the Engineer. All material is subject to 
inspection and testing after delivery to the project. 

I. Concrete. Concrete for setting posts shall be Class A, meeting the 
requirements of Section 60 I of the Department's Standard Specilications. 

J. Design Load. Unless otherwise specified, the barrier shall be 
designed to withstand a wind load of2.2 kPa (45 psi). 

ill. CONSTRUCTION REQUIREMENTS 

A. Gi!neraL The metal sotmd barrier shall be installed in accordance 
with the plans, and the manufacturer's recommendations. Bolts and other 
fasteners shall be installed and tightened so the barrier is structurally sound, 
and to prevent secondary noise transmission due to vibration. All flashings 
and caps shall be installed to obtain a structure that is weathertight. The face 
of the completed barrier shall not deviate from the vertical more than 4 mm in 
one meter ( 1/2 inch in 10 feet). Horizontal alignment shall be uniform, with 
no significant irregularities._ 

Minor surface scratches in the protective coating shall be repaired 
with color-matching paint, in accordance with the coating manufacturer's 
instructions. Major damage to the coating or failure of repairs to match the 
coating color will be cause for rejection of the damaged piece, which shall be 
replaced with acceptable material at no cost to the Departmel)t. 

B. Foundation Design. If solid rock is encountered above the 
bottom-ot:post elevations required by the plans, the Contractor may submit an 
alternate post foundation de:-;ign for review bv the Engineer. Before preparing 
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an alternate toundation dt:sign, the Contractor should contact tht: Engim:t:r to 
obtain tht: design <.Titt:ria that must bt: mt:t. Tht: proposed dt:sign shall include 
all calculations. If the Engin.:er dt:tt:nnint:s that the propost:d design is not 
acceptablt:, tht:n the post loundations shall bt: constructed in accordance with 
the plans. 

No e:-..1ension of contract time tor delay during review of the proposed 
design will bt: considt:red No increase will be made in the contract unit price 
tor the metal sound barrier as a result of permitting a changt: in the post 
toundations. 

IV. METHOD OF MEASUREMENT 

The metal sound barrier will be measured in square meters (square 
feet) of exposed front wall surtace (facing the roadway) complete in place, 
calculated by multiplying the length of each section by the design height shown 
on the plans. The design height oi each section will be the average vertical 
dimeru,ion from the theoretical sound attenuation line to the tinished grade line 
sho\m on the plans. This height will be the minimum height required to 
achieve the desired sound attenuation, as determined from analysis of site 
characteristics. 

The actual height of barrier sections used will depend on the post 
spacing and panel arrangement employed. 

The final pay quantity will be the design quantity. No additional 
payment will bt: allowed if the barrier sections used exceed the design height. 

V. BASIS OF PAYMENT 

The quantity of acceptably completed metal sound barrier, measured 
as above, will be paid for at the contract unit price per square meter (square 
foot). Such payment shall be full compensation for all labor, materials, 
equipment and incidentals necessary to furnish and install the barrier, 
including exca,·ation, concrete, and backfill necessary to install the posts and 
wall, clearing and grubbing or trimming vegetation that would interfere with 
erection of the barrier, restoration to the original grade of any portion of the 
existing roadway or shoulder damaged by construction of the sound barrier, 
and disposal of surplus materials from post toundation excavations. 
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KENTUCKYTRANSPORTATIONCABINET 
DEPARTMENT OF ffiGHWAYS 

SPECIAL PROVISION NO. 59 (94) 
WOOD SOUND BARRIER 

This Special Provision shall app!v when indicated on the plans or in the 
proposal. 

I. DESCRIPTION 

This work shall consist of furnishing and installing a wood sound barrier 
in accordance with the requirements of this Special Pro\ision, the 1994 
Standard Specifications, the plans, and proposal. 

II. MATERIALS 

A. GeneraL All materials shall comply with the dimensions on the plans 
and/or approved shop drawings, and the various individual materials 
requirements of this special provision. Surface fmish of wood products shall 
be as required by the plans. 

B. Concrete. Concrete for setting posts shall be Class A, meeting the 
requirements of Section 60 I of the Department's Standard Speci.tications. 

C. Posts. 

(1) Round Posts. Round posts shall meet the requirements of AJ'l'SI 
Speci.tication 05.1 tor wood poles. Species may be any species that is covered 
by both ANSI 05.1 and A WP A C 4. Wood poles shall be of the class speci.tied 
on the plans. 

(2) Sawed Timber Posts. Sawed posts shall be surfaced on 4 sides 
(S4S), and may be Southern Pine (any species) or Douglas Fir. Grade or 
stress rating shall be as shown on the plans. 

(3) Laminated Wood Posts. Laminated wood posts may be Southern 
Pine (any species) or Douglas Fir, and shall be structural glued laminated 
wood for exterior '·wet use" conditions as covered by Voluntary Product 
Standard PS 56-73. Stress rating shall be as sho\'in on the plans. 
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(I) Structural Steel Posts. Sted posts shall be fabricated from steel 
meeting the requirements of ASTM A 36, and shall be galvanized in 
accordance with ASTM A 123. 

D. Planks. Planks shull be No. 2 structural or better Southern Pine (any 
species) or Douglas Fir. Minimum nominal thickness shall be 51 mm (2 
inches). Planks used as sound-retlecting surfaces shall be tongue-and-groove, 
to eliminate sound leaks. The minimwn depth of the tongue shall be 19 mm 
(3/4 inch); typicul details of the tongue-and-groove joint shall be shown on the 
Contractor's shop drawings. 

E.' Plywood. Plyv.-ood shall be e~1erior type. Grade and finish shall be 
as specified on the plans. Plywood for single-piece construction shall be at 
lea.>'! 19 mrn (3/4 inch) thick. Plywood used in double· wall construction shall 
be at kast 15.9 mm (5/8 inch) thick. 

F. Panel Framing Lumber. Framing lwnber shall be No. 2 structural or 
better Southern Pine (any species) or Douglas Fir, and shall be S4S. 

G. Laminated Panels. Laminated panels may be Southern Pine (any 
species) or Douglas Fir, and shall be structural glued laminated wood for 
exterior "wet use" conditions as covered by Voluntary Product Standard PS 
56-73. Stress rating shall be as shown on the plans. 

H. Other Wood Components. All appunenant wood components such 
as battens, cover boards, skirt boards, etc. shall be the same species as used in 
the wall, No. 2 or better, and shall be S4S. 

I. Metal Hardware. All metal hardware, including bolts and nuts, 
washers, screws, nails, etc. shall be either stainless steel, or galvanized steel, 
or aluminum. The same type shall be used throughout each individual 
installation. 

J. Preformed Joint Filler. Preformed joint tiller shall comply \vith 
AASHTO M 153 for Types I, II, or Ill; or AASHTO M 213. 

K. Preservative Treatment. All wood products shall be preservalive 
treated in accordance with the A WP A specification listed below. Any 
preservative listed in the applicable A WP A specification may be used, except 
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creosote or creosote solutions will not be permitted. Tht! plans may include 
additional restrictions on preservative materials for items to be stained or 
painted. 

ITEM 

Round Posts 

Sawn Posts 

Laminated Wood 

Lumber (Planks, 
framing lumber, 
pieces, etc ... ) 

Plywood 

TRE~T.\.lENT REQUIRED 

A WP A C I~ tor "Piles for Foundation, Land, or 
Fresh Water Use'' 

A WPA C 14 tor "Lumber tor Bridges, Structural 
Members,Decking, Cribbing, and Culverts" 

A WP A C 28 for Ground Posts Contact 

A WPA C 14 for "Lumber for Bridges, Structural 
Members, Decking, Cribbing, and Culverts" trim 

A WP A C9 for Soil Contact 

Note: If water-borne preservatives are used for planks, the moisture 
content after treatment shall not e;t:ceed 15 percent. 

L. Shop Drawings. The Contractor shall submit shop drawings for 
review by the Engineer, showing top and bottom elevations of the panels, 
tinished grade line and theoretical sound attenuation line. Any fabrication 
begun on the sound barrier before the Engineer's review of the shop drawings 
is completed will be at the Contractor's risk. 

The Contractor is responsible for determining the actual ground elevations 
at the location of the barrier, and the post length and panel height necessary. 

M. Design Load. The barrier shall be designed to withstand the wind 
load required by the plans. 

III. CONSTRUCTION REQUIREMENTS 

A. General. The wood sound barrier shall be constructed in accordance 
with the plans. All fasteners shall be installed so the barrier is structurally 
sound, and to prevent sound leaks. The face of the completed barrier shall not 
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do::viato:: !rom tho:: vertical mort: than 4 nun in one mo::to::r (I /2 inch in 10 ti:!et). 
Horizontal aligrunent shall be uniform, with no signiticant irrt:gularitit:s. 

B. Foundation Design. If solid rock is encountered above the 
bcttom-ot~post elevations required by the plans, the Contractor may submit an 
alternate post toundation design for review by the Engineer. Betore preparing 
an alternate foundation design, the Contractor should contact the Engineer to 
obtain the design criteria that must be mo:t. The proposed design shall include 
all calculations. lf the Engineer determines that the proposed design is not 
acceptable, then the post tbundations shall be constructed in accordance with 
the plans. 

No extension of contract time tbr delay during review of the proposed 
design will bt: wnsidered. No increase will be made in the contract unit price 
for the wood sound barrier as a result of permitting a change in the post 
toundation design. 

IV. METHOD OF MEASUREMENT 

The wood sound barrier will be measured in square meters (square teet) 
of exposed front wall surface (facing the roadway) complete in place, 
calculated by multiplying the length of each section by the design height shown 
on the plans. The design height of each section will be the average vertical 
dimension from the theoretical sound attenuation line to the tinished grade line 
shovm on the plans. This height will be the minimum height required to 
achieve the desired sound attenuation, as determined from analysis of site 
characteristics. The actual height of barrier sections used will depend on the 
post spacing and panel arrangement employed. 

The final pay quantity will be the design quantity. No additional payment 
will be allowed if the barrier sections used exceed the design height. 

V. BASIS OF PAYMENT 

The quantity of acct:ptably completed wood sound barrier, measured as 
above, will bt: paid tor at the contract unit price per square meter (square foot). 
Such payment shall be full compensation tbr all labor, materials, equipment 
and incidentals necessary to furnish and install the barrier, including 
excavation, concrete, and back!ill necessary to install the posts and wall, 
clearing and grubbing or trimming vegetation that would interfere with 
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erection of the barrier, restoration to the original grade of any portion of the 
existing roadway or shoulder damaged by construction of the sound banier, 
and disposal of surplus materials from loundation excavations. 

Payment will be made under: 

Pay Item Pay Unit 

Wood Sound Barrier Square Meter or Square Foot 

APPROVED Signature on File 4/1/94 
J. M. YOWELL, P.E. DATE 
STATE HIGHWAY ENGINEER 
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KENTUCKY DEPARTMENT OF ffiGHWAYS 
SPECIAL PROVISION NO. 60 (9-1) 

CONCRETE SOUND BARRIER 

This Special Provision shall applv when indicated on the plans or in the 
proposal. Section reterences herein are to the Department's 1994 Standard 
Specitications tor Road and Bridge Construction. 

I. DESCRIPTION 

This work shall consist of construction of a concrete sound barrier in 
accordance with the requirements of this Special Provision, the 1994 Standard 
Specitications, the plans, and proposal. 

Four types of concrete walls are covered, as follows: 

Type A- Concrete Masonry Units 
Type 8- Precast Interlocking Concrete Modules 
Type C - Precast Concrete Panels 
TypeD -Cast-in-Place 

The plans .,.,ill indicate the type pennitted at each location. 

II. MATERIALS 

A. Type A Barrier. 

(I) Wall blocks shall be manufactured in accordance with ASTM C 90 
for GradeN Type I hollow load-bearing concrete units. 

(2) Mortar shall be portland cement mortar type PM in accordance with 
ASTMC476. 

(3) Concrete for piers, fill for masonry columns, and concrete caps shall 
be Class A. 

B. Type B Barrier. Precast interlocking modules and precast concrete 
caps shall be as manufactured by the Doublewal Corporation, Plainville, 
Connecticut. Both faces of the barrier shall receive the surface treatment 
specified on the plans. 
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C. Type C Barrier. Precru.t concrete panels, and other precast elements, 
shall comply with Section 605 and all details on the plans. Class of concrete 
and surface tinish shall be in accordance with the plans. 

D. Concrete. Concrete tbr TypeD Banic:rs, and foundations or footings 
tbr all baniers, shall be Class A. 

E. Preformed Joint FiUer. Pretbrrned joint tiller shall comply with 
AASHTO M 153 for Types !,II or III; or AASHTO M 213. 

F. Steel Reinforcement. Steel reintbrcement for all uses shall comply 
with ASTM A 615(m), grade 400. 

G. Shop Drawings. The Contractor shall submit shop drawings for 
review by the Engineer, showing top and bottom elevations of the panels or 
wall sections, fmished grade line and theoretical sound anenuation line. Any 
fabrication or construction begun on the sound banier before the Engineer's 
review of the shop drawings is completed will be at the Contractor's risk. 

The Contractor is re:,-ponsible tbr determining the actual ground elevations 
at the location of the barrier, and the post or column length and panel height 
necessary if applicable. 

H. Design Load. The barrier shall be designed to withstand the wind 
load required by the plans. 

ill. CONSTRUCTION REQUIREMENTS 

A. General. Concrete sound barrier shall be constructed in accordance 
with the plans and approved shop drawings. Joints shall be constructed so the 
banier is structurally sound, and sound leaks are prevented. The face of the 
completed banier shall not deviate from the vertical more than 4 mm in one 
meter ( 1/2 inch in I 0 fed). Horizontal alignment shall be uniform, with no 
significant irregularities. 

B. Foundation Design. [f solid rock is encountered above the 
bottom-of-post or bottom of footing elevations required by the plans, the 
Contractor may submit an alternate tbundation design tbr review by the 
Engineer. Before preparing an alternate tbundation design, the Contractor 
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should contact the Engineer to obtain the design criteria that must be met. The 
proposed design shall include all calculations. If the Engineer determines that 
the proposed design is not acceptable, then the foundations shall be 
constructed in accordance with the plans. 

No e:-.tension of contract time for delay during the review of the proposed 
de:.ign will be considered. No increase will be made in the contract unit price 
for the concrete sound barrier as a result of permitting a change in foundation 
design. 

IV. METHOD OF MEASUREMENT 

Con crete sound barriers of each type will be measured in square meters 
(square feet) of exposed front wall surt'ace (facing the roadway) complete in 
place, calculated by multiplying the length of each section by the design height 
shown on the plans. The design height of each section will be the average 
vertical dimension from the theoretical sound attenuation line to the fmished 
grade line shown on the plans. This height will be the minimum height 
required to achieve the desired sound attenuation, as determined from analysis 
of site characteristics. The actual height of barrier sections used will depend 
on the configuration of the type of barrier constructed. 

The final pay quantity will be the design quantity. No additional payment 
will be allowed if the barrier as constructed exceeds the design height. 

V. BASISOFPAYMENT 

The quantity of acceptably completed concrete sound barrier of each type, 
measured as above, \;ill be paid for at the contract unit price per square meter 
(square loot). Such pa~ment shall be full compensation for all labor, materials, 
equipment and incidentals necessary to furnish and install the barrier, 

· including exca\·ation, concrete, steel reinforcement, and back1ill necessary to 
construct the foundation and the complete wall, clearing and grubbing or 
trimming vegetation that would interfere with erection of the barrier, 
restoration to the original grade of any portion of the existing roadway or 
shoulder damaged by construction of the sound barrier. and disposal of surplus 
materials !rom foundation excavations. 

Pa~ment will be made under: 
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Payltem Pay Unit 

Concrete Sotmd Barrier (Type) Square Meter or Square Foot 

APPROVED Signature on File 4/1/94 
J. M. YOWELL, P.E. DATE 
STATE HIGHWAY ENGINEER 
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SPECIAL NOTE FOR GABIONS AND MATTRESS UNITS 

In addition to the requirements of Section 813.14 of the 
Kentuck-y Standard Specifications for Road and Bridge Construction all 
mesh for mattress units shall be triple twisted. 

In addition to the requirements of Sections 813.14 and 813.15 all 
perimeter edges of the mesh forming mattress units and gab ion baskets 
shall be triple twisted so that seams shall have at least the same 
strength as the body of the mesh. 

As an alternate to lacing wire, as specified in Sections 813.14 
and 813.15, Tiger-Tite Interlocking Fasteners manufactured by Jackson 
clip company, Mazie, Oklahoma may be used. The Contractor shall 
provide brochures to the Engineer and shall follow the manufacturer's 
recommendations for assembly and connection. 

February 7, 1992 
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Special Provision No. 66L (94) 
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KENTUCKY TRANSPORTATION CABINET 
DEPARTMENT OF HIGHWAYS 

SPEOAL PROVISION NO. 66L (94) 

CONCRETE RETAINING WALLS 

This Special Provision shall apply when indicated on the plans or in the proposal. Section references herein are 
to the Department's t 994 Standard Specifications for Road and Bridge Construction. 

I. DESCRIPTION 

This work shall consist of the construction 
of retaining walls consisting of cast-in-place 
reinforced concrete or precast concrete elements, in 
reasonably close conformity \\ith the lines, grades, 
design, and dimensions shO\\U on the plans or 
established by the Engineer. 

