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1.0 INTRODUCTICN
P

Bailly Generating Station - Nuclear 1 will be supported
by a pile foundation consisting of high capacity steel H-
piles to be driven into the very dense /hard interbedded

glacial lacustrine sand / clay deposits. The details of

this design were presented to the NRC in the Report SL-
3629, " Design, Analysis and Installation of Driven H-Pile
Foundations, Bailly Generating S ta tion - Nuclear 1,"

March 8, 1978 (Ref. 1-1). A meeting between the NRC and

Northern Indiana Public Service Company (NIPSCO) was held
1

! on May 17 and 13, 1978 to discuss Ref. 1-1. On June 22,
'

1978, NIPSCO received Regulatory Staff Positions (RSP)

and a request for additional information from the NRC '

staff (Ref. 1-2). Responses to this letter were sub-

mitted to NRC on July 14 and 20, 1978 (Ref. 1-3). In

August 1978, an indicator pile program was undertaken to

! confirm the elevation and establish the competency of the

| bearing stratum, estimate tip elevations, and confirm the

driving criteria for the piles. The results of this pro-

gram were presented in the report " Indicator Pile

Program, Bailly Generating Station - Nuclear 1" (Ref. l-

4), submitted to the NRC on September 26, 1978.

This report is intended as a supplement to these
! submittals, and contains the results of field and analy-

r

1-1
|
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tical studies performed to further substantiate the
,

adequacy of the pile foundation design at Bailly.

This report was prepared on behalf of Northern Indiana,

Public Service Company (NIPSCO) for Bailly Generating

Station - Nuclear 1 (Bailly N-1) by Sargent & Lundy and
Dames & Moore. Dr. L. C. Reese and Dr. H. B. Seed were

retained as consultants to Dames & Moore. Dr. Reese

reviewed Chapters 3 and 4, with emphasis on ultimate

capacity of heaved piles, AB-155, SA-9, and SA-ll. Dr.

Seed reviewed a portion of Chapter 2, with emphasis on

the approach to the liquefaction analysis and applica-
1

bility of the densification technique. Letters from both

Dr. Seed and Dr. Reese documenting their review are in-

cluded in Chapter 7 of this report.

,
1.1 Synopsis

!

Subsequent to the completion of driving indicator piles

] at the locations suggested by the staf f, additional indi-

cator piles were driven to further evaluate and substan-

1 tiate the proposed pile foundation design. The total

| number of indicator piles drivec within the Category I
|

| buildings is 147, which is below the maximum number (150)

authorized by the Staff. The purpose of this report is to

present the results of these additional investigations.

The report contains four main chapers addressing the fol-

! lowing items:

1-2

1

$
!
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1. Soil improvement programs in the five preconstruc-

tion areas iden ti fied in Ref. 1-4; presented in

Chapter 2.

4

2. Pile heave and redriving criteria; presented in

Chapter 3.

3. The proposed driving criteria with special emphasis

on the 10 blows'per inch criterion, soil freece, and

cushion thickness; presented in Chapter 4.

4. Tolerances relative to pile location, rotation and
,

plumbness, and splice location; presented in Chapter

5.

The major findings and conclusions of the investigators

are summarized below:

! A. Chapter 2 - Areas of Preconstruction Activities

A commitment (Ref. 1-4) was made to investigate the

areas where preconstruction activities took place to
|
' determine the extent of disturbance, and evaluate
|

measures that may be required to densify the dis-

turbed areas so tha t an adequate safety factor

; against lique f ac tion is maintained.

(
i

i The five areas of preconstruction activities were

investigated with soil borings. The Standard Pene-

t

I
' 1-3
,

i

i

!

. _ _ . - .. . . . _ _ _ _ _ . , . . . . . _ _ . ._ . . _ . . . _ _ _ . _ . _ _ . _ . _ _ _ , _ _ _ _ _ . . . _ . _ . . _.. . _.. . _ _ _ . _ _ _ . _ _ _ . .___ , . _ _ _ _ . , , _ . . _ . . _ _
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tration Test (SPT) N-values were used as a basis to

evaluate the in-situ soil conditions and the effects
of the preconsturction activities. A comparison of

SPT N-values obtained within the areas of precon-

struction activities to SPT N-values obtained within

the same s tr a ta in areas where no such activities
took place indicated that the sandy soils have been

disturbed / loosened.
i

Liquefaction analyses were performed using state-
of-the-art techniques to establish liquefaction

potential criteria. Based on consultation with Dr.
|

H. B. Seeed, it was concluded that a factor of

safety of 1.5, based on the SPT N-values, shculd be
maintained to prevent liquefaction. The SPT

N-values, required to prevent liquefaction, are

being developed for each preconstruction area.

The liquefaction studies in Area E (southwest corner

of Service Building) indicated that soils immedi-

ately in between jetted piles were 1cosened suffi-

ciently such that the factor of safety agcinst

liquefaction was less than 1.5. As a result,

closely-spaced H-piles were driven, completely

enclosing portions of the jetted piles in Area E, to

determine the feasibility of using driven H-piles as

1-4
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a means of densifying the disturbed cohesionless

strata. Subsequent borings and SPT N--values indi-

cated that significant densification 'of these soils

did take place due to driving of H-piles, as

evidenced by higher SPT N-values. Analytical

studies clearly de=cnstrated that the densification

program effectively eliminated the possiblity of
|

liquefaction within the depth interval where densi-

fication piles were driven.

A detailed densification program has been developed

for each preconstruction area to eliminate the pos-

siblity of liquefaction. A sufficient number of H-

piles will be driven to assure a factor of safey of

1.5 against liquefaction. The investigations and

evaluations of soil densification will be based on

the results of Standard Penetration Tests as pre-

sented by Seed (Ref. 2-5).

In addition to the densificatica program described

above, a grouting program has been developed for

each area, at the point sources of any previous pre-

construction activities (jetting and/or pre-

augering, and extracting piles) and at the locations

of previously ungrouted borings. The purpose of the

grouting program is to assure that any localized

1-5
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disturbance created at the preconstuction point
I

i source is eliminated.

.

B. Chapter 3 - Heave Monitoring Program

One 5 x 8 cluster of piles was driven to evaluate,

'

the magnitude, lateral extent, and mechanism of pile
heave at the Bailly N-1 site. Detailed survey data

were taken during both driving and redriving. All

piles within the heave cluster, except the last pile

driven, heaved in excess of the present criteria of

1/8 of one inch. In addition, six indicator piles

located outside the heave test cluster at distances
of up to 39 feet away were also monitored as part of

a
'

the investigations on the lateral extent of heave.

I

All of the six indicator piles heaved in excess of

1/8 of one inch. Three compression pile load tests

were performed on selected piles which experienced

0.52 inches, 0.62 inches, and 1.04 inches of heave.

All tests indicated that the piles did not unseat

and no loss in load capacity had occurred as a

7 result of pile heave. In addition, the ultimate

vertical load capacities of the piles were never

reached oecause of the limitations of the test appa-

; ratus (600 tons maximum load capacity) .

!

l-6
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On the basis of the results ebtained from the heave
monitoring program, it is concluded that the heave

criteria at Bailly may be changed to one inch. In

order to meet this criteria, with consideration

given to field cecess limitations, the following

redrive criteria have been developed:

1- All piles which experience in excess of 0.5

. inches will be redriven by the amount of heave,
i

2- The minimum equivalent redriving resistance

will be 10 BPI.

3- Redriving will be performed after all piles

within a distance of 35 feet have been driven.
J

The criteria presented in this chapter supersede the
,

criteria submitted to the NRC on July 14, 1978.

C. Chacter 4 - Drivino Criteria

; This section presents the results of *he investi-

gations conducted to substantiate the suitability of
the 10 blows / inch driving criterion. A pile load

| test was performed en a pile which showed penetra-
t

j tion resistances varying between 8 and 12 blows / inch

for the last foot of driving. Interpretation of the

results, using Davisson's criterion, showed that the
,

1-7
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ultimate capacity was never achieved at the 600 ton

maximum test load.

Wave equation analyses are presented which compare

the estimated pile capacity at the time of initial

driving to the estimated capacity af ter soil freeze

has developed, based on redriving a portion of the
heave cluster piles.

The redrive resistances were at least 1.4 times the
penetration resistance encountered during initial
driving, clearly demonstrating the presence of soil
freeze. Wave equation analyses show tha t on the

basis of measured redrive resistances, the calcu-

lated ultimate pile capacity exceeds the 400 ton

minimum acceptable. As a result of the pile load

tests and the observed soil freeze, the following
driving criteria have been confirmed and will be

utilized: a minimum of 500 bleus for last five
feet, a minimum of 100 blows for the last one foot,
and a minimum of 10 blows for the last inch,

i

Tests were conducted on compressed (af ter being sub-

jected to f rom 150 to over 14,000 blows) wire rope
cushions of varying thicknesses to determine the

material elastic properties. Cushion stiffness

1-S
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values obtained from these tests were input into the

wave equation analysis to determine the sensitivity
of pile capacity to cushion stiffness. The results

of this study show that for stiffnesses greater than

1500 kips / inch, little increase in pile capacity is
t

attained. It was found that cushion thickness of 4-
1/2 to 4-3/4 inches would provide a minimum stif f-

4

ness of 1500 kips / inch. In addition, a field test

driving program was conducted on one pile usign two
compressed cushions of different thicknesses to

evaluate the influence of cushion stif fness on pene-
tration resistance. The results of this test were

in general agreement with the results of wave equa-
tion analysis, i.e., higher blow counts for the

thicker (less stif f) cushion were obtained. On the

basis of these investigations, it is concluded that

at final driving the cushion thickness should be

maintained at less than 4-3/4 inches.

D. Chapter 5

Analyses were performed to evaluate the ef fects of

deviations of pile locations, rotation, and plumb-

ness on the structural capacity of foundation F. -

piles. The location of a pile splice relative to

the depth of pile penetration was also evaluated.
.

