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•AS NOTED in the previous paper, differential settlements between bridge decks and 
the adjoining highway pavement have been the subject of a number of investigations in 
recent years. Although evidence suggests that improper placement and compaction of 
material in the approach embankment produces the bridge approach fault, nothing con
clusive has been presented to show that U1is is the primary source of settlement. Jones 
(1), Dishop (2), and Deen (3) s uggest that differential settlement between bridge deck 
and approach-pavement mayoe caused in part by volume change of the embankment and 
in part by consolidation of the embankment foundation. 

To determine if the settlement at bridge abutments is primarily a result of volume 
changes in the embankment and/or foundation and to compare observed and predicted 
foundation settlements, mercury-filled settlement gages (4) were installed on the orig
inal ground of the approach embankment foundation at four-selected bridge sites; settle
ment plates were installed at one other bridge site. By continually obtaining elevations 
of points located on the pavement, settlement of the pavement (the total settlement of 
the embankment and foundation) was obtained. Embankment settlement was taken as 
the difference between pavement settlement and foundation settlement. Undisturbed 
(Shelby tube) soil snmplca were collected from the fow1daliuJ1 1:1ulli> al each of the five 
sites, and consolidation tests were performed on these samples. These data and Ter
zaghi's theory of consolidation were used to calculate expected foundation settlements. 

CASE STUDIES 

Field and laboratory settlement investigations were conducted at five sites: 

1. Lexington Relief Route, bridge over Parkers Mill Road in Fayette County; 
2. 1- 64 , bridge over Slate Creek in Bath County; 
3. I-71, bridge over Kentucky River in Carroll County; 
4. I-64, bridge over Bull Fork Creek in Rowan County; and 

-------:5"t:,-1fr--~24-;-brldge ove1 Eddy Creekin~L .... y~o~n~C""o~:un.....,ty..-. _ __:_.:___ _____________ _ 

For each case, a general summary of the physiography and geology is presented along 
with detailed soil profiles. Data resulting from laboralu.t·y 1:1eltlement analyses are 
compared with actual measurements made in the field. Finally, the performance to 
date and the projected future performance are discussed. All sampling and testing 
were performed in accordance with ASTM standard procedures. Complete test results 
and detailed descriptions of equipment and procedures are presented elsewhere (~. 

Lexington Relief Route, Fayette County 

Parkers Mill overpass is located on the Lexington peneplain, a mildly karstic and 
gently rolling plain containing no prominent knobs or hills in the Inner Bluegrass Region 
of central Kentucky. This site is situated approximately 2 miles southwest of down
town Lexington. 
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In the vicinity of the crossing, the silty clay embankments are approximately 20 ft 
in height and the depth of foundation is 12 ft. The foundation soils at the site are residual 
clays developed mainly from limestones or calcareous shales. Soils in the upper por
tion of the profile were classified according to the Unified System as CL; those in the 
lower portion were SC (Fig. 1). Natural moisture contents of these soils varied from 
28 to 43 percent. Although these soils are relatively plastic, they are well drained be
cause the joints, cracks, and solution channels of the bedrock allow water to escape 
rapidly . 

A single-point , mercury-filled settlement gage was installed on the centerline of the 
original ground on the northeast approach foundation, about 50 ft from the end of the 
bridge. Consolidation test data indicated that ultimate settlement of the approach em
bankment fo\Uldation would be less than 4 in. and that settlement would occur rapidly. 
The void ratio-log pressure curves showed that the foundation is composed of two clay 
layers that exhibit different consolidation characteristics; that is, the top 6 ft of this 
foundation is more compressible than the lower 6 ft. The preconsolidation pressures 
indicated the two layers to be over consolidated, apparently because of desiccation. 
Generally, the coefficients of consolidation were relatively high, ranging from approxi
mately 0.5 to 3 sq ft per day. 