II. MATERIALS 

A. General. Unless specified otherwise 
elsewhere in the contract the wall may be, at the 
Contractor's option, either of the following, except 
Evergreen walls are considered experimental and 
may be used only when included in the original 
plans. 

(I) Cast-in-Place Reinforced Concrete. 
(2) Doublewal®, as sold by the Doublewal 

Corporation, 59 East Main Street, Plainville, 
Connecticut 06062. 

(3) Evergreen®, as sold by Evergreen 
Systems, Inc., 140 Old Northport Road, Kings Park, 
New York 11754. 

( 4) Hilfiker Reinforced Soil Embankment® 
, as sold by Hilfiker Texas Corporation, 62 t West 
Hurst Boulevard, Hurst, Texas 76053. 

(5) Reinforced Earth·E:, as sold by the 
Reinforced Earth Company, 7003 Chadwick Drive, 
Suite 355, Brentwood, Tennessee 37027 

(6) VSL Retained EarthT", as sold by VSL 
Corporation, P. 0. Box 866, 8006 Haute Court, 
Springfield, Virginia 22150. 

The various materials used in manufacture 
of the wall elements shall meet the requirements 
specified hereinafter. The same material shall be 
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used throughout any individual wall, or at both ends 
of any individual structure, unless otherwise shown 
on the plans. All materials shall be approved before 
use. 

When precast walls are constructed, the 
seller of the wall elements shall provide a technical 
representative to assist the fabricator, Contractor, 
and Engineer on the project until they are familiar 
and confident in casting, installation, and 
construction procedures required. The technical 
representative shall be available to assist in the 
event unusual problems or special circumstances 
arise. Technical assistance shall be provided at no 
additional cost to the Department. 

Production of precast concrete elements 
shall conform to the requirements of Section 605, 
unless specifically modified herein. 

B. Cast-in-Place. All materials used in 
cast-in-place reinforced concrete retaining walls 
shall comply with the Department's Standard 
Specifications. 

If the plans do not include a complete 
design for a cast-in-place reinforced concrete 
retaining wall, the Contractor shall be responsible 
for providing the design and details. 

When the Contractor provides the design, 
the follo\\ing criteria shall apply: 

(I) The wall shall be designed by a 
Registered Professional Engineer prequalified to 
prepare structure plans for the Department. 

(2) The design shall conform to the 
AASHTO Standard Specifications for Highway 
Bridges, current edition and all published interim 
specifications. 

(3) Class A concrete sha.ll be used. 



( 4) Grade 400 ( 60) steel reinforcement shall 
be used. 

(5) The minimum thickness of the top of the 
wall shall be 229 nun (9 inches), unless otherwise 
shown on the plans. 

( 6) The design shall comply with all 
dimensions that may be sho"n on the plans, and 
shall accommodate all other features of the project 
as shown on the plans. The front face of the 
retaining wall shall conform to the plan layout. 

(7) The allowable bearing pressure of the 
foundation soils, the unit weight of the retained 
soils, and the characteristics of the retained soils 
necessary for design purposes shall be obtained 
from the Division of Materials. The supporting 
footing of the wall shall be of such size that no 
additional right-of-way "ill be needed to 
accommodate the footing. All necessary surcharges 
shall be incorporated into the design. 

(8) The Contractor shall submit to the 
Division of Bridges for review 3 full sets of design 
drawings and all calculations. Original drawings 
shall be prepared on drafting film furnished by the 
Department. One set, reviewed and with noted 
corrections to be made, ;;ill be returned to the 
Contractor. When corrections are to be made, 3 full 
sets of drawings and calculations shall be submitted 
each time corrections are made. After fmal review 
is completed, the Contractor shall furnish the 
Division of Bridges one full set of drafting film 
drawings of the reviewed dra;vings, which will 
produce clear prints and microfilms. The final 
drawings shall be 559 to 610 nun (22 to 24 inches) 
wide by 914 nun (36 inches) in length. 

(9) A Masonry Coating Finish, as 
described in Section 601.26, Part B is required. 

( l 0) The complete preparation of the design 
and all required corrections to the design shall be at 
the Contractor's expense, except for the review by 
the Department. No additional contract time will be 
allowed for the design detailing or review of the 
cast-in-place wall. 

( ll) Any materials furnished or work 
performed before the Department's review of the 
proposed design is completed shall be at the 
Contractor's risk. 
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C. Doublewal. 

(1) Precast Units. Concrete for the precast 
modular units shall attain a minimum 28 day 
compressive strength of 34.47 MPa (5,000 psi). 
Concrete for other features shall attain a minimum 
28 day compressive strength of 20.68 MPa (3,000 
psi). All concrete shall be air entrained containing 
5.5 ± 1.5 percent entrained air at the time concrete 
is deposited in the forms. 

A proposed mix design shall be submitted 
as specified in Section II.A. 

(2) Reinforcing Bars. Reinforcing bars 
shall be grade 400 (60) and shall conform to ASTM 
A 615, A 616, or A 617, except No.3 stirrups may 
be grade 300 ( 40). 

(3) Joint Filler. 

(a) No filler is required in vertical joints. 
(b) Cork filler for horizontal joints shall 

conform to AASHTO M 153, Type II. Rubber 
bearing pads shall be a type and grade recommended 
by the Doublewal Corporation. Backer rod shall be 
a premium grade closed cell polyethylene foam. All 
joint materials shall be installed in accordance with 
the plans and/or approved shop dra\vings. 

(c) All joints between modules shall be 
covered on the back side of the front face of the wall 
and on the back side of the back of the wall by a 
geotextile fabric. The fabric shall meet the 
requirements of Section 845, Table I. 

The minimum width and lap of the fabric 
sheets shall be as follows: 

Vertical joints- 305 mm (12 inches) 
Horizontal joints- 305 mm (12 inches) 
All laps in fabric- 102 mm (4 inches) 

(d) .AJl joint materials shall be furnished by 
the Doublewal manufacturer or supplier. 

(4) Tolerances. Minimum tolerance for the 
manufacture ofDoublewal tm.its are as follows: Face 
of panel, length cir height:± 4.8 mm (3/16 inch) 



Deviation from square measured on 
diagonal: 7.9 mm (5/16 inch) 

Location of reinforcement steel: cover 
toierance -6.4 to 12.7 mm ( -l/4 to + 112 inch), 
othemise within± 6.4 mm ( l/4 inch). 

(5) Forms. Forms for the units shall be 
constructed of steel in a manner that will assure the 
production of uniform units, and shall remain in 
place until they can be removed without damage to 
the unit. 

( 6) Mixing and Placing Concrete. The 
concrete ntix as designed shall be proportioned and 
mixed in a batch mixer to produce a homogeneous 
concrete confornting to the requirements. The 
transporting, placing, and compacting of concrete 
shall be by methods that v.ill prevent segregation of 
the concrete materials and the displacement of the 
steel reinforcement from its proper position in the 
form. Concrete shall be carefully placed in the 
forms and vibrated sufficiently to produce a surface 
free from imperfections such as honeycomb, 
segregation, or cracking. Clear form oil of the same 
manufacture shall be used throughout the casting 
operation. 

(7) Curing. The units shall be properly 
cured for a sufficient time so that the concrete will 
develop the specified compressive strength. 

(8) Testing and Inspection. Acceptability 
of the precast units will be deterntined on the basis 
of entrained air in the concrete ntixture, compression 
tests, and visual inspection. The Contractor or his 
supplier shall furnish facilities and the Certified 
Concrete Technician shall perform all necessary 
sampling and testing in an expeditious and 
satisfactory manner. Acceptance will be as specified 
in paragraph II.N herein. 

(9) Finish. Concrete surface shall be 
ordinary surface finish unless othemise shown on 
the plans. 

(10) Marking. The date of manufacture 
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shall be clearly scribed or painted with waterproof 
paint on an interior surface of each unit. 

( 11) Handling, Storing, and Shipping. 
All units shall be handled, stored, and shipped in 
such manner as to eliminate the danger of chipping, 
cracks, fractures and excessive bending stresses. 

D. Evergreen. 

(1) Precast Units. Concrete for the precast 
units shall attain a minimum 28 day compressive 
strength of 34.47 MPa (5,000 psi). All concrete 
shall be air entrained containing 5.5 ± 1.5 percent 
entrained air at the time concrete is deposited in the 
forms. 

A proposed mix design shall be subntitted 
as specified in Section !LA. 

(2) Steel Reinforcement. Reinforcing bars 
shall be grade 400 (60) and shall conform to ASTM 
A 615, A 616, or A 617. Welded steel v.ire fabric 
shall conform to ASTM A 185. 

(3) Mortar. Mortar for setting precast 
units shall be a quick -set mortar recommended by 
the wall manufacturer. 

(4) Tolerances. :tvlinimum tolerance for the 
manufacture of Evergreen units shall be as follows: 

All dimensions within±4.8 mm (3/16 inch) 

(5) Forms. Forms for the units shall be 
constructed of steel in a manner that will assure the 
production of uniform units, and shall remain in 
place until they can be removed without damage to 
the unit. 

(6) Mixing and Placing Concrete. The 
concrete ntix as designed shall be proportioned and 
ntixed in a batch ntixer to produce a homogeneous 
concrete confornting to the requirements. The 
transporting, placing, and compacting of concrete 
shall be by methods that will prevent segregation of 
the concrete materials and the displacement of the 
steel reinforcement from its proper position in the 



form. Concrete shall be carefully placed in the 
forms and vibrated sufficiently to produce a surface 
free from imperfections such as honeycomb, 
segregation, or cracking. Clear form oil of the same 
manufacture shall be used throughout the casting 
operation. 

(7) Curing. The units shall be properly 
cured for a sufficient time so that the concrete will 
develop the specified compressive strength. 

(8) Testing and Inspection. Acceptability 
of the precast units will be determined on the basis 
of entrained air in the concrete mi.xture, compression 
tests, and visual inspection. The Contractor or his 
supplier shall furnish facilities and the Certified 
Concrete Technician shall perform all necessary 
sampling and testing in an expeditious and 
satisfactory manner. Acceptance "ill be as specified 
in paragraph II.N herein. 

(9) Finish. Concrete surface shall be 
ordinary surface finish unless otherwise shown on 
the plans. 

(10) Marking. The date of manufacture 
shall be clearly scribed or painted with waterproof 
paint on an interior surface of each unit. 

(11) Handling, Storing, and Shipping. 
All units shall be handled, stored, and shipped in 
such manner as to eliminate the danger of chipping, 
cracks, fractures, and excessive bending stresses. 
Units in storage shall be supported on firm blocking 
to avoid twisting or cracking. 

E. Hilfiker Reinforced Soil Embankment 

(1) Precast Facing Panels. Concrete for 
the precast facing panels shall attain a minimum 28 
day compressive strength of27.58 MPa (4,000 psi). 
The concrete shall be air entrained containing 5.5 ± 
1.5 percent entrained air at the time concrete is 
deposited in the forms. 

A proposed mix design shall be submitted 
as specified in Section ll.A. 
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All embedded items and lifting de\ices shall 
be set in place as shown on the plans prior to 
casting. 

(a) Testing and Inspection. Acceptability 
of the completed facing panels will be determined 
on the basis of entrained air in the concrete mixture 
compression tests, and visual inspection. Th~ 
Contractor or his supplier shall furnish facilities and 
the Certified Concrete Technician shall perform all 
necessary sampling and testing in an expeditious 
and satisfactory manner. Acceptance will be as 
specified in paragraph II.N hereinafter. 

(b) Casting. The panels shall be cast 
front-face down on a flat surface. The concrete in 
each unit shall be placed without interruption and 
shall be consolidated by the use of a \ibrator, 
supplemented by such hand-tamping as may be 
necessary to force the concrete into the comers of 
the forms and prevent the formation of honeycomb 
or cleavage planes. Clear form oil of the same 
manufacture shall be used throughout the casting 
operation. 

(c) Curing. The units shall be cured for a 
sufficient time so that the concrete will develop the 
specified compressive strength. 

(d) Forms. Forms for the panels shall be 
constructed of steel in a manner that will assure the 
production of uniform panels, and shall remain in 
place until they can be removed without damage to 
the unit. 

(e) Concrete Finish and Tolerances. The 
concrete surface for the front face shall be ordinary 
surface finish unless otherwise shown on the plans, 
and for the rear face floated surface finish. The rear 
face of the panel shall be screeded to eliminate open 
pockets of aggregates and surface distortions in 
excess of 6.4 mm ( 1/4 inch). 

(f) Tolerances. All units shall be 
manufactured '\ithin the follO\\ing tolerances: 

All dimensions \\ithin 6.4 mm ( l/4 inch). 
Angular distortion \\ith regard to height of 

panels shall not exceed 4 mm in one meter (0.25 
inch in 5 feet). 

Surface defects on formed surfaces 
measured over a length of 1.52 m (5 feet) shall not 



exceed 2.5 mm (0.1 0 inch) on smooth surfaces or. 
7.9 mm (5/16 inch) on textured surfaces. 

(2) Marking. The date of manufacture, the 
lot number, and the piece-mark shall be clearly 
scribed or painted with waterproof paint on the rear 
face of each panel. 

(3) Handling, Storing, and Shipping. All 
units shall be handled, stored, and shipped in such a 
manner as to eliminate the danger of chipping, 
cracks, fractures, and excessive bending stresses. 

At least 6.89 MPa (1,000 psi) compressive 
strength shall be attained before the panels may be 
handled. 

( 4) Steel Mesh Soil Reinforcement. The 
mesh shall meet the requirements of ASTM A 82 
for cold dra\Vn wire and shall be welded into the 
finished mesh fabric in accordance \\ith ASTM A 
185. Mat anchors and reinforcing mesh shall be 
galvanized in accordance -with ASTM A 123 after 
fabrication. Wire size and mesh configuration shall 
be as shown on the plans. 

Panel anchors and connection pins shall 
conform to ASTM A 82, and shall be galvanized in 
accordance \\ith ASTM A !23 after fabrication. 

(5) Reinforcing Bars. Reinforcing bars 
may be either grade 40, 50, or 60 and shall conform 
to ASTM A 615, A 6!6, or A 617. Welded wire 
fabric used for concrete reinforcement shall conform 
to ASTM A 82 and ASTM A 185. 

(6) Joint Filler. 

(a) Bearing pads and joint filler shall be as 
recommended by the Hilfiker Company. 

(b) All joints between panels shall be 
covered on the back side of the wall \\ith geotextile 
fabric. The fabric shall meet the requirements of 
Section 845, Table I. The minimum \\idth and lap 
of the fabric sheets shall be as follows: 

Vertical joints - 457 mm (18 inches) 
Horizontal joints- 305 mm (12 inches) 
All laps in fabric -·1 02 mm ( 4 inches) 
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(c) All joint materials shall be furnished by 
the Hilfiker manufacturer or supplier. 

Concrete in leveling pads shall have a . . . 
nurumum compress1ve strength of 17.24 MPa 
(2,500 psi) at 28 days. 

(8) Cast-in-Place Coping. Concrete in 
copings shall have a minimum compressive strength 
of27.58 NIPa (4,000 psi) at 28 days. 

F. Reinforced Earth. 

(1) Concrete Face Panels. Concrete shall 
have a minimum compressive strength of 27.58 
MPa ( 4,000 psi) at or before 28 days. The concrete 
shall be air-entrained and contain 5.5: 1.5 percent 
entrained air at the time the concrete is placed in the 
forms. 

A proposed mix design shall be submitted 
as specified in Section II.A. 

Tie strips, reinforcing bars, connecting pins, 
and PVC tubes and lifting and handling devices 
shall be set io place to the dimensions and tolerances 
shO\\TI on the plans or as approved by the Engineer 
prior to casting. 

(a) Testing and Inspection. Acceptability 
of the completed precast panels will be determined 
on the basis of entrained air in the concrete mixture, 
compression tests, and visual inspection. The 
Contractor or his supplier shall furnish facilities and 
the Certified Concrete Technician shall perform all 
necessary sampling and testing in an expeditious 
and satisfactory manner. Acceptance. \\ill be as 
specified in paragraph U.N hereinafter. 

(b) Casting. The panels shall be cast on a 
flat area, the front face of the form at the bottom. 
Tie strip guides shall be set on the rear face. The 
concrete in each unit shall be placed without 
interruption and shall be consolidated bv the use of 
a vibrator, supplemented by such hand-tamping as 
may be necessary to force the concrete into comers 
of the forms and prevent formation of honeycomb or 
cleavage planes. Clear form oil of the same 
manufacture shall be used throughout the casting 
operation. 



(c) Curing. The units shall be cured for a 
sufficient time so that the concrete will develop the 
specified compressive strength. 

(d) Forms. Forms for the panels shall be 
constructed of steel in a manner that v.ill assure the 
production of tmiform panels, and shall remain in 
place until they can be removed without damage to 
the unit. 

(e) Concrete Finish. The concrete surface 
for the front face shall be ordinary surface finish 
unless otherwise shown on the plans, and for the 
rear face floated surface finish. The rear face of the 
panel shall be screeded to eliminate open pockets of 
aggregate and surface distortions in excess of 6.4 
mm (1/4-inch). 

(f) Tolerances. All units shall be 
manufactured within the following tolerances: 

Lateral position of tie strips within 25.4 
mm (one inch). 

All other dimensions v.ithin 14.8 nam 
(3116-inch). 