1-9
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uased on these analyses, rha recommended allowable

tolerances are:3

Location: 1 12 inches
Ro ta tion : 1 20 inches

, Plum'oness: 4 percent

In addition, it is recommended that splices be at

least 10 feet below the bottom of the ma t.

The tolerances presented in this chapter are

intended to supersede the criteria submitted to the

NRC on July 14, 1978.

E. Chapter 6 presents errata for Ref. 1-4, " Indicator

r Pile Report." Chapter 7 presents letters from Dr.

L. C. Reese and Dr. H. B. Seed documenting their

review of various sections of this report.

I

i

i
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2.0 PRECONSTRUCTION AREAS

2.1 Introduction

As discussed in the Indicator Pile Report (Ref. 1-4),

preconstruction activities were performed in five areas

which resulted in soil disturbance that may affect up to

5% of the production piles. The five preconstruction

areas are outlined on Figure 2-1. The purpose of the

preconstruction activities was to evaluate thei

feasibility of dif ferent methods of pile installation and

to assess the load capacity of piles installed by the

various procedures.

The preconstruction activities in the five areas (A

through E) shown on Figure 2-1 were documented in Sargent

and Lundy Reports SL-3109 (Ref. 2-1) and SL-3205 (Ref.

2-2) and consisted of:

1. Area A: In 1974, load tests were performed in the

Reactor Building on piles driven into the

interbedded sand / clay stratum and the daeper glacial

till. All test and anchor piles were extracted

except for the test pile driven deeper.

2. Area B: In 1974, load tests (compression and
,

uplif t) were performed on piles driven into the

interbedded sand / clay stratum. All test and anchor

piles were extracted.

_ _- 1 _ -- -
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3. Area C: In 1975, jetting and/or augering were used

in the Radwaste Building to assist pile penetration.

Load tests were not performed and the piles were not

extracted.

4. Area D: In 1975, the activities were similar to

those performed in Area C.

5. Area E: In 1977, a program of jetting and driving

of eight piles to till was carried out at the south

end of the Service Building. Load tests were not

performed and the piles were not extracted.

Although the number of production piles influenced by

preconstruction activities is less than five percent of

the total, extensive investigations have been performed

in the past several months to assess liquefaction

potential of the disturbed sandy soils, to develop a

program of soil improvement to prevent liquefaction, and

to establish a feasible procedure for production pile

driving in the five affected zones. Eighteen exploratory

borings were drilled in Areas A through E to evaluate the

severity and extent of soil disturbance caused by. the

preconstruction activities. An extensive investigation

was carried out in Area E, which is considered to have

the most severe disturbance because of the eight piles

jetted in September 1977, to evaluate the extent and

degree of disturbance and effectiveness of field

densification. In addition, analytical evaluations and

field verification procedurec were developed and

confirmed. Based on the results obtained in Area E,

2=2
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remedial programs have been developed for all precon-
'

struction areas.

2.2 Preconstruction Activities and Soil Conditions

2.2.1 Area A

! Preconstruction activities were performed in March and

April, 1974 in the southwest corner of the Reactor

Building, shown as Area A on Figure 2-1. Tuo test piles

(TP) and seven anchor piles (AP) were installed. The

purpose of this test group was to evaluate load
4

capacities and installation procedures for a pile driven
'

into the glacial till (TP-6, tip elevation -130 *) and a

pile (TP-1, tip elevation -76), driven into the

interbedded sand / clay stratum. Figure 2-2 is a plan view

which shows locations of the test and anchor piles, in
addition to the indicator piles and soil borings which

'

4

were later added in Area A. Preconstruction activities

in this area are detailed in Sargent & Lundy Report 3109

! (Ref. 2-1).

Table 2-1 and Figure 2-2 summarize tip elevations and

; installation procedures of the test and anchor piles.
i

t
! Jetting was limited in this area and was stopped between

'

,

'

elevations -46 and -53 for AP-2, AP-3, AP-6 and AP-7.

Jetting was performed to elevation -39 for AP-5 and

between elevations -39 and -61 for TD-1. For TP-6,
4

maximum depth of jetting was elevation -79. Since the

load tests were performed prior to excavation, casings

*
; NIPSCO Plant Datum El. 0.0 equals mean Lake Michigan level El.

576.80 (:GLD, 1955)
I

h
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were installed for TP-1 and TP-6 to elevation 0 to
.

minimize the effects of the excess overburden. All piles

and casings were extracted after testing, except TP-6.

Three soil borings, PZA-1, PZA-2 and PZA-3, were drilled

in October, 1978, to investigate the effects of pre-

construction activities on the soil c anditions in Area A.
;

Two earlier horings, E-105 and 105A were also drilled in

1977-73 in the same general area; the results of which

were presented in Report SL-3629 (Ref. 1-1). Boring 105

was terminated above the interbedded sand / clay bearing
g stratum. Figure 2-2 shows the boring locations. Plots of

Standard Penetration Test (SPT) N-values against depth

and the corresponding stratigraphic column for Borings
PZA-1, PZA-2 and PZA-3 are presented in Figures 2-3, 2-4

and 2-5, respectively. The boring logs are presented in

Appendix 2-A.
.

Stratigraphy determined from these borings agrees with
the generalized cross-sections presented in Report

SL-3629 (Ref. 1-1). SPT N-values for the sand lenses in

the interbedded sand / clay stratum that are significantly
t

different from the undisturbed values are also summarized

and shown adjacent to the boring locations on Figure 2-2.

Results obtained for Boring PZA-2 which was two feet from
i

the jetted pile TP-1, shows the effects of disturbance

down to elevation -75 (in terms of SPT N-values) . Some

of the effects shown below the depth of jetting may be

a

2-4
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the results of the boring being in close proximity to the

location of the pulled pile (TP-1), since pulling of the

pile could have a very 1ccalized loosening effect.

Borings PZA-3, which was six feet from jetted pile TP-6,

shows that the interbedded sands encountered in this
boring are for the most part medium dense to dence with

SPT N-values varying from 22 to 45, to a maximum depth at

approximately elevation -55. This relatively shallow

depth of disturbance is generally consistent with the

driving behavior of the nearby indicator pile PJ>-24 (Ref.
1-4), which met the required driving resistance

approximately seven feet above the maximum depth of

jetting at TP-6. Borings PZA-1 and B-105A, which were

more than ten feet away from any jetted piles, show no

soil disturbance. SPT N-values of 100 blows per foot or

more in the interbedded layer show the interbedded sands

in the bearing stratum to be very dense and similar to

the conditions in undisturbed areas.

With the-exception of Pile RD-56 and RD-52*, which were

driven only to elevations -62 and -60 and did not meet

the pile driving criteria, all other indicator piles T.et

the required driving resistance and were seated at

elevation -75 or above in the interbedded sand / clay

stratum. All the indicator piles driven at locations

within five feet from previous jetting activities

The driving record for this pile was not included in the Indicator*

Pile Report (Ref. 1-4), bucause this pile was driven at the wrong
location. The driving record is presented in Appendix 2E.

2- - 5
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indicated likely disturbance no deeper than elevation

-55. Figure 2-2 shows the zones where the indicator

piles encountered sandy soils that appear to have been

affected by the preconstruction activities to such an

extent that resistance to liquefaction may be

significantly reduced. The "likely disturbance" zone

shown on Figure 2-2 for each indicator pile was

conservatively estimated based primarily on the pile

driving records and the nature of the nearest

preconstruction activities, without the benefit of boring
information. As the bearing stratum is generally highly
interbedded, the apparent lower driving resistance for
sandy soils ider.ti fied from the driving records is

believed to have been the result of the presence of thin
interbedded clay layers within the zone. The purpose of

identifying a likely disturbance zone based on the pile
driving records is to provide qualitative information

regarding the possible extent of soil disturbance. This

was used as supplementary information for the design of a
conservative remedial program. Therefore, the precise

limits of the likely disturbance zone are not critical.

The remedial program, was designed based primarily on
information obtained from borings.

Based on the information presented above, it may be

concluded that the lateral extent of disturbance which
resulted from the jetting activities is limited. Dis-

turbance appears to extend beyond the maximum depth r#

2-6
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jetting, as shown from the results obtained from Boring
PZA-2; however, this phenomenon appears to be localized

and resulted from extracting of a nearby pile (TP-1).

2.2.2 Area B

Preconstruction activities were performed in March and

April, 1974 in Area B, which is located in the northeast
corner of the Reactor Building (see Figure 2-1) . Three

test piles (TP-3, TP-4 and TP-9) and eight anchor piles
were installed and extracted. The purpose of this test

group was to evaluate installation procedures and load

capacities of piles driven into the interbedded stratum.
Casings were installed for the test piles to elevation 0
and were later extracted. Figure 2-6 shows the locations

of the test and anchor piles, indicator piles and soil
borings in relation to the planned production piles.
Since all the 1974 piles were pulled, the plotted

locations of the test and anchor piles may not be
i accurately represented; however, the actual locations

should not deviate by more than 1 to 2 feet.

Preconstruction activities in this area are detailed in
Repor t SL--3109, (Ref. 2-1).

Table 2-2 and Figure 2-6 summarizes test and anchor pile
tip elevations and installation procedures in this area.
Jetting with approximately 100 psig pressure and 200
gallons per minute discharge was used to facilitate

2-7
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l driving TP-9 from elevation +3 to -46. Jetting was also

i performed in the last one to Jix inches of penetration
for piles TP-4 at elevation -61, AP-9 at elevation -48,

<

and AP-ll at elevation -43. The tips of all piles were

above elevation -54 feet, except for TP-4 which was at
elevation -61.4. All test and anchor piles were

1

extracted.

Two soil borings, PZB-1 and PZB-2, were drilled in

October, 1978 to evaluate the effects of preconstruction

activities on soil conditions in Area B. Boring B-102!

completed in January, 1978, (Ref. 1-1) and Boring B-3

completed in January, 1972 (Ref. 2-2), were also located
in Area B. Figure 2-6 shows the boring locations. Plots

of the SPT N-values with respect to depth accompanied by

stratigraphic columns for Borings PZB-1 and PZB-2 are
1 presented in Figures 2-7 and 2-8. Boring logs for PZB-1
,

I

and PZB-2 are presented in Appendix 2-A.

