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EXECUTIVE SUMMARY 

This report provides the results of a Federal Highway Administration 

demonstration program conducted in the 1980’s to investigate the long-term performance 

of tiebacks installed in heavily overconsolidated glacial clays, specifically focusing on 

creep.  At that time, a major series of construction projects along the Interstate 90 (I-90) 

corridor in Seattle necessitated the construction of several soldier pile tieback walls in 

which the tieback bond zones would be installed in lacustrine and marine clays which had 

been overridden by continental glaciers.   

These overconsolidated clays are relatively common in the central Puget Sound, 

and have been identified along Interstate 5 (I-5) in Seattle and vicinity, the Interstate 90 

(i.e., I-90) corridor in downtown Seattle and Mercer Island, and along the State Route 

520 (SR520) corridor.  These clays have been the source of significant slope instability in 

these areas, especially when overburden soil is removed, allowing the shear strength of 

the clay to degrade to a residual value as the soil deforms.  Tiebacks installed in these 

soils must prevent the wall they support from deforming in the short-term and the long-

term such that the soil stress state remains unchanged as excavation in front of the wall 

proceeds.  Furthermore, tieback loads must be below the long-term creep limit of the 

tiebacks such that failure of the wall does not occur. 

There was little information regarding how short-term tieback creep behavior 

related to long-term tieback creep performance when this long-term test program was 

conducted, which, even at the time of writing this report is still the case.  The relationship 

between long-term tieback creep performance and short-term creep behavior needs to be 

established.  

To investigate the long-term performance of tiebacks in heavily overconsolidated 

clays, a test site for the long-term test program was established on the northeast side of 

Beacon Hill above I-90 just east of the I-5/I-90 interchange.  The long-term test program 

was focused on low pressure grouted, straight-shafted tiebacks.  This study consisted of 

two phases: 1) the loading of two tiebacks incrementally to failure while obtaining short-

term creep data at each load increment, and 2) the loading of seven tiebacks to various 

percentages of the ultimate tieback capacity established in the first phase and locking 
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them off for the purpose of long-term creep monitoring.  These tiebacks were monitored 

for up to 4.3 years after being locked off.  Short-term and long-term tieback loads, 

deformations, and strains were monitored.  For three of the tiebacks, strains within the 

bonded zone were also monitored to assess load transfer behavior. 

In addition to the long-term test program, the results of pullout and short-term 

creep tests obtained during the subsequent tieback wall construction project that was 

located adjacent to the test site, and which were used to size the tiebacks for the 

production walls, were evaluated for this study.  These additional pullout tests enabled 

the long-term test results to be extended to a wider range of installation and bond zone 

diameters/lengths, and also enabled the results of the long-term test program to be 

extended to paleolandslide deposits sourced from the glacially consolidated clays that 

were partially reconsolidated by subsequent glaciations.  The paleolandslide deposits 

were located above the intact glacially consolidated clays to the east of the long-term test 

site. 

The results of this study indicate that the tieback creep criterion of 2 mm/log cycle 

(0.08 inches per log cycle) of time is too high for tiebacks with bond zones installed in 

glacially overconsolidated clays, at least in the Seattle area.  The results indicate that a 

creep criterion of 1 mm/log cycle (0.04 inches per log cycle) of time, based on creep tests 

held for at least 1 hour, should be used, as based on the results of this study, long-term 

creep rates are generally twice that measured within a 1 hour load hold.  If the 1 hour 

creep test results are verified with additional tests held longer (e.g., at least 24 to 72 

hours), a maximum creep rate of 1.5 mm/log cycle (0.06 inches per log cycle) of time 

could be used as the criterion.  Note that creep rates measured during very short-term 

load holds of 10 minutes or less are of little value for tiebacks installed in glacially 

consolidated clays. 

The results of this study also demonstrated the effect of tieback stressing history 

on the creep rate measured.  If a key objective for production tieback evaluation is to 

evaluate tieback creep as compared to a creep acceptance criterion, tests in which the 

load is cycled or loaded to a higher load and then tested for creep at a lower load are not 

of much value for tiebacks in clays such as the ones evaluated in this test program.  

Complicated tieback stressing histories should be avoided when determining the creep 
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rate – the simpler the loading sequence, the better.  The results of this study also support 

the prohibition of retesting tiebacks which have already failed the contract required creep 

criterion, as retesting will make the tieback creep behavior look much better than it really 

is. 

For tiebacks installed in the intact glacially consolidated clays in the general 

vicinity of the test site, the test results indicate that a design soil-grout bond stress of 31 

kPa (650 psf), assuming a safety factor of 1.5 applied to the maximum working tension, 

Tuw, is typically feasible.  For the paleolandslide deposits present, due to their disturbed 

nature, a lower design soil-grout bond stress of 19 kPa (400 psf), assuming a safety factor 

of 1.5 applied to the maximum working tension, Tuw, should be considered.  Even for the 

intact clays, if water is likely to be present in the tieback drill holes, this lower design 

soil-grout bond stress should be used, as the presence of water combined the disturbance 

caused by drilling can significantly reduce the tieback capacity. 

For LRFD tieback design, such as in the AASHTO LRFD Bridge Design 

Specifications (AASHTO 2017), the test results indicate that the current resistance factor 

for pullout resistance of 0.70 is reasonable for intact heavily overconsolidated glacial 

clays as applied to Tuw.  However, for disturbed deposits of glacially overconsolidated 

clay such as encountered in the vicinity of the test site, a smaller resistance factor may 

need to be considered to help account for the greater variability of such soil units. A 

resistance factor on the order of 0.40 to 0.45 is recommended, based on the available 

construction experience with these soil units. 

The results from this study are applicable to straight-shafted tiebacks in 

overconsolidated glacial clays and disturbed clays (e.g., paleolandslide deposits) derived 

from the overconsolidated glacial clays, with bond zone diameter and length ranging 

from 0.3 m to 0.4 m (12 to 16 in.) and 6.1 m to 12 m (20 ft to 40 ft), respectively.  

Recommendations are provided regarding how these results may be applied to small 

diameter tiebacks (e.g., 150 mm or 6 inch) and to high pressure grouted and post-grouted 

tiebacks. 
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DEFINITIONS 

The definitions provided below include the terms frequently used in the report, or 
terms that may not be obvious from the report text that are important for understanding 
the report contents.  For a more complete list of definitions related to tiebacks, see 
Schnabel (1982) and Sabatini, et al. (1999). 

Tieback – a prestressed grouted ground anchor that is a structural element installed into 
soil or rock to transmit an applied tensile load into the ground, helping to provide stability 
to the structure to which it is attached. Tiebacks are also commonly referred to as ground 
anchors. 

Anchorage – the combined system of anchor head, bearing plate, and trumpet attached to 
the tendon to transmit the prestressing force from the prestressing steel (bar tendon or 
strand tendon) to the supported structure. 

Bond length – the portion of the tieback length in which the tendon is bonded to the 
grout which is capable of transmitting the applied tensile load into the ground.  This is 
also referred to as the bond zone. 

Unbonded length – the portion of the prestressing steel that is free to elongate without 
transmitting force to the ground along its length, effectively transmitting all the applied 
force from the bond length to the structure.  This is also sometimes referred to as the free 
stressing length or unbonded zone. 

Primary creep – This is the first stage of creep observed as time during constant loading 
progresses.  The creep rate during this initial stage starts out relatively high, decreasing as 
time progresses until a steady state creep is achieved.  During primary creep, the creep 
rate is typically linear as a function of the logarithm of time.   

Secondary creep – Secondary creep, also called steady state creep, is typically linear as a 
function of time on an arithmetic scale.   

Tertiary creep – This is the final stage of creep in which, at some point during steady 
state creep enough molecular bonds are broken such that the creep rate rapidly increases 
and failure occurs. 

Virgin creep – in the context of tieback creep testing, this is creep that is not influenced 
by the previous stressing history. 
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Creep limit – the maximum constant load or stress that can be carried long-term without 
failure of the material. 

Creep rate – under constant load, the strain or elongation increase or decrease that 
occurs per unit of time.  The time scale used is either arithmetic or logarithmic (base 10).  
As applied to tieback creep, the logarithmic scale is typically used to determine the creep 
rate using elongation rather than strain. 

Stress relaxation – loss of stress in a material with time under constant strain or 
elongation.  As applied to tiebacks, this specifically refers to loss of load in the tieback 
tendon. 

Peak shear strength – the maximum value of shear stress the soil can carry for a very 
brief period of time.  This is also referred to as the short-term failure stress. 

Residual shear strength – the lowest shear strength which occurs at large displacements.  
For clays, this generally results in the flat clay particles becoming aligned parallel to the 
direction of shear. 

Failure – a condition in which the material or structural element can no longer sustain 
the applied load or stress.  This can result in excessive deformation or collapse of the 
material or structural element, usually defined as exceedance of a specific failure 
criterion, such as a maximum allowed deformation, pullout, or rupture condition. 

Older Marine Clay – a glaciolacustrine unit that was deposited in a marine environment 
during an interglacial period and then overridden by subsequent glaciations, broadly 
included in what is informally known as Seattle Clay.  See Section 5.13.3 in the GDM for 
additional information. 

Vashon Unsorted deposits – paleolandslide deposits from exposed slopes between 
glaciations that were subsequently overridden and smeared, and partially reconsolidated, 
by subsequent glacial advances.  See Section 5.13.3 in the GDM for additional 
information. 
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NOTATIONS, ABBREVIATIONS, AND ACRONYMNS 

Notations 
TG  =  the elastic limit strength of the tendon steel at which permanent elongation is 

0.1% (kN) 
Tc′  =  the load level above which the tieback creep rate begins to increase rapidly in a 

non-linear fashion with increasing load (kN referring to the tieback load applied, 
or kPa referring to the average soil-grout interface stress in the bond zone) 

Tc  =  the critical creep tension, which is the load level above which the creep 
behavior would be considered unacceptable (kN referring to the tieback load 
applied, or kPa referring to the average soil-grout interface stress in the bond 
zone) 

Tuw  =  maximum tieback working tension (in kN referring to the tieback load applied, 
or in kPa referring to the average soil-grout interface stress in the bond zone) 

Abbreviations 
I-5: Interstate 5 
I-90: Interstate 90 
SR520: State Route 520 
U: Ultimate (i.e., tieback test designation for the ultimate, or pullout, test) 
TB: tieback 

Acronymns 
AASHTO: American Association of Highway and Transportation Officials 
WSDOT: Washington State Department of Transportation 
FHWA: Federal Highway Administration 
GDM: WSDOT Geotechnical Design Manual 
GUTS: Guaranteed Ultimate Tensile Strength 
AL:  Alignment load 
FDL: Factored design load 
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INTRODUCTION 

This report provides the results of a Federal Highway Administration (FHWA) 

demonstration program conducted in the 1980’s to investigate the long-term performance 

of tiebacks installed in heavily overconsolidated glacial clays, specifically focusing on 

creep.  At that time, a major series of construction projects along the Interstate 90 (I-90) 

corridor in Seattle necessitated the construction of several soldier pile tieback walls in 

which the tieback bond zones would be installed in lacustrine and marine clays which had 

been overridden by continental glaciers.   

These overconsolidated clays are relatively common in the central Puget Sound, 

and have been identified along Interstate 5 (I-5) in Seattle and vicinity, the I-90 corridor 

in downtown Seattle and Mercer Island, and along the State Route 520 (SR520) corridor 

(WSDOT 2019).  These clays have been the source of significant slope instability in 

these areas, especially when overburden soil is removed, allowing the shear strength of 

the clay to degrade to a residual value as the soil deforms.  A detailed description of these 

clays and their geologic history is provided in the Washington State Department of 

Transportation (WSDOT) Geotechnical Design Manual (GDM) Section 5.13.3 (WSDOT 

2019), Laprade (2012), and Booth and Goldstein (1994).   

Tiebacks installed in these clays must prevent the wall they support from 

deforming in the short-term and the long-term such that the soil stress state remains 

unchanged as excavation in front of the wall proceeds.  Furthermore, tieback loads must 

be below the long-term creep limit of the tiebacks such that failure of the wall does not 

occur.  While these glacially overridden clays have significant short-term strength, the 

long-term residual strength of these clays is much lower, and the long-term performance 

of tiebacks in these clays is not well known. 

Short-term creep test procedures have been developed for testing tiebacks 

installed in creep susceptible soils (Cheney, 1984; Weatherby 1982). However, there is 

little information regarding how short-term tieback creep behavior relates to long-term 

tieback creep performance. The relationship between long-term tieback creep 

performance and short-term creep behavior needs to be established. 
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The soldier pile tieback walls needed for the Seattle I-90 construction program 

were designed based on preliminary test results from the 1980s demonstration project 

(Crowser, et al., 1984a).  The production tieback walls for that program have been in 

service since the late 1980’s (approximately 30 years before this final report).  They have 

performed well, and that good performance must be considered when interpreting the 

results from this study. 
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OBJECTIVE AND SCOPE OF TEST PROGRAM 

The purpose of this study was to establish the long-term creep behavior of 

tiebacks installed in the over-consolidated Seattle clays and to relate this creep behavior 

to short-term creep test results. At the time of the 1980s test program, low-pressure-

grouted, straight-shafted tiebacks 12 to 18 inches in diameter were the most common 

tieback type used in the Pacific Northwest in clayey soils. Therefore, this study was 

limited to investigating the creep behavior of low-pressure-grouted, straight-shafted 

tiebacks with a 12 inch diameter. The study period for evaluating tieback creep was set at 

a minimum of 3 years. The actual observation period was 4.3 years. 

This study consisted of two phases: 1) the loading of two tiebacks incrementally 

to failure while obtaining short-term creep data at each load increment, and 2) the loading 

of seven tiebacks to various percentages of the ultimate tieback capacity established in 

the first phase and locking them off for the purpose of long-term creep monitoring. The 

results of the first phase and the initial portion of the second phase testing were reported 

previously by Zipper, et.al. (1985) and an in-house report to WSDOT by Crowser, et al. 

(1984a). The remaining portion of the second phase testing and the final analysis of the 

entire study are discussed in the paragraphs which follow. 
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RESEARCH APPROACH 

To achieve the objective for this study, full scale tieback installations were 

required.  Since long-term monitoring was required, it was important to select a site that 

would not be disturbed by the on-going construction occurring as part of the I-90 

construction program. It was also important to install the tiebacks for the test program in 

the overconsolidated glacially overridden clays that were anticipated to be encountered 

throughout much of the I-90 construction program projects.  The site selected for this test 

program was located at the western end of the I-90 project, near the intersection of I-90 

and I-5 in Seattle, Washington, as shown in Figure 1. The site was selected to utilize one 

of the three existing cylinder pile walls (shown as CP-W-1, CP-W-2, and CP-W-3 in 

Figure 1) as a reaction for the tiebacks. Figure 1 also shows the locations of three of the 

walls that were built as part of the subsequent construction contract (i.e., walls W-1, W-2, 

and W-3) for which additional ultimate (pullout) tieback testing was conducted. 

At this site, a series of tiebacks were installed that could be either loaded with 

incrementally increasing loads until pullout occurred, or that could be loaded to specified 

lock-off loads that could be monitored long-term.  Since the I-90 construction projects 

were in view, the tiebacks were installed using typical construction practice at that time 

for tiebacks in clay (open-hole using augers and grouted using low pressure).  For the 

tiebacks taken to pullout, the focus was short-term behavior using conventional tieback 

testing, including stressing sequence and relatively short-term creep testing.  The tiebacks 

were instrumented with load cells, extensometers, and strain gauges, and in some cases 

strain gauges were placed along the length of the tieback bonded zone so that changes in 

the transfer of load along the length of the tiebacks with increased loading or increased 

time could be observed. 
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Figure 1.  Long-term tieback test site vicinity map. 
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BACKGROUND 

Soil Creep 
A basic understanding of the phenomenon of soil creep and relaxation is needed 

to understand the creep behavior of the tiebacks for the present study. Creep appears to be 

dependent on the amount of energy required to break molecular bonds and on the number 

of bonds between particles at contact points (Nelson and Thompson 1977). As creep 

continues at sub-failure stresses, these bonds continuously break and reform, but the 

overall number of bonds will deteriorate during the process (Nelson and Thompson 1977, 

Ostermayer 1974). 

When considering creep of a material, such as in overconsolidated clays, it is 

helpful to understand the stages of creep typically observed.  Primary creep is the first 

stage of creep observed as time during constant loading progresses.  The creep rate 

during this initial stage starts out relatively high, decreasing as time progresses until a 

steady state creep is achieved.  During primary creep, the creep rate is typically linear as 

a function of the logarithm of time.  Secondary creep, also called steady state creep, is 

typically linear as a function of time on an arithmetic scale.  At some point during steady 

state creep enough molecular bonds are broken such that the creep rate rapidly increases 

and failure occurs.  This last stage of creep is known as tertiary creep.  As the load or 

stress level increases, secondary and tertiary creep become more likely. 

In general, as the number of bonds per unit area decreases, creep increases and 

strength decreases. Mitchell, et.al. (1969), observed that the number of the bonds per unit 

area decreases due to remolding, increases due to consolidation, and increases 

exponentially with decreasing soil water content. Mitchell, et.al. (1969) also observed 

that an over-consolidated clay contains more bonds per unit area than a normally 

consolidated clay at the same consolidation stress. 

Previous research has also shown that positive pore pressure will develop in soft 

clays during creep in undrained conditions, whereas negative pore pressure will develop 

in over-consolidated clays during creep, resulting in water being sucked into the soil 

matrix (Holzer, et al. 1973; Weatherby 1982). In both instances, the presence of 
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additional water causes creep to increase and strength to decrease. Shibata and Karube 

(1969) reported that creep failure of soft clays under drained conditions did not occur 

until the stress level was equal to the normal shear strength of the soil. Therefore, at least 

for normally consolidated clays, the minimum stress level at which creep failure will 

occur is dependent on whether drained or undrained conditions exist during the soil 

creep. Remolded clays behave similarly to soft clays with regard to pore pressure 

development during creep, but the pore pressure response is much more subdued (Holzer, 

et al. 1973). 

Nelson and Thompson (1977) have observed that long-term creep failure in over-

consolidated clays depends both on pore water pressure effects, as previously mentioned, 

and post peak decrease in strength with increasing shear deformation. The pore pressure 

effects are likely to be of a secondary nature in highly over-consolidated clays (Nelson 

and Thompson 1977). 

As creep deformation occurs in over-consolidated clays, the inter-particle bonds 

established during the over-consolidation process gradually deteriorate. Once a critical 

strain has been reached where all the bonds developed during consolidation have failed, 

residual strength of the soil will control (Nelson and Thompson 1977). Nelson and 

Thompson (1977) postulated that the creep rate of a soil is a function of the stress level 

applied to the soil relative to the residual strength for that soil. Furthermore, if the applied 

stress is greater than the residual strength, tertiary creep and failure would eventually 

occur, and if the applied stress is less than the residual strength, creep would occur, but 

failure would not occur (Nelson and Thompson 1977). 

The effect of stress level on creep behavior has been documented by several 

researchers. Studies by Ter-Stepanian (1977) on an over-consolidated diatomaceous clay 

showed that creep failure did not occur even after 2,000 days at stress levels less than 50 

percent of the peak strength, and that failure did occur after 100 to 200 days at a stress 

level of 55 percent. Creep tests performed on an over-consolidated, jointed, Valdaruo 

clay by Esu and Grisolia (1977) indicated that creep failure would not occur at stress 

levels less than 40 percent of the peak strength. Steady state creep was observed for this 

clay at stress levels above 40 percent, and creep failure occurred rapidly at stress levels 

above 90 percent (Esu and Grisolia 1977). 
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Creep behavior similar to that found by Ter-Stepanian (1977) and Esu and 

Grisolia (1977) has also been observed for the Seattle clays. Sherif (1965) found that the 

relationship between the primary creep rate, determined as a function of the logarithm of 

time, and stress level was approximately linear as shown in Figure 2.  Sherif (1965) also 

found that at load levels greater than 50 percent of the peak strength, creep failure would 

eventually occur. Sherif (1965) determined that at stress levels greater than 80 percent of 

the peak strength, the relationship between the steady state creep strain rate (i.e., the 

secondary creep rate determined as a function of arithmetic time) and stress level became 

non-linear, as shown in Figure 3. In a later study, Sherif and Wu (1969) related this creep 

limit to the residual strength of the clay and found that the creep limit stress was 

approximately the same as the residual strength. This relationship between the creep limit 

stress and residual stress supports the conclusions made by Nelson and Thompson 

(1977). 

 

Note: 1 psi = 6.89.kPa, 1 in./LOG min. = 25.4 mm/LOG min. 

Figure 2.  Creep stress versus coefficient of primary creep (after Sherif 1965). 
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Figure 3.  Stress versus rate of constant creep strain for Seattle clays (after Sherif 
1965). 

Note: 1 psi = 6.89.kPa, 1 in./min. = 25.4 mm/min., 1 lb-min./in.  = 0.00027 N-min./mm  3 3

Tieback Creep 
Since, for the most part, tieback creep occurs due to soil creep at or near the 

grout-soil interface, one would expect that tiebacks subjected to a constant load would 

exhibit behavior similar to the behavior observed for soil sheared in the laboratory. For 

example, the creep rate should increase as a function of soil shear stress level, and there 
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should be some stress level below which creep failure would not occur. For tieback creep 

testing, the applied tieback load during testing is used to represent the average soil shear 

stress at the grout-soil interface in the bonded zone.  Unfortunately, information on the 

creep behavior of tiebacks in clay is limited. 

The criteria typically used in practice to evaluate tieback creep utilizes the 

relationship between the tieback load level and creep rate measured over a relatively 

short period of time (typically 60 minutes), as determined from in-situ tieback creep tests, 

to establish a maximum load level at which acceptable creep behavior will occur. Since 

tieback creep tests can seldom be carried out long enough to establish the steady state 

(i.e., secondary) creep rate at several load levels, the primary creep rate, at least for lower 

load levels, is used to establish this relationship. Since primary creep in clay (Nelson and 

Thompson 1977) and in tiebacks installed in clay (Ludwig, et al. 1985) have been found 

to generally be linear when plotted against the logarithm of time, the creep rate for this 

relationship is based on the logarithm of time. A conceptual example of this relationship, 

as reported by Pfister, et.al. (1982) and Cheney (1984), is shown in Figure 4.  

In part (a) of Figure 4, TG is the elastic limit strength of the tendon steel at which 

permanent elongation is 0.1% (Pfister, et al. 1982).  In part (b) of Figure 4, the load level 

above which the creep rate begins to increase rapidly in a non-linear fashion with 

increasing load is Tc′, and the load level above which the creep behavior would be 

considered unacceptable is the critical creep tension, Tc.  Tc is determined as 0.9Tc′ if Tc′ 

is determined at the intersection of the two tangents shown (i.e., the tangent to the lower 

portion of the curve and the tangent to the upper part of the curve as shown).  

Alternatively, Tc is determined as the point where the lower tangent departs from the 

curve of the plotted values.   

A small factor of safety is usually applied to Tc in Figure 4 to establish the 

maximum working tension Tuw (i.e., Tuw would equal 80 percent of Tc′ if Tc is determined 

as 0.9Tc′) or 90 percent of Tc if Tc is determined as the load level at which point the lower 

tangent departs from the curve through the plotted data. An additional factor of safety 

which depends on the level of risk one is willing to assume would then be applied to Tuw 

to obtain the tieback design load. 
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Figure 4.  Determination of critical creep tension (Cheney 1982). 

Tests performed by Ludwig, et al (1985), on tiebacks installed in several clays, 

showed that Tc was approximately 70 to 80 percent of pullout load for the tieback. These 

tests also indicated that the creep rate at Tc was approximately 1.5 mm/log cycle (0.06 

inches/log cycle) of time, and that failure occurred at creep rates and load levels above 

this. European designers, as well as designers in the United States, often use a criteria of 
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2 mm/log cycle (0.08 inches/log cycle) of time as a maximum acceptable creep rate to 

ensure adequate long-term tieback performance. This creep rate was apparently based on 

the German Standard, and was derived for tiebacks in clays where the consistency index 

is greater than 0.9 and the liquid limit is less than 50 percent (Weatherby, 1982).  Other 

European standards specify creep criteria that range from 0.76 to 1.5 mm/log cycle (0.03 

to 0.06 inches/log cycle) of time (Weatherby, 1982). 

This “critical creep tension” Tc for tiebacks is not the same type of creep limit as 

established by Sherif (1965) and others from laboratory soil creep tests. The relationships 

established by Sherif (1965), examples of which are shown in figures 2 and 3, were 

developed by addressing the primary and secondary creep stages separately. Sherif 

(1965) observed that the primary logarithmic creep rate was linear for all load levels 

tested, and that the secondary creep rate was also linear, at least up to 80 percent of the 

peak shear stress, above which creep became too rapid to clearly separate secondary from 

tertiary creep (see Figure 3).  

Factors which have been found to affect the relationship between soil strength 

(peak and residual), load level, and the resulting creep rate for tiebacks include the 

method of installation and the stress history applied to the tieback. Ostermayer (1974) 

reported that in cohesive soils, boring without casing or with casing combined with the 

use of flushing water generally resulted in lower values of ultimate tieback failure load. 

Weatherby (1982) reported that the various methods used to install low-pressure-grouted, 

straight-shafted tiebacks disturbs or remolds the soil adjacent to the wall of the hole, 

resulting in reduced soil shear strength, possibly even to a residual value. However, 

model or full-scale testing has not confirmed this. 

The loading history of the tieback can affect the creep rate observed, especially 

for short observation periods (Ludwig, et.al. 1983, Weatherby 1982).  Weatherby (1982) 

reported that virgin creep is usually apparent in the second log cycle of the load holding 

time period. Ludwig, et.al. (1983) reported that due to the tieback load being held for four 

minutes at a load just below the maximum test load and due to previous lower loads 

applied to the tieback, the creep at the maximum test load was reduced for the first two 

log cycles of test time. The amount of time required for tieback virgin creep (i.e., creep 

that is not influenced by previous stressing history) to occur, however, may vary 
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depending on the magnitude of the previous loads applied to the tieback and on how long 

those loads were held. Littlejohn (1970) observed that for tiebacks installed in London 

clay, pre-stressing the tieback at loads near or equal to one half of the final lock-off load 

for 10 months caused a significant reduction in the load loss rate observed for the final 

lock-off load. This final lock-off load was observed for 6 months with no significant 

increase in the load loss rate from that observed at the beginning of the final lock-off hold 

period (Littlejohn 1970), as shown in Figure 5. 

As the load level applied to the tieback increases or as creep continues to occur, 

the stress level in the soil near the front of the tieback bonded zone will reach the 

maximum stress which the soil can maintain. As further displacement occurs, the stress in 

the soil near the front of the tieback bonded zone will decrease to a residual value, 

thereby allowing load to transfer further down the tieback (Ludwig, et.al. 1983). This 

load transfer hypothesis was based on load transfer data from a straight-shafted, low-

pressure-grouted tieback installed in stiff clay, as shown in Figure 6. The load on the 

tiebacks at each load level was held up to 10,000 minutes using a jack. This data shows 

that load does in fact transfer from the front of the tieback to the back of the tieback as 

the tieback load increases and as creep occurs.  

These observations are supported by the work performed by Nelson and 

Thompson (1977), which shows that as soil creep occurs at stress levels above the 

residual soil strength, the soil strength will eventually decrease to the residual strength.  

However, (Ludwig, et.al. 1983) indicated that the high load transfer rates observed at the 

front of the tieback may be influenced by the behavior of the grout column in front of the 

tieback bond zone, making the apparent load transfer rates in that location too high. 

Once a tieback is locked off, the loss of load with time which has been observed 

for tiebacks installed in clay is likely the result of stress relaxation as well as creep 

(Weatherby 1982). Though soil stress relaxation is not as well defined as soil creep, some 

general conclusions can be made based on the research performed thus far. As is true for 

soil creep, the relationship between stress decay and the logarithm of time is generally 

linear, at least for up to 10,000 minutes of time. Stress relaxation appears to be closely 

related to soil creep in that the stress relaxation parameters are related to the creep 

parameters developed by Singh and Mitchell (1969). 
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Figure 5. Prestress loss-time graph for gravel placement tieback formed in London 
clay at Kilburn (after Littlejohn 1970). 

Ludwig, et al. (1983) commented that grout cracking was assumed to occur at a 

strain level of 200 microstrain.  Cracking in the grout occurred once the grout tensile 

strength was exceeded.  Ludwig, et al. (1985) reported that grout cracking was observed 

over most of the tieback length in a tieback unearthed at the same site reported in 

Ludwig, et al. (1983).  Once the grout cracked, Ludwig, et al. (1985) assumed that the 

difference in load between any two strain gauge locations is transferred entirely to the 

soil.  They did not calculate load transfer rates in sections where the grout had not 

cracked, because in that case at least a portion of the load is carried in shear within the 

grout itself. 
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Figure 6.  Distribution of strain in tieback 622-1 (after Ludwig et al. 1985). 

Note: 1 m = 3.28 ft, 1 kN = 224.8 lbs 

The interpretation of tieback creep measurements relative to the laboratory soil 

creep test behavior discussed previously (see figures 2 and 3 for examples of soil creep 

test results) is difficult.  This difficulty is the result of the rapidly decreasing tieback 

strain (and soil shear stress) level as a function of distance behind the front of the tieback 

bonded zone for a given tieback test load level.  For tieback creep testing and the criteria 

used as illustrated in Figure 4, primary and secondary creep rates are not analyzed 

separately as done by Sherif (1965). Instead, the creep rate is typically analyzed 

irrespective of the stage of creep (i.e., primary, secondary, and tertiary creep) as a 

function of the logarithm of time.  As shown in Figure 6, the soil shear stress level at the 
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grout-soil interface in the bonded zone as a function of distance behind the front of the 

tieback bonded zone varies, decreasing rapidly with distance behind the front of the 

tieback bonded zone.   

Therefore, the creep rate as measured at the anchor head during tieback creep 

testing is really a combination of the following: 

• The three stages of creep identified in laboratory soil creep testing, transitioning 

from primary to secondary to tertiary creep as time progresses during the load 

hold period and as the applied load increases; 

• Soil creep rates which vary along the length of the tieback bonded zone, with the 

highest creep rate near the front of the bonded zone, decreasing with distance 

behind the front of the bonded zone, resulting in the potential for multiple stages 

of soil creep along the grout-soil interface to occur simultaneously at a given 

tieback load level. 

It is likely that the critical creep tension determined from tieback tests is more of 

an indicator of when secondary, and possibly tertiary, soil creep begins to develop over a 

significant length of the bonded zone within a relatively short period of time. Therefore, 

the critical creep tension, Tc, may be more indicative of creep instability and potential for 

rapid failure rather than the creep limit below which creep failure will not occur. 
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TEST PROGRAM AND SITE CONDITIONS 

The test program and site conditions have been previously described in a report 

by Crowser, et al. (1984a). A summary of the test program and site conditions as 

presented in that report is described in the paragraphs which follow. 

The test site was selected to utilize one of the existing cylinder pile walls as a 

reaction for the tiebacks.  Figure 7 provides a detailed site plan which identifies the 

tieback and soil boring locations.  Figure 8 is a photo of the test site looking toward the 

12th Avenue bridge (i.e., looking southwest – see Figure 1). The rigid nature of the 3 m 

(10 ft) diameter reinforced concrete cylinder piles was assumed to eliminate the influence 

of backfill soil pressures and wall movements on the test tiebacks. Therefore, movement 

of the existing wall was not monitored.   

Two hollow-stem auger borings were drilled at the site in the vicinity of the test 

program tieback bonded zones to determine the nature of the soils present at the test site. 

Samples were obtained using the Standard Penetration Test (SPT) split-spoon sampler 

and thin wall Shelby tubes. Two cross-sections showing the location of the borings 

relative to the test program tiebacks and cylinder pile wall, with a summary of the boring 

logs, are shown in Figures 9 and 10. A description of the field exploration program and 

the detailed soil boring logs that were included in Crowser, et al. (1984a) are provided for 

convenience in Appendix A. 

Based on these two test borings, other nearby borings, and the geology of the 

area, the soil at the site consists of an over-consolidated, very stiff to hard, gray silt and 

clay, with clay, silt varves, and occasional lenses and layers of sand and scattered gravel, 

and with slickensides and fracture zones. This soil was likely deposited during an 

interglacial period in a marine environment and was subsequently overridden by one or 

more glaciations. These soils have low compressibility and do not tend to increase in 

strength over the depth of interest.  See the GDM (WSDOT 2019), Section 5.13.3, for 

additional information regarding this type of glacial deposit. 

Laboratory testing of the samples obtained from the two test borings included 

moisture content, Atterberg Limits, and unconsolidated undrained triaxial testing. The 

range of soil properties obtained from the laboratory and field test program are 
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summarized in Table 1. The laboratory test data is provided in Appendix B, as 

reproduced from Crowser, et al. (1984a) for convenience. 

 

 

Figure 7.  Tieback test site and exploration plan (adapted from Crowser, et al. 
1984a). 
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Figure 8.  Tieback test site, looking west toward the 12th Avenue Bridge. 

The test program tiebacks were installed on September 20 and 21, 1983, using a 

305 mm (12 inch) diameter LDH truck mounted continuous-flight auger. The actual 

drilled hole diameter ranged up to 360 mm (14 inches), which is typical for this drilling 

method. The tiebacks were installed at an angle of 25 to 30 degrees below horizontal. The 

average overall length of each tieback was approximately 17 m (56 ft).  The grouted 

tieback bonded length was approximately 6.1 m (20 ft), with a no load zone length of 

approximately 9.3 m (30.5 ft).  The tiebacks were also overdrilled approximately 1.5 m (5 

ft) to accommodate placement of an extensometer anchor beyond the end of the bonded 

zone. Twelve-inch diameter casing was installed in the no load zone.  A portion of the no 

load zone nearest the bonded zone, 4.6 m (15 ft) in length, was backfilled with a 

bentonite-sand mixture.  The remainder of the no load zone nearest the front of the 

tieback was left open (i.e., not backfilled).  The bars were installed and the tiebacks 

grouted using the open hole method without grout pressure. Centralizers were used to 

keep the bars centered in the each hole. 
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Figure 9.  Soil cross-section A-A for tieback test site (after Crowser, et al. 1984a). 
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Figure 10.  Soil cross-section B-B for tieback test site (after Crowser, et al. 1984a). 

The plan locations of the two tiebacks stressed to the ultimate tieback capacity, 

designated U-1 and U-2, and the seven tiebacks locked off for the purpose of long-term 
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monitoring, designated TB-1 through TB-7, are shown in Figure 7. Two 35 mm (1-3/8 

inch) diameter Dywidag bars each were installed in tiebacks U-1, U-2, and TB-6, but 

only one bar was used to carry the load for each of these tiebacks. This extra Dywidag 

bar was placed in these anchors to potentially facilitate taking the load high enough to 

achieve pullout of the tieback.  Only one 35 mm (1-3/8 inch) diameter Dywidag bar was 

installed and used to carry the load for the rest of the tiebacks. 

Table 1. Summary of soil properties at the long-term tieback test program site 
(adapted from Zipper, et al., 1985). 

No. of Tests Soil Property Mean Standard Deviation Performed 
Water Content (%) 14 36 2.4 
Atterberg Limits: 
• Liquid Limit (%) 14 56 8.8 
• Plastic Limit (%) 14 29 3.0 
• Plasticity Index (%) 14 27 6.9 
• Liquidity Index (%) 14 0.30a 0.14 

Unconsolidated, Undrained (UU) 
Triaxial Tests: 
• Shear Strength, c (kPa/psf) 5 187/3,900 76.6/1,600 
• Strain at Failure (%) 5 3.0 0.9 
• Wet Unit Weight (kN/m3/pcf) 5 18.4/117 0.11/0.69 

Standard Penetration Test N 
(uncorrected, blows/0.3 m)b 21 44 12.1 
aThis is equivalent to a consistency index of 0.70. 
bEquivalent to blows/ft. 

Soil caving was not reported to have occurred in any of the tieback holes during 

drilling or after tieback bar installation. The tieback holes were observed to be generally 

dry with occasional localized saturated zones. A saturated zone was encountered in the 

no-load zone of tieback TB-5. Flowing water exited this hole shortly after drilling and 

continued to flow into the open portion of the no load zone throughout the duration of 

this study.1 

Both tiebacks U-1 and U-2 were incrementally loaded, tested, and evaluated using 

the procedures outlined by Pfister, et.al. (1982) and Cheney (1984). These procedures are 

also included more recently in Sabatini, et al. (1999).  A summary of this procedure is as 

follows: 

1 Observations recorded in handwritten field notes.  No additional information about this was available. 
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1. Load the first tieback incrementally until tieback pullout (i.e., failure) occurs, 

as shown in Figure 4. Each load increment is approximately 10 percent of the 

expected failure load. Each load increment is held constant for 1 hour during 

which tieback creep is measured. 

2. Establish the critical creep tension, 0.9Tc′or Tc, as shown in Figure 4, for this 

tieback. 

3. Determine the ultimate working tension Tuw, defined as the maximum tension 

that results in an acceptable level of long-term creep, as 0.8Tc′ or 0.9Tc (Zipper 

et al., 1985). 

4. Load a second tieback incrementally to the ultimate working tension, Tuw, 

determined from the first test tieback, in increments of 10 percent of Tuw. 

Each load increment is held for 1 hour. Once Tuw is reached, the load is held 

for 72 hours and creep measurements taken. The load held for 72 hours may 

need to be lower than Tuw from the first test if the creep behavior observed 

indicates that the critical creep tension is being exceeded. 

5. Once the 72-hour hold period is complete, continue incrementally loading the 

tieback until failure occurs, or until the stress in the bar reaches 80 percent of 

the Guaranteed Ultimate Tensile Strength (GUTS) of the steel, whichever 

occurs first. 

6. Based on the results of the second test, use the lower of the following for the 

final ultimate working tension, Tuw: 

• Tuw from first test, or  

• The load used for the 72-hour creep test, if the creep rate obtained during 

the 72-hour creep test was less than 2 mm/log cycle (0.08 inches/log 

cycle) of time, and if the absolute displacement which occurs between the 

first and 72nd hour of the creep test is less than (0.0002)Li, where Li is the 

free unbounded length of the tieback.  

7. If these criteria were not met, then the next lower load level which results in a 

creep rate of less than 2 mm/log cycle (0.08 inches/log cycle) of time was used as 

the final Tuw. 
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The remaining seven test program tiebacks, TB-1 through TB-7, were 

incrementally loaded in 44 kN (10 kip) increments up to and locked off at selected 

percentages of the final Tuw obtained from tiebacks U-1 and U-2. The actual loads 

selected for the lock-off loads for tiebacks TB-1 through TB-7 are shown in Figure 7. 

Each load increment was held for 1 hour, except for tieback TB-6, in which the final load 

increment was held for 72 hours before being locked off, and monitored for creep. This 

procedure was performed to establish short-term creep behavior for each of the tiebacks. 



 

40 

ANCHOR INSTRUMENTATION AND INSTRUMENTATION 

PERFORMANCE 

Tieback instrumentation utilized for this study consisted of vibrating wire strain 

gauges, hydraulic load cells, and steel rod extensometers. Figure 11 shows the typical 

instrumentation layout for the tiebacks. 

Extensometers consisted of 6.4 mm (0.25 inch) stainless steel rod, 6.4 mm (0.25 

inch) IPS PVC protective pipe, a reference head attached to the waler, and a depth 

micrometer or dial gauge for measuring movement of the rods. Three extensometers were 

installed at each tieback. The end of one of the extensometers was anchored 0.6 to 0.9 m 

(2 to 3 ft) beyond the end of tieback Dywidag bar in high strength grout. The other two 

extensometers were anchored at each end of the tieback bonded zone.  The extensometers 

were attached to a No. 6 rebar anchor. 