Angular distortion with regard to the height 
of the panel shall not exceed 3.3 mm in one meter 
(0.2 inch in 5 feet). 

Surface defects on formed surfaces 
measured over a length of 1.52 m (5 feet) shall not 
exceed 2.5 mm (0.1 0 inch) on smooth surfaces or 
7.9 mm (5/16 inch) on textured surfaces. 

(2) Marking. The date of manufacture, the 
lot number, and the piece-mark shall be clearly 
scribed or painted with waterproof paint on the rear 
face of each panel. 

(3) Handling, Storing, and Shipping. All 
units shall be handled, stored, and shipped in such 
manner as to eliminate the danger of chipping, 
cracks, fractures and excessive bending stresses. 
Panels in storage shall be supported on frrm 
blocking located immediately adjacent to tie strips 
to avoid bending the tie strips. 

(4) Reinforcing and Tie Strips. Tie strips 
shall be shop fabricated of hot rolled steel 
conforming to the minimum requirements of ASTM 
A 570, Grade 36 or Grade 50, or equivalent. They 
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shall be hot dip galvanized after fabrication to 
conform to minimum requirements ofASTM A 
123. Reinforcing strips shall be hot rolled from bars 
to the required shape and dimensions. Their 
physical and mechanical properties shall conform to 
ASTM A 36, ASTM A 572 Grade 65, or 
equivalent. They shall be hot-dip galvanized after 
fabrication to conform to the minimum requirements 
of ASTM A 123. 

Reinforcing and tie strips shall be cut to 
length and tolerances shown on the plans or 
approved shop drawings. Holes for bolts shall be 
punched in the locations shown, before galvanizing. 
All reinforcing and tie strips shall be carefully 
inspected to ensure they are true to size and free 
from defects that may impair their strength and 
durability. 

(5) Fasteners. Bolts and nuts shall be 
hexagonal cap screw, high strength conforming to 
ASTM A 325 or equivalent, and galvanized. They 
shall be 12.7 mm (1/2 inch) in diameter, 32 mm (1 
l/4 inch) in length v.ith 19 mm (3/4 inch thread 
length). 

(6) Reinforcing Bars. Reinforcing bars 
may be either grade 300, 400, 500 (40, 50, or 60) 
and shall conform to ASTM A 615, A 616, or A 
617. 

(7) Joint Materials. 

(a) No filler is required in vertical joints. 
(b) Rubber bearing pads for horizontal 

joints between panels shall be a type and grade 
recommended by the Reinforced Earth Company. 

(c) All joints between panels shall be 
covered on the back side of the wall with geotextile 
fabric. The fabric shall meet the requirements of 
Section 845, Table I. The minimum width and lap 
of the fabric sheets shall be as follows: 

Vertical joints - 457 mm (18 inches) 
Horizontal joints- 305 mm (12 inches) 
All laps in fabric- 102 mm (4 inches) 

(d) All joint materials shall be furnished by 



the_ Reinforced Earth manufacturer or supplier. 

G. VSL Retained Earth. 

(1) Precast Facing Panels. Concrete for 
the precast facing panels shall attain a minimum 28 
day compressive strength of27.58 MPa (4,000 psi). 
The concrete shall be air entrained containing 5.5 ± 
1.5 percent entrained air at the time concrete is 
deposited in the forms. 

A proposed mix design shall be submitted 
as specified in Section II.A. 

Reinforcing mesh connections and lifting 
devices shall be set in place as shown on the plans 
prior to casting. 

(a) Testing and Inspection. Acceptability 
of the completed facing panels \\ill be determined 
on the basis of entrained air in the concrete mixture, 
compression tests, and visual inspection. The 
Contractor or his supplier shall furnish facilities and 
the Certified Concrete Technician shall perform all 
necessary sampling and testing in an expeditious 
and satisfactory manner. Acceptance v.ill be as 
specified in paragraph II.N hereinafter. 

(b) Casting. The panels shall be cast 
front-face dO\\TI on a flat surface. The concrete in 
each unit shall be placed v.ithout interruption and 
shall be consolidated by the use of a vibrator, 
supplemented by such hand-tamping as may be 
necessary to force the concrete into the comers of 
the forms and prevent the formation of honeycomb 
or cleavage planes. Clear form oil of the same 
manufacture shall be used throughout the casting 
operation. 

(c) Curing. The units shall be cured for a 
sufficient time so that the concrete v.ill develop the 
specified compressive strength. 

(d) Farms. Forms for the panels shall be 
constructed of steel in a manner that will assure the 
production of uniform panels, and shall remain in 
place until they can be removed v.ithout damage to 
the unit. 

(e) Concrete Finish and Tolerances. The 
concrete surface for the front face shall be ordinary 
surface fmish unless othemise shO\m on the plans, 
and for the rear face floated surface fmish. The rear 
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face of the panel shall be screeded to eliminate open 
pockets of aggregates and surface distortions in 
excess of6.4 mm (l/4 inch). 

(/} Tolerances. All units shall be 
manufactured \\ithin the following tolerances: 

All dimensions mthin 4.8 mm (3/16 inch). 
Angular distortion mth regard to height of 

panels shall not exceed 2 mm in one meter (0.125 
inch in 5 feet). 

Surface defects on formed surfaces 
measured over a length of 1.52 m (5 feet) shall not 
exceed 2.5 mm (0.10 inch) on smooth surfaces or 
7.9 mm (5/16 inch) on textured surfaces. 

(2) Marking. The date of manufacture, the 
lot number, and the piece-mark shall be clearly 
scribed or painted mth waterproof paint on the rear 
face of each panel. 

(3) Handling, Storing, and Shipping. All 
units shall be handled, stored, and shipped in such a 
manner as to eliminate the danger of chipping, 
cracks, fractures, and excessive bending stresses. 

(4) Steel Mesh Soil Reinforcement. The 
mesh shall meet the requirements of ASTM A 82 
for cold drawn ;me and shall be welded into the 
finished mesh fabric in accordance ;\ith ASTM A 
185. The mesh panels shall be galvanized in 
accordance with ASTM A 123 after fabrication. 
Wire size and mesh configuration shall be as shown 
on the plans. 

Clevis connectors shall be fabricated of 
cold drawn steel ;me conforming to the 
requirements of AS TM A 82 and welded in 
accordance with ASTM A 185. Loops shall be 
galvanized in accordance ;\ith ASTM A 153 Class 
B-3, or ASTM A 123. Connector bars shall be 
fabricated of cold drawn steel v.ire conforming to 
the requirements of ASTM A 82 and galvanized in 
accordance mth ASTM A 123. 

The pins used to align the face panels 
during construction shall be 15.9 mm (5/8 inch) 
diameter, mild steel, round, smooth bar galvanized 
to meet ASTM A 123. 



(5) Reinforcing Bars. Reinforcing bars 
may be either grade 300, 400, 500 ( 40, 50, or 60) 
and shall conform to ASTM A 615, A 616, or A 
617. 

(6) Joint Filler. 

(a) No filler is required in vertical joints. 
(b) Filler for horizontal joints between 

panels shall be preformed cork conforming to 
AASHTO M 153, Type II. 

(c) All joints between panels shall be 
covered on the back side of the wall with geotextile 
fabric. The fabric shall meet the requirements of the 
current edition of Section 845, Table L The 
minimtnn width and lap of the fabric sheets shall be 
as follows: 

Vertical joints· 457 mm (18 inches) 
Horizontal joints· 305 mm (12 inches) 
All laps in fabric· 102 mm (4 inches) 

H. Cement. Cement used in the precast 
elements shall conform to Section 801 or ASTM C 
!50, Type I or II. 

I. Chemical Admixtures. Chemical 
admixtures shall conform to Section 802. 

J. Granular Fill Materials. All fill 
material placed within the reinforced volume if 
Hilfiker Reinforced Soil Embankment, Reinforced 
Earth, or Retained Earth is used, and all material 
used for filling the modular units if Doublewal or 
Evergreen is used, shall have 100% passing the 100 
mm ( 4 inch) sieve, and shall have no more than 5 
percent passing the 75f!m (No. 200) sieve when 
tested by Klvl 64-606. Acceptability of the material 
may be based on visual inspection by the Engineer 
when the material includes a significant amount of 
individual fragments greater than 3 8 mm (I 1/2 
inches). 

Granular fill shall be reasonably free of 
shale or other deleterious material. The quality of 
all granular materials shall be acceptable to the 
Engineer. 

All fill material placed within the reinforced 
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voltnne if either Hilfiker Reinforced Soil 
Embankment, Reinforced Earth walls, or Retained 
Earth walls are used shall meet the following 
additional requirements: 

REQUIREMENT TEST 
METHOD 

Resistivity >3,000 ohm-em* Calif. DOT 643 
pH 5-10 Calif. DOT 643 
chlorides <200 pans per million Calif. DOT 422 
sulfates<l,OOO parts per million Calif. DOT 417 
Angle of internal friction 2: 34o 

*Applicable only when granular fill has more than 
50% passing the 4. 75 mm (No. 4) sieve. 

Testing to determine the angle of internal 
friction will normally not be required; however, 
gap-graded materials, single-size aggregates, natural 
sand, uncrushed gravel, or blends including 
uncrushed gravel, shall not be used unless the 
supplier furnishes a test report showing the 34° 
minimtnn internal friction angle is met. Testing 
shall be determined by AASHTO T 236 for direct 
shear testing, utilizing a sample of the material 
compacted to 95% of AASHTO T 99 Methods Cor 
D (with oversize correction as outlined in Note 7) at 
optinaum moisture content. When such materials 
are approved for use based on submitted test 
reports, the Engineer will perform sampling and 
testing on the project as necessary to assure that the 
material furnished is closely similar to that 
approved. 

Material that is Size No. 57 or larger, 
except crushed or uncrushed gravel, is considered to 
be non erodible. · 

The following materials are considered to 
be erodible or unstable: 

(!)Friable sandstone 
(2) Crushed or Uncrushed gravel, any size 
(3) Crushed coarse aggregate (other than 

gravel)smaller than Size No. 57. 
( 4) ;\ny material "ith 50% or more passing 

the 4. 75 mm (No. 4) sieve. 



Sandstone will be judged to be friable or 
non-friable by the Engineer. 

These erodible or unstable materials may 
erode even when protected by riprap or channel 
lining. In addition to the above requirements, when 
the Contractor elects to furnish granular fill 
materials composed of material having 50 percent or 
more passing a 4.75 mm (No.4) sieve and which 
will be either exposed in the finished work or 
protected only by riprap or channel lining, the 
exposed surfaces or surfaces beneath the riprap or 
channel lining shall be protected by geotextile fabric 
meeting the requirements of Section 845, Table I . 
Fabric shall be covered a minimum of one foot deep 
with non-erodible material. The fabric shall extend 
over the entire area of the granular fill material that 
would otherwise be exposed, or protected only by 
rip rap or channel lining, in the finished work. 

For erodible or unstable materials having 
less than 50 percent passing a 4. 75 mm (No. 4) 
sieve, the one-foot protective cover shall be placed, 
but the geotextile fabric is not required. 

K. Concrete. Concrete for footings, 
leveling pads, cast-in-place copings, or other 
cast-in-place appurtenances shall be Class A 
conforming to Section 60 I, unless otherwise 
specified. 

L. Shop Drawings. Before fabrication, the 
Contractor shall submit 3 sets of shop drawings to 
the Engineer for review. Separate sets of shop 
drawings shall be prepared and submitted for each 
structure. These drawings shall include layout 
plans, concrete footing dimensions and 
reinforcement details including design calculations 
when appropriate, details of stepped installation on 
grades, material lists and type of finish 
requirements. The materials list shall itemize all 
material required in addition to the concrete units -
soil reinforcement; connection hardware including 
nuts, bolts, and washers; and any other au.xiliary 
materials that will be incorporated into the finished 
installation. The Contractor shall furnish 8 sets of 
completed shop dra"ings after the Engineer's review 
is complete and any necessary corrections made. 
Any fabrication begun on the wall elements before 
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the Engineer's review of the shop drawings is 
completed "ill be at the Contractor's risk. The shop 
dra\\ings shall include or be accompanied by 
step-by-step erection instructions. No field work 
shall be performed until the completed shop 
dra\\ings and erection instructions have been 
received by the Engineer. 

M. Manufacturer. Section 107.05, 
covering the use of patented devices, materials, and 
processes shall apply. 

When a special or decorative surface finish 
is required, the manu.facturer shall display for 
approval typical samples of the face panels or 
modular units indicating the color, texture, and 
finish he intends to use. All precast elements shall 
reasonably conform in appearance to the approved 
samples. 

Before shipment, surfaces of all precast 
elements shall be examined. All excessive voids 
and other defects in the exterior wall surfaces shall 
be properly patched as required to conform to the 
balance of the work with respect to appearance, 
strength and durability. 

The precast units shall not be shipped 
before attaining the required concrete strength. 

N. Acceptance. All materials used in 
manufacture of the precast elements, including 
cement, aggregates, water, admi"\."tures, concrete 
mixtures, steel reinforcement, and galvanized metal 
items will be sampled and tested according to the 
Department's standard procedures for these items. 
Fabrication shall not begin until these materials 
have been approved. 

Fabrication of the precast elements is 
subject to random inspection by the Department. 
Compressive strength tests may be performed by 
either the Department, an approved independent 
laboratory, or by the precast fabricator, as approved 
by the Engineer. T ~sts performed by the precast 
fabricator will normally be \\itnessed by the 
Department inspector. Results of all tests required 
to be performed by the fabricator on the properties 
of the concrete mixtures and compressive strength 
results shall be furnished to the District Materials 
Engineer. 



Completed precast elements will be 
inspected before shipment and damaged or 
othem ise unsatisfactory elements will be rejected. 
Elements damaged during handling, transporting, 
erecting, or backfilling, or any element that cannot 
be placed satisfactorily in the wall shall be repaired 
or replaced, as clirected or approved by the Engineer. 

III. CONSTRUCfiON REQUIREMENTS 

A. General. The foundation bed for the 
precast concrete retaining wall shall be excavated as 
required, and shall be approved by the Engineer 
before erection is started. If required by the plans or 
ordered by the Engineer, granular backfill shall be 
placed to the clirnensions required under the footings 
or bottom units. 

Cast-in-place footings or leveling pads for 
precast walls when sho"Wn on the project plans, shall 
conform to the clirnensions and details indicated and 
shall be placed at least 24 hours before placement of 
Reinforced Earth or Retained Earth units, or 72 
hours before placement ofDoublewal or Evergreen 
units. Doublewal or Evergreen units may be placed 
in less than 72 hours providing the footing concrete 
attains a compressive strength of at least 13.79 MPa 
(2,000 psi); T)pe Ill cement or an increased cement 
content may be used at the Contractor's option, at no 
additional cost to the Department. 

Precast concrete elements shall be installed 
in accordance "With the manufacturer 
recommendations as sho"Wn on the shop drawings. 
Special care shall be taken in setting the bottom 
course of elements to true line and grade. 

The wall shall be cambered when required 
by the plans to compensate for anticipated 
settlement. 

Perforated pipe shall be placed behind each 
retaining wall as sho"Wn on the plans or clirected by 
the Engineer. 

B. Wall Erection. 

(1) Cast-in-Place. Construction procedures 
for cast-in-place retaining walls shall comply with 
the Department's Standard Specifications. 
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(2) Doublewal. The foundation for the 
structure shall be graded level for the width 
necessary to prepare the foundation and place the 
footing, or wider when shown on the plans. Prior to 
wall construction, the foundation shall be compacted 
as directed. Any foundation soils found to be 
unsuitable shall be removed and replaced. 

All modular units above the first course 
shall interlock with lower courses. Vertical joints 
shall be staggered with each successive course or as 
shown on the plans. The vertical joint opening on 
the front face of the wall shall not exceed 19 mm 
(3/4 inch). Joint filler shall be installed in the 
horizontal joints in accordance with the plans and 
approved shop drawings. Joints at comers or angle 
points shall be closed in accordance with 
recommendations of the manufacturer. 

Repairs at the job site shall be done by 
experienced personnel utilizing methods and 
materials recommended by the manufacturer and 
approved by the Engineer. Patching will be done 
only when conditions exist which assure that the 
repaired area "Will conform to the balance of the 
work with respect to appearance, strength, and 
durability. 

The interior of each successive course of 
precast modular units shall be filled with granular 
fill material described in paragraph II. J herein. 
Units 1.22 m ( 4 feet) or less in height shall be filled 
in one layer and then thoroughly consolidated with 
a vibratory tamping device. Units which are more 
than 1.22 m (4 feet) in height shall be filled in two 
approximately equal layers and thoroughly 
consolidated after each layer is placed. 

Backfill around the outside of the wall, as 
sho"Wn on the plans or clirected, shall be placed in 
layers not exceeding 203 mm (8 inches) loose depth. 
Each layer shall be thoroughly compacted in 
accordance with the project requirements for 
embankment. 

When erecting a battered wall, placement of 
backfill behind the wall shall closely follow erection 
of successive courses of units. At no time shall the 
difference in elevation between the backfill and the 
top of the last erected course exceed 1.83m (6 feet). 

Any wall materials which are damaged or 
disturbed during. backfill placement shall be either 



removed and replaced or corrected, as directed or 
approved by the Engineer, at the Contractor's 
e>.-pense. 