The stratigraphy determined from these two borings is
consistent with the generalized profiles presented in
Report SL-3629 (Ref. 1-1). With the exception of the

last inch of penetration of TP-4 in which jetting was
attempted briefly to assist in penetration at elevation
-61, no jetting occurred below elevation -49. '

.

2-6
,_ .-. . .- _. . - , - _ . _ . . _ _ . . _ _ . . , _ . . _ _ _ _ . ___--__. __ __ _ . _ . _ _ _ - _ . . _ _



SARGENT & LUNDY
ENG1NEERS

CMICAGO

Boring B-3 was drilled prior to any preconstruction

activity. Boring B-102 was drilled less than 2 feet from

the previous location of AP-10, which was extracted prior
to the drilling operation. Boring B-102 reflected

| disturbance caused, by preconstruction activities at

rela tively shallow depths, between elevations -15 to -35.

The SPT N-values in the sand lenses ranged from 4 to 33
blows per foot, a significant reduction from the

undisturbed N-values. This reduction appears to be

related to the proximity of this boring to AP-10, which
was extracted, but not jetted.

Boring PZB-1 is located approximately four feet west of
AP-9, where jetting was performed during the last six

inches of pile driving between elevation -48.4 to -48.9,

and approximately 12 feet f rom TP-9, where jetting was
performed from elevation +3 to -46. SPT N-values

obtained from this boring indicate no effect from the

jetting activities. The N-values, however, ranged from

68 to 86 blows per foot in sand between elevations -60

and -70, a minor reduction from undisturbed values. This

reduction occurred in a zone which is more than 15 feet
below the maximum depth of jetting and cannot conceivably

be attributed to the jetting activities in either AP-9 or
TP-9. Similar results were also observed in Boring
PZB-2, which is located approximately 10 feet from TP-9.

It is believed that the somewhat lower SPT N-values for

2- 9
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sand between elevations -60 and -70 observed in these two
borings reflect localized variations in insitu soil

conditions. The reduced SPT N-values for the sand lenses
in the interbedded sand / clay stratum are briefly

summarized on Figure 2-6, adjacent to the location of

each boring.

Indica tor piles RB-Sll, RB-512 and RB-513 (Ref.1-4) were

driven in Area B. They were located approximately five

to eight feet f rom TP-9 and between TP-9 and Boring PZB-
2. Examination of the driving records of these piles
indicates zones of reduced driving resistance above
elevation -48 (see Figure 2-6 for likely zone of

disturbance * for each pile). These reduced driving
resistances are possibly a result of the jetting

activities at TP-9, where jetting was performed from

elevation +3 to -46. Pile RB-513 met the required

driving resistance at elevation -53, while RB-511 and RB-
! 512 did not meet the driving criteria within the depth

driven (to elevation -82 and -62, respec tively) . The

driving behavior of these piles correlates well with the
results obtained from Boring PZB-2. At the pile|

! locations; the upper portion of the thick sand layer
observed in Boring PZB-2 between elevations -43 to -73

was disturbed and loosened because of jetting activities
|

| at TP-9. Piles RB-511 and RB-512 were driven through the
disturbed zone and punctured through the remaining

*

See Section 2.2.1 for the definition and significance of the
likely zone of disturbance.

2-10
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portion of the sand layer. The review of the

preconstruction activities, which were performed in Area

B, and the results of borings and indicator pile driving

behavior reveal that disturbance due to the

preconstruction activities in Area B were minical and

restricted to relatively shallow depths (not deeper than

eleva tion -65) .

2.2.3 Area C

Preconstruction activities were performed in March and

April, 1975 within the limits of Area C (southeast corner

of the Radwaste Building), as shown in Figure 2-1. The

purpose of the preconstruction activities was to evaluate

procedures for installing piles into glacial till. The

piles and casings were not extracted. A detailed account

of the activities is given in Report S L-3 2 0 5 (Ref. 2 -3 ) .

The preconstruction activities which are summarized on

Table 2-3 and Figure 2-9, consisted of:

1. Installation of two piles with the aid of jetting at

locations 5 and 9 as shown in Figure 2-9. Jetting

was performed from the ground surface (at elevation

+20.5) to the final pile tip elevation cf -146.5 at

location 5 and to elevation -105 at location 9;

using jet pressures at or near 300 psig with

discharges of approximately 600 to 800 gallons per

minute.

i

2 -11
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2. One hole was drilled at location 4 with a 12-inch

dia eter auger to elevation -113.5. Jetting was

performed though the auger stem with discharge at

the tip to assist the augering operation.

3. Four piles were installed through predrilled holes

at locations 7, 8, 10 and 16. The auger holes were

drilled with a 12-inch diameter continuous flight

auger, but no jetting was used to assist the

augering operation. Vibratory and impact type

(Vulcan 016) hammers were utilized to drive the

piles to their final elevations.

4. One hole was drilled to elevation -100 at location
15, utilizing a 12-inch diameter continuous flight

auger. The auger bit broke at elevation -110. The

bit was not recovered and the hole was backfilled
and abandoned.

5. One pile was driven to elevation -134.5 at location

3. A vibratory hammer was used to advance the pile

to elevation -93.4. A Vulcan 016 hammer was used to

drive the pile from elevation -93.4 to elevation

-134.5.

6. Nine, 22-inch diameter casings were installed at

locations 1, 5, 6, 7, 8, 9, 14, 15 and 16 to

elevations ranging from -10.5 to -12.8. The purpose

of the casings was to support the walls of the

predrilled holes through the eolian and beach sand

deposits. At locations 1 6 and 14 no activity took

place after driving the casings.

2-12
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Two soil borings, P2C-1 and P2C-2, were drilled in

October, 1978 to evaluate the effects of preconstruction
activity on soil conditions in Area C. The boring

loca tions are shown on Figure 2-9. Plots of SPT N-

values against depth and the corresponding stratigraphic
columns for these borings are shown in Figures 2-10 and
2-11. Boring logs are presented in Appendix 2-A.

Stratigraphy determined from these borings agrees with
the generalized cross-sections presented in Report

SL-3629 (Ref. 1-1). SPT N-values for the sand lenses in
the interbedded sand / clay stratum that are significantly

dif ferent from the undisturbed values are also summarized
and shown adjacent to the boring locations on Figure 2-9.

Boring PZC-1 is located approximately six feet south of

pile location 9 where jetting was performed to elevation
-105. Boring P2C-2 is located approximately four feet

southwest of pile location 5 where jetting was performed
to elevation -146.5. Standard penetration resistances

(SPT N-values) obtained at these two boring locations

indicate that soil disturbance caused by the jetting
operations was most pronounced between elevations -40 and
-30. At boring PZC-1, the blow count data show that
below elevation -80 the soil disturbance was negligible.
At boring location P2C-2, the blow count data indicate
that soil disturbance, particularly with the clay layers

is believed to extend as far down as elevation -120.
This observation appears reasonable since Boring P2C-2 is

2-13



SARGENT & LUNDY
ENG|NEERS

C HIC AGO

only 4 feet away from location 5, where jetting was

performed to elevation -146.5.

However, in all cases, with the exception of one SPT N-

value of 23 in Boring PZC-1 at elevation -50, the sand

lenses within the interbedded deposit, where the soil

disturbance was most evident, showed N-values in excess
of 30 blows per foot. Therefore, the extent of

disturbance is limited, insofar as its effects on

liquefaction potential.

Two indicator piles, RWD-140 and RWD-143, were driven in

Area C (Ref. 1-4). Both piles were driven to elevation

-62 without meeting the driving criteria. The blows per

last foot of penetration for each pile were 24 and 19,
respectively. Neither pile exhibited an increase in

driving resistance when the interbedded sand / clay scratum

was encountered at about eleva tion -30. These results

were expected since indicator pile RWD-140 was

approximately five feet from location 9 where jetting was

performed to elevation -105, and indicator pile RWD-143
was approximately one foot from location 8 where a 12-

inch hole was augered to elevation -110.5 to facilitate
pile installation. Based on driving behavior, Figure 2-9

summarizes the zones where the indicator piles

encountered sandy soils that appear to have been af fected

by the preconstruction activities to such an extent that
the resistance to liquefaction is reduced.

2-14
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Based on a review of all the above data, the soil dis-

turbance resulting from jetting extends to a significant
depth (elevation -80 (Boring PZC-1) and -86 (Boring

P ZC-2) ) ; however, it appears to be localized in areal

extent to the immediate area surrounding the jetting. It

is believed that preaugering only disturbed the soils
immediately surrounding the auger hole and therefore is
localized.

2.2.4 Area D

Preconstruction activities were performed in Area D which

is located in the northwest portion of the Auxiliary
Building. (April 1975) Table 2-4 and Figure 2-12

summarize the preconstruction activities. A detailed

account of the preconstruction activities in this area is
given in Report SL-3205 (Ref. 2-3). The purpose of the

preconstruction activities was to evaluate procedures for
installing piles into the glacial till.

Four piles were installed in Area D. Piles 17 and 20 were

installed with the assistance of jetting during driving.
Jetting was performed with jet pressures of 200 to 300

psig and discharges of 600 to 800 gallons per minute. At

location 17, jetting was performed to elevation -73

while at location 20, jetting was performed to slevation
-153, which is the top of bedrock at this location. The

other two piles installed at locations 22 and 25 were
driven through predrilled holes. Predrilling was

2-15
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achieved with a 12-inch diameter auger. Jetting, with

i pressures ranging from 150 to 300 psig, through the stem i

of the auger, was used to assist the augering operation.

The auger holes were advanced to elevation -117 at pile
'

location 22 and to elevation -115 at pile location 25.

Three soil borings, PZD-1, PZD-2 and PZD-2A, were drilled

in October, 1978 to investigate the effects of the pre-

construction activities on the soil conditions in Area D.