Load cells consisted of total pressure hydraulic load cells with a capacity of 934 

kN (210 kips) and an inside diameter of 38 to 44 mm (1.5 to 1.75 inches). The load cells 

were installed on each tieback between the waler and the anchor head. Vibrating wire 

strain gages were micro-welded to each Dywidag bar. All tiebacks had one strain gauge 

welded to the bar within 1.5 to 3.0 (5 to 10 ft) of the face of the waler. Tiebacks U-1, U-

2, and TB-6 were each equipped with three additional strain gages spaced equally along 

the length of the bonded zone. 

Tieback creep was measured during short-term creep testing using a steel ruler 

graduated in hundredths of inches strapped to the end of the tieback bar and a surveying 

transit. Since the tiebacks were locked off during long-term creep testing, tieback creep 

during long-term creep testing could only be determined through the use of the 

extensometers, and through strain gauge data multiplied by the theoretical free length 

(i.e., un-bonded length) of the tieback, assuming that the change in strain in the bar with 

time is due entirely to tieback movement through the soil. A 9.3 m (30.5 ft) unbonded bar 

length was used for the tieback displacement calculations, with displacement calculated 

as Δ = εL, where L is the length of the unbonded portion of the tieback. Doing this 

resulted in 26 microstrain, as measured by the strain gauge, being equivalent to 0.25 mm 

(0.01 inches) of tieback displacement. 
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Figure 11.  Typical test program tieback and instrumentation details (Crowser, et al. 1984a). 
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Strain gauges, hydraulic load cells, and the jack pressure gauge measurements 

were used to determine the load in the tiebacks. The strain gauges welded to the Dywidag 

bar and hydraulic load cells were used to monitor both short-term and long-term load. 

The jack pressure gauge was also used to monitor tieback load, but only during tieback 

stressing. Calibration data for the load cells, jack pressure gauges, and strain gauges are 

included in Appendix C. 

To calibrate the strain gauges so that the strain readings could be used to 

determine tieback load, a portion of the Dywidag bar, with strain gauge attached, was 

tensile tested in isolation to establish the relationship between strain and load. The 

measured strain-load relationship for a strain gauge was approximately 20 microstrain per 

4.4 kN (1.0 kip) of applied load (Crowser et al. 1984a).  

For some of the tiebacks, to obtain load transfer data along the grouted (i.e., 

bonded) portion of the tieback, strain gauges were attached (i.e., welded) to the Dywidag 

bar (i.e., strain gauges 1, 2, and 3 in Figure 11) inside the grout.  As indicated by Ludwig, 

et al. (1983), the strain gauges in their test program were not used to assess load transfer 

rates until the grout cracked, which they assumed would occur once the strain the bar 

exceeded 200 microstrain.  Prior to grout cracking, some of the load would be carried in 

shear in the grout itself.  To assess this and to help with interpretation of the strain gauge 

readings within the bonded portion of the tiebacks, a laboratory test was conducted which 

consisted of a Dywidag bar with strain gauges welded to it placed inside a 305 mm (12 

inch) diameter cylinder of grout to simulate, as much as possible, the conditions that were 

present in the tiebacks installed at the test site.  Since an extra unstressed Dywidag bar 

was placed in the tiebacks, as described previously, an extra Dywidag bar, left unstressed, 

was also placed in this laboratory simulation.  A separate length of the same Dywidag 

bar, with strain gauges welded to both sides of the bar to account for bending, was tested 

in isolation (i.e., no grout around the bar) to provide a baseline for these tests.  

Figure 12 shows a summary of the average strain gauge measurements taken for 

the bar encapsulated by the 305 mm (12 inch) diameter grout column, as well as, for 

comparison purposes, the same test conducted for the bar without the grout 

encapsulation.  This laboratory simulation demonstrated that the rate of strain increase 

per 4.4 kN (1.0 kip) of load for the encapsulated bar was much less than the rate of strain 
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increase per incremental increase of applied load until a strain of 181 µε was achieved.  

At this strain level, the strain abruptly increased to 564 µε, and the increase was 

accompanied by a loud pop and a visible crack in the grout near the strain gauge location. 

 

Figure 12.  Laboratory test results for converting strain to load for strain gauges 
welded to a Dywidag bar with and without embedment in a 12 inch diameter grout

column. 
 

Note: 1 kN = 0.22 Kips 

Best fit regressions are used to characterize the relationship between the strain and 

load readings for strain gauges welded to the Dywidag bar encapsulated in grout (i.e., a 

polynomial regression before the grout cracked and a power curve regression after the 

grout cracked – see Appendix C), which are used in this test program to convert strain to 

load, considering the load carried in the grout column through grout shear. 

It must be noted that for this laboratory “calibration” test, it was not possible to 

fully model the bar and gauges within the grout column (i.e., tieback bonded zone) as 

they existed in the field. Only a 0.9 m (3 ft) length of grout column could be tested, 
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whereas the grout column for the tieback is 6.1 m (20 ft) long. Furthermore, the effect of 

the soil surrounding the grout on the stress distribution within grout and bar could also 

not be addressed in the “calibration” test. Therefore, the relationship between load and 

strain determined from the calibration test for the gauges attached to the portion of the 

bar within the grout can only be considered to be reasonable approximation. 

Based on this testing, the assumption used by Ludwig, et al. (1983) that grout 

cracking occurred at approximately 200 µε was not too far off, especially considering the 

presence of the extra Dywidag bar in the grouted column used in this laboratory 

simulation. Also notable based on the test results provided in Figure 12 and Appendix C 

is that once the grout cracked, the rate of strain increase per incremental increase of 

applied load measured by the strain gauges welded to the bar, was approximately the 

same as was measured for the bar in isolation (i.e., without grout encapsulation).  The in-

isolation test of the strain gauges welded to the same bar resulted in a rate of 4.31 µε/kN 

(19.2 µε/kip), which was about the same as the rate for the encapsulated bar after the 

grout cracking occurred (i.e., 4.34 µε/kN or 19.3 µε/kip).  The in-isolation rate of 4.31 

µε/kN (19.2 µε/kip) was slightly lower rate than the in-isolation rate obtained from the 

tests conducted by Crowser, et al. (1984a) for a strain gauge welded to a Dywidag bar 

(see Figure 12 and Appendix C).  From this, other than the offset of 136 µε, the grout 

encapsulated bar behaved as if the grout was not present regarding the rate of strain 

increase per incremental increase of applied load once the grout cracked. 

Crowser, et al. (1984a) relied on the hydraulic load cells to determine loads 

during incremental loading for short-term pullout tests and up to application of the long-

term lock off load for long-term tieback tests.  They then used strain gauge readings 

converted to load based on laboratory strain gauge calibration tests to assess load and 

creep rates during load holds and long-term after lock off because of erratic behavior of 

the hydraulic load cells when maintaining a constant load.  They attributed the erratic 

load cell behavior to the potential effect of temperature fluctuations on load cell readings.   

Review of the original data suggests that the strain gauges and jack pressure 

gauge yielded the most accurate measurement of tieback loads, with jack pressure gauge 

typically indicating slightly higher loads than the loads estimated using the strain gauge 

readings.  The typical difference between the strain gauge estimated loads, converted to 
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load using the laboratory calibration tests, and the jack pressure gauge for each tieback 

varied from 2 to 15 percent of the load. The strain gauge readings were not significantly 

affected by temperature fluctuations. 

The hydraulic load cells tended to show tieback loads which were 15 to 45 

percent below the loads indicated by the strain gauges during both the incremental 

loading and at lock off. The hydraulic load cells also behaved erratically during the long-

term testing. Review of the instrumentation data appears to confirm that the long-term 

erratic behavior of the load cells may be due, at least in part, to temperature fluctuations. 

The hydraulic load cell data, therefore, was considered as a secondary measurement 

system useful only for assessing general trends.  

The consistency between the loads from the jack pressure gauge and the strain 

gauges converted to load cannot be ignored. It must therefore be concluded that the strain 

gauges be considered to provide the most accurate measure of load, and be considered to 

be the primary load measuring system.  In some cases, this results in a measured tieback 

load that was as little as a few kN (kips) to as much as 90 to 130 kN (20 to 30 kips) 

higher than reported by Crowser, et al. (1984a). 

Bending of the strain gauges due to the tieback bar bending under its own weight 

at very low tieback loads (i.e., on the order of 22 to 44 kN, or  5 to 10 kips) did cause 

some problems in interpretation of the tieback loads measured. The effect of this bending 

appeared to be insignificant at loads above 44 to 67 kN (10 to 15 kips) based on field 

observations and considering that the tiebacks were preloaded to reduce any bends in the 

bars prior to the test. The difficulty that bar bending introduced to interpreting bar tension 

at low loads was overcome by extrapolating from the strain gauge reading at a load of 44 

to 88 kN (10 to 20 kips) to the strain gauge reading at zero load assuming that 20 με is 

equal to 4.4 kN (1.0 kips) (see Appendix C, Table C-4). The load at 44 to 88 kN (10 to 20 

kips) was determined using the jack pressure gauge. Good correlation between the strain 

gauges and the jack pressure gauge was obtained at loads higher than 44 to 88 kN (10 to 

20 kips). 

The strain gauge attached to tieback TB-5 sometimes behaved erratically but 

seemed to give realistic data after applying a strong blow to the end of the bar. This 

erratic behavior was likely due to poor alignment between the pickup sensor and the 
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gauge itself1. This poor alignment causes the gauge to need more excitation voltage than 

normal which causes the readings to be unstable. Once a stable reading is obtained by 

hitting the bar, which realigns the pickup sensor, the reading should be reasonably 

accurate. All strain gauge data for tieback TB-5 was obtained after hitting the end of the 

bar. There were times, however, when a completely stable reading was not obtainable. 

Over the long-term, variation in the strain gauge readings was found to be only ±2 

to 3 microstrain. The temperature variations observed at the gauges could account for this 

variation. Larger variations in the readings occurred during the last two years of the test 

period, but the cause of these variations was not gauge malfunction, as discussed later. 

Long-term laboratory studies performed by the gauge manufacturer show that the gauges 

are not susceptible to moisture2. These manufacturer studies also showed that zero drift, 

which is caused by creep of the gauge itself, should be no more than 8 microstrain per 

year. Gauge zero drift would cause the load loss and/or tieback creep measured to be 

greater than the actual load loss or tieback creep. An 8 microstrain per year zero drift 

would cause the measured tieback creep rates to be no more than 0.1 mm/log time (0.004 

inches/log time) too high, assuming 26 με equals 0.25 mm (0.01 inches) of tieback creep 

deflection. Therefore, the effect of zero drift is practically insignificant. Stress relaxation 

in the bar tendon itself would affect the creep rates measured in a similar manner as 

gauge zero drift. Since the bars are loaded to only a small percentage of their ultimate 

strength, steel creep would also be practically insignificant. 

Crowser, et al. (1984a) indicated that the extensometers did not appear to provide 

suitable data to monitor tieback displacement based on the measurements obtained during 

the short-term tieback loading. This was likely due to the combination of accuracy of the 

measurement device itself, temperature effects, and potential small movement of the 

waler and cylinder pile wall.  However, it does appear that this data may be useful for 

qualitative confirmation of trends in the data with time. 

                                                             
2 Erik Mikkelsen, SINCO (Slope Indicator Company), Seattle, Washington, Personal Communication, 
January 14, 1988. 
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RESULTS 

Careful creep testing is required if the soil plasticity index is greater than 20 

(Bureau Securitas, 1977). Also, the creep rate criteria of 2.0 mm/log cycle (0.08 

inches/log cycle) of time may not be applicable if the consistency index is less than 0.9 

and the liquid limit is greater than 50 (Deutsche Industrie Norm, 1976). Considering that 

the soil at the long-term tieback test site, on average, has a plasticity index of 27, a 

consistency index of 0.70, and a liquid limit of 56, creep rate of 2 mm/log cycle (0.08 

inches/log cycle) of time may not be applicable for the tiebacks at the test site, at least 

based on the general soil indicators. The test results presented in this section provide the 

data that can be used to assess whether or not a maximum creep rate less than 2 mm/log 

cycle (0.08 inches/log cycle) should be considered for low pressure grouted tiebacks in 

clayey soils similar to those encountered at the test site. 

Short-Term Tieback Anchor (Pullout) Test Results 
This section provides results from the short-term testing of the tiebacks used for 

the long-term tieback test program, which provides the basis for the long-term tieback 

testing and monitoring.  Additionally, this section summarizes the results of short-term 

pullout and creep testing of tiebacks installed as part of the subsequent construction 

contract which included the construction of several permanent tieback walls.  The long-

term tieback test program results as reported in Crowser, et al. (1984a) were used as the 

basis for the design of the production anchors installed as part of that construction 

contract.  The tieback tests conducted as part of the construction contract for the 

production walls were used to confirm, and adjust as necessary, the design capacity used 

by the contractor for the production tiebacks, as the final tieback design depends on the 

details of the anchor sizing and installation technique(s) used by the contractor for the 

construction of the tieback walls. 

The detailed data from the short-term testing conducted for the long-term tieback 

test program as well as the pullout testing conducted as part of the subsequent 

construction contract are provided in Appendix D.  These data were used to develop the 

plots and tables included in the sections that follow. 
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Long-Term Tieback Test Program Short-Term Test Results: 

The load-displacement curves for the two tiebacks tested to failure, tiebacks U-1 

and U-2, are shown in Figure 13. The pullout load was 629 kN (141 kips) for U-1 and 

603 kN (136 kips) for U-2. The average soil/gout bond stress for the bonded length of the 

two tiebacks is 106 kPa (2210 psf), which is significantly less than the undrained peak 

shear strength for the soil at this site of 190 kPa (3900 psf). This reduced soil adhesion 

relative to the peak strength of the soil is consistent with what has been observed by other 

researchers (Pfister et al., 1982; Zipper et al., 1982).  Note that because the strain gauge 

measurements, converted to load, are used in this report for determining the loads applied 

to the tiebacks, load levels reported herein are typically 44.5 to 89 kN (10 to 20 kips) 

higher than reported in Zipper et al. (1985) and Crowser, et al. (1984a). 

 

Figure 13.  Load-displacement curves for pullout testing of tiebacks U-1 and U-2. 

The creep measured during the 1 hour load hold periods was linear when plotted 

against the log of time at loads below 500 kN (110 kips) for Tieback U-1 and below 383 

kN (86 kips) for Tieback U-2. These loads correspond to an average soil/grout bond 

stress of 86 kPa (1800 psf) and 66 kPa (1380 psf) for tiebacks U-1 and U-2, respectively.  
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Creep rates were generally less than 0.75 mm/log cycle (0.03 inches/log cycle) of time 

below these loads as well. Figures 14 and 15 show the tieback deflection versus time at 

all load levels for tiebacks U-1 and U-2. 

For Tieback U-2, the 72-hour load hold, to assess the creep potential for the 

tieback, was begun at a load level of 385 kN (87 kips).  After about one hour, the load 

was increased to 422 kN (95 kips), then after approximately one additional hour, the load 

level was dropped back down to 382 kN (86 kips) with the intention of leaving the 

tieback at this load level for the rest of the 72-hour creep test.  However, due to a 

malfunction in the jack during the 72-hour load hold for Tieback U-2, the tieback load 

jumped up to a load which was 190 kN (42 Kips) higher than the original load for a 

period of approximately 2 hours, resulting in a total load during that time of 570 kN (128 

kips).  Once the malfunction was discovered, the load was brought down to its original 

level of approximately 380 kN (85 kips) and then incrementally loaded until pullout was 

obtained. Due to this malfunction, the complexity of the loading history made 

interpretation of the creep data difficult for loads at and above the 72-hour creep test load 

level.  However, this did provide the opportunity to see how tieback stress history can 

affect tieback creep.  
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Figure 14.  Measured anchor head creep at each tested load level for Tieback U-1. 

 

Figure 15.  Measured anchor head creep at each tested load level for Tieback U-2. 

The critical creep tension Tc and ultimate working tension Tuw were determined 

using the procedure previously described, which utilizes the relationship between the 
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logarithmic tieback creep rate and load level. The relationship between logarithmic 

tieback creep rate and load level for tiebacks U-1, U-2, and TB-6 is shown in Figure 16, 

and the selection of the critical creep tension Tc for tiebacks U-1 and U-2 is illustrated in 

Figure 17.3  To facilitate later comparison to other pullout tests in which different tieback 

bond lengths and diameters were used, the tieback loads in Figure 17 are expressed as an 

average bond stress, using the tieback bond zone length of 6.1 m (20 ft) and tieback 

diameter of 0.305 m (12 in.) to calculate the tieback bond zone surface area.  Creep rates 

were calculated using the last decade of time during each load hold (e.g., at 6 and 60 

minutes during incremental loading, and at 420 to 4,200 minutes for the 72-hour test). 

 
Figure 16.  Creep rate as a function of load level for pullout testing of tiebacks U-1, 

U-2, and TB-6. 

 

                                                             
3 There is judgment involved in selecting the tangent lines.  The interpretation of T’c was kept consistent 
with the original interpretation in the preliminary reports and papers published back in the early 1980s as 
much as possible. 
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Figure 17.  Determination of the critical creep tension Tc for (a) Tieback U-1, and 
(b) Tieback U-2. 
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The creep rate measured during the 72-hour load hold for U-2, split between the 

portion of the load hold before the overload and the portion after the overload, and TB-6, 

are also shown in Figure 16.  These longer-term creep rates did not exceed the USA creep 

criterion used to accept tieback tiebacks. 

The critical creep tension for Tieback U-1 was based onTc′, as Tc could not be 

accurately determined.  Therefore, Tc was determined using 90% of Tc′, equal to 450 kN 

(100 kips), which corresponds to an average soil/grout bond stress of 77 kPa (1600 psf).  

Tuw, which is equal to 90% of Tc, is equal to 69 kPa (1440 psf). The critical creep tension 

of 450 kN (100 kips) corresponds to a load level of 71 percent of the pullout strength, 

which is a little lower than what was obtained by Ludwig, et al. (1983, 1985) for straight-

shafted, low-pressure-grouted tiebacks installed in stiff clay. 

Because of the overload that occurred during the 72-hour creep test for Tieback 

U-2, as shown in figures 13, 16 and 17, the critical creep tension was somewhat difficult 

to interpret for Tieback U-2.  As shown in Figure 17, the critical creep tension, Tc, for 

Tieback U-2 was determined for pre-overload and post-overload conditions.  Pre-

overload, Tc was equal to 300 kN (67 kips), which corresponds to an average soil/grout 

bond stress of 51 kPa (1070 psf). Post-overload, Tc was equal to 400 kN (90 kips), which 

corresponds an average soil/grout bond stress of 69 kPa (1440 psf).  Therefore, had the 

overload not occurred, Tc for Tieback U-2 was significantly lower than Tc for Tieback U-

1.  The critical creep tension for Tieback U-2 is 49 percent of the pullout load pre-

overload and 66 percent of the pullout load post-overload.  Tuw, which is equal to 90% of 

Tc, is therefore equal to 46 kPa (960 psf) pre-overload and 62 kPa (1300 psf) post-

overload.  

As can be seen in figures 15, 16 and 17, the tieback creep behavior obtained after 

the overload occurred was affected until the load level was approximately equal to or 

greater than the magnitude of the overload, at least within the short time (i.e. 45 minutes) 

each load increment was held.  Because of this, a second 72-hr creep test was conducted 

using tieback TB-6 before it was locked off for long-term monitoring.  As shown in 

Figure 16, though the test load in tieback TB-6 was not carried high enough to reliably 

determine Tc, Tc for Tieback TB-6 is likely to be significantly lower than observed in 

tiebacks U-1 and U-2.  For TB-6, Tc must be assumed to be no greater than 48 kPa, 
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which is the limit of the available data.  This indicates that Tc for Tieback U-2 should be 

based on the pre-overload behavior.  Therefore, Tc for U-1 and U-2 is equal to 77 kPa (17 

kips) and 51 kPa (11 kips), respectively.  Tuw for these three tiebacks in terms of average 

soil-grout bond stress, is therefore 50 kPa (11 kips), 46 kPa (10 kips), and 43 kPa (9.7 

kips), respectively.  Tuw in terms of average soil/grout bond stress of 46 kPa (960 psf), 

which corresponds to a tieback load of 267 kN (60 kips) was selected as the final value to 

be used as the basis for establishing loads for the long-term tieback testing. 

Production Wall Tieback Pullout Tests for Nearby Construction Contract: 

Subsequent construction of tieback walls to enable widening of Interstate 90 east 

of Interstate 5 in Seattle occurred below and to the east of the long-term tieback test site.  

Additional pullout tests on tiebacks installed using low pressure grouting were conducted 

as part of the construction contract to confirm design values selected based on the 

preliminary results from the long-term tieback test program.  These additional tieback 

pullout tests were associated with Walls 1 and 2, and their location in plan view relative 

to the long-term tieback test site is as shown in Figure 1 (existing cylinder pile wall CP-

W-2 was used as the reaction for these additional pullout tests).  Note that the report 

cover photo shows the installation of one of the additional tieback pullout tests used to 

size the tiebacks for the production walls.  A photograph of the wall construction (Figure 

18) shows the walls under construction and their location relative to the long-term tieback 

test site.  This portion of the research report summarizes the results of the production wall 

tieback pullout tests and compares them to the results from the long-term tieback test 

program. 

In addition to old fill near the ground surface, two soil units were encountered in 

the vicinity of the production walls:  a) the Older Marine clays, and b) the Vashon 

Unsorted soils.  Properties of the soils encountered in the location of the production walls 

are summarized in Table 2. 

For the Older Marine deposit, the properties obtained from these test results are 

reasonably consistent with the properties of soil samples taken at the location of the long-

term tieback test program (i.e., in comparison to Table 1).  The average SPT N-value for 

the Older Marine deposit in the vicinity of the production walls was 32 blows/0.3 m, and 
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ranged from 10 to over 100 blows/0.3 m (Crowser, et al., 1984b).  However, based on a 

review of the available boring logs, it is likely that the lowest blow counts are actually 

within the Vashon Unsorted unit or otherwise disturbed zones within the Older Marine 

unit.  Blow counts of 20 blows/0.3 m or more are typical for this soil unit.  That being the 

case, the average blow count for this soil unit reported by Crowser, et al. (1984b) was 

likely too low.  At the long-term tieback test program site, based on the borings presented 

in figures 9 and 10, the SPT N-value averaged 43.7 blows/0.3 m, and ranged from 22 to 

66 blows/0.3 m.   

 

Figure 18.  Walls 1 and 2 (plus others) under construction (red ellipse shows 
location of long-term tieback test site). 

Available tieback pullout resistance for the Vashon Unsorted soil unit was not 

investigated as part of the long-term tieback test program.  This soil unit consisted of 

ancient landslide debris composed disturbed blocks of the same clay as found at the 

tieback test program site, but with lenses and seams of coarse grained material between 
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the blocks, described in WSDOT (2019) as a glacially overconsolidated paleolandslide 

deposit (see Section 5.13.3 of that manual, especially figures 5-3 and 5-4). The coarse 

grained material in the seams often was water bearing. The Vashon Unsorted deposit 

plasticity indices tended to be lower (i.e., less plastic) than the Older Marine deposit.  

SPT N-values in this soil unit also tended to be approximately the same as the Older 

Marine deposit on average, but due to its disturbed nature were also more variable than 

for the Older Marine deposit, ranging from 5 to more than 100 blows/0.3 m (Crowser, et 

al. 1984b). 

Table 3 provides a summary of the pullout test tieback dimensions and soil units 

in which they were installed.  To provide a common basis for comparison of test results, 

since a range of tieback diameters (0.305 to 0.406 m, or 12 to 16 inches) and bond zone 

lengths (6 to 11.6 m, or 20 to 38 ft) were used for these tests, the average bond zone 

soil/grout interface stress was used rather than the tieback load applied.   

Table 2.  Summary of soil properties at the location of the production tieback walls. 

Soil Property OM OM OM VU VU VU 

*Wall 2 vicinity: No. of Tests 
Performed Mean Standard 

Deviation 
No. of Tests 
Performed Mean Standard 

Deviation 
Water Content (%) 3 37.7 1.2 14 35.6 6.5 
Atterberg Limits: 20      
• Liquid Limit (%) 20 64.4 9.9 15 57.1 15.4 
• Plastic Limit (%) 20 29.6 2.5 15 26.9 4.0 
• Plasticity Index (%) 20 34.8 9.6 15 30.3 11.9 

Crowser, et al. (1984b), 
Walls 1 and 2 vicinity: 

No. of Tests 
Performed Mean Range No. of Tests 

Performed Mean Range 

Water Content 38 39 16-46 22 31 15-47 
Atterberg Limits:       
• Liquid Limit (%) 38 55 30-74 22 46 22-67 
• Plasticity Index (%) 38 31 10-47 22 21 7-44 

*Data from construction project testing; OM = Older Marine; VU = Vashon Unsorted. 

The results of the tests performed on the tiebacks installed for the construction 

project are provided in figures 19 and 20. These additional pullout tests were conducted 

using the same test procedures as were used for long-term test program tiebacks U-1 and 

U-2. Detailed creep data which form the basis for figures 19 and 20 are included in 

Appendix D. 
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Table 3.  Summary of pullout test tieback dimensions and soil units tested. 

Tieback Tieback Tieback Bond Pullout Test Soil Unit Along Bond Installation Diameter Zone Length Designation Zone Method (mm/in.) (m/ft) 

P-OMC-HAM-U-1 
Hollowstem auger 

method (not 
pressure grouted) 

406/16.0 6.1/20 
Older Marine Clay 

(overridden by one or more 
glaciations) 

P-OMC-HAM-U-2 
Hollowstem auger 

method (not 
pressure grouted) 

406/16.0 6.6/21.8 
Older Marine Clay 

(overridden by one or more 
glaciations) 

P-OMC-OHM-U-1 
Open Hole Method 

(not pressure 
grouted) 

406/16.0 8.4/27.5 
Older Marine Clay 

(overridden by one or more 
glaciations) 

P-OMC-OHM-U-2 
Open Hole Method 

(not pressure 
grouted) 

406/16.0 9.1/30 
Older Marine Clay 

(overridden by one or more 
glaciations) 

P-VU-HAM-U-1 
Hollowstem auger 

method (not 
pressure grouted) 

406/16.0 11.6/38 
Vashon Unsorted (partially 

overridden/consolidated 
clay paleolandslide debris 

P-VU-HAM-U-2 
Hollowstem auger 

method (not 
pressure grouted) 

406/16.0 11.6/38 
Vashon Unsorted (partially 

overridden/consolidated 
clay paleolandslide debris 

Figure 19 provides the load-displacement curves for both the production wall 

tieback pullout tests and the long-term tieback test program pullout tests.  Part (a) of 

Figure 19 summarizes all the pullout tests in the glacially overridden marine clay (Older 

Marine Clay, or OMC), and part (b) summarizes the available pullout tests in partially 

overridden paleolandslide debris (Vashon Unsorted, or VU) as compared to the test 

results in the Older Marine Clay.   

For the tiebacks in the Older Marine Clay, the bond stress – displacement curves 

were fairly consistent with regard to peak pullout capacity, especially for the same 

tieback installation method (i.e., open hole low grout pressure method or hollow stem 

auger method).  For the available tests, the open hole method tended to produce higher 

pullout capacities than the hollow stem auger method. 
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Figure 19. Load-displacement curves for pullout testing of tiebacks U-1 and U-2 
(long-term test program), plus pullout testing of tiebacks for the production walls 

installed under a construction contract. 
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Figure 20.  Tieback creep as a function of soil/grout bond stress:  (a) pullout tests 

without 72-hour creep test, (b) pullout tests with 72-hour creep test. 

Another set of two tiebacks (P-VU-HAM-U-1 and P-VU-HAM-U-2) were 

installed and tested for the same construction project in the vicinity of the tieback test 



 

60 

program, but in the Vashon Unsorted soil unit, using the hollow stem auger method. 

Seepage was encountered during drilling of the two ultimate test tiebacks installed in this 

(i.e., the Vashon Unsorted) material. The installation process caused considerable 

disturbance to and mixing of water with the soil in the tieback hole because of the 

construction difficulties caused by the water flow. The results of the tieback testing for 

these two tiebacks are shown in Figure 19, Part (b). The results from one of the tieback 

tests in the Vashon Unsorted unit were consistent with the test results for tiebacks 

installed in the Older Marine Clay.  However, the other Vashon Unsorted tieback test 

exhibited much lower pullout resistance than the rest of the tiebacks, possibly reflecting 

the more variable nature of that soil unit plus the influence of water in the drilled tieback 

hole.4 

Figure 20 provides the measured creep rates for the tiebacks as a function of 

soil/grout bond stress.  Pullout test tiebacks are done in pairs, one without a 72-hour load 

hold creep test, and one with a 72-hour load hold creep test.  Part (a) of Figure 20 

summarizes the results for the tests that do not include a 72-hour creep test.  While there 

is scatter in the creep rates, there is a reasonable degree of consistency, even for the two 

soil units represented in these data.  Part (b) of Figure 20 summarizes the results for the 

tests that include a 72-hour creep test.  Again, creep rates were calculated using the last 

decade of time during each load hold (e.g., at 6 to 60 minutes, or at the end of the 72-hour 

test, 420 to 4,200 minutes). The test results are less consistent as compared to the tests 

without the 72-hour creep test.  Part of this inconsistency is due to the fact that the creep 

rate tended to be significantly reduced after the 72-hour creep test for load levels near and 

above the load level used to conduct the 72-hour creep test.  The drop in creep rate for the 

60-minute load hold after the 72-hour test varied from 15% to 90% of the 72-hour creep 

rate.   

Table 4 summarizes the measured creep rates during the 72-hour creep tests. 

Creep rates measured during the last decade of time for the 72-hour creep tests were 

generally higher than the creep rates measured during the first 60 minutes for the intact 

                                                             
4 Field notes were limited regarding the details of the presence of water in the tieback holes.  However, 
the extreme difference in the test results between the two anchors in the Vashon Unsorted unit cannot 
be explained with soil variability alone.  Presence of water had a significant influence. 
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Older Marine Clay but were less than the typical USA creep rate criterion.  However, for 

the test in the disturbed Vashon Unsorted deposit, the measured creep rate in the last 

decade of time up to 72 hours was 2.7 mm/log cycle (0.11 in./log cycle) of time, which 

exceeded the typical USA criterion. 

Table 4.  Summary of measured creep rates during 72-hr load hold for long-term 
test program and production tieback ultimate (i.e., pullout) tests. 

Tieback Ave. Soil- a1-hr a6-hr a12-hr a24-hr a72-hr Tieback hr Desig- Grout Bond Creep Creep Creep Creep Creep Test Source Creep nation Stress (kPa) Rate Rate rate Rate rate Rate 

a9,000-

Long-term 
test program 

U-2 before 
overload 65.6 0.025 

(0.001) 
0.025 

(0.001) 
0.025 

(0.001) 
0.48 

(0.019) 
+1.4 

(0.056) -- 

Long-term 
test program 

U-2 after 
overload 65.6 0.025 

(0.001) 
0.025 

(0.001) 
0.25 

(0.01) -- -- -- 

Long-term 
test program TB-6  47.9 0.23 

(0.0091) 
0.29 

(0.011) 
0.42 

(0.017) 
0.51 

(0.02) 
1.38 

(0.054) 
*1.51 

(0.0594) 
*Production 
tieback tests 

P-OMC-
HAM-U-2 39.4 0.74 

(0.029) 
0.15 

(0.006) 
0.025 

(0.001) 
0.14 

(0.006) 
0.95 

(0.037) -- 

*Production 
tieback tests 

P-OMC-
OHM-U-2 31.5 0.45 

(0.018) 
0.19 

(0.008) 
0.23 

(0.009) 
0.12 

(0.005) 
0.61 

(0.024) -- 

*Production 
tieback tests 

P-VU-
HAM-U-2 25.3 0.53 

(0.021) 
0.19 

(0.008) 
1.5 

(0.058) 
2.5 

(0.10) 
2.7 

(0.11) -- 

*Measured during long-term lock-off (see the next section of this report). 
+Measured at 28 hours (just before overload). 
aCreep Rate units: mm/log cycle (in./log cycle) of time 

Note that for Tieback U-2, almost no creep was observed until the end of the first 

24 hours of the load hold.  As can be seen in Figure 15, a relatively short period of load 

higher than the load used for the 72-hour occurred before the 72-hour load hold.  It 

appears that this previous stress history affected the measured creep rate during at least 

the first 12 hours of the 72-hour load hold.  For Tieback TB-6, there is a more steady 

increase in the creep rate as time progressed during the 72-hour load hold, with the 1-

hour creep rate at only 17% of the creep rate at 72 hours.  At 24 hours, the creep rate for 

TB-6 was still only 37 percent of the 72-hour creep rate.   

For the other 72-hour creep tests in the Older Marine (intact) clay (i.e., the tieback 

pullout tests conducted for the production walls), the creep rate at 1 hour was 

approximately 75 percent of the creep rate at 72 hours, and between 1 hour and 72 hours, 

the creep rate was less than the rate measured at one hour.  For these other 72-hour creep 

tests, the average soil-grout bond stress tested was much lower than the stress levels used 
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for tieback U-2 and TB-6.  At these lower stress levels, primary soil creep dominated the 

tieback bond zone behavior, resulting in log-linear creep for most of the 72-hour time 

period.  However, for the tieback in the Vashon Unsorted (disturbed) clay, the creep rate 

at 1 hour was only 20% of the 72-hour creep rate.  The 12-hour creep rate was 55% of the 

72-hour creep rate, and the 24-hour creep rate for the Vashon Unsorted tieback was over 

90% of the 72-hour creep rate.  These observations may have implications regarding the 

length of time required for production tieback creep testing for acceptance purposes. 

Table 5 provides a summary of the Tc and Tuw values in terms of tieback 

soil/grout bond stress for both the long-term tieback test program pullout tests and the 

production walls.  Figure 17 demonstrates how these values were determined for the 

long-term tieback test program results, and similar figures are provided in Appendix D 

for the pullout tests conducted for the production walls. 

The results from the production tieback pullout/creep tests were used to help 

verify the specific tieback design that was used by the contractor for the tieback walls to 

be constructed as part of the construction contract.  For production Wall 1, the contractor 

used an allowable soil/grout bond stress of 30.7 kPa (640 psf) to size the tiebacks, based 

on the observed Tuw values from the production tieback pullout testing as shown in Table 

5, which ranged from 40 to 73 kPa (840 to 1,500 psf) for intact Older Marine clay.   

Reducing the minimum value of Tuw obtained for intact Older Marine Clay by a 

safety factor of 1.5 yielded the design value chosen by the contractor.  This is consistent 

with recommendations by Crowser, et al. (1984b), in that they recommended a design 

soil/grout stress of 31.1 kPa (650 psf), which was also based on a typical safety factor of 

1.5 applied to the Tuw values obtained from the pullout testing, which ranged from 46 to 

69 kPa (960 to 1,400 psf) as shown in Table 5.  Tuw values for the test tiebacks in the 

Vashon Unsorted deposit were generally lower and more inconsistent than was the case 

for Older Marine Clay, ranging from 25 to 490 kPa (520 to 1,000 psf). 
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Table 5. Summary of 1-hour creep rates and soil bond stresses obtained at Tc and 
Tuw for long-term test program and production tieback ultimate (i.e., pullout) tests. 

  Tc Tc Tuw Tuw  
Average Creep Rate Average Creep Rate aAverage Tieback Tieback Bond (mm/log cycle Bond (mm/log cycle Pullout Test Designation Stress time / in./log Stress time / in./log Stress Source (kPa/psf) cycle time) (kPa/psf) cycle time) (kPa/psf) 

Long-term 
program U-1 77/1,600 0.48/0.019 69/1,400 0.48/0.019 108/2,260 

Long-term 
program 

U-2 before 
overload (includes 
72-hr load hold) 

51/1,100 0.025/0.001 46/960 0.025/0.001 103/2,150 

Long-term 
program 

U-2 after overload 
(includes 72-hr 

load hold) 
69/1,400 0.35/0.014 62/1,300 0.025/0.001 103/2,150 

*Production 
tieback 

P-OMC-HAM-U-
1 44/920 0.37/0.015 40/840 0.35/0.014 86.5/1,810 

*Production 
tieback 

P-OMC-HAM-U-
2 (includes 72-hr 

load hold) 
53+/1,100+ 0.37/0.015 48/1,000 0.37/0.015 

Max. bond 
stress = 
88/1,800 

*Production 
tieback 

P-OMC-OHM-U-
1 81/1,700 1.80/0.071 73/1,500 0.69/0.027 110/2,300 

*Production 
tieback 

P-OMC-OHM-U-
2 (includes 72-hr 

load hold) 
55+/1,100 0.24/0.0095 50/1,000 0.23/0.0091 

Max. bond 
stress = 
92/1,920 

*Production 
tieback 

P-VU-HAM-U-1 
54/1,100 0.52/0.020 49/1,000 0.41/0.016 

Max. bond 
stress = 

86.8/1,810 
*Production 

tieback 
P-VU-HAM-U-2 
(includes 72-hr 

load hold) 
28/590 0.51/0.020 25/520 0.49/0.019 50.6/1,060 

*All production tieback tests are located below Wall 1 and used an existing cylinder pile wall to pull 
against (see Figure 1). 
+Used Tc = 0.6Tmax because there was no change in slope of the curve, nor was pullout achieved. 
a “Max. bond stress” means that pullout was not achieved. 

The “standard” creep criterion of 2 mm/log cycle of time (0.08 inches/log cycle of 

time) was used for tieback acceptance purposes when conducting proof and performance 

tests during tieback wall construction.  Due to variability of the intact glacially 

consolidated (i.e., Older Marine) clay and the partially reconsolidated landslide deposits 

(i.e., Vashon Unsorted), a significant number of production tiebacks did not pass this 

standard creep criterion.  Factors believed to have contributed to the tiebacks not passing 

this acceptance criterion included encountering water bearing sand seams within the 

undisturbed (i.e., intact) Older Marine clay and disturbed Vashon Unsorted deposit, 

encountering caving conditions, especially in the Vashon Unsorted deposit, and 
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contractor error (e.g., having too much head loss in the lines supplying the grout to the 

tieback holes or grout that was too wet).  

Long-Term Monitoring Results 
The seven tiebacks TB-1 through TB-7 were loaded incrementally to various 

percentages of Tuw, which was equal to 270 kN (60 kips), or an average bond stress of 46 

kPa (960 psf), resulting in the lock-off loads shown in Figure 7. Percentages varied as 

summarized in Table 6. 

Each load increment was held for up to 60 minutes as was done for tiebacks U-1 

and U-2, except that the highest load increment for tieback TB-6 was held for 72 hours 

before loading up to the final lock-off load. 

Table 6.  Summary of long-term lock-off loads for tiebacks included in the long-
term tieback test program. 

% of % of Average Soil-Grout Tieback Tieback Lock-Off Load Tuw Tult* Bond Stress (kPa) 
TB-1 117% 51% 312 kN (70.2 kips) 53.6 kPa (1120 psf) 
TB-2 86% 37% 229 kN (51.5 kips) 39.3 kPa (821 psf) 
TB-3 105% 45% 281 kN (63.1 kips) 48.2 kPa (1007 psf) 
TB-4 139% 60% 370 kN (83.2 kips) 63.5 kPa (1330 psf) 
TB-5 44% 19% 117 kN (26.2 kips) 20.0 kPa (418 psf) 
TB-6 157% 68% 420 kN (94.4 kips) 72.1 kPa (1506 psf) 
TB-7 41% 18% 108 kN (24.3 kips) 18.6 kPa (389 psf) 

*The tieback ultimate pullout resistance, based on U-1 and U-2, was 106 kPa (2210 psf). 