(3) Evergreen. The foundation for the 
structure shall be graded level for the width 
necessary to prepare the fmmdation and place the 
footing. Prior to wall construction, the foundation 
shall be compacted as directed. Any foundation 
soils found to be unsuitable shall be removed and 
replaced. 

When on-site stockpiling of Evergreen units 
is necessary, the units shall be stored on a timber 
foundation to avoid uneven deformation, twisting, or 
cracking. 

The first layer of precast units shall be 
carefully set to grade using wedges and quick-set 
mortar; succeeding layers shall be set using screw 
bolts and quick-set mortar, all in accordance with 
the plans and the manufacturer's instructions. 

The interior of each successive course of 
units shall be filled with granular ftll material 
described in paragraph II. J herein. The units shall 
be filled in one layer and thoroughly consolidated 
with a vibratory tamping device. Topsoil material 
shall be placed at the outer front edge only when 
specified on the plans. 

Backfill around the outside of the wall, as 
shmm on the plans or directed, shall be placed in 
layers not exceeding 203 mm (8 inches) loose depth. 
Each layer shall be thoroughly compacted in 
accordance with the project requirements for 
embankment. 

When erecting a battered wall, placement of 
backftll behind the wall shall closely follow erection 
of successive layers of units. At no time shall the 
difference in elevation between the backfill and the 
top of the last erected course exceed I. 83 m ( 6 feet). 

Any wall materials which are damaged or 
disturbed during backfill placement shall be either 
removed and replaced or corrected, as directed or 
approved by the Engineer, at the Contractor's 
expense. 

( 4) Hilfiker Reinforced Soil 
Embankment. The foundation for the structure 
shall be graded level for a width equal to the length 
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of mesh reinforcement mats plus !52 mm (6 inches) 
or as shown on the plans. Prior to wall construction, 
the foundation shall be compacted by at least 3 
passes of an 7.3 metric ton (8-ton) smooth wheel 
vibratory roller. Any foundation soils found to be 
unsuitable shall be removed and replaced. Precast 
leveling pads shall be placed in accordance with the 
supplier's instructions. 

Concrete facing panels should be placed in 
successive horizontal lifts in the sequence shown on 
the plans or approved shop drawings as backfill 
placement proceeds. As granular fill material is 
placed behind a panel, the panels should be 
maintained in vertical position by means of 
temporary wooden wedges or bracing. 

Backfill placement shall closelv follow the 
erection of each lift of panels. At each mat level, 
backfill should be compacted and roughly leveled 
before placing mesh reinforcing. As shown on the 
plans, reinforcement shall be placed normal to the 
face of the wall. The maximum lift thickness shall 
not exceed 203 mm (8 inches) (loose) and shall 
closely follow panel erection. This lift thickness 
shall be decreased if necessary to obtain the 
specified compaction. 

Backftll shall be compacted to 95 percent of 
the maximum density as determined by K.iv! 64-511. 
A method of compaction consisting of at least 4 
passes by a vibratory roller weighing at least 4.5 
metric tons (5 tons) shall be used. For applications 
where spread footings are used to support bridge or 
other structural loads, the top 1.52 m (5.0 feet) 
below the footing elevation shall be compacted to 
I 00 percent of the maximum density. · 

The moisture content of the backftll 
material prior to and during compaction shall be 
uniformly distributed throughout each layer. 
Backfill materials shall have a placement moisture 
content less than or equal to the optimwn moisture 
content. Backfill material with a placement 
moisture content in excess of the optimum moisture 
content shall be removed and reworked until the 
moisture content is unifonnly acceptable throughout 
the entire lift. 

Compaction within three feet of the back 
face of the wall shall be achieved by at least three 
passes of a lightweight mechanical tamper, roller, or 



vibratory system. 
At the end of each day's operation the 

Contractor shall slope the last level of the backfill 
away from the wall facing to rapidly direct runoff 
away from the wall face. In addition, the Contractor 
shall not allow surface runoff from adjacent areas to 
enter the wall construction site. 

Geotextile fabric shall be installed as 
specified in Section II.J herein. 

Vertical tolerances and horizontal alignment 
tolerance shall not exceed 19 mm (3/4 inch) when 
measured along a 3.05 m (10-foot) straight edge. 
The maximum allowable offset in any panel joint 
shall be 19 mm (3/4 inch). The overall vertical 
tolerance of the wall (plwnbness from top to 
bottom) shall not exceed 4 mm in one meter (1/2 
inch per 10 feet) of wall height. 

Any wall materials which become damaged 
or disturbed during backfill placement shall be 
either removed and replaced or corrected as directed 
or approved by the Engineer, at the Contractor's 
expense. Any misalignment or distortion of the wall 
facing panels due to placement of backfill outside 
the limits of this specification shall be corrected as 
directed or approved by the Engineer. 

(5) Reinforced Earth. The foundation for 
the structure shall be graded level for a \'idth equal 
to or exceeding the length of reinforcing strips or as 
shm'n on the plans. Prior to wall construction, the 
foundation shall be compacted "ith a smooth wheel 
vibratory roller. Any foundation soils found to be 
unsuitable shall be removed and replaced. 

Precast concrete panels shall be aligned 
vertically using inserts cast into the top edge of 
panels. ·Panels should be placed in successive 
horizontal lifts in the-sequence shO\'n on the plans 
or approved shop dra\,ings as backfill placement 
proceeds. As granular fill material is placed behind 
a panel, the panels should be maintained in vertical 
position by means of temporary wooden wedges 
placed in the horizontal joint at the junction of the 
two adjacent panels on the external side of the wall. 
External bracing is required for the initial lift. 

Backfill placement shall closely follow the 
erection of each lift of panels. At each reinforcing 
strip level, backfill should be compacted and 
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roughly leveled before placing and bolting strips. 
As shown on the plans, reinforcing strips shall be 
placed normal to the face of the wall. The 
maximwn lift thickness shall not exceed 203 mm (8 
inches) (loose) and shall closely follow panel 
erection. This lift thickness shall be decreased if 
necessary to obtain the specified compaction. 

Backfill shall be compacted to 95 percent of 
the maximwn density as determined by K.J\;f 64-511. 
A method of compaction consisting of at least 4 
passes by a vibratory roller weighing at least 4.5 
metric tons (5 tons) shall be used. For applications 
where spread footings are used to support bridge or 
other structural loads, the top 1.52 m (5.0 feet) 
below the footing elevation shall be compacted to 
100 percent of the maximwn density. 

The moisture content of the backfill 
material prior to and during compaction shall be 
uniformly distributed throughout each layer. 
Backfill materials shall have a placement moisture 
content less than or equal to the optimum moisture 
content. Backfill material "ith a placement 
moisture content in excess of the optimum moisture 
content shall be removed and reworked until the 
moisture content is unifonnly acceptable throughout 
the entire lift. 

Compaction "ithin 0.91 m (three feet) of 
the back face of the wall shall be achieved by at 
least three passes of a lightweight mechanical 
tamper, roller, or vibratory system. 

At the end of each day's operation the 
Contractor' shall slope the last level of the backfill 
away from the wall facing to rapidly direct runoff 
away from the wall face. In addition, the Contractor 
shall not allow surface runoff from adjacent areas to 
enter the wall construction site. 

Geotextile fabric shall be installed as 
specified in Section II.J herein. 

Vertical tolerances and horizontal alignment 
tolerance shall not exceed 19 mm (3/4 inch) when 
measured along a 3.05 m (10-foot) straight edge. 
The maxirnwn allowable offset in any panel joint 
shall be 19 mm (3/4 inch). The overall vertical 
tolerance of the wall (plwnbness from top to 
bottom) shall not exceed 4 mm in one meter (1/2 
inch per 10 feet) of wall height. 

Any wall materials which become damaged 



or disturbed dwing backfill placement shall be 
either removed and replaced or corrected as directed 
or approved by the Engineer, at the Contractors' 
ex-pense. Any misalignment or distortion of the wall 
facing panels due to placement of backfill outside 
the limits of this specification shall be corrected as 
directed or approved by the Engineer. 

(6) Retained Earth. The foundation for 
the structure shall be graded level for a "idth equal 
to or exceeding the length of mesh reinforcement 
panels or as shown on the plans. Prior to wall 
construction, the foundation shall be compacted 
"ith a smooth wheel vibratory roller. Any 
foundation soils found to be unsuitable shall be 
removed and rep laced. 

Concrete facing panels should be placed in 
successive horizontal lifts in the sequence shown on 
the plans or approved shop drawings as backfill 
placement proceeds. As granular fill material is 
placed behind a panel, the panels should be 
maintained in vertical position by means of 
temporary wooden wedges placed in the horizontal 
joint at the junction of the two adjacent panels on 
the external side of the wall. External bracing is 
required for the initial lift. 

Backfill placement shall closely follow the 
erection of each lift of panels. At each mesh level, 
backfill should be compacted and roughly leveled 
before placing mesh reinforcing panels. As shown 
on the plans, reinforcement shall be placed normal 
to the face of the wall. The maximum lift thickness 
shall not exceed 203 mm (8 inches) (loose) and shall 
closely follow panel erection. This lift thickness 
shall be decreased if necessary to obtain the 
specified compaction. 

Backfill shall be compacted to 95 percent of 
the maximum density as determined by K.iv! 64-511. 
A method of compaction consisting of at least 4 
passes by a vibratory roller weighing at least 4.5 
metric tons (5 tons) shall be used. For applications 
where spread footings are used to support bridge or 
other structural loads, the top 1.52 m (5.0 feet) 
below the footing elevation should be compacted to 
I 00 percent of the optimum density. 

The moisture content of the backfill 
material prior to and dwing compaction shall be 

173 

Special Provision No. 66L (94) 
Page 13 of 15 

uniformly distributed throughout each layer. 
Backfill materials shall have a placement moisture 
content less than or equal to the optimum moisture 
content. Backfill material with a placement 
moisture content in excess of the optimum moisture 
content shall be removed and reworked until the 
moisture content is uniformly acceptable throughout 
the entire lift. 

Compaction within 0.91 m (3 feet) of the 
back face of the wall shall be achieved by at least 
three passes of a lightweight mechanical tamper, 
roller, or vibratory system. 

At the end of each day's operation the 
Contractor shall slope the last level of the backfill 
away from the wall facing to rapidly direct runoff 
away from the wall face. In addition, the Contractor 
shall not allow surface runoff from adjacent areas to 
enter the wall construction site. 

Geotextile fabric shall be installed as 
specified in Section ll.J herein. 

Vertical tolerances and horizontal alignment 
tolerance shall not exceed 19 mm (3/4 inch) when 
measured along a 3.05m, (10-foot) straight edge. 
The maximum allowable offset in any panel joint 
shall be 19 mrn (3/4 inch). The overall vertical 
tolerance of the wall (plumbness from top to 
bottom) shall not exceed 4 mm in one meter ( 112 
inch per l 0 feet) of wall height. 

Any wall materials which become damaged 
or disturbed during backfill placement shall be 
either removed and replaced or corrected as directed 
or approved by the Engineer, at the Contractor's 
expense. Any misalignment or distortion of the wall 
facing panels due to placement of backfill outside 
the limits of this specification shall be corrected as 
directed or approved by the Engineer. 

IV. METHOD OF MEASUREMENT 

The quantity will be the gross area in 
square meters (square feet), not including footings 
or leveling pads for precast walls, lying in a plane of 
the outside front face of the structure as shown on 
the plans or as directed in writing. Portions or all of 
the footings for cast-in-place walls may be included 
in the gross area as shown on the plans. No field 
measurement will be made; the fmal quantity will be 



the design quantity increased or decreased by 
authorized changes. 

Structure excavation and backfill, 
foundation preparation, concrete footings or leveling 
pads for precast walls and portions of the footings 
for cast-in-place walls outside of the approved gross 
area, granular backfill, and geotextile fabric required 
as specified herein or due to the Contractor's choice 
of granular fill materials will not be measured for 
separate payment, but will be considered incidental 
to the cast-in-place or precast retaining wall. 

Coping, trim, or similar items that are 
normal parts of precast wall construction will not be 
measured for payment but will be considered 
incidental to the precast retaining wall. Items such 
as concrete barriers that are not a part of normal 
retaining wall construction \'<ill be measured for 
separate payment, unless otherwise specified 
elsewhere in the contract. When concrete barriers 
are constructed on top of retaining walls, the bottom 
of the barrier for pa)'ment purposes will be a line 
813 mm (32 inches) below, and parallel to, the top 
of the barrier. 

Granular fill placed inside Doublewal or 
Evergreen modular units will be considered 
incidental, and \'<ill not be measured for separate 
payment. 
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V. BASISOFPAYMENT 

The accepted quantities of cast-in-place 
concrete retaining wall will be paid for at the 
contract unit price per square meter (square foot). 
The accepted quantities of precast concrete retaining 
wall will be paid for at the contract unit price per 
square meter (square foot). This payment shall be 
full compensation for all labor, equipment, 
materials, and incidentals necessary to acceptably 
fabricate, excavate, construct, and backfill the 
retaining wall in accordance with all requirements of 
this Special Provision and the contract. Payment 
will be made under: 

Pay Item Pay Unit 

Retaining Wall Square Meter 
or Square Foot 

APPROVED Signature on File 4/1/91 

J. M. YOWELL, P.E. DATE 
STATE HIGHWAY ENGINEER 
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SPECIAL NOTE FOR T-WALU'' 

I. DESCRIPTION 

The follo\W1g requirements are hereby added to the current Special Provision No. 66, Concrete Retaining 
Wails, to allow, at the. Contractor's option, the use ofT-WalJTh!, as sold by the Nee! Company 6520 Deepford 
Street, Springfield, VA 22150 

II. MATERIALS FORT-WALL 

(1) Precast Units. Concrete for the precast units shall attain a minllnum compressive strength of27.58 
MPa ( 4,000 psi) at or before 28 days. The concrete shall be air entrained containing 5.5 ± 1.5 percent entrained 
air at the time concrete is placed in the forms. 

A proposed mix design shall be submitted as specified in Section 605. 

(2) Reinforcing Bars. Reinforcing bars shall be grade 400 (60) and shall conform to ASTM A 615, A 
616 or A 617, except No. 3 stirrups may be grade 300 (40). Welded steel wire mesh shall conform to ASTM 
A 185. 

(3) Joint Materials 

(a) Expansion Joint Fillers conforming to ASTM D 1752 shall be used in horizontal joints. 

(b) All joints between panels shall be covered on the back side of the wall with geotextile fabric. 
The fabric shall be 305 mm (12 inches) wide and meet the requirements of Section 845, Table I. 

(c) All joint materials shall be furnished by the T -WALL Th! supplier. 

(4) Tolerances. All units shall be manufactured within the following tolerances: 

Face of unit, length or height: ± 4.8 mm (3/16 inch) 

Deviation from square measured on diagonal:± 7.9 mm (5116 inch) 

(5) Forms. Forms for the units shall be constructed of steel in a manner that will assure the production 
of uniform units, and shall remain in place until they can be removed without damage to the unit. 

(6) :\-lixing and Placing Concrete. The concrete mix as designed shall be proportioned and mixed in a 
batch mixer to produce a homogeneous concrete conforming to the requirements. The transporting, placing, and 
compacting of concrete shall be by methods that will prevent segregation of the concrete materials and the 
displacement of the steel reinforcement from its proper position in the form. Concrete shall be carefully placed 
in the forms and vibrated sufficiently to produce a surface free from imperfections such as honeycomb, 
segregation, or cracking. Clear form oil of the same manufacture shall be used throughout the casting operation. 

(7) Curing. The units shall be properly cured for a sufficient time so that the concrete will develop the 
specified compressive strength. 
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(8) Testing and Inspection. Acceptability of the precast units will be determined on the basis of entrained 
air in the concrete mixture, compression tests, and visual inspection. The Contractor or his supplier shall furnish 
facilities and the Certified Concrete Technician shall perform all necessary sampling and testing in an expeditious 
and satisfactory manner. Acceptance v.ill be as specified in paragraph II. N. herein. 

(9) Finish. Concrete surface shall be ordinary surface finish unless otherwise shown on the plans. 

(10) Marking. The date of manufacture shall be clearly scribed or painted with waterproof paint on an 
interior surface of each unit. 

(11) Handling, Storing, and Shipping. ,All units shall be handled, stored, and shipped in such manner 
as to eliminate the danger of chipping, cracks, fractures and excessive bending stresses. 

(12) Granular Fill Materials ForT-Wall. All fill material placed between the T-Wall stems shall meet 
requirements of Paragraph II. J. herein except that it need not comply with the requirements for resistivity, pH, 
chlorides, or sulphates. 

III. CONSTRUCTION REQT,JIREMENTS FORT-WALL 

Wall Erection. The foundation for the structure shall be graded level for a width equal to the length of 
the stem. Prior to wall construction the foundation shall be compacted as shown on the plans or as directed by 
the Engineer. Any foundation soils found to be unsuitable shall be removed and replaced. 

Form and pour the leveling pad Tolerance for the leveling pad is± 6.4 millimeters in 3.05 meters (1/4 inch 
in 10 feet). Begin placement of units by snapping a chalk line on the leveling pad at the front face of the wall. 
The vertical joint opening is 6.4 mm (1/4 inch). The vertical joint is backed with a 305 mm (12-inch) wide strip 
of geotextile. A fiber board joint material goes in the horizontal joint. Construct the wall in horizontal lifts. 
Backfill and compact each lift of units before starting the subsequent lift. Follow the manufacturers construction 
procedures. 

