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CHAPTER 1: INTRODUCTION

1.1 Scope of Work

Spread footings bearing on soil are becoming an attractive alternative for supporting highway
structures. Spread footings bearing on soil have many advantages compared to deep foundations,
primarily low cost, fast construction, and environmentally friendly. Highway structures with soil-
bearing spread footings are underutilized due to limited performance data and overestimation of
settlements. However, to encourage their utilization, well-documented, comprehensive case
histories must be established and made available to the Bridge and geotechnical engineers. Despite
previous shallow foundations studies’ success, more research is needed to evaluate the
performance of spread footings as a highway bridge foundation.

The Ohio Department of Transportation (ODOT) needs to evaluate highway structures’
performance supported on spread footings bearing on soils. This evaluation’s outcomes are
recommendations for future use of spread footings and potential limitations on their use. The
project team completed the following tasks to meet the project goals:

—

Reviewed the documented performance data.

Evaluated the performance of existing footings and compared to the bridge performance
criteria.

Reviewed the calculated settlement.

Provided an estimate of the structure tolerable settlement at the foundation location.
Compared the measured settlement to the predicted long-term settlement.

Compared performance to soil conditions and calculated bearing pressures.

Reviewed IRI (International Roughness Index) and differential settlement between
substructures.

N

Nownkw

1.2 Outline of the Report

Chapter 2 presents the results of an extensive literature review carried out as part of the current
study. This chapter's content is arranged by topics such as advantages of using spread footings,
ODOT's experience with spread footings, service evaluation, and performance of spread footings.

Chapter 3 summarizes highway structures' performance supported on spread footings. Four
projects are presented, namely, MAH-680-2.83, CUY-77-14.35, FAI-33-13.09, and CUY/SUM-
271-0.00/14.67. Survey monitoring data is presented for spread footings at the end of construction
and the recently surveyed monuments under this study. In addition, a comparison is made between
the estimated and measured settlements. Hough (1959) is used to estimate the settlements of spread
footing on cohesionless soil as specified in section 10.6.2.4 of the AASHTO LRFD Bridge
Specifications.

Chapter 4 presents collected profile data for CUY/SUM-271-0.00/14.87: CUY/SUM-480-
29.58/0.00 and CUY-77-14.35. The data were examined to assess the effect of retaining walls,
constructed on spread footings, on ride quality, in terms of the International Roughness Index
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(IRI). The profiles presented included the pavement adjacent to walls, approach slabs, and the
bridge deck. This chapter also introduces the differential settlements between substructures.

Chapter 5 draws important findings reached while performing this study and provided
recommendations for future work.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The literature search focuses on the service evaluation, previous performance prediction methods,
and the advantages of using spread footings to support highway structures. It also discusses the
current practices within different state DOTs, in addition to the guidance of other agencies and
organizations, including the Federal Highway Administration (FHWA), American Association of
State Highway and Transportation Officials (AASHTO).

Soil-bearing footings have been used successfully to support highway bridges by several state
DOT’s. Bridge engineers often are very hesitant to recommend spread footings because of
(Sargand et al. 1999):
1. The AASHTO Bridge Design Specifications.
2. A lack of tolerable movement guidelines for spreads footings.
3. A common belief that spread footings settle much more than deep foundations and
require higher maintenance costs.
4. Uncertainty in the selection of performance prediction methods.
5. Uncertainty in the properties of subsoils that are used in the settlement prediction
methods.
Data from successful case histories must be documented and shared by civil engineering
professionals to promote the use of spread footings for highway bridge structures. Understanding
settlement and other behaviour of spread footing foundations under various loading and
environmental conditions associated with highway bridge structures is essential in encouraging
their use in highway bridge construction. Also, further verification of the performance prediction
methods through such case histories contributes to increased use of the spread footing foundation
(Sargand et. al. 1999).

Conventionally in the United States, highway structures were supported conservatively by either
shallow spread footings on bedrock or pile foundations (or drilled shafts) bearing on bedrock or
very dense/stiff soil formations to ensure their long-term serviceability. However, in recent years
spread footings on soil have become an attractive alternative for these structures where subsurface
soil conditions are suitable. For example, sites consisting mainly of granular soils or well-
consolidated cohesive soils may be ideal for the spread footing use. Shallow spread footing
foundations generally require less time and cost to construct than pile foundations (Sargand et al.
1999).

2.2 Advantages of using Spread Footings

Spread footings on soil are becoming an attractive alternative for supporting highway structures
because they have many advantages compared to deep foundations. The advantages included cost-
saving, expedited construction, simple design, environmentally friendly, and less maintenance
(FHWA, 2002, 2006, 2010, and 2001).

Bridge approaches are generally constructed with reinforced concrete slabs that connect the bridge
deck to the adjacent paved roadway. The slab is usually supported on one side by the bridge
abutment and on the other side by the embankment. Their function provides a smooth and safe
transition of vehicles from the roadway pavements to bridge structures and vice versa. However,
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complaints about the ride quality of bridge approach slabs still need to be resolved. The complaints
usually involve a “bump” that motorists feel when they approach or leave bridges (Cai et al. ,2005).
This problem is commonly referred to as the bump at the end of the bridge.

Spread footings are normally considered in conditions where deep foundation installation is not
possible, for example to a) accommodate the presence of aquifers, underground structures such as
utilities and obstructions beneath foundations; and b) generate less noise, ground vibrations, and
movements of nearby structures. Construction of spread footings uses common materials, and can
be constructed with readily available labor, simple and small equipment. The construction process
is often easier, faster, and its quality control is simple compared to deep foundations. Because of
these advantages, construction of spread footings is usually supposed to provide a safe work
environment and fewer claims. Finally, the use of spread footing alleviates the bridge bump
problem (Abu-Hejleh et al., 2006).

The use of spread footings may not be suitable or economical under certain design conditions, for
example, presence of deep soft soil near the ground surface or very high lateral loads (e.g., due to
a major earthquake), and at sites with large scour or liquefaction depths (Abu-Hejleh et al., 2014).