Figure 2-12 shows the boring locations. Plots of SPT N-

values against depth and the corresponding stratigraphic

column for these borings are presented on Figure 2-13 and

2-14. Boring logs are presented in Appendix 2-A.

1

The stratigraphy determined from these borings agrees
,

with the generalized cross-sections presented in Report

SL-3629 (Ref. 1-1). SPT N-values for the sand lenses in.

the interbedded sand / clay stratum that are significantly

dif ferent f rom the undisturbed values are also summarized

and shown adjacent to the boring locations on Figure 2-

12.

In Boring P2D-1, which is located approximately 4 feet

east of pile location 20, three sand lenses were

encountered below the glacial lacustrine clay, between

elevations -63 and -75, -82 and -109, and -114 to -119.

In all cases the standard penetration resistances were in

excess of 80 blows per foot indicating no effects of

jetting. Boring PZD-2 is located approximately one foot

from pile location 17, where jetting was performed to

elevation -73. The boring hit the pile and could not be
2-16
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advanced further than approximately elevation - 70. This

berehole was therefore abandoned and a replacement

boring, PZD-2A, was drilled approximately 3.5 feet west

of pile 17. No samples were taken in this boring until it

was advanced to elevation -63. A composite stratigraphic

column utilizing the results of both borings is shown in
'

Figure 2-14. It can be seen that a thick sand layer was

encountered f rom eleva tion -62 to -102. Relatively lower

i penetration resistances, N = 3 and 41, were encountered

in Boring PZD-2 at elevations -63 and -68, respectively.

However, significantly higher penetration resistances

were encountered at these elevations in Boring PZD-2A.

It is therefore concluded, that the relatively lower
,

penetration resistances recorded in Boring PZD-2 at

elevations -63 and -68 were the result of the boring *

approaching the pile; however, even if these lowi

penetration resistances were the consequence of

disturbance caused by jetting at pile location 17, it is

clear from the results obtained in Boring PZD-2A that

this disturbance is extremely localized.

Based on the results obtained from the boring, it has

been concluded that the disturbance in this zone is very
!

localized around the point source of preconstruction

activity.
;

2.2.5 Area E

Preconstruction activities were performed in September,

1977 in Area E, which is located in the southeast corner

2-17
I

- . - - - - - - - - - - - - - - . - - -- -----. - - - - - - -.. .. -_ _ - _ - -



- __ - - - ._ .

SARGENT & LUNDY
ENGINEERS

c,.........

of the Service Building. Eight piles were installed

using continuous jetting and vibrating. Figure 2-15 is a

plan view showing locations of the jetted piles,

indicator piles and soil borings in the area.
i

Table 2-5 and Figure 2-15 summarizes the preconstruction
activities. Jet pressures of 200 to 300 psig with

discharges of 600 to 800 gallons per minute were used.

Jetting was continuous f rom the ground surf ace, elevation
+3, to elevations ranging from -120 to -123. The jetted

piles were finally driven to meet the required driving
criteria at elevations below -130.

Eight soil Borings, (67W, 70W-1, 73E, 85E-1 and Borings

PZE-1 through PZE-4), were subsequently drilled in Area E.

to investigate the ef fects of preconstruction activities.

Plots of SPT N-value versus depth and corresponding

stratigraphic columns for all the borings are presented
on Figures 2-16 through 2-23. Boring logs are presented

in Appendix 2-A. A cross-section through the jetted

piles, showing stratigraphic column of borings relative ,

to the jetted piles, is presented on Figure 2-24. SPT N-

values for the sand lenses in the interbedded sand / clay
stratum that are significantly different from the

undisturbed values are also summarized on Figure 2-15.

Borings 67W, 70W-1, 73E and 85E-1 were drilled in

November 1977, approximately six weeks after the eight
piles in this area were installed, as a part of the then

2-18
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ongoing program investigating the acceptability of the
jetting and vibrating to assist pile installation. As

the method of pile installation was subsequently changed

to conventional impact driving, the results were never

finalized. Borings PZE-1 thrcugh PZE-4 were drilled in

October 1978, prior to the start of the field program. "

These borings, provide the most definitive data (out of
all five preconstruction areas) on the extent and

magnitude of soil disturbance. The localized effects of

the jetting operations can be visualized qualitatively
f rom Figure 2-25, which combines the SPT N-values for all

soils encountered in borings at varying distances from
the jetted piles. Generally, Figure 2-25 shows that the

f arther away the boring is located from the jetted piles,
the higher are the SPT N-values. For the sand lenses

that were encountered in these borings, the disturbance
effect with distance from the jetting operation is

discussed as follows:

Most Distant Borinc: Boring PZE-3 (Figure 2-22) is

located approximately 25 feet away from Pile SE-61,
the nearest jetted pile. The sands in the

interbedded zone are very dense and corresponding

SPT N-values generally exceed 64 blows per foot.

Intermediate Distance Borincs: Borings PZE-1 and

PZE-2 are located six and eight feet respectively,
from the nearest jetted pile. The sands in the

interbedded zones are medium dense to very dense

with N-values ranging from 25 to over 100 blows per
foot.

249
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Borings Located Between Jetted Piles: Borings 67W,

70W-1, 73E, 85E-1 and PZE-4 are located between and
adjacent to the jetted piles and represent the
maximum disturbance in Area E (see Figure 2-15).

The interbedded sands between the piles are locally
very loose as can be seen from data summarized on
Figure 2-25. On six occasions, the split spoon
sampler dropped under the combined weight of the
drillrods and the 140 pound hammer.

The influence of the jetting activities is also seen in
the driving resistance of the indicator piles. Six

indicator piles (SF-20, SP-31, SF-34, SF-63, SF-66 and

RWC-109 (Ref. 1-4)) were driven in the vicinity of jetted
,

piles in Area E (Figure 2-15).

Indicator piles SF-66 and RWC-109, which are located

approximately 15 and 40 feet, respectively, away from the

nearest jetted piles, met the required driving resistance
within the expected penetration into the interbedded
sand / clay bearing stratum, without any evidence of

reduced driving resistance. Driving of piles SF-20 and

SF-34, which are from 10 to 20 feet away f rom the nearest

jetted piles, was suspended af ter reaching elevations -61
and -83, respectively, without meeting the required

driving criteria. Pile SF-31 and SF-63, located
approximately four feet away from the jetted piles, were
driven to below elevation -130 before meeting the
required driving criteria.

2-20
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The driving behavior of the indicator piles is consistent
with the jetting activities. For piles driven close to

the jetted piles, it is expected that the piles would
likely be driven into the glacial till, beyond the

maximum depths of jetting, before meeting the required
driving criteria. Similarly, based on the boring data,
sandy soils between the jetted piles are likely to be
suspectible to liquefaction if the density is not

improved.

2.3 Further Evaluation in Area E
Since the extent and degree of preconstruction

disturbance are the greatest for Area E, it was selected
for further evaluation with respect to liquefaction

potential and the feasibility of driving closely spaced
H-piles for densification of the loose to medium dense
disturbed sands. Verification borings were drilled af ter

the completion of the insitu densification program to de-

monstrate the effectiveness of the densification method
to eliminate liquefaction potential in the
preconstruction areas.

2.3.1 Evaluation of Licuefaction Potential

Liquefaction potential of Area E was evaluated using
correlations presented by Seed (Ref. 2-4) relating

effective cyclic stress ratios known to be associated

2-2]
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with liquefaction or no liquefaction in the field and the

average modified penetration resistance, N1, of the sand
strata involved for various magnitude earthquakes. This

relationship is reproduced in Figure 2-26 and is based on

a comprehensive collection of site conditions at various

locations where liquef action or no liquefaction was known

to have taken place. Based on consultation with

Dr. Seed, it was concluded that a f actor of safety of 1.5

based on SPT N-values, should be maintained to prevent

liquefaction.

2.3.1.1 Methodoloav

The following procedure was used to evaluate liquefaction

potential in Area E:

Steo 1

Determine the ef fective cyclic shear stress, induced

by the postulated SSE (Magnitude 6, maximum ground

acceleration 0.2g; Ref. 2-5) at the site=

throughout the depth of the soil profile. These

stresses were computed using three selected accele-

ration time histories of recorded earthquake motions

(Ref. 2-6). Two different approaches were used to

model the soil in the disturbed zone.

Approach I conservatively models the disturbed zone

as a uniform horizontal layer of disturbed soil

throughout the entire site (Figure 2-27) . In this

approach, the soil strata above and below the

2-22
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to those of 45 percent relative density sand as
given by Seed and Idriss (Ref. 2-7). This relative

density was estimated from the SPT N-values in the

sandy soils within the interbedded sand / clay strata

from the five borings between the jetted piles,
using Gibbs and Holtz (Ref. 2-6) correlations

between relative density and effective overburden
I

pressure.

i

The earthquake induced cyclic shear stresses were
,

then computed using the computer program SHAKE (Ref.

2-9).

Approach II realistically models the disturbed zone,

to account for its limited lateral extent (Figure
2-28). The limited lateral extent of the disturbed
zone is taken into account by assuming that the-
strains developed in the disturbed zone are the same

! as those developed in the adjoining soil mass. The
.

; shear moduli and damping ratios for the undisturbed
!

| soils shown on Figure 2-28 for Soil Profiles A and 3

are given in Report SL-3629 (Ref. 2-1). The shear

moduli for the disturbed zone shown in Soil Profile
; B is equivalent to that reported by Seed and Idriss

(Ref. 2-7) for sands with 45 percent relative

; densiry. The induced effective shear strains are
determined for the depth of Soil Profile A, using

; the computer program SHAKE. The effective cyclic
i

i

2-22
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shear stresses in the disturbed zone, as modeled in

Soil Profile B, are computed as the product of the

effective shear strains computed by SHAKE and the

corresponding shear modulus for 45 percent relative
density.