Backfill between the sterns shall be compacted to 95 percent of maximum density as determined by K.i'vf 
64-511. Backfill around the outside of the wall, as shown on the plans or as directed by the Engineer, shall be 
placed and compacted in accordance with the project requirements for embankment. 

Vertical tolerances and horizontal alignment tolerance shall not exceed 19 mm (3/4 inch) when measured 
along a 3.05 m (10-foot) straight edge. The maximum allowable offset in any unit joint shall be 19 mm (3/4 
inch). The overall vertical tolerance of the wall (plumbness from top to bottom) shall not exceed 12.7 millimeters 
in 3.05 meters (1/2 inch per 10 feet) of wall height. · 

When erecting a battered wall, placement of backfill behind the wall shall closely follow erection of 
successive layers of units. At no time shall the difference in elevation between the backfill and the top of the last 
erected course exceed 1.83 m (6 feet). 

Any wall materials which are damaged or disturbed during backfill placement shall be either removed and 
replaced or corrected, as directed or approved by the Engineer, at the Contractor's expense. 

October 13, 1992 
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I. DESCRIPTION 

SPECIAL NOTE FOR 
STRENGTHENED EARTH W ALLST" 

8E 

The following requirements are hereby added to the current Special Provision No. 661, Concrete 
Retaining Walls, to allow, at the Contractors option, the use of Strengthened Earth WallsTM as sold by 
Gifford-Hill & Company, Concrete Products Division, 2515 McKinney Avenue, Dallas, TX 75201. Section· 
references herein are to the current edition of the Kentucky Standard Specifications for Road and Bridge 
Construction. 

II. MATERIALS FOR STRENGTHENED EARTH WALL 

A. Concrete Facing Panels. Cement shall be Types I, II, or III and shall conform to the 
requirements of ASTivl C 150. Air entraining, retarding or accelerating agents, or any additive containing chloride 
shall not be used without approval of the Engineer. 

Connectors, pipe, and lifting devices shall be set in place to the dimensions and tolerances shown on the 
plans prior to casting. 

(I) Testing and Inspection. Acceptability of the precast units will be determined on the basis of 
entrained air in the concrete, compressive strength tests and visual inspection. The Contractor, or his supplier, 
shall furnish facilities and the Certified Concrete Technician shall perform all necessary sampling and testing in 
an e:-.-ped.itious and satisfactory manner. A proposed mix design shall be submitted as specified in Section 605. 
Acceptance will be as specified in the current edition of Special Provision No. 661, Paragraph II N. 

(2) Casting. The panels shall be cast on a flat area: the front face of the form at the bottom, the back 
face at the upper part. Connectors shall be set in the back face. The concrete in each unit shall be placed without 
interruption and shall be consolidated by the use of an approved vibrator, supplemented by such hand-tamping 
as may be necessary to force the concrete into the comers of the forms and prevent the formation of stone pockets 
or cleavage planes. Clear form oil of the same manufacturer shall be used throughout the casting operation. 

(3) Forms. Forms for panels shall be constructed of steel in a manner that will assure the production of 
uniform panels and shall remain in place until they can be removed without damage to the assemble precast wall 
unit. 

(4) Curing and Forms Removal. Curing and forms removal will be as approved by the Division of 
Materials based on review of actual concreting, curing, and handling procedures proposed by the fabricator. In 
absence of any review, the requirements of Sections 605.06 and 605.07 of !he Kentuck-y Standard Specifications 
for Road and Bridge Construction, shall apply 

(5) Concrete Finish. Unless othemise indicated on the plans or elsewhere in the specifications, concrete 
surface for !he front face shall have a normal concrete fmish, and for the rear face an unformed surface fmish. 
Rear face of the panel shall be roughly screened to eliminate open pockets of aggregate and surface distortions 
in excess of6.35 mm (!14 inch). 
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B. Reinforcing Mesh and Tie Bars. Reinforcing mesh and tie bars shall be prefabricated from 
smooth bars meeting the requirements of ASTM A-82 and A-185 and galvanized in accordance ,,;th ASTM 
A-123. The mesh shall be cut to lengths shown on the plans or on the shop drawings. 

All reinforcing mesh and tie bars shall be carefully inspected to ensure they are true to size and free from 
defects that may impair their strength and durability. 

C. Connectors. Connectors shall be shop fabricated from cold drawn steel wire conforming to the 
requirements of ASTM A-82 and galvanized in accordance with ASTM A-123. 

D. Joint Materials 

{I) Bearing Pads. Bearing pads shall be a type and grade approved by Gifford-Hill & Company. 

(2) Joint Cover. Where required, as shown on the plans, cover for horizontal and vertical joints between 
panels shall be a filter fabric as supplied by Gifford-Hill & Company. Adhesive used to temporarily attach the 
fabric material to the rear of the facing panels shall be approved by Gifford-Hill & Company. 

III. CONSTRUCTION REQUIREMENTS FOR STRENGTHENED EARTH WALLS 

A. Wall Excavation. Unclassified excavation shall be in accordance with the requirements of general 
specifications and in reasonably close conformity with the limits and construction stages shov.n on the plans. 

B. Foundation Preparation. The foW1dation for the structure shall be graded level for a width equal 
to or exceeding the length of the reinforcing mesh, or as shov.n on the plans. Prior to wall construction, the 
foundation shall be compacted at least 4 passes by a 7.256-metric ton (8- ton) smooth wheel roller as directed 
by the Engineer. Any foW1dation soils foW1d to be W1Suitable shall be removed and replaced with select granular 
backfill material, as directed by the Engineer, and shall be incidental to the bid item Retaining Wall. 

At each panel foW1dation level, an unreinforced cast-in-place concrete lev.eling pad shall be provided as 
shO\\U on the plans. The concrete shall be Class A Concrete \\ith compressive strength of 20.68 MPa (3,000 psi) 
28-day strength. The leveling pad shall be cured a minimum of24 hours before placement of wall panels. 

C. Wall Erection. Precast concrete panels shall be placed "such that a fmal vertical face will be 
obtained" ,.;th the aid of a light crane. For erection, panels are handled by means of a lifting de\ice set into the 
upper edge of the panels. Panels should be placed in successive horizontal lifts in the sequence shown on the 
plans as backfill placement proceeds. As backfill material is placed behind the panels, the panels shall be 
maintained in vertical position by means of temporary wooden wedges placed in the joint at the jW1ction of the 
two adjacent panels on the external side of the wall. External bracing is required for the initial lift. Vertical 
tolerances (plurnbness) and horizontal alignment tolerances shall not exceed 19 mm (3/4 inch) when measured 
,.;th a 3.05-meter (10-foot) straight edge. The maximum allowable offset in any panel joint shall be 19 mm (3/4 
inch). The overall vertical tolerance of the wall (plurnbness from top to bottom) shall not exceed 25.4 millimeters 
per 3.05 meters (I inch per 10 feet) of wall height. 

Reinforcing mesh shall be placed normal to the face of the wall, unless othernise shov.n on the plans or 
directed by the Engineer. Prior to placement of the reinforcing mesh, backfill shall be compacted in accordance 
with Section D, Backfill Placement. 
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. (6) Tolerances. All units shall be manufactured within the following tolerances: 

a. Panel Dimensions- All dimensions within 4.76 mm (3/16 inch). 

·b. Panel Squareness·= Squareness, as determined by the difference between the two diagonals, shall · 
not exceed 12.7 mm (1/2 inch). 

c. Panel Surface Finish -·Surface defects on smooth formed surfaces, measured on a length of 1.52 m 
(5 feet), shall not exceed 3.18 rom (1/8 inch). Surface defects on textured fmished surfaces, measured 
on a length of 1.52 m (5 feet), shall not exceed 7.94 mm (5/16 inch). Rear face of the panel shall be 
roughly screened to eliminate open pockets of aggregate and surface distortions in excess of 6.35 rom 
(1/4 inch). 

(7) Compressive Strength. Acceptance of the concrete panels, with respect to compressive strength, will 
be determined on the basis of production lots. A production lot is defined as a group of panels that will consist 
of either 80 panels or a single day's production, whichever is less. 

Acceptance of a production lot will be made if the compressive strength test result is greater than or equal 
to 27.58 MPa (4,000 psi) at or prior to 28 days. 

In the event that a production lot fails to meet the specified compressive strength requirements, the 
production lot shall be rejected. Such rejection shall prevail unless the manufacturer, at his own expense, obtains 
and submits cores for testing and the results show that the strength and quality of the concrete placed within the 
panels of the production lot is acceptable. The cores shall be taken from the panels within the production lot and 
tested in accordance with the specifications of ASTM C 42 and KlV! 64-317. Two cores per each cylinder which 
failed will be required. 

(8) Rejection. Units shall be subject to rejection because of failure to meet any of the requirements 
specified above. In addition, any or all of the following defects may be sufficient cause for rejection: 

a. Defects that indicate imperfect molding. 

b. Defects indicating honeycombed or open texture concrete. 

c. Defects in the physical characteristics of the concrete, such as broken, cracked, or chipped concrete. 

The Engineer shall determine whether spalled, honeycombed, chipped or otherwise defective concrete 
shall be repaired or be cause for rejection. Repair of concrete, if allowed, shall be done with an epoxy mortar 
approved by the Department in a manner satisfactory to the Engineer. Repair to concrete surfaces which will be 
exposed to view after completion of construction must be approved by the Engineer. 

(9) lvfarking. The date of manufacture, the production lot number, and the piece-mark shall be clearly 
scribed on the rear face of each panel. 

(10) Handling, Storage and Shipping. All units shall be handled, stored and shipped in such a manner 
as tc eliminate the danger of chipping, cracks, fractures and excessive bending stresses. Panels in storage shall 
be supported on fmn blocking located immediately adjacent to connectors tc avoid their bending. 
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D. Backfill Placement. Backfill placement shall closely follow erection of each course of panels. 

Backfill shall be placed in such a manner as to avoid any damage or disturbance to the wall materials or 
misalignment of the facing panels. Any wall materials which become damaged or disturbed during backfill 
placement shall be either removed and replaced at the Contractor's expense or corrected, as directed by the 
Engineer. Any misalignment or distortion ofthe·wall facing panels due to placement ofbackftll outside the limits 
of this specification shall be corrected, as directed by the Engineer. 

· Backfill shall be compacted to 95 percent of the maximum density as determined by KM 64-511. A 
method of compaction consisting of at least 4 passes by vibratory roller weighing at least 4.53 metric tons (5 
tons) shall be used. 

The moisture content of the backftll material prior to and during compaction shall be uniforrnly 
distributed throughout each layer. Backfill materials shall have a placement moisture content less than or equal 
to the optimum moisture content Backfill material with a placement moisture content in excess of the optimum 
moisture content shall be removed and reworked until the moisture content is uniforrnly acceptable throughout 
the entire lift. The optimum moisture content shall be determined in accordance with AASHTO T -99 Method 
C or D (with oversize correction, as outlined in Note 7). 

The maximum loose lift thickness shall not exceed 203 rnm (8 inches). The Contractor shall decrease 
this lift thickness, if necessary, to obtain the specified density. Compaction within .91 meters (3 feet) of the 
backface of the wall facing shall be achieved by at least 3 passes of a lightweight mechanical tamper, roller or 
vibratory system. 

At the end of each day's operation, the Contractor shall slope the last level of backfill away from the wall 
facing to rapidly direct runoff of rainwater away from the wall face. In addition, the Contractor shall not allow 
surface runoff from adjacent areas to enter the wall construction site. 

August 24, 1994 
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KENTUCKY TRANSPORTATION CABINET 
DEPARTMENT OF HIGHWAYS 

SPECIAL PROVISION NO. 69G (9-') 
EMBANKMENT AT BRIDGE END BENT STRUCTURES 

This Special Provision shall applv when indicated on the plans or in the 
proposal. Section references herein are to the Department's 1994 Standard 
Specifications for Road and Bridge Construction. 

I. DESCRIPTION 

This work shall consist of construction of an earth core and granular 
embankment at end bent structures. The earth core and granular embankment 
shall be constructed in accordance with the requirements of this Special 
Provision, the plans, standard drawings, and the 1994 Standard Specifications. 
Construction shall be in accordance with Structure Granular Backlill and 
Roadway Fill-Granular Embankment, as required by the plans. 

II. MATERIALS 

A. Earth Core. Unless otherwise provided material for the earth 
core shall meet all requirements of the Standard Specitications for 
embankment materials and, in addition, shall be free of boulders larger than 64 
mm (2 1/2 inches) maxirmun dimension or any other obstructions which would 
interfere with the dri,·ing of piles. Roadwav Fill-Granular Embankment 
material \viii be permitted, provided the 64-mm (2 112-inch) maximum 
dimension is not exceeded. 

When the plans specify that the core shall be constructed of Roadway 
Fill-Granular Embankment material, then I 00% of the material placed within 
the limits of the core shall not exceed the 64-mm (2 112-inch) maximum 
dimension. 

B. Roadwa~· Fill-Granular Embankment 

(I) Requirements. 

(a) Roadwav Excavation. When granular embankment is specitied 
to be obtained from roadway excavation as noted on the plans, acceptance will 
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outside the limits of granular embankment will be m accordance with 
requirements elsewhere in the contract. 

V. BASIS OF PAYMENT 

The accepted quantities measured as specified herein will be paid for 
at the contract unit prices, which payment shall be full compensation for all 
work and materials necessary to complete the earth core, granular 
embankments, structure excavation tor the end bent, and granular backfill as 
specified herein, on the plans and standard drawings, and in the Standard 
Specifications. 

Payment will be made under: 

Pay Item 

Roadwav Excavation 
Embankment-in-Place 
Borrow Excavation 
Structure Granular Backfill 
Roadway Fill-Granular 

Embankment 

Pay Unit 

See Section 204.12 
See Section 207.10 
See Section 205.04 
Cubic Meter or Cubic Yard 
Cubic Meter or Cubic Yard 

APPROVED SillJlature on File 4/1/94 
J M YOWELL, P.E. DATE 
STATE HIGHWAY ENGINEER 
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of material for the earth core or for any necessaty manipulation such as 
stockpiling or double hauling. 

B. Roadway Fill - Granular Embankment. The quantity of 
Roadway Fill-Granular Embankment complete and accepted in the tina! work 
will be measured in cubic yards. The tina! pay quantity will be the design 
quantity, increased or decreased by authorized adjustments as specilied in 
subsections 204.11.0 I and 204.11.02. The volume of the em1h core will be 
deducted trom the pay quantity of Roadway Fill-Granular Embankment. 

C. Structure Granular Backfill. The quantity of structure granular 
backlill complete and accepted in the tina! work will be measured in cubic 
yards. The tina! pay quantity will be the design quantity, increased or 
decreased by authorized adjustments as specilied in subsections 204.11.0 I and 
204.11.02. Any additional material required for backlill outside the limits 
sho\m on the plans and standard drawings will not be measured tor payment. 

D. Incidental Items. When constmction sequence "A" as shown on 
the standard drawings is tollowed, stmcture e~cavation at the end bent will be 
considered incidental to Stmcture Granular Backlill. 

Furnishing and placing the 51-mm (2-inch) mortar or concrete bed 
is considered incidental to the end bent, and no separate measurement or 
payment will be made. 

The I 02-mm (4-inch) petiorated underdrain pipe tor draining 
stmcture granular backlill will be considered incidental to the backlill. 

Two hundred three-millimeter (8-inch) petiorated pipe and headwalls 
placed due to the use of erodible material will be considered incidental to the 
granular embankment. 

When geotc:-;tile fabric is required due to the use of erodible or 
unstable material tor granular embankment, furnishing and placing the fabric 
shall be incidental to the granular embankment and no separate measurement 
or payment will be made. This geote:-;tile t:1bric shall be incidental regardless 
of whether the erodible or unstable material was specitied or permitted. 

When the plans require geote:-;tile fabric to be placed outside the 
limits of granular embankment, then measurement and payment lor the fabric 
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end bent may be placed as soon as the mortar has set sufficiently to support 
workmen and forms without being disturbed. 

One hundred two-millimeter ( 4-inch) perforated pipe shall be 
installed in accordance with the plans. In the event slope protection extends 
above the elevation of the perforated pipe, the pipe shall be extended through 
the slope protection. 

After the end bent cap has been placed and adjacent forms removed, 
the excavation shall be tilled with granular backfill material to the level of the 
berm prior to placing beams for the bridge. After the end bent backwall has 
been completed, or after the span end wall has been completed, the granular 
backtill shall be placed to sub grade elevation. If the original excavation has 
been enlarged, the entire volume shall be filled with compacted granular 
backlill at no additional cost to the Department. In no case shall backfill be 
placed betore removal of adjacent form work. Granular backlill material shall 
be placed in trench ditches at the ends of the excavation. 

Individual fragments larger than I 02-mm ( 4 inches) in any dimension 
shall not be permitted within 0.91 (3 feet) of the structure. 

The backlill shall be tamped by hand tampers, pneumatic tampers, 
or other means apprO\·ed by the Engineer. Care shall be exercised to 
thoroughly compact the backlill under the overhanging portions of the 
structure to ensure that the backlill is in intimate contact with the sides of the 
structure. 

The earth core. granular embankment, and granular backlill, shall be 
placed and compacted in accordance with the requirements for density 
applicable to the project. 

