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Three-dimensional Responses of a Tied-back Excavation through Clay 
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ABSTRACT 

The three-dimensional ground deformations measured during construction of a 12.8 m deep 

tiedback excavation in Chicago are presented.  The excavation was supported by a PZ-27 sheet 

pile wall and three levels of regroutable ground anchors.  The excavation was made through 

granular soils into soft to medium stiff clays.  Extensive field performance data were collected 

including lateral and vertical optical survey data and lateral inclinometer data.  Construction 

procedures are summarized and correlated with monitoring data.  The three dimensional pattern 

of ground surface deformations around the excavation is summarized.  A performance-based 

relation to estimate the maximum horizontal ground movements for flexible wall systems as a 

function of factor of safety against basal heave and excavation depth is proposed.  An empirical  

approach to estimate the distribution of ground movements parallel to a supported wall is 

presented. 

 
 
INTRODUCTION 
 
 
     Plane strain conditions are commonly assumed to apply to excavations when designing 

support systems and making estimates of associated ground movements.  However, excavations 

behave in a manner more accurately described as three-dimensional, as a result of stiffening 
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effects at the corners and non-uniform excavation procedures.   When excavations are made in 

densely populated urban areas, accurate predictions of movements are desirable to rationally 

design appropriate support systems that minimize damage to surrounding utilities and buildings.  

While 3-D finite element analyses of the problem are now possible, numerous uncertainties are 

inherent in such analyses.  It is desirable to quantify in detail the three-dimensional performance 

of an excavation to provide a baseline against which results of numerical procedures can be 

compared.  This paper provides such data and summarizes the three-dimensional ground 

response of an excavation in Chicago captured by one hundred and ninety-eight optical survey 

points and eight inclinometers.  Weekly readings were taken and correlated to documented 

construction procedures and history.  

       In March 2001, construction began on the Robert H. Lurie Medical Research Building, 

including a 12.8 m deep cut for two basement levels.  This building is supported on caissons with 

a basement slab-on-grade.  A plan view of the approximately 80 m x 68 m area is shown in 

Figure 1.  Surrounding structures of concern to the designers included utilities which run parallel 

to three sides of the excavation and the floating floor slab of the caisson-supported Prentice 

Pavilion which borders the fourth side of the excavation.  Because of the proximity of the 

utilities and the use of a relatively flexible excavation support system, extensive monitoring 

points were established around the site.  A slurry wall was not used because part of the basement 

of the facility will be a clean room with very strict moisture requirements and pre-existing 

caisson and pile cap obstructions exist at depths of about 5 m along the perimeter of the wall.  

The observed performance was defined in terms of vertical and lateral optical survey data, 

inclinometer data and vibration monitoring data.    
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     This paper summarizes the three-dimensional ground deformations observed during 

excavation at the Lurie site.  Subsurface conditions and the excavation support system are 

described.  Construction procedures are summarized and correlated with measured response.  

The three-dimensional responses are presented and the effects of wall installation, caisson 

construction and excavation and installation of tiedback anchors on ground movements are 

quantified.  A performance-based relation to estimate the maximum horizontal ground 

movements for flexible wall systems, where the excavation base is in clay, as a function of factor 

of safety against basal heave and excavation depth is proposed.  An empirical approach to 

estimate the distribution of ground movements parallel to a supported wall is presented. 

 

SITE CONDITIONS 
 
 

     The excavation site is located on the Chicago campus of Northwestern University.  As is 

common in urban areas, demolition of old buildings left a legacy of abandoned foundation 

systems on site.  As indicated in Figure 1, numerous timber piles and pile caps existed in the 

northeastern portion of the excavation.  Old concrete caissons were present throughout the site.  

Steam, water, sewer, gas and electric lines run parallel with the excavation beneath the three 

streets around the cut.  A pedestrian and utilities tunnel borders the northwest corner of the 

excavation.  A ramp was moved between several locations on the south wall to provide access to 

the excavation. 

     Figure 2 summarizes the stratigraphy at the site.  Beneath the surficial medium dense to dense 

rubble fill lies a loose to medium dense beach sand.  These granular soils overlie a sequence of 

glacial clays of increasing shear strength with depth.  Undrained shear strengths in the soft to 
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stiff clays in Figure 2 are based on results of vane shear tests.  The excavation averages 

approximately 12.8 m deep and bottoms out in the medium stiff clay.  The ground water level 

perched in the granular soils is related to the water level of nearby Lake Michigan.  The ground 

water level was located at approximately 0 m Chicago City Datum (CCD).   