Shallow foundations are typically at least 30% more economical than deep foundations and can be
utilized to support many different civil engineering structures (Masada and Sargand 2009).
Foundations contribute a significant influence on the construction cost of concrete bridges; their
cost ranges from 19 to 27% of the total bridge construction cost, depending on the construction
method used and the bridge design system (Fragkakis and Lambropoulos 2004). Based on a sample
of 19 concrete highway bridges built in Switzerland between 1958 and 1985, Menn (1990)
concluded that foundations contribute 18% of the total bridge construction cost.

There are approximately 600,000 bridges in the United States. If those bridges had to be replaced
by new bridges it would cost approximately $300 billion. Therefore, the average cost of a bridge
is $500,000. About 50% of that cost is for the foundation. For such an average bridge the difference
in cost between shallow foundations and deep foundations is $90,000 (Briaud, 1993).

Each year 6,000 new bridges are built for a yearly national bridge budget of $3 billion.
Approximately 85% of the existing 600,000 bridges in the inventory are over water. This
percentage is probably more like 50% when considering the bridges built in the last few years. If
one assumes that all 6,000 bridges built yearly are on deep foundations and assumes that all bridges
that are not over water can be placed on shallow foundations, the numbers above indicate a yearly
saving to taxpayers of 90,000 x 6000 x 0.5 = $270 million. Even if the saving is only a fraction of
this number, say 100 million, the potential saving is significant. If 5% of the potential saving is
invested in research, a $5 million budget per year is not unreasonable to make serious progress
towards this economic goal (Briaud, 1997).

2.3 DOT’s Experience with Spread Footings

A national FHWA survey of the geotechnical practices of the state DOTs was developed and
distributed in 2007 (Abu-Hejleh et al. 2014). Forty-four (44) states responded to this survey.
Survey results indicated that the average distribution of bridge foundation types considered by
State DOTs across the United States is approximately 24% spread footings (11.5% founded on
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soils, 12.5% founded on rock) and 76% deep foundations (56.5% driven piles and 19.5% drilled
shafts). The FHWA national survey identified the states with significant and moderate use (>10%)
of spread footings on soils to support highway bridges and the states with limited or no use (<5%).
Based on this survey, the FHWA concluded that some State DOTs could save time and cost if
spread footings bearing on soils are used when appropriate to support bridges.

Table 1.2 presents some of the results from the FHWA national survey. The use of spread footings
is 50% in the Northeast, 30% in the Southwest, 20% in the Northwest, and 10% in the Midwest.
The Southeast region as well as some states in other regions reported no or limited use. The survey
also reported that State DOTs have safely, and economically constructed highway bridges
supported on spread footings bearing on competent and improved natural soils and engineered
granular and MSE fills. Engineered granular fill is defined as a high-quality granular soil selected
and constructed to meet certain material and construction specifications (also called “compacted
structural fill” and “compacted granular soil”).

Table 1.2: Lead States in Deploying Spread Footings for Bridges (2007 National Survey)

States Spread Footings (%) Deep Foundations (%)
Soil Rock Driven Piles Drilled Shafts

Northeast States

Connecticut 50 25 20 5
Vermont 40 10 45 5
Massachusetts 35 15 20 27
New Hampshire 30 30 30 10
New York 30 15 47 3
New Jersey 30 20 40 5
Southwest States

New Mexico 30 10 30 30
Nevada 25 3 18 54
Northwest States

Idaho 20 10 60 10
Oregon 20 10 60 10
Midwest States

Michigan 10 5 80 5
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2.4 Service Evaluation and Performance of Spread Footings

Many performance prediction methods have been proposed to estimate spread footing behavior
(bearing capacity and settlement) based on the standard penetration test (SPT) or the cone
penetration test (CPT) data. Examples of these include the work by Hough (1959), Alpan (1964),
Meyerhof (1965), Terzaghi and Peck (1967), D’ Appolonia et al. (1968), Peck and Bazaraa (1969),
Schmertmann (1970), and Schmertmann et al. (1978), as presented by Sargand and Masada (2006).

Sargand and Masada (2006) instrumented four spread footings constructed at two interstate
highway construction sites in Ohio with modern sensors and monitored through construction
stages and beyond. The spread footing design methods presented in the AASHTO LRFD Bridge
Design Specifications (2004) were validated based on the field performance data collected during
the research. Twelve SPT-based settlement prediction methods, for footings resting on
cohesionless or slightly cohesive soils, were evaluated considering the field performance data.
General performance analysis of spread footing foundations at bridge construction sites was made
to draw some guidelines concerning the use of spread footings for supporting highway bridge
structures. Detailed cost comparisons were made between spread footing and pile foundation
options. Overall, the results of the research project indicated that: a) spread footing can be a viable
option as a bridge foundation; and b) the design methods presented in the AASHTO LRFD Bridge
Design Specifications (2004) appear to be satisfactory.

Sargand et al. (1997) instrumented and monitored over fifty spread footings at five highway bridge
construction sites in Ohio. Bridges A through C were constructed over predominantly cohesionless
(A-2, A-3, A-4) subsoils, while Bridges D and E were built at sites consisting mostly of cohesive
(A-6, A-7-6) soils. At the Bridge A construction site, the uncorrected SPT N value varied from
about 20 blows per foot (bpf) at the base of footing to 100+ bpf at depths reaching 20 to 30 ft
below the footing. At the site of Bridge B, the uncorrected SPT N value stayed relatively constant
around 50 bpf below the foundation depth. Under the footings of Bridge C, the uncorrected SPT
N value increased from 14 to 20 bpf within 30 ft. The SPT N values recorded at the Bridge D site
varied from as low as 40 bpf at the base of footing to 100+ bpf at depths reaching 20 to 30 ft below
the footing. The uncorrected SPT N value started at 13 bpf and gradually increased to 30 bpf and
higher at the Bridge E site. The spread footings’ overall settlement among all the footings ranged
from 0.19 to 1.43 inches, with an average of 0.78 inches. Typically, about 70% of the total
settlement took place before the deck construction. None of the footings experienced any
significant differential movement problems. Limited data collected at the sites within 6 months
after the bridge opening showed that the additional settlement induced by the live load application
ranged between 0.05 and 0.5 inches, with an average of 0.17 inches.