No seeding, sodding, or other vegetation shall be applied to the 
exposed granular embankment. 

IV. METHOD OF MEASUREMENT 

A. Earth Core. Material for the earth core will be measured as 
Roadwav Excavation, Embankment-in-Place, or Borrow Excavation, as 
applicable. No separate measurement or payment will be made for overhaul 
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and the geotextile fabric shall be placed between the embankment and the 
specitied slope protection. 

All additional work or material required because erodible or unstable 
materials are used tor granular embankment, including but not limited to 
geotextile fabric and the 203-mm (8-inch) perlorated pipe and headwalls, shall 
be furnished at no additional cost to the Department. 

C. Structure Granular Backfill. Structure granular backtill shall 
be coarse aggregate, crushed or uncrushed (including pea gravel}, meeting the 
requirements of Section 805.03 with the additional requirement that the minus 
7 5 J.lm (No. 200) content does not exceed 5 percent when tested by KM 
64-606. Gradation shall be uni!orm and shall meet the tollowing requirements 
when tested by KM 64-602. 

Sieve Size Percent Passing 

100 mm (4 inch) 100 

4.75 mm (No.4) 0-30 

Acceptability ofthe minus 75J.lm (No. 200) portion may be based 
upon visual illi1'ection by the Engineer when the material includes a signiticant 
amount of individual tragments greater than 38 mm ( l 112 inches). 

lll. CONSTRUCTION REQUIREMENTS 

Normal roadway embankments at end bents shall be constructed in 
accordance with Section 207 and in accordance with the plans and standard 
drawings tor full embankment section. After the embankment has been 
constructed, excavating tor the end bent cap, driving piling, placing mortar 
bed, constructing end bent, and completing the embankment to tinish grade 
shall be in accordance with the construction sequence shown on the plans or 
standard drawings and as specitied hereinafkr. 

After piles are dtiven (see design drawings), the bottom of the 
excavation shall be sloped toward ends of the trench as noted on the plans tor 
drainage. A separate pour of concrete mortar, or any class concrete, shall be 
placed to provide a base for forming and placing the cap. Side torms for the 
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Crushed coarse aggregate (other than gravel) smaller than Size No. 
57. 

Any material with 50% or more passing the 4. 7 5 rnrn (No. 4) sieve. 

Sand«tone will be judged to be friable or non-friable by the Engineer. 

(3) Special Construction ,\!ethods. Erodible or unstable materials 
may erode even when protected by riprap or channel lining; the special 
construction methods as described below shall be employed when using these 
materials. 

Fine Aggregates or friable sandstone may be used for granular 
embankment at "dry land" structures onlv, and will not be permitted at stream 
crossings or where likelv to be subjected to t1ood waters. 

When material having 50 percent or more passing the 4. 7 5 rnrn (No. 
4) sie\'e is used tor embankment, 203-rnrn (8-inch) perforated underdrain pipe 
shall be installed at or near the elevation of the original ground in the 
appro:-irnate locations depicted on the standard drawing and as directed bv the 
Engineer, so as to ensure positive drainage of the embankment. The 203-rnrn 
(8-inch) pertorated pipe shall be wrapped with geotextile fabric of a type 
recommended by the pipe manufacturer. Headwalls will be required on the 
outkt end of each perforated pipe. 

All granular embankment material described above as erodible or 
unstable, and having 50 percent or more passing the 4. 7 5 rnrn (No. 4) sieve, 
shall be protected b\' geotextile fabric meeting the requirements of Table I in 
Section 845. Fabric shall be covered a minimum of one foot deep with 
non-erodible material. The fabric shall extend !rom original ground to the top 
of slope over the entire area of the embankment slopes on each side of, and in 
front of. the end bent. 

For erodible or unstable materials having less than 50 percent 
passing a 4.7 5 rnrn (No 4) sieve, the 0.30-meter (one-toot) protective cover 
shall be placed, but the geote.xtile fabric is not required. 

Where erodible or unstable granular embankment will be protected 
by riprap or channel lining the 0.30 m (one-loot) cover will not be required, 
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be by visual inspection by the Engineer. Granular embankment shall be 
reasonably free of shale or other deleterious materials. 

(b) Oft:site Materials. Granular embankment shall have no more than 
10 percent passing the 75~m (No. 200) sieve when tested by KM 64-606. 

The quality of all granular embankment shall be acceptable to the 
Engineer. Shale shall not be permitted for use as granular embankment unless 
noted on the plans or proposal. 

Acceptability of processed material may be based on visual 
iru,--pection by the Engineer when the material includes a signiiicant amount of 
individual tragments greater than 38 mm (I 112 inches). 

(1J Classification. Granular embankment is classitied as (a) 
non-erodible or (b) erodible or unstable. Special construction methods are 
required as speciiied in Section IIB(3) below when erodible or unstable 
materials are used. 

(a) .Von-Erodible .\faterials. The following materials are considered 
to be non-erodible: 

Blasted Limestone/dolomite 

Non-triable blasted sandstone 

Limestone coarse aggregate Size No. 57 or larger. 

Non-triable sandstone coarse aggregate Size No. 57 or larger. 

(b) Erodible or Cnstable Materials. The following materials are 
considered to be erodible or unstable: 

Natural or manufactured tine aggregate 

Friable sandstone 

Crushed or U ncrushed gravel, any size 
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CONCLUSION 

einforced Earth technol· 
ogy has made poss1ble 
new and economical de
signs for bridge abut

ments adaptable to the w1dest variety 

of superstructures and foundation 
so tis. Complementing the perform
ance of engtneering techn1ques that 
have undergone more than 1 5 years 
of research and development are all 

A WORLDWIDE ORGANIZATION 

Licensed under the oatents issuec to 
Henri Vidal throughout the world. the 
Reinforced Earth Group of compa
nies operates 1n 33 countries on s1x 
continents. Althouah oart of the 
same Group. each cOm~any is inde
penden~ly managec by r.atJonars of 
that country wr.o are professional 
engineers that ·..Jr.Oe'star.d local con
ditions. codes of :Jract1Ce. and con
struction capabilitiES ar.o techniques. 

Research and other technolocical 
activities among tile dliferent compa
nies are coordinated from Paris. 
France. by Terre Arm8e lnternation
a!e, parent company of the Group 

For new applications and soecial or 
unusual projects. Terre Armee lnter
nationale can pool the resources of 
several companies to create opti
mum project designs and materia! 
specrfications. It also acts as the 
central technical serv1ce orcaniza
tion. ar:d rnarntains the prrma(y rnfor
rr.atlor. data base collected from new 
aoplicat1ons. speciai proJects anc 
research. 

Terre Arm8e lnternatronale takes the 
lead in organizing and developing 
research projects. both under its own 
direction and through coordinatron 
among the other compan1es. 

the advantages of quick and scaf
fold-free construction. The appear~ 
ance can take many forms. Each 
year, over 120 bridges are built on 
Reinforced Earth abutments. 

Analysis and synthesis of research 
and technical data by Terre Armee 
lnternationale results in technical rec· 
ommendations and design improve
ments published 1n routine reports 
disseminated to all the Re·rnforced 
Earth Gro~p companres. 

Tr.e dynamics of this organization 
allow each Reinforced Earth com
oany to offer government agencies, 
owners. consultants and contractors 
the understanding and flexibility of 
a local business. combined with 
the vast resources and techno
log,cal advantages of a global 
concern_ 

Fi=IANCE - GERMANY • UNITED KINGDOM -ITALY - SPAIN • BELGIUM - THE NETHERLANDS • 
SWITZeRLAND ·PORTUGAL ·IRELAND - UNITED STATES - CANADA • MEXICO • ARGENTINA • BRAZIL 

VENEZUELA - AUSTRALIA ·NEW ZEALAND - SOUTH AFRICA • JAP~N • MALAYSIA - SINGAPORE 
BRUNEI - HONG KONG • SOUTH KOREA - THAILAND · TAl\" ~N • INDONESIA - IRAN • 

KUWAIT • OMAN • OAT'"' • LEBANON • S, _101 AC>ABIA 
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Pier Abutments 

A disadvantage of mixed abutments 
with interior support is that the pilings 
must be placed relatively far behind 
the facing, thereby lengthening the 
bridge span. When the foundation 
soil is good, a special type of mixed 
abutment with interior supports, 
called a "pier abutment," makes it 
possible to set the supports closer to 
the facing (Fig. 39). 

In these cases, concrete piles are 
poured directly into blackouts cast 
into specially made facing panels. At 
present, these special facing panels 
are prefabricated in two pieces and 
assembled at the site. These piles 
transmit the bridge loads through the 
reinforced volume to a footing below 
the structure. The piles are poured 
only after the Reinforced Earth struc· 
ture has been completed and the em
bankment has been backfilled. The 
reinforcements will then be in tension 
and any deformations will have 
occurred. 

After the concrete has been poured, 
the special panels are made integral 
with the concrete piles. That is why 
this type of structure is suitable only 
for sites with good foundation soils, 
where the flexibility of the facing is no 
longer indispensible once construe· 
tion is complete. Subsequent settle· 
ment of the foundation would create 
the possibility of secondary stresses 
in the concrete piles through interac· 
tion with the reinforcements and the 
facing. 

To accommodate horizontal stresses 
from the roadway without transmit
ting these stresses to the piling, addi
tional reinforcements are either 
placed above the piles or attached 
directly to the cap beam. Since pier 
abutments are used only on good 
foundation soils. approach slabs are 
usually not required. 

Pier abutment for the Tille Bridge. Oijon-Langres Freeway in France. 

Figure 39: D1agram ol a p1er abutment. 

Special prefabricated panel. 
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MIXED ABUTMENTS 

here are certain cases in 
which a foundation soil 
that is too compressible 
lor the proposed structure 

(e.g., a large continuous viaduct) 
cannot be sufficiently improved to 
result in acceptable limits of consoli
dation. In such cases, a mixed solu
tion can be adopted in which the 
beam seat and bridge deck are sup
ported by piling or other special foun
dations, and the embankment is re
tained by Reinforced Earth. This so
lution makes the support structures 
nearly independent of the embank
ments. Also, by building the Rein
forced Earth structure in advance, 

Combined abutment of the Epron Bridge. 
National Highway RN 57 8esan90n-Epinal, 
France. 

'"" 
i 

the amount of negative skin friction 
on the piling can be reduced. In tlhe 
case of a mixed abutment where the 
bridge is no longer suppcrted by the 
Reinforced Earth,.structure, a con
ventional approach slab is used as a 
transition. 

Mixed Abutments with Exterior 
Supports 

In these cases, piers are usually 
placed in front of the Reinforced Earth 
structure, either in the form of a row of 
columns topped by a cap beam, or as 
a full pier that runs along the face of 
the approach structure. This ar
rangement reduces the span of the 
bridge to a minimum and, in effect, 
separates the construction of the two 
parts of the project. 

The distance to be maintained be
tween the pilings (or pier) and the Re
inforced Earth structure depends pri
marily on either the width of the foun
dation, or on the clearance required 
by the construction equipment. 
When the distance is small, the Re
inforced Earth facing is connected to 
the cap beam or to the end wall of the 
beam seat (Fig. 38a). Clearances 
and overlaps are provided as 
needed, so that any possible 
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subsequent movement caused by 
consolidation of the foundation soil 
will not result in contact or loss of fill. 
When the distance is large, the tran
si_tion slab assumes the form of a 
small connecting span over this area 
(Fig. 38b). All aspects of the connec
tion require detailed study, particu
larly at the shoulders and edges of 
the embankment. 

Mixed Abutments with Interior 
Supports 

For aesthelic reasons, pilings 
are sometimes embedded within the 
Reinforced Earth structure. There 
are two instances where this is a 
customary practice. In the first, piles 
are driven prior to construction of the 
Reinforced Earth embankment, re
quiring that backfill be carefully 
placed and compacted around each 
column. In the second instance, piles 
are driven through the Reinforced 
Earth structure after the latter has 
been completed. In both cases, 
sleeves are used to separate the 
supports from the fill, leaving suffi
cient clearance to prevent any trans
mission of lateral load. The sleeves 
also make it possible to drive the 
piling without cutting or damaging the 
reinforcing strips. 

,-J I 
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F1gures 38a. 38b: Typ1cal details of the connection between an exterior pier and the Reinforced Earth structure. 
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SOIL IMPROVEMENT 

reloading 
Preloading is another 
classic method of improv
ing foundation soil. Three 

types of preloading can be used in 
the construction of Reinforced Earth 
abutments on compressible soil. 

Preloading Exerted by 
Reinforced Earth 

This variant is used in cases such as 
those described above in which 
structures are built directly and with
out prior treatment. The site is pre
loaded by the Reinforced Eanh 
embankment itself before the super
structure is set in place. 

Preloading Using Ordinary Fill 

The second. more traditional method 
involves preloading the site with an 
ordinary fill intended to remain in 
place only temporarily. This method 
is used when the surcharge must be 
put in place quickly, or when the lev
els of consolidation and settlement 
during this phase would exceed the 
permissible facing deformation level. 
This technique was used near Cham
plain in Canada for an overpass of 
highway A 40 (Fig. 37a). The 76-
meter bridge. consisting of three in
dependent spans. is supported by 
two Reinforced Earth abutments built 
on 24 meters of compressible clay. 
Because the anticipated level of set
tlement was 30 to 45cm, a temporary 
surcharge 6.4 meters thick was put in 
place two years before construction 
of the abutments. When the settle
ment level had reached 25cm the 
temporary surcharge was partially 
cleared away and replaced with Rein
forced Earth structures. Five years 
after construction of the bridge. the 

Rocquencourt bridge on the West Highway near Paris. France. 

abutments had dropped about three 
centimeters, causing no problems. 

Combined Preloading 

A third method consists of pre
charging the site simultaneously with 
the final Reinforced Earth structure 
and a temporary topping of fill or 
concrete blocks. The topping is de
signed to stand in for part or all of the 
future superstructure's weight. Con
solidation is thereby accelerated and. 
if the construction schedule permits, 
final levels of settlement and defor
mation ot the Reinforced Earth abut
ment can be reached before the road
way is built. This method was used 
for a bridge in Rocquencourt. France. 
with concrete blocks providing the 
surcharge. The site consisted of 
eight to ten meters of uncompacted 
fill which consolidated quickly. On the 
Route One bridge over the Boston 
and Maine Railroad in the United 
States. built on 40 meters of relatively 
loose sand and wet clay of average 
consistency, 3.3 meters of additional 
fill were enough to produce one-third 
(22cm) of the anticipated long-term 
settlement (Fig. 37b). The flexible 

nature of this independent metal 
span structure is expected to 
adapt well to the remaining 
settlement. 

Whichever method is used for build
ing Reinforced Earth abutments on 
compressible soils, the purpose 
should always be to optimize the use 
of Reinforced Earth's inherent flexi
bility. Additional measures are em
ployed only when necessary. 

Every Reinforced Earth structure 
built on comoressible soil constitutes 
a new and u"nique project. In design
ing each project, company engineers 
take into account the nature of the 
superstructure. scheduling require
ments and deadlines, geotechnical 
data. and the flexible possibilities of 
Reinforced Earth. 
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Figures 37a. 37b: Preloading tor the Champlain and Boston and Maine railroad bridges. 
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ABUTMENTS ON HIGHLY COMPRESSIBLE SOILS 

Overpass bridge on the Nancy·Dijon Freeway in France. 

pecial Procedures 
Where the bearing capa
city of the soil does notal
low for support of the total 

load imposed by the abutment, spe
cial procedures are required. In such 
cases. the danger exists for a deep 
slippage or a bearing capacity failure. 
Special measures are also called for 
when the anticipated amount of resid
ual settlement under the abutments is 
incompatible with the longitudinal 
structure of the bridge. as is generally 
the case with multiple. continuous
span bridges. Nevertheless. certain 
flexible slab-bridges, like those form
ing the overpass bridges of the Dijon
Geneva Highway in France, easily 
tolerate settlement levels of several 
centimeters at their end supports. 

Special steps are also needed when 
the soil quality is so inconsistent that 
it creates a risk of causing unaccept
able levels of residual differentral 
settlement of the abutment perpen
dicular to the roadway, thereby 
throwing the supports out of level. 

Certain measures are also required 
when the level of delayed settlement 
is exceptionally high and at the same 
time rather uncertain, or too slow to 
enable control of the project or its 
longitudinal profile. 

Most chen, the methods used where 
Reinforced Earth abutments are built 
on highly compressibre soils involve 
ground improvement techniques to 
reduce foundation soil compressibil
ity or pre loading of the structures prior 
to superstructure installation in order 
to anticipate the deformations that 
will occur. 

Soil Improvement Techniques 

Substitution is by far the most com
mon method used to improve founda
tion soil. This involves replacing the 
existing surface soil to the depth of a 
few meters-where the most com
pressible soil often lies-with a good, 
compacted fill. 

An overpass section of the Ring de 
Kortrijk in Belgium was built on Rein
forced Earth abutments at a site 
where the very thick Flanders clay 
had been covered with four meters of 
clayey hydraulic soil (Fig. 35). This 
layer, in which the peak resistance 
was as low as six bars, was replaced, 
resulting in a settlement level of only 
50mm during construction of the 
abutments and 35mm after place
ment of the superstructure. 