      Figure 2 also shows the support system in relation to the stratigraphy.  The excavation is 

supported by a hot-rolled PZ-27 sheet pile wall on all sides.  Two levels of tiedback ground 

anchors are installed on the east wall due to the presence of the basement of the Prentice Pavilon.  

Three levels of tieback anchors provided lateral support on the other three walls.  Both the first 

and second level ground anchors are founded in the beach sand.  The anchors were installed at a 

horizontal spacing of 2.74 m on the first level and 1.83 m on the second and third levels.  Design  

ground anchor loads were 623, 534 and 623 kN for the first, second and third levels, 

respectively.  The anchors were proof tested to 1.2 times their design loads and performance tests 

were carried to 1.33 times the design load.  All anchors were locked off to a pre-stress of 100% 

of the design load.  To meet these requirements, the tiebacks typically were re-grouted.    

 
 
CONSTRUCTION PROCEDURES 
 
 

     To properly interpret observed responses, performance data must be correlated with the 

construction activities.  Seven major construction stages are defined in Table 1: sheet-pile wall 

installation, caisson installation, four stages of excavation and tieback installation, and a 

quiescent period wherein the lowest two floor levels of the permanent structure were constructed 

and backfill was placed between the temporary and permanent walls.  Negligible movements 
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developed during this last stage, because the tieback loads in the lower two levels of anchors 

were not released as the backfill was placed between the sheet-pile and permanent walls.   

     Prior to installation of the sheeting, the excavator “pot-holed” the site to remove large 

obstructions such as pile caps and building rubble.  To remove demolition rubble, a 1-meter deep 

trench was then excavated from the ground surface at elevation +4.3 m CCD.  PZ-27 sheets of 

length 18.3 meters were installed by a vibratory hammer and stopped at a top elevation of +0.9 m 

CCD on the east wall, and +3.4 m CCD on the remaining walls.  The sheeting extends 

approximately 6.4 meters below the bottom of the excavation into a relatively stiff clay layer 

(Figure 2).  Sections of the sheeting were installed with either an ICE 44-50 or ICE 23RF 

vibratory hammer in two passes of approximately equal length to the final depth.  Ground water 

within the site was removed by dewatering wells.  Care was taken to ensure the interlocks were 

kept intact to minimize leakage of ground water into the site.  Surface water and leakage through 

the sheeting into the excavation was controlled by sump pits and pumps.   

     Excavation of the site and tieback installation took place simultaneously within the site.  

However, four distinct excavation stages can be defined: excavation to elevations +1.5 m CCD, -

2.5 m CCD, -5.8 m CCD, and –8.5 m CCD, corresponding to levels immediately below tieback 

elevations and the final excavated grade.  Excavation was limited to a distance of 0.6 to 1.2 

meters below the tieback installation elevation, depending on the angle of the tieback 

installation.  Timber piles were encountered after excavating to +1.5 m CCD.  Because many 

timber piles were located close to the north wall, the contractor was required to “excavate” the 

existing timber piles as the excavation was lowered rather than pull them.  The piles were “cut” 

by a backhoe bucket as the grade was sequentially lowered.  Pulling the timber piles would have 

resulted in lateral movements of the sheeting towards the excavation to depths of the tips of the 
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timber piles, elevation -13 m CCD, creating much more deep seated movements than normally 

associated with this kind of excavation. 

     Excavation along a wall was not to exceed 30.5 linear meters in front of the closest supported 

section, defined as either an excavation corner or the location where a tieback had been installed 

and prestressed.  At the third level of tiebacks, this lateral unbraced length was further limited to 

15.3 m.  These limitations generally were exceeded by the excavator, often leaving a span along 

an entire wall excavated and unsupported.  However, little difference in observed movements 

was noted as a result of these variable unsupported horizontal lengths, as will be discussed later.   