Descriptions of the two approaches, the seismic

input to the SHAKE computations and results of these

computations are presented in Appendix 2-B.4

Steo 2

Compute the induced effective cyclic stress ratio,

7 /r'y where m'y is the effective overburden

pressure. For Area E, T' was calculated from they

bottom of the foundation slab in the Service

Building, elevation +8.0 feet. The groundwater

elevation was taken at elevation +25, i.e., the

maximum groundwater level expected during plant

operation (see Figures 2-27 and 2-28). By computing
,

f f rom elevation +8.0, it is conservatively assumedy

that all load from the structure is transferred to
the pile tips and no load transfer occurs between

the bottom of the mat and the soil above the pile
tips.

Steo 3

Determine the required N -values throughout they

; depth of the soil profile for liquefaction-prone

sandy soils so that the factor of safety against

liquefaction is 1.5. The required N -values are1

2-24
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presented on Figure 2-29, which is based on the data

for a Magnitude 6 earthquake, presented on Figure
2-26. The curve shown by the solid line in Figure
2-29 corresponds to a factor of safety equal to 1.0

against liquefaction for a Magnitude 6 earthquake.
The curve shown by the dotted line represents a
factor of safety of 1.5 which is defined as the
cyclic stress ratio for a factor of safety of 1.0
divided by 1.5 for each modified penetration

resistance. Therefore, to compute N for a safetyy

factor of 1.5 at any depth, the effective cyclic
stress ratio at that depth is computed and the

corresponding N is read from the dotted line ony

Figure 2-29.

Sten 4

Reduce soil boring da ta by conver ting SPT N-values
to Ny for sandy soils in the interbedded layer. N .,

is defined as N x C were N is the SPT blow countN

measured in the field and C is the appropriateg

correction factor which normalizes N to 1 ton per
square foot effective overburden pressure. The

correction factors used for these liquefaction

analyses are those proposed by the Waterways

Experiment Station (W. E. S) (Ref. 2-10). Figure 2-30

reproduces the curves developed by W.E.S. The more

conservative curve for 40 to 60 percent relative
density was used to determine the correction factors

.

(C ) used in the analyses. Plots of N, 3 1 vs. depth

2-25
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for all borings are shown on Figure 2-31 through,

2-38.

,

Steo 5

Liquef action potential for any boring is evaluated
by plotting the !I -values of sandy soils from they

Standard Penetration tests against depth and;

comparing the data with the 11 curve for a factor of
1

safety of 1.5, based on the conservative Approach I.

When the data lies to the right of the curve, then

the stratum possesses a factor of safety greater
than 1.5 against liquefaction.

2.3.1.2 Results of Licuefaction Analvsis

The purpose of the liquefaction analysis was to determine
the vertical and lateral limits of any potentially

liquefiable soil within Area E, as a result of the
jetting activities. The results of the liquefaction,

analyses demonstrate that there is an adequate safety
factor against liquefaction (greater than 1.5) at dis-
tances of six to eight feet from the jetted piles in Area
E based on soil conditions encountered in Borings PZE-1

tnrough PZE-3 ; but immediately around the eight jetted
piles, typified by Borings PZE-4, 67W, 70W-1, 73E, and
85E-1, localized liquefaction could develop for the

postulated SSE event. This conclusion is demonstrated in
Figures 2-39 and 2-40, which shos modified penetration
resistances, til, plotted versus depth, respectively, for
Borings PZE-1 and PZE-2, and Borings PZE-4, 67W, 70W-1,'

2-26
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73E and 85E-1. Also shown on these figurec are the

N -values rec:ui red for a factor of safety of 1.5 asy

determined by Approaches I and II ( Appendix 2-B) .

Figure' 2-37 shows N versus depth for PZE-3 which is 25y

feet from the nearest jetted pile. As seen in this

figure, all N -values greatly exceed the N required fory y

a factor of safety of 1.5. Figura 2-39 shows N versusy

depth for PZE-1 and PZE-2 which are six and eight feet,
.

respectively, from the nearest jetted pile. As seen on

this figure, the minimum safety factor is 1.5.

Therefore, it is concluded that liquefaction potential

does not exist at distances greater than six feet from

the jetted piles.

Figure 2-40 shows the N versus depth for Borings PZE-4,y

67W, 70W-1, 73E and 85E-1, which are located between the

jetted piles. Examination of this figure indicates that

sandy soils in these zones have safety factors less than

1.5 against liquefaction throughout the depths of the

interbedded sand / clay strata.

2.3.2 Insitu soil Imorovement

2.3.2.1 General

On the basis of the liquefaction analyses presented in

Section 2.3.1, a field program was initiated to densify

the sandy soils to increase the factor of safety against

2-27
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liquefaction to greater than 1.5. The program consisted

of driving 95 foot 14HPll7 densification piles at close
spacings to increase the penetration resistance of the

disturbed sands to the minimum N -values corresponding to1

a factor of safety of 1.5 established in Section 2.3.1.
t

:

As stated earlier, Area E was selected for the insitu

; soil improvement experiment since it was the

precor.struction area wher- Jetting was most extensive and

therefore would represent the worst case" situation.
' "

Since the purpose of this program was to demonstrate the

ef fectiveness of driving H-piles for densification in the

areas affected by jetting, only a small area within Area
E, where the degree of disturbance wa. considered to be

the greatest, was investigated.

i During the investigation of Area E, alternate methods of
;

improving foundation soils were examined. One
e

alternative considered was the use of Franki displacement
il

piles, which has been used successfully at the Beaver,

Valley Power Station for DuQuesne Light & Power. At

Beaver Valley Franki piles were used to densify a loose
gravely sand layer which occurred at a depth of

approximately 75 to 90 feet. A 21-inch diameter casing
'

was driven to the top of the loosened layer by the use of
a diesel pile driving hammer. The concrete injected into

the loosened soils consisted of zero slump concrete. The

,

2-25 '
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concrete was displaced by dropping a seven thousand pound

hammer through a distance of 25 feet. For the

application at the Bailly station, special consideration

would be required since the maximum penetration would

exceed 100 feet. Based on our past experiences with

driving and our experience in installing casings for
borings at the Bailly site, difficulty would be expected
in installing the casing thrcugh the generally very

dense /hard interbedded sand / clay stratum. Thus, although
|

the pressure injection technique was successful at the

Beaver Valley Power Station, this technique is not

considered viable for the Bailly site.

Other alternative soil improvement methods (driving

displacement piles such as closed-end pipe or precast
concrete piles) were also considered for densification of

the disturbed sandy soils; however, based on the driving
behavior of 14HPil7 piles, it was considered that it

would be extremely doubtful that a displacement type pile
would be able to penetrate the required depths for

general use in all areas of the site where densification

is required. It was, therefore, decided to drive closely
spaced H-piles for densification.

2.3.2.2 Descriotion of Procram - Procedures
[

| The program consisted of driving two staggered rows of
| nine 14HP117 indicator piles, 95 foot long. Pile spacing

in each row was one pile size or 14 inches. Figure 2-41

shows the locations of the piles, relative to the jetted

piles, earlier indicator piles, future production piles
2-29
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i and pre- and post-densification borings. Nine of the

densification piles are located outside of the Category 1 I

building line and nine are located in the Service
' Building, straddling the row of the jetted piles. The

piles located outside the building line were not part of
the original indicator pile program, as suggested by the

,

NRC Staff.

The south row of 9 piles located outside the building
line was driven first, from east to west in a staggered
pattern to maximize soil densification effects near the

jetted piles. The sequence of driving is noted on Figure
2-41. This same staggered sequence of driving was used
for the north row of densification indicator piles.
Driving of these 18 piles was accomplished over a three

day period, from October 30, 1978 to November 1, 1978.

Because loose to medium dense disturbed sands were

encountered in the exploratory borings primarily above
elevation -80, 95-foot pile sections were driven to

approximately eleva tion -82. It was intended that, if

successful, this densification method would be used for

all areas and depths where an inadequate factor of safety
(i.e., factor of sa f e ty less than 1.5) against

liquefaction exists for the sandy material.
,

Plots of driving resistance versus depth for these 18
piles, numbered as shown i,n Figure 2-41, are presented in

2-30
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in Appendix 2-C. As expected most of the piles did not

meet the required driving resistance within the depth
driven (90 - f eet) , because of the close proximity of the
piles to the piles which were jetted to below elevation

.
-120. However, piles 1 through 4, which were the last
four piles driven, met the required driving resistance

i with normal penetration into the bearing stratum. This

) localized behavior is attributed to the non-uniform
effects of jetting activities.

Since the main purpose of the program was to improve the

density of the disturbed sands between the two rows of

piles sufficiently to eliminate liquefaction potential,
- verification borings were drilled and SPT N-values were

obtained to evaluate the effects achieved as a result of
the densification pile program. The following section

presents the method and results of the evaluation.

2.3.3 Verification Procram

2.3.3.1 Soil Borincs

Upon completion of driving all eighteen piles,

verification horings PZE-5 through PZE-7, were drilled
between the two rows of piles to evaluate the results of
soil densification in the area of maximum soil

disturbance. SPT N-values were obtained at 5-foot

intervals with depth until the interbedded deposit was

2-31
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reached. Thereaf ter, SPT N-values were obtained at 21/2

foot intervals. Plots of SPT N-values against depth and

the corresponding stratigraphic column of these borings

are shown on Figures 2-42 through 2-44. Logs for these

borings are presented in Appendix 2-A.
s

2.3.3.2 Effects of Densification

For ease of comparison with the results of the

liquefaction analysis, the insitu N-values for sandy

soils in the interbedded sand / clay stratum in the three

verification borings have been normalized with respect to

an ef fective overburden pressure of one ton per square

foot as described in Section 2.3.1. The resulting

N-values are plotted against depth on Figures 2-45

through 2-47. Figure 2-48 is a composite plot showing

the N values for all the three borings with respect toy

depth. Comparison of Figure 2-48 with Figure 2-40, which

shows the N values of cohesionless materials encounteredy

in borings drilled between the jetted piles prior to

driving piles, reveals a significant increase in the

penetration resistance to a depth of 90 feet (Elevation

-80) as a result of driving the piles to such depth.