Under more exceptional circum
stances, the foundation soil is rein
forced ahead of time using a system 
of ballasted "stone columns" set 
in place by a large vibrator. 
For example, design of the 
Grossbliederstroff Bridge crossing 
the Saar River at the French-German 
border called for a 29-meter 
span supported on six-meter high 

-~~------' 

Reinforced Earth abutments (Fig. 
36). In this case the superstructure is 
heavy relative to the weight of the 
abutments, so that most of the faun· 
dation soil settlement would ramify 
through the superstructure. Soil at 
the site consisted of about ten meters 
of clayey alluvial deposits of mixed 
quality, which could be expected to 
settle 15cm or more. In addition, the 
site did not offer adequate security 
against a major slide failure. By incor
porating stone columns into the de
sign- 80cm in diameter, ten meters 
in depth and spaced every 1.5 meters 
-stability of the bridge structure was 
guaranteed, and settlement was lim
ited to Scm. 

, . ·;·· _. _ -~~ 10 "iMN,m') 

' ' ,_ 
Replacement ol so1l 1
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• 

' 4 ___________ sr _______ ----------
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Figure 35: Replacement of soH under !he abutments of the Konnjk. Bridge. 
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Figure 36: Stone columns under the abutments of the Grossbliederstroff Bridge. 
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ABUTMENTS ON COMPRESSIBLE SOILS-DIRECT CONSTRUCTION 

n constructing Reinforced 
Earth bridge abutments, 
the compressibility of the 
foundation soil is first as

sessed relative to the bridge itself. 
Pertinent fac:ors include the weight of 
the superstructure relative to the size 
of the abutments, the degree of rigid
ity of the structure, and the criticality 
of the scope of the project. Another 
important factor is the rate at which 
the soil wi!! consolidate. considered -1n 

terms of the overat! project schedule. 

Under good conditions. abut
ments and the superstructure can be 
constructed together. without phas
ing the work or taking special meas-

Val d'Esnoms. Nancy-Oijon Freeway in 
France. 

Anteing Bndge_ 

ures to improve soil properties. How
ever. an identical site with a different 
type of bridge may require special 
considerations and procedures. In 
effect. every project is unique. 

Direct Construction 

Light Bridges: Reinforced Earth 
abutments distribute loads exerted 
by the bridge. Therefore. when an 
aoutment is high relative to the length 
of the span, as at Val d'Esnoms in 
France. pressure on the foundation 
15 cerived primarily from the weight of 
:r,e backfill. If a sufficient period of 
t:cce :s allowed for the sertlement and 
consolidation of the foundation due to 

''-...;,._- --1 
-;:J 

Vailon des Acacias. COte d'A.zur Freeway 
m France. 
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the weight of the Reinforced Earth 
mass prior to placement of the beam 
seat and superstructure, only the 
Reinforced Earth structure and ~s 
facing will be affected. Both the struc
ture and its facing have a relatively 
high tolerance for such deformation. • • ~~ · 

At Vallon des Acacias in Nice, abut
ments 17 meters high were built 
askew to an old river channel filled 
with compressible alluvial depos~s. 
These abutments settled 40 to 70cm 
and experienced 1 .5 percent differ
ential settlement without damage. 
The 9.5 meter roadway spans were 
installed several months later and 
exhibited no significant movement 

Ordinary bridges: Many other struc
tures of more common dimensions
where the weight of the superstruc
ture is relatively greater-are built in 
the same way. For single-span struc
tures, residual settlement levels of 
several centimeters are generally 
allowable. 

The structure built at Anto'1ng, Bel
gium, is a typical example. The foun
dation soil, made up of five meters of 
loose, clayey sand, quickly settled 
65mm under the weight of the Rein
forced Earth structures (180 kPa) 
(Fig. 34). In the second phase, con
struction of the superstructure in
creased the loading on the founda
tion by a little more than a third, and 
caused additional, very homogene
ous settlement of 25mm. This was 
the only settlement to affect the su
perstructure. The record of settle
ment that occurred prior to installa
tion of the superstructure made it pos
sible to refine the estimate of final set
tlement levels, and to use this esti
mate in designing the supports. Such 
refined estimates are usually one of 
the major advantages of this method 
of phased construction. 

Bridges built in this manner on Rein
forced Earth abutments, taken to
gether with structures built on good 
soils, make up about 90 percent of all 
projects. 



COMPACTION AND DRAINAGE 

efore examining how Re
inforced Earth abutments 
make it possible to accom
modate settlement of the 

foundation soils, precaution must be 
taken to minimize deformations in 
the structure itself following place
ment of the superstructure and its 
resulting movements within the 
beam seat. 

Differential settlement of the beam 
seat, a=mpanied by rotation, could 
result in damaging distortion of the 
bearing pads and the expansion joint. 
However. there is no danger of this 
condition occuring if the fill has been 
properly compacted. 

As previously discussed, when the 
Reinforced Earth volume has 
been properly compacted, the 
amount of settlement under the 
beam seat usually will not exceed a 
few millimeters under normal design 
situations. 

~;·--

Figure 33: Typical drainage details. 

Compaction and Selection of 
Backfill 

In order to limit the amount of settle
ment in an abutment to negligible 
levels, it is necessary to follow pre
cisely the standard specifications for 
the selection, placement, and com
paction of backfill materials used in 
the construction of embankments 
built beneath roadbeds. 

Without going into unnecessary de
tail regarding these specifications, it 
should be noted that water-sensitive 
backfill materials must not be placed 
during rainy weather, or used if they 
are excessively wet when delivered. 
Conversely, provided they are not 
rejected in the first place, if these 
materials are too dry they must be 
moistened as needed and vigorously 
compacted. 

In the area immediately behind the 
facing and directly beneath the beam 
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Figure 32: Layers of materials selected and 
compacted under the beam seat. 

seat, where only lighter compaction 
equipment can be used, it is recom
mended that smaller backfill lift thick
ness be specified. In addition, the 
use of subgrade-type backfill, which 
provides the additional advantage of 
good drainage, is advisable as a dis
tribution layer beneath the beam seat 
(Fig. 32). 

Drainage 

It is imperative that special care be 
taken in the collection and removal of 
water that can penetrate the expan
sion joint or filters at the point of 
contact between the embankment 
and the backwall or roadway. Water 
must be prevented from seeping un
der the beam seat, where it could 
cause settlement or subsidence after 
saturation, or leach and wash away 
fines. 

Therefore, the beam seat design 
must include the necessary slopes 
and gutters. In some cases drains 
must be installed (Fig. 33). The de
sign and proper maintenance of 
drainage outlets must always be 
provided. Ideally, outlets should 
be located outside the structure, eas
ily accessible for maintenance pur
poses. 

Protection against water is also very 
important during each phase of con
struction, particularly during the 
phase when the bridge deck has 
been placed on the beam seat, but 
neither the approach embankment 
nor the surface drainage system 
have been constructed. 
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GEOMETRY OF THE BEAM SEAT 

idth of the Beam Seat 
Generally, reinforced con
crete beam seats are di
mensioned so that the 

contact pressure imparted to theRe
inforced Earth mass will be as uni
form as possible and will be less than 
150 kPa under permanent loading 
conditions. Furthenmore, the center· 
line of bearing should be located at 
least one meter from the facing. 
These rules are good engineering 
practices that result in a negligible 
amount of settlement under the beam 
seat. In finite element analyses. the 
amount of settlement under these 
conditions, with the normal density of 
metal reinforcements, is on the order 
of 7.5mm (Fig. 29). 

Backwall 

For large bridges, either in terms of 
span or traffic volume, a backwall that 
may include the stationary part of the 
bridge deck expansion joint is incor· 
porated into the beam seat (Fig. 30a). 
For others. where this joint is not nee· 
essary, the beam seat consists of a 
simple thick concrete slab. and the 
bridge deck is isolated from the em· 
bankment by a cast-in-place end 
section at the end of the bridge 
beams (Fig. 30b). 

Approach Slab 

Reinforced Earth abutments do not 
require approach slabs. In fact. there 
is no differential settlement between 
the approach embankment and the 
bridge deck, since the latter is sup
ported by the embankment itself. At 
the most. a short approach or transi
tion slab is sometimes provided on 
large girder bridges to accommodate 
any small settlement that may occur 
in the fill behind the backwall itself 
(Fig. 31 ). 

Jacking Recesses 

As with any other type of abutment, 
spaces are normally provided be· 
tween the beam seat and the bridge 
roadway for lift jacks in anticipation of 
maintenance work on the bearing 
pads. 

For abutments built on highly com
pressible soils, the jacks also make it 
possible, if necessary, to compen
sate for secondary settlement due to 
consolidation of the foundation soils. 

It should be noted that if the jacks are 
located in front of the normal center· 
line of bearing of the bridge. jacking 
will constitute a specialioading condi
tion that must be taken into account 
in the design calculations of the 
structure. 
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Figure 29: Amplified deformations of an abutment {finite elements). 
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Support beam with backwall 

Figures 30a. 30b: Typical details of bndge seats. 
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Figure 31: Typical details of a girder and bridge seat lift jacks and approach slab. if applicable. 
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GEOMETRY OF REINFORCED EARTH BRIDGE ABUTMENTS 

ssentially, there are two 
types of Reinforced Earth 
bridge abutments: closed 
abutments with return 

walls, and open abutments with wing 
walls. The choice between these two 
types depends primarily on site con
ditions and constraints. 

Closed Abutments 

Return walls are required when the 
access ramp to the bridge is confined 
by long retaining walls. If this type of 
abutment is also chosen for shorter 
return walls. constraints will be im
posed on the installation, including 
several successive foundation levels 
for the return walls and a delayed 
completion of the top portion of the 
return walls until the beam seat and 
its cheek walls are completed. 

Open Abutments 

Wing walls may be collinear with the 
abutment ·,tself. they may curve or 
angle slightly inward (Fig. 26), or they 
may be obl'lque (Fig. 27). The entire 
structure, including wing walls, is 
generally founded at the same level, 
and is built in a single phase prior to 
construction of the beam seat. No 
special equipment or coping is re
quired at the top of the walls, which 
are topped out using special panels 
cast with sloping top edges. On the 
other hand, the extremities of the 
beam seat must be well protected 
against erosion. An additional benefit 
of open abutments with collinear 
wingwalls is that their configuration 
easily allows for bridge widening 
should it become necessary in the 
future. 

Skewed Bridges 

Skewed bridges involve several de
sign peculiarities. Rather than exces
sively skewing the reinforcements 
from a position perpendicular to the 
wall face and placing the backfill 
within a highly restricted sharp angle, 
it is preferred, where possible, to oft
set the return wall somewhat and 
truncate the point of the angle. When 
site conditions allow construction of a 
wing wall, the optimum solution is the 
projection of the slope of the embank
ment, with the reinforcements being 
angled only slightly from perpendicu
lar to the wall face (Fig. 28). 

Figure 25: Closed abutment with return walls. 

Figure 26: Open abutment with inwardly curvec: w1r>g walls 

Figure 27: Open abutment with obl"lque wing walls. 

Figure 28: Details of the abutment for a skewed bndge 
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Superimposition 

An envelope of the total vertical 
stress (Fig. 21) is defined by: 

Potential Failure Lines 

In current analyses, the first potential 
failure surface drops vertically from 
the center of the beam seat and inter
sects the facing at a point located at 
depth 2 f . The second potential fail
ure line is analogous to that ob
served in a retaining wall, or it passes 
by the heel of the beam seat. 

Stresses In the Reinforcements 

On the first or second potential failure 
lines, the tensile stress in the rein
forcements. distributed as N per m', 
is given by: T = K ( arr.,+a,(x))!N 
(Fig. 22a). On the first line,a, equals 
I .0 at the center line of the beam seat. 
At the facing it is equal to a,= "T,rr ;: 
i.e., the ratio used at tne same 
strip level in retaining walls. Over the 
remaining portion of the line, a, is 
interpolated. On the second line, a, 
is always equal to 1.0. 

At the facing, T,=K(a,o.,+J3rr,(x))/N. 
The coeffrctent J3 equals 0.85 under 
the beam seat and increases to I .0 
below a depth of 2 e . 
K varies between K at the surface 
and K at a depth of six meters (Fig. 
22b) .• 

For reinforcements located at a depth 
y below the beam seat, where y is less 
than e . the tensile stresses are in
creased by: t>T = 2F, (I - yl f)/Nf(Fig. 
23). 

Sections of reinforcement are 
checked at both the gross section 
and at the net section with due con
sideration to service life design. 
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Figure 21: Superimposition of partial vertical stress coming from the support ft.rnction (a,) and 
distributed loads [a,~ {x)J. 
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Adherence 

Adherence is checked for each of the 
two potential failure lines, one and 
two, and for the corresponding level 
of tensile stress, T., and T . The 
computation consists of veri/Ying by 
an integration over the length of ad
herence L, (L., or L.,) that: 

- 1 L, 
Ts:T,=y; 2b J f•(x)(YY+q, +o,(x)) dx 

a 
For high-adherence reinforcements, 
f' varies along the reinforcement and 
in relationship with: o,= yy+q, +o,,(x), 
between f; = 1.5 for a, = 0, and 
tg <P, for o, ~ I 20 kPa. 

It should be noted that one design 
loading condition that may have a 
decisive effect on adherence condi
tions is that in which the backfill place
ment has only reached the level of 
the top of the beam seat while the 
total permanent load of the bridge is 
already in place. 

F1gure 24: Agreement between the theoretiCal calculation and the fin1te alarnRnt analys1s. 
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CALCULATION M~THODS 

he practical methods of 
computation apply to 
abutments in which the 
beam seat is of limited 

- width and is situated slightly behind 
the facing. 

Applied Loads 

1. For all loading conditions to be 
considered, the forces exerted by 
the beam seat are expressed as a 
horizontal force, F,, and an equiv
alent uniform vertical load, q, dis
tributed over a width slightly 
smaller than the beam seat. 

2. This vertical load. together with 
the loads imposed by the fill be
hind the beam seat. is replaced by 
an overall uniform surcharge, q 
(as used in the retaining wall 
analysis). together with additional 
surcharge loads adjacent to the 
facing that simulate greater or 
lesser strip loads (equivalent. 
once superimposed. to the bridge 
seat load). Taken together. these 
surcharge loads are considered in 
the computation of distribution 
(Fig.1 9). 

Stress Distribution 

1. Distribution toward the rear of 
each loaded strip is computed 
using Boussinesq·s equation: 

( I q_ { t } t, = (x + a)/y o x.y =--+arc tg t · 
"' 1t 1 +F t, = {x - a.)!y 

At each reinforcing strip level the val
ue of a. as a function of the distance 
x from the face. which corresponds to 
each of the strip loads, is summed up: 

ro,. = a, (x,y) 

s' 

(up to y .. 3h_ 5) 

L' 

l 
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Figure 20: Pr1nciple ol estimating lateral 
distribution. 

-q 
Distributed loads 

in strips 

X 

Figure 19: Principle of the decomposition of distributed loads. tor the superimposed calculation. 

2. Lateral distribution is estimated in 
simplified fashion by a truncated 
pyramid, possibly curtailed by the 
wing walls. From this distribution 
a reduction factor >.of o may be 
deduced (Fig. 20). ' .. 

3. The loaded strips are distributed 
only to depth y where do,ldy= 0 
for the maximum total stress. 
In practice, y is given by the 
equation: o 

y',- (L-2e) Y, + 0.83 f' = 0 

where r is the width of the beam 
seat measured from the face 
and e is the eccentricity calcu
lated from the earth retention 
computation. 
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Earth Retention Stresses 

To the moment produced by the earth 
pressure and the horizontal force at 
the top of the structure are added the 
moments arising from the shifting of 
the diffused bridge loads as follows: 

q a' 
M, = ),--'--;;-'--- { p+(1 +p')( f- arc tg pj 

where p = yla, andy s y,. 

Under the effect of these moments, 
the resultant of all of the vertical loads 
(except those which are distributed) 
is characterized by an eccentricity e. 
Th1s correspo~ds to a uniform vertical 
stress: 

a, = R,/ (L- 2e) 
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POTENTIAL FAILURE SURFACES 

0.3H 0.3H 

H 

Figures 17a. 17b: Potential1ailure lines in a Reinforced Earth abutment. 

he tensile stress meas
ured along a reinforce
ment is the resultant of the 
combined effects of the 

two loading conditions previously 
discussed. 

Due to earth retention conditions, a 
maximum tensile stress develops 
(which under certain circumstances 
may be a secondary maximum) 

together with a potential failure sur
face similar to that observed in nor
mal Reinforced Earth retaining walls 
(Fig. t ?a). However, under the influ
ence of wide beam seats, this line of 
maximum tension moves away from 
the face of the structure towards the 
heel of the beam seat. This potential 
failure line is always contained within 
the typical Coulomb failure wedge 
(Fig. t ?b). 
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F!Qure 18: Relative maxima for tensile stress and corresponding strip lengths. 
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Due to bridge loading conditions, 
another potential failure surface 
develops. This surface originates at 
the top of the structure near the cen
ter of the beam seat and intersects 
the facing at the point of the critical 
wedge defined by the geometry of the 
beam seat (Figs. t?a, t?b). As a 
result, when relatively narrow beam 
seats are used, maximum tensile 
stresses are generally encountered 
near the facing, beyond this wedge. 