     Caissons were installed from a working grade of +1.5 m CCD after the first level of ground 

anchors had been prestressed.  Installation of the anchors at this elevation minimized the 

movements associated with the cantilever stage of sheet-pile deformations and with the removal 

of deep caisson cap and pile cap obstructions prior to installing the caissons.  The caissons had 

shaft diameters ranging from 0.76 to 1.52 m and bell diameters from 2.13 to 4.57 m.  The bells of 

the caissons were founded in the hard clay at an average elevation of –23.8 m CCD.  The tops of 

the caissons were established at an average elevation of –7.9 m CCD, with reinforcement placed 

within the top 3.05 meters.  One hundred and sixteen caissons were constructed over a five-week 

period. 

     Three levels of tiebacks were installed to provide lateral restraint for the wall.  One level of 

tiebacks was installed at +2.1 m CCD, above the water table.   Two levels of tiebacks were 

installed below the water table at –1.2 m CCD and –5.2 m CCD.   Installation began by burning 

holes in the sheeting at each anchor location.  A drill string of 125-mm-diameter heavy wall pipe 

with an expendable closure point was advanced behind the wall to the design length.  The anchor 

was then inserted into the drill string, driving off the expendable point.  The anchors at the first 
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two levels were 35 mm diameter, high strength Dywidag bars, 17.4 m long with a bond length of 

10.7 m.  The third level anchor consisted of a four strand, 19.2-meter long polystrand tendon 

with a bond length of 13.7 m.  The tiebacks were pressure grouted as the drill string was being 

withdrawn.  Anchors were installed with a re-grout tube, allowing multiple re-grouts when 

needed.  Two performance tests were conducted for each level of tiebacks and for each wall.   

     The second level of tieback support at –1.2 m CCD is not only below the water table, but in 

the sand layer as well.  Concern for leakage and ground loss at this elevation led to the use of a 

rubber gasket which formed a seal between a larger diameter outer casing and the sheet pile wall.  

Quick set concrete in burlap bags was used to plug the hole in the sheeting once the tie was 

installed.   

 
 
FIELD OBSERVATIONS 
 
 
     To monitor the ground response to excavation activities, 150 surface survey points, 18 

embedded settlement points and 30 utility points were installed on three surrounding streets prior 

to wall installation (Figure 1).   Measurements of both lateral and vertical ground surface 

movements were obtained.  In addition to the optical survey data, seven inclinometers were 

installed at distances from 1 to 2.4 m from the sheet-pile wall.  Inclinometer LR-4 was installed 

6.1 m from the wall.  The extensive monitoring data allowed the three-dimensional response of 

the excavation to be captured.  The intent of the monitoring data was to verify that horizontal 

movements measured at inclinometers did not exceed 32 mm and settlements adjacent to the 

excavation did not exceed 44 mm when the excavation was lowered below the second level of 

tiebacks (stage 4 in Table 1).  If such movements occurred, then an additional row of support 
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would have to be added to the support system.   These restrictions were established by Chicago 

Board of Underground to protect adjacent utilities.   

Overview of responses 

      To illustrate the overall response of the ground to the excavation activities, Figure 3 shows 

ground movements plotted versus time and construction activity for a section at the west wall.  

This figure shows settlements measured 5, 8 and 10.5 m from the wall and lateral movements 

obtained at inclinometer LR-6 within the fill (elevation +2.0 m CCD) and the soft to medium 

clay where the maximum lateral movement occurred (elevation -7.2 m CCD).   No significant 

movements developed until the caissons were installed from a working grade of elevation +1.5 m 

CCD.  A maximum of 6 mm of lateral and vertical movements developed as a result of this 

activity.  Approximately 10 mm of movements occurred as the excavation was lowered below 

the second tieback level at elevation -2.4 m CCD.  Lateral movements as large as 50 mm 

developed when the excavation was lowered through the soft to medium clay stratum to reach 

the third tieback level.  Subsequent excavation to grade resulted in about 10 mm of additional 

movement.  The maximum settlements behind the wall were about 80% of the maximum lateral 

movements within the soft to medium clay.   A closer look at the movements in each significant 

stage of activity is presented hereafter.      

     Figure 4 illustrates the direction of the soil movement determined from the two axes of the 

inclinometers at the final excavated grade (elev. -8.5 m CCD).   The data are presented 

incrementally for each stage of construction and show the overall pattern of lateral movements.  

Most movement occurred perpendicular to the sheeting with little out-of-plane movement, in 

spite of the differences of proximity of the corner of the excavation among the inclinometers.  