A comparison of the predicted and observed settlements (Fig. 1) of the northeast 
approach foundation showed poor agreement. Observed settlement occurred rapidly, 
but was slower t11an the predicted rate. Approximately half of the northeast approach 
embankment was completed between May 5 and May 20, 1966, and the entire embank
ment was not completed until September 10, 1966. Approximately a month later, the 
abutments, which were placed on end-bent piles driven to bedrock, were completed. In 
the latter part of November 1966, the approach pavements were placed. Thus, the ap
proach embankment and its foundation had roughly 8 months to consolidate with approxi
mately half of the embankment completed and 4 months to consolidate under the load of 
the entire embankment. Recent measurements indicate primary consolidation of the 
foundation has ceased. 

Initial elevations of points located on the northeast approach pavement were obtained 
December 1, 1966, and a subsequent set of elevations of these points was obtained June 4, 
1968 (Fig. 1). These data show that the approach pavement has settled approximately 
0.3 to 0.5 in. Examination of the observed time-settlement curve reveals that the 
foundation settled approximately 0.2 in. after placement of the approaches. At present 
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Figure 1. Settlement and loading curves, Parkers Mill overpass. 
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it appears that the approach settlement at this site is caused by settlement of the foun
dation and in part by settlement of the embankment. 

I-64 Over Slate Creek, Bath County 

I-64 crosses Slate Creek over twin bridges in the Knobs Region of Kentucky, approxi
mately 2 miles south of Owingi:::ville . The floodplain on the east side cf the river is 
relatively flat and wide, and original ground elevation is near 705 ft. The east approach 
embankment is approximately 55 ft high. 

The embankment is composed mainly of a greenish shale with some limestone rocks 
and, to facilitate pile-driving, a clay core. The shale in the embankment appears to 
be of the Crab Orchard formation (Silurian period). Borings in the east approach foun
dation apparently penetrated the lower portion of the Maysville limestone at an elevation 
of 692 ft. The foundation soil (approximately 12 ft thick) is composed ofwate1·-deposited, 
transported soils (recent alluvium of the Pleistocene epoch) composed of slightly sandy, 
silty clays with a few small pebbles (Fig. 2). Natural moisture contents of the founda
tion soils are low, ranging from 20 to 25 percent . The soils classify as ML according 
to the Unified System. · 

A single-point, mercury-filled settlement gage was installed 42 ft right of centerline 
and 42 ft from the east end of the bridge . The bridge abutments rest on end-bent piles 
that were driven through constructed earth cores. 

Consolidation data indicated that settlement on the order of 8 in. could be anticipated 
for the east approach foundation and the rate of consolidation would be fairly rapid. Con
struction of the embankment began November 23, 1965; however, only a small amowit 
of fill was placed in the first 125 days. Most of the fill was placed during the last 80 
days. ,The predicted rate of settlement was adjusted to the last 80 days in accordance 
with a procedure recommended by Terzaghi ( 6), and a linear loading rate was used to 
approximate the actual loading rate. Unfortunately, only a few observed settlement 
r eadings ha vi:! Lct:!ll olilained at this site because this gage has not always been opera
tive. However, the observed readings shown in Figure 2 indicate that settlement of the 
approach fowidation had ceased before placement of the approach pavements on July 14, 
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Figure 2. Settlement and loading curves, station 622+97, 42 ft right of centerline, 
1-64 over Slate Creek, Bath County. 
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1967, 584 days after embankment construction started. Subsequent elevations obtained 
May 22, 1969, show that the east approach pavements have settled roughly 1.5 to 3.5 in. 
The greatest amoWlt of settlement occurred within approximately 100 ft of the end of 
the bridge. Appai•ently most of the approach pavement settlement is caused by a vol
ume change of the embankment, primarily the earth cores. 