There were some other deviations in the short-term loading sequence for tieback 

TB-6, as well as for tiebacks TB-1, TB-4, TB-5, and TB-7. These deviations are 

summarized in Table 7.  Tieback TB-6, after the 72-hour creep test, was for the most part 

unloaded, then quickly reloaded to lock-off. Before the 72-hour creep test on TB-6, the 

load cell, jack pressure gauge, and the strain gauges were generally in agreement. In the 

final loading sequence to lock-off, however, the load cell recorded significantly less load 

than the jack pressure gauge and the strain gauge.  Since the jack pressure and strain 

gauge were generally in agreement, it was assumed that the strain gauge was correct. 
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Table 7.  Loading sequence prior to long-term lock-off for tiebacks included in the 
long-term tieback test program (Tiebacks TB-1 through TB-7). 

Tieback Summary of Loading History Designation 
TB-1 Load held at 360 kN (80 kips) initially, then locked off at 430 kN (97 kips) for 24 hrs, 

unloaded for 3 days, then reloaded to final lock-off at 310 kN (70 kip)s 
TB-2 Load was increased incrementally to 230 kN (52 kips), unloaded for 3 days, then 

quickly reloaded to lock of at 230 kN (51 kips) 
TB-3 Load was increased incrementally to 270 kN (60 kips), unloaded for 5 days, then 

quickly reloaded to 340 kN (77 kips) for 1 minute, then locked off at 280 kN (63 kips) 
TB-4 Load was increased incrementally to 200 kN (50 kips), unloaded, and then locked off 

at 170 kN (38 kips) for 112,000 minutes (11 weeks); load was released to zero and 
then incremental loading continued to be increased to 370 kN (83 kips) and locked off. 

TB-5 Load was increased incrementally to 140 kN (31 kips), unloaded for 4 days, and 
reloaded quickly to 140 kN (31 kips) for 3 minutes, then locked off at 120 kN (26 
kips) 

TB-6 Load was increased incrementally to 280 kN (63 kips) and held for 72 hours, unloaded 
for 4 days, and quickly reloaded to 420 kN (95 kips) and locked off 

TB-7 Load was increased incrementally to 100 kN (23 kips), unloaded briefly, then quickly 
reloaded to 85 kN (19 kips), and then locked off 

The short-term creep rates at each incrementally increasing load level measured 

for tiebacks TB-1 through TB-7 prior to long-term lock-off are shown in Figure 21.  In 

general, for tiebacks TB-1 through TB-7, each load level was held for approximately 60 

minutes as was done for tiebacks U-1 and U-2.  Also included in Figure 21 are the short-

term creep rates provided in Figure 16 for tiebacks U-1 and U-2, plus individual data 

points for the 72-hour creep tests. Figure 21 shows that the measured short-term creep 

rates prior to lock-off for the seven long-term tiebacks compare adequately to the short-

term creep rates obtained for tiebacks U-1 and U-2. Therefore, the ultimate working 

tension determined from tiebacks U-1 and U-2 could be applied to tiebacks TB-1 through 

TB-7 to determine the lock-off loads for long-term evaluation, and that the long-term 

monitoring could provide an approximate correlation between Tuw obtained from the 

short-term tests and long-term creep/relaxation behavior.  The creep rates measured near 

the end of the 24 or 72-hour load hold period for tiebacks U-2 and TB-6 were higher than 

what was measured during the 60-minute load hold periods for those same tiebacks. 

However, those creep rates were at or below 1.5 mm/log cycle (0.06 in./log cycle) of 

time, which is below a creep criterion of 2 mm/log cycle (0.08 in./log cycle) of time. 

For the long-term monitoring, since the tiebacks were locked off, creep could not 

be evaluated in the same way as was done during the load holds preceding the final lock 

off of the tiebacks. In these cases, once locked off, what could be observed was the drop 
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off in load (i.e., stress relaxation) and decrease in strain in the steel tieback bars within 

the no load zone.  Since tieback creep is typically based on the measured movement of 

the anchor head relative to a fixed independent reference during production tieback 

testing, for tiebacks that are locked off long-term, the change in strain in the bar must be 

used to estimate deformation.  Deformations were calculated from the strain gauge 

measurements assuming that the measured strain represents the strain in the bar in the 

entire no load zone.  Since there is no load transfer to the soil in the no load zone, this is a 

reasonable assumption. Therefore, bar strain in the no load zone was converted to 

deformation using a no load zone length of 9.3 m (30.5 ft).   

This strain/deformation decrease is indicative of the movement of the anchor 

bond zone toward the anchor head in its locked off state.  This movement of the anchor 

bond zone toward the anchor head at the front of the wall cannot occur unless the soil at 

the bond zone grout-soil interface creeps in shear.  Hence, the strain/deformation 

decrease in the tendon within the no load zone can be approximately equated to the creep 

deformation in the soil at the soil-grout interface in the bond zone. 

However, if the deformation in the tendon within the no load zone increases 

during lock off, the only way that can happen is if the wall to which it is anchored moves 

outward.  As shown in Figure 4, previous work by Ludwig, et al. (1985) indicates that the 

strain in the steel tieback bar decreases rapidly from the front of the tieback bond zone to 

the end of the bond zone.  Therefore, the deformation decrease in the no load zone 

reflects the total creep deformation, not the deformation at any particular location within 

the bond zone.  The ramifications of this for the long-term tieback test program 

interpretation are addressed later in the report. 

The hydraulic load cells were intended to monitor the load drop off during lock-

off.  The extensometers were intended to be used to measure deformation of the front of 

the bonded portion of the tieback relative to the fixed anchor head, which in general 

decreased as time progressed, to be interpreted as movement of the tieback bonded zone 

through the soil toward the cylinder pile wall face. 
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Figure 21.  Creep rate as a function of load level for testing of tiebacks U-1 and U-2 

compared with long-term tieback measured creep rates prior to final lock-off. 

As presented earlier, the hydraulic load cells did not provide consistent measured 

results that could be relied upon for quantitative measurement.  Similarly, the 

extensometers also could not be relied upon for quantitative measurement.  However, the 

load cells could be used to observe and confirm general trends in the tieback behavior.  

See Appendix G for the detailed load cell and extensometer data gathered.   

The strain gauge measurements provided more consistent results and could be 

relied upon for quantitative measurements. Therefore, the strain gauges bonded to the 

steel bar in the tieback were used to measure changes in bar strain that could be used to 
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estimate and assess the long-term creep deformation between the tieback and the soil and 

stress relaxation behavior of the tiebacks during the long-term observation period. Long-

term creep rates (both in terms of deformation relative to the fixed anchor head and 

decreases in strain) were determined assuming that the change in bar strain was due 

solely to creep of the tieback through the soil and not soil stress relaxation. In reality, 

some soil stress relaxation probably does occur for a locked off tieback, as mentioned 

previously (Weatherby, 1982). Since soil stress relaxation is closely related to creep 

(Lacerda and Houston 1973), and since both can cause loss of soil strength, interpreting 

the measurements as due to solely one or the other will provide for an adequate analysis 

from a practical standpoint. The theoretical interpretation, however, is too complex to 

assess given the available data. 

Figure 22 presents the long-term deformation (i.e., creep) measurements after 

lock-off obtained during the entire monitoring period (4.3 years) for tiebacks TB-1 

through TB-7.  The tieback deformation plots in Figure 22 are split into two groups: those 

tiebacks locked off below the Tuw value determined from tiebacks U-1 and U-2 (Figure 

22(a)), and those tiebacks locked off above Tuw determined from tiebacks U-1 and U-2 

(Figure 22(b)).  Visually, the tiebacks locked off at loads below Tuw (Figure 22(a)) 

exhibited less deformation and strain decrease (as well as load relaxation) than did 

tiebacks locked off at loads above Tuw (Figure 22(b)). 

During the first 500 hours of the long-term lock-off period, deformation of the 

front of the bond zone relative to the anchor head decreased at a relatively constant 

logarithmic rate for all the tiebacks as expected, as shown in Figure 23. Deformation rates 

estimated from strain gauge measurements after lock-off observed during the first 500 

hours for tiebacks TB-1 through TB-7 are also summarized in Table 8. The rate of 

deformation decrease (i.e., creep of the tieback bond zone toward the wall face) in the 

first 500 hours after lock-off ranged from 0.11 to 0.14 mm/log cycle (0.0044 to 0.0055 

in./log cycle) of time for tiebacks loaded to less than Tuw. Creep rates ranged from 0.15 to 

0.21 mm/log cycle (0.0060 to 0.0081 in./log cycle) of time for tiebacks loaded to more 

than Tuw.  These creep rates are near the lower end of the range of creep rates observed 

prior to lock off (i.e., approximately 0.13 to 0.6 mm/log cycle or 0.005 to 0.024 in./log 

cycle of time) at a load level of Tuw or less. 
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Table 8.  Observed long-term deformation rate (creep) decrease in first 500 hours 
after lock-off. 

Time Range Tieback Lock-Off Rate of Deformation Decrease Tieback over Which Load  (mm/log cycle time) / (in./log Designation Calculated (hrs) (%Tuw / kN / Kips) cycle time) 
TB-1 175 to 560 117% / 312 / 70.2 0.15 / 0.0060 
TB-2 80 to 560 86% / 229 / 51.5 0.14 / 0.0055 
TB-3 80 to 550 105% / 281 / 63.1 0.17 / 0.0067 

TB-4, 2nd Lock-off* 17 to 340 139% / 370 / 83.2 0.21 / 0.0081 
TB-5 30 to 530 44% / 117 / 26.2 0.11 / 0.0044 
TB-6 60 to 530 157% / 420 / 94.4 0.21 / 0.0081 
TB-7 5 to 480 41% / 108 / 24.3 0.13 / 0.0050 

*See Table 6 regarding loading sequence for this tieback. 

Some tieback load and deformation increases, exhibited as a small “hump” in the 

plots in Figure 22, were also observed during the first winter and Spring of the long-term 

lock-off period, which corresponds to a time after lock-off of approximately 1,000 to 

3,000 hours, with decreasing load occurring again during the summer and fall before the 

construction activities began (i.e., approximately 3,000 to 9,000 hours). The most logical 

explanation is that increased lateral pressure due to water buildup behind the wall caused 

some temporary outward face movement, and that once the water buildup ceased during 

the summer and fall, the tieback load and tendon deformation decreased again. 

A significant increase in the lock-off load and strain gauge strain, which results in 

an interpreted reversal of the direction of deformation (see Figure 22) was observed for 

most of the tiebacks beginning at approximately 9,000 to 10,000 hrs after initial lock-off 

(i.e., at approximately December 1984). Load increases continued to occur throughout 

the remainder of the long-term test period. These measured load increases cannot be 

explained in terms of steel creep of the bar, “zero drift” of the gauges, or some other 

gauge problem such as moisture. A reversal of the direction of deformation of the anchor 

bond zone is not probable. 

The most likely cause of the measured load increase after 10,000 hours after lock-

off appears to be movement of the cylinder pile wall due to construction activities which 

began at about the time the load increases were first noticed. Figures 24 and 25 show the 

locations and types of construction activity which occurred near the test site, as well as 

the approximate dates these activities occurred. Most of the construction activity occurred 

near the east end of the wall nearest tiebacks TB-1 and TB-7. These activities consisted 
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of excavation below the tieback test site, partial removal of the existing cylinder pile 

walls below the test site, and the addition of up to 1.2 m (4 ft) of fill above the test site. 

The observed load increases on the tiebacks were greater at the end of the wall nearest 

tiebacks TB-1 and TB-7 than at the end of the wall nearest tiebacks TB-4 and TB-5, and 

appeared to have no effect at TB-6 (see Figure 7 for tieback locations). This pattern of 

load and deformation increases would be expected if construction activity is the cause of 

the wall movement. The wall would need to move outward approximately 5 mm (0.20 

inch) at the tieback level to mobilize the maximum load increases observed, considering 

the length, diameter, and modulus of the steel bar in the no load zone.5 This outward 

deformation is consistent with the deformation plots for tiebacks TB-1 and TB-7 in 

Figure 22.  It was attempted to measure potential lateral movement of the cylinder pile 

wall face at that time using surveying, but this amount of movement is not really 

detectable using that methodology, so wall face (and anchor head) movement could not 

be verified using that measurement approach. 

The load cells installed on each tieback can be used to confirm whether or not 

load increases may have occurred during the long-term monitoring.  Examples of the 

available load cell data are provided in Figure 26 (see Appendix G for detailed data). 

While the scatter in the data is significant, the overall trends in the load cell 

measurements indicate a significant load increase occurred after approximately 10,000 

hours after initial lock-off, especially for tiebacks TB-1 and TB-7. More moderate 

increases in the measured load occurred for the other tiebacks, decreasing when moving 

from TB-1 toward TB-6. At Tieback TB-6, a consistent load increase was not observed in 

the load cell for that tieback, which is consistent with the strain gauge measurements (see 

Figure 22). 

                                                             
5 20 µε is equal to 4.5 kN (1.0 kips) in the steel bar, and the no load plus access zone length is 9.3 m.  The 
maximum load increase observed after 10,000 hours was approximately 130 kN (in both TB-1 and TB-7), 
based on both load cell measurements and strain gauge measurements.  Therefore, ((130 kN)/(4.5 
kN))x(20 µε) = 580 µε, and deformation of anchor head needed = ((580 µε)x(9,300 mm))/(1,000,000) = 5.4 
mm. 
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Figure 22.  Tieback deformation within the no load zone (i.e., relative to the anchor head) estimated from strain gauge 
measurements and the no load length after final lock-off for (a) tiebacks locked off at loads below Tuw based on tiebacks U-1 

and U-2, and (b) tiebacks locked off at loads above Tuw based on tiebacks U-1 and U-2. 
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Figure 23.  Tieback steel bar deformation in no load zone (i.e., relative to the anchor head) and equivalent prestress load loss 
estimated from strain gauge measurements within first 500 hours after final lock-off for tiebacks TB-1 through TB-7. 

 
Note: For vertical axes, negative numbers represent a loss of strain and load relative to the lock-off. 
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Figure 24.  Cross-section of test site (Section A-A’ in Figure 7) showing construction activities during the long-term test period 
which may have caused tieback loads to increase. 
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Figure 25.  Cross-section of test site (Section A-A’ in Figure 7) showing construction activities during the long-term test period 
which may have caused tieback loads to increase. 
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Figure 26.  Long-term tieback load cell readings after lock-off. 

Once wall movement, and load increase, stopped after the winter weather, but 

before the construction activity illustrated in figures 24 and 25, soil creep and load 

relaxation continued as before, and enough tendon deformation loss (i.e., tendon load 

relaxation) data were available to assess the creep rate out to approximately 10,000 hours.  

After about 10,000 hours, the wall movement caused by construction activities in front of 

and below the test site overwhelmed the strain measurements for most of the test program 

tiebacks, and it was not possible to reliably assess a constant load creep rate. Figure 27 

provides a plot of this longer term data before 10,000 hours after lock-off, and from this, 

longer term creep rates could be determined.   

Strain in the steel bar could also be converted to load (i.e., prestress), knowing 

that 20 µε is equal to 4.5 kN (1.0 kips) based on calibrations presented earlier in this 
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report.  The loss of load over time could also be easily determined using the strain gauge 

measurements and this relationship between bar strain and load.  This calculated prestress 

load loss is also provided in figures 23 and 27 (right vertical axis). 

 

Figure 27.  Tieback steel bar deformation in no load zone (i.e., relative to the anchor 
head) and equivalent prestress load loss estimated from strain gauge measurements 

before 10,000 hours after final lock-off for tiebacks TB-1 through TB-7. 

Note: For vertical axes, negative numbers represent a loss of strain and load relative to the lock-off. 

Even considering the variations which could result through differences in the 

interpretation of the available data, based on figures 22 through 27, clear patterns in the 

data are evident. Little or no deformation decrease in the no load zone was observed for 

the tiebacks during the first 2 hours after lock-off. Within the first 500 hours after lock-

off, the estimated steel bar deformation in the no load zone was generally linear as a 

function of the logarithm of time (Figure 23). After the temporary increase in 

deformation during the first winter after lock-off, the rate of deformation decrease 

generally increased with time out to approximately 10,000 hours for tiebacks locked off 
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at loads near or above Tuw. The tiebacks locked off at the lowest percentages of Tuw (e.g., 

tiebacks TB-5 and TB-7) continued to exhibit a deformation rate that was linear as a 

function of the logarithm of time. 

Table 9 provides a summary of the calculated tieback deformation rates based on 

strain gauge measurements out to approximately 9,000 hours after lock-off.  With the 

exception of Tieback TB-1, for those tiebacks locked off at a load that was near or above 

Tuw based on tiebacks U-1 and U-2, the calculated “creep” rate was between 1 and 2 

mm/log cycle (0.04 and 0.08 inches per log cycle) of time, but approached 2 mm/log 

cycle (0.08 inches per log cycle) of time as the load level increased to above the critical 

creep tension, Tc′.  All of the long-term creep measurements are provided in Appendix E. 

Table 9.  Observed long-term deformation rate (creep) out to approximately 9,000 
hours after lock-off. 

Time Range over Tieback Lock-Off Rate of Deformation Tieback Which Calculated Load (%TDesignation uw / kN / Decrease (mm/log cycle 
(hrs) Kips) time) / (in./log cycle time) 

TB-1 6,000 to 7,800 117% / 312 / 70.2 0.740 / 0.029 
TB-2 7,200 to 8,400 86% / 229 / 51.5 1.02 / 0.0402 
TB-3 7,200 to 8,400 105% / 281 / 63.1 1.31 / 0.0516 

TB-4, 2nd Lock-off 5,100 to 6,300 139% / 370 / 83.2 0.960 / 0.0378 
TB-5 870 to 1,900 44% / 117 / 26.2 0.392 / 0.0154 
TB-6 7,200 to 8,600 157% / 420 / 94.4 1.51 / 0.0594 
TB-7 5,400 to 7,200 41% / 108 / 24.3 0.465 / 0.0183 

Tieback Bond Zone Load Transfer Results 
Load transfer data along the length of the bonded zone were obtained for tiebacks 

U-1, U-2, and TB-6. Strain readings were converted to load using the calibration data 

presented in Figure 12 and Appendix C.  As discussed previously, bar strain 

measurements within the grouted bonded zone are influenced by the amount of load 

carried into the grout through shear.  However, once the grout cracked, most, if not all, 

the load is carried only by the steel bar (see Figure 12). This was considered when 

estimating load based on the strain gauge measurements using the relationships depicted 

in Figure 12.  The tieback load measured at each strain gauge along the length of the 

tieback at various total loads is presented for tiebacks U-1, U-2, and TB-6 in Figures 28, 

29, and 30, respectively. Figures 28, 29, and 30 show that load is transferred farther back 

into the tieback bond zone as the total tieback load is increased. 
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Figure 28.  Estimated tieback load at each strain gauge location for various tieback 
loads for Tieback U-1. 

 

Figure 29.  Estimated tieback load at each strain gauge location for various tieback 
loads for Tieback U-2. 
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Figure 30.  Estimated tieback load at each strain gauge location for various tieback 

loads for Tieback TB-6. 

The calibration data provided in Figure 12 showed that plastic deformation in the 

grout at the grout-bar interface occurred as the strain in the grout approached the level 

needed for cracking and sudden strain increase in the bar. This plastic deformation was 

manifested as a change from linear behavior to slightly non-linear behavior in the stress-

strain relationship obtained from the gauges attached to the bar within the grout in the 

laboratory simulation. Grout cracking was manifested as a large, sudden increase in the 

strain gauge reading for the installed tiebacks, and in the laboratory simulation, 

physically observable cracking and a loud “pop”.  Once cracking occurred, the bar 

behaved as if the grout was not present. This sudden increase in strain was observed for 

tiebacks U-1, U-2 and TB-6 (see figures 31, 32, and 33, and Appendix F), as well as in 

the laboratory calibration test (see Figure 12 and Appendix C).   

Significant changes in the tieback bond zone distribution of strain and load as a 

function of time at a constant load level were also observed.  The tieback load measured 

along the length of the tieback bond zone at various times after lock-off is presented for 
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Tieback TB-6 in Figure 34.  Changes in measured strain since lock-off as a function of 

time for Tieback TB-6 are provided in figures 35 and 36.  These two figures show that a 

sudden increase in tieback bar strain within the grouted bond zone can occur at 

approximately constant load.  In Figure 33, during the incremental loading, after the 

beginning of the load hold of 0.1 hours, and when the change in strain level since the 

beginning of the load hold was at or above 25 µε (total strain level of 119 µε), a sudden 

increase in strain occurred in Strain Gauge 3.  In Figure 34, the change in strain level at a 

time after lock-off of 28,200 hours and at a strain level at or above 167 µε (total strain 

level of 239 µε), a sudden increase in strain occurred in Strain Gauge 2. 

 

Figure 31.  Measured strain at each strain gauge location for various tieback loads 
for Tieback U-1. 
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Figure 32. Measured strain at each strain gauge location for various tieback loads 
for Tieback U-2. 
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Figure 33.  Measured strain at each strain gauge location for various tieback loads 
for Tieback TB-6. 
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Figure 34.  Estimated tieback load as a function of measurement location at various 
times after lock-off for Tieback TB-6. 

Based on the laboratory simulation used to interpret tieback loads within the bond 

zone provided in Figure 12, the grout should have cracked and the sudden increase in 

strain occurred at a strain of approximately 180 µε.  Yet for Tieback TB-6, this sudden 

increase in strain appears to have occurred at or above 119 µε during one of the load 

holds that was part of the incremental loading and 239 µε during long-term lock-off at 

28,000 hours (3.2 years).  For the case of Tieback TB-6, the order in which the sudden 

increase in strain occurred was consistent with the expected load transfer pattern in which 

the gauges near the front of the tieback would first see strain increases (e.g., Strain Gauge 

3), followed by the gauges farther back (e.g., Strain Gauge 2).   

These sudden strain increases also occurred in tiebacks U-1 and U-2 during an 

incremental load increase (see figures 31 and 32, respectively). This sudden strain 

increase was more recognizable for Strain Gauge 2 in both instances, but the strain level 

at which the sudden increase occurred could not be accurately determined, as strain 

measurements during the load increases were not recorded. 
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Figure 35.  Measured strain as a function of time during a load hold at 184 kN (41.4 
kips) conducted as part of the incremental loading for Tieback TB-6. 

 

Figure 36.  Measured strain as a function of time after final lock-off for Tieback TB-
6 at a load of 420 kN (94.5 kips). 



 

85 

To gain further insights regarding load transfer mechanisms and thresholds along 

the tieback bonded zone, the average soil-grout bond stress between the strain gauges 

within the bond zone was determined.  These results are provided in figures 37, 38, and 

39 during incremental loading of tiebacks U-1, U-2, and TB-6, respectively, and in 

Figure 40 as a function of time after lock-off for Tieback TB-6.   

For all three test tiebacks, it can be observed that the soil-grout bond stress peaked 

as the load level was increased, allowing load to be transferred farther back in the bond 

zone.  For Tieback U-1, soil-grout bond stress peaked at about 380 kPa (7,900 psf), while 

tiebacks U-2 and TB-6 peaked at a much lower level (approximately 130 kPa (2,700 psf) 

and 180 kPa (3,800 psf), respectively, prior to the 72-hour load hold).  After the 72-hour 

load hold, Tieback U-2 appeared to peak at approximately the same level (i.e., 130 kPa or 

2,700 psf), yet Tieback TB-6 peaked at a significantly higher level of 340 kPa (7,100 

psf).  For Tieback TB-6, Figure 40 shows that the stress along the bond zone decreased at 

the front of the bond zone and increased toward the back of the bond zone as time 

progressed after lock-off, illustrating the effect of long-term creep on changes in bond 

stress. 

This peaking of load transfer at the front of the tieback indicates that the soil has 

reached its peak value, and that additional strain in the tieback at the soil-grout interface 

causes the soil strength at the front of the tieback bond zone to decrease, and given 

enough deformation occurs, to a residual value. The loss of carrying capacity between the 

grout and soil which results from this allows more load to be transferred down the 

tieback. 

Table 10 summarizes and compares the load level at which the peak bond stress in 

the front 0.3 m (1 ft) of the bond zone occurs to the load level at which the critical creep 

tension occurs.  The load levels at which the peak bond stress in the front 0.3 m (1 ft) of 

the bond zone occurs are taken from figures 37 through 39, and the critical creep tension 

values are taken from Table 5, but converted back to load level.6  As can be seen in Table 

10, the load levels at which the peak load transfer rates in the front of the bond zone 

developed were not far from the critical creep tension load levels.  In both cases, this 

                                                             
6 Load (kN) = [soil bond stress (kPa)] x (6.09 m) x π x (0.305 m) 
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peak in load transfer at the front of the tieback appeared to occur once the critical creep 

tension, Tc, for the tieback was reached. 

Table 10.  Observed load levels at which the peak load transfer rates occurred in the 
front portion of the tieback bond zone for tiebacks U-1, U-2, and TB-6. 

Tieback Applied Load Level at Critical Applied Load Level at Peak Soil-
Designation Creep Tension, Tc (kN/kips) Grout Bond Stress (kN/kips) 

U-1 450/101 390/88 
U-2a 300/67 350/79 
U-2b 450/100 580/130 

TB-6c Not determined, but at least 280 kN 
(63 kips) 

184/41 

TB-6d Not determined, but at least 280 kN 
(63 kips) 

400/90 

aBefore overload. 
bAfter overload. 
cBefore 72-hour load hold. 
dAfter 72-hour load hold. 

 

 

Figure 37.  Average bond stress between strain gauge locations for Tieback U-1. 
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Figure 38.  Average bond stress between strain gauge locations for Tieback U-2. 
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Figure 39.  Average bond stress between strain gauge locations for Tieback TB-6 
during incremental loading before lock-off. 
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Figure 40.  Average bond stress between strain gauge locations for Tieback TB-6 as 
a function of time after final lock-off at a load of 420 kN. 
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ANALYSIS OF SHORT-TERM AND LONG-TERM TIEBACK TEST 

RESULTS 

Measured Short and Long Term Tieback Creep Rates 
Short-term and long-term measured creep rates obtained during incremental 

loading and long-term lock-off for tiebacks evaluated in this long-term test program in 

the glacially overridden clay (i.e., the Older Marine deposit) are summarized in Figure 

41.  This figure is essentially the same data as provided in Figure 21 but without the 

distraction of the lines connecting the data points in each series so that general trends can 

be seen.  In Figure 41, all data points identified as “during incremental loading” are creep 

rates obtained during the 60-minute load hold at the various load holds tested.  The 

arrows depicting the approximate locations of Tuw and Tc in the figure represent the 

values used to establish the lock-off loads for long-term tieback loading considering both 

tiebacks U-1 and U-2. During incremental loading, creep rates obtained during the 60-

minute load holds were generally between 0.025 and 0.69 mm/log cycle (0.001 and 0.027 

inches per log cycle) of time for loads up to 1.5Tc, and less than 0.5 mm/log cycle (0.02 

in./log cycle) of time at loads near and below Tc. It appears that in general, within the 

first 60 minutes of loading, a creep rate of 2 mm per log cycle (0.08 inches per log cycle) 

of time occurs at a load which is approximately 75 percent higher than Tc. When 

considering the long-term creep behavior of these test tiebacks (i.e., approximately one 

year or more of constant load), a creep rate of 0.5 mm/log cycle (0.02 in./log cycle) of 

time within a 60-minute load hold can result in creep rates that are approximately equal 

to 1.0 to 1.5 mm/log cycle (0.04 to 0.06 in./log cycle) of time after 1 year near Tuw, with 

Tieback TB-6 exhibiting the largest creep rate.  At loads high enough to achieve a 60-

minute creep rate of 2 mm/log cycle (0.08 in./log cycle) of time, the 60-minute load hold 

creep rates appear to converge with the creep rates measured long-term (i.e., 1 year after 

lock-off). 
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Figure 41.  Creep rate as a function of average soil-grout bond stress for all tieback 

testing conducted for the long-term tieback test program. 

For the 72-hour creep test data available, at loads near Tuw, measured creep rates 

were at approximately 1.5 mm/log cycle (0.06 in./log cycle) of time. Therefore, the 72-

hour creep test conducted at a load level near Tuw appears to provide a creep rate that is 
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about the same as could be expected long-term at a load near Tuw for the glacially 

overridden clays investigated in this study. 

When only considering the long-term test program tieback lock-off strain data, the 

creep rates measured 500 hours after lock-off are approximately an order of magnitude 

less that the creep rates measured at approximately 9,000 hours (1 year).  The creep rates 

determined at 500 hours or less after lock-off tended to be near the lower bound of the 

creep rates measured during the incremental 60-minute load holds for each tieback, while 

the 9,000 hour data tended to be near the upper bound of the incremental 60-minute load 

hold creep data. 

During long-term lock-off, changes in tieback bar strain and deformation are due 

to a combination of soil creep and stress relaxation in that the anchor head is not free to 

move.  Only if enough tieback load relaxation occurs that would allow the wall to deflect 

laterally due to the earth pressure acting on the wall will this loading situation result in 

pure soil creep.  The lock-off load (i.e., prestress) losses observed one year after lock-off 

were a maximum of 19 kN (4.3 kips), which, depending on the tieback (i.e., TB-3 or TB-

6) is equivalent to a 5 to 7 percent loss of load relative to the lock-off load.  This is not 

likely enough prestress loss to result in forcing the tieback into a pure creep mode nor 

enough to compromise the stability of the wall.   

Therefore, it is possible that the tieback creep rates measured when the head was 

free to move, such as is the case during incremental loading with a jack, including the 60-

minute or 72-hour load holds, could be greater than the creep deformations estimated 

from the rate of strain loss during long-term lock-off.  This may explain why the 72-hour 

load hold creep rates are about the same as the estimated creep rates obtained one year 

after long-term lock-off, and why the creep rates determined approximately 500 hours 

after long-term lock-off provided a lower bound relative to the 60-minute load hold creep 

rates determined during incremental loading. 

It is also clear that tieback stressing history can have a significant effect on the 

measured creep rates.  Long-term test program Tieback U-2 is a good case in point.  

While the test program loading of Tieback U-2 is a rather extreme case, even more 

modest loading can affect the measured creep rates, as shown in Figure 20(b). Based on 

that figure, the drop in creep rate for the 60-minute load hold after the 72-hour test varied 
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from 15% to 90% of the 72-hour creep rate.  The magnitude of the drop in creep rate 

appears to be related to the amount of overload (e.g., the creep test for Tieback U-2) and 

the length of time the overload was held. If an overload did not occur, soil type 

(especially plasticity) and possibly the amount of deformation that occurred during the 

highest previous load hold appears to have affected the drop in creep rate after the 72-

hour creep test.   

This type of stressing history may also partially explain why the creep rates 

determined during the first 500 hours after lock-off are near the lower bound of the creep 

rates measured during incremental loading.  As described in Table 7, the stressing history 

for the long-term test program tiebacks included some loading, unloading, and reloading 

sequences, and some cases were loaded to higher loads and locked off at a lower load.  If 

potential for creep is most important, then complicated tieback stressing histories should 

be avoided when determining the creep rate.  Ludwig, et al. (1983) came to similar 

conclusions regarding the stressing history applied to the tieback and its effect on the 

creep rate measured. 

Therefore, standard tests such as a performance test typically used to evaluate 

tiebacks may not be the best test to conduct if long-term creep is a concern.  With regard 

to the evaluation of tieback creep, the simpler the load sequence, the better.  Retesting a 

tieback that failed the first test due to creep should not be done for this reason, as the 

creep measured during the second test is likely to appear much better than it really is. 

Also based on these results, prestressing a tieback to a load higher than the intended lock-

off load is likely to have short-term benefits (i.e., reduced creep).  However, those 

benefits should not be depended upon for long-term permanent applications.  

Use of shorter term tests such as a proof test may be of little value if only 

conducting the load hold to 10 minutes.  Based on the data gathered in this study (see 

Appendix D), creep data obtained within the first 10 minutes of the load hold are too 

inconsistent to be of use in predicting long-term creep performance.  A minimum of 60 

minutes of creep data, verified with a limited number of longer duration creep tests in the 

same soil unit, is needed to have any ability to determine if the long-term tieback 

behavior will be acceptable in the over-consolidated clays that are the subject of this 

study. 
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Distribution of Interface Shear Stresses within the Bonded Zone 
The bond zone load transfer data obtained indicates that the stress distribution 

from the front to the back of the bonded zone is non-linear.  Near the front of the bonded 

zone, the soil at the interface with the grout can achieve its peak strength as the tieback is 

stressed, and potentially dropping to a residual value as load increases or as continued 

deformation occurs. Once the soil shear strength drops to its residual strength value, the 

soil at that location will likely enter tertiary creep and eventually fail (Nelson and 

Thompson 1977).  This allows load to transfer down to the middle and rear of the tieback, 

consistent with similar observations made by Ludwig, et al. (1983).  Figures 37 through 

40 typify this type of behavior, in that the soil-grout interface shear stress reaches a 

maximum value near the front of the bond zone and then begins to drop off as the 

interface shear stresses begin to increase farther back in the bonded zone.   

In the current study, this load transfer down the tieback was demonstrated to 

occur due to increases in the applied tieback load (Figures 28 through 33) or at constant 

load as a function of time (figures 34 through 36).  Loads and strains high enough to 

crack the grout such that the grout can no longer carry some of the shear stress in the 

tieback bond zone were observed to progress from the strain gauge locations nearest the 

front of the tieback bond zone to the strain gauges located farther back in the bonded 

zone.  This behavior was captured fairly well for TB-6, which showed both load transfer 

and grout cracking as the tieback load increased, and after lock-off as the strain in the 

grouted bond zone increased due to long-term creep of the soil in the front half of the 

bond zone.  This is consistent with test results provided by Ludwig, et al. (1983, 1985). 

Figures 28, 29, and 30 show that the distribution of load down the bonded zone 

can be fairly nonlinear, but tends to become more linear as the tieback approached 

pullout.  It is recognized that this nonlinearity can cause some inaccuracies when 

attempting to relate test results for tiebacks with different bond zone lengths.  For the 

long-term test program tiebacks, all the tiebacks had a bond zone length of 6.1 m (20 ft).  

Therefore, representing the results in terms of applied load or average stress at the grout-

soil interface in the bond zone will yield similar trends.  For tiebacks with much longer 

bond zones, as was the case for some of the pullout tests conducted for the production 

walls, the only way to compare the behavior of the long-term test program tiebacks to the 
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production wall pullout tests is to compare the average bond zone stress.  For very long 

tieback bond zones, the nonlinearity becomes more extreme (Weatherby 1982).  Sabatini, 

et al. (1999) also recognized this problem and recommended that tieback bond zone 

lengths not be longer than 9 to 12 m (30 to 39 ft) to prevent over estimating the resistance 

actually available.  See the following section for a discussion of how well the long-term 

tieback test program average bond zone adhesion values compared to those from the 

production wall pullout testing.  

Because the distribution of shear stresses is nonlinear, the creep rate observed for 

a tieback based on strain and deformation measurements at the anchor head is really a 

composite of the individual creep rates measured at various locations along the bonded 

zone which range from log-linear creep near the back of the bonded zone to secondary 

and even tertiary creep near the front of the bonded zone. For the tiebacks with the lowest 

loads which are below Tc and Tuw, log-linear composite creep measured based on anchor 

head deformation or no load zone bar strain was observed, indicating that creep along 

most, if not all, the length of the bond zone was likely log-linear.  

For the tiebacks with the highest loads, Figures 37 through 40 demonstrate that 

the soil-grout interface shear stress near the front 0.4 m (1.4 ft) of the tiebacks achieved a 

peak load transfer rate, resulting in shear stress increases in the rest of the tieback bond 

zone.  Soil creep in this front zone at this stage in the interface shear stress progression 

down the tieback is likely to be in the secondary or tertiary creep stage, yet the remainder 

of the shear stress along the grout-soil interface was likely experiencing log-linear soil 

creep, or possibly beginning to enter a secondary creep stage.  This peak load transfer 

rate occurred at a tieback load of approximately 350 to 400 kN (79 to 90 kips), or an 

average soil-grout bond stress of 60 to 69 kPa (1,300 to 1,400 psf) for long-term test 

program tiebacks U-1, U-2, and TB-6. These loads are in the general vicinity of Tc for 

those tiebacks.  This approximate correspondence is consistent with the concept that as 

the peak load transfer rate occurs, creep at the soil-grout interface must transition to 

secondary or even tertiary creep near the front of the bond zone (the soil shear strength 

drops toward a residual value), allowing load to be transferred farther down the bond 

zone.  This increase in creep rate near the front of the bond zone is manifested as the 

overall increase in creep rate that occurs as Tc is exceeded. 
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From Table 1, the shear strength of intact clay (i.e., not disturbed due to inter-

glacial landslides or weakened due to presence of seepage) was 187 kPa (3,910 psf) with 

a standard deviation of 77 kPa (1,610 psf).  This compares reasonably well to the peak 

load transfer stress for TB-6 before the 72-hour load hold of 180 kPa (3,800 psf).  

However, U-1, and TB-6 after the 72-hour load hold, peaked at a stress level that was 

significantly higher than the soil shear strength, i.e., 380 and 340 kPa (7,940 and 7,110 

psf), respectively, compared to the average soil peak shear strength of 187 kPa (3,910 

psf).  Ludwig, et al. (1983) observed similar behavior in the tiebacks in clay that they 

tested with regard to high load transfer rates at the front of the bond zone.  They 

attributed the high load transfer rates to the presence of grout column above (i.e., in front 

of) the bonded zone.  For the present study, it was attempted to mitigate this effect by 

backfilling the no load zone with a bentonite-sand slurry.  However, it is possible that this 

attempt to prevent load from being carried though part of the no load zone was not fully 

effective.  In any case, even if the portion of the tieback in the no load zone is sheathed 

with a bond breaker, filling the no load zone with full strength grout can cause some load 

to be carried by the soil in the no load zone based on these observations. 

It can be postulated that during incremental loading with 60-minute load holds, at 

tieback loads greater than the critical creep tension, Tc, as defined in Figure 4, the tieback 

creep rate increases more rapidly with increasing load because the soil at the front of the 

tieback has achieved its peak load transfer rate, and at least a portion of the soil-grout 

interface near the front of the bonded zone has begun experiencing secondary or even 

tertiary creep.  Below Tc, it is more likely that most of the bonded zone length is 

experiencing primary, log-linear creep which is not likely to result in creep failure of the 

tieback nor excessive, unacceptable long-term deformation.  Hence, Tc is used as an 

indicator that there is the potential for unacceptable long-term creep if that load is 

exceeded. 

Based on the trend of load transfer toward the back of the bonded zone in Tieback 

TB-6, as evidenced by the observed load transfer rates down the bonded zone and that 

grout cracking occurred during the incremental loading in Strain Gauge 3 and during 

long-term lock-off at Strain Gauge 2, it appears likely that load would continue (if the 

load on TB-6 had been left in place to the present day) to transfer further down the 
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bonded zone in TB-6 as soil creep along the soil-grout interface continues to occur.  