The inclinometers at the south wall showed movements slightly skewed to the west, likely as a 
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result of the effects of the construction ramps that were located on that side of the excavation.   

The movements obtained at LR-4 apparently were limited by the timber pile supported 

pedestrian tunnel located between the inclinometer and the sheeting.  Note that LR-2 was 

damaged at the end of stage 4. 

 

Responses during sheet-pile installation and caisson construction 

     

     Details of a vibration monitoring program that took place during installation of the sheeting 

are presented by Glatt et al. (2004).   The maximum peak particle velocity recorded within 3 m 

of the sheeting during installation did not exceed 12.7 mm/sec, except in a few isolated cases 

when obstructions were hit.  Small ground surface settlements occurred erratically within 12 m 

of the wall.  Only 25% of the surface monitoring points had settled after the wall was installed, 

with magnitudes varying between 2 and 15 mm.    Small lateral movements occurred as a result 

of installing the sheet-pile wall and installing the caissons.  Typically the inclinometers recorded 

a lateral displacement of about 4 mm in the clays adjacent to the sheeting, while inward 

movements of the same magnitude occurred as the caissons were installed.  These responses are 

described in detail in Glatt et al. (2004) and Hoffman et al. (2004). 

 
Responses during excavation and tieback installation 
 

Lateral movements at walls 

     Figure 5 is a summary of the lateral movements measured for a representative inclinometer on 

each of the four walls.  The lateral movements after sheet-pile installation, stages 2 through 6, 

are presented.  It can be seen that the most significant movement occurred after the completion 



 10

of stage 5, or after excavation to –5.8 m CCD.  As will be discussed later, these responses are 

expected because the lowest value of factor of safety against basal heave occurred during stage 5.  

Very small incremental movements occurred as a result of excavating to final grade, and 

negligible movements occurred during backfill operations because only the upper level of ground 

anchors was detensioned.   

      The maximum lateral movement was observed near the excavation base once the excavation 

extended into the clays.  Similar movements were observed at all walls, except at the east wall 

which bordered the Prentice hospital, supported by caissons with a basement level at 0 m CCD.   

Due to the excavation of soil for this basement, this wall is less stressed than the others, with 

correspondingly higher values of factor of safety against basal heave and attendant smaller 

movements.     

 
Ground surface movements 
 
Settlements 
 
     Figure 6 is a contour plot of the settlements around the three sides after excavation to the final 

elevation.  The contours were constructed by krieging (Journel and Huijbregts 1978) based on 

the optical survey data.  While no data were obtained within 3 m of the wall, observations 

indicated little relative movement between the wall and the sidewalk immediately behind it – 

direct observation of the soil behind the wall was not possible.  The contours were drawn 

assuming there was 10 mm of settlement of the soil immediately behind the wall, based on the 

fact that the tops of the sheeting deflected outward (Figure 5) and allowing for relative 

movement between the sheeting and the adjacent soil in response to this outward movement.  

This assumption only changes the spacing of the contours adjacent to the wall.  Hsieh and Ou 

(1998) presented data that demonstrated the maximum settlements occur at some distance from 
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the wall when the lateral wall movements arising from deep-seated movements is greater than 

1.6 times that resulting from cantilever-type wall movements, as was the case at the Lurie site 

(Figure 5).   The stiffening effects of the corners of the excavation are very clearly illustrated.  

The settlement around the excavation tends to follow a bowl shape with the maximum settlement 

near the middle of the excavation and smaller movements near the corners.   

      Note the presence of the pedestrian tunnel in the northwest corner.  The portion parallel to 

the north wall is supported by timber piles (these piles are outside the sheeting, as opposed to 

those abandoned and excavated inside the sheeting), but the portion that angles across the street 

is free to deform with the soil.  The presence of the pile-supported tunnel restricted development 

of settlements in this area.   

     The maximum settlement along the north wall was observed to be 57 mm, compared to 63 

mm along the south wall and 74 mm along the west wall.  While the larger values occurred near 

the center of each wall, or in the case of the north wall, midway between pedestrian tunnel and 

the east wall, there was a tendency for slightly larger movements to occur in the southwest 

portion of the site.  Because there was little difference in the lateral movements measured by the 

inclinometers, these slightly larger movements may have been associated with utility relocation 

that occurred in that area during excavation.    