Figure 2-48 also shows that all cohesionless soils within

the interbedded stratum encountered in the verification

borings possess safety factors of greater than 1.5

against liquefaction.

2-32
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Immediately beneath the upper glacial lacustrine clay, a
very limited zone of sand in boring _ PZE-5 appears to have

,

,

a f actor of safety against liquef action of less than 1.5,
according to the very conservative analytical model

(Approach I, Section 2.3.1). This portion of sand,

however, still possesses a factor of safety of about 2
according to a more realistic approach of analysis

( Approach II) , and is considered acceptable.

It is, therefore, concluded that the densification
'

process which utilizes closely spaced H-piles is

effective. Similar improvements were also observed in

the beach sand as a result of driving these densification

piles, and these improvements are expected at greater
depths by driving the piles deeper into the soil stratum.

2.3.3.3 Soecial Conditions Encountered in the Verification
,

Borings

,

Figure 2-24 presents a cross-section along the row of
jetted piles in Area E, showing the soil types, SPT

N-values encountered in each boring, and the embedment

i geometry of the jetted piles.

During the drilling of the verification borings, two<

drill rod drops were experienced in borings PZE-5 and,

;

PZE-6, located between the jetted piles (Figure 2-41).

Communication of drilling fluid between unbackfilled

borings was also noted. The drill rod drop of 2.5 feet in
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boring PZE-5 was encountered at elevation -120,

immediately below the maximum depth of the jetting

activities for the two adjacent piles. This zone,

however, was above the tip of nearby Pile No. SE-70 which

was driven to the required criteria after jetting. The

drill rod drop in Boring PZE-6 was approximately 29 feet;

from elevation -100, above the maximum depth of jetting

activities, to elevation -129, below the depth of jetting
but above the tip of the adjacent final-seated piles.

After the drill rod drop in PZE-6, the borehole was kept
open with drilling fluid. Various borehole measurements

were made for the purpose of assessing the size and

nature of this zone. A gyroscopic borehole survey was
employed to define the orientation of the borehole. The

results of these measurements indicate that at ' elevation
-97 (the maximum depth penetrable with the gyroscope),

the borehole was 1.12 feet south and 1.04 feet east of
the surface location of the borehole. It appears that

the borehole of PZE-6 at elevation -97 was near the
flange of pile No. SE-70 (Figure 2-24) .

A Birdwell 3-arm caliper log and a Gamma-Gamma density

log were used to measure the size of the borehole in the
zone where the drop of drill rod occurred. The results

of the 3-arm borehole caliper for boring PZE-6 are shown
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on Figure 2-49. The borehole of PZE-6 was generally 4 to

5 inches in diameter. At depths of 30 and 100 feet

(elevation -22 and -92, respectively), it was noted that

two 2 foot zones of the borehole had diameters from 6

.
inches to greater than 9 inches. This is possible due to

!

erosion of sand layers in the soil as the result of the

jetting and drilling operations. The general variation
:

of the borehole dimensions was confirmed qualitatively by

the results of Gamma-Gamma density measurements as shown

on Figure 2-49; i.e. , as the equivalent borehole diameter

measured by the Birdwell 3-arm Caliper increased, the

density as measured by the Gamma-Gamma device decreased,

and vice versa.

In addition, during the drilling of Boring PZE-6, as well

as during the preparation for borehole measurements, it

was noted that the drill rod rattled frequently below

elevation -90, apparently because of drilling adjacent to

an in-place pile.
/

Based on the results of these measurements and

observations, it may be concluded that borehole PZE-6 was

drilled immediately adjacent to Pile SE-70, below

elevation -90. Evidence is very strong that the borehole
!

merged into the unbackfilled borehole of Boring 70W-1,

drilled in 1977 between the flanges on the west side of

this pile. This borehole was not backfilled. The

dimensions of the borehole, where the rod drop was noted,e
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were normal and generally 4 to 5 inches in diameter,

which tends to confirm this conclusion.

The limited zone of the drill rod drop at elevation -120

in Boring PZE-5 was not investigated through borehole ;

measurements. Boring PZE-5 was backfilled with cement-

Bentonite GLout immediately upon completion of the

boring. It is suspected that the bit drop was caused by
the previous jetting activities which washed out a

limited zone of sand located immediately below '*9 depth

of jetting. Since this condition was noted while

drilling verification borings, it is believed possible
a

that similar conditions can exist in preconstruction

areas where extensive jetting occurred.

Communication of drilling fluid between unbackfilled

borings in preconstruction Area E was observed during
previous as well as recent drilling operations. A

colored drilling fluid was used in an attempt to measure

the volume of borehole PZE-6, and was observed in Boring

{ PZE-7, which was unbackfilled at the time of measurement.

A total of approximately 80 cubic feet of the colored

drilling fluid was used before the colored fluid in both

boreholes (PZE-6 and PZE-7) began to overflow. The

quantity of colored drilling fluid required to fill both

boreholes was believed to be the result of communication
i

with other disturbed zones in Area E that were affected
by the past jetting activity. Part of the colored fluid

i
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might also have filled disturbed zones similar to that
encountered in Boring PZE-5 below the depth of previous
jetting activities. Based on the results of the Birdwell
3-arm Caliper survey, the average borehole diameter for
Borings PZE-6 and PZE-7 was about 5 inches. It would

require approximately 40 cubic feet of the colored

drilling fluid to fill these two borings. Therefore,

approximately 40 cubic feet out of the 80 cubic feet of
the colored drilling illing adjacent disturbed zones.

The communication is believed to occur mostly in .the

upper portion of the boring, especially immediately below

the upper glacial lacustrine clay where the top portion
of the sand layer was eroded or loosened due to the
jetting and drilling activities. This mode of

communication is demonstrated by the Birdwell 3- arm

caliper measurements in Borings PZE-6 and PZE-7, as shown
4

on Figures 2-49 and 2-50, respectively. Limited zones

having a larger diameter were recorded in both borings at

the same elevation (eleva tion -22) immediately below the

upper glacial lacustrine clays.

.
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2.4 Remedial Procram
i

2.4.1 General

Based upon the conditions in each preconstruction area

and the results of the driving of closely-spaced H-piles
in Area E, a remedial program has been developed which

provides a conservative solution to the preconstruction

activities in all preconstruction areas. The major ob-

jective of the program is to densify, if required, the

localized disturbed soil zones surrounding the point

source of disturbance, in order to prevent liquefaction

and to provide satisfactory foundation support for the
production piling. The densification will be achieved by
driving closely-spaced H-piles. In addition, a con-

trolled pressure grouting program will be carried out at

the point source of preconstruction activities and bor-

ings.,

I The remedial program will consist of the following steps:
'

l. Controlled pressure grouting at locations of pre-

vious activities: jetting or predrilling operations

(Areas A through E); load test or anchor piles that

were extracted (Areas A and B); and test borings

that have not been backfilled (Area E only). The

pressure grouting will be performed without packers

i

,

i

i
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at pressures of up to 1 psi per foot of depth (mini-

mum pressure equal to the effective overburden pres-
sure) utilizing a cement-bentonite mixture,

designed to be generally compatible with the un-
drained shear strength of the clays in the interbed-
ded bearing stratum. Four-inch diameter grout holes

will be drilled in a grid pattern in the area imme-
diately surrounding the point source of disturbance
as described above. The lateral extent will be con-
servatively based on the knowledge of preconstruc-

tion activities and subsurface conditions in the
area. The grout pipe will first be inserted into
the bottom of the grout hole. The grout will then

be pumped under the required pressure with the

grout pipe maintained at the bottom of the grout
hole. When the grout rises to the top of the grout
hole, the grout pipe will be withdrawn. The with-

drawal rate will be such that the grout hole will,
at all times, be filled with grout while the

required pressure is maintained.

2. Drilling supplementary test borings to define the

lateral and vertical limits of the densification
. program. SPT N-values will be obtained from these
borings at 5-foot intervals until the interbedded
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sand / clay bearing stratum is reached. Thereafter,

the SPT N-values will be obtained at 2\-foot inter-
vals. These borings will be drilled approximately

10 feet beyond the maximum expected depth of distur-

bance in each area. Where the preconstruction

activities extend to bedrock, the borings aill be

terminated at the bedrock surface.

Liquefaction analyses are being performed in each

preconstruction area, using procedures similar to

those performed in Area E, to establish the minimum

required SPT N -values to prevent liquefaction, withy

a factor of safety of 1.5. A plot of these SPT

N-values versus depth will be prepared for each

area, corresponding to the effective overburden

pressure for various ground water conditions, in

accordance with the procedure presented in Step 4 of

Section 2.3.1.1. If the SPT N-values from the bor-

ings exceed the analytical values, i.e., factor of

safety greater than 1.5, densification piles within

the proximity of the supplemental borings are not

required. If the factor of safety is less than 1.5,

Step 3 (driving densification piles) will be carried

out at predetermined locations. Also, additional

supplementary borings will be subsequently drilled
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to redefine and confirm the adequacy of the limits

of the densification program.

3. Driving densification piles (closely-spaced H-
i

piles) in the potential liquefaction zones, if re-

quired. The extent of this operation will be con-

servatively based on the nature and extent of pre-

construction activities, conditions of soils

obtained from existing and supplementary borings,
driving behavior of indicator piles, and lique-

faction analyses.

4. Drilling verification borings to confirm the ade-

quacy of the remedial operations, as requried.

Procedures to be used for these borings will be

similar to those outlined for the supplementary bor-

ings. The adequacy of the densification operations

will then be evaluated based on the criteria of

minimum SPT N-values required to prevent liquefac-

tion. The criteria will be established using the

most conservative approach, in order to envelope all

possible conditions in each preconstruction area.

Any sandy zone where the SPT N-values obtained from

the verification borings indicate a f actor of safety

of less than 1.5 according to the criteria estab-
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lished for the most conservative approach, will be
re-evaluated. .A liquefaction analysis will be per-

formed specifically for the conditions encountered

in the verification boring in order to obtain a more

realistic assessment of factor of safety against
liquefaction.