Given that TB-6 was loaded to approximately 1.5Tuw, this is not unexpected, even 

considering that the “creep” rate for this tieback after 1 year was 1.5 mm/log cycle (0.06 

in./log cycle) of time, which is less than the current criterion of 2 mm/log cycle (0.08 

in./log cycle) of time.  This observation lends support to consideration of a lower 

maximum creep rate criterion for tiebacks installed in heavily overconsolidated clays. 

Comparison of Long Term Test Program Results to Construction 

Production Tieback Testing 
Tieback pullout testing during wall construction subsequent to and in the vicinity 

of the long-term test program provided an opportunity to assess the effect of variability in 

the soil units encountered as well as in the contractor tieback installation procedures used.  

The difference in soil properties between the long-term test program site and the tieback 

walls that were constructed in the vicinity can be determined by comparing Tables 1 and 

2.  As pointed out previously in this report, for the Older Marine deposit (i.e., intact 

glacially consolidated clay), the mean plasticity index was 27 at the long-term test site, 

whereas for the production wall locations, the mean plasticity index varied from 31 to 35, 

a fairly minor difference.  However, the production wall locations also encountered the 

Vashon Unsorted unit, a glacially overconsolidated paleolandslide deposit, which was 

more variable, tended to contain more groundwater, and was typically weaker than the 

intact Older Marine deposit. 

For the production tieback walls constructed subsequent to the long-term tieback 

test program, the test results for the pullout tests used to verify the contractor’s tieback 

design, with consideration to the long-term tieback test program results were useful to 

determine the tieback bond zone geometry (i.e., length and diameter) and installation 

procedure. The contractor selected tieback bond zone design details and installation 

procedure can have a significant effect on the anticipated tieback behavior.  The 

contractor’s tieback bond zone design differed from the long-term tieback test program 

tiebacks with regard to: 

• diameter (406 mm or 16 in. diameter versus the long-term tieback test program 

tieback diameter of 305 mm or 12 in. diameter),  
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• bond zone length (6.1 to 11.6 m, or 20 to 38 ft, versus the test program tieback 

length of 6.1 m or 20 ft),  

• installation method (open hole method and hollow stem auger method versus the 

long-term tieback test program in which only the open hole method was used) 

and 

• soil types investigated (the intact Older Marine Clay and the disturbed Vashon 

Unsorted deposit versus only the intact Older Marine Clay for the long-term 

tieback test program. 7

7 The contractor used larger diameter tiebacks to keep bond lengths from getting too long, given the bond 
zone design adhesions needed in these clay soils. 
 

 

The results from the pullout testing done under the wall construction contract were found 

to be reasonably consistent with the results from the long-term tieback test program 

pullout tests and 72-hour creep tests for the intact Older Marine Clay soils as summarized 

in Figure 42. Figure 42 is similar to Figure 41, except that pullout tests conducted under 

the construction contract are included, and the pre-lock-off incremental loading data for 

most of long-term tiebacks are removed to reduce clutter in the figure.  For reference, the 

arrows depicting the approximate magnitude of Tuw and Tc are at the same bond stress as 

the arrows shown in Figure 41.   

The critical creep tension Tc obtained by the contractor testing for the intact Older 

Marine Clay soil unit varied from 44 to 81 kPa (920 to 1,700 psf), whereas the long-term 

tieback test program values ranged from 51 to 77 kPa (1,100 to 1,600 psf).  To obtain a 

60-minute load hold creep rate, based on the contractor’s pullout tests, of 2 mm/log cycle 

(0.08 in./log cycle) of time, loads which are about 15 to 50 percent greater than Tc are 

required (loads greater than 75% of Tc were required to achieve this for the long-term 

tieback test program).  Near or below Tc, 60-minute load hold creep rates of 0.20 to 1.0 

mm/log cycle (0.0079 to 0.04 in./log cycle) of time were observed.  The creep rates at Tc 

were generally consistent with the long-term tieback test program 60-minute load hold 

creep rates, but those creep rates from the contractor pullout tests tended to rise to 2 

mm/log cycle (0.08 mm/log cycle) of time more quickly than was the case for the long-

term tieback test program data. 
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The comparison between these two sets of data indicate that the test results from 

this study can be applied to a bond zone geometry that is within the range of 12 inch and 

16 inch in diameter and length of 6.1 to 11.6 m (20 to 38 ft).  Extrapolation to diameters 

and lengths outside this range may also be feasible, subject to the bond zone length 

limitations discussed previously. 

The open hole method produced a marginally higher peak pullout capacity than 

did the hollow stem auger method, but both methods produced about the same values of 

Tc and Tuw. This, of course might not be the case if the open hole method allowed caving 

of the tieback hole to occur or if groundwater seepage is present.  This comparison 

demonstrates that minor differences in the tieback installation methods used should have 

a minor effect on the behavior of the tiebacks as installed.  But this only applies to 

tiebacks installed using low pressure during the grouting process.  This does not apply to 

use of higher grout pressures or post-grouting installation methods.   

Post-grouting can provide significant increases in the resistance of the tieback 

bonded zone.  Post-grouting forces the grout laterally, making the surface of the straight-

shafted tieback more irregular, thereby improving the bond zone resistance to load more 

than would be the case with just high pressure grouting alone.  However, there is limited 

information available on the relationship between short-term creep tests and long-term 

creep performance for high pressure and post-grouted tiebacks in clay.  Such processes 

may impart a localized stress history to the clay.  As has been observed from this testing 

program, stress history imparted to the clay during tieback loading can have a major 

effect on the creep rates measured during testing. That effect does not appear to be 

permanent.  These pressure grouting techniques could reduce the creep rates measured 

during shorter-term testing, making the tieback creep performance observed during 

testing to be inconsistent with its long-term performance.  Therefore, the results of this 

testing program may not be directly applicable to tiebacks installed in clay using high 

pressure or post-grouting techniques. 

At least for low pressure grouted tiebacks, the 72-hour creep test appears to, for 

the most part, overcome the effect of earlier stress history on the creep rate.  If it is 

desired to use high pressure or post-grouted tiebacks, site specific testing should be 

conducted that includes tieback creep tests monitored for a minimum 72 hours to help 
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develop the relationship between shorter-term (e.g., 60 minutes) and longer-term creep. 

This creep test should be conducted at a load level equal to Tuw.  Though the 72-hour 

creep test seems to, for the most part, overcome the effect of earlier stress history on the 

creep rate, it is recommended that the target maximum creep rate not exceed 1 mm/log 

cycle (0.04 in./log cycle) of time for post-grouted and high pressure grouted tiebacks to 

provide a buffer, since the long-term creep performance of these types of tiebacks has not 

been well established.  For more information on these high pressure grouting techniques 

as applied to tiebacks installed in overconsolidated clays, see Ludwig, et al. (1983) and 

Weatherby (1982). 

Pullout testing for tiebacks with bond zones in the Vashon Unsorted soil unit 

produced inconsistent results.  Some of this inconsistency is likely due to the high 

variability of that soil unit, given that it is has zones that have been disturbed relative to 

its parent material due to previous landslides between glacial advances.  In one case, the 

pullout test was consistent with the rest of the pullout tests conducted in the intact Older 

Marine Clay.  However, in the second case, the pullout resistance was much lower, and 

the creep rates significantly higher, than for the pullout tests conducted in the Older 

Marine Clay.  This difference may be associated with groundwater seepage encountered 

during the tieback installation process or with hole caving.  Also, as stated previously, 

contractor error can contribute to poor tieback creep and pullout resistance, such as 

having too much head loss in the lines supplying the grout to the tieback holes, resulting 

in incomplete grouting, or grout that was too wet. 

Based on the tieback pullout testing conducted for use in designing the bond zone 

geometry for the production walls, it was verified that an allowable average soil/grout 

bond stress of 30.7 kPa (640 psf) could be used to size the tiebacks in intact Older Marine 

Clay.  This is consistent with recommendations by Crowser, et al. (1984b), in that they 

recommended a design soil/grout stress of 31.1 kPa (650 psf).  To obtain these allowable 

tieback bond zone design values, a safety factor of 1.5 was applied to the Tuw values from 

the pullout tests to account for potential variability of the subsurface conditions, and 

possibly other installation related factors.   
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Figure 42.  Creep rate as a function of average soil-grout bond stress for production 
tieback pullout tests in comparison to tieback testing conducted for the long-term 

tieback test program. 

The typical safety factor of 1.5 appears to not have been adequate to account for 

the site variability as well as installation variations.  Based the tieback pullout tests 

conducted for the production walls, and based on proof and performance tests conducted 
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on the production tiebacks during wall construction as witnessed by the writer, a design 

soil/grout stress of 19.2 kPa (400 psf) rather than 30.7 kPa (640 psf) should have been 

used where ground water and/or caving conditions were encountered.  This applies to 

both intact Older Marine Clay and the Vashon Unsorted soil deposits.  If the acceptance 

criterion for creep measured during production tieback testing is reduced as 

recommended in this report, an even lower design soil/grout stress may be needed to 

prevent production tiebacks from failing the creep rate acceptance criterion. 
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CONCLUDING REMARKS AND RECOMMENDATIONS 

The creep rate criteria of 2.0 mm/log cycle (0.08 inches/log cycle) of time is 

typically considered to be applicable if the soil consistency index is greater than 0.9 and 

the liquid limit is less than 50 (Deutsche Industrie Norm, 1976). The site soil properties, 

including consistency index (equal to 0.7) and liquid limit (equal to 56), indicate that the 

creep rate criteria of 2.0 mm/log cycle (0.08 inches/log cycle) of time typically used for 

tieback acceptance would not be valid for the tiebacks evaluated in this test program.  

The results obtained from the test program confirmed that a creep rate criterion of 

2.0 mm/log cycle (0.08 inches/log cycle) of time is too high for tiebacks installed in the 

heavily overconsolidated clays located in the test site vicinity. Therefore, the above soil 

properties appear to be good indicators of potential tieback creep performance in the 

glacially overridden clays present in the vicinity of the test site based on the results of this 

study.  

Evidence that the creep rate criterion should be lowered for tiebacks in the 

glacially overridden clays in the vicinity of the test site is as follows: 

• The results from the long-term tieback test program, and from other tieback 

pullout tests performed as part of the subsequent construction project, show that a 

short-term (i.e., 60 minutes or less) creep rate of 2.0 mm/log cycle (0.08 

inches/log cycle) of time does not occur until loads well in excess of the critical 

creep tension Tc are obtained (i.e., up to about 75 percent greater than Tc). Loads 

above the critical creep tension are likely to result in unacceptable creep behavior. 

• The long-term creep data demonstrated that the 60-minute load hold creep rates 

obtained during the short-term incremental loading of the tiebacks are much lower 

than the long-term creep rates. Measured long-term creep rates (i.e., at 9,000 

hours) after lock-off for the tiebacks locked off at loads greater than 85% of Tuw 

ranged from 0.74 mm/log cycle (0.029 in./log cycle) of time to 1.5 mm/log cycle 

(0.060 in./log cycle) of time. The corresponding 60-minute load hold creep rates 

ranged from only 0.025 to 0.69 mm/log cycle (0.001 and 0.027 inches per log 

cycle) of time, and were generally less than 0.5 mm/log cycle (0.02 in./log cycle) 

of time near and below Tc.  



 

104 

• The creep rates obtained from the 72-hour creep tests conducted during the 

incremental loading for tiebacks U-2 and TB-6, as well as during the pullout tests 

conducted for the nearby tieback wall construction project, were much closer to 

the observed long-term creep rates than were the 60-minute load hold creep rates.  

For the tiebacks evaluated in the long-term tieback test program, at a load level 

near Tuw, the measured 72-hour load hold creep rate was approximately 1.5 

mm/log cycle (0.06 in./log cycle) of time.  In general, over one log cycle of time, 

the creep rates measured at 60 minutes were about the same as the creep rates 

measured at 6 to 12 hours.  However, at 24 hours, while greater than the creep 

rates measured at 60 minutes, the 24-hour creep rates were approximately 0.5 

mm/log cycle (0.02 in./log cycle) of time and therefore only 30 to 35 percent of 

the creep rates measured near the end of the 72-hour load hold. 

• Regarding the 72-hr creep tests conducted for the production tieback walls, for the 

test tiebacks installed in the intact Older Marine Clay, the load level tested was 

significantly below Tuw.  At this lower load level, the 72-hour creep tests were 

characterized as only exhibiting primary creep for the full 72 hours.  Therefore, 

the creep rate was fairly constant for the entire 72 hours.  This was not the case 

for the tieback installed in the Vashon Unsorted deposit.  In that case, the creep 

rates measured at 24 and 72 hours were about the same and were 2.5 to 2.7 

mm/log cycle (0.10 to 0.11 in./log cycle) of time, well in excess of the 

recommended creep rate criterion.  However, the creep rates measured at 1 hour 

and 6 hours were approximately 20 percent of the creep rates at 24 and 72 hours. 

• Strain data used to determine loads along the tieback bonded zone for the highest 

loaded tieback indicates that load continued to transfer down the bonded zone 

during the long-term lock-off as a function of time, progressing from the front to 

the back of the tieback as the soil-grout interface peak strength was reached and 

then dropped toward its residual strength, with loads and strains large enough to 

crack the grout.  Strain Gauge No. 2, located 3.5 m (11.5 ft) down the 6.1 m (20 

ft) long bond zone, cracked 3.2 years after lock-off for Tieback TB-6, which was 

loaded to 157% of Tuw.  The long-term (i.e., below 10,000 hours) lock-off strain 

rate recorded for TB-6 was 1.51 mm/log cycle (0.0594 in./log cycle) of time.  Had 
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the long-term load been maintained until present, continued transfer of load 

further down the bonded zone in TB-6 as soil creep along the soil-grout interface 

may have continued to occur, indicating the potential for this tieback to continue 

to creep long-term. 

The above observations lead to the following conclusions: 

• Provided the tieback load is near or below Tuw, the anchor head creep rate 

determined between 6 and 60 minutes should be at or below 0.5 to 1.0 mm per log 

cycle (0.02 to 0.04 in. per log cycle) of time to insure a long-term creep rate of 1.5 

mm per log cycle (0.06 in. per log cycle) of time. 

• If the 60-minute creep testing is verified with additional tests held longer (e.g., at 

least 24 to 72 hours), using the same tieback installation procedure, the data 

obtained from this testing program could justify a creep rate criteria of up to 1.5 

mm per log cycle (0.06 in. per log cycle) of time for the clays evaluated in this 

study.  The site and project specific sacrificial tieback pullout testing should be 

used to determine an appropriate 60 minute load hold creep rate criterion for 

tieback acceptance purposes, considering the measured creep rate at Tuw 

determined from the sacrificial tieback testing, but should be no greater than 1.5 

mm per log cycle (0.06 in. per log cycle) of time. 

• Load levels high enough to obtain a creep rate of 2 mm per log cycle (0.08 in. per 

log cycle) of time during a load hold of 72 hours or less are well above the load 

level (i.e., Tuw) needed to insure good long-term performance for the tieback 

tested, supporting creep criteria recommendations by Bureau Securitas (1977), 

Ludwig, et al. (1985), and Weatherby (1982) for tiebacks in stiff to hard 

overconsolidated clays. 

The tieback stressing history had a significant effect on the measured creep rates 

as well as the determination of the critical creep tension Tc (e.g., Tieback U-2; see Figure 

17 and Table 5).  This observation, based on the results of this study, leads to the 

following conclusions: 
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• Stressing history that can affect creep test results includes overloads, cycling of 

loading and unloading, and relatively long-term load holds (e.g., 24 hours or 

more).  

• If a key objective for production tieback evaluation is to evaluate tieback creep as 

compared to a creep acceptance criterion, tests in which the load is cycled or 

loaded to a higher load and then tested for creep at a lower load are not of much 

value for tiebacks in clays such as the ones evaluated in this test program.  

Complicated tieback stressing histories should be avoided when determining the 

creep rate – the simpler the loading sequence, the better.   

• The results from this study also support the prohibition of retesting tiebacks which 

have already failed the contract required creep criterion, as retesting will make the 

tieback creep behavior look much better than it really is. 

Use of short-term creep tests such as a 10 minute load hold in a proof test may be 

of little value, as there is simply not enough time to assess the trend in the creep data with 

an acceptable level of accuracy.  A minimum of 60 minutes of creep data, verified with a 

limited number of longer duration creep tests (e.g., at least 24 to 72 hours conducted as 

part of the sacrificial tieback pullout testing) in the same soil unit, is needed to have any 

ability to determine if the long-term behavior of the tieback will be acceptable with 

respect to the heavily overconsolidated clays that are the subject of this study. 

The pullout testing conducted in support of the design of the production tiebacks 

afforded the opportunity to assess the potential variability of the larger site regarding the 

critical creep tension and creep strain rates that could be expected.  The critical creep 

tension Tc, and Tuw, obtained by this testing for the intact Older Marine Clay soil unit 

were consistent with the values obtained from the long-term tieback test program pullout 

tests, as were the measured creep strain rates.  However, the creep rates from the 

production pullout tests tended to rise to 2 mm/log cycle (0.08 mm/log cycle) of time and 

higher more quickly than was the case for the long-term tieback test program data.  This 

emphasizes the importance of: 

• conducting tieback pullout tests to determine Tc and Tuw that are applicable to 

the selected tieback installation technique and soil present, and 
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• reducing the production tieback creep rate acceptance criterion below 1.0 to 1.5 

mm/log cycle (0.04 to 0.06 mm/log cycle) of time to keep tieback design loads 

safely below Tuw and Tc, reducing the potential for long-term tieback 

performance problems.   

Based on the tieback pullout testing for the production walls, it was verified that 

an allowable average soil/grout bond stress of 30.7 kPa (640 psf) could be used to size 

the tiebacks in intact Older Marine Clay.  This is consistent with recommendations by 

Crowser, et al. (1984b), in that they recommended a design soil-grout bond stress of 31 

kPa (650 psf), based on a Tuw of 46 kPa (960 psf). 

The typical safety factor of 1.5 that was applied to Tuw to design the tiebacks for 

the production walls may not have been adequate to account for the site variability as 

well as installation variations based on construction records for that project.  For the 

Vashon Unsorted soil unit at the site, as well as in both soil units where ground water 

and/or caving conditions were encountered, a design soil/grout stress of 19 kPa (400 psf) 

rather than 30.7 kPa (640 psf) should have been used.  If the acceptance criterion for 

creep measured during production tieback testing is reduced as recommended in this 

report, an even lower design soil/grout stress may be needed to insure production tiebacks 

pass the acceptance creep criterion. 

Since tieback wall design is currently based on the LRFD approach, instead of 

using a safety factor of 1.5 to reduce Tuw for sizing the tieback bonded zone, a resistance 

factor should be used to reduce Tuw.  In this case, a resistance factor equal to the 

reciprocal of the safety factor, or 1/1.5 = 0.67 is reasonable for this purpose for at least 

the intact clay.  Note that the AASHTO LRFD Bridge Design Specifications (AASHTO 

2017) specify a resistance factor of 0.70 for pullout design of tiebacks in clay.  If 

installing tiebacks into disturbed glacially consolidated clay units such as the Vashon 

Unsorted unit or soil units that are likely to contain significant groundwater, a smaller 

resistance factor may need to be considered to help account for the greater variability of 

such soil units. A resistance factor on the order of 0.40 to 0.45 is recommended, based on 

the available construction experience with these soil units (e.g., 46 kPa x 0.40 = 18.4 kPa 

(390 psf)). 
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In general, the conclusions provided in this report should be considered applicable 

to tiebacks installed in the overconsolidated clays, both in an intact condition and in a 

disturbed condition (e.g., partially reconsolidated paleolandslide deposits such as the 

Vashon Unsorted), in the central Puget Sound region.  These conclusions are especially 

important when, for the soil surrounding the tieback bond zones, the soil consistency 

index is less than 0.9 and the liquid limit is greater than 50, but should also be considered 

for any clayey silt, silty clay, or clay.  To assess the need for pullout and extended creep 

testing, enough liquid limit, plastic limit, and natural water content data should be 

obtained from the subsurface exploration to be able to have confidence in the statistic 

developed (mean and standard deviation).  This data must also be distributed spatially 

across and below the site.  If using the soil index property criteria provided above, the 

decision to do pullout and longer-term creep testing should be based on one standard 

deviation above the mean for the liquid limit data and one standard deviation below the 

mean for the consistency index data.  For the paleolandslide deposits (e.g., Vashon 

Unsorted), the plasticity indices tended to be more variable and a little less plastic relative 

to the intact Older Marine Clay.  However, the paleolandslide deposits tended to have 

greater potential for creep susceptibility. This should be considered when determining the 

extent of the pullout and extended creep testing. 

The tiebacks considered in this study were straight shafted tiebacks installed using 

augers and low pressure grouting, with diameters ranging from 0.31 m (12 inches) to 0.41 

m (16 inches) and bond zone lengths ranging from 6.1 m (20 ft) to 11.6 m (38 ft).  

Typical tieback design and installation practice at present, however, is to install them 

using a smaller diameter Klemm drill (typically 150 mm or 6 inches in diameter) and 

possibly improving the available bond zone resistance using pressure grouting or post-

grouting techniques. 

Extrapolation of these results to smaller diameter tiebacks may need to consider 

the nonlinearity in the distribution of stress at the soil-grout interface with distance 

behind the front of the bonded zone.  It is possible that the nonlinearity of this bond zone 

stress distribution may, if anything, increase relative to the tiebacks tested as reported 

herein, as the smaller diameter tiebacks may be a little more flexible than the larger 

diameter tiebacks.  It is therefore recommended that design adhesions be estimated a little 
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conservatively for smaller diameter tieback bond zones until acceptable soil-grout bond 

stresses can be verified through project specific pullout tests.  However, given that the 

design soil-grout adhesion for the soil units investigated in this study are quite low, it 

may not be practical to use small diameter tiebacks anyway. 

With regard to bond zone length, the test results provided herein apply to bond 

zone lengths as short as approximately 4.6 m to 6.1 m (15 to 20 ft) up to approximately 

12 m (40 ft).  Bond zone lengths greater than this can result in excessively nonlinear load 

transfer rates, and use of average soil-grout bond adhesion values may overestimate the 

capacity of the tieback (Sabatini, et al. 1999).  Therefore, the results from this study 

should not be used directly for tieback bond zone lengths greater than 12 m (40 ft).  Bond 

zone lengths shorter than approximately 4.6 m (15 ft) may result in reduced tieback 

capacity estimation accuracy for longer bond zone lengths (e.g., 10.7 m to 12 m, or 35 to 

40 ft) due to the difference in the nonlinearity between very short tieback bond zone load 

transfer rates and long tieback bond zone load transfer rates. 

It may be tempting to use high pressure grouting or post grouting techniques to 

and higher soil-grout adhesion to allow smaller diameter bond zones to be used.  These 

pressure grouting techniques could reduce the creep rates measured during shorter-term 

testing, making the tieback creep performance observed during testing inconsistent with 

its long-term performance.  Therefore, the results of this long-term testing program may 

not be directly applicable to tiebacks installed in clay using high pressure or post-

grouting techniques.  If it is desired to apply the results from this test program to pressure 

grouted or post-grouted tiebacks in clay, pullout tests and creep tests a minimum of 72 

hours in length should be conducted.  However, considering the lack of long-term creep 

performance data for tiebacks installed using these techniques, it is recommended that the 

target maximum creep rate not exceed 1 mm/log cycle (0.04 in./log cycle) of time for 

post-grouted and high pressure grouted tiebacks to provide a buffer. 

For application to future tieback wall projects in similar clay soils, a testing 

protocol is needed.  This protocol must include the loading sequence plus length of time 

for load holds to evaluate creep performance. Both pullout testing with longer load holds 

on sacrificial tiebacks and shorter-term production tieback tests are needed.  

Recommended testing protocols plus creep rate criteria are provided in Appendix H.  
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APPENDIX A 

BORING LOGS APPLICABLE TO TEST SAMPLES USED 

Adapted From:  Crowser, J.C., Horvitz, G.E., Fuglevand, P.F., and Zipper, J.E., 1984a, 
Progress Report II: Permanent Tieback Anchor Demonstration Program, SR-90 (SR-5 to 
Corwin Place), Volumes I and II, Seattle, Washington. 

Two hollow-stem auger borings were drilled on June 28, 1983. The borings were 

completed to depths of 56 to 64 feet below the ground surface. The borings were 

advanced with a truck-mounted drill rig under subcontract to Hart-Crowser & Associates, 

using a 3-3/8 inch hollow stem auger. The drilling was accomplished under the 

continuous observation of an engineering geologist from our firm. 

The explorations were located in the field by hand taping from existing physical 

features. The locations are shown on Figure 7, and on the Site and Exploration Plan, 

Figure 2, of Crowser, et al. (1984a). The approximate ground surface elevation at the 

boring locations, as presented on the boring logs, are interpreted from elevations 

presented on a site plan provided by Henningson, Durham and Richardson. The location 

and elevation of the borings should be considered accurate only to the degree implied by 

the method used. 

Samples were obtained generally at 2.5 or 5.0 foot depth intervals. Disturbed 

samples were obtained using the Standard Penetration Test procedure in which a standard 

split-spoon sampler is driven into the soil a distance of 18 inches using a 140 pound 

hammer falling 30 inches. The number of blows required to drive the sampler the last 12 

inches or to refusal (generally defined as 50 blows for less than 6 inches) is known as the 

Standard Penetration Resistance. This resistance, or blow count, provides a measure of 

the relative density of coarse granular soils, such as sands and gravels, and the 

consistency of cohesive soils such as silts and clays. The soil samples obtained from the 

split-spoon sampler were classified in the field and representative portions saved in air-

tight jars. All the soil samples were transported to our Seattle laboratory for further 

classification and testing.  

A 3-inch diameter thin-walled steel tube sampler was pushed below the auger to 

obtain a relatively undisturbed sample for classification and strength test analyses. The 
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tubes were sealed at the ends and transported to our laboratory for later extrusion, 

classification, and testing.  

The logs of the exploratory borings, HC-101 and HC-102, are available upon 

request. The logs are based on our interpretation of the field and laboratory data and 

indicate the various types of soils encountered in the borings. They also indicate the 

depths where these soils or characteristics of these soils change, although the change may 

be gradual. If the change occurs between samples, it is interpreted. To the right of the 

classification of materials the number, depth, and type of samples that were taken during 

the drilling operation are shown. The semi-logarithmic graphical plot on the right 

presents the Standard Penetration Resistance values that were obtained during the taking 

of the split-spoon samples, and the results of laboratory determined moisture contents. 
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Figure A-1.  Boring Log HC-101 
 
SOIL INTERPRETATION 
 
Approximate Ground Surface Elevation 202 F

Dense, damp, brown, slightly gravelly, fine 
to medium SAND (FILL) 
 
 
 
Very hard, moist to wet, gray, interbedded 
slightly fine sandy, clayey SILT to silty 
CLAY with occasional slickensides and 
fractured zones (OLDER MARINE) 
 
 
Predominately clayey SILT with occasional 
silty CLAY, horizontal varves. 
Concentration of varves tends to increase 
with depth. 
 
 
 
 
 
- Occasional wet zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
- Fractured 

T 
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Figure A-1.  Boring Log HC-101 

SOIL INTERPRETATION 
 

 
Very hard, moist to wet, gray, interbedded 
slightly fine sandy, clayey SILT to silty 
CLAY with occasional slickensides and 
fractured zones. 
(OLDER MARINE) 
 
 
 
 
 
 
Bottom of Boring at 64.0 FT. 
Completed 6/28/83. 
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Figure A-2.  Boring Log HC-102 
 
SOIL INTERPRETATION 
 
Approximate Ground Surface Elevation 196 FT 

Dense, moist, gray-brown, slightly silty, fine 
to medium SAND (FILL) 
 
 
 
 
Dense moist, gray-brown, slightly silty, 
gravelly, fine to medium SAND.  (FILL) 

Very stiff to hard, moist to wet, gray, 
interbedded clayey SILT to silty CLAY with 
occasional slickensides and fractured zones 
(OLDER MARINE) 
 
Predominately clayey SILT with occasional 
silty CLAY, horizontal varves. 
Concentration of varves tends to increase 
with depth. 
 
 
 
- Fractured 
 
 
 
 
 
 
- Slickensides 
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Figure A-2.  Boring Log HC-102 
 
SOIL INTERPRETATION 

 
Hard, moist to wet, gray, interbedded clayey 
SILT to silty CLAY with occasional 
slickensides and fractured zones. 
(OLDER MARINE) 
 
Bottom of Boring at 56.0 FT. 
Completed 6/28/83. 
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APPENDIX B 

LABORATORY TEST RESULTS 

Adapted From:  Crowser, J.C., Horvitz, G.E., Fuglevand, P.F., and Zipper, J.E., 1984a, 
Progress Report II: Permanent Tieback Anchor Demonstration Program, SR-90 (SR-5 to 
Corwin Place), Volumes I and II, Seattle, Washington. 

A laboratory testing program was performed for this study to evaluate the basic 

index and geotechnical engineering properties of the site soils. Laboratory tests were 

performed on both disturbed and relatively undisturbed samples. The laboratory tests 

performed and the procedures followed are outlined below. 

Visual Classification 

Soil samples recovered in the explorations were visually classified in the field and 

then transported to our laboratory where the classifications were verified in a relatively 

controlled environment. Classifications were made in general accordance with the 

Unified Soil Classification System. Visual classifications included soil consistency or 

density, color, moisture content, major soil type and the modifying fractions in the 

sample. The classifications of selected samples were checked by performing laboratory 

tests such as Atterberg limit determinations on the samples. 

Moisture Content Determinations 

Moisture contents were determined for most samples recovered in the 

explorations in general accordance with ASTM D 2216 as soon as possible following 

their arrival in our laboratory. Moisture contents were not determined for very small 

samples or samples where large gravel contents would result in conditions considered 

unrepresentative of the actual subsurface moisture. The results of these tests are shown 

adjacent to each soil sample on the Exploration Logs, Figures A-I and A-2. In addition, 

the moisture contents of samples subjected to other testing have been determined and are 

presented along with the various test results which follow in this appendix. 
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Pocket Penetrometer 

The Pocket Penetrometer procedures provide quick approximate tests of the 

consistency (undrained shear strength) of a cohesive soil sample. The Pocket 

Penetrometer device consists of a calibrated spring mechanism which measures 

penetration resistance of a small diameter 0/4 inch) steel tip over a given distance. The tip 

is pressed against the soil, and the resistance measured at the required penetration 0/4 

inch) is correlative with the compressive strength of the soil. 

The results of the Pocket Penetrometer tests are shown on the exploration logs 

corresponding to the depth of the sample. The values reported on the logs represent the 

actual test results. The approximate undrained shear strength of the tested samples is 

equal to one-half of the Pocket Penetrometer value. 

Atterberg Limits 

Atterberg Limit determinations were accomplished for selected fine-grained soil 

samples. The liquid limit was determined in general accordance with ASTM D 423 and 

the plastic limit was determined in general accordance with ASTM D 424. The results of 

the Atterberg limit analyses and the plasticity characteristics are summarized on the 

Plasticity Chart, Figures B-1 through B-3, which relates the plasticity index (liquid limit 

minus the plastic limit) to the liquid limit. The liquidity index was calculated as the 

difference (moisture content minus the plastic limit) divided by the plasticity index. The 

results of the Atterberg limit tests are also shown, where applicable, on figures presenting 

various other test results and on the exploration logs.  

Unconsolidated-Undrained Triaxial Compression Test 

The unconsolidated-undrained triaxial compression (TUU) test is a method used 

to estimate the undrained shear strength of the soil. The tests were performed in general 

accordance with test procedures outlined in ASTM D 2850. A relatively undisturbed fine-

grained sample was trimmed to a length of about 5- 1/2 to 6 inches, encased in a rubber 

membrane and placed in the triaxial cell. When the sample was placed in the triaxial cell 

an all-around confining pressure was applied hydraulically, but the sample was not 

allowed to consolidate, and no back pressure was applied. An axial load was then applied 
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at a constant strain rate to the sample. The stress-strain behavior was recorded until 

failure occurred without allowing drainage from the specimen. The failure stress was 

generally taken as the maximum load on the sample. The test results are presented in 

Figure B-4 and B-5. The shear strength is considered to be 1/2 the maximum stress 

difference based on the φ = 0 concept and a total stress analysis. 

 

  



 

B-4 

 

 Figure B-1. 
 

Sample Natural 
Boring Sample Depth Water Classification 

No. No. (ft) Content (%) LL PL PI LI Description USC 

HC-101 S-6 28.9 36 61 31 30 0.17 Silty CLAY CH-MH 
HC-101 S-8 33.8 33 51 27 24 0.25 Silty CLAY CH 
HC-101 S-11 43.2 34 45 27 18 0.39 Clayey SILT ML 
HC-101 S-11 43.7 33 52 28 24 0.21 Silty CLAY CH 
HC-101 S-13 48.0 36 53 26 27 0.37 Silty CLAY CH 

LI = Liquidity Index 
LL = Liquid Limit (%) 
PL = Plastic Limit (%) 
PI = Plasticity Index (%) 
USC = Unified Soil Classification 

J-712-12            August              1983 
HART-CROWSER & associates, inc. 
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 Figure B-2. 

Sample Natural 
Boring Sample Depth Water Classification 

No. No. (ft) Content (%) LL PL PI LI Description USC 
HC-102 S-7 23.5 40 65 33 32 0.22 Clayey SILT MH 
HC-102 S-7 24.5 39 62 26 36 0.36 Silty CLAY CH 
HC-102 S-7 24.9 33 51 28 23 0.22 Silty CLAY CH 
HC-102 S-9 29.8 39 70 36 34 0.09 Clayey SILT MH 
HC-102 S-9 29.9 38 45 27 18 0.61 Clayey SILT ML 

LI = Liquidity Index 
LL = Liquid Limit (%) 
PL = Plastic Limit (%) 
PI = Plasticity Index (%) 
USC = Unified Soil Classification 

J-712-12            August              1983 
HART-CROWSER & associates, inc. 
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 Figure B-3. 
 
 
 

Sample Natural 
Boring Sample Depth Water Classification 

No. No. (ft) Content (%) LL PL PI LI Description USC 
HC-102 S-11 32.6 37 57 26 31 0.35 Clayey SILT MH 
HC-102 S-11 34.2 35 44 27 17 0.47 Silty CLAY CH 
HC-102 S-13 38.5 37 53 27 26 0.38 Silty CLAY CH 
HC-102 S-15 43.1 37 70 31 39 0.15 Clayey SILT MH 

LI = Liquidity Index 
LL = Liquid Limit (%) 
PL = Plastic Limit (%) 
PI = Plasticity Index (%) 
USC = Unified Soil Classification 

J-712-12            August              1983 
HART-CROWSER & associates, inc. 
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Figure B-4. 

Test No. Boring No. Sample No. Depth (ft) USC Description 
I HC-101 S-11 43.0 – 43.5 ML Clayey SILT 
II HC-101 S-11 43.5 – 44.0 CH Silty CLAY 
II HC-101 S-13 47.8 – 48.3 CH Silty CLAY 

 
Test Natural LL PL PI Wet Unit Cell Back Shear Strain at 
No. Water (%) (%) (%) Weight Pressure Pressure Strength, Failure, 

Content (%) (pcf) (psi) (psi) Su (psf) ε1 
I 34 45 27 18 117.7 35 - - - 
II 33 52 28 24 117.3 45 - 5068 0.042 
II 36 53 26 27 117.1 50 - 4703 0.031 

 
Note:  See Figure B-1 for Liquidity Index.      
Test I was on a disturbed sample.                  

                     J-712-12             August             1983 
 HART-CROWSER & associates, inc.                    
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Figure B-5. 

Test No. Boring No. Sample No. Depth (ft) USC Description 
I HC-102 S-7 24.2 – 24.8 CH Silty CLAY 
II HC-102 S-9 28.8 – 29.4 ML Clayey SILT 
II HC-102 S-13 38.5 – 39.0 CH Silty CLAY 

Test Natural LL PL PI Wet Unit Cell Back Shear Strain at 
No. Water (%) (%) (%) Weight Pressure Pressure Strength, Failure, 

Content (%) (pcf) (psi) (psi) Su (psf) ε1 
I 39 62 26 36 117.8 20 - 1618 0.017 
II 38 45 27 18 116.0 25 - 2768 0.026 
II 37 53 27 26 117.8 35 - 5324 0.025 

 

 
Note:  See Figures B-2 and B-3 for Liquidity Index.              J-712-12             August             1983 

  HART-CROWSER & associates, inc.                                                                                  
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APPENDIX C 

CALIBRATION DATA FOR STRAIN GAUGES, HYDRAULIC 

LOAD CELLS, AND JACK PRESSURE GAUGES  

Strain Gauge Calibration 
This portion of Appendix C describes the calibrations conducted for the vibrating 

wire strain gauges welded to the tieback Dywidag bars to monitor bar strain and load.  

The weldable vibrating wire strain gauges were manufactured by the Slope Indicator 

Company (SINCO). Number 52621 weldable vibrating wire strain gauge with Number 

52622 pickup sensor with cable was used.  A mastic pad was placed over the strain gauge 

to protect it, and 3M Scotch-Kote (brushable) was applied to the gauge and all welds for 

waterproofing.  Initial calibrations were conducted on the strain gauge installed on the 

Tieback U-2 Dywidag bar after the short-term tieback testing was completed to relate 

measured strain to bar load.  Four runs of progressively increasing applied load were 

done.  The results of this testing are provided in Table C-1. 

An additional strain gauge calibration was conducted on January 27, 1988 after 

the long-term tieback testing was completed to assist with the interpretation of the strains 

measured within the grout encapsulated bar.  Since steel bar from the same heat as used 

for the long-term tieback testing was not available, this testing was conducted using steel 

from a different heat.  However, the same model of strain gauges used in the long-term 

test program was used for this calibration. The intent of these later calibration tests was to 

show the effect the grout has on the stress-strain response of the Dywidag bar. 

To conduct this calibration, vibrating wire strain gauges were welded to the 

middle of two 1.5 m (5 ft) long sections of 35 mm (1.375 in) diameter Dywidag bar.  

Two gauges were welded to each bar on opposite sides to take bending of the bar into 

account.  One of the bars with strain gauges was welded to a Dywidag bar and the bar 

tensile tested without being placed in grout.  The other bar with strain gauges was 

embedded in a 305 mm (12 inch) diameter, 0.9 m (3 ft) long column of pea gravel cement 

grout with the same characteristics as the grout used for the long-term tieback test 
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program.  A second Dywidag bar 0.9 m (3 ft) in length was also placed in the grout 

column parallel to the other bar to mimic, as much as possible, the conditions which 

existed in the tiebacks (specifically tiebacks U-1, U-2, and TB-6) where bonded zone 

load transfer data was obtained. The grout mix used was as follows: 

• 360 kg (800 lbs) of cement per cubic yard, 

• 1,300 kg (2850 lbs) of aggregate (pea gravel) per cubic yard, and 

• 150 kg (340 lbs) of water per cubic yard 

• Water reducer was used. 

• Grout strength at 4 days was 26,800 kPa (3890 psi). 

The bars with strain gauges were then pulled in a tensile test machine to a 

maximum load of 490 kN (110 kips).  The test setup is shown in Figure C-1. Strain gauge 

and tensile load readings were obtained for both bars before grouting the second bar.  

These test results are summarized in Table C.2. Strain gauge and tensile load readings for 

the bar encapsulated in grout are summarized in Table C.3. 

Table C.1.  Calibration data for strain gauge mounted to Tieback U-2 conducted 
Oct. 26, 1983 (Crowser, et al. 1984a). 