1-71 Over Kentucky River, Carroll County 

I-71 crosses the Kentucky River over twin bridges, station 2111+8 5 to station 2119+8 5, 
approximately 3 miles southwest of Carrollton and the junction of the Kentucky River 
with the Ohio River. This site is located in the Outer Bluegrass Region of northern 
Kentucky. The elevation oforiginal groW1don the southwest side of the broad, flat flood
plain is approximately 465 ft. The approach embankment was constructed of clay and 
ranges in height from 36 to 56 ft at station 2111+50. The thickness of the foundation soil 
at this station varies from about 80 to 100 ft (Figs. 3 and 4). The embankment and foun
dation are w1iform in thickness and depth from the end of the bridge, station 2111+85, 
to station 2101+85. 

The approach foundation material is composed of recent alluvial deposits of clay, 
sandy clay, loose and very fine sand, and some silt. Unified classifications of these 
soils are CL, ML-CL, SP, and SM respectively. Natural moisture contents varied 
from 19 to 31 percent. 

Two single-point, mercury-filled settlement gages were installed at station 2111+50, 
one 42 ft left and the other 65 ft right of centerline. Settlement estimates of approxi
mately 2 ft were based on consolidation tests performed on undisturbed soil samples 
and detailed information on the foundation conditions. 

Time-settlement curves for station 2111+ 50, 42 ft left and 65 ft right of centerline, 
are shown in Figures 3 and 4 respectively. The settlement curve in Figure 3 shows 
that primary compression of the foundation soil has been completed. In Figure 3 it can 
be seen that the observed rate of settlement proceeded faster than the predicted rate , 
while in Figure 4 the predicted and observed settlement rates agree rather well. For 
both cases the predicted and observed ultimate settlements are ln good agreement. 

20 

25 

0 

/OBSERVED LOADING RATE 

OCTOBER 1968 BRIDGE APPfl ACH PAVEMENT CONSTRUCTED 

PREDICTED ULTIMATE 
SETTLEMENT 21.7 INCHES 

7 B 9 10 

TIME {DAYS) X 101 

SOUTHWEST BOUND BRIDGE - CENTERLINE 

----- RIGHT PAVEMENT EDGE 

-- LEFT PAVEMENT EDGE 

3 4 6 8 9 10 
DISTANCE FROM END OF BRIDGE (FEET) a 101 

36 

0 

20 

~ 34 

~ 40 

::c ... .. 
"' 0 

68 

81 

EMBANKMENT 

BROWN CLAY 

SANDY CLAY 

CLAY WITH 
SAND LENSES 

SAND 

CLAY 

CLAY WITH 
SAND LENSES 

SAND 

SHALE 

Figure 3. Settlement and loading curves, station 2111+50, 42 ft leh of centerline, 1-71 
over Kentucky River, Carroll County. 



80 

.._ 
4 0 

" 
0 3 .. !!: 

2 0 Cl) 
..J z 

0 
t:. 0 

5 

... 10 

" ;;; 
"' :I "' 15 "' "' ..J 0 ... z ... = 20 
"' Cl) 

25 

.... 
z -
~ ~ 0 
~ o I 
~ :!: 
"' -Cl) 

• 

0 

OCTOBER, 196B BRIDGE APPROACH PAVEMENT CONSTRUCTED 
09SERVE.O LOADING RATE 

PREDICTED ULTIMATE 

SETTLEMENT 26.1 INCHES 

4 6 8 9 
TIME (DAYS) X 101 

- CENTERLINE NORTHEAST BOUND BRIDGE 

ENTRANCE APPROACH 
----- RIGHT PAVEMENT EDGE 

/\ -- LEFT PAVEMENT EDGE 

4 9 

DISTANCE FROM ENO OF BRIDGE (FEET! X 101 

10 

10 

56 

EMBANKMENT 

0 

;: SANDY CLAY 
"' "' 15 CLAY WITH !:', 

21 SANO LENSES 

"' ... SANO .. 
"' " 