Baus (1992) monitored the settlement of 12 spread footings at three highway bridge sites in South
Carolina. Total settlement varied from 0.4-2.2 in. He compared the maximum settlement measured
in the field to estimates made by six prediction methods (Alpan, Hough, Meyerhof, Peck-Bazaraa,
Buisman-De Beer, and Schmertmann methods). He concluded that the methods by Peck and
Bazaraa (1969) and Hough (1959) provided better settlement predictions.

DiMillio (1982) surveyed the conditions of 148 bridges supported by spread footings on
compacted fill in Washington. All bridges were in good condition, and none exhibited any safety
or functional problems. He found that the bridges could tolerate easily differential settlement of
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one to three inches without severe distress. He estimated those spread footings were 50-60% less
expensive than pile foundations.

Moulton et al. (1982) examined the tolerable movement of bridges. He reviewed movements and
damages data for 204 bridges on both spread footings and piles. His study revealed that the average
vertical movement of abutments was more than 4 inches regardless of the foundation type, and the
average horizontal movement was more than 2.5 inches.

Keene (1978) investigated some case histories of spread footing used in Connecticut. He observed
that in some cases, a post-construction settlement of two to three inches occurred without any
damage to the bridge structures. He stressed the importance of ‘‘staged’’ construction before the
superstructure placement to minimize post-construction settlement.

Walkinshaw (1978) reviewed the field performance of 35 bridges in the western states that were
supported by spread footings. He stated that poor riding quality resulted when vertical settlement
exceeded 2.5 inches.

Gifford et al. (1987) reported a study on the settlement performance of 21 bridge spread footings
on cohesionless soils. The overall settlement of these spread footings ranged from 0.02 to 2.72
inches, with an average value of 0.61 inch. Approximately 70% of the total settlement occurred
before the placement of the bridge deck. They evaluated six settlement prediction methods for
sands (Burland-Burbridge, D’Appolonia, Hough, Peck-Bazaraa, Peck-Bazaraa-Ladd, and
Schmertmann methods). They concluded that the methods by D’Appolonia and Burland-
Burbridge were more accurate. The methods by Peck and Bazaraa typically underpredicted the
field settlement, and the methods by Hough and Schmertmann overpredicted the field settlement.

13



CHAPTER 3: PERFORMANCE OF HIGHWAY STRUCTURES
SUPPORTED ON SPREAD FOOTINGS BEARING ON SOILS IN OHIO

3.1 General

This chapter presents background information/data for four sites (MAH-680-2.83, CUY-77-14.35,
FAI-33-13.09, and CUY/SUM-271-00.00/14.87), where spread footings monitored during
different phases of construction and surveyed during this task between October 13 and 14, 2020.

3.2 MAH-680-2.83

This is a four-span bridge (MAH-680-0283) carrying Vestal Road (Rd) over Interstate 680 (IR-
680) in Mahoning County in northwestern Youngstown, Ohio. In 2016 a rehabilitation work was
performed for the Bridge. The work consisted of removing the existing superstructure and the three
existing piers and raising the existing abutment seats. Therefore, new spread footings were
constructed for the piers only. Existing spread footings at the abutments were used. The Bridge is
four-span continuous painted steel girders with reinforced concrete deck on new semi-integral
abutments, new bearings, and new cap and column piers founded on spread footings. Bridge plans
are included in Appendix 1. Soil profiles and Geotechnical Report including recommendations are
presented in Appendix 2.

Site stratigraphy consists of hard silt and clay (A-4a) near the ground surface to an elevation of
about 932 ft. where a dense sand and gravel or sand layer (A-1-b, A-3a) 5 to 15 ft. in thickness
was encountered. Below this was another hard layer of silt/ sand mixture (A-4a) and a hard silt
layer beneath it. Groundwater was not encountered. The bottom of footing elevation for pier 1,2
and 3 are 940 ft., 939 ft, and 937 ft., respectively.

On October 6, 2020, a site visit was performed by Jamal Nusairat and Dave Traini of E.L.
Robinson Engineering to the MAH-680-0283 bridge. The deck and sidewalk were inspected for
deck cracking, indicating relative settlement of piers, and no indications were found. Piers were
found to be in good condition; no settlement was observed. One of the PVC pipes over the
settlement pins was observed to be broken off at the groundline. The existing bridge foundation
founded on spread footing functions as designed, and no signs of any settlements. Figure 3.1 shows
a picture of the MAH-680-0283 bridge.

Piers spread footings were monitored after pouring the footings’ concrete, before and after beam
placement, after pouring the deck’s concrete, and after project completion. Recently, under this
task, piers footings were surveyed. Table 3.1 presents the recorded monitoring data for the right
and left monuments of each pier.

At project completion, the measured settlements ranged from 0.0 to 0.48 inches. Recently under
this task, the final measured settlements ranged from -0.24 to 0.72 inches. It should be noted that
the minus values appear due to elevation reading tolerable error and refer to no settlement. After
approximately four years, settlements did not change significantly. The settlement was within
tolerable limits for these span lengths. The measured settlement to girder length ratio was 0.00067.
This is well below the acceptable limits of 0.004 as documented by Felix Yokel (1990).
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The measured settlement under this task was negative for some of the substructure units. The
negative settlement can result from either settlement of the benchmark used or measurement error
as the surveying accuracy is to the nearest 1/8 inch.