Load 
(kN) 

Load 
(kips) 

Strain 
Gauge 

Reading 
(μЄ) 

Run #1 

Strain 
Gauge 

Reading 
(μЄ) Run 
Run #2 

Strain 
Gauge 

Reading 
(μЄ) Run 
Run #3 

Strain 
Gauge 

Reading 
(μЄ) Run 
Run #4 

Average 
Strain 
Gauge 

Readings 
(μЄ) 

Average Strain 
Gauge Readings 
Relative to Zero 

Load (μЄ) 

0.0 0.0 -249 -270 -278 -266 -266 0 
44.5 10.0 -63 -59 -60 -61 -61 205 
89.0 20.0 140 145 145 143 143 409 
133.4 30.0 351 350 350 350 350 616 
177.9 40.0 540 540 545 542 542 808 
222.4 50.0 760 760 755 758 758 1024 
266.9 60.0 955 955 955 955 955 1221 
311.4 70.0 1155 1150 1155 1153 1153 1419 
355.8 80.0 1355 1350 1350 1352 1352 1618 
400.3 90.0 1550 1550 1550 1550 1550 1816 
444.8 100.0 1745 1750 1750 1748 1748 2014 
489.3 110.0 1945 1945 1940 1943 1943 2209 
533.8 120.0 2140 2135 2140 2138 2138 2404 
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Figure C.1.  Test setup for calibration of strain gauges mounted to a Dywidag bar 

embedded in grout. 

With regard to strain gauge readings taken at the test site for both the short-term 

and long-term readings, the strain at zero load needed to be established.  The calibrations 

described above were used to determine the zero load readings, which are summarized in 

Table C.4.  
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Table C.2.  Individual strain gauge readings for first run of strain gauge calibration 
test, with Dywidag bars not embedded in grout. 

Load 
(kN) 

Load 
(Kips) 

Dywidag Bar #1, 
Gauge #1 (μЄ) 

Dywidag Bar #1, 
Gauge #2 (μЄ) 

Dywidag Bar #2, 
Gauge #3 (μЄ) 

Dywidag Bar #2, 
Gauge #4 (μЄ) 

0 0 449 410 229 451 
44 10 574 645 452 624 
89 20 757 845 647 815 
133 30 952 1046 842 1011 
178 40 1144 1235 1041 1208 
222 50 1343 1439 1230 1397 
267 60 1539 1626 1424 1591 
311 70 1730 1821 1612 1785 
356 80 1921 2008 1801 1972 
400 90 2109 2203 1963 2164 
445 100 2301 2394 2052 2350 
489 110 2485 2582 2141 2572 

0 0 319 406 -089 375 
 
Table C.3.  Average of strain gauge readings for first run of strain gauge calibration 

test, with Dywidag bars not embedded in grout. 

Load 
(kN) 

Load 
(Kips) 

Ave. Strain, 
Bar #1 (μЄ) 

Ave. Strain, 
Bar #2 (μЄ) 

Ave. Strain, 
Bar #1 (μЄ) 

Ave. Strain, 
Bar #2 (μЄ) 

Ave. Strasin, 
Both Bars (μЄ) 

0 0 430 340 0 0 0 
44 10 610 538 180 198 189 
89 20 801 731 372 391 381 
133 30 999 927 570 587 578 
178 40 1190 1125 760 785 772 
222 50 1391 1314 962 974 968 
267 60 1583 1508 1153 1168 1160 
311 70 1776 1699 1346 1359 1352 
356 80 1965 1887 1535 1547 1541 
400 90 2156 2064 1727 1724 1725 
445 100 2348 2201 1918 1861 1890 
489 110 2534 2357 2104 2017 2060 
0 0 363 375 -67 -197 -132 
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Table C.4.  Strain gauge readings for bar #1 strain gauge calibration test, with 
Dywidag bar embedded in grout column. 

Load 
(Kips) 

Load 
(KN) 

Gauge #1 
(μЄ) 

Gauge #2 
(μЄ) 

Average 
Strain (μЄ) 

Average Strain Relative to 
Zero Load (μЄ) 

0 0 392 428 410 0 
1 4.4 394 432 413 3 
2 8.9 398 434 416 6 
3 13.3 401 437 419 9 
4 17.8 404 439 422 12 
5 22.2 407 442 425 15 
6 26.7 410 445 428 18 
7 31.1 413 447 430 20 
8 35.6 417 450 434 24 
9 40.0 420 453 437 27 

10 44.5 425 456 441 31 
11 48.9 428 458 443 33 
12 53.4 431 461 446 36 
13 57.8 434 464 449 39 
14 62.3 439 467 453 43 
15 66.7 443 470 457 47 
16 71.2 447 473 460 50 
17 75.6 452 477 465 55 
18 80.1 457 480 469 59 
19 84.5 462 483 473 63 
20 89.0 466 487 477 67 
22 97.9 482 498 490 80 
24 107 496 508 502 92 
26 116 513 519 516 106 
28 125 530 532 531 121 
30 133 554 546 550 140 
32 142 575 563 569 159 
34* 151* 601* 581* 591* 181* 
36 160 1000 948 974 564 
38 169 1036 976 1006 596 
40 178 1074 1011 1043 633 
42 187 1115 1048 1082 672 
44 196 1155 1088 1122 712 
46 205 1198 1124 1161 751 
48 214 1234 1165 1200 790 
50 222 1274 1195 1235 825 
55 245 1376 1297 1337 927 
60 267 1476 1386 1431 1021 
65 289 1572 1487 1530 1120 
70 311 1673 1575 1624 1214 
75 334 1766 1675 1721 1311 
80 356 1858 1762 1810 1400 
85 378 1954 1859 1907 1497 
90 400 2065 1950 2008 1598 
95 423 2160 2054 2107 1697 
100 445 2265 2148 2207 1797 

0 0.0 578 617 598 188 
*Grout cracked (loud pop heard, and small crack formed on side of grout column). 
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Table C.5.  Determination of zero load readings for strain gauges attached to each 
tieback. 

Tieback 
Gauge 

Number 

Seating Load 
Used as 

Reference 
(kN) 

Seating Load 
Used as 

Reference 
(kips) 

Strain Gauge 
Reading at 

Seating Load 
(μЄ) 

Zero Load 
Reading 

(μЄ) 
U-1 1 0.0 0.0 -353 -353 
U-1 2 0.0 0.0 -123 -123 
U-1 3 44.5 10.0 -488 -519 
U-1 4 53.4 12.0 229 -11 
U-2 1 0.0 0.0 -319 -319 
U-2 2 0.0 0.0 -84 -84 
U-2 3 0.0 0.0 -413 -413 
U-2 4 0.0 0.0 -773 -773 

U-2, after overload 4 0.0 0.0 -2025 -2025 
TB-1 4 35.6 8.0 -308 -468 
TB-2 4 31.1 7.0 -331 -471 

TB-3, before loading 4 10.2 2.3 -237 -283 
TB-3, before lockoff 4 17.8 4.0 -266 -346 

TB-4 4 49.4 11.1 91 -131 
TB-5 4 9.8 2.2 -102 -146 
TB-6 1 0.0 0.0 -211 -211 
TB-6 2 0.0 0.0 -248 -248 
TB-6 3 0.0 0.0 -398 -398 
TB-6 4 48.9 11.0 22 -198 

TB-6, before lockoff 1 6.7 1.5 -211 -216 
TB-6, before lockoff 2 6.7 1.5 -220 -225 
TB-6, before lockoff 3 6.7 1.5 -216 -221 
TB-6, before lockoff 4 6.7 1.5 -290 -320 

TB-7 4 18.0 4.05 -160 -241 
Note:  
(1) Zero Load Reading = (Reading at seating Load) - (20 μЄ/Kip) (Seating Load) for strain gauges not 
embedded in grout (see Table C.1). 
(2) Zero Load Reading = (Reading at seating Load) - (3.1 μЄ/Kip) (Seating Load) for strain gauges 
embedded in grout (see Table C.3). 
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Load Cell Calibration 
For all load cell calibration tables and plots, 1 kN = 225 lbs, and 1 kPa = 20.9 psf. 
 

Table C.6.  Calibration data for load cell No. 1 used for loading tiebacks U-1, U-2, 
and TB-6, and locked off on Tieback TB-6 (Calibration Date: 9/22/1983). 

 
Figure C.2.  Calibration data for load cell No. 1 used for loading tiebacks U-1, U-2, 

and TB-6, and locked off on Tieback TB-6. 

Observed Cell Pressure (kPa) Surface load (kN) 
965 111 

3860 222 
6380 334 
8340 445 
11100 556 
13800 667 
16100 778 
18800 890 
20700 979 

 

Source:  Crowser, et al. (1984a). 
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Table C.7.  Calibration data for load cell No. 2 used for initial loading tiebacks TB-4 
and TB-5, and lock off for Tieback TB-5 (Calibration Date: 9/22/1983). 

Observed Cell Pressure (kPa) Surface load (kN) 
1930 111 
4210 222 
6480 334 
8270 445 

11200 556 
13400 667 
15900 778 
18300 890 
20700 996 

 

 
Figure C.3.  Calibration data for load cell No. 2 used for initial loading tiebacks TB-

4 and TB-5, and lock off for Tieback TB-5. 

Source:  Crowser, et al. (1984a). 
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Table C.8.  Calibration data for load cell No. 3 used for loading Tieback TB-3 and 
for lock off of Tieback TB-1 (Calibration Date: 9/22/1983). 

Observed Cell Pressure (kPa) Surface load (kN) 
1720 111 
4140 222 
6480 334 
8790 445 
11700 556 
13800 667 
16300 778 
19000 890 
20700 934 

 

 
Figure C.4.  Calibration data for load cell No. 3 used for loading Tieback TB-3 and 

for lock off of Tieback TB-1. 

Source:  Crowser, et al. (1984a). 
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Table C.9.  Calibration data for load cell No. 4, also used for loading of tiebacks U-1, 
U-2 and TB-6. 

Calibration Date Observed Cell Pressure (kPa) Surface load (kN) 
9/22/1983 3310 111 
9/22/1983 5520 222 
9/22/1983 7930 334 
9/22/1983 10300 445 
9/22/1983 12800 556 
9/22/1983 14500 667 
9/22/1983 17900 778 
9/22/1983 20600 890 
9/22/1983 22800 1001 
9/22/1983 25400 1112 
9/22/1983 27900 1223 
9/22/1983 30500 1334 
10/12/1983 3450 147 
10/12/1983 6900 332 
10/12/1983 10300 512 
10/12/1983 13800 679 
10/12/1983 17200 801 

 

 
Figure C.5.  Calibration data for load cell No. 4, also used for loading of tiebacks U-

1, U-2 and TB-6. 

Source:  Crowser, et al. (1984a).  See this reference for readings taken with this load cell 
during testing of tiebacks U-1 and U-2. 
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Table C.10.  Calibration data for load cell No. 5, used for lock off of Tieback TB-4 
(Calibration Date: 9/22/1983). 

Observed Cell Pressure (kPa) Surface load (kN) 
1720 111 
4140 222 
6480 334 
8790 445 
11700 556 
13800 667 
16300 778 
19000 890 
20700 961 

 

 
Figure C.6.  Calibration data for load cell No. 5, used for lock off of Tieback TB-4. 
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Table C.11.  Calibration data for load cell No. 6, used for lock off of Tieback TB-3 
(Calibration Date: 9/22/1983). 

Observed Cell Pressure (kPa) Surface load (kN) 
1240 89 
3030 178 
4900 267 
6520 356 
8270 445 
10600 534 
12600 623 
14300 712 
16300 801 
18300 890 
20400 979 
20700 987 

 

 
Figure C.7.  Calibration data for load cell No. 6, used for lock off of Tieback TB-3. 
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Table C.12.  Calibration data for load cell No. 7, used for loading and lock off 
Tieback TB-7. 

Calibration Date Observed Cell Pressure (kPa) Surface load (kN) 
9/22/1983 965 89 
9/22/1983 2380 178 
9/22/1983 4030 267 
9/22/1983 5590 356 
9/22/1983 7590 445 
9/22/1983 10000 534 
9/22/1983 12100 623 
9/22/1983 14100 712 
9/22/1983 16300 801 
9/22/1983 18600 890 
9/22/1983 20700 974 

10/12/1983 690 79 
10/12/1983 1380 148 
10/12/1983 2070 198 
10/12/1983 2760 238 
10/12/1983 3450 274 
10/12/1983 4140 307 
10/12/1983 6900 424 
10/12/1983 10300 556 
10/12/1983 13800 713 
10/12/1983 17200 862 

 

 
Figure C.8.  Calibration data for load cell No. 7, used for loading and lock off 

tieback TB-7. 
Source:  Crowser, et al. (1984a). 
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Table C.13.  Calibration data for load cell No. 8, also used for loading and lock off of 
tieback TB-2 (Calibration Date: 9/22/1983). 

Observed Cell Pressure (kPa) Surface load (kN) 
1590 89 
3100 178 
4760 267 
6270 356 
8270 445 
10700 534 
12000 623 
14700 712 
16900 801 
19200 890 
20700 947 

 

 
Figure C.9.  Calibration data for load cell No. 8, used for loading and lock off of 

tieback TB-2. 

Source:  Crowser, et al. (1984a). 
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Jack Pressure Gauge Calibration 
For all jack pressure gauge calibration tables and plots, 1 kN = 225 lbs, and 1 kPa = 20.9 
psf 

Table C.14.  Calibration data for Jack (SN 79-448), pressure gauge #1. 

Calibration Date Observed Cell Pressure (kPa) Surface load (kN) 
9/23/1983 6900 95 
9/23/1983 13800 188 
9/23/1983 20700 282 
9/23/1983 27600 375 
9/23/1983 34500 471 
9/23/1983 41400 564 
9/23/1983 48300 660 
9/23/1983 55200 753 
9/23/1983 62100 846 

10/12/1983 6900 96 
10/12/1983 13800 192 
10/12/1983 20700 286 
10/12/1983 27600 379 
10/12/1983 34500 476 
10/12/1983 41400 572 
10/12/1983 48300 668 
10/12/1983 55200 764 
10/12/1983 62100 861 

Source:  Crowser, et al. (1984a). 
 

Table C.15.  Calibration data for Jack (SN 79-448), pressure gauge #2. 

Calibration Date Observed Cell Pressure (kPa) Surface load (kN) 
9/23/1983 6900 90 
9/23/1983 13800 183 
9/23/1983 20700 278 
9/23/1983 27600 374 
9/23/1983 34500 468 
9/23/1983 41400 565 
9/23/1983 48300 658 
9/23/1983 55200 758 
9/23/1983 62100 854 

Source:  Crowser, et al. (1984a). 
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Figure C.10.  Calibration data for Jack (SN 79-448). 

Source:  Crowser, et al. (1984a). 
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APPENDIX D 

SHORT-TERM TIEBACK LOAD AND CREEP DATA 

Table D.1.  Short-term load and deflection measurements for Tieback U-1. 

Strain Anchor Anchor Load Load Jack Jack Elapsed Cell Cell Pressure Pressure Time Reading Load Reading Load (minutes) (kPa) (kN) (kPa) (kN) 

0 0.0 0.0 6550 87.5 
1     
4     
6     

11     
15     
30     
0 2758 183.6 20685 282.7 
2 2758 183.6   
5 2758 183.6   

11 2758 183.6   
18 2758 183.6 20685 282.7 
30 2758 183.6 20685 282.7 
45 2758 183.6 20685 282.7 
60 2758 183.6 20685 282.7 
0 4827 275.1 31028 425.5 
1 4827 275.1   
2 4827 275.1   
4 4827 275.1   

11 4827 275.1   
14 4827 275.1 31717 435.0 
22 4827 275.1   
30 4827 275.1   
45 4827 275.1 31028 425.5 
60 4827 275.1 31028 425.5 
0 6895 366.6 38612 530.2 
1 6895 366.6   
2 6895 366.6   

2.5 6895 366.6   
6 6895 366.6   
8 6895 366.6   

10 6895 366.6   
22 6895 366.6   
30 7585 397.2 39991 549.2 
45     
63 7240 381.9 40336 554.0 
0 8964 458.2 45507 625.4 
1 8964 458.2 46197 634.9 
2 9136 465.8   
5 9239 470.4   

Gauge 
Total 
Strain 

(µε) 
374 
374 
372 
372 
370 
369 
368 

1202 
1196 
1192 
1185 
1182 
1178 
1175 
1174 
1790 
1782 
1772 
1766 
1759 
1787 
1775 
1773 
1765 
1761 
2251 
2231 
2224 
2247 
2247 
2229 
2243 
2251 
2247 
2249 
2248 
2611 
2611 
2611 
2611 

Strain 
Gauge 
Load 
(kN) 

83.2 
83.2 
82.7 
82.7 
82.3 
82.1 
81.8 
267.3 
266.0 
265.1 
263.5 
262.9 
262.0 
261.3 
261.1 
398.1 
396.3 
394.1 
392.8 
391.2 
397.4 
394.8 
394.3 
392.5 
391.6 
500.6 
496.2 
494.6 
499.7 
499.7 
495.7 
498.8 
500.6 
499.7 
500.2 
500.0 
580.7 
580.7 
580.7 
580.7 

Head 
Displace-

ment 
(mm) 

0.0 
0.3 
0.3 
0.3 
0.3 
0.5 
0.8 
6.1 
6.1 
6.4 
6.4 
6.4 
6.6 
6.6 
6.9 

16.0 
16.0 
16.0 
16.3 
16.3 
16.5 
16.5 
16.5 
16.8 
16.8 
23.6 
23.6 
23.6 
23.9 
24.1 
24.1 
24.4 
24.4 
24.6 
24.6 
24.9 
30.0 
30.5 
30.7 
31.5 

Head Creep 
Rate 

(mm/log 
Cycle Time) 

 
 
 
 
 
 

0.581 
 
 
 
 
 
 
 

0.471 
 
 
 
 
 
 
 
 
 

0.690 
 
 
 
 
 
 
 
 
 
 

0.746 
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Strain Anchor Anchor Load Load Jack Jack Strain Elapsed Gauge Head Head Creep Cell Cell Pressure Pressure Gauge Time Total Displace- Rate Reading Load Reading Load Load (minutes) Strain ment (mm/log (kPa) (kN) (kPa) (kN) (kN) (µε) (mm) Cycle Time) 
10 9584 485.6 46369 637.2 2611 580.7 32.3  
12 9136 465.8 45507 625.4 2611 580.7 32.5  
22 9308 473.4   2611 580.7 34.0  
32 9239 470.4 45679 627.7 2611 580.7 35.8  
50 9239 470.4 46024 632.5 2611 580.7 38.1  
61   45162 620.6 2611 580.7 40.4 8.18 

0.11 10687 534.5   2826 628.5 49.5  
2 11032 549.7   2540 564.9 76.2 21.2 
3 6206 336.1 33786 463.5 1813 403.2 105.7 39.1 

Note:  1 mm = 0.039 in. 
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Table D.2.  Short-term load and deflection measurements for Tieback U-2. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 345 66.7 10343 140 605 135 5.6  
1 345 76.8   601 134 5.6  
2 345    599 133 5.6  
5 345    597 133 5.6  

10 345    595 132 5.3  
20 345    594 132 5.3  
31 345    593 132 5.3 0.13 
0 1896 145.4 15169 207 853 190 7.4  
1     849 189 7.4  
2     847 188 7.4  
5     845 188 7.4  

10     844 188 7.4  
22     842 187 7.4  
30 1896 145.4 15169 207 842 187 7.4 0.13 
0 2758 183.6 18961 259 1094 243 9.4  
1     1079 240 9.4  
2     1077 240 9.4  
5     1074 239 9.4  

12 2758 183.6   1071 238 9.4  
21     1070 238 9.4  
31     1068 238 9.4 0.13 
0 3792 229.3 23305 319 1323 294 11.9  
1     1315 292 11.9  
2     1311 292 11.9  
5     1307 291 11.9  

11     1304 290 11.9  
21 3792 229.3   1302 290 11.9  
30 3792 229.3 23305 319 1301 289 11.9  
33 3792    1321 294 11.9 0.13 
0 4827 275.1 28201 386 1560 347 15.0  
1     1548 344 15.0  
2     1544 343 15.0  
5     1535 341 15.2  

11 4827 275.1   1530 340 15.2  
20 4895 278.2 28201 386 1563 348 15.5  
30     1556 346 15.5  
45 4895 278.2   1545 344 15.5  
61 4895 278.2 29511 405 1543 343 15.5 0.23 
0 5861 320.9 32062 440 1755 390 18.5  
1     1736 386 18.5  
2     1731 385 18.5  
5     1725 384 18.5  

10 5861 320.9   1718 382 18.5  
20 5861 320.9 32062 440 1736 386 18.8  
31     1726 384 18.8  
46     1720 383 18.8  
61 5930 323.9 33027 453 1717 382 19.1 0.47 
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 6895 366.6 35165 483 1921 427 22.6  
1     1899 422 22.6  
2     1892 421 22.6  
5     1879 418 22.6  

10     1902 423 22.9  
20     1905 424 23.4  
31 7102 375.8   1883 419 23.6  
47     1901 423 23.9  
60 7516 394.1 36544 502 1882 419 24.1 1.41 
0 5930 323.9 31717 435 1722 383 21.1  
1     1719 382 21.1  
2   31717 435 1719 382 21.1  
5     1719 382 21.1  

10     1719 382 21.1  
21     1718 382 21.1  
33     1718 382 21.1  
51     1718 382 21.1 0.13 
120 6206 336.1 31717 435 1718 382 21.1  
211     1714 381 21.1  
455 5792 317.8   1712 381 20.8  
575 5447 302.6 31372  1715 381 20.6  
695     1717 382 20.6  
815     1715 381 20.1  
935     1714 381 20.1  
1276 6137 333.1 32544 446 1719 382 21.6  
1557 6274 339.2 32682 448 1721 383 22.1  
1655 6481 348.3 32062 440 1720 383 22.4  
1819 9308 473.4 46886 644 2563 570 47.0  
1879 9308 473.4 43439 597 2369 527 47.0  

0 6033 328.5 31717 435 1681 374 34.5  
1   30338 416 1680 374 34.5  
2 6033 328.5   1681 374 34.5  
5 6033 328.5 30338 416 1680 374 34.5  

10 6033 328.5   1680 374 34.5  
20 6068 330.0   1680 374 34.5  
45 6102 331.5 30510 418 1681 374 34.5 0.13 
90 6102 331.5 30510 418 1680 374 34.5  
150 6068 330.0 30338 416 1678 373 34.5  
270 5999 327.0 29993 411 1676 373 34.3  
510 5695 313.5 29993 411 1670 371 33.8  
562 5723 314.8 29786 408 1670 371 34.3  
892 6412 345.3 31717 435 1685 375 34.8  

0 7033 372.7 32407 444 1801 401 36.1  
1     1800 400 36.1  
2   32407 444 1800 400 36.1  
5     1799 400 36.1  

10 7033 372.7   1799 400 36.1  
20 7171 378.8 33234 456 1799 400 36.1  
30 7171 378.8 33441 459 1800 400 36.1  
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
45 7171 378.8 33510 460 1799 400 36.1 0.13 
0 7929 412.4 35923 493 2018 449 38.9  
1 7929 412.4   2016 448 38.9  
2 7929 412.4   2016 448 38.9  
5     2014 448 38.9  

10     2013 448 38.9  
20 8067 418.5 36681 504 2011 447 38.9  
30 8136 421.6 36681 504 2010 447 38.9 0.13 
0 9032 461.2 40474 556 2263 503 41.9  
1     2245 499 41.9  
2  0.0 37578 516 2239 498 41.9  
5     2226 495 41.9  

10     2217 493 42.2  
20 9032 461.2 40474 556 2253 501 42.7  
30 9032 461.2 40681 559 2231 496 42.7  
45   40681 559 2246 500 42.9  
60 9032 461.2 41025 563 2243 499 43.4 1.41 
0 9308 473.4 41715 573 2306 513 44.2  
1     2298 511 44.2  
2     2295 510 44.2  
5     2287 509 44.2  

10 9308 473.4 42060 578 2299 511 44.5  
22 9308 473.4 42060 578 2300 512 44.7  
30     2285 508 45.0  
45 9308 473.4 42060 578 2298 511 45.2 1.63 
0 9791 494.8 43439 597 2423 539 47.0  
1 9791 494.8   2403 534 47.0  
2 9791 494.8 43370 596 2393 532 47.2  
5 9825 496.3 44128 606 2403 534 47.5  
8 9860 497.8 44059 605 2403 534 47.8  

11 9825 496.3 44128 606 2405 535 48.0  
15 9825 496.3 44128 606 2403 534 48.5  
0 10343 519.2 47231 649 2627 584 51.8  
1 10343 519.2 46955 645 2627 584 53.1  
2 10274 516.2 46955 645 2605 579 53.6  
5 10274 516.2 47162 648 2613 581 55.4  
8 10343 519.2 47576 654 2605 579 57.9  
9     2600 578 58.4  

17 10343 519.2 46197 635 2550 567 62.2 12.9 
0 10894 543.6 48196 662 2708 602 65.0  
1 10756 537.5   2708 602 66.8  
2 10687 534.5   2708 602 68.6  
5 10687 534.5 48265 663 2710 603 74.2  
8 10205 513.1 45507 625 2444 544 86.9 62.2 

10 10067 507.0 44473 611 2415 537 87.1  
12 9998 503.9 44128 606 2398 533 87.1  
15 9929 500.9 43783 602 2373 528 87.1  

Note:  1 mm = 0.039 in.  
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Table D.3.  Short-term load and deflection measurements for Tieback TB-1. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment (mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 7033 356       

120         
0 1724 121 16203 221 1160 258 8.9  
1 1724 121 15514 211 1148 255 8.9  
2 1724 121 15376 209 1145 255 8.9  

4.5 1724 121   1142 254 8.9  
10 1724 121 15169 207 1139 253 8.9  
23 1724 121 16548 226 1158 258 9.1  
30 1724 121 16203 221 1153 256 9.1 0.31 
0 2069 136 17927 245 1272 283 10.7  
1 2069 136   1268 282 10.7  
2 2069 136   1264 281 10.7  
5 2069 136   1252 278 10.7  

10 2206 142 18617 254 1275 284 10.9  
20 2206 142 18617 254 1269 282 10.9  
30 2206 142   1268 282 10.9  
45 2206 142 18479 252 1267 282 10.9  
60 2413 152 18479 252 1266 282 11.2 0.47 
0 3034 179 22064 302 1487 331 14.2  
1 3034 179   1477 328 14.2  
2 3034 179 21926 300 1472 327 14.2  
5 3034 179   1468 326 14.2  

10 3172 185 22754 311 1501 334 14.7  
20 3172 185 22754 311 1491 332 14.7  
30 3172 185 22754 311 1488 331 14.7  
45 3172 185   1487 331 14.7  
60 3172 185 22754  1486 330 14.5 0.24 
0 4137 228 26201 359 1712 381 18.3  
1 4137 228   1694 377 18.3  
2 4137 228 26546 364 1707 380 18.5  

4.5 4137 228   1698 378 18.5  
10 4137 228   1694 377 18.5  
20 4275 234   1719 382 19.1  
30 4275 234   1708 380 19.1  
45 4275 234 26891 368 1706 379 18.8  
60 4275 234 26753 366 1703 379 18.8 0.23 
0 5102 271 29649 406 1916 426 22.1  
1 5171 274 30338 416 1903 423 22.4  
2 5171 274 30338 416 1908 424 22.6  
5 5240 277 30683 421 1909 425 23.1  

10 5240 277   1897 422 23.1  
20 5240 277   1903 423 23.4  
30 5240 277   1894 421 23.4  
45 5344 281 30959 425 1905 424 23.6  
60 5378 283   1897 422 23.6 0.47 
0 6619 338   1946 433   

1440* 6206 319   1925 428   
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment (mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
1 1034 91 8964 121 492 109   
1 2069 136 13790 187 745 166   
1 3103 182 17238 235 988 220   
1 4137 228 22064 302 1233 274   
1 5033 267 24822 340 1439 320   
1 5171 274 25856 354 1476 328   

0* 5171 274   1404 312   
*Tieback was locked off, partially unloaded, then locked off again. 
Note:  1 mm = 0.039 in. 
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Table D.4.  Short-term load and deflection measurements for Tieback TB-2. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 1034 65 6895 92 497 111   
1 1103 69   492 109 4.6  
2 1103 69 5861 78 492 109 4.6  
5 1103 69   489 109 4.6  

10 1103 69   488 109 4.6  
20 1103 69   486 108 4.6  
30 1103 69   485 108 4.6 0.13 
0 1517 92 10343 140 675 150 7.1  
1 1517 92   673 150 7.1  
2 1517 92 9308 126 671 149 7.1  
5 1517 92   669 149 7.1  

10 1517 92   667 148 7.1  
20 1517 92   667 148 7.1  
30 1517 92 8964 121 666 148 7.1  
60 1517 92   666 148 7.1 0.13 
0 2344 136 14135 192 858 191 9.4  
1 2344 136 12411 168 854 190 9.4  
2 2344 136   851 189 9.4  
5 2344 136 12066 164 848 189 9.4  

12 2344 136   840 187 9.4  
20 2482 144 14824 202 870 193 9.7  
30 2482 144 14824 202 865 192 9.7  
45 2482 144   864 192 9.7  
60 2482 144   863 192 9.7 0.24 
0 3275 185 17238 235 1035 230 12.2  
1 3310 186 16548 226 1026 228 12.2  
2 3310 186   1024 228 12.2  
5 3310 186   1021 227 12.2  
9 3310 186   1019 227 12.2  

20 3310 186   1019 227 12.2  
40 3310 186   1015 226 12.2  
60 3448 193 17927 245 1035 230 12.4 0.23 
112 3585 200   1028 229 12.4  

1 827 53 6550 88 393 87   
1 1551 94   578 129   
1 2344 136 13101 178 812 181   

10 3275 185 17238 235 1047 233   
0 3448 193   1030 229   

  



 

D-9 

Table D.5.  Short-term load and deflection measurements for Tieback TB-3. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 0 0 3448 45 120 27 1.8  
1       1.8  
5       1.8  

10       1.8  
20       1.8  
30       2.0  
45       2.0  
60       2.0 0.24 
0 1034 91 11377 154 678 151 10.2  
1 1034 91     10.2  
2 1034 91     10.2  
5 1034 91     10.2  

10 1034 91     10.4  
20 1103 94     10.4  
30 1103 94     10.4  
45 1103 94     10.4  
65 1103 94     10.4 0.23 
0 2069 136 15859 216 922 205 14.0  
1 2069 136     14.0  
2 2069 136     14.0  
5 2069 136     14.0  

10 2069 136     14.2  
20 2069 136     14.2  
45 2069 136     14.2  
60 2069 136     14.2  
0 3275 190 21375 298 1202 267 19.1 0.24 
1 3275 190     19.1  
2 3275 190     19.1  
5 3275 190     19.1  

10 3275 190     19.1  
20 3275 190     19.3  
30 3275 190     19.6  
45 3275 190     19.6  
60 3275 190     19.6 0.47 
1 690 75 11722 165 662 147   
1 1241 100 14480 200 822 183   
1 2172 141 18961 267 1076 239   
8 3310 191 24477 338 1360 302   
1 4482 243 28270 391 1546 344   
0 3448 206   1261 281   

Note:  1 mm = 0.039 in.  
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Table D.6.  Short-term load and deflection measurements for Tieback TB-4. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 0 0 3448 45 222 49 4.6  
1 0 0   222 49 4.6  
2 0 0   221 49 4.6  
5 0 0   219 49 4.6  

10 0 0   218 48 4.6  
23 0 0 3448  218 48 4.6  
30 0 0 3448  218 48 4.8  
45 0 0 3448  219 49 4.8  
60 0 0 3448  218 48 4.8 0.24 
0 965 58 12066 164 760 169 12.7  
1 965 58   758 169 12.7  
2     756 168 12.7  
5 1000 60   752 167 12.7  

10 1000 60   750 167 12.7  
20 1000 60 11859 161 746 166 12.7  
30 1000 60 11859 161 746 166 13.0  
45 1000 60 11790 160 744 165 13.0  
60 1000 60   742 165 13.0 0.24 
0 1310 77 14480 197 886 197 14.7  
1 1310 77   881 196 15.0  
2 1310 77   880 196 15.0  
5 1310 77   877 195 15.0  

10 1310 77   863 192 15.0  
20 1379 81   888 197 15.2  
33 1379 81   884 197 15.2  
45 1379 81   882 196 15.2  
67 1379 81   880 196 15.2 0.23 
0a 0 0 0 0 107 24 0.0  
0 862 52 6895 92 462 103 18.3  
5     457 102 18.3  

20 1034 62 6206 83 455 101 18.3  
0 1655 95   684 152 22.6  
1 1655 95 10343 140 679 151 22.6  
0 1931 110 11859 161 751 167 23.6  
1 1931 110   750 167 23.6  
4 2069 117 11722 159 750 167 23.6  
0 1931 110   616 137 23.6  
1 1724 99   617 137 23.6  
2 1793 103   617 137 23.6  
5 1793 103   617 137 23.6  
0b 2482 139   767 171 23.6  
1 2482 139   767 171 23.6  
2 2482 139   767 171 23.6  
5 2413 136   767 171 23.6  
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
10 2413 136   767 171 23.6  
20 2413 136   767 171 23.6  
36 2482 139   766 170 23.6  
120 2482 139   762 169 23.6  
1080 1931 110   752 167 23.6 0.0 
1450 2344 132   758 169 23.6  
1575 2413 136   756 168 23.6  
4500 2482 139   753 167 23.6  

10200 2482 139   753 167 23.6  
15600 2689 150   760 169 23.6  
32880 2344 132   753 167 23.6  
53040 2344 132   758 169 23.6  
70320 1931 110   749 167 23.6  
81840 1710 98   752 167 23.6  
96240 1710 98   752 167 23.6  
112080 1655 95   753 167 23.6 0.0 

0 2241 127   764 170 23.6  
0 3379 185 10343 140 1140 254 28.4  
1 3379 185   1136 253 28.4  
2 3379 185   1134 252 28.4  
5 3379 185   1131 252 28.4  

10 3379 185   1129 251 28.2  
20 3379 185 9653 130 1126 250 28.2  
30 3379 185 9653 130 1125 250 27.9  
45 3448 189 9653 130 1127 251 27.7  
60 3448 189   1133 252 27.9 0.0 
0 4206 227 14480 197 1307 291 30.0  
1     1295 288 30.0  
2 4206 227 13790 187 1293 288 30.0  
5 4206 227   1290 287 30.0  

10     1288 286 30.0  
20 4275 231 14617 199 1302 290 30.2  
30     1299 289 30.5  
45 4275 231   1299 289 30.5  
60 4275 231   1298 289 30.5  
136 4413 237   1299 289 31.0 0.47 

0 5102 272   1498 333 33.5  
1     1492 332 33.5  
2 5102 272   1490 331 33.5  
5 5171 275   1481 329 33.5  

10 5171 275   1499 333 33.5  
20     1496 333 33.8  
30 5171 275   1494 332 33.8  
45 5171 275   1492 332 34.0  
60 5309 282   1488 331 34.0 0.47 
0 5930 312   1656 368 36.6  
1     1647 366 36.6  
2 5930 312   1644 366 36.6  
5 5999 316   1655 368 37.1  
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
10 5999 316   1647 366 37.1  
20     1642 365 37.1  
30 5999 316   1660 369 37.2  
45 6033 317   1656 368 37.3  
60 6033 317   1654 368 37.5 0.35 
0 6550 335   1664 370   

aTieback was briefly unloaded to prepare for locking the tieback off. 
bTieback was locked off for 11 weeks, then load was increased to a higher lock off load. 
Note:  1 mm = 0.039 in. 
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Table D.7.  Short-term load and deflection measurements for Tieback TB-5. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
2 896 54       
0 0 0 3448 45 142 32 1.5  
1   3448 45 140 31 1.5  
4   3448 45 139 31 1.5  
6   3448 45 138 31 1.5 0.13 
0 896 54 9653 130 533 119 6.6  
1 896 54 12411 168 528 117 6.6  
2 896 54   527 117 6.6 0.13 
0 1310 77 12411 168 626 139 8.4  
1 1310 77 12411 168 621 138 8.4  
2     619 138 8.4  
5     617 137 8.4  

12   12066 164 614 137 8.4  
20     614 137 8.6  
30   11859 161 613 136 8.6  
45     613 136 8.6  
55     613 136 8.6 0.24 
2 690 42 6895 92 421 94 1.5  
2 1034 62 9653 130 548 122 1.5  
2 1379 81 12066 164 621 138 1.5  
0 1379 81   523 116 1.5  

Note:  1 mm = 0.039 in. 
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Table D.8.  Short-term load and deflection measurements for Tieback TB-6. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 552 86 4137 54 220 49 0.8  
1     219 49 0.8  
2     219 49 0.8  
5     218 48 0.8  

11   3310 43 218 48 0.8 0.03 
0 1034 107 8619 116 416 93 2.3  
1     414 92 2.3  
2     413 92 2.3  
5 1034 107   413 92 2.3  

10     412 92 2.3  
28 1034 107 8274 111 412 92 2.5 0.22 
0 2000 150 12756 173 631 140 4.1  
1   0  629 140 4.1  
2 2000 150   628 140 4.1  
5 2000 150 12342 168 627 139 4.3  

10 2000 150   626 139 4.3  
20 2000 150   626 139 4.3  
30 2000 150   626 139 4.3  
45 2000 150 12342 168 626 139 4.3  
60 2000 150 12342 168 626 139 4.3 0.17 
0 2965 193 16548 226 829 184 5.8  
1 2965 193   828 184 5.8  
2 2965 193   827 184 5.8  
5 2965 193 16376 223 825 183 5.8  

10 2965 193 16203 221 811 180 6.1  
20 2965 193 16203 221 810 180 6.1  
30 2965 193   809 180 6.1  
45 2965 193   809 180 6.1  
60 2965 193 16203 221 809 180 6.1 0.24 
0 3965 237 19996 273 1042 232 8.4  
1     1040 231 8.4  
2     1039 231 8.4  

4.5   19478 266 1036 230 8.4  
10.5     1034 230 8.4  
20 3965 237   1032 230 8.4  
30 3965 237 19306 264 1030 229 8.4  
44     1029 229 8.4  
60 3965 237 18961 259 1028 229 8.6 0.23 
0 4827 275 22754 311 1254 279 10.4  
1 4827 275   1247 277 10.4  
2 4827 275   1233 274 10.4  
5 4827 275 22754 311 1264 281 10.7  

10     1260 280 10.7  
20 4827 275 22754 311 1243 276 10.9  
31     1235 275 10.9  
45 4827 275   1231 274 10.9  
62 4827 275 23167 317 1253 279 10.9  
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Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
118 4827 275 22960 314 1245 277 11.2 0.47 
240 4827 275 22409 306 1240 276 11.2  
502     1252 278 11.2  
980     1244 277 11.4  
2690   22960 314 1249 278 11.7  
3160     1246 277 12.2  
3920     1229 273 12.2  
4180   18617 254 1232 274 12.4 1.38 

2 862 100 8964 121 578 129   
2 1896 145 14480 197 879 195   
2 2758 184 17238 235 1157 257   
2 3792 229 24133 330 1476 328   
2 5171 290 26891 368 1813 403   
0 5240 293   1887 420   

Note:  1 mm = 0.039 in. 
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Table D.9.  Short-term load and deflection measurements for Tieback TB-7. 