5. Driving production piles to the sptmified driving
criteria.

2.4.2 Program for Area E

2.4.2.1 General Program

As a result of the extensive investigations and evalua-
tions in Area E, a remedial program has been developed

for Area E which includes a commitment to the above pre-
scribed remedial operations.

The remedial program is conservatively based on the

nature and extent of the preconstruction activities,

information obtained from existing borings, and records
of indicator piles driven. For ease of reference, this

information has been summarized on Figure 2-15. Figures

2-51A through 2-51C present a detailed plan for the reme-
dial program in Area E. Figure 2-51A shows the locations

and depths of the 4-inch diameter primary and secondary
grout holes relative to the jetted piles. Figure 2-51B
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shows the locations and tip elevations of densification;

piles. Also shown in Figure 2-518 are the locations of

contingency densification piles, supplementary borings,
and verification borings. The contingency densification

piles will be installed in the event that the supplemen-
tary borings show zones of soil disturbance which would

result in a factor of safety against liquefaction lower

than 1.5. Figure 2-51C is a composite of the total reme-

dial program. Following is a brief outline of the proce-

dures:

1. Drill and grout 4-inch d iame te r primary grout hole

in between the pile flanges, one on each side of the

web of the jetted piles, to the depth as shown. In

addition, grout holes will be drilled at the loca-

tions of previously unbackfilled borings (Borings
67W, 70W-1, 73E, 85E-1, PZE-6, and PZE-7).

2. Drill and grout 4-inch diameter secondary grout

holes, approximately 1.5 feet from the primary hole

in the pattern and to the depth as shown in Figure

2-51A.

3. Drill six supplementary (Figure 2-51B) borings to a

minimum elevation of -130, to define more precisely

the extent and depth of densification piles re-
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quired: The criterion for evaluating liquefaction

potential is presented in Figure 2-51D. Should any

of the contingency densification piles be required
based on these borings, additional supplemental bor-

ings will be drilled to confirm that soils outside

of !.ne area requiring densification have an adequate
t

; factor of safety against liquefaction.

4. Drive Jensification piles to the predetermined mini-

mum depth as shown in Figure 2-SlB. Contingency

densification piles may be installed at the indi-

cated locations on the basis of _results obtained
from the supplementary borings.

5. Drill two additional verification borings to a mini-
mum of 5 feet beyond the tip elevation of the

nearest densification pile and at the locations

shown, to confirm that SPT N-values in the most

critical zones meet the minimum required, according

to the results of liquefaction analysis performed

; for this area (Figure 2-51D).

The following sections describe the remedial program in
Area E in detail.

.

e
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2.4.2.2 Grouting

The grouting program was designed based on the fact tha t i

the maximum depth of jetting in Area E extends to eleva-

tion -123 and the maximum depth of unbackfilled borings

(Borings 67W, 70N-1, 73E, 85E-1, PZE-5, and PZE-6)

extends to eleva tion -133. Therefore, grouting will be

performed to eleva tion -130, except at the boring loca-

tions where grouting will be extended to elevation -133.

Since the jetting influence was most significant near the

jet pipe, which was attached along the east side of the

pile web, two primary grout holes, one on each side of

the web, will be drilled and grouted. Furthermore, in

order to assure further improvement of soils immediately

surrounding the point source of jetting, secondary grout

holes will be installed approximately 1.5 feet from the

center of the jetted piles. At the locations of previ-

ously unbackfilled borings, a grout hole will also be

drilled and grouted. This grouting program (as shown in

Figure 2-51A), provides a very complete coverage in the

most severely disturbed zone.
,

,

2.4.2.3 Densification Piles

Following grouting, densification piles are to be driven

to eliminate the liquefaction potential of disturbed

sandy soils. The exact extent and depth of the densifi-
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cation program will be defined by drilling supplementary
i and verification borings. The program shown in Figure

2-513 indicates the locations where densification piles
i

will be installed, based on the severity and extent of
preconstruction disturbance as summarized in Figure 2-15.

Eignteen of the planned densification piles have been in-

stalled as an experiment to evaluate the feasibility of
using closely-spaced H-piles for soil improvement (de-

i scribed in detail in Section 2.3 and shown in Figure
2-41) . The piles were continuously driven to a uniform

tip elevation of -82; this depth was determined based on

information obtained from Borings PZE-1, PZE-2, and

PZE-4, which indicated that disturbed, potentially

liquefiable sandy soils were present primarily above ele-
vation -75. Subsequent verification borings (PZE-5

through 7) showed that the sandy soils within the area

confined by the densification piles have been adequately
densified, and tha t no liquefaction potential exists

j within zones penetrated by the densification piles, as
well as in zones below the piles. Liquefaction potential

was evaluated based on the criteria established by the

liquefaction analyses (Section 2.3.1 and Figure 2-51D) .

Based on the results of the densification experiments and

the conditions in other portions of Area E, additional
4

a
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densification piles (shown in Figure 2-513) will be

driven to a minimum tip elevation of -82. However, sup-

plementary borings have been planned to evalua te the

liquefaction potential below elevation -82. The piles

will be driven deeper if the results of the supplementary

borings do not satisfy the liquefaction criteria pre-

sented in Figure 2-51D.

Additional supplementary borings have also been planned

(Figure 2-513) at the locations of contingency densifica-

tion piles to determine the lateral extent of densifi-

cation requirements. Should the contingency densifica-
3

tion piles be required, additional supplemental borings

will be drilled to confirm that areas requiring densifi-

cation have been defined.

2.4.2.4 Liquefaction Potential Criteria

The criteria for the required SPT N-values to prevent
;

liquefaction (with a factor of safety of 1.5) presented

i on Figure 2-51D were prepared for the convenience of

field personnel. The figure may be used in the field to
|

| evaluate the SPT N-value obtained from supplementary or
i

! verification borings with respect to whether the extent

and depth of densification piles are adequate to prevent

liquefaction.
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The curves on Figure 2-51D are established based on the

very conservative model of analysis (Approach 1, Section

2. 3.1) and for various field groundwater conditions. The

field personnel can use the groundwater level and SPT

N-values for sandy soils encountered in each boring and
compare the data with the appropriate curve to assess

whether the sandy soils possess a factor of safety

against liquefaction of 1.5 or greater.

2.4.3 Procram for Other Preconstruction Areas

Based on the nature and extent of the preconstruction

activities and the soil conditions revealed by borings
and indicator piles (as presented in Section 2.2) , reme-
dial programs for Preconstruction Areas A, B, C, and D

have also been developed utilizing the principles and
concepts described in Section 2.5.1. Applicable steps in

the program will be implemented in any ar.omalous areas

identified by the driving of production piling. The pro-

grams were designed on the basis of the methods and

procedures used in Area E which have proven successful in

densifying the sand strats which were disturbed by the
preconstruction activities. The results obtained give

confidence that successful results will be obtained in
i

other preconstruction areas as well.

,
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The following subsections present the remedial programs

for Areas A through D; however, for simplicity, some of.

the details, such as those presented in the general reme-

dial disussion (Section 2.4.1) and the discussion of Area
E (Section 2.4.2), have not been elaborated.

2.4.3.1 Area A

The background information for Area A has been summarized

in Figure 2-2. Figures 2-52A through 2-52C present the

plans for different phases of the remedial program.

Liqutfaction analyses are being performed utilizing ana-

lytical techniques similar to those presented for Area E
i

(Section 2. 3.1) . The disturbed zone will be modeled

; assuming disturbance from the top of the interbedded

bearing stratum to a depth several feet beyond the maxi-

mum depth of jetting. Liquefaction potential critcria

will be developed in a manner similar to that presented

| for Area E (Section 2.4.2.4 and Figure 2-51D) . The pro-

gram is as follows:

i

! 1. Drill 4-inch diameter grout holes and grout at the
i

I

| locations shown in Figure 2-52A. At the locations
'

where the piles have been extracred, a primary grout
|

| hole will be installed. Four secondary grout holes
|

will be installed approximately 1.5 feet from each

!

i
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of the primary grout holes. At the location of
I

TP-6, where the jetted pile is still in place,

primary grout holes will be drilled in between the

pile flanges, one on each side of the web. Four

secondary grout holes will be installed about 1.5

feet from the center of TP-6. The depth of grouting

at each location is shown on Figure 2-52A.

2. Drill six supplementary borings to the elevation of

the nearest grout hole, as shown on Figure 2-52B.
Liquefaction potential will be evaluated based on

the liquefaction potential criteria developed for
this area.

3. Drive densification piles at the loca tions and to

the depths shown on Figure 2-52B. Contingency den-

sification piles may be installed at the locations

as shown, on the basis of results obtained from the
,

supplementary borings.

4. Drill three verification borings at the locations

shown on Figure 2-52B to confirm that SPT N-values

meet the minimum required, according to the lique-
faction analysis performed for this area. Figure

2-52C presents a composite drawing showing the total
remedial program for Area A.
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2.4.3.2 Area B
'

The background information for Area B has been summarized
in Figure 2-6. Figures 2-53A through 2-53C present the
plans for different phases of the remedial program. *

Liquefaction analyses are being performed utilizing

analytical techniques similar to those presented for Area
E (Section 2. 3.1) . The disturbed zone will be modeled
assuming disturbance from the top of the interbedded
bearing stratum to a depth several feet beyond the maxi-
mum depth of jetting. Liquefaction potential criteria

will be developed in a manner similar to that presented
J

for Area E (Sec tion 2.4. 2 and Figure 2-51D) . The program
is as follows:

1. Drill 4-inch diameter grout holes and grout at the
locations shown in Figure 2-53A. At all the loca-

!

tions where the piles have been extracted, a primary
; grout hole will be installed. Four secondary grout:

holes will be installed approximately 1.5 feet from
each of the primary grout holes. The depth of

grouting at each location is shown on Figure 2-53A.
i

2. Drill seven supplementary borings to the elevation
:

of the nearest grouting depth, as shown on Figure
2-53B. Liquefaction potential will be evaluated

,

i
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based on the liquef action potential criteria devel-
i

i

oped for this area.