Figure 3.1 The MAH-680-0283 Bridge

Table 3.1: MAH-680-2.83 Footings Settlement Monitoring Data

Stage Elevation of Left Monument Elevation of Right
(ft.) Monument (ft.) Date

Pier 1 | Pier 2 | Pier 3 | Pier 1 | Pier 2 Pier 3
After Footings Poured 943.97 | 943.23 | 940.97 | 943.92 | 943.13 940.82 2016-05-31
Before Beams 943.93 | 943.2 | 940.97 | 943.91 | 943.13 940.82 2016-06-28
After Beams 943.92 | 943.19 | 940.96 | 943.92 | 943.12 940.81 2016-07-28
After Deck Pour 943.93 | 943.2 | 940.97 | 943.94 | 943.13 940.83 2016-10-05
Project Completion 943.93 | 943.19 | 940.96 | 943.92 | 943.13 940.83 2016-11-12
This Task 943.93 | 943.17 | 940.98 | 943.94 | 943.14 940.84 2020-10-13
Measured Sett. at Project
Completion (Inches) ) 0.48 0.48 0.12 0.0 0.0 0.12
Measured Settlements under
this Task (Inches) 0.48 0.72 -0.12 0.24 -0.12 -0.24
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3.3 CUY-77-14.35

The project consists of four cast-in-place (CIP) concrete cantilever walls (Wall 1,2,3 and 4) and a
bridge replacement for Bridge No. CUY-1433 L&R over I.R. 490 and Ramps. The bridge is a
three-span continuous steel hybrid girder composite with a reinforced concrete deck on reinforced
concrete piers and semi-integral abutments. The bridge is supported on 16 inches cast-in-place
reinforced concrete piles. Settlements were monitored for walls 1 and 4, the left rear abutment
wing wall (Wall 2), and the right forward abutment wing wall (Wall 3). Walls plans are included
in Appendix 1. Soil profiles and Geotechnical Report geotechnical recommendations are presented
in Appendix 2.

On October 6, 2020, a site visit was performed by Jamal Nusairat and Dave Traini of E.L.
Robinson Engineering. The cantilevered cast-in-place concrete wing walls were inspected and
founded to be plumb vertically; no leaning or sliding of the walls was observed. The existing
bridge retaining walls foundation founded on spread footing is functioning as designed. Figure
3.2 shows the Right Forward Abutment Wing Wall (Wall 3).

Figure 3.2 The Right Forward Abutment Wing Wall (Wall 3)

3.3.1 CUY-77-14.35 Soil Profile
Wall 1 (IR 77 Sta. 72+19.25 to Sta. 74+20.54) — Boring BB-104

Material visually identified as fill was encountered below the pavement to a depth of 25.5 feet
and consisted of medium-dense to hard sandy silt (A-4a) and dense coarse and fine sand (A-3a).
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Natural soils were encountered below the fill to the termination depth of 40.0 feet and consisted
of medium dense fine sand (A-3). Groundwater seepage was not encountered, and the boring
appeared to be dry at the completion of drilling.

Wall 4 (IR 77 Sta. 80+34.56 to Sta. 82+71.00) — Boring BB-112

Material visually identified as fill was encountered below the pavement to a depth of 23.0 feet and
consisted of medium-dense sandy silt (A-4a) and dense gravel with sand (A-1-b). Natural soils
were encountered below the fill to the termination depth of 40.0 feet and consisted of soft to
medium-stiff silt and clay (A-6a), medium-dense to dense coarse and fine sand (A-3a), and dense
fine sand (A-3). No groundwater seepage was encountered, and the boring appeared to be dry at
the completion of drilling.

Bridge No. CUY-1433 L&R over I.R. 490 and Ramps Wing Walls
Left Rear Abutment wing wall-Boring BB-106 (Wall 2)

Material visually identified as fill was encountered below the pavement to a depth of 32.0 feet and
consisted of medium-dense to very-dense gravel with sand (A-1-b) and dense coarse and fine sand
(A-3a). Natural soils were encountered below the fill to the termination depth of 90.0 feet and
consisted of medium-dense fine sand (A-3), medium-dense to very-dense coarse and fine sand (A-
3a), stiff to very-stiff silt (A-4b), and medium-stiff to stiff silty-clay (A-6b). Groundwater seepage
was encountered at a depth of 53.5 feet and groundwater was encountered at a depth of 58.5 feet.

Right forward abutment wing wall Boring-BB-111 (Wall 3)

Material visually identified as fill was encountered below the pavement to a depth of 32.0 feet and
consisted of dense sandy-silt (A-4a), dense silt (A-4b), medium-dense fine sand (A-3) and dense
to very-dense coarse and fine sand (A-3a). Natural soils were encountered below the fill to the
termination depth of 90.0 feet and consisted of medium-dense to very-dense fine sand (A-3),
medium-stiff to dense sandy silt (A-4a), and dense silt (A-4b). Groundwater seepage was
encountered at a depth of 58.5 feet and water was measured at a depth of 68.5 feet at the
completion of drilling.

3.3.2 CUY-77-14.35 Settlement Monitoring Data

Spread footings were monitored after pouring the footings’ concrete, and after project completion.
Recently, under this task, footings were surveyed. Table 3.2 presents the recorded monitoring data
for the monuments of the left rear abutment wing wall (Wall 2) and the right forward abutment
wing wall (Wall 3). At project completion, the measured settlements are about 0.24 inches for Wall
2 and Wall 3. Recently under this task, the measured settlements ranged from 0.24 to 1.44 inches
for Wall 2 and from 0.6 to 0.72 inches for Wall 3. It should be noted that settlements did not
change significantly except for Wall 2 monument 2.
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Table 3.2: Bridge No.

CUY-77-1433 Wing Walls Settlement Monitoring Data

Elevation (ft.)

Left Rear Abutment Wing Right Forward Abutment
Stage Wall (Wall 2) Wing Wall (Wall 3) Date
Monument-1 Monument-2 Monument-1 Monument-2
75+18.48, 62' | 74+63.86, 62' | 79+37.02,62' | 79+87.68, 62'
LT LT RT RT
After Footing Concrete 673.64 673.68 680.38 680.39 N-A
Placed
Project Completion 673.62 673.66 680.36 680.37 N. A
Recent, this Task 673.62 673.56 680.32 680.34 2020-10-13
Measured Sett. at
Project Completion 0.24 0.24 0.24 0.24
(Inches)
Measured Settlements
under this Task (Inches) 0.24 1.44 0.72 0.6

Table 3.3 presents the recorded monitoring data for the monuments of Wall 1 and 4. At project
completion, the measured settlements ranged from 0.0 to 0.12 inches for Wall 1 and Wall 4.
Recently under this task, the measured settlements ranged from 0.12 to 0.24 inches for Wall 1 and
from 4.92 to 7.68 inches for Wall 4. Settlements did not change significantly for Wall 1. However,
Wall 4 experienced excessive settlements due the existed 1.8 to 3.5-foot layer of soft to medium-
stiff silt and clay (A-6a) which was encountered immediately beneath the fill material at elevation
665.9 ft. This layer is located 10.6 feet below the bottom of Wall 4 footing. The wall was inspected
and founded to be plumb vertically; no leaning or sliding of the walls was observed. Therefore,
the benchmark may have a problem.