     To illustrate how the settlements developed over time, Figure 7 shows the evolution of the 

settlement contours for the west wall during stages 4, 5, and 6.  Throughout the construction 

process, the bowl-shaped settlements widen along the length of the wall, with the maximum 

settlement tending towards the middle of the wall and a smaller magnitude of settlement 

occurring near the corners—again, evidence of the corner effects.   
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      Figure 8 clearly illustrates that distortions develop parallel to the excavation, by showing the 

settlement distribution along the west wall at the end of stages 4, 5 and 6.   Note that the data 

represents optical survey points located 4.5 to 12.8 m from the west wall.  It is clear that the 

three-dimensional effects become more apparent as the excavation depth increases, suggesting 

that the stiffening effects of the corner become more pronounced as the excavation proceeds.  At 

each stage, the ratio of the excavated depth to length of wall (He/L) increases, indicating that the 

geometry deviates further from plane strain as the excavation deepens.   The larger zone of 

relatively constant settlements at the end of stage 4 suggests that a plane strain condition exists 

over a larger portion of the west wall than at the end of stage 6, where only a thin section in the 

middle of the wall exhibits relatively constant settlements.  Also shown are the maximum lateral 

movements measured by the inclinometers behind the west wall.  The locations of these 

inclinometers are outside the zone of relatively constant settlement, suggesting that they do not 

represent plane strain values, even though the movements are primarily perpendicular to the 

excavation (Figure 4).  Based on field performance data, Lee et al. (1998) suggested that corner 

effects depend primarily on the length-to-depth ratio of the excavation, the depth to a relatively 

stiff stratum and the overall stiffness of the support system.  Because previous numerical studies 

(Simpson 1992; Ou and Chiou 1993; Ou et al. 1996; Lin et al 2003) have been made for 

excavations that differ significantly in at least two of these factors with the Lurie site, additional 

analyses are needed to ascertain whether the movements in the center of the excavation actually 

represent the plane strain values. 

Lateral Movements at the ground surface 

     Figure 9 is a contour plot of the lateral movements obtained by optical survey after excavation 

to the final grade.  The contours were computed by krieging and assuming that the lateral 
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movement at the wall is 10 mm, as suggested by the inclinometer data obtained near the top of 

the wall.  Patterns of lateral movements are similar to the bowl shaped vertical movements 

shown in Figure 6.   The maximum lateral movement occurs in the middle of the excavation 

wall, with much smaller lateral movements occurring at the corners.   

     Figure 10 illustrates the effects of the corner of the excavation on the lateral movements after 

excavation to final grade for all three walls.  In addition to the survey data, the maximum lateral 

movements measured by the inclinometers on each wall are shown plotted at the location of the 

inclinometer along the wall.  The lateral movements on the west wall are largest of the three 

walls.  The shape of the north wall lateral movements is slightly skewed to the east due to the 

presence of the pedestrian tunnel in the northwest corner.    In general, these lateral movements 

follow the trends observed in the settlement data.   

     Figure 11 summarizes the maximum ground movements at each inclinometer location.   The 

reported settlements are the largest of the reported values taken in a line behind the locations of 

the inclinometers.  Until stage 4, the ratio of the vertical to lateral movements is greater than 1; 

by stage 6, this ratio is approximately 80%.  This trend may be attributed to the volume changes 

in the surficial granular soils adjacent to the cut as a result of the excavation-induced stresses.   

Apparently, these soils compressed during the initial stages of the excavation, and dilated during 

stages 5 and 6 as the ground movements became larger.  

 

ANALYSIS OF RESULTS 

 
Factor of safety against basal heave and lateral wall movements 
 
     The detailed observations at this site allow one to develop a site-specific relationship between 

factor of safety against basal heave and lateral movements.  Figure 12 compares the factor of 
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safety against basal heave computed for each excavation depth to the normalized maximum 

lateral movement measured by each inclinometer.  Note that the movements caused by sheeting 

and caisson installation have been subtracted from the horizontal movements plotted in this 

figure, so that only the observed effects of excavation are included.  The factor of safety was 

computed using Terzaghi’s method (1943) and field vane strengths in the clays.  In each case, the 

depth of the failure surface below the excavation, D, was limited by the stiff clay at elevation – 

12.6 m CCD and the bearing capacity factor selected on the basis of He, length of the cut, L, and 