Elapsed 
Time 

(minutes) 

Load 
Cell 

Reading 
(kPa) 

Load 
Cell 
Load 
(kN) 

Jack 
Pressure 
Reading 

(kPa) 

Jack 
Pressure 

Load 
(kN) 

Strain 
Gauge 
Total 
Strain 
(µε) 

Strain 
Gauge 
Load 
(kN) 

Anchor 
Head 

Displace-
ment 
(mm) 

Anchor 
Head Creep 

Rate 
(mm/log 

Cycle Time) 
0 0 0 3448 45 140 31 1.5  
1 0 0   143 32 1.5  
2 0 0 2758 35 147 33 1.5  
5 0 0   148 33 1.5  

10 0 0 2758 35 146 32 1.5 0.03 
0 690 86 6895 92 332 74 5.6  
1 690 86   329 73 5.6  
2 690 86 6206 83 329 73 5.6  
5 690 86 6206  327 73 5.6  

10 690 86 5861  326 73 5.6  
20 690 86 5654  326 73 5.6  
30 690 86   326 73 5.6  
52 690 86 5171 69 325 72 5.6  
65 690 86 5171 69 325 72 5.6 0.03 
0 1034 115 8964 121 463 103 7.6  
1 1034 115 8274 111 460 102 7.6  
2 1034 115 7929 107 460 102 7.6  
5 1034 115 7929 107 460 102 7.6  

10 1034 115 7929 107 459 102 7.6  
25 1034 115 7585 102 458 102 7.9  
40 1034 115 7585 102 458 102 7.9  
60 1034 115 7585 102 457 102 7.9 0.24 
2 690 86 6206 83 319 71   
0 1379 141 8964 121 486 108   

Note:  1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - First Test Tieback - P-OMC-HAM-
U-1 - Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa or 50 psi) - 
Intact Older Marine Clay, is as shown in Table D.10.  
 

Table D.10.  Short-term load and deflection measurements for Test Tieback P-
OMC-HAM-U-1, Hollowstem Auger Method at low grout pressure (i.e., less than 

350 kPa or 50 psi), Intact Older Marine Clay. 

Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
0.1 62 8.0 1.0  
0.5 62 8.0 1.1  
2 62 8.0 1.1  
6 62 8.0 1.1  

10 62 8.0 1.4  
30 62 8.0 1.5  
60 62 8.0 1.5 0.21 
0.1 125 16.0 3.9  
0.5 125 16.0 4.1  
2 125 16.0 4.4  
6 125 16.0 4.5  

10 125 16.0 4.5  
30 125 16.0 4.6  
60 125 16.0 4.6 0.24 
0.1 187 24.1 8.4  
0.5 187 24.1 8.5  
2 187 24.1 8.7  
6 187 24.1 8.8  

10 187 24.1 9.0  
30 187 24.1 9.0  
60 187 24.1 9.1 0.27 
0.1 222 28.6 11.2  
0.5 222 28.6 11.2  
2 222 28.6 11.6  
6 222 28.6 11.9  

10 222 28.6 11.9  
30 222 28.6 12.0  
60 222 28.6 12.0 0.31 
0.1 298 38.4 15.4  
0.5 298 38.4 15.4  
2 298 38.4 15.5  
6 298 38.4 15.6  

10 298 38.4 15.6  
30 298 38.4 15.6  
60 298 38.4 15.7 0.12 
0.1 374 48.1 18.9  
0.5 374 48.1 19.0  
2 374 48.1 19.3  
6 374 48.1 19.4  

10 374 48.1 19.5  
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
30 374 48.1 19.8  
60 374 48.1 19.8 0.39 
0.1 449 57.8 24.4  
0.5 449 57.8 24.8  
2 449 57.8 25.5  
6 449 57.8 25.5  

10 449 57.8 25.7  
30 449 57.8 26.1  
60 449 57.8 26.5 1.04 
0.1 525 67.6 31.1  
0.5 525 67.6 32.2  
2 525 67.6 32.4  
6 525 67.6 34.7  

10 525 67.6 34.9  
30 525 67.6 35.3  
60 525 67.6 35.4 2.06 
0.1 596 76.7 41.8  
0.5 596 76.7 41.9  
2 596 76.7 41.9  
6 596 76.7 42.1  

10 596 76.7 42.4  
30 596 76.7 44.2  
60 596 76.7 44.2 2.16 
0.1 672 86.5 55.2  
0.5 672 86.5 56.4  
2 672 86.5 58.9  
6 672 86.5 61.1  

10 672 86.5 63.5  
30 672 86.5 68.5 8.10 

Failed     
Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 6.1 m (20 ft), no load 
zone was not backfilled (i.e., left open). 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - Second Test Tieback  - P-OMC-
HAM-U-2 -  Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa or 
50 psi) - Intact Older Marine Clay, is as shown in Table D.11.  
 

Table D.11.  Short-term load and deflection measurements for Test Tieback P-
OMC-HAM-U-2, Hollowstem Auger Method at low grout pressure (i.e., less than 

350 kPa or 50 psi), Intact Older Marine Clay. 

Elapsed 
Time 

(minutes) 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
120 
240 
480 
600 
1420 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

75.6 
75.6 
75.6 
75.6 
75.6 
75.6 
75.6 
151 
151 
151 
151 
151 
151 
151 
227 
227 
227 
227 
227 
227 
227 
298 
298 
298 
298 
298 
298 
298 
334 
334 
334 
334 
334 
334 
334 
334 
334 
334 
334 
334 

Average Soil 
Bond Stress 

(kPa) 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 
8.9 

17.9 
17.9 
17.9 
17.9 
17.9 
17.9 
17.9 
26.8 
26.8 
26.8 
26.8 
26.8 
26.8 
26.8 
35.2 
35.2 
35.2 
35.2 
35.2 
35.2 
35.2 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 
39.4 

Anchor Head 
Displacement 

(mm) 
1.2 
1.3 
1.3 
1.7 
1.7 
1.7 
1.8 
4.1 
4.3 
4.3 
4.4 
4.7 
4.8 
4.8 
7.6 
7.6 
7.7 
7.8 
7.8 
7.9 
7.9 

10.7 
10.8 
11.2 
11.2 
11.3 
11.7 
11.8 
14.2 
14.2 
14.2 
14.2 
14.8 
15.3 
15.3 
15.3 
14.3 
15.4 
15.2 
15.4 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
 
 
 
 
 
 

0.23 
 
 
 
 
 
 

0.24 
 
 
 
 
 
 

0.12 
 
 
 
 
 
 

0.45 
 
 
 
 
 
 

0.74 
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
2120 334 39.4 15.0  
2880 334 39.4 15.4  
3600 334 39.4 15.4  
4400 334 39.4 15.5 0.95 
0.1 480 56.7 21.8  
0.5 480 56.7 21.8  
2 480 56.7 22.1  
6 480 56.7 22.4  

10 480 56.7 22.4  
30 480 56.7 22.6  
60 480 56.7 22.6 0.37 
0.1 632 74.6 29.8  
0.5 632 74.6 30.0  
2 632 74.6 30.2  
6 632 74.6 30.4  

10 632 74.6 30.6  
30 632 74.6 30.8  
60 632 74.6 30.9 0.44 
0.1 747 88.2 38.3  
0.5 747 88.2 38.3  
2 747 88.2 38.6  
6 747 88.2 38.8  

10 747 88.2 39.0  
30 747 88.2 39.2  
60 747 88.2 39.4 0.58 

 Failure not achieved    
Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 6.6 m (21.8 ft), no load 
zone was not backfilled (i.e., left open). 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - - First Test Tieback - P-OMC-
OHM-U-1 - Open Hole Method without casing at low grout pressure (i.e., less than 350 
kPa or 50 psi) - Intact Older Marine Clay, is as shown in Table D.12.  
 

Table D.12.  Short-term load and deflection measurements for Test Tieback P-
OMC-OHM-U-1 - Open Hole Method without casing at low grout pressure (i.e., less 

than 350 kPa or 50 psi) - Intact Older Marine Clay. 

Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
0.1 107 10.0 1.8  
0.5 107 10.0 1.9  
2 107 10.0 1.9  
6 107 10.0 1.9  

10 107 10.0 2.1  
30 107 10.0 2.2  
60 107 10.0 2.2 0.171 
0.1 214 20.0 5.3  
0.5 214 20.0 5.3  
2 214 20.0 5.4  
6 214 20.0 5.4  

10 214 20.0 5.5  
30 214 20.0 5.5  
60 214 20.0 5.5 0.098 
0.1 320 30.0 8.4  
0.5 320 30.0 8.5  
2 320 30.0 8.7  
6 320 30.0 8.8  

10 320 30.0 9.0  
30 320 30.0 9.0  
60 320 30.0 9.1 0.269 
0.1 427 40.0 13.3  
0.5 427 40.0 13.3  
2 427 40.0 13.3  
6 427 40.0 13.4  

10 427 40.0 13.4  
30 427 40.0 13.4  
60 427 40.0 13.4 0.052 
0.1 534 50.0 17.2  
0.5 534 50.0 17.3  
2 534 50.0 17.3  
6 534 50.0 17.4  

10 534 50.0 17.5  
30 534 50.0 17.8  
60 534 50.0 17.9 0.483 
0.1 641 60.0 21.7  
0.5 641 60.0 21.8  
2 641 60.0 21.9  
6 641 60.0 22.3  

10 641 60.0 22.4  
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
30 641 60.0 22.5  
60 641 60.0 22.6 0.379 
0.1 747 70.0 26.5  
0.5 747 70.0 26.5  
2 747 70.0 26.7  
6 747 70.0 26.7  

10 747 70.0 26.8  
30 747 70.0 27.2  
60 747 70.0 27.4 0.686 
0.1 854 80.0 32.3  
0.5 854 80.0 32.5  
2 854 80.0 32.5  
6 854 80.0 32.9  

10 854 80.0 33.1  
30 854 80.0 33.5  
60 854 80.0 33.8 0.965 
0.1 961 90.0 39.6  
0.5 961 90.0 39.7  
2 961 90.0 40.1  
6 961 90.0 40.5  

10 961 90.0 41.4  
30 961 90.0 41.8  
60 961 90.0 42.2 1.68 
0.1 1068 100 50.2  
0.5 1068 100 50.7  
2 1068 100 51.3  
6 1068 100 51.9  

10 1068 100 53.1  
30 1068 100 56.0  
60 1068 100 57.4 5.46 
0.1 1174 110 63.9  
0.5 1174 110 64.2  
2 1174 110 65.4  
6 1174 110 66.6  

10 1174 110 70.0  
30 1174 110 75.1  
60 1174 110 81.5 14.9 

Failed     
Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 8.4 m (27.5 ft), no load 
zone was not backfilled (i.e., left open). 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - Second Test Tieback - P-OMC-
OHM-U-2 - Open Hole Method without casing at low grout pressure (i.e., less than 350 
kPa or 50 psi) - Intact Older Marine Clay, is as shown in Table D.13.  
 

Table D.13.  Short-term load and deflection measurements for Test Tieback P-
OMC-OHM-U-2 - Open Hole Method without casing at low grout pressure (i.e., less 

than 350 kPa or 50 psi) - Intact Older Marine Clay. 

Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 

Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
0.1 107 9.16 2.72  
0.5 107 9.16 2.79  
2 107 9.16 3.00  
6 107 9.16 3.00  

10 107 9.16 3.02  
30 107 9.16 3.10  
60 107 9.16 3.15 0.171 
0.1 214 18.3 6.81  
0.5 214 18.3 7.04  
2 214 18.3 7.11  
6 214 18.3 7.16  

10 214 18.3 7.21  
30 214 18.3 7.26  
60 214 18.3 7.42 0.183 
0.1 320 27.5 11.2  
0.5 320 27.5 11.2  
2 320 27.5 11.2  
6 320 27.5 11.4  

10 320 27.5 11.5  
30 320 27.5 11.6  
60 320 27.5 11.7 0.208 
0.1 427 36.6 14.8  
0.5 427 36.6 14.8  
2 427 36.6 15.0  
6 427 36.6 15.2  

10 427 36.6 15.3  
30 427 36.6 15.3  
60 427 36.6 15.4 0.224 
0.1 534 45.8 20.4  
0.5 534 45.8 20.4  
2 534 45.8 20.5  
6 534 45.8 20.7  

10 534 45.8 20.7  
30 534 45.8 20.8  
60 534 45.8 20.9 0.224 
0.1 641 54.9 23.3  
0.5 641 54.9 23.3  
2 641 54.9 23.4  
6 641 54.9 23.4  

10 641 54.9 23.4  
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 

Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
30 641 54.9 23.6  
60 641 54.9 23.7 0.241 
0.1 747 64.1 26.2  
0.5 747 64.1 26.3  
2 747 64.1 26.4  
6 747 64.1 26.6  

10 747 64.1 26.7  
30 747 64.1 26.9  
60 747 64.1 27.1 0.481 
0.1 854 73.3 30.8  
0.5 854 73.3 31.0  
2 854 73.3 31.0  
6 854 73.3 31.1  

10 854 73.3 31.3  
30 854 73.3 31.5  
60 854 73.3 31.6 0.447 
120 854 73.3 31.8  
240 854 73.3 31.8  
480 854 73.3 31.8  
600 854 73.3 31.9  
1420 854 73.3 31.9  
2120 854 73.3 32.1  
2880 854 73.3 32.4  
3600 854 73.3 32.3  
4400 854 73.3 32.3 0.607 
0.1 961 82.4 35.6  
0.5 961 82.4 35.6  
2 961 82.4 35.7  
6 961 82.4 35.7  

10 961 82.4 35.8  
30 961 82.4 35.9  
60 961 82.4 35.9 0.155 
0.1 1068 91.6 40.6  
0.5 1068 91.6 40.6  
2 1068 91.6 40.7  
6 1068 91.6 40.8  

10 1068 91.6 40.9  
30 1068 91.6 41.1  
60 1068 91.6 41.2 0.310 
 Failure not achieved    

Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 9.1 m (30 ft), no load 
zone was not backfilled (i.e., left open) 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - First Test Tieback - P-VU-HAM-
U-1 - Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa or 50 psi) - 
Partially consolidated Old landslide debris (i.e., Vashon Unsorted), is as shown in Table 
D.14.  
 
Table D.14.  Short-term load and deflection measurements for Test Tieback P-VU-
HAM-U-1 - Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa 

or 50 psi) - Partially consolidated Old landslide debris (i.e., Vashon Unsorted). 

Elapsed 
Time 

(minutes) 
Jack Pressure 
Gauge (kN) 

Bond Stress 
(kPa) 

Displacement 
(mm) 

Rate (mm/log Cycle 
Time) 

0.1 214 14.5 2.03  
0.5 214 14.5 2.03  
2 214 14.5 2.03  
6 214 14.5 2.03  

10 214 14.5 2.03  
30 214 14.5 2.03  
60 214 14.5 2.03 0.000 
0.1 320 21.7 4.42  
0.5 320 21.7 4.47  
2 320 21.7 4.55  
6 320 21.7 4.60  

10 320 21.7 4.65  
30 320 21.7 4.67  
60 320 21.7 4.80 0.159 
0.1 427 28.9 8.15  
0.5 427 28.9 8.20  
2 427 28.9 8.38  
6 427 28.9 8.43  

10 427 28.9 8.46  
30 427 28.9 8.64  
60 427 28.9 8.81 0.293 
0.1 534 36.2 11.9  
0.5 534 36.2 12.0  
2 534 36.2 12.1  
6 534 36.2 12.2  

10 534 36.2 12.3  
30 534 36.2 12.6  
60 534 36.2 12.7 0.430 
0.1 641 43.4 15.9  
0.5 641 43.4 16.2  
2 641 43.4 16.3  
6 641 43.4 16.4  

10 641 43.4 16.5  
30 641 43.4 16.8  
60 641 43.4 16.8 0.378 
0.1 747 50.6 20.4  
0.5 747 50.6 20.6  
2 747 50.6 20.7  
6 747 50.6 20.9  

Tieback Load from Average Soil Anchor Head Anchor Head Creep 
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
10 747 50.6 21.0  
30 747 50.6 21.3  
60 747 50.6 21.4 0.481 
0.1 854 57.9 24.9  
0.5 854 57.9 25.1  
2 854 57.9 25.3  
6 854 57.9 25.6  

10 854 57.9 25.7  
30 854 57.9 26.0  
60 854 57.9 26.1 0.533 
0.1 961 65.1 29.5  
0.5 961 65.1 29.7  
2 961 65.1 30.0  
6 961 65.1 30.4  

10 961 65.1 30.6  
30 961 65.1 30.9  
60 961 65.1 31.2 0.825 
0.1 1068 72.3 35.0  
0.5 1068 72.3 35.3  
2 1068 72.3 35.6  
6 1068 72.3 35.9  

10 1068 72.3 36.3  
30 1068 72.3 36.9  
60 1068 72.3 37.4 1.50 
0.1 1174 79.6 41.9  
0.5 1174 79.6 42.8  
2 1174 79.6 43.1  
6 1174 79.6 43.4  

10 1174 79.6 43.9  
30 1174 79.6 44.9  
60 1174 79.6 45.3 1.98 
0.1 1281 86.8 49.7  
0.5 1281 86.8 50.1  
2 1281 86.8 50.3  
6 1281 86.8 51.1  

10 1281 86.8 51.4  
30 1281 86.8 52.5  
60 1281 86.8 53.3 2.24 

Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 12 m (38 ft), no load 
zone was backfilled with weak grout/soil mix. 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Data for Contract Production Tieback Ultimate Test - First Test Tieback - P-VU-HAM-
U-2 - Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa or 50 psi) - 
Partially consolidated Old landslide debris (i.e., Vashon Unsorted), is as shown in Table 
D.15.  
 
Table D.15.  Short-term load and deflection measurements for Test Tieback P-VU-
HAM-U-2 - Hollowstem Auger Method at low grout pressure (i.e., less than 350 kPa 

or 50 psi) - Partially consolidated Old landslide debris (i.e., Vashon Unsorted). 

Elapsed 
Time 

(minutes) 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 
2 
6 

10 
30 
60 
120 
240 
480 
600 
950 
1440 
2880 
3600 
4400 
0.1 
0.5 
2 
6 

10 
30 
60 
0.1 
0.5 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

214 
214 
214 
214 
214 
214 
214 
320 
320 
320 
320 
320 
320 
320 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
374 
427 
427 
427 
427 
427 
427 
427 
534 
534 

Average Soil 
Bond Stress 

(kPa) 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
21.7 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
25.3 
28.9 
28.9 
28.9 
28.9 
28.9 
28.9 
28.9 
36.2 
36.2 

Anchor Head 
Displacement 

(mm) 
4.17 
4.17 
4.29 
4.57 
4.57 
4.75 
4.95 
9.70 
9.78 
9.93 
10.2 
10.3 
10.4 
10.6 
12.9 
13.0 
13.1 
13.2 
13.5 
13.7 
13.7 
13.8 
13.9 
13.9 
14.0 
16.1 
16.5 
16.5 
16.5 
16.5 
18.2 
18.2 
18.2 
18.2 
18.2 
18.3 
18.4 
32.3 
32.7 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
 
 
 
 
 
 

0.379 
 
 
 
 
 
 

0.464 
 
 
 
 
 
 

0.533 
 
 
 
 
 
 
 
 

2.69 
 
 
 
 
 
 

2.16 
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Elapsed 
Time 

(minutes) 

Tieback Load from 
Jack Pressure 
Gauge (kN) 

Average Soil 
Bond Stress 

(kPa) 

Anchor Head 
Displacement 

(mm) 

Anchor Head Creep 
Rate (mm/log Cycle 

Time) 
2 534 36.2 33.1  
6 534 36.2 33.2  

10 534 36.2 33.7  
30 534 36.2 33.9  
60 534 36.2 34.1 0.705 
0.1 641 43.4 40.9  
0.5 641 43.4 41.1  
2 641 43.4 41.5  
6 641 43.4 41.8  

10 641 43.4 42.0  
30 641 43.4 45.7  
60 641 43.4 48.9 0.709 
0.1 747 50.6 72.3  
0.5 747 50.6 72.8  
2 747 50.6 73.2  
6 747 50.6 75.8  

10 747 50.6 78.7  
30 747 50.6 88.9  
60 747 50.6 102 25.8 

Failed     
Note:  Tieback Diameter = 410 mm (16 in.), Bond Zone Length = 12 m (38 ft), no load 
zone was backfilled with weak grout/soil mix. 
1 kN = 225 lbs; 1 kPa = 20.9 psf; 1 mm = 0.039 in. 
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Figure D.1.  For Tieback TB-1: (a) anchor head deformation as a function of time at 

for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.2.  For Tieback TB-2:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.3.  For Tieback TB-3:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.4.  For Tieback TB-4:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.5.  For Tieback TB-5:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.6.  For Tieback TB-6:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.7.  For Tieback TB-7:  (a) anchor head deformation as a function of time 

at for each load level during tieback loading, and (b) load versus anchor head 
cumulative displacement. 
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Figure D.8.  For Tieback P-OMC-HAM-U-1:  (a) anchor head deformation as a 

function of time at for each load level during tieback loading, and (b) load versus 
anchor head cumulative displacement. 
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Figure D.9.  For Tieback P-OMC-HAM-U-1:  Creep rate versus average soil-grout 

bond stress and the determination of Tc. 
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Figure D.10.  For Tieback P-OMC-HAM-U-2:  (a) anchor head deformation as a 
function of time at for each load level during tieback loading, and (b) load versus 

anchor head cumulative displacement. 
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Figure D.11.  For Tieback P-OMC-HAM-U-2:  Creep rate versus average soil bond 

stress and the determination of Tc. 
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Figure D.12.  For Tieback P-OMC-OHM-U-1:  (a) anchor head deformation as a 
function of time at for each load level during tieback loading, and (b) load versus 

anchor head cumulative displacement. 
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Figure D.13.  For Tieback P-OMC-OHM-U-1:  Creep rate versus average soil bond 

stress and the determination of Tc. 
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Figure D.14.  For Tieback P-OMC-OHM-U-2:  (a) anchor head deformation as a 
function of time at for each load level during tieback loading, and (b) load versus 

anchor head cumulative displacement. 
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Figure D.15.  For Tieback P-OMC-OHM-U-2:  Creep rate versus average soil bond 

stress and the determination of Tc. 
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Figure D.16.  For Tieback P-VU-HAM-U-1:  (a) anchor head deformation as a 

function of time at for each load level during tieback loading, and (b) load versus 
anchor head cumulative displacement. 
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Figure D.17.  For Tieback P-VU-HAM-U-1:  Creep rate versus average soil bond 

stress and the determination of Tc. 
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Figure D.18.  For Tieback P-VU-HAM-U-2:  (a) anchor head deformation as a 

function of time at for each load level during tieback loading, and (b) load versus 
anchor head cumulative displacement. 
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Figure D.19.  For Tieback P-VU-HAM-U-2:  Creep rate versus average soil bond 

stress and the determination of Tc. 
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APPENDIX E 

STRAIN GAUGE AND TEMPERATURE DATA FROM LONG-

TERM TIEBACK MONITORING 

Long-term monitoring strain and temperature data for Tieback TB-1 is provided in Table 
-1. E

 
Table E.1.  Long-term strain and temperature measurements during long-term 

lock-off for Tieback TB-1. 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper
-ature 

Reading 

Air 
Temper
-ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-Off 

(kN) 

10/10/83 0.00 935 0    0 
10/10/83 0.02 936 1   0.01 0.22 
10/10/83 0.03 936 1   0.01 0.22 
10/10/83 0.08 936 1   0.01 0.22 
10/10/83 0.17 936 1   0.01 0.22 
10/10/83 0.33 937 2   0.02 0.44 
10/10/83 0.50 936 1   0.01 0.22 
10/10/83 0.75 935 0   0.00 0.00 
10/10/83 1.00 934 -1   -0.01 -0.22 
10/10/83 2.00 932 -3   -0.03 -0.67 
10/10/83 4.50 928 -7   -0.07 -1.56 
10/11/83 24 923 -12 6213  -0.11 -2.67 
10/12/83 56 918 -17 - 55 -0.16 -3.78 
10/13/83 81 915 -20 - 50 -0.19 -4.45 
10/17/83 175 913 -22 - 55 -0.20 -4.89 
10/21/83 269 911 -24 - 60 -0.22 -5.34 
11/2/83 556 903 -32 - 55 -0.30 -7.12 
11/16/83 897 920 -15 6175 50 -0.14 -3.34 
11/28/83 1,181 917 -18 6175 45 -0.17 -4.00 
12/6/83 1,375 913 -22 6183 39 -0.20 -4.89 
12/16/83 1,616 916 -19 6185 39 -0.18 -4.23 
12/27/83 1,880 914 -21 6197 38 -0.20 -4.67 

1/6/84 2,119 923 -12 6194 51 -0.11 -2.67 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper
-ature 

Reading 

Air 
Temper
-ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-Off 

(kN) 

1/13/84 2,287 918 -17 6190 40 -0.16 -3.78 
1/20/84 2,456 922 -13 6197 39 -0.12 -2.89 
2/1/84 2,744 923 -12 6197 48 -0.11 -2.67 
2/7/84 2,884 918 -17 6197 42 -0.16 -3.78 

2/22/84 3,248 924 -11 6199 44 -0.10 -2.45 
3/13/84 3,723 923 -12 6199 49 -0.11 -2.67 
4/12/84 4,443 923 -12 6198 49 -0.11 -2.67 
5/25/84 5,746 917 -18 6191 53 -0.17 -4.00 
6/21/84 6,124 912 -23 6181 58 -0.21 -5.12 
7/17/84 6,747 909 -26 6158 63 -0.24 -5.78 
8/16/84 7,228 905 -30 6135 68 -0.28 -6.67 
9/17/84 7,755 902 -33 6131 61 -0.31 -7.34 
10/15/84 8,427 902 -33 6174 47 -0.31 -7.34 
11/11/84 9,075 920 -15 6171 49 -0.14 -3.34 

1/8/85 10,471 947 12 6188 38 0.11 2.67 
3/17/85 12,099 976 41 6203 49 0.38 9.12 
5/12/85 13,445 1014 79 6199 51 0.73 17.6 
7/16/85 15,007 1047 112 6156 72 1.04 24.9 
10/10/85 17,068 1036 101 6176 54 0.94 22.5 
1/30/86 19,756 1172 237 6191 51 2.20 52.7 
9/5/86 24,991 1300 365 6118 72 3.39 81.2 
1/7/87 27,967 1445 510 6176 34 4.74 113 

1/19/88 37,015 1508 573 6144 42 5.33 127 
2/17/88 37,711 1506 571 6178 47 5.31 127 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in anchor, and positive values represent increase of load in anchor. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-2 is provided in Table 
E-2. 
 

Table E.2.  Long-term strain and temperature measurements during long-term 
lock-off for Tieback TB-2. 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/10/83 0.00 559 0    0 
10/10/83 0.02 559 0   0 0.00 
10/10/83 0.03 560 1   0.0093 0.22 
10/10/83 0.08 560 1   0.0093 0.22 
10/10/83 0.17 559 0   0.0000 0.00 
10/10/83 0.33 559 0   0.0000 0.00 
10/10/83 0.50 558 -1   -0.0093 -0.22 
10/10/83 0.75 557 -2   -0.019 -0.44 
10/10/83 1.00 556 -3   -0.028 -0.67 
10/10/83 2.00 558 -1   -0.009 -0.22 
10/10/83 5.00 556 -3   -0.028 -0.67 
10/11/83 24 552 -7 6213  -0.065 -1.56 
10/12/83 55 550 -9 - 55 -0.084 -2.00 
10/13/83 80 549 -10 - 50 -0.093 -2.22 
10/17/83 174 548 -11 - 55 -0.102 -2.45 
10/21/83 268 550 -9 - 60 -0.084 -2.00 
11/2/83 555 538 -21 - 55 -0.195 -4.67 

11/16/83 896 549 -10 6175 50 -0.093 -2.22 
11/28/83 1,180 542 -17 6175 45 -0.158 -3.78 
12/6/83 1,374 534 -25 6183 39 -0.232 -5.56 

12/16/83 1,615 536 -23 6185 39 -0.214 -5.12 
12/27/83 1,879 532 -27 6197 38 -0.251 -6.00 

1/6/84 2,118 545 -14 6194 51 -0.130 -3.11 
1/13/84 2,286 531 -28 6190 40 -0.260 -6.23 
1/20/84 2,455 533 -26 6197 39 -0.242 -5.78 
2/1/84 2,743 539 -20 6197 48 -0.186 -4.45 
2/7/84 2,883 531 -28 6197 42 -0.260 -6.23 
2/22/84 3,247 536 -23 6199 44 -0.214 -5.12 
3/13/84 3,722 537 -22 6199 49 -0.205 -4.89 
4/12/84 4,442 537 -22 6198 49 -0.205 -4.89 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

5/25/84 5,475 531 -28 6191 53 -0.260 -6.23 
6/21/84 6,123 530 -29 6181 58 -0.270 -6.45 
7/17/84 6,746 528 -31 6158 63 -0.288 -6.89 
8/16/84 7,227 524 -35 6135 68 -0.325 -7.78 
9/17/84 7,754 521 -38 6131 61 -0.353 -8.45 

10/15/84 8,426 509 -50 6174 47 -0.465 -11.1 
11/11/84 9,074 520 -39 6171 49 -0.363 -8.67 

1/8/85 10,470 520 -39 6188 38 -0.363 -8.67 
3/17/85 12,098 542 -17 6203 49 -0.158 -3.78 
5/12/85 13,444 557 -2 6199 51 -0.019 -0.44 
7/16/85 15,006 572 13 6156 72 0.121 2.89 

10/10/85 17,067 552 -7 6176 54 -0.065 -1.56 
1/30/86 19,755 611 52 6191 51 0.483 11.6 
9/5/86 24,990 650 91 6118 72 0.846 20.2 
1/7/87 27,966 702 143 6176 34 1.33 31.8 
1/19/88 37,014 745 186 6144 42 1.73 41.4 
2/17/88 37,710 748 189 6178 47 1.76 42.0 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in anchor, and positive values represent increase of load in anchor. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-3 is provided in Table 
E-3. 
 

Table E.3.  Long-term strain and temperature measurements during long-term 
lock-off for Tieback TB-3. 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/10/83 0.00 915 0    0 
10/10/83 0.02 915 0   0 0.00 
10/10/83 0.03 916 1   0.0093 0.22 
10/10/83 0.08 915 0   0.0000 0.00 
10/10/83 0.17 915 0   0.0000 0.00 
10/10/83 0.42 914 -1   -0.0093 -0.22 
10/10/83 0.50 913 -2   -0.019 -0.44 
10/10/83 0.75 913 -2   -0.019 -0.44 
10/10/83 1.00 911 -4   -0.037 -0.89 
10/10/83 2.25 909 -6   -0.056 -1.33 
10/10/83 4.00 908 -7   -0.065 -1.56 
10/11/83 24 896 -19 6136  -0.177 -4.23 
10/12/83 54 894 -21  55 -0.195 -4.67 
10/13/83 79 891 -24  50 -0.223 -5.34 
10/17/83 173 887 -28  55 -0.260 -6.23 
10/21/83 267 886 -29  60 -0.270 -6.45 
11/2/83 554 874 -41  55 -0.381 -9.12 

11/16/83 895 885 -30 6146 50 -0.279 -6.67 
11/28/83 1,179 877 -38 6148 45 -0.353 -8.45 
12/6/83 1,390 869 -46 6154 39 -0.428 -10.2 

12/16/83 1,614 869 -46 6154 39 -0.428 -10.2 
12/27/83 1,878 866 -49 6165 38 -0.456 -10.9 

1/6/84 2,117 876 -39 6160 51 -0.363 -8.67 
1/13/84 2,285 864 -51 6162 40 -0.474 -11.3 
1/20/84 2,454 865 -50 6168 39 -0.465 -11.1 
2/1/84 2,742 868 -47 6167 48 -0.437 -10.5 
2/7/84 2,882 861 -54 6168 42 -0.502 -12.0 
2/22/84 3,246 866 -49 6167 44 -0.456 -10.9 
3/13/84 3,721 865 -50 6169 49 -0.465 -11.1 
4/12/84 4,441 866 -49 6168 49 -0.456 -10.9 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

5/25/84 5,474 858 -57 6163 53 -0.530 -12.7 
6/21/84 6,122 856 -59 6155 58 -0.548 -13.1 
7/17/84 6,745 853 -62 6135 63 -0.576 -13.8 
8/16/84 7,226 850 -65 6116 68 -0.604 -14.5 
9/17/84 7,753 845 -70 6113 61 -0.651 -15.6 

10/15/84 8,425 835 -80 6128 47 -0.744 -17.8 
11/11/84 9,073 843 -72 6141 49 -0.669 -16.0 

1/8/85 10,469 838 -77 6161 38 -0.716 -17.1 
3/17/85 12,097 851 -64 6175 49 -0.595 -14.2 
5/12/85 13,443 855 -60 6171 51 -0.558 -13.3 
7/16/85 15,005 871 -44 6133 72 -0.409 -9.79 

10/10/85 17,066 848 -67 6129 54 -0.623 -14.9 
1/30/86 19,754 869 -46 6164 51 -0.428 -10.2 
9/5/86 24,989 888 -27 6103 72 -0.251 -6.00 
1/7/87 27,965 910 -5 6209 34 -0.046 -1.11 
1/19/88 37,013 971 56 6150 42 0.521 12.5 
2/17/88 37,709 973 58 6158 47 0.539 12.9 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-4 during the first lock-
off period is provided in Table E-4. 
 
Table E.4.  Long-term strain and temperature measurements during first long-term 
lock-off for Tieback TB-4 at 171 kN (38.4 kips), or average soil-grout bond stress of 

29.3 kPa (612 psf). 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/10/83 0.00 636 0    0 
10/10/83 0.02 637 1   0.00930 0.22 
10/10/83 0.03 637 1   0.00930 0.22 
10/10/83 0.08 637 1   0.00930 0.22 
10/10/83 0.17 637 1   0.00930 0.22 
10/10/83 0.33 637 1   0.00930 0.22 
10/10/83 0.60 636 0   0 0.00 
10/10/83 0.75     0 0.00 
10/10/83 1.00     0 0.00 
10/10/83 2.00 632 -4   -0.0372 -0.89 
10/10/83 4.00     0 0.00 
10/11/83 18 622 -14 6204  -0.130 -3.11 
10/12/83 50 625 -11  55 -0.102 -2.45 
10/13/83 75 622 -14  50 -0.130 -3.11 
10/17/83 169 622 -14  55 -0.130 -3.11 
10/21/83 263 629 -7  60 -0.065 -1.56 
11/2/83 550 622 -14  55 -0.130 -3.11 

11/16/83 891 627 -9 6211 50 -0.084 -2.00 
11/28/83 1,175 618 -18 6215 45 -0.167 -4.00 
12/6/83 1,369 621 -15 6219 39 -0.139 -3.34 

12/16/83 1,610 621 -15 6220 39 -0.139 -3.34 
12/27/83 1,874 622 -14 6231 38 -0.130 -3.11 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-4 during the second 
lock-off period is provided in Table E-5. 
 

Table E.5.  Long-term strain and temperature measurements during the second 
long-term lock-off for Tieback TB-4 at 370 kN (83.2 kips), or average soil-grout 

bond stress of 63.5 kPa (1330 psf). 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

1/6/84 0.00 1533 0 6224 51 0 0.00 
1/6/84 0.02 1533 0 6224 51 0.0000 0.00 
1/6/84 0.03 1533 0 6224 51 0.0093 0.00 
1/6/84 0.08 1534 1 6224 51 0.0000 0.22 
1/6/84 0.17 1533 0 6224 51 0.0000 0.00 
1/6/84 0.33 1533 0 6224 51 0.0000 0.00 
1/6/84 0.50 1533 0 6224 51 0.0000 0.00 
1/6/84 0.75 1533 0 6224 51 0.0000 0.00 
1/6/84 1.00     -0.0279 0.00 
1/6/84 1.58 1530 -3 6225 51 -0.0558 -0.67 
1/7/84 17 1527 -6 6225 51 -0.177 -1.33 
1/8/84 42 1514 -19 6223 51 -0.214 -4.23 
1/10/84 97 1510 -23 6225 53 -0.307 -5.12 
1/13/84 167 1500 -33 6224 40 -0.344 -7.34 
1/20/84 336 1496 -37 6231 39 -0.279 -8.23 
2/1/84 624 1503 -30 6229 48 -0.074 -6.67 
2/7/84 764 1525 -8 6229 42 0.019 -1.78 
2/22/84 1,128 1535 2 6230 44 -0.019 0.44 
3/13/84 1,603 1531 -2 6230 49 -0.037 -0.44 
4/12/84 2,323 1529 -4 6229 49 -0.130 -0.89 
5/25/84 3,356 1519 -14 6221 53 -0.186 -3.11 
6/21/84 4,004 1513 -20 6215 58 -0.232 -4.45 
7/17/84 4,627 1508 -25 6198 63 -0.279 -5.56 
8/16/84 5,108 1503 -30 6181 68 -0.344 -6.67 
9/17/84 5,635 1496 -37 6177 61 -0.474 -8.23 

10/15/84 6,307 1482 -51 6189 47 -0.381 -11.3 
11/11/84 6,955 1492 -41 6201 49 -0.474 -9.12 

1/8/85 8,351 1482 -51 6224 38 -0.325 -11.3 
3/17/85 9,979 1498 -35 6235 49 -0.316 -7.78 
5/12/85 11,325 1499 -34 6228 51 -0.214 -7.56 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

7/16/85 12,887 1510 -23 6195 72 -0.474 -5.12 
10/10/85 14,948 1482 -51 6191 54 -0.297 -11.3 
1/30/86 17,636 1501 -32 6225 51 -0.251 -7.12 
9/5/86 22,871 1506 -27 6168 72 -0.270 -6.00 
1/7/87 26,280 1504 -29 6209 34 0.009 -6.45 
1/19/88 35,328 1534 1 6210 42 0.037 0.22 
2/17/88 36,024 1537 4 6215 47 0 0.89 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-5 is provided in Table 
E-6. 
 

Table E.6.  Long-term strain and temperature measurements during long-term 
lock-off for Tieback TB-5. 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

Deformation 
between 

Anchor Head 
and Bond 

Zone Since 
Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/11/83 0.00 377 0    0.00 
10/11/83 0.02 377 0   0.00 0.00 
10/11/83 0.03 377 0   0.00 0.00 
10/11/83 0.08     0.00 0.00 
10/11/83 0.17     0.00 0.00 
10/11/83 0.33     0.00 0.00 
10/11/83 0.50     0.00 0.00 
10/11/83 0.75     0.00 0.00 
10/11/83 1.0     0.00 0.00 
10/11/83 2.0     0.00 0.00 
10/12/83 30 371 -6  55 -0.056 -1.33 
10/13/83 54 367 -10  50 -0.093 -2.22 
10/17/83 150 364 -13  55 -0.121 -2.89 
10/21/83 242 365 -12  60 -0.112 -2.67 
11/2/83 530 358 -19  55 -0.177 -4.23 

11/16/83 866 377 0 5529 50 0.00 0.00 
11/28/83 1,154 361 -16 5545 45 -0.149 -3.56 
12/6/83 1,346 353 -24 5553 39 -0.223 -5.34 

12/16/83 1,586 353 -24 5547 39 -0.223 -5.34 
12/27/83 1,850 347 -30 5540 38 -0.279 -6.67 

1/6/84 2,090 370 -7 5540 51 -0.065 -1.56 
1/13/84 2,258 370 -7 5529 40 -0.065 -1.56 
1/20/84 2,426 368 -9 5537 39 -0.084 -2.00 
2/1/84 2,714 375 -2 5528 48 -0.019 -0.44 
2/7/84 2,858 370 -7 5525 42 -0.065 -1.56 
2/22/84 3,218 378 1 5510 44 0.009 0.22 
3/13/84 3,674 381 4 5527 49 0.037 0.89 
4/12/84 4,394 383 6 5524 49 0.056 1.33 
5/25/84 5,426 380 3 5525 53 0.028 0.67 
6/21/84 6,074 382 5 5512 58 0.046 1.11 

*+Estimated 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

7/17/84 6,698 382 5 6209 63 0.046 1.11 
8/16/84 7,418 382 5 5527 68 0.046 1.11 
9/17/84 8,186 384 7 5498 61 0.065 1.56 

10/15/84 8,858 381 4 5506 47 0.037 0.89 
11/11/84 9,506 385 8 5496 49 0.074 1.78 

1/8/85 10,898 378 1 5502 38 0.009 0.22 
3/17/85 12,530 388 11 5502 49 0.102 2.45 
5/12/85 13,874 384 7 5494 51 0.065 1.56 
7/16/85 15,434 400 23 5481 72 0.214 5.12 

10/10/85 18,194 392 15 5472 54 0.139 3.34 
1/30/86 20,882 403 26 5479 51 0.242 5.78 
9/5/86 26,114 418 41 5512 72 0.381 9.12 
1/7/87 29,090 424 47 5514 34 0.437 10.5 
1/19/88 38,138 464 87 5470 42 0.809 19.3 
2/17/88 38,834 464 87 5470 47 0.809 19.3 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-6, Strain Gauge No. 4, 
which is bonded to the steel bar in the no load zone, is provided in Table E-7. 
 