Table 3.3: Wall 1 and 4 Settlement Monitoring Data

Elevation (ft.)
Wall 1 Wall 4
Stage Monument-1 | Monument-2 | Monument-1 | Monument-2 Date
73+25.50, 64' | 74+17.86, 65' | 80+37.14, 62' | 81+84.50, 62
RT RT LT LT

After Footing Concrete 674.22 674.18 679.53 681.27 N. A
Placed
Project Completion 674.23 674.18 679.52 681.27 N. A
Recent, this Task 674.21 674.16 679.12 680.63 2020-10-13
Measured Sett. at
Project Completion 0.12 0.0 0.12 0.0
(Inches)
Measured Settlements 0.12 0.24 4.92 7.68

under this Task (Inches)
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3.4 FAI-33-13.09

This is a four-span bridge (FAI-33-1309) carrying Delmont Road over U.S. Route 33 (Lancaster
Bypass) west of Lancaster in Fairfield County, Ohio. The Bridge is a four-Span continuous
composite steel girder bridge with semi-integral type abutments and cap and columns type piers
and on spread footings. Bridge plans are included in Appendix 1. Soil profiles and Geotechnical
Report geotechnical recommendations are presented in Appendix 2.

On October 5, 2020, a site visit was performed to FAI-33-1309 bridge by Jamal Nusairat and Dave
Traini of E.L. Robinson Engineering, and Chris Merklin of ODOT. The team inspected the
embankment slopes, roadway settlement at abutments, concrete deck, and relative substructure
orientation. The team found no evidence of settlements. The soils around the piers were found to
be soft, but this was due to drainage. Some of the PVC caps were missing or damaged due to
vandalism. The existing bridge foundations founded on spread footing are functioning as
designed.

Figure 3.3 The FAI-33-1309 Bridge

Field exploration was performed using five boreholes per the original geotechnical report. Each
one of'the five borings first encountered between 3 and 12 inches of topsoil. Underlying the topsoil,
the five borings typically encountered cohesive soils consisting of stiff to hard silt and clay (A-6a)
and silty clay (A-6b) to depths of between 10.5 and 20.5 feet. Some of these soils were organic in
nature. Underlying these cohesive soils, each of the five borings generally encountered medium
dense to very dense non-cohesive soils, including gravel with sand (A-1-b), gravel with sand and
silt (A-2-4), fine sand (A-3), and coarse and fine sand (A-3a). These soils were encountered to the
completion depths of the borings in boring B-33 and B-34 and were encountered to depths of
between 49.5 and 62 feet in borings B-30, B-31, and B-32, where bedrock was encountered. It
should be noted that material classified as silt (A-4b) was encountered in boring B-34. However,
this material was encountered at depths of greater than 50 feet. Bedrock was encountered in borings
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B-30, B-31, and B-32 at depths of between 49.5 and 62 feet. The bedrock consisted of medium-
hard broken sandstone with RQDs of between 30% and 50%. Water seepage was encountered at
depths of between 7.2 and 17 feet.

Spread footings were monitored after pouring the footings’ concrete, before and after beams
placement, after pouring the deck’s concrete, and after project completion. Recently, under this
task, footings were surveyed. Table 3.4 presents the recorded monitoring data for the right and left
monuments of each pier. At project completion, the measured settlements ranged from 0.36 to 1.2
inches. Recently under this task, the final measured settlements ranged from 0.12 to 2.52 inches.
After approximately 19 years, settlements did not change significantly except for the rear
abutment. It should be noted that monuments could not be located at the right rear abutment, left
and right pier 3. As at these locations survey monument information was not available, the survey
crew established temporary benchmarks which were tied into two ODOT benchmarks via GPS
observations.

Table 3.4: FAI-33-13.09 Footings Settlement Monitoring Data

Elevation of Left Monument (ft.) Elevation of Right Monument (ft.)
Stage R R R R Date
ear . . . . ear . . . .
Abut. Pier 1 | Pier 2 | Pier 3 Abut. | Abut. Pier 1 | Pier 2 | Pier 3 Abut.

After Between 06-
Footings | 915.12 | 899.42 | 901.37 | 897.64 | 915.83 | 915.21 | 899.49 | 901.39 | 897.82 | 915.89 | 05 and 07-
Poured 12-2001
g:ﬁ‘;;: 915.12 | 899.42 | 901.36 | 897.64 | 915.81 | 915.21 | 899.49 | 901.39 | 897.82 | 915.87 | 2001-10-19
lfegf;s 915.03 | 899.4 | 901.36 | 897.63 | 915.78 | 915.15 | 899.47 | 901.38 | 897.8 | 915.84 | 2002-03-21
Aftffofr“k 915.06 | 899.38 | 901.35 | 897.62 | 915.8 | 915.13 | 899.45 | 901.36 | 897.79 | 915.86 | 2002-04-26
Project 1 61504 | 899.38 | 901.34 | 897.61 | 915.79 | 915.11 | N. A* | 901.36 | 897.79 | 915.85 | 2002-08-05
Completion
Rec;‘;;thls 914.91 | 899.43 | 901.36 | 898.1 | 915.75 | 915.56 | 899.46 | 901.37 | 898.41 | 915.83 | 2020-10-14
Measured

Sett. at

Project 096 | 048 | 036 | 036 | 048 | 12 | N.A* | 036 | 036 | 0.48
Completion

(Inches)

Measured
Settlements

under this 2.52 0.12 0.24 0.72

Task

(Inches)

2 Not Available, ® Monuments could not be located.
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3.5 CUY/SUM-271-00.00/14.87

The CUY/SUM-271-00.00/14.87 and CUY/SUM-480-29.58/00.00 project calls for the design and
construction of three (3) new retaining walls identified as RW-1 (WS1), RW-2 (SW1), and RW-3
(WS2) in Summit/Cuyahoga Counties, Ohio. These retaining walls were constructed in association
with constructing two additional Lanes identified as S-W and W-S located along the outside
shoulders of IR-271 SB and NB between the Summit County Line and Alexander Road.
Settlements were monitored for RW-1 (WS1). Wall plans are included in Appendix 1. Soil profiles
and Geotechnical Report geotechnical recommendations are presented in Appendix 2.