D (rather than the full width of the cut).  The results in Figure 12 suggests that the most critical 

excavation depth, or the lowest factor of safety, occurs at the third excavation level of –5.8 m 

CCD, and not at the bottom of the cut.  During excavation to this level, the largest incremental 

movements occurred (see Figure 5).    The lowest value of factor of safety was computed to be 

1.73, primarily as a result of the relatively stronger layer about 4.5 m below the bottom of the 

excavation.   The relatively high factor of safety at all excavation levels likely explains why the 

differences between the distances between locked-in ties and laterally excavated ground had no 

real impact on the observed performance.  All incremental lateral movements as a result of 

excavating to a new level stopped before the tiebacks at that level were prestressed and locked-

off.  If the factor of safety had been lower, the restriction on lateral distance between support and 

excavated surface may have been effective in restricting incremental ground movements.     

     With the exception of Inclinometer LR-4, the data fall within a narrow band.  LR-4 was 

located 6.1 m behind the wall, whereas other inclinometers were within 2.4 m of the wall.  Also, 

the pile-supported pedestrian tunnel is located between the sheet pile wall and LR-4.  The 

vertical reinforcing effect of these piles apparently restricted the lateral movements at this 

location, as shown by the smaller movements associated with LR-4.   However, because the 
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incremental movements observed in LR-2 and LR-3 along the north wall were within the narrow 

range of movements measured at other locations, the reinforcing effect of the timber piles inside 

the sheet-pile wall apparently was much less than that of those outside of the excavation.  

Because LR-7 and LR-8 located along the south wall fell within the same narrow range, the 

presence of the construction ramp on the south side of the excavation had little effect on the 

ultimate movements observed at that location; these data were obtained when the ramp was at a 

location that did not affect the movements at the particular inclinometer location. 

     Figure 12 also represents a performance-based chart from which prediction of movements 

associated with excavations in clays with relatively flexible support systems can be made.  The 

value of the normalized stiffness, S, is: 

4h
IES

wγ
=       (1) 

where E is Young’s modulus of the wall material, I is the moment of inertia per unit length of 

wall, h is the average vertical spacing of the lateral support elements at each stage before the 

tieback was installed, and γw is the unit weight of water introduced as a normalizing factor.  For 

the PZ-27 section and the non-cantilever stages of excavation represented in the figure, the value 

of S varies from 12 to 32, values typically associated with flexible support systems.  After 

computing the factor of safety for basal heave, one can estimate the lateral movements by 

selecting a corresponding value off the heavy line shown on the figure.   Movements from this 

chart should be representative of excavations with flexible support systems installed with good 

workmanship in soils with stress-strain-strength characteristics similar to compressible Chicago 

glacial clays.  In other words, movements associated with over-excavation, late placement of top 

supports, poor construction of internal braces or tiebacks, or other faulty construction practices 

are not accounted for in this chart. 



 16

 

Distortions 

     Distortions at the ground surface around the excavation can be computed from the slope of 

the settlement contours developed from the optical survey data.  Distortions were computed as 

the slope of the settlement contours for stages 4, 5 and 6.   Figure 13 shows the maximum values, 

both perpendicular and parallel to each wall, and the maximum distortions computed from 

settlement profiles perpendicular to the wall based on methods proposed by Clough and 

O’Rourke (1990) and Hsieh and Ou (1998) for excavations in soft clays.  Distortions can be 

computed by these empirical methods if one knows the maximum settlement.   As can be seen in 

the figure, these methods yield maximum distortions slightly larger than those computed from 

the contour data.   

     The magnitudes parallel to the excavation are similar to those developed perpendicular to the 

excavation.  For example, the distortions computed as the slope of the settlement contours at the 

end of stage 6 vary between 0.0025 and 0.0043 in the direction normal to the west wall and 

between 0.0018 and 0.004 in the direction parallel to the wall.  These values are significant in 

that if a frame building were supported on shallow foundations, damage to non-structural 

elements would have developed (Polshin and Tolkar 1957; Burland and Wroth 1974).   However 

at the Lurie site, no damage was observed in the floating floor slab of the adjacent caisson-

supported building.  The similarity between the maximum distortions in both directions suggests 

that distortions that develop parallel to an excavation can be as harmful as those normally 

considered, emphasizing the need to look at three-dimensional effects when evaluating possible 

damage to adjacent buildings.  For instance, a common situation where one would need to know 
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the distortions parallel to an excavation would be a building with a load-bearing wall that 

parallels the excavation.   