4R 

CLAY 

62 CLAY WITH 
SANO LENSES 

SANO 
Di: SHALE 
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Construction of the suulhwe::;t embank.i.uent began August 26, ii:.Hi6, and was completed 
October 15, 1966. Approximately a month later, excavation for pile-end-bent abutments 
was completed and a month later the abutments were constructed. The bridge approach 
pavements were constructed in October 1968, and pavement elevations were obtained at 
that time. Hence, there had been a time lapse of approximately 2 years between the 
time the embankment was completed and the time the approach pavements were con
structed. Apparently, this was sufficient time for consolidation of the foundation to 
cease. Howevet', pavement elevations obtained in Ma.i·ch 1969 show that the approach 
pavements have settled on the order of 0.8 to 1.8 in. (Figs. 3 and 4). This pavement 
settlement extends back about 1,000 ft from the end of the bridge and appear.s to be a re
sult of volume change of the embankment. 

I-64 Over Bull Fork Creek, Rowan County 

I-G4 crusses Bull Fork Creek on twin bridges, station 2396+56 to station 2400+82, 
in the Knobs Region of nol'theastern Kentucky. In the vicinity of the crossing, the east 
approach embankment is on the order of 65 ft high; the west approach is approximately 
75 ft high. The floodplain on the west side of the bridge is relatively flat , whereas the 
east floodplain rises at an approximate grade of 4 percent. 

The Bull Fork basin is filled with water-lain, transported soils (recent alluvium) 
consisting of black shale and yellow sandstone gravels and sand intermingled with silts 
and clays. These are generally classified.as SW, SM, and GW according to the Unified 
System. Natural moisture contents ranged from 18 to 55 percent. The three borings 
on the west approach foundation and the two borings on the east foundation penetrated 
black shale approximately 18 ft below ground elevation. The approach embankments, 
with the exception of the clay cores , were constructed of a greenish shale and sandstone 
obtained from the Waverly formation. 

Instrumentation included three double-tubed, porous-tube piezometers in the west 
approach foundation anda single-point, mercury-filled settlement gage located at ground 
elevation. A single-tube, porous-tube piezometer was installed in the east approach 
foundation, and a multiple-point (three points) , mercury-filled settlement gage was 
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located at ground elevation. Pore pressures were observed as the water level in ver
tical extensions of the piezometer tubing. 

Consolidation test data indicated that ultimate settlements on the order of 1 ft or 
slightly greater could be expected and that the settlement of the basin material would 
proceed rathe1· rapidly. Predicted and observed ultimate settlements are in fair agree
ment, but the observed rate oI settlement proceeded faster than predicted for the west 
approach foundation (Fig. 5). Recent readings indicate that consolidation of this em
bankment foundation has ceased. 

A typical settlement curve for the east approach foundation is shown in Figu1·e 6 
(unit 1 of the multiple-point mercury-filled settlement gage). Predicted and observed 
ultimate settlements as well as rate of settlements a1·e generally in fair agreement. 
Apparently , consolidation of this foundation is essentially complete. Pore pressure 
measurement data are commensurable with the observed settlement readings; that is, 
they showed almost instantaneous dissipation, just as the settlement was almost in
stantaneous. 

The approach pavements at this site were placed in August 1968. Construction of 
the west embankment began January 6, 1967, and was completed July 20 , 1967. Ap
proximately 2 months later , pile-end-bent abutments were completed. Thus , this em
bankment and its foundation had approximately 11/2 years to consolidate before the place· 
ment of the approach pavements. Construction o·f the east embankment began August 2, 
1967, and was completed October 5, 1967. The pile-end-bent abutments were completed 
in November. This embankment and its foundation had approximately a year to consol
idate before placement of the approach pavements. Judging from observed settlement 
data and pore pressure measurements of the approach foundations, an approach fault 
should not develop at any of the approach pavements as a result of consolidation of the 
foundation. Pavement elevations obtained in May 1969 show that the west approach 
pavements have settled from 0.2 to 0. 5 in. within 75 ft of the end of the bridge. The east 
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approach pavements have settled from 0.4 to 1.8 in., the settlement occurring within 
approximately 250 ft of the end of the bridge; Hence, most of the approach settlement 
at this site is apparently caused by a volume change of the embankment, mainly the 
earth (clay) cores. 