On October 6, 2020, a site visit was performed by Jamal Nusairat and Dave Traini of E.L.
Robinson Engineering. The cantilevered cast-in-place concrete wall was inspected and founded to
be plumb vertically; no leaning or sliding of the walls was observed. The existing retaining wall
foundation founded on spread footing is functioning as designed. Figure 3.5 shows RW-1 (WS1).

Figure 3.5: RW-1 (WS1)

Field exploration was performed using two boreholes per the original geotechnical report. The
subsurface soils encountered in both test borings were predominantly cohesive in nature and
consisted of both fill materials and natural soils. The fill materials located above the natural soils
consisted of silt and clay (A-6a) and silty clay (A-6b). The fill material's approximate thickness
was 8.5 feet in boring test B-007-1-13 and 3.5 feet in boring test B-007-4-13. Natural soils
encountered above bedrock in boring test B-007-4-13 and to the termination depth in boring test
B-007-1-13 consisted of sandy silt (A-4a), silt, and clay (A-6a), non-plastic sandy silt (A-4a), and
coarse and fine sand (A-3a). Bedrock consisting of gray, severely to highly weathered shale was
encountered at an approximate depth of 59.8 feet in boring test B-007-4-13. The consistency of
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the cohesive soils ranged from "medium stiff" to "hard” but was generally "very stiff". The relative
density of the non-cohesive soils ranged from "dense" to "very dense".

Table 3.5 presents the recorded monitoring data for RW-1 (WS1). At project completion, the wall
did not experience any settlements based on the provided data. Settlements data were not collected
for this recently constructed wall under this task.

It should be noted that consolidation settlement calculations require soil parameters that are not
included in the provided soil reports. The only soil report that provided such information is
CUY/SUM 271-00.00/14.87 RW-1, as presented in Appendix 3. Therefore, the estimated
settlement for this wall is the total settlements.

Table 3.5: RW-1 (WS1) Settlement Monitoring Data

Elevation (ft.)
Stage Date
Sta. Sta. Sta. Sta. Sta. Sta.
3243+76 | 3244+46.6 | 3245+29.82 | 3245+85.3 | 3246+40.78 | 3247+24.00
After Footing Concreteis | 1038.55 | 1038.475 1038.55 1038.505 1038.485 1037.99 1/8/2019
Placed
After Wall Concrete is 1038.55 | 1038.475 1038.55 1038.505 1038.485 1037.99 7/26/2019
Placed and backfilled
Project Completion 1038.55 | 1038.475 1038.55 1038.505 1038.485 1037.99 10/30/2019
Recent, this Task N. A? N. A? N. A? N. A? N. A? N. A?
Measured Sett. at
Project Completion N.A N.A N.A N.A N.A N.A
(Inches)
Measured Settlements a a a a a a
under this Task (Inches) N.A N.A N.A N.A N A N.A

2 Not Available, settlements data were not collected under this task

3.6 Comparison Between Estimated and Measured Settlements

In this section a comparison is made between the estimated and measured settlements. Measured
settlements are presented in the previous sections of this report. Hough (1959) is used to estimate
the settlements of spread footing on cohesionless soil as specified in section 10.6.2.4 of the
AASHTO LRFD Bridge Design Specifications.

Spread footing settlements should be estimated using computational methods based on the results
of laboratory or insitu testing, or both. The soil parameters used in the computations should be
chosen to reflect the loading history of the ground, the construction sequence, and the effects of
soil layering.

Generally conservative settlement estimates may be obtained using the elastic half-space
procedure or the empirical method by Hough (1959). The Hough method has several advantages
over other methods used to estimate settlement in cohesionless soil deposits, including express
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consideration of soil layering and the zone of stress influence beneath a footing of finite size. The
subsurface soil profile should be subdivided into layers based on stratigraphy to a depth of about
three times the footing width. The maximum layer thickness should be about 10 ft. Settlements of
cohesionless soil can be estimated using Hough (1959) method as explained in the equation (3.1
and 3.2).

Sy = YTy AH, oo 3.1)
AH; = He 2108 (Z52%) o 3.2)
Where:

n= Number of soil layers within zone of stress influence of the footing
AH;= Elastic settlement of layer i (ft)
H .= Initial height of layer 7 (ft)

C'= Bearing Capacity Index, from Figure 10.6.2.4.2-1 of the AASHTO LRFD Bridge
Specifications.

o,= Initial average effective stress of the subdivided soil layer.

Ao, = Vertical stress increase in the subdivided soil layer due to applied foundation load.

Settlement calculations for all structures are presented in Appendix 3. Table 3.6 presents a
comparison between estimated and measured settlements. Comparison is made between the
estimated and measured settlements at the end of construction and the recently measured values.
It should be noted that average measured settlements were calculated by taking the average of two
monuments readings for each footing. Current measured settlements of FAI-33-13.09 pier 3 was
ignored because survey monument information was not available.

It can be noted that Hough’s method tends to over predict the immediate settlements (measured at
the end of construction). It also over predicts the current measured settlements for most of the
footings. However, Hough’s method significantly under predicts the current measured settlements
for some footings where cohesive soil (A-6a) layers exist, such as CUY-77-14.35 Wall 4 and rear
abutment of FAI-33-13.09. Therefore, it is important to calculate the long-term settlements when
cohesive soils exist.