Value of Maximum Tension in the 
Reinforcement 

Experimental data confirms that the 
maximum tensile stresses (T.) on 
both potential failure lines are again 
related to the total vertical stress ex
erted at the same points by the rela
tion T = Ko IN, where N is the number 
of reinforcing strips per square meter 
of facing panel and K varies from K to 
K, in the upper six meters of t'he 
structure. 

Resistant Zones 

The potential for the existence of two 
possible failure lines where the rein
forcements are subjected to secon
dary maximum tensile stresses re
quires verification of adherence con· 
ditions over two different resistant 
lengths (L., and L,.,) (Fig. 18). 
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BEHAVIOR OF REINFORCED EARTH ABUTMENTS 

he Principle of 
Superimposition 
Interpretation of experi
mental data and the re

sults of finite element analyses 
have confirmed the reliability of 
analysis of an abutment structure by 
superimposing the stresses from two 
separate load conditions: stresses 
from the retaining wall conditions, 
and stresses caused by the bridge 
loading. 

Stresses from Bridge Loading 

Distribution: 

The study of stresses arising from 
bridge loading involves the distribu
tion of a vertical load within the rein
forced volume. The results show that 
Boussinesq's formula (Fig. 15a) is 
perfectly satisfactory in defining 
this distribution, whether toward the 
rear of the beam seat (using an as
sumption of an equivalent symmetri
cal surcharge) or laterally. 

BOUSSINESQ distribution 

As vertical stresses from the various 
surcharge loadings diffuse with 
depth, the center of gravity of the 
Boussinesq stress distribution 
moves away from the wall facing; 
that is, the resultant of the 
overall vertical stresses moves 
rearward. This movement of the 
resultant creates an overturning 
moment that increases with depth. 
This overturning moment must be 
considered in the overall stability of 
the structure as an increase in 
the stress component with depth 
(Fig. 15b). 

However, the surcharge load is effec
tively distributed only insofar as it 
leads, in combination with this mo
ment, to a dispersion of stress. This 
defines the depth limit y for load 
distribution. ' 

Horizontal forces: 

The horizontal forces applied 
to the beam seat from the 

superstructure and horizontal earth 
pressure behind the beam seat also 
create an increasing overturning 
moment. This moment affects the 
overall stability of the structure, 
even when these loads are transmit
ted first and directly to the uppermost 
layers of reinforcements, as 
indicated by finite element analysis 
(Fig. 16a). 

Stresses from Retaining Walt 
Conditions 

The study of stresses arising from 
earth retention follows standard 
Reinforced Earth retaining wall 
criteria. Thus, the effect of a 
structure's weight and the overturn
ing moment generated by the 
active earth pressure behind it 
are considered. They are then 
taken in combination with horizon
tal loads and the overturn
ing moments generated by the 
shift of vertical load distri
butions (Fig. 16b). 
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Figures 15a. 15b: Principle of the distribution of vert1calloads according to Boussinesq. 
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Figure 16a: Effects of concentrated horizontal stress according to the finite element models. 
Figure 16b: Stresses assigned to the support function. 
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FINITE ELEMENT ANALYSiS 

rlnciples 
Mathematical models us
ing the finite element 
method have also been 

Terre Armee lnternationale 
the behavior of Reinforced 

Earth and to analyze the 
influence of the principal design para
meters. These models have been 
designed using the same elasto
plastic modelling principles as those 
used in the mathematical study of 
retaining walls. Computations were 
performed using a specially devel
oped computer program, Rosalie. 

Design Parameters Studied 

In tests conducted in 1984 and 1985 
by Terre Armee lnternationale, more 
than 50 different mathematical mod
els were studied in which the follow
ing parameters were simultaneously 
varied: 

The height of the Reinforced Earth 
structure (6.0 meters and 10.5 
meters). 

The length of the reinforcements 
(7.0 meters and 10.0 meters). 

The distribution of the reinforce
ments, using three typical con
figurations that differed primarily 
at the top of the structure. 

The dimensions and load at the 
beam seat (Fig. 12) correspond
ing to a bridge with a ten meter 
span or a bridge with a 30 meter 
span. 

The loading conditions (Fig. 13), 
including the following four 
stages: 

1. The structure without sur
charge loading. 

2. The structure completed to 
the top of the beam seat, with 
permanent bridge load in 
place. 

3. The finished structure with total 
vertical loads and surcharges. 

4. The same as #3 above, with 
horizontal reactions added. 

Results 

As in the study of retaining wails, 
graphic superimposition of the results 
in bridge abutments allowed direct 
observation of the development of 

. ., tension in the various reinforcement . J· levels as loadings were increased. 
'·. • Results were also obtained on the ef-

fects of the different design parame
ters (Fig. 14). Further, the vertical 
stresses at every level of reinforce
ment (particularly at the foundation) 
and the deformations of the structure 
were recorded. 

I 

F1gure 12: Frnite element study: details of the two beam seats in question. 
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Fig(.;re 13: Drawings ot the four successive types of loading conditrons. 
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Ftgure 14: Examples of variations of maximum tensile stress and tensile stress along the 
reinforcements according to type of loading condition. 
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REDUCED-SCALE MODELS 

tudies Conducted by 
Terre Armee 
lntemalionale 
The performance of sev

eral ol bi- and tri-dimensional 
reduced-scale models has been ex
tensively studied in the laboratory. 
These models were subjected to sur
charge loading similar to that exerted 
on bridge abutments. 

One of the most interesting experi
ments was conducted in 1982 in the 
Paris laboratories of the Center for 
Research and Study in Soil Mechan
ics (CERMES) at the request and 
sponsorship of Terre Armee Interna
tionals. The CERMES study involved 
three-dimensional sand models, 
60cm high reinforced with thin alumin
ium strips. In order to eliminate side 
wall effects, the models were sepa
rated into three vertical sections. 

Rupture surcharge 

H., height 
,. of surcharge tcm) 

J meoreneal values 
calculated 

• optimtstic estimate 
• pessimistic estimate 

60 • experimental values 

18 0 (em) 

0 .. 0. 3, 6. 12. or 18 em 
B-20cm 

L .. 42 em or GO em 

Figure 9: CERMES models loaded to failure. 
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Figure 10: CEAMES models. Recordings of loads and failure lines . 
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Figure 1,: Models with wire strain gauges. Maltlfr. •m tensile stress readmQs. 
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Study of the Failure Mode 

In the initial series, 15 models were 
loaded to failure under increasing 
loads placed at various distances 
from the face of the structure (Fig. 9). 
Propagation of the failure surface 
was observed by using lights 
mounted in series with the reinforce
ments. Upon disassembly, all failure 
locations were carefully measured. 
By incorporating correction factors to 
compensate for the effect of the rigid
ity of the base of the model, satisfac
tory agreement was obtained be
tween the measured experimental 
failure loads and those predicted by 
theoretical computations (Fig. t 0). In 
addition, it was consistently noted 
that the failure surface is influenced 
by the location of the surcharge. (The 
analysis of all results clearly indicated 
that the location of the failure surface 
is relative to the location of the sur
charge load.) 

Stress Measurements 

In two other series. models of equal 
height (60cm) were subjected to 19 
different loading conditions, with 
stresses measured using 30 strain 
gauges attached to the 0.2mm thick 
reinforcements (Fig. 11 ). Although it 
is difficult to accurately and reliably 
measure strains at the low levels of 
stress inherent in reduced-scale 
models. it is possible to observe a 
rather close agreement between the 
experimental and theoretical values, 
and the magnitude and location of 
maximum tensile stress in the rein
forcements. Near the top of the struc
ture, the location of the maximum 
stress in the reinforcements was 
observed to shift towards the mid
point of the load, away from its nor
mal location in retaining walls. 

Max1mum :ensile stress f." gase no. ; L• ase no. 

0.2 1.0 kg Tmax. I 
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EX P E R I MENTAL S T R U C T U RES 
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Figure 6: Surcharged experimental structure at Millville, USA. 

ther measurements have 
been taken on full scale 
experimental walls sup
porting heavy, concen

trated loads in the form of concrete 
slabs or steel bars placed directly 
behind the facing panels. 

Trief 

In the experimental wall at Triel in 
France, built by La Terre Armee in 
1975, surcharge loading was suc
cessfully increased to 90 kPa over a 
two-meter width behind the facing. 
The measurements, which involve 
three levels of reinforcements, are 
very reliable and conform well to the 
theory, especially with respect to load 
distribution. 

___ ~di~te~<!l.L ----, 

l~ngth of 

Millville 

At Millville in the United States, The 
Reinforced Earth Company built an 
experimental wall using short rein
forcements. This structure was 
gradually subjected to a load of 40 
kPa over a width of 1.5 meters ( Fig. 
6). Due to the wall's very narrow 
profile (UH = 0.45), the structure was 
more sensitive to the effects of 
moments developed by overturning, 
particularly those produced by the 
eccentricity of the surcharge. The 
vertical stresses measured by pres
sure cells placed under the entire 
width of the structure clearly demon
strated the need for designers to 
consider these moments in the com
putation of load distributions. 

s4ppon beam 5.40 m 

I 
I 

1.50 m I 0.25 

--~~~~ ~A=• ~~[~-~·=•~ \ 
~--~ _ ~ .... 1 Cable 

Figure B: Application of surcharges to the Fontainebleau experimental wall. 
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Figure 7: Tensile stress measurement at 
Fremersdort, Germany. 

Fremersdorf 

The Fremersdort Wall constructed in 
Germany in 1960 was built for normal 
earth retention service, not for experi
mental purposes. However, the 
owner took the opportunity to experi
ment before the wall was placed in 
service. A localized, temporary load 
of 650 kN was placed on the rein
forced volume at a point slightly fur
ther behind the wall facing than usual 
for a typical Reinforced Earth abut
ment load. The additional stresses 
measured in the reinforcements were 
in remarkable conformity with theo
retical predictions based on abut
ment design methods (Fig. 7). 

Fontainebleau 

In 1966, a large, narrow, experimen
tal wall built at Fontainebleau, 
France, by the Reinforced Earth 
Group was prepared lor subjugation 
to concentrated surcharges analo
gous to those experienced by an 
abutment. Its upper portion was 
modified to form a layer of unrein
forced fill overlaying the uppermost 
reinforcements. Loads were de
signed for distribution through verti
cal tension rods anchored in the sub
soil (Fig. 6). 



MONITORING OF ACTUAL STRUCTURES 
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Figure 3: Measurement profiles. Dunkirk s:ruc:ure. 

easurement Principles 
A number of in·service 
structures have been in
strumented wilh strain 

gauges and pressure cells Ia meas
ure the effects of concentrated loads 
from bridge superstructures. These 
effects are derived by measuring and 
comparing the relative tensile stress 
levels in the reinforcements prior to 
and then following placement of the 
superstructure. 

Dunkirk 

The Port of Dunkirk structures do not 
carry the relatively static loads of a 
bridge superstructure. Rather, loads 
are imposed by two traveling gantry 
cranes (Fig. 3). Consequently, the 
interpretation of data is somewhat 
complicated-both by the presence 
of residual stresses which diminish 
slowly after a crane has passed. and 

___ ) .1 Theoret1ca1 calculahon 

by the uncertainties associated with 
the manner in which the concrete 
supports distribute the localized load 
of the wheels. Nevertheless, meas
urements made along several cross
sections clearly indicate a variation in 
additional tensile stresses in the rein
forcements from one level to another, 
as well as the influence of lateral 
distribution of the load from one sec
tion to another (Fig. 4a). 

Abutments in France 

The abutments that were instru
mented at Thionville, Angers, and 
Lille have made it possible to 
assess the effects of each 
construction phase on the develop
ment of maximum tension levels 
in the reinforcements for abutments 
of differing sizes and proportions 
subjected to varying loading 
conditions (Fig. 4b). 

Reinforcement 4 

Ftgure 5: Tensile stress measurement a! Amersfoon. 
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Figures 4a, 4b: Tensile stress measurement 
in reinforcements at Dunkirk and Angers. 

Amersfoort 

The most accurate and complete set 
of measurements on an in~service 
abutment are those obtained at 
Amersfoort, the Netherlands, in 1984 
(Fig. 5). In this structure built for the 
Ministry of Public Affairs/Department 
of Bridges, forty-two measurement 
points were distributed over eight 
levels of reinforcements. Readings 
were taken at six successive stages 
of construction. The results of the 
measurements were in close agree
ment w1th computations made ac
cording to state-of-the-art design 
procedures, taking into account that 
the stiffness of the foundation soil at 
the base of this structure greatly re
duces the tension in the lower levels 
of reinforcement strips. Deformations 
of the facing were also monitored 
using rods anchored in the fill well 
behind the Reinforced Earth mass. 
Measured movements of the facing 
were less than 0.1 mm. 
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Figure 1: Ore s1orage at the Pen of Dunk1rk, France. 

n 1969. the successful 
construction and perform
ance of several very high 
retaining walls demon· 

strated that Reinforced Earth tech· 
nology could also be used for the 
construction of bridge abutments. 

1969-Strasbourg 

The engineering department of 
Electricite de France provided an op
portunity to confirm this thinking on a 
bridge project near Strasbourg. La 
Terre Armee, Paris, designed and 
supervised the construction of two 
abutments for a bridge to carry very 
heavy truck loads on a service road 
leading to hydroelectric dams on the 
Rhine River. These first abutments 
proved to be both technically and 
economically successful. 

1972-Thionville 

Following construction of the 
Strasbourg prototype structures. the 
first highway abutment was built at 
Thionville, France, in 1972. The 
structure is 18 meters high and 
supports the end span of a 78 
meter-long prestressed concrete 
viaduct that crosses the Moselle 
River on the Nancy-Luxembourg 
Highway. 

Typical section 

(A second bridge has since been 
added. It is supported by a portion of 
the Reinforced Earth abutment built 
for this purpose 15 years before.) 

Dunkirk 

The ambitious Thionville project was 
made possible by the successful 
construction of a large coal and ore 
loading facility at the Port of Dunkirk, 
France. Reinforced Earth's inherent 
earth retaining capacity and excep
tional load handling characteristics 
were utilized in the design of parallel 
walls, up to 15 meters high and 550 
meters long, to create a storage area 
and to support traveling gantry 
cranes with wheel loads in excess of 
1 ,000 tons (Fig. 1 ). 

This heavily surcharged structure. 
like Thionville, was extensively in
strumented. Analysis of the results 
served as the basis for the ratio
nal design procedures utilized for 
subsequent Reinforced Earth abut
ments. Fifteen years after Dun
kirk, more than 1, 700 bridge abut
ments were in se!Vice worldwide. 

Conceptual Design 

A Reinforced Earth abutment essen
tially consists of a conventional 

. ' 
. 

J .... ____ , ____________ _ --
F1gures 2a. 2b: Typ•cal d1agrams ol a Ae•nlorced Eanh abutment and the 2()6eat. 

Reinforced Earth retaining wall de· 
signed to support the earth pressures 
behind it, as well as the heavy, con
centrated vertical and horizontal sur
charge loads imposed on it by the 
bridge superstructure and traffic 
loadings (Fig. 2a). Superstructure 
loads are transmitted by a reinforced 
concrete beam seat which distributes 
the stresses to the too of the Rein
forced Earth structure (Fig. 2b). 

Research on Abutment Behavior 

Research studies have been con
ducted in a variety of ways, including 
theoretical research using computer 
modelling, as well as the instrumen
tation of scale models. prototypes, 
and full-scale in-service structures. 
These studies conclusively demon
strated the mechanisms by which the 
loads imposed by the beam seat af
fect the behavior of the Reinforced 
Earth mass. and how these loads are 
subsequently distributed through the 
mass to the foundation soils. They 
have provided the means to accu
rately predict tension in the reinforce
ments and deformation of the Rein
forced Earth structure as a whole. 

Detailed view of the bridge seat 
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SUMMARY 

arly on in the use of Rein· 
forced Earth® to construct 
very high or very heavily 
loaded retaining walls. it 

was found that this technology could 
be easily adapted to the construction 
of abutments for the direct support of 
bridge superstructures. However. 
although the general principles in
volved are the same, the concen
trated loads created by bridge super
structures significantly affect the dis
tribution of stress and strain within the 
reinforcements. As with research on 
Reinforced Earth retaining walls. 
studies on the effect of such loadings 
and the development of increasingly 
precise design methods included 
measurements of actual projects. re· 
duced-scale models. and fin'1te ele
ment studies. 

In the design of load-bearing abut
ments. detailed analysis of the abut
ment geometry. of the bridge sup
porting structures, and of the provi
sions tor handling water are required. 
Construction demands strict adher
ence to the specifications governing 
the selection and compaction of 
backfills. 

Reinforced Earth's inherent flexibility 
makes it possible to construct bridge 
abutments on soft soils. Special foun
dations are not required. although in 
some cases simple soil improvement 
techniques are recommended. 

The design and construction scned
uling of each project must take into 
consideration the characteristics of 
the superstructure, phasing and wait
ing-period requirements, geotechni
cal data, and the inherent properties 
of Reinforced Earth construction. 

In special cases. it may be necessary 
to separate the retaining and bearing 
functions of a structure by construct
ing a mixed abutment. In such cases. 
if the foundation soils are good. the 
use of a "pier abutment"- a type of 
mixed abutment with interior sup
ports- may be viable. 

The worldwide experience gained in 
developing various designs and con
figurations of hundreds of abutments 
enables Reinforced Earth engineers 
to determine the optimum solution for 
each application. 

Dunkirk. 

Ti"uonville 
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