Table E.7.  Long-term strain and temperature measurements during long-term 
lock-off for Tieback TB-6, Strain Gauge No. 4 (no load zone). 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

Deformation 
between 

Anchor Head 
and Bond 

Zone Since 
Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/11/83 0.00 1567 0    0 
10/11/83 0.02     0 0.00 
10/11/83 0.03 1566 -1   -0.0093 -0.22 
10/11/83 0.08 1565 -2   -0.0186 -0.44 
10/11/83 0.17 1565 -2   -0.0186 -0.44 
10/11/83 0.33     0.0000 0.00 
10/11/83 0.50 1562 -5   -0.0465 -1.11 
10/11/83 0.75     0.0000 0.00 
10/11/83 1.00 1561 -6   -0.0558 -1.33 
10/11/83 2.00     0.0000 0.00 
10/11/83 3.00 1556 -11 6267  -0.102 -2.45 
10/12/83 31 1551 -16  55 -0.149 -3.56 
10/13/83 56 1546 -21  50 -0.195 -4.67 
10/17/83 151 1543 -24  55 -0.223 -5.34 
10/21/83 243 1541 -26  60 -0.242 -5.78 
11/2/83 531 1529 -38  55 -0.353 -8.45 

11/16/83 867 1531 -36 6253 50 -0.335 -8.01 
11/28/83 1,155 1521 -46 6304 45 -0.428 -10.2 
12/6/83 1,347 1512 -55 6328 39 -0.511 -12.2 

12/16/83 1,587 1512 -55 6312 39 -0.511 -12.2 
12/27/83 1,851 1509 -58 6349 38 -0.539 -12.9 

1/6/84 2,091 1518 -49 6271 51 -0.456 -10.9 
1/13/84 2,259 1509 -58 6327 40 -0.539 -12.9 
1/20/84 2,427 1507 -60 6319 39 -0.558 -13.3 
2/1/84 2,715 1512 -55 6298 48 -0.511 -12.2 
2/7/84 2,859 1508 -59 6312 42 -0.548 -13.1 
2/22/84 3,219 1511 -56 6312 44 -0.521 -12.5 
3/13/84 3,675 1512 -55 6295 49 -0.511 -12.2 
4/12/84 4,155 1515 -52 6292 49 -0.483 -11.6 
5/25/84 5,187 1510 -57 6270 53 -0.530 -12.7 

*+Estimated 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

6/21/84 5,835 1511 -56 6232 58 -0.521 -12.5 
7/17/84 6,459 1510 -57 6191 63 -0.530 -12.7 
8/16/84 7,179 1504 -63 6181 68 -0.570 -14.0 
9/17/84 7,947 1502 -65 6194 61 -0.604 -14.5 

10/15/84 8,619 1487 -80 6262 47 -0.744 -17.8 
11/11/84 9,267 1493 -74 6258  -0.688 -16.5 

1/8/85 10,659 1485 -82 6328 38 -0.762 -18.2 
3/17/85 12,291 1497 -70 6291 49 -0.651 -15.6 
5/12/85 13,635 1500 -67 6284 51 -0.623 -14.9 
7/16/85 15,195 1516 -51 6167 72 -0.474 -11.3 

10/10/85 17,259 1490 -77 6248 54 -0.716 -17.1 
1/30/86 19,947 1508 -59 6275 51 -0.548 -13.1 
9/5/86 25,179 1509 -58 6149 72 -0.539 -12.9 
1/7/87 28,155 1495 -72 6308 34 -0.669 -16.0 
1/19/88 37,203 1505 -62 6286 42 -0.576 -13.8 
2/17/88 37,899 1506 -61 6271 47 -0.567 -13.6 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Long-term monitoring strain and temperature data for Tieback TB-7 is provided in Table 
E-8. 
 

Table E.8.  Long-term strain and temperature measurements during long-term 
lock-off for Tieback TB-7. 

Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

10/13/83 0 142 0    0 
10/13/83 0.0000 142 0   0 0.00 
10/13/83 0.0000 142 0   0.0000 0.00 
10/13/83 -0.0093 142 0   0.0000 0.00 
10/13/83 0.0000 141 -1   -0.0093 -0.22 
10/13/83 0.0000     0.0000 0.00 
10/13/83 0.0000     0.0000 0.00 
10/13/83 0.0000     0.0000 0.00 
10/13/83 0.0000     0.0000 0.00 
10/13/83 -0.0465     0.0000 0.00 
10/13/83 -0.0465 137 -5  55 -0.0465 -1.11 
10/13/83 -0.0558 137 -5  50 -0.0465 -1.11 
10/17/83 -0.0372 136 -6  55 -0.0558 -1.33 
10/21/83 -0.1116 138 -4  60 -0.0372 -0.89 
11/2/83 0.0186 130 -12  55 -0.1116 -2.67 

11/16/83 -0.0093 144 2 6149 50 0.0186 0.44 
11/28/83 -0.0651 141 -1 6151 45 -0.0093 -0.22 
12/6/83 -0.0279 135 -7 6158 39 -0.0651 -1.56 

12/16/83 -0.0372 139 -3 6160 39 -0.0279 -0.67 
12/27/83 0.0558 138 -4 6174 38 -0.0372 -0.89 

1/6/84 -0.0186 148 6 6167 51 0.0558 1.33 
1/13/84 0.0093 140 -2 6171 40 -0.0186 -0.44 
1/20/84 0.0372 143 1 6180 39 0.0093 0.22 
2/1/84 -0.0093 146 4 6177 48 0.0372 0.89 
2/7/84 0.0465 141 -1 6176 42 -0.0093 -0.22 
2/22/84 0.0465 147 5 6177 44 0.0465 1.11 
3/13/84 0.0651 147 5 6176 49 0.0465 1.11 
4/12/84 0.0186 149 7 6176 49 0.0651 1.56 
5/25/84 -0.0093 144 2 6166 53 0.0186 0.44 
6/21/84 -0.0372 141 -1 6153 58 -0.0093 -0.22 
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Date 
Elapsed 

Time 
(hrs) 

Strain 
Gauge 

Reading 
(μЄ) 

*Change 
in Strain 

Since 
Lockoff 

(μЄ) 

Strain 
Gauge 

Temper-
ature 

Reading 

Air 
Temper-

ature 
(°F) 

*+Estimated 
Deformation 

between 
Anchor Head 

and Bond 
Zone Since 

Lockoff (mm) 

#Tieback 
Tieback 

Prestress Loss 
Since Lock-

Off (kN) 

7/17/84 -0.0372 138 -4 6129 63 -0.0372 -0.89 
8/16/84 -0.0465 138 -4 6105 68 -0.0372 -0.89 
9/17/84 -0.0465 137 -5 6104 61 -0.0465 -1.11 

10/15/84 0.112 137 -5 6155 47 -0.0465 -1.11 
11/11/84 0.325 154 12 6143 49 0.112 2.67 

1/8/85 0.586 177 35 6169 38 0.325 7.78 
3/17/85 0.874 205 63 6181 49 0.586 14.0 
5/12/85 1.16 236 94 6173 51 0.874 20.9 
7/16/85 1.06 267 125 6122 72 1.16 27.8 

10/10/85 2.13 256 114 6141 54 1.06 25.4 
1/30/86 3.27 371 229 6166 51 2.13 50.9 
9/5/86 4.56 494 352 6093 72 3.27 78.3 
1/7/87 5.09 632 490 6143 34 4.56 109 
1/19/88 5.09 690 548 6144 42 5.09 122 
2/17/88 0 689 547 6164 47 5.09 122 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
+Deformation based on unbonded bar length of 9.3 m (30.5 ft). 
#Negative values represent loss of load in tieback, and positive values represent increase of load in tieback. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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APPENDIX F 

BOND ZONE LOAD TRANSFER DATA FROM SHORT-TERM AND 

LONG-TERM TIEBACK MONITORING 

 
Table F-1 provides tieback dimensions used to calculate load transfer rates 

between strain gauge locations within the tieback bonded zone. 
 

Table F.1.  Tieback dimensions for calculating load transfer rates between strain 
gauge locations. 

Strain 
Gauge 

No. 

Distance 
between 
Gauge 

and Front 
of 

Tieback 
(m) 

Distance 
between 

Gauge and 
Front of 

Tieback Bond 
Zone (m) 

Strain Gauge 
Pairs 

Distance 
between 
Strain 
Gauge 

Pairs (m) 

Distance at 
Mid-Point 

between Strain 
Gauge 

Locations and 
Front of Bond 

Zone (m) 

*Surface 
Area of Bond 
Zone between 
Strain Gauge 

Locations 
(m2) 

   No. 1 to End of 
Bond Zone 0.12 6.04 0.115 

1 15.3 6.0     
   No. 1 to No. 2 2.47 4.75 2.37 

2 12.8 3.5     
   No. 2 to No. 3 3.08 1.97 2.95 

3 9.7 0.4     

   
No. 3 to No. 4 
(i.e., front end 
of bond zone) 

0.43 0.21 0.41 

4 9.3 0     
*Assumes bond zone tieback diameter of 0.305 m. 
1 m = 3.28 ft; 1 m2 = 10.8 ft2 

Tables F-2 through F-4 provide measured strain gauge and estimated load data for 
he tiebacks that have additional strain gauges located within the bonded zone of the 
ieback, in particular tiebacks U-1, U-2, and TB-6.  These tables only provide the data 
btained during incremental loading (i.e., short-term) for tiebacks U-1, U-2 and TB-6, 
nd data obtained during the 72-hour creep test conducted for tiebacks U-2 and TB-6. 

t
t
o
a
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Table F.2.  Short-term load transfer strain measurements obtained within the bonded zone during incremental loading of 
Tieback U-1. 

Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback 
Load at 
Gauge 1 

(kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback 
Load at 
Gauge 2 

(kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback 
Load at 
Gauge 3 

(kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback 
Load at 
Gauge 4 

(kN) 
0 1 3.1 3 6.2 39 56.0 374 83.2 

30 1 3.1 3 6.2 39 56.0 368 81.8 
30 8 13.7 34 49.7 415 121.9 1178 262 
60 8 13.7 34 49.7 415 121.9 1174 261 
4 12 19.6 55 74.8 873 234.3 1766 393 

30 12 19.6 60 80.2 906 242.1 1773 394 
60 11 18.2 66 86.5 905 241.8 1761 392 
8 15 23.9 373 111.0 1406 356.2 2229 496 

30 18 28.2 433 126.5 1445 364.8 2247 500 
63 18 28.2 448 130.3 1455 367.1 2248 500 
12 20 31.0 551 156.3 1879 459.6 2611 581 
32 18 28.2 553 156.8 1896 463.2 2611 581 
61 17 26.8 552 156.6 1905 465.1 2611 581 

Failure       2826 629 
 29 43.2 289 88.7 1755 432.8 1813 403 

Note:  1 kN = 225 lbs 
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Table F.3.  Short-term strain load transfer measurements obtained within the bonded zone during incremental loading of 
Tieback U-2. 

Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

0 6 10.7 18 28.2 351 105.2 605 135 
1 6 10.7 19 29.6 352 105.4 601 134 
2 6 10.7 19 29.6 352 105.4 599 133 
5 6 10.7 19 29.6 351 105.2 597 133 

10 6 10.7 20 31.0 350 104.9 595 132 
20 6 10.7 19 29.6 349 104.7 594 132 
31 6 10.7 20 31.0 349 104.7 593 132 
0 9 15.2 29 43.2 520 148.6 853 190 
1 9 15.2 28 41.9 522 149.1 849 189 
2 9 15.2 29 43.2 521 148.8 847 188 
5 8 13.7 29 43.2 521 148.8 845 188 

10 8 13.7 29 43.2 520 148.6 844 188 
22 8 13.7 29 43.2 518 148.1 842 187 
30 8 13.7 29 43.2 517 147.8 842 187 
0 10 16.7 38 54.7 701 193.2 1094 243 
1 9 15.2 38 54.7 699 192.7 1079 240 
2 9 15.2 38 54.7 698 192.5 1077 240 
5 9 15.2 38 54.7 697 192.2 1074 239 

12 9 15.2 40 57.2 695 191.7 1071 238 
21 8 13.7 40 57.2 694 191.5 1070 238 
31 8 13.7 40 57.2 693 191.3 1068 238 
0 9 15.2 47 65.6 902 241.1 1323 294 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

1 9 15.2 49 68.0 902 241.1 1315 292 
2 9 15.2 50 69.1 901 240.9 1311 292 
5 8 13.7 51 70.3 900 240.6 1307 291 

11 8 13.7 52 71.4 899 240.4 1304 290 
21 8 13.7 53 72.5 897 239.9 1302 290 
30 8 13.7 54 73.7 897 239.9 1301 289 
33 8 13.7 54 73.7 908 242.5 1321 294 
0 10 16.7 64 84.4 1120 291.6 1560 347 
1 9 15.2 66 86.5 1141 296.4 1548 344 
2 9 15.2 66 86.5 1148 298.0 1544 343 
5 8 13.7 66 86.5 1155 299.6 1535 341 

11 8 13.7 68 88.5 1157 300.1 1530 340 
20 8 13.7 70 90.5 1180 305.3 1563 348 
30 8 13.7 72 92.5 1184 306.2 1556 346 
45 8 13.7 90 108.7 1181 305.6 1545 344 
61 8 13.7 92 110.4 1180 305.3 1543 343 
0 8 13.7 357 106.8 1394 353.5 1755 390 
1 8 13.7 381 113.0 1385 351.5 1736 386 
2 8 13.7 384 113.8 1385 351.5 1731 385 
5 8 13.7 392 115.9 1384 351.3 1725 384 

10 8 13.7 396 116.9 1383 351.0 1718 382 
20 8 13.7 402 118.5 1394 353.5 1736 386 
31 8 13.7 403 118.8 1393 353.3 1726 384 
46 8 13.7 402 118.5 1389 352.4 1720 383 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

61 8 13.7 403 118.8 1389 352.4 1717 382 
0 10 16.7 462 133.9 1599 398.8 1921 427 
1 10 16.7 464 134.4 1600 399.0 1899 422 
2 10 16.7 467 135.2 1599 398.8 1892 421 
5 10 16.7 467 135.2 1596 398.1 1879 418 

10 10 16.7 472 136.5 1607 400.5 1902 423 
20 9 15.2 474 137.0 1614 402.1 1905 424 
31 9 15.2 471 136.2 1609 401.0 1883 419 
47 9 15.2 473 136.7 1615 402.3 1901 423 
60 9 15.2 471 136.2 1611 401.4 1882 419 
0 7 12.2 454 131.9 1449 365.7 1722 383 
1 7 12.2 454 131.9 1450 365.9 1719 382 
2 7 12.2 454 131.9 1450 365.9 1719 382 
5 7 12.2 452 131.4 1451 366.2 1719 382 

10 7 12.2 452 131.4 1451 366.2 1719 382 
21 7 12.2 450 130.9 1451 366.2 1718 382 
33 7 12.2 448 130.3 1451 366.2 1718 382 
51 7 12.2 446 129.8 1451 366.2 1718 382 
120 6 10.7 440 128.3 1451 366.2 1718 382 
211 6 10.7 435 127.0 1449 365.7 1714 381 
455 7 12.2 432 126.2 1448 365.5 1712 381 
575 8 13.7 429 125.5 1452 366.4 1715 381 
695       1717 382 
815       1715 381 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

935       1714 381 
1276 8 13.7 428 125.2 1453 366.6 1719 382 
1557 6 10.7 426 124.7 1452 366.4 1721 383 
1655       1720 383 
1819 7 12.2 583 164.3 2149 517.1 2563 570 
1879 7 12.2 570 161.1 2000 485.5 2369 527 

0     1490 374.8 1681 374 
1     1489 374.6 1680 374 
2 3 6.2 508 145.6 1491 375.0 1681 374 
5 3 6.2 508 145.6 1490 374.8 1680 374 

10 3 6.2 507 145.3 1490 374.8 1680 374 
20 3 6.2 508 145.6 1492 375.2 1680 374 
45 3 6.2 508 145.6 1493 375.5 1681 374 
90 3 6.2 508 145.6 1493 375.5 1680 374 
150 3 6.2 506 145.1 1493 375.5 1678 373 
270 3 6.2 504 144.6 1492 375.2 1676 373 
510 2 4.7 496 142.5 1489 374.6 1670 371 
562 1 3.1 496 142.5 1489 374.6 1670 371 
892 1 3.1 488 140.5 1491 375.0 1685 375 

0 1 3.1 487 140.3 1569 392.2 1801 401 
1 1 3.1 487 140.3 1569 392.2 1800 400 
2 1 3.1 489 140.8 1570 392.4 1800 400 
5 1 3.1 487 140.3 1570 392.4 1799 400 

10 1 3.1 488 140.5 1570 392.4 1799 400 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

20 1 3.1 485 139.8 1571 392.6 1799 400 
30 0 1.6 484 139.5 1570 392.4 1800 400 
45 1 3.1 485 139.8 1571 392.6 1799 400 
0 2 4.7 496 142.5 1750 431.7 2018 449 
1 2 4.7 495 142.3 1751 431.9 2016 448 
2 1 3.1 495 142.3 1751 431.9 2016 448 
5 2 4.7 494 142.0 1751 431.9 2014 448 

10 2 4.7 493 141.8 1751 431.9 2013 448 
20 1 3.1 493 141.8 1750 431.7 2011 447 
30 2 4.7 492 141.5 1750 431.7 2010 447 
0 5 9.2 535 152.3 1944 473.5 2263 503 
1 5 9.2 536 152.6 1941 472.9 2245 499 
2 5 9.2 536 152.6 1939 472.4 2239 498 
5 4 7.7 536 152.6 1933 471.1 2226 495 

10 4 7.7 534 152.1 1928 470.1 2217 493 
20 5 9.2 539 153.3 1943 473.3 2253 501 
30 5 9.2 536 152.6 1937 472.0 2231 496 
45 5 9.2 538 153.1 1941 472.9 2246 500 
60 5 9.2 538 153.1 1940 472.6 2243 499 
0 5 9.2 551 156.3 1983 481.8 2306 513 
1 5 9.2 551 156.3 1981 481.4 2298 511 
2 5 9.2 550 156.1 1980 481.2 2295 510 
5 5 9.2 549 155.8 1977 480.6 2287 509 

10 5 9.2 550 156.1 1981 481.4 2299 511 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

22 5 9.2 550 156.1 1981 481.4 2300 512 
30 5 9.2 549 155.8 1978 480.8 2285 508 
45 4 7.7 548 155.6 1981 481.4 2298 511 
0 6 10.7 574 162.1 2072 500.8 2423 539 
1 6 10.7 573 161.8 2068 499.9 2403 534 
2 6 10.7 572 161.6 2063 498.9 2393 532 
5 6 10.7 574 162.1 2067 499.7 2403 534 
8 6 10.7 574 162.1 2066 499.5 2403 534 

11 6 10.7 574 162.1 2067 499.7 2405 535 
15 5 9.2 574 162.1 2067 499.7 2403 534 
0 7 12.2 615 172.2 2222 532.5 2627 584 
1 7 12.2 618 172.9 2233 534.8 2627 584 
2 6 10.7 617 172.7 2230 534.2 2605 579 
5 6 10.7 620 173.4 2241 536.5 2613 581 
8 5 9.2 621 173.7 2241 536.5 2605 579 
9       2600 578 

17       2550 567 
0     2291 547.0 2708 602 
1 4 7.7 630 175.9 2285 545.8 2708 602 
2 3 6.2 637 177.6 2303 549.5 2708 602 
5 2 4.7 634 176.9 2311 551.2 2710 603 
8 1 3.1 589 165.8 2169 521.3 2444 544 

10 1 3.1 586 165.0 2153 518.0 2415 537 
12 1 3.1 584 164.5 2142 515.6 2398 533 
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Time Strain Strain Strain Strain 
Load Gauge 1 +Tieback Load Gauge 2 +Tieback Load Gauge 3 +Tieback Load Gauge 4 +Tieback Load 
Held Reading at Gauge 1 (kN) Reading at Gauge 2 (kN) Reading at Gauge 3 (kN) Reading at Gauge 4 (kN) 

(minutes) (μЄ) (μЄ) (μЄ) (μЄ) 
15 1 3.1 580 163.6 2125 512.0 2373 528 

Note:  1 kN = 225 lbs 
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Table F.4.  Short-term strain load transfer measurements obtained within the bonded zone during incremental loading of 
Tieback TB-6. 

Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

0 1 3.1 2 4.7 14 22.5 220 48.9 
1 1 3.1 2 4.7 15 23.9 219 48.7 
2 1 3.1 3 6.2 15 23.9 219 48.7 
5 1 3.1 2 4.7 15 23.9 218 48.5 

11 1 3.1 2 4.7 15 23.9 218 48.5 
0 1 3.1 7 12.2 35 51.0 416 92.5 
1 2 4.7 7 12.2 35 51.0 414 92.1 
2 2 4.7 7 12.2 35 51.0 413 91.9 
5 2 4.7 8 13.7 36 52.2 413 91.9 

10 2 4.7 8 13.7 36 52.2 412 91.6 
28 2 4.7 8 13.7 37 53.5 412 91.6 
0 4 7.7 13 21.1 58 78.1 631 140 
1 3 6.2 13 21.1 58 78.1 629 140 
2 4 7.7 13 21.1 58 78.1 628 140 
5 4 7.7 13 21.1 59 79.2 627 139 

10 4 7.7 13 21.1 60 80.2 626 139 
20 4 7.7 13 21.1 60 80.2 626 139 
30 4 7.7 14 22.5 61 81.3 626 139 
45 4 7.7 14 22.5 62 82.4 626 139 
60 4 7.7 14 22.5 62 82.4 626 139 
0 6 10.7 19 29.6 94 112 829 184 
1 6 10.7 19 29.6 97 114 828 184 
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Time Strain Strain Strain Strain 
Load Gauge 1 +Tieback Load Gauge 2 +Tieback Load Gauge 3 +Tieback Load Gauge 4 +Tieback Load 
Held Reading at Gauge 1 (kN) Reading at Gauge 2 (kN) Reading at Gauge 3 (kN) Reading at Gauge 4 (kN) 

(minutes) (μЄ) (μЄ) (μЄ) (μЄ) 
2 5 9.2 20 31.0 110 124 827 184 
5 6 10.7 20 31.0 119 129 825 183 

10 5 9.2 18 28.2 423 124 811 180 
20 5 9.2 19 29.6 430 126 810 180 
30 5 9.2 19 29.6 432 126 809 180 
45 5 9.2 19 29.6 434 127 809 180 
60 5 9.2 19 29.6 435 127 809 180 
0 7 12.2 25 37.9 598 168 1042 232 
1 7 12.2 26 39.2 606 170 1040 231 
2 7 12.2 26 39.2 611 171 1039 231 

4.5 7 12.2 26 39.2 615 172 1036 230 
10.5 7 12.2 26 39.2 619 173 1034 230 
20 7 12.2 27 40.5 621 174 1032 230 
30 7 12.2 27 40.5 621 174 1030 229 
44 7 12.2 27 40.5 622 174 1029 229 
60 7 12.2 27 40.5 622 174 1028 229 
0 8 13.7 34 49.7 777 211 1254 279 
1 8 13.7 32 47.1 758 207 1247 277 
2 8 13.7 32 47.1 769 210 1233 274 
5 8 13.7 33 48.4 788 214 1264 281 

10 7 12.2 31 45.8 780 212 1247 277 
20 8 13.7 32 47.1 783 213 1243 276 
31 6 10.7 30 44.5 770 210 1235 275 
45 6 10.7 32 47.1 772 210 1231 274 
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Time 
Load 
Held 

(minutes) 

Strain 
Gauge 1 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 1 (kN) 

Strain 
Gauge 2 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 2 (kN) 

Strain 
Gauge 3 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 3 (kN) 

Strain 
Gauge 4 
Reading 

(μЄ) 

+Tieback Load 
at Gauge 4 (kN) 

62 7 12.2 33 48.4 779 212 1253 279 
118 6 10.7 34 49.7 779 212 1245 277 
240 7 12.2 35 51.0 780 212 1240 276 
502 7 12.2 36 52.2 782 213 1252 278 

2690 8 13.7 41 58.4 786 214 1249 278 
3160 8 13.7 41 58.4 786 214 1246 277 
3920 9 15.2 43 60.9 784 213 1229 273 
4180 8 13.7 42 59.7 783 213 1232 274 

New 0 
Load 

Reading 

-216  -225  -221  -320  

0 to 2 9 15.2 21 32.4 194 62.5 578 129 
0 to 2 11 18.2 33 48.4 430 126 879 195 
0 to 2 13 21.1 42 59.7 613 172 1157 257 
0 to 2 15 23.9 52 71.4 810 219 1476 328 
0 to 2 16 25.4 62 82.4 1002 264 1813 403 

Lock-Off 18 28.2 72 92.5 1134 295 1887 420 
Note:  1 kN = 225 lbs 
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Long-term monitoring strain and temperature data for Tieback TB-6, Strain Gauge No. 4, 
which is bonded to the steel bar in the no load zone, is provided in Appendix E, Table E-
7.  The long-term strain data for the strain gauges located within the bonded zone of 
Tieback TB-6 (strain gauge Numbers 1, 2, and 3) are provided in tables F.5 through F.7. 
 
Table F.5.  Long-term strain and temperature measurements during long-term lock-

off for Tieback TB-6, Strain Gauge No. 1 (bonded zone). 

Date 
Elapsed 

Time 
(hrs) 

Strain Gauge 
Reading (μЄ) 

*Change in 
Strain Since 
Lockoff (μЄ) 

Strain Gauge 
Temperature 

Reading 

+Tieback Load 
at Gauge (kN) 

10/11/83 0.00 0.00 -198 0 28.2 

10/11/83 0.02 0.02    

10/11/83 0.03 0.03 -198 0 28.2 

10/11/83 0.08 0.08 -198 0 28.2 

10/11/83 0.17 0.17 -198 0 28.2 

10/11/83 0.33 0.33    

10/11/83 0.50 0.50 -198 0 28.2 

10/11/83 0.75 0.75    

10/11/83 1.00 1.00 -198 0 28.2 

10/11/83 2.00 2.00    

10/11/83 3.00 3.00 -200 2 25.4 

10/12/83 31 31 -199 1 26.8 

10/13/83 56 56 -199 1 26.8 

10/17/83 151 151 -198 0 28.2 

10/21/83 243 243 -198 0 28.2 

11/2/83 531 531 -196 -2 31.0 

11/16/83 867 867 -198 0 28.2 

11/28/83 1,155 1,155 -190 -8 39.2 

12/6/83 1,347 1,347 -189 -9 40.5 

12/16/83 1,587 1,587 -186 -12 44.5 

12/27/83 1,851 1,851 -184 -14 47.1 

1/6/84 2,091 2,091 -180 -18 52.2 

1/13/84 2,259 2,259 -179 -19 53.5 

1/20/84 2,427 2,427 -179 -19 53.5 

2/1/84 2,715 2,715 -177 -21 56.0 

2/7/84 2,859 2,859 -176 -22 57.2 

2/22/84 3,219 3,219 -174 -24 59.7 

3/13/84 3,675 3,675 -171 -27 63.3 

4/12/84 4,155 4,155 -169 -29 65.6 

5/25/84 5,187 5,187 -167 -31 68.0 

6/21/84 5,835 5,835 -167 -31 68.0 
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Elapsed *Change in Strain Gauge Strain Gauge +Tieback Load Date Time Strain Since Temperature Reading (μЄ) at Gauge (kN) (hrs) Lockoff (μЄ) Reading 
7/17/84 6,459 6,459 -166 -32 69.1 

8/16/84 7,179 7,179 -166 -32 69.1 

9/17/84 7,947 7,947 -163 -35 72.5 

10/15/84 8,619 8,619 -160 -38 75.9 

11/11/84 9,267 9,267 -156 -42 80.2 

1/8/85 10,659 10,659 -152 -46 84.4 

3/17/85 12,291 12,291 -150 -48 86.5 

5/12/85 13,635 13,635 -150 -48 86.5 

7/16/85 15,195 15,195 -149 -49 87.5 

10/10/85 17,259 17,259 -148 -50 88.5 

1/30/86 19,947 19,947 -141 -57 95.4 

9/5/86 25,179 25,179 -145 -53 91.5 

1/7/87 28,155 28,155 -138 -60 98.2 

1/19/88 37,203 37,203 -139 -59 97.3 

2/17/88 37,899 37,899 -143 -55 93.5 

Note: 
*Negative values represent decrease in strain level since lock-off (i.e., stress relaxation). 
+Estimated from measured strain gauge strain using Figure 12. 
1 kN = 225 lbs 
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Table F.6.  Long-term strain and temperature measurements during long-term lock-
off for Tieback TB-6, Strain Gauge No. 2 (bonded zone). 

Elapsed 
Date Time 

(hrs) 

Strain Gauge 
Reading (μЄ) Strain Since 

Lockoff (μЄ) 

+Tieback Load 
at Gauge (kN) 

10/11/83 0.00 -153 0 92.5 

10/11/83 0.02    

10/11/83 0.03 -153 0 92.5 

10/11/83 0.08 -152 -1 93.5 

10/11/83 0.17 -152 -1 93.5 

10/11/83 0.33    

10/11/83 0.50 -151 -2 94.4 

10/11/83 0.75    

10/11/83 1.00 -150 -3 95.4 

10/11/83 2.00    

10/11/83 3.00 -150 -3 95.4 

10/12/83 31 -145 -8 100 

10/13/83 56 -143 -10 102 

10/17/83 151 -137 -16 107 

10/21/83 243 -134 -19 110 

11/2/83 531 -126 -27 116 

11/16/83 867 -111 -42 126 

11/28/83 1,155 -104 -49 131 

12/6/83 1,347 -100 -53 133 

12/16/83 1,587 -94 -59 136 

12/27/83 1,851 -91 -62 138 

1/6/84 2,091 -86 -67 140 

1/13/84 2,259 -84 -69 141 

1/20/84 2,427 -83 -70 141 

2/1/84 2,715 -80 -73 142 

2/7/84 2,859 -78 -75 143 

2/22/84 3,219 -75 -78 144 

3/13/84 3,675 -71 -82 145 

4/12/84 4,155 -65 -88 147 

5/25/84 5,187 -61 -92 148 

6/21/84 5,835 -60 -93 149 

7/17/84 6,459 -57 -96 149 

8/16/84 7,179 -57 -96 149 

9/17/84 7,947 -51 -102 150 

10/15/84 8,619 -46 -107 151 

11/11/84 9,267 -36 -117 152 

*Change in 
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Elapsed *Change in Strain Gauge +Tieback Load Date Time Strain Since Reading (μЄ) at Gauge (kN) (hrs) Lockoff (μЄ) 
1/8/85 10,659 -23 -130 152 

3/17/85 12,291 -21 -132 151 

5/12/85 13,635 -18 -135 151 

7/16/85 15,195 -16 -137 151 

10/10/85 17,259 -14 -139 151 

1/30/86 19,947 20 -133 141 

9/5/86 25,179 14 -139 144 

1/7/87 28,155 504 351 200 

1/19/88 37,203 636 483 231 

2/17/88 37,899 617 464 227 
Note: 
*Negative values represent decrease in strain level since lock-off (i.e., stress relaxation). 
+Estimated from measured strain gauge strain using Figure 12. 
1 kN = 225 lbs 
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Table F.7.  Long-term strain and temperature measurements during long-term lock-
off for Tieback TB-6, Strain Gauge No. 3 (bonded zone). 

Date 
Elapsed 

Time 
(hrs) 

Strain Gauge 
Reading (μЄ) 

*Change in 
Strain Since 
Lockoff (μЄ) 

Air 
Temperature 

(°F) 

+Tieback 
Load at 

Gauge (kN) 

10/11/83 0.00 913 0  295 

10/11/83 0.02     

10/11/83 0.03 910 -3  294 

10/11/83 0.08 908 -5  294 

10/11/83 0.17 906 -7  293 

10/11/83 0.33     

10/11/83 0.50 902 -11  292 

10/11/83 0.75     

10/11/83 1.00 901 -12  292 

10/11/83 2.00     

10/11/83 3.00 897 -16  291 

10/12/83 31 895 -18 55 291 

10/13/83 56 893 -20 50 290 

10/17/83 151 891 -22 55 290 

10/21/83 243 889 -24 60 289 

11/2/83 531 886 -27 55 289 

11/16/83 867 893 -20 50 290 

11/28/83 1,155 892 -21 45 290 

12/6/83 1,347 890 -23 39 290 

12/16/83 1,587 891 -22 39 290 

12/27/83 1,851 890 -23 38 290 

1/6/84 2,091 891 -22 51 290 

1/13/84 2,259 889 -24 40 289 

1/20/84 2,427 887 -26 39 289 

2/1/84 2,715 887 -26 48 289 

2/7/84 2,859 887 -26 42 289 

2/22/84 3,219 887 -26 44 289 

3/13/84 3,675 886 -27 49 289 

4/12/84 4,155 887 -26 49 289 

5/25/84 5,187 883 -30 53 288 

6/21/84 5,835 881 -32 58 288 

7/17/84 6,459 881 -32 63 288 

8/16/84 7,179 872 -41 68 287 

9/17/84 7,947 881 -32 61 288 

10/15/84 8,619 883 -30 47 288 

11/11/84 9,267 891 -22 49 290 
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Elapsed *Change in Air +Tieback Strain Gauge Date Time Strain Since Temperature Load at Reading (μЄ) (hrs) Lockoff (μЄ) (°F) Gauge (kN) 
1/8/85 10,659 895 -18 38 291 

3/17/85 12,291 894 -19 49 290 

5/12/85 13,635 896 -17 51 291 

7/16/85 15,195 897 -16 72 291 

10/10/85 17,259 896 -17 54 291 

1/30/86 19,947 945 32 51 302 

9/5/86 25,179 929 16 72 298 

1/7/87 28,155 968 55 34 307 

1/19/88 37,203 1009 96 42 317 

2/17/88 37,899 1002 89 47 315 
Note: 
*Negative values represent decrease in strain level since lock-off (i.e., stress relaxation). 
+Estimated from measured strain gauge strain using Figure 12. 
1 kN = 225 lbs 
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APPENDIX G 

EXTENSOMETER AND HYDRAULIC LOAD CELL DATA FROM 

LONG-TERM TIEBACK MONITORING 

Table G.1.  Long-term extensometer and load cell data for Tieback TB-1. 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/10/83 0.00 0.00 0.00 0.00   276 
10/10/83 0.02   0.00   271 
10/10/83 0.03 0.00 0.00 0.00   267 
10/10/83 0.08 0.00 0.00 -0.03 -0.0005 0.0000 267 
10/10/83 0.17 -0.03 -0.03 -0.03 0.0000 0.0000 267 
10/10/83 0.33 -0.03 0.00 -0.03 -0.0005 0.0019 267 
10/10/83 0.50 0.00 0.00 -0.03 -0.0005 0.0000 267 
10/10/83 0.75 -0.03 0.00 -0.03 -0.0005 0.0019 267 
10/10/83 1.00 -0.03 0.05 -0.03 -0.0016 0.0057 267 
10/10/83 2.00 -0.05 0.05 0.00 -0.0011 0.0076 267 
10/10/83 4.50 0.00 0.03 0.03 0.0000 0.0019 267 
10/11/83 24 0.36 0.33 0.20 -0.0027 -0.0019 245 
10/12/83 56 0.36 0.25 0.15 -0.0021 -0.0076 280 
10/13/83 81 -0.53 -0.33 -0.23 0.0021 0.0152 298 
10/17/83 175 -0.36 -0.18 -0.13 0.0011 0.0133 289 
11/2/83 556 -0.33 0.03 0.08 0.0011 0.0265 280 

11/16/83 897 0.00 0.41 0.30 -0.0021 0.0303 280 
11/28/83 1,181 -0.41 0.36 0.23 -0.0027 0.0568 258 
12/6/83 1,375 -0.08 0.43 0.36 -0.0016 0.0379 236 

12/16/83 1,616 -0.03 0.53 0.38 -0.0032 0.0417 236 
12/27/83 1,880 7.19 0.00 7.44   236 

1/6/84 2,119 7.62 0.00 7.77   289 
1/13/84 2,287 7.98 8.26 7.85 -0.0085 0.0208 236 
1/20/84 2,456 7.49 0.00 7.57   258 
2/1/84 2,744 7.44 0.00 7.72   276 
2/7/84 2,884 7.65 8.05 7.75 -0.0064 0.0303 254 
2/22/84 3,248 7.57 8.10 7.72 -0.0080 0.0398 267 
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Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

3/13/84 3,723 7.65 8.15 7.72 -0.0091 0.0379 276 
4/12/84 4,443 7.62 8.31 7.80 -0.0107 0.0511 276 
5/25/84 5,746 7.77 8.36 7.92 -0.0091 0.0436 289 
6/21/84 6,124 8.08 8.51 8.08 -0.0091 0.0322 294 
7/17/84 6,747 8.28 8.66 8.28 -0.0080 0.0284 298 
8/16/84 7,228 7.57 7.90 7.70 -0.0043 0.0246 302 
9/17/84 7,755 7.19 7.57 7.19 -0.0080 0.0284 289 

10/15/84 8,427 6.76 2.82 6.78 0.0833 -0.2936 236 
11/11/84 9,075 6.71 7.16 5.54 -0.0342 0.0341 258 

1/8/85 10,471 6.63 7.21 6.65 -0.0118 0.0436 231 
3/17/85 12,099 6.96 5.59 6.86 0.0267 -0.1023 280 
5/12/85 13,445 7.19 7.11 7.34 0.0048 -0.0057 298 
7/16/85 15,007 8.43 9.12 8.53 -0.0123 0.0511 387 

10/10/85 17,068 8.13 8.64 7.95 -0.0144 0.0379 298 
1/30/86 19,756 9.02 10.06 9.07 -0.0208 0.0777 387 
9/5/86 24,991 11.40 11.96 11.33 -0.0134 0.0417 431 
1/7/87 27,967 12.90 13.56 12.55 -0.0214 0.0492 338 
1/19/88 37,015      378 
2/17/88 37,711      409 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.2.  Long-term extensometer and load cell data for Tieback TB-2. 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/10/83 0.00 0.00 0.00 0.00   196 
10/10/83 0.02   0.00   187 
10/10/83 0.03 -0.05 0.00 -0.03 -0.0005 0.0038 187 
10/10/83 0.08 -0.05 -0.03 -0.03 0.0000 0.0019 187 
10/10/83 0.17 -0.10 -0.05 -0.05 0.0000 0.0038 187 
10/10/83 0.33 -0.10 -0.05 -0.05 0.0000 0.0038 187 
10/10/83 0.50 -0.08 -0.03 -0.05 -0.0005 0.0038 187 
10/10/83 0.75 -0.10 -0.03 -0.05 -0.0005 0.0057 187 
10/10/83 1.00 -0.08 -0.05 -0.10 -0.0011 0.0019 187 
10/10/83 2.00 -0.05 -0.05 -0.10 -0.0011 0.0000 196 
10/10/83 5.00 0.15 0.13 -0.10 -0.0048 -0.0019 196 
10/11/83 24 -0.05 0.15 -0.05 -0.0043 0.0152 165 
10/12/83 55 0.03 0.10 -0.13 -0.0048 0.0057 209 
10/13/83 80 0.18 0.13 -0.05 -0.0037 -0.0038 218 
10/17/83 174 0.00 0.23 -0.10 -0.0069 0.0170 218 
10/21/83 268 0.00 0.00 0.00    
11/2/83 555 0.18 0.15 -0.08 -0.0048 -0.0019 200 

11/16/83 896 0.41 0.33 0.10 -0.0048 -0.0057 205 
11/28/83 1,180 0.38 0.36 0.08 -0.0059 -0.0019 178 
12/6/83 1,374 0.38 0.46 0.13 -0.0069 0.0057 156 

12/16/83 1,615 0.46 0.51 0.46 -0.0011 0.0038 156 
12/27/83 1,879 1.63 1.68 1.14 -0.0112 0.0038 165 

1/6/84 2,118 1.55 1.52 1.09 -0.0091 -0.0019 218 
1/13/84 2,286 1.57 1.50 1.04 -0.0096 -0.0057 142 
1/20/84 2,455 1.70 1.57 1.22 -0.0075 -0.0095 178 
2/1/84 2,743 1.63 1.63 1.22 -0.0085 0.0000 227 
2/7/84 2,883 1.65 1.63 1.07 -0.0118 -0.0019 173 
2/22/84 3,247 1.57 1.55 1.07 -0.0102 -0.0019 191 
3/13/84 3,722 1.57 1.50 1.04 -0.0096 -0.0057 205 
4/12/84 4,442 1.60 1.55 1.02 -0.0112 -0.0038 205 
5/25/84 5,475 1.63 1.55 1.04 -0.0107 -0.0057 218 
6/21/84 6,123 1.52 1.55 0.97 -0.0123 0.0019 218 
7/17/84 6,746 1.60 1.55 0.86 -0.0144 -0.0038 222 
8/16/84 7,227 1.68 1.30 0.66 -0.0134 -0.0284 227 
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Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

9/17/84 7,754 1.37 1.35 0.66 -0.0144 -0.0019 205 
10/15/84 8,426 1.52 1.35 0.66 -0.0144 -0.0133 133 
11/11/84 9,074 1.68 1.45 0.64 -0.0171 -0.0170 187 

1/8/85 10,470 1.91 1.78 0.86 -0.0192 -0.0095 142 
3/17/85 12,098 2.03 2.74 6.25 0.0737 0.0530 209 
5/12/85 13,444 2.82 2.44 1.47 -0.0203 -0.0284 218 
7/16/85 15,006 3.30 3.15 1.19 -0.0411 -0.0114 320 

10/10/85 17,067 3.63 3.61 0.18 -0.0721 -0.0019 205 
1/30/86 19,755 5.08 5.16 1.12 -0.0850 0.0057 240 
9/5/86 24,990 6.30 5.99 0.97 -0.1058 -0.0227 347 
1/7/87 27,966 7.70  1.75   173 
1/19/88 37,014      214 
2/17/88 37,710      227 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.3.  Long-term extensometer and load cell data for Tieback TB-3. 