Per the Geotechnical report of CUY/SUM-271-00.00/14.87, the recently constructed Wall RW-1
(WSI1) is expected to experience an immediate settlement of 0.26 inches and consolidation
settlements of 0.52 inches. The wall is expected to experience a total settlement of 0.78 inches.
Consolidation settlements are very important because of the existed cohesive soil below the wall’s
footing.
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Table 3.6 Comparison Between Estimated and Measured Settlements

(Estimated/Measured)
Estimated Ave. Measured Settlement
Project Structure Settlements Settlements (Inches)
(Inches) End of Current End of Current
Construction | Settlement | Construction | Settlement
Pier 1 0.69 0.24 0.36 2.88 1.92
MAH-680-2.83 Pier 2 0.5 0.24 0.48 2.08 1.04
Pier 3 0.47 0.12 0.18 3.92 2.61
Wall 1 0.69 0.06 0.36 11.50 1.92
Wall 4 0.54 0.06 6.3 9.00 0.09
LT. RA.Win,
CUY-77-14.35 Wall (Wall 2% 0.89 0.24 0.84 3.71 1.06
&,2‘5&%1%% 0.76 0.24 0.66 3.17 1.15
Rear Abut. 0.91 0.96 2.52 0.95 0.36
Pier 1 1.03 0.48 0.36 2.15 2.86
FAI-33-13.09 Pier 2 1.3 0.36 0.18 3.61 7.22
Pier 3 1.03 0.36 N. A 2.86 N. A
FR. Abut. 0.73 0.48 0.84 1.52 0.87
CUY/SUM-
271-00.00/14.87 RW-1 (WS1) 0.78 0.0 N. A N. A N. A
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CHAPTER 4: REVIEW OF IRI DATA AND DIFFERENTIAL
SETTLEMENT BETWEEN SUBSTRUCTURES

4.1 General

This chapter presents collected profile data for CUY/SUM-271-0.00/14.67: CUY/SUM-480-
29.58/0.00 and CUY-77-14.35. The data were examined to assess the effect of retaining walls,
constructed on spread footings, on ride quality, in terms of the International Roughness Index
(IRI). The profiles presented included the pavement adjacent to walls, approach slabs, and the
bridge deck. This chapter also presents the differential settlements between substructures.

4.2 Collected Profile Data

Profile data collected on CUY/SUM-271-0.00/14.67:CUY/SUM-480-29.58/0.00 and CUY-77-
14.35 was analyzed to evaluate the effect of walls constructed on spread footers on ride quality, in
terms of International Roughness Index (IRI).

Both sites are in Cleveland, Ohio. The CUY/SUM-271 site is located at the Summit County and
Cuyahoga County line, at the southern I-271 and I-480 interchange as shown in Figure 4.1. The
location and length of the profile runs are shown in white.

L) o

SHOULDER 59 "3

RAMPRUN 260

Cuyahoga County
RAMP 58

Summit County

Figure 4.1 CUY/SUM-271-0.00/14.67
CUY/SUM-480-29.58/0.00
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Three profiles were provided for the CUY/SUM-271/480 section: Shoulder 59, Ramp 260, and
Ramp 58. A 353’ long wall on spread footer was constructed between the southbound lanes and
an entrance ramp on the Ramp 58 section (Figures 4.2 and 4.3).
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The CUY-77 is located at the interchange of I-77 and I-490 as shown in Figure 4.4. The profile
run on [-77 was one continuous run shown in white in the Figure. The walls at this location were

extensions of the bridge wingwalls and are circled in red in Figure 4.5. Wall 4 is shown in Figure
4.6.
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Figure 4.5 Plan details, CUY-77 Walls

Figure 4.6 CUY-77-14.35 Wall 4 (Google Maps)

ProVal 3.61.34 was used to analyze the profiles. ProVal is a computer application developed by
the Transtec Group to view and analyze pavement profiles (www.roadprofile.com). The ride
quality module was used to analyze the data. This module allows sections to be divided into fixed
intervals and the IRI determined for each interval. A fixed length of 17.6’ was chosen to provide
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enough subsections at each site to allow a comparison between sites. Figure 4.7 shows the IRI plot
for Ramp 58 after division into 17.6” section. The sections on [-271 were processed as received.
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Figure 4.7 RAMPS8 IRI plot in ProVal
The profiles provided for I-77 were continuous runs which included the pavement without walls,
pavement adjacent to walls, approach slabs, and the bridge deck. This data was processed by
identifying the limits of the approach slabs (see Figure 4.8) in the profile, deleting the profile of
the approach slab and bridge deck, and dividing the data into pavement adjacent to walls and
pavement without walls.
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Figure 4.8 Identifying location of approach slab in profile trace
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Box plots were used to evaluate the effect of retaining walls on spread footings on pavement ride
quality. Figures 4.9 and 4.10 are box plots IRI for sections with and without walls for CUY-271
and CUY-77, respectively. The bottom and top of the box represents the 1st and 3rd quartiles,
respectively. The line inside the box represents the median value and the diamond inside the box
represents the mean value. The two lines extending from the box represents values outside the 1st
and 3rd quartile and the horizontal bars on the end of the vertical lines represent the minimum and
maximum values. Box plots are useful for determining the spread and skew of the data. When
comparing IRI for the sections, if the boxes do not overlap, there is a difference in the IRI for the
sections. If the boxes overlap, but do not include both medians, there is likely a difference in the
two IRI values. If the boxes overlap and include both medians, both sections are considered to
have the same IRI values.
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Figure 4.9 CUY 271 Box Plot

The results in Figure 4.9 would indicate the IRI values on the section with the wall, RAMP 58, is
statistically the same as the IRI value for the RAMP 260 section. However, the IRI values of
SHOULDER 59 is likely different than the IRI values on RAMP 58 and RAMP 260 and has a

better ride number.
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Figure 4.10. CUY-77 Box Plot

The results in Figure 4.10 would indicate the IRI values on the sections with and without the wall
in the southbound direction are statistically the same. In the northbound direction, the IRI values
on the sections with and without the wall in the southbound direction are statistically different, the
section with the wall having the worst ride number.