I 34 Over Eddy Creek, Lyon County 

I-24 crosses the Eddy Creek basin in western Kentucky approximately 6 miles south
east of Eddyville and 4 miles co.st of Barkley Lake. Physiographically, lhe dominant 
feature of the area surrounding the site is Barkley Lake , which was formed within the 
last decade by damming the Cumberland River near Gilbertsville. Eddy Creek is situ
ated in the Western Pennyroyal, a division of the Mississippian Plateau, and it is a 
prominent tributary of Barkley Lake. The area called "land between the lakes," posi
tioned to the west of the site and Barkley Lake, constitutes a transition in geology be
tween Cretaceous and Tertiary sediments of the Jackson Purchase Region and outcrops 
of Mississippian limestone of the Western Pennyroyal Region. The mildly rolling karst 
topography of the area lying close to the site is dotted with limestone sinkholes and con
tains small local relief. The landscape reflects intense faulting. In 1965 the basin was 
inundated by impounded waters of Barkley Lake. 

In the immediate vicinity of the I-24 crossing, the basin is about 1 ,400 ft wide . The 
depth of water in the basin measured 8 ft at normal pool elevation of 359 ft. The mate
rial of the basin is composed of recent alluvial deposits ranging in thickness from 20 to 
40 ft. Most of these materials are generally classified according to the Unified System 
as OL and CL. 
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Shelby tube and split-spoon samples were obtained from five drill holes. Sampling 
was performed with a mobile drill rig mo1.Ulted on a barge. An inspection of these 
samples revealed that tne upper 40 ft of the foundation soil was composed of wet to sat
urated, soft, slightly organic silts and clays with some sand, apparently in lenses. 
Because of the limited number of borings the horizontal extent of the sand lenses could 
not be determined. The silts and clays were underlain by what appeared to be a gravel 
hardpan having standard penetration values in excess of 100. Natural moisture contents 
of the foundation material ranged between 17 and 63 percent. 

From older to younger, the geological formations near the site are the St. Louis and 
Ste. Genevieve limestones (Meramec series) of the Mississippian system and loess 
(Pleistocene series) and alluvium of the Quaternary system. Toe five borings appa1·ently 
penetrated the lower m.ember of the st. Louis limestone. 

Unconfined compression tests, consolidated-undrained tria:xial tests with pore pres
sure measurements, and one-dimensional consolidation tests were performed on speci
mens trimmed from Shelby tube samples. Stability analyses were made for various 
conditions of loading and foundation consolidation. It was concluded that the embank
ment could be constructed at a normal rate without sand drains with little risk of failure. 

The calculated average ultimate settlement was on the order of 16 in. The time re
quired for the embankment to set prior to constructing a permanent pavement, in order 
to keep settlement at the bridge approaches within a tolerabie range, was about 4 months 
and 20 months, with and without sru1d d1·ains respectively . Therefore the consolidation 
analysis indicated that, without sand drains, an objectionable amo\lllt of settlement would 
occur if a permanent pavement were constructed sooner than about 1. 5 years after con
struction of the embankment. 

Based on the results of the stability and consolidation analyses, the following con
struction procedures were adopted for the construction of 35-ft high embankments across 
the lake area: 

1. The embankment and berms were constructed without sand drains and piezom
eters were installed along the center line at about 200-ft spacings. 

2. No pavement was to be constructed before the foundation consolidation was at 
least 75 percent completed as indicated by settlement platforms and gages along the 
center line at 200-ft spacings. 

3. Early construction of the project was specified in order to increase the consoli
dation period prior to paving. 

4. The contractor was prepared, if necessary, to use a controlled loading rate. 

In the latter part of April 1967, six settlement platforms were installed by the con-
tractor at the following locations: 

1. Station 3683+50 on centerline; 
2. Station 3688+00, 72 ft left of centerline; 
3. Station 3688+00, 72 ft right of centerline; 
4. Station 3688+00 on centerline; 
5. Station 3691+00 on centerline; and 
6. Station 3692+00 on centerline. 