 

Date 

10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/10/83 
10/11/83 
10/12/83 
10/13/83 
10/17/83 
10/21/83 
11/2/83 

11/16/83 
11/28/83 
12/6/83 

12/16/83 
12/27/83 

1/6/84 
1/13/84 
1/20/84 
2/1/84 
2/7/84 
2/22/84 
3/13/84 
4/12/84 
5/25/84 
6/21/84 
7/17/84 
8/16/84 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

0.00 0.00 0.00 0.00   196 
0.02   0.00   196 
0.03 0.00 -0.03 -0.03 0.0000 -0.0019 196 
0.08 0.03 -0.03 -0.05 -0.0005 -0.0038 196 
0.17 0.03 0.00 -0.03 -0.0005 -0.0019 196 
0.42 0.03 -0.08 -0.05 0.0005 -0.0076 196 
0.50 0.03 -0.05 -0.10 -0.0011 -0.0057 196 
0.75 0.05 -0.05 -0.10 -0.0011 -0.0076 196 
1.00 0.05 -0.05 -0.08 -0.0005 -0.0076 196 
2.25 0.30 -0.66 -0.08 0.0123 -0.0720 200 
4.00 0.28 -0.69 -0.13 0.0118 -0.0720 209 
24 0.33 -0.94 -0.18 0.0160 -0.0947 165 
54 0.33 -0.81 -0.89 -0.0016 -0.0852 187 
79 0.30 -0.71 -0.86 -0.0032 -0.0758 214 
173 0.41 -1.37 -0.61 0.0160 -0.1326 214 
267      231 
554 0.71 -0.64 -0.71 -0.0016 -0.1004 205 
895 0.81 -0.58 -0.64 -0.0011 -0.1042 209 

1,179 1.27 -0.79 -0.53 0.0053 -0.1534 178 
1,390 3.12 -0.84 -0.69 0.0032 -0.2955 156 
1,614 0.99 -0.86 -0.69 0.0037 -0.1383 156 
1,878       
2,117 6.43 0.51 5.18 0.0983 -0.4413 214 
2,285 6.30 4.83 4.98 0.0032 -0.1099 160 
2,454       
2,742       
2,882 5.51 4.09 4.24 0.0032 -0.1061 169 
3,246 6.17 4.06 4.27 0.0043 -0.1572 218 
3,721 5.31 4.01 4.19 0.0037 -0.0966 187 
4,441 5.38 4.01 4.22 0.0043 -0.1023 196 
5,474 5.28 3.94 4.17 0.0048 -0.1004 209 
6,122 5.00 3.84 3.84 0.0000 -0.0871 214 
6,745 5.69 3.53 3.58 0.0011 -0.1610 214 
7,226 5.31 3.43 3.53 0.0021 -0.1402 222 
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Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

9/17/84 7,753 4.98 3.15 3.07 -0.0016 -0.1364 205 
10/15/84 8,425 5.18 2.82 3.12 0.0064 -0.1762 151 
11/11/84 9,073 4.11 2.62 2.95 0.0069 -0.1118 165 

1/8/85 10,469 3.00 5.18 2.84 -0.0492 0.1629 142 
3/17/85 12,097 2.82 1.47 1.70 0.0048 -0.1004 169 
5/12/85 13,443 2.74 1.57 1.63 0.0011 -0.0871 165 
7/16/85 15,005 3.78 2.31 2.13 -0.0037 -0.1099 262 

10/10/85 17,066 3.63 2.16 2.03 -0.0027 -0.1099 169 
1/30/86 19,754 4.50 8.71 2.46 -0.1314 0.3144 187 
9/5/86 24,989 5.54 4.09 3.71 -0.0080 -0.1080 258 
1/7/87 27,965 6.63 4.83 4.37 -0.0096 -0.1345 142 
1/19/88 37,013      165 
2/17/88 37,709      196 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.4.  Long-term extensometer and load cell data for Tieback TB-4, first lock-
off at 171 kN (38.4 kips), or average soil-grout bond stress of 29.3 kPa (612 psf). 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/10/83 0.00 0.00 0.00 0.00   125 
10/10/83 0.02 0.00 0.00 0.00   125 
10/10/83 0.03 0.00 -0.05 0.13 0.0037 -0.0038 125 
10/10/83 0.08 0.13 0.00 -0.03 -0.0005 -0.0095 120 
10/10/83 0.17 0.25 0.00 -0.03 -0.0005 -0.0189 120 
10/10/83 0.33 0.00 -0.05 -0.13 -0.0016 -0.0038 120 
10/10/83 0.60 0.18 0.03 -0.03 -0.0011 -0.0114 125 
10/10/83 0.75       
10/10/83 1.00       
10/10/83 2.00 0.15 0.00 -0.10 -0.0021 -0.0114 125 
10/10/83 4.00       
10/11/83 18 0.15 -0.08 -0.18 -0.0021 -0.0170 102 
10/12/83 50 0.33 -0.15 0.03 0.0037 -0.0360 147 
10/13/83 75 0.48 -0.41 -0.13 0.0059 -0.0663 147 
10/17/83 169 3.35 -0.15 0.08 0.0048 -0.2614 147 
10/21/83 263       
11/2/83 550 1.88 0.84 1.09 0.0053 -0.0777 133 

11/16/83 891 2.21 0.03 1.24 0.0256 -0.1629 133 
11/28/83 1,175 2.16 0.79 0.74 -0.0011 -0.1023 107 
12/6/83 1,369 1.50 -0.41 0.48 0.0187 -0.1421 102 

12/16/83 1,610 2.01 0.81 0.56 -0.0053 -0.0890 102 
12/27/83 1,874 1.14 0.41 0.20 -0.0043 -0.0549 93 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.5.  Long-term extensometer and load cell data for Tieback TB-4, second 
lock-off at 370 kN (83.2 kips), or average soil-grout bond stress of 63.5 kPa (1330 

psf). 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain 
between Extensometer 

Points (%) 
 

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

1/6/84 0.00 0.00 0.00 0.00   342 
1/6/84 0.02 0.00 0.00 0.00   342 
1/6/84 0.03      342 
1/6/84 0.08 -0.38 0.00 0.03 0.0005 0.0284 342 
1/6/84 0.17      342 
1/6/84 0.33 -0.23 0.28 0.08 -0.0043 0.0379 342 
1/6/84 0.50 0.23 0.33 0.20 -0.0027 0.0076 342 
1/6/84 0.75 -0.28 0.33 0.15 -0.0037 0.0455 342 
1/6/84 1.00      338 
1/6/84 1.58 -0.25 -0.15 0.25 0.0085 0.0076 338 
1/7/84 17 -0.28 0.36 0.15 -0.0043 0.0474 316 
1/8/84 42 0.41 0.38 0.13 -0.0053 -0.0019 307 
1/10/84 97 0.03 0.13 -0.20 -0.0069 0.0076 320 
1/31/84 167 0.13 0.41 -0.03 -0.0091 0.0208 276 
1/20/84 336 0.20 0.08 -0.25 -0.0069 -0.0095 302 
2/1/84 624 -0.03 -0.08 0.10 0.0037 -0.0038 338 
2/7/84 764 -0.53 0.18 -0.33 -0.0107 0.0530 298 
2/22/84 1,128 -0.48 0.36 -0.08 -0.0091 0.0625 311 
3/13/84 1,603 -0.66 0.38 -0.08 -0.0096 0.0777 320 
4/12/84 2,323 -0.28 0.58 0.13 -0.0096 0.0644 320 
5/25/84 3,356 0.15 0.74 1.09 0.0075 0.0436 329 
6/21/84 4,004 1.02 1.35 0.66 -0.0144 0.0246 329 
7/17/84 4,627 0.91 1.47 0.86 -0.0128 0.0417 338 
8/16/84 5,108 2.29 1.65 1.45 -0.0043 -0.0474 347 
9/17/84 5,635 0.89 1.50 1.22 -0.0059 0.0455 329 

10/15/84 6,307 1.47 2.36 1.40 -0.0203 0.0663 271 
11/11/84 6,955 1.12 2.08 1.42 -0.0139 0.0720 294 

1/8/85 8,351 1.14 2.29 1.45 -0.0176 0.0852 262 
3/17/85 9,979 3.53 2.03 1.68 -0.0075 -0.1118 302 
5/12/85 11,325 1.40 4.47 1.19 -0.0689 0.2292 316 
7/16/85 12,887 1.73 2.69 1.78 -0.0192 0.0720 387 

10/10/85 14,948 1.60 2.06 1.52 -0.0112 0.0341 311 
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Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain 
between Extensometer 

Points (%) 
 

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

1/30/86 17,636 2.57 3.30 2.41 -0.0187 0.0549 316 
9/5/86 22,871 3.00 4.17 3.15 -0.0214 0.0871 383 
1/7/87 26,280 3.45 4.22 3.53 -0.0144 0.0568 254 
1/19/88 35,328      285 
2/17/88 36,024      316 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.6.  Long-term extensometer and load cell data for Tieback TB-5. 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/11/83 0.00 0.00 0.00 0.00   111 
10/11/83 0.02 0.00 0.00 0.00   111 
10/11/83 0.03 -0.03 0.03 -0.10 -0.0027 0.0038 111 
10/11/83 0.08 -0.10 -0.10 -0.18 -0.0016 0.0000 111 
10/11/83 0.17       
10/11/83 0.33 -0.15 -0.10 -0.15 -0.0011 0.0038 111 
10/11/83 0.50 -0.05 -0.13 -0.23 -0.0021 -0.0057 107 
10/11/83 0.75 -0.18 -0.10 -0.23 -0.0027 0.0057 111 
10/11/83 1.00 -0.08 -0.20 -0.23 -0.0005 -0.0095 111 
10/11/83 2.00 -0.18 -0.15 -0.23 -0.0016 0.0019 111 
10/12/83 30 -1.52 -0.53 -0.89 -0.0075 0.0739 102 
10/13/83 54 -0.66 -0.69 -0.94 -0.0053 -0.0019 107 
10/17/83 150 1.55 -0.86 -1.12 -0.0053 -0.1799 111 
11/2/83 530 0.03 -0.13 -0.43 -0.0064 -0.0114 102 

11/16/83 866 0.08 -0.13 -0.33 -0.0043 -0.0152 89 
11/28/83 1,154 -0.38 -0.71 -0.74 -0.0005 -0.0246 80 
12/6/83 1,346 -0.41 -0.69 -0.69 0.0000 -0.0208 67 

12/16/83 1,586 -0.23 -0.51 -0.74 -0.0048 -0.0208 71 
12/27/83 1,850 -0.25 -0.43 -0.41 0.0005 -0.0133 71 

1/6/84 2,090 0.81 0.69 0.56 -0.0027 -0.0095 98 
1/13/84 2,258 1.24 0.79 0.46 -0.0069 -0.0341 71 
1/20/84 2,426 1.07 0.43 0.36 -0.0016 -0.0474 71 
2/1/84 2,714 1.07 0.18 0.05 -0.0027 -0.0663 93 
2/7/84 2,858 0.91 0.30 0.15 -0.0032 -0.0455 71 
2/22/84 3,218 0.74 0.38 0.25 -0.0027 -0.0265 80 
3/13/84 3,674 0.66 0.41 0.08 -0.0069 -0.0189 80 
4/12/84 4,394 0.66 0.25 0.10 -0.0032 -0.0303 89 
5/25/84 5,426 0.86 0.30 0.10 -0.0043 -0.0417 98 
6/21/84 6,074 0.79 0.23 0.08 -0.0032 -0.0417 102 
7/17/84 6,698 0.46 0.36 -0.28 -0.0134 -0.0076 102 
8/16/84 7,418 0.58 0.15 -0.61 -0.0160 -0.0322 107 
9/17/84 8,186 0.61 0.25 -0.61 -0.0182 -0.0265 93 

10/15/84 8,858 0.69 0.43 0.18 -0.0053 -0.0189 71 
11/11/84 9,506 0.97 -1.09 0.36 0.0305 -0.1534 71 
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Date 

1/8/85 
3/17/85 
5/12/85 
7/16/85 

10/10/85 
1/30/86 
9/5/86 
1/7/87 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10,898 1.22 0.58 0.53 -0.0011 -0.0474 67 
12,530 1.09 0.74 0.58 -0.0032 -0.0265 80 
13,874 1.02 0.69 0.58 -0.0021 -0.0246 89 
15,434 1.65 0.99 0.69 -0.0064 -0.0492 133 
18,194 1.80 1.19 0.71 -0.0102 -0.0455 89 
20,882 2.31 1.70 1.19 -0.0107 -0.0455 85 
26,114 5.00 1.98 1.45 -0.0112 -0.2254 120 
29,090 4.09 3.66 3.05 -0.0128 -0.0322 62 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.7.  Long-term extensometer and load cell data for Tieback TB-6. 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/11/83 0.00 0.00 0.00 0.00 0.0000 0.0000 280 
10/11/83 0.02 0.00 0.00 0.00 0.0000 0.0000 280 
10/11/83 0.03 0.05 0.00 0.00 0.0000 -0.0038 280 
10/11/83 0.08 0.10 0.03 0.03 0.0000 -0.0057 280 
10/11/83 0.17 0.08 0.05 0.05 0.0000 -0.0019 280 
10/11/83 0.33       
10/11/83 0.50 0.15 0.03 0.00 -0.0005 -0.0095 285 
10/11/83 0.75       
10/11/83 1.00 0.20 0.03 0.00 -0.0005 -0.0133 285 
10/11/83 2.00 0.23 0.05 0.03 -0.0005 -0.0133 294 
10/11/83 3.00 0.23 0.08 0.03 -0.0011 -0.0114 320 
10/12/83 31 0.53 0.05 -0.23 -0.0059 -0.0360 311 
10/13/83 56 0.53 0.18 0.03 -0.0032 -0.0265 320 
10/17/83 151 1.47 0.36 0.10 -0.0053 -0.0833 320 
10/21/83 243       
11/2/83 531 1.55 0.99 0.61 -0.0080 -0.0417 316 

11/16/83 867 2.18 1.45 0.97 -0.0102 -0.0549 316 
11/28/83 1,155 2.36 1.57 0.89 -0.0144 -0.0587 294 
12/6/83 1,347 3.40 1.14 0.81 -0.0069 -0.1686 276 

12/16/83 1,587 4.01 1.32 1.02 -0.0064 -0.2008 276 
12/27/83 1,851 4.67 2.06 1.55 -0.0107 -0.1951 280 

1/6/84 2,091 2.29 2.49 2.13 -0.0075 0.0152 311 
1/13/84 2,259 5.11 2.59 2.18 -0.0085 -0.1875 276 
1/20/84 2,427 5.21 2.51 1.96 -0.0118 -0.2008 285 
2/1/84 2,715 5.41 2.16 1.75 -0.0085 -0.2424 311 
2/7/84 2,859 5.92 2.41 1.91 -0.0107 -0.2614 280 
2/22/84 3,219 7.14 2.49 1.91 -0.0123 -0.3466 289 
3/13/84 3,675 6.81 2.59 2.11 -0.0102 -0.3144 298 
4/12/84 4,155 6.93 2.62 2.13 -0.0102 -0.3220 302 
5/25/84 5,187 7.09 2.64 2.11 -0.0112 -0.3315 311 
6/21/84 5,835 7.34 2.51 2.18 -0.0069 -0.3599 338 
7/17/84 6,459 7.32 2.06 1.70 -0.0075 -0.3921 347 
8/16/84 7,179 7.04 1.85 1.47 -0.0080 -0.3864 347 
9/17/84 7,947 6.65 1.85 1.37 -0.0102 -0.3580 334 



 

G-13 

  *Extensometer Deflection *,dAverage Strain between  after Lock-Off (mm) Extensometer Points (%) 
Ext. #3 – Ext. #2 – Load as Elapsed 

a b c Ext. #2 Ext. #1 Measured by Time after Ext. Ext. Ext. Date (Gauge (Gauge Hydraulic Lock-Off #1 #2 #3 Length = Length = Load Cell (hrs) 4,754 mm) 1,341 mm) (kN) 
10/15/84 8,619 7.09 2.18 1.91 -0.0059 -0.3656 276 
11/11/84 9,267 7.37 2.26 2.01 -0.0053 -0.3807 294 

1/8/85 10,659 7.04 2.31 2.11 -0.0043 -0.3523 262 
3/17/85 12,291 6.68 2.24 1.85 -0.0080 -0.3315 294 
5/12/85 13,635 6.71 1.98 1.80 -0.0037 -0.3523 307 
7/16/85 15,195 7.44 2.57 1.96 -0.0128 -0.3637 396 

10/10/85 17,259 7.70 3.15 2.34 -0.0171 -0.3390 307 
1/30/86 19,947 8.08 3.40 2.64 -0.0160 -0.3485 307 
9/5/86 25,179 8.53 3.63 3.02 -0.0128 -0.3656 387 
1/7/87 28,155 8.79 4.24 3.43 -0.0171 -0.3390 258 
1/9/88 37,203       
2/17/88 37,899      289 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Table G.8.  Long-term extensometer and load cell data for Tieback TB-7. 

 

Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

* Average Strain betwe
Extensometer Points (%)

en 
  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

10/13/83 0.00 0.00 0.00 0.00   111 
10/13/83 0.02 0.00 0.00 0.00   111 
10/13/83 0.03 0.05 0.05 -0.05 -0.0021 0.0000 111 
10/13/83 0.08 -0.18 -0.05 -0.05 0.0000 0.0095 111 
10/13/83 0.17 -0.20 0.03 -0.03 -0.0011 0.0170 89 
10/13/83 0.33 0.00 -0.03 -0.03 0.0000 -0.0019 111 
10/13/83 0.75 -0.03 -0.03 -0.05 -0.0005 0.0000 111 
10/13/83 4.00 -0.10 -0.08 0.10 0.0037 0.0019 120 
10/13/83 5.00 -0.10 -0.08 0.10 0.0037 0.0019 111 
10/17/83 99 0.00 0.36 0.13 -0.0048 0.0265 133 
11/2/83 480 -0.10 0.41 0.25 -0.0032 0.0379 71 

11/16/83 821 0.28 0.69 0.66 -0.0005 0.0303 71 
11/28/83 1,105 0.33 1.09 0.43 -0.0139 0.0568 80 
12/6/83 1,299 0.20 0.58 0.43 -0.0032 0.0284 62 

12/16/83 1,540 0.33 0.53 0.48 -0.0011 0.0152 62 
12/27/83 1,804 2.51 2.79 2.72 -0.0016 0.0208 62 

1/6/84 2,043 2.34 2.72 2.62 -0.0021 0.0284 98 
1/13/84 2,211 2.95 2.64 2.57 -0.0016 -0.0227 58 
1/20/84 2,380 2.18 2.29 2.26 -0.0005 0.0076 62 
2/1/84 2,668 2.51 2.67 2.21 -0.0096 0.0114 89 
2/7/84 2,808 2.08 2.44 2.39 -0.0011 0.0265 62 
2/22/84 3,172 1.96 2.41 2.36 -0.0011 0.0341 71 
3/13/84 3,647 2.13 2.41 2.49 0.0016 0.0208 80 
4/12/84 4,367 2.16 2.49 2.41 -0.0016 0.0246 85 
5/25/84 5,400 1.98 2.51 2.39 -0.0027 0.0398 89 
6/21/84 6,048 2.13 2.54 2.31 -0.0048 0.0303 102 
7/17/84 6,671 2.16 2.67 3.00 0.0069 0.0379 102 
8/16/84 7,152 2.59 2.64 2.44 -0.0043 0.0038 111 
9/17/84 7,679 2.08 2.82 3.33 0.0107 0.0549 102 

10/15/84 8,351 2.11 2.46 2.26 -0.0043 0.0265 62 
11/11/84 8,999 2.41 2.74 2.21 -0.0112 0.0246 80 

1/8/85 10,395 2.34 2.29 2.16 -0.0027 -0.0038 58 
3/17/85 12,023 2.84 2.74 2.41 -0.0069 -0.0076 89 
5/12/85 13,369 2.87 3.05 2.74 -0.0064 0.0133 116 

,d
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Date 

 

Elapsed 
Time after 
Lock-Off 

(hrs) 

*Extensometer Deflection 
after Lock-Off (mm) 

*,dAverage Strain between 
Extensometer Points (%)  

Load as 
Measured by 

Hydraulic 
Load Cell 

(kN) 

aExt. 
#1 

bExt. 
#2 

cExt. 
#3 

Ext. #3 – 
Ext. #2 
(Gauge 

Length = 
4,754 mm) 

Ext. #2 – 
Ext. #1 
(Gauge 

Length = 
1,341 mm) 

7/16/85 14,931 3.30 3.51 3.23 -0.0059 0.0152 178 
10/10/85 16,992 3.20 3.53 3.07 -0.0096 0.0246 116 
1/30/86 19,680 4.80  4.19   129 
9/5/86 24,915 5.23  4.93   231 
1/7/87 27,891 6.78  6.63   178 
1/9/88 36,939      196 
2/17/88 37,635      209 

Note: 
*Negative values represent decrease in strain or deformation level since lock-off (i.e., stress relaxation). 
aExtensometer #1 is located 16.0 m from anchor head, beyond bond zone in 1.5 m over-drill area. 
bExtensometer #2 is located 14.8 m from anchor head, at back end of bond zone. 
cExtensometer #3 is located 9.91 m from anchor head, at front of bond zone. 
dLocation of midpoint between extensometers 1 and 2 is 15.4 m and extensometers 2 and 3 is 12.4 m from 
anchor head. 
1 kN = 225 lbs; 1 m = 3.28 ft; 1 mm = 0.039 in. 
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Figure G.1.  Measured changes in deformation (extensometers) and tieback load 
(hydraulic load cell) since beginning the second lock-off of Tieback TB-4. 

Note:  Lock-off load is 370 kN (83.2 kips), or average soil-grout bond stress of 63.5 kPa 
(1330 psf), which is 139% of Tuw for long-term test tiebacks.  This tieback is located near 
the middle of the test tieback group (see Figure 7).  The upward sweep of the 
extensometer deformations measured is likely due to the anchor head moving outward 
(i.e., away from anchor bond zone) due to cylinder pile wall movement caused by 
excavation in front of the wall. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Figure G.2.  Measured changes in average strain between extensometer points 
tieback load (hydraulic load cell) since beginning the second lock-off of Tieback TB-

4. 

Note:  Lock-off load is 370 kN (83.2 kips), or average soil-grout bond stress of 63.5 kPa 
(1330 psf), which is 139% of Tuw for long-term test tiebacks.  This tieback is located near 
the middle of the test tieback group (see Figure 7). 
1 kN = 225 lbs. 
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Figure G.3.  Measured changes in deformation (extensometers) and tieback load 
(hydraulic load cell) since lock-off of Tieback TB-6. 

Note:  Lock-off load is 420 kN (94.4 kips), or average soil-grout bond stress of 72.1 kPa 
(1506 psf), which is 157% of Tuw for long-term test tiebacks.  This tieback is located near 
the west end of the test tieback group, farthest away from where existing cylinder pile 
wall movement during subsequent construction is suspected (see Figure 7).  ).  The 
upward sweep of the extensometer deformations measured is likely due to the anchor 
head moving outward (i.e., away from anchor bond zone) due to cylinder pile wall 
movement caused by excavation in front of the wall. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Figure G.4.  Measured changes in average strain between extensometer points 
tieback load (hydraulic load cell) since beginning of lock-off of Tieback TB-6. 

Note:  Lock-off load is 420 kN (94.4 kips), or average soil-grout bond stress of 72.1 kPa 
(1506 psf), which is 157% of Tuw for long-term test tiebacks.  This tieback is located near 
the west end of the test tieback group, farthest away from where existing cylinder pile 
wall movement during subsequent construction is suspected (see Figure 7). 
1 kN = 225 lbs. 
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Figure G.5.  Measured changes in deformation (extensometers) and tieback load 
(hydraulic load cell) since lock-off of Tieback TB-7. 

Note:  Lock-off load is 108 kN (24.3 kips), or average soil-grout bond stress of 18.6 kPa 
(389 psf), which is 41% of Tuw for long-term test tiebacks.  This tieback is located near 
the east end of the test tieback group, closest where existing cylinder pile wall movement 
during subsequent construction is suspected (see Figure 7).  ).  The upward sweep of the 
extensometer deformations measured is likely due to the anchor head moving outward 
(i.e., away from anchor bond zone) due to cylinder pile wall movement caused by 
excavation in front of the wall. 
1 kN = 225 lbs; 1 mm = 0.039 in. 
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Figure G.6.  Measured changes in average strain between extensometer points 
tieback load (hydraulic load cell) since beginning of lock-off of Tieback TB-7. 

Note:  Lock-off load is 108 kN (24.3 kips), or average soil-grout bond stress of 18.6 kPa 
(389 psf), which is 41% of Tuw for long-term test tiebacks.  This tieback is located near 
the east end of the test tieback group, closest to where existing cylinder pile wall 
movement during subsequent construction is suspected (see Figure 7). 
1 kN = 225 lbs. 
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APPENDIX H 

RECOMMENDED TESTING AND ACCEPTANCE PROTOCOLS 

FOR TIEBACKS INSTALLED IN OVER-CONSOLIDATED CLAYS 

Considering the results from this study, for tiebacks installed in intact glacially 

overconsolidated clay, paleolandslide deposits derived from the glacially 

overconsolidated clay, or otherwise disturbed glacial clay, a project specific protocol for 

tieback bond zone design, testing, and acceptance should consist of the following: 

• Sacrificial pullout and sacrificial pullout with creep tests conducted on tiebacks in 

each soil unit in which tieback bond zones will be installed:   

o To be able to extrapolate the pullout test results to longer bond zones, a 

minimum bond zone length of 4.6 m (15 ft) should be used for the test 

tiebacks to minimize the effect of load transfer rate nonlinearity along the 

bond zone soil-grout interface.   

o The testing protocol and analysis should be consistent with the protocol 

used for long-term tieback testing.   

o The pullout tests should be done in pairs. The first test is used to establish 

the values of Tc and Tuw that will be used for the second pullout test, 

loading the tieback incrementally until pullout is achieved, if possible.  

The sacrificial tieback testing schedule for this testing is provided tables 

H.1 and H.2.   

o The loading increments should be based on the Factored Design Load 

(FDL), using a load increment of 0.10FDL to 0.20FDL.  A load factor of 

1.35, consistent with required load factors in AASHTO (2017), should be 

used to determine the FDL.   

o The second pullout test is also loaded incrementally until Tuw from the 

first test is achieved, at which point a 72-hour creep test is conducted.  If 

in the second test the creep rate versus load level curve is starting to sweep 

upward sooner than expected, it may become necessary to use a lower 
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value of Tuw for the 72-your load hold.  In that case, the next increment of 

load increase above Tuw may need to start lower than shown in Table H.2. 

o Once the creep test is completed for the second tieback, the tieback load is 

increased incrementally above Tuw until pullout is achieved, if possible.   

o At each load increment, the load level should be held for 60 minutes and 

creep measured.   

 Contractor designed tieback bond zone diameter and length: The results from 

these sacrificial verification (pullout) tests described above, if they are successful, 

should be used to design the tieback bond zone length and diameter for the 

proposed production tieback installation method.  To obtain the average bond 

zone soil-grout interface adhesion for the final design of the tieback bond zone, a 

resistance factor of 0.67 (i.e., the reciprocal of the safety factor, or 1/1.5 = 0.67) 

should be applied to Tuw determined from these pullout and extended creep tests.  

If the tiebacks are in disturbed glacially overconsolidated clay (e.g., 

paleolandslide or otherwise deposits), a resistance factor of 0.45 should be used to 

account for the increased variability of the deposit. 

 Production creep performance tests:  Five percent of the production tiebacks (or a 

minimum of 3 tiebacks per wall, whichever is greater) should be subjected to a 

creep performance test.  The tieback testing schedule for this creep performance 

testing is provided Table H.3.   

 Production cyclic performance tests, but with no longer-term creep testing:  Five 

percent of the production tiebacks (or a minimum of 3 tiebacks per wall, 

whichever is greater) should be subjected to a cyclic performance test.  In cyclic 

performance tests the highest load tested is held for 60 minutes to determine the 

creep rate. The tieback testing schedule for this cyclic performance testing is 

provided Table H.4.   

 Production proof tests conducted on all remaining tiebacks in each wall:  In proof 

tests the highest load tested is held for 60 minutes to determine the creep rate.  

The tieback testing schedule for proof testing is provided Table H.5.   

•

•

•

•
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Table H.1.  Sacrificial pullout test schedule for tiebacks in glacial clay soil units 
(first test). 

Load* Hold Time (minutes) 

AL  -- 
0.20 FDL 60 
0.40 FDL 60 
0.50 FDL 60 
0.60 FDL 60 
0.70 FDL 60 
0.80 FDL 60 
0.90 FDL 60 
1.0 FDL 60 
1.2 FDL 60 
1.4 FDL 60 
1.6 FDL 60 
1.8 FDL 60 
2.0 FDL 60 

*FDL = Factored Design Load. Failure is defined as the tieback being unable to hold the load without 
continued movement (pullout). 

Table H.2.  Sacrificial pullout test schedule for tiebacks in glacial clay soil units with 
72-hour creep test (second test). 

Load* Hold Time (minutes) 

AL  -- 
0.20 Tuw 60 
0.40 Tuw 60 
0.50 Tuw 60 
0.60 Tuw 60 
0.70 Tuw 60 
0.80 Tuw 60 
0.90 Tuw 60 

Tuw from first test 4,320 (72 hrs) 
1.2 FDL 60 
1.4 FDL 60 
1.6 FDL 60 
1.8 FDL 60 
2.0 FDL 60 

*FDL = Factored Design Load. Failure is defined as the tieback being unable to hold the load without 
continued movement (pullout). 
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Table H.3.  Production tieback creep performance test schedule for tiebacks in 
glacial clay soil units. 

*Load Hold Time (minutes) 

AL  -- 
0.20 FDL 60 
0.40 FDL 60 
0.60 FDL 60 
0.80 FDL 60 
1.00 FDL 360 (6 hrs) 

*Conduct on 5% of the production tiebacks in each wall, but no less than 3 tiebacks per wall. 

Table H.4.  Production tieback cyclic performance test schedule for tiebacks in 
glacial clay soil units. 

aLoad Hold Time (minutes) 

AL -- 
0.25 FDL -- 

AL -- 
0.25 FDL -- 
0.50 FDL -- 

AL -- 
0.25 FDL -- 
0.50 FDL -- 
0.75 FDL -- 

AL -- 
0.25 FDL -- 
0.50 FDL -- 
0.75 FDL -- 
1.00 FDL b60 

AL -- 
Jack to lock-off 

load __-- 
aConduct on 5% of the production tiebacks in each wall, but no less than 3 tiebacks per wall. 
bIf the anchor movement between 6 and 60 minutes exceeds 0.04 inches (0.03 inches for pressure- and 
post-grouted tiebacks), the maximum test load shall be held for an additional 300 minutes.  
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Table H.5.  Production tieback proof test schedule for tiebacks in glacial clay soil 
units. 

aLoad Hold Time (minutes) 
AL  -- 

0.25 FDL 10 
0.50 FDL 10 
0.75 FDL 10 
1.00 FDL b60 

aConduct on all remaining production tiebacks in each wall. 
bIf the anchor movement between 6 and 60 minutes exceeds 0.04 inches (0.03 inches for pressure- and 
post-grouted tiebacks), the maximum test load shall be held for an additional 300 minutes. 

Table H.6.  Creep measurement times and creep criteria for tiebacks in glacial clay 
soil units. 

Hold Time (minutes) Measurement Times (minutes) Creep Criterion* 
0.75 mm/log cycle 

10 1, 2, 3, 4, 5, 6, and 10 (0.03 inch per log 
cycle) of time 

1.0 mm/log cycle 
60 1, 2, 3, 4, 5, 6, 10, 20, 30, 40, 50, and 60 (0.04 inch per log 

cycle) of time 

360 1, 2, 3, 4, 5, 6, 10, 20, 30, 40, 50, 60, then 
every 30 minutes up to 360 minutes 

1.0 mm/log cycle 
(0.04 inch per log 

cycle) of time 
   

4320 1, 2, 3, 4, 5, 6, 10, 20, 30, 40, 50, 60, then 
every 30 minutes up to 4,320 minutes 

+1.5 mm/log cycle 
(0.06 inch per log 

cycle) of time 
*Adjust criterion based on test results from the sacrificial pullout tests, but no greater than shown in this 
table. 
+Limit to 1.0 mm/log cycle (0.04 in./log cycle) of time if testing pressure- or post-grouted tiebacks. 
Use slope of creep curve (i.e., such as from a log linear regression) to determine creep rate for comparison 
to the creep criterion. 

Additional Implementation Considerations for Production Walls 
Based on the results of this study, the following are recommendations that should be 

considered when developing tieback testing programs for production walls: 

1. The special testing requirements provided in this appendix should be considered 

applicable to tiebacks installed in overconsolidated clays, both in an intact condition 

and in a disturbed condition (e.g., partially reconsolidated paleolandslide deposits 
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such as the Vashon Unsorted), in the central Puget Sound region.  This testing is 

especially important when, for the soil surrounding the tieback bond zones, the soil 

consistency index is less than 0.9 and the liquid limit is greater than 50, but should 

also be considered for any clayey silt, silty clay, or clay.  See the report conclusions 

for guidance regarding the soil data requirements needed to make this assessment. 

2. Two sacrificial pullout/creep test tiebacks should be installed in each clay unit; one 

sacrificial test is for pullout and the other is for pullout and creep testing (see tables 

H.1 and H.2). The load zone should be in the target soil unit. The verification 

(pullout) tests must be performed prior to production tieback installation.  

3. A minimum 15-foot-long bond length is required for the sacrificial verification test 

tiebacks. Additional tendon steel should be added to the test tiebacks to make sure the 

tieback can be loaded to at least twice the FDL and high enough to achieve pullout, if 

possible. 

4. Except for the load-cycled performance tests, no load cycling is allowed for tiebacks 

in glacial clay units. No retesting is allowed for tiebacks in glacial clay units.  

5. If the verification (pullout) test results indicate good creep performance at the 4,320-

minute hold time, a creep criterion up to 0.06 inch per log cycle of time could be 

considered by the Engineer for straight shafted tiebacks. For pressure-grouted and 

post-grouted tiebacks, a creep criterion up to 0.04 inch per log cycle of time could be 

considered. 

6. If a tieback fails in creep, lock off the load at 50% of the load at creep failure. 

Additional tiebacks may be required to achieve the wall design load resistance. 

7. The sacrificial verification test load-hold periods shall start as soon as the test load is 

applied and the anchor movement, with respect to a fixed reference, shall be 

measured and recorded in accordance with Table H-5. 

8. The maximum test load in a cyclic performance test shall be held for 60 minutes. The 

load-hold period shall start as soon as the maximum test load is applied and the 

tieback movement, with respect to a fixed reference, shall be measured and recorded 

in accordance with Table H-6. If the anchor movement between 6 and 60 minutes 

exceeds 0.04 inches (0.03 inches for pressure- and post-grouted tiebacks), the 
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maximum test load shall be held for an additional 300 minutes. If the load-hold is 

extended the anchor movement shall be recorded in accordance with Table H-6. 

9. The maximum test load in a proof test shall be held for 60 minutes. The load-hold 

period shall start as soon as the maximum test load is applied and the anchor 

movement, with respect to a fixed reference, shall be measured and recorded in 

accordance with Table H-6. If the anchor movement between 6 and 60 minutes 

exceeds 0.04 inches, the maximum test load shall be held for an additional 300 

minutes. If the load-hold is extended, the tieback movement shall be recorded in 

accordance with the 360-minute creep measurements listed in Table H-6. 

AL = Alignment Load, FDL = Factored Design Load 
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