The inconsistent results between CUY-77 and CUY-271 would suggest there are factors other than
the presence of the wall, i.e. pavement construction sequence, quality of construction material,
etc., which are affecting IRI values and, based on IRI, the effect of the walls on pavement ride

quality is inconclusive.

4.3 Differential Settlements between Substructures

Differential settlements between substructures are presented in Table 4.1. The table shows
differential settlements at the end of construction and the current differential settlements based on
recent survey performed in this study.

MAH-680-0283, at the end of construction, did not experience any differential settlements
between pier 1 and 2 but it experienced 0.12 inches between pier 2 and 3. Based on recent

settlement monitoring data, the structure experienced 0.12 inches between pier 1 and 2; and 0.3
inches between pier 2 and 3. It should be noted that those values are within tolerable settlement

limits.
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FAI-33-1309 experienced tolerable differential settlements of (0.0 to 0.48) inches at the end of
construction. However, recent settlement monitoring survey showed differential settlements of
(0.12 to 2.16) inches, the values at the piers less than those at the end of construction. This may be
due to survey issues. It should be noted that differential settlements of 2.16 inches between the
rear abutment and pier 1 is recorded recently, because of the 2.52 inches current settlements at the
rear abutment. This may be due to the encountered cohesive soils consisting of stiff to hard silt
and clay (A-6a) and silty clay (A-6b) at deeper layers below the rear abutment. There are no signs
of this differential settlement at the rear abutment approach.

Table 4.1 Differential Settlements between Substructures

Ave. Measured Settlements

Differential Settlements between Substructures

(Inches) (Inches)
Structure
No Substructure
. End of Current Two Based on End Based on
Construction Settlement | Substructures of Current
Construction Settlement
Pier 1 0.24 0.36 Pier 1 and 2 0.0 0.12
MAOPZIégs“' Pier 2 0.24 0.48 Pier 2 and 3 0.12 0.30
Pier 3 0.12 L R e e T
Rear Abut. 0.96 257 | Rear Abut. and 0.48 216
Pier 1
Pier 1 0.48 0.36 Pier 1 and 2 0.12 0.18
FAI-33- B ;
1309 Pier 2 0.36 0.18 Pier 2 and 3 0.0 N. A
. P3 and FR.
Pier 3 0.36 N. A Abut. = 0.12 0.12 N. A
FR. Abut. 0.48 )R e T T S IE——
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CHAPTER 5: FINDINGS AND RECOMMENDATIONS

5.1 Findings

The following summarizes the findings of this study:

Spread footings were monitored after pouring the footings’ concrete, before and after
beams placement, after pouring the deck’s concrete, and after project completion. Recently,
under this task, footings were surveyed to get the final settlements values. Generally,
spread footing performed well except in some locations where cohesive soils exist, or there
was an issue with the survey benchmark (either it settled or could not be located).

The empirical settlement prediction method proposed by Hough (1959) should be utilized
when a single value cannot represent the elastic modulus of the sandy subsoil layers (i.e.
when the corrected SPT-N value varied significantly with depth over the depth of
influence).

The settlement of spread footings on cohesionless soil can be estimated using the method
proposed by Hough (1959) as specified in section 10.6.2.4 of the AASHTO LRFD Bridge
Design Specifications. Based on the results presented in Chapter 3, this method can be used
with some confidence.

It can be concluded that Hough's method tends to over predict the immediate settlements
(measured at the end of construction). It also over predicts the current measured settlements
for most of the footings. However, Hough's method significantly underpredicts the current
measured settlements for some footings where cohesive soil (A-6a) layers exist. Therefore,
it is important to calculate the long-term settlements when cohesive soil exists.

The collected data at the sites illustrated that the spread footings could be used to support
the highway structures satisfactorily, given that granular subsurface conditions are
adequate (i.e., the corrected SPT-N value is larger than 20 blows/ft).

All structures in this study experienced tolerable differential settlements between
substructures.

The IRI inconsistent results between CUY-77 and CUY-271 would suggest there are
factors other than the presence of the wall, i.e., pavement construction sequence, quality of
construction material, etc., which are affecting IRI values and, based on IRI, the effect of
the walls on pavement ride quality is inconclusive.
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5.2 Recommendations

e Reference monuments for substructure units founded on spread footing on soil are
important to collect and document historical performance data. Also, to assure the
foundation bearing material is performing as designed. Having such data is essential to
improve the reliability of spread footings and evaluate settlement prediction methods'
accuracy.

e Reference monuments, for substructure units founded on spread footing foundations on
soil, should be surveyed annually as part of the annual bridge inspection. This way spread
footing design can be verified, performance can be investigated, and data reviewed to take
any necessary action.

e Coordinates of monuments and reference benchmarks should be provided in the as-built
plans to assure accurate readings of the settlements in the future.

e [t is recommended to install target points on substructures so that elevation data could be
more readily collected. Field review indicated damaged PVC pipes, missing PVC pipes,
clogged holes, and PVC pipes' vandalism. Targets would be more readily seen, and if
placed, vandalism is deterred. Relative settlement measurement could be obtained with
simple optical survey equipment.

e When proposing spread footings, the designer should pay attention to the subsurface
investigation and accurately estimate the consolidation settlement for spread footings
resting on saturated cohesive soils.

e ODOT Bridge Design Manual (BDM) states that “All spread footings at all substructure
units, not founded on bedrock, are to have elevation reference monuments constructed in
the footings. This is for the purpose of measuring footing elevations during and after
construction for the purpose of documenting the performance of the spread footings, both
short term and long term”. The BDM should provide more details about the long-term
measurement of footing elevations. We recommend measuring footing elevation annually,
and the collected data should be stored in a database to track the long-term performance of
structures.

o Total expected settlements (immediate and long-term) are usually calculated and presented
in the Geotechnical Report. Total expected settlements should be provided in the Spread
Foundation Plan Note to be compared with measured values in the future. Therefore, its
recommended to include this statement in the Spread Foundation Plan Note, “The footing
is expected to experience an immediate settlement of ........ inches and consolidation
settlements of ...... inches.
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