These platforms consisted of a 3-ft square steel base and screwed extensions of 2.5-in. 
diameter steel pipe that were approximately 5 ft in length. 

Construction of the approach embankments across the lake area began in the early 
part of May 1968. The first stage of construction involved building the rock fill that 
formed the outer perimeter of the berms . The rock fill was located approximately 1 70 
ft right and left of centerline . Approximately 56,977 tons of limestone was trucked to 
the project for this purpose . The second stage of construction consisted of placing 
131, 731 cu yd of a mixture of sand and gravel fill inside the rock embankment to an ele
vation of 364 ft. Approximately 54,847 cu yd of the granular fill {sand) was delivered 
to the site by barges. The remainder of the granular material was composed of a blend 
of locally available bank gravel and sand with a clay content of less than 10 percent. 
Early in October 1968, the top portion of the south approach embankment was completed, 
but the north approach embankment was not completed until late 'December 1968. 



84 

2.0 
N 

5 
~ ~ l,O 
0' _J"' z 

0 

OBSERVED LOAOING RATE 

CONSTRUCTION STARTED 

!: oL--"'---- ---- ---------------

.... 

~~ 
W U _, z .... -
I- -
w 
"' 

0 

4 

12 

16 
PREDICTED ULTIMATE 

SETTLEMENT 17 INCHES 

20 ..__ _ __ ....._ _ _ __..__ __ __. _ _ _ __. ___ _. ___ _. 

0 5 

TIME !DAYS) x 10• 

31 

13 

0 

;: 
w 
w 
~ 

IB x .... 
~24 
0 

32 

47 

50 

EMBANKMENT 

SPECIAL 

GRANULAR 

MATERIAL 

CLAY 

SANO 

CLAYEY SILT 

SANDY CLAY 

a SILT 

GRAVEL a SAND 

LIMESTONE 

Figure 7. SetLle1mmt and loading curves, station 3688+00, 1-24 over Eddy Creek, Lyon 
County . 

'T'ypi~;il i::ettlement cu1·ves , reprcccnting about 430 days uI i;elllement obse1·vahons, 
are s hown in Figures 7 and 8 for the south approach foun dation. The latest settlement 
measurements have ranged from 7 in. at station 3683+50 to 18 in. at stations 3ti!:ll+OO 
and 3692+00. At station 3688+00, observed settlements have ranged from 12 in. at 
centerline to 17 in. at a point 72 ft left of centerline. The ultimate predicted settle
ments for stations 3683+ 50 and 3688+00 were 13 and 17 in. respectively. For stations 

.... 
z -.., "' ; ~ 
.... z 
ti = 12 

"' 

16 

CASE I CASF U 

o-~ 0-1 SANO 
LA'l'Elr ·40-~ «10-

CASE m 0--1 VERTICAL 
SAND DRIANS 

-40-

CASE I 

20 L..:~:::...~:.:::.:..:..:_.::.=:_:.::;_::..__:::::r::::;;:;;;:;:=--.__ __ ___. ___ _, 
0 4 

TIME fDAYSl X 102 

x .... 

35 

13 

0 

~ 18 
0 

24 

32 

47 
50 

SPECIAL 

Or.ANULAR 

MATERIAL 

CLA Y 

SAND 

CLAYEY SILT 

SANDY CLAY 

a SILT 

GRAVEL 
a SAND 

LIMESTONE 

Figure 8. Settlement and loading curves, station 3692+00, 1-24 over Eddy Creek, Lyon 
County . 



85 

3691+00 and 3692+00, the ultimate settlement was predicted to be 20 in. Thus, there 
is good agreement between observed and predicted ultimate settlements. 