     Also, for utilities that parallel the excavation, the distortions in this direction control the 

tensile stresses that are induced in a pipe and help determine the rotations that occur at a pipe 

joint.  In the case of the Lurie site, no damage was observed in any of the utilities.  This 

observation was supplemented by stress analyses of the pipes and consideration of rotation of the 

joints of the pipe that indicated the induced distortions would not cause distress (Molnar 2003).   

 

Effects of geometry of excavation on ground surface movements 

 

     The distribution of the settlements and lateral ground movements that developed parallel to 

the support walls at the Lurie excavation can be represented by a complimentary error function: 
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where δ(x) is either settlement or lateral movements at a distance, x, from the corner of the wall, 

δmax is the maximum movement at a particular stage of excavation at the distance from the wall 

where the movements parallel to the wall are to be calculated, He is the height of the excavation 

and L is the length of the excavation wall along which the movements are to be estimated for 

excavations of dimensions L x B.  A complete description of this formulation is found in 

Roboski (2004).  Thus, estimation of ground movements along a wall can be made given the 

maximum movement and the geometry of the excavation.   Equation (2) was shown to provide 
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reasonable estimates of the distributions of ground movements when L/B was greater than 0.5 

(Roboski 2004). 

     As an example, Figure 14 shows the settlement and lateral movement data obtained at the end 

of the excavation, adjacent to the west wall and the calculated complimentary error function 

distribution.  Two sets of data are shown, obtained from distances 4 and 7.6 m from the wall.   A 

reasonable fit was obtained as indicated by the error values shown in the figure.  An error value 

near zero indicates a good fit.  See Roboski and Finno (2004) for more details and examples of 

the fits for stages 5 and 6, and for fits with 3-dimensional movement data obtained at other clay 

sites.  Additionally, equation (2) can be used to estimate the distortions parallel to a wall when 

excavating in soft to medium clays if one knows the geometry of the excavation and the 

maximum value of movement.   

 
 
CONCLUSIONS 

 

     Based on the results of the field observations described herein, the following conclusions can 

be drawn concerning the performance of the excavation for the Lurie Research Center. 

 

1. Maximum incremental movements occurred as the excavation was lowered to the third 

level of tiedback anchor support, at which stage the factor of safety against basal heave 

was lowest. 

2. Unsupported horizontal distance at a given excavation level had no effect on the observed 

movements in this case wherein the factor of safety against basal heave was at least 1.73. 
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3. A performance-based chart of normalized maximum lateral movements versus factor of 

safety against basal heave was developed which is applicable for flexible wall systems 

with system stiffness between 12 and 32, representative of well-constructed sheet-pile 

walls in soils with similar stress-strain-strength characteristics as compressible Chicago 

glacial clays.    

4. By the end of the excavation, significant distortions developed both perpendicular and 

parallel to the Lurie excavation.  According to existing damage criteria, these distortions 

were large enough to cause cracking in non-structural elements of frame buildings, if 

located within the zone of influence of the excavation and supported on shallow 

foundations.  However, no damage was observed in the utilities that paralleled the Lurie 

excavation or in the floating floor slab of the adjacent caisson-supported building. 

5. At the Lurie site, the variation of settlements and lateral movements in a direction parallel 

to a support wall adjacent to square or slightly rectangular excavation as a result of three-

dimensional effects can be estimated by a complimentary error function, given a 

maximum movement, and depth and length of excavation. 
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Table 1.  Summary of Construction Activities 

 

Stage number Activity 
 
1 

 
Potholing and sheet-pile wall installation 

 
2 

 
Excavate to +1.52 m CCD and install and prestress first level of 
ground anchors at +2.13 m CCD 

 
3 

 
Construct caissons from working grade of +1.52 m CCD 

 
4 

 
Excavate to -2.44 m CCD and install and prestress second level of 
ground anchors at -1.22 m CCD 

 
5 

 
Excavate to -5.79 m CCD and install and prestress third level of 
ground anchors at -5.18 m CCD 

 
6 

 
Excavate to –8.53 m CCD and pour grade beams 

 
7 

 
Construct basement walls, pour slab and backfill 

 

 