The observed rate ot' settlement of the fowidation proceeded faster than predicted. 
Rapid pore pressure dissipation is generally confirmed by pore pressure measurements 
obtained from piezometers. These readings show that the water level in the piezometer 
tubes never rose above the elevation of the berm, 364 ft, whereas the critical elevation 
was 380 ft, which corresponded to a factor of safety against failure of 1.35. The settle
ment data indicate that primai·y consolidation of the foundation is nearly complete. 

Apparently, the sand lenses encountered during the drilling operation were of a 
greate1· horizontal extent than assumed in the consolidation analysis. In the analysis, 
the sand lenses were ignored and assumed to have no influence on the rate of settlement. 
However if it is assumed that a sand layer was sandwiched between two clay layers 
(case II, Fig. 8), then there is good agreement between the observed and predicted rates 
of settlement. The influence of vertical sand drains is also shown (case III, Fig. 8). 

Based on field and laboratory observations to date, failure of the embankment and 
foundation at this site is unlikely, and future foundation settlements will probably not 
exceed 3 in. Most of the future foundation settlement will be in the form of secondary 
consolidation, which proceeds slowly. However, the foundation will probably be stabi
lized by the time of paving. 

CONCLUSIONS 

The following conclusions are substantiated by findings from field and laboratory in
vestigations reported herein: 

1. The analysis procedures employed in this study are quite adequate for predicting 
embankment foundation settlements. Data generally show that there was only fair agree
ment between predicted and observed rates of settlement, predicted rates generally ex
ceeding observed rates by as much as 100 percent. However, there was generally good 
agreement between predicted and observed ultimate settlements, with predicted settle
ments usually exceeding observed settlements by about 10 percent. The above discrep
ancies originate from the fact that (a) perfectly undistrubed soil specimens cannot be 
obtained in any practical manner, (b) Terzaghi's theory of consolidation is not totally 
applicable to the partially saturated soils that usually make up a portion of embankment 
foundations, and (c} the field drainage boundary conditions do not fit the assumptions of 
the theory or are too complex to aetermine accurately. 

2. Settlement of the approach foundation can contribute significantly to settlement 
of bridge approaches; the amount contributed is highly dependent on the time at which 
the approach pavement is constructed. Both field and laboratory data show that time
settlement chai·acteristics of foundation soils vary greatly. The estimated time for 
consolidation to cease ranged from a few days to approximately 3 years; this was gen
erally confirmed by field observations. Measurements made to date at three sites show 
that sufficient time existed for the completion of foundation consolidation before place
ment of the approach pavements. 

3. Settlement of the embankment can contribute significantly to settlement of the 
approach pavements. Data obtained at four sites strongly indicate that, where embank
ments are composed in part or entirely of compressible materials, consolidation of the 
embankment can contribute to approach settlement; pavement profiles show that embank
ments to consolidate even when compacted according to specifications. This strongly 
emphasizes the need for studying the consolidation characteristics of embankment ma
terials. 

4. The results of settlement investigations performed at the sites of proposed bridge 
construction projects can provide a much-needed basis for design to control or minimize 
the effect of approach settlement. For cases where the calculated ultimate settlement 
is large or the rate of settlement is slow, relatively elaborate cowitermeasures are 
warranted. The embankment could be constructed early and allowed to consolidate if 
tj:me permits , or a temporary pavement could be constructed andperiodically maintained 
until the embankment and foundation are stabilized, at which time a permanent pavement 
could be constructed. Alternatively, some means of bridging, such as extending the 
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structure and/or providing heavily reinforced concrete approach slabs, could be used. 
For cases where the calculated ultimate settlement is small or the rate of settlement 
is very fast, such elaborate precautions would not be warranted. Estimates of embank
ment consolidation based on consolidation tests performed on compacted specimens 
should be included in the settlement calculations. Other indeterminate factors such as 
the effect of creep or internal erosion (7) preclude the exact calculation of total settle
ment. Nevertheless in many cases consolidation is the major cause of settlement and 
its co1-1hol wuuiu com;titute a significant partial solution of the bridge approach settle
ment problem. 
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