3. Drive densification piles at the locations and

depths shown on Figure 2-533. Contingency densifi-

cation piles may be installed at the locations as

; shown, on the basis of results obtained from the

supplementary borings.

4. Drill two verification boring s at the locations
'

shown on Figure 2-538 to confirm that SPT N-values

meet the minimum required, according to the lique-'

faction analysis performed for this area. Figure

2-53C presents a composite drawing showing the total

remedial program for Area B.

,

: 2.4.3.3 Area C

The background information for Area C has been summarized

in Figure 2.9. Figures 2-54A through 2-54C present the

plans for different phases of the remedial program.

Liquefaction analyses are being performed utilizing

analytical techniques similar to those presented for Area

E (Section 2. 3.1) . The disturbed zone will be modeled

assuming disturbance from the top of the interbedded

bearing stratum to the bedrock surface. Liquefaction
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potential criteria will be developed in a canner similar

to that presented for Area E (S ec tion 2.4.2 and Figure
2-51D). The program is outlined as follows:

1. Drill 4-inch diameter grout holes and groot at the
locations and to the depths shown on Figure 2-54A.

At the locations where pre-augering without jetting

took place and wnere piles have been installed, only
two primary grout holec will be drilled; one on each
side of the pile web. At locations of augered holes

where no pile was installed (locations 4 and 15), 4
secondary grout holes will be used around the

primary grout hole to grout the predrilled hole, as
shown in Figure 2-54A. At locations where piles

were installed by jetting (locations 5 and 9), two
primary grout holes will be used in between the

flanges, on each side of the pile web, and 4 second-

ary grout holes around the pile. The secondary

grout holes will be located about 1.5 feet from the

center of the pile or the center of the primary
grout holes.

2. Drill six supplementary borings at the locations

shown in Figure 2-543. Tne borings will extend to a

depth of 140 . f e e t (elevation -132). Licuefaction

2-53
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; potential will be avaluated based on the liquefac-
tion potential criteria developed for this area.

3. Drive densification piles to improve soil condi-

tions. The densification piles are planned at the
i

locations shown in Figure 2-54B. Supplementary den-
.

sification piles will be driven, if required, at the

; locations shown. The need for densification piles

at these locations vill be determined on the basis
of the results of the supplementary borings.

4. Drill four verification borings at the locations

shown in Figure 2-543 to confirm that SPT N-values

meet the minimum required according to the liquefac-
tion analyses performed for this area. Figure 2-54C

is a composite drawing showing the total remedial

program for Area C.

2.4.3.4 Area D
1

The background information for Area D has been summarized

'
in Figure 2-12. Figures 2-55A through 2-55C present the

plans for different phases of the remedial program.

Liquefaction analyses are being performed utilizing ana-,

i

lytical techniques similar to those presented for Area E
<

(Section 2. 3.1) . The disturbed zone will be modeled

; assuming discurbance from the top of the interbedded
;
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bearing stratum to bedrock. Liquefaction potential

criteria will be developed in a manner similar to that

presented for Area E (Section 2.4.2 and Figure 2-51D).

The program is outlined as follows:

1. Drill 4-inch diameter grout holes and grout at the;

! locations and to the depths shown in Figure 2-55A.

Primary grout holes will be drilled in between the

j pile flanges, on each side of the pile web. Four

secondary grout holes will be drilled around each
t

pile location, approx ima tely 1.5 feet from the

center of the pile.

2. On the basis of the very high penetration resis-

tances recorded in Borings PZD-1 and PZD-2, it

appears that soil densification is not required in

this area; however, to eliminate any concerns rela-
.

tive to the density of the sand lenses within the
i

interbedded deposit, two supplementary borings will

| be drilled at the locations shown in Figure 2-553.

If the results of these two borings show that

disturbed sand lenses exist which may be liquefiable

according to the criteria established by liquefac-

tion analysis, densification piles will be driven as

shown in Figure 2-55B as a means of soil improve-

| ment. However, if the borings show high penetration
!

|
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resistances, no densification piles will be driven.

Figure 2-55C presents a composite drawing showing

the grouting prcgram as well as the contingency -den-

sification piles and supplementary borings.

2.5 Summary and Conclusions
!

Preconstruction activities and general conditions of

soils in each preconstruction area have been summarized.

The effacts of jetting in preconstruction Area E have

been evaluated in more detail on the basis of information
i

obtained from soil borings.

Liquef action analyses from these borings were performed

in which the liquefaction potential was evaluated by com-

paring the predicted soil responses at the Bailly N-1
site to published data of soil responses at other sites

where liquefaction did or did not occur. The results of

the liquefaction analyses demonstrate that there is an

adequate safety factor (1.5 or greater) against liquefac-
i tion in Area E, except for the interbedded sands that are

immedia tely be tween and possibly a few feet outside of

the eight jetted piles.

.

An in-situ densification program was performed to study
the feasibility of increasing the penetration resistance

of the sands in the most disturbed zone in Area E so that

2-56
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the factor of safety against liquefaction is at least

1.5. Area E was chosen as a test case because this area
was subjected to the most extensive jetting, based on our

knowledge of the past preconstruction activities, and the

condit' ions revealed by exploratory borings. Two rows of

9 closely-spaced 14HPll7 piles were driven adjacent to

the jetted piles in Area E to depths of approximately 90
f ee t (eleva tion -82) . Three verification borings were

drilled and standard penetration resistances were

obtained within the zone to evaluate the increase in pen-
etration resistance caused by driving the 18 densifica-
tion piles. The results obtained from these three

borings showed tha t the penetration resistance increased

and the factor of safety against liquefaction is at least

1.5; therefore, it was demonstrated that driving closely-
spaced 14HPll7 piles in disturbed zones is an acceptable
field procedure to increase penetration resistance in

a

i disturhed sands found within the preconstruction areas.

Based on the results of these investigations, a remedial

program has been developed for the five preconstruction
areas. The procedure has been successfully applied to
the most disturbed zone in preconstruction Area E.

Therefore, the solution can be applied with confidence to

all preconstruction areas to assure adequate foundation
support under all loading conditions.

.
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TABLE 2-1

PRECONSTRUCTION ACTIVITIES - AREA A

TIP
VIBRATORY HAMMERPILE NO.* TYPE ELEVATION DRIVING DRIVING & JETTING

TP-l*** 14BP89 -75.7 +6 to ~39 -39 to -61
~61 to -76

TP-6*** 14BP102 -130.2 +6 to -35 -35 to -79w/ Pile -104 to -130 -79 to -104**Sboe

AP-1 14BP74 -51 +42 to -51 None
AP-2 14BP74 -53.9 +42 to -51 -40 to -47

-47 to -54

AP-3 14BP74 -52.9 +42 to -40 -40 to -46
-46 to -53

AP-4 14BP74 -44 +42 to -44 None
AP-5 14BP74 -39.2 +42 to -39 Last 4"

AP-5A 14BP74 -3.8 +42 to -4 NoneEast &
Next to
AP-5

AP-6 14BP74 -52.9 +42 to -34 -34 to -53
AP-7 14BP74 -52.9 t42 to -35 -35 to -53

* All piles except TP-6 were extracted.
**

The Jet pipe was advanced to elvation -45 and stopped. Jettingcont;nued as the pile advanced past -45, but jet pipe remainedat -45.

*** 48-inch diameter casing was installed to approximately elevation
+3 and the sand in the casing was cleaned out to elevation +6
prior to pile driving.

- _ _ __
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TABLE 2-2

PRECONSTRi;CTION ACTIVITIES - AREA B

TIP DRIVING &PILE NO. TYPE ELEVATION DRIVING JETTING

TP-3 14BP89 -49.3 +6 to -49 None

TP-4 14BP89 -61.4 +6 to -61 Turned jet
w/ Pile ' cn briefly
Shoe at -61.3 and

then drove
an additional
lh" with jet
off.

TP-9 14BP89 -47.3 +6 to +3 +3 to -47.

For jetting '

i from -46 to
-47 jet pipe
only extended
to -20

AP-8 14BP74 -54 +40 tto -54 None

AP-9 14BP74 -48.9 +40 to -54 Last 6"

AP-10 14BP74 -54 +40 to -54 None

AP-ll 14BP74 -43 +40 to -43 Last 1"!

| AP-12 14BP74 -45 t40 to -45 None

AP-13 14BP74 -44 +40 to -44 None
,

AP-14 14BP74 -47.5 +40 to -48 None
,

AP-15 14BP74 -47 +40 to -47 None

!

i

!
l

,

i

|
|
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TABLE 2-3

PRECONSTRUCTION ACTIVITIES - AREA C

DEPTH OF
JETTING OR

LOCATION AUGERING CCMMENTS

1 22" diameter casing installed to -12.5

3 14HPS9 driven from +20.5 to -93.5 with vibratory
~

hammer and frcm -93.5 to -134.5 with 016 hammer

4 -113.5 12" diame er hole augered with jetting through
auger stem to -113.5. Surface cavity backfilled

5 -146.5 22" diameter shell installed to -11.5;
,,

,

14HP39 jetted and driven with vibratory hammer
| to rock at -146.5; driven h-inch with 016

hammer to refusal

6 22" diameter casing installed to unknown
depth - estimated to be -12.5

7 -70 22" diameter casing to -10.5;
12" diameter hole augered to -70 without
jetting; 14HP89 driven with vibratory hammer
to -108.5 and with 016 hammer from -108.5 to

! -133

8 -110.5 22" diameter casing installed to -11.5; 12"
diameter hole augered to -110.5 without jetting;
14HP89 driven with 016 hammer to -133

9 -105 22" diameter casing installed to -10,5; 14HP89
jetted and driven to -86.5 with 016 hammer;
driven to 111.5; jet pipe inserted between pile

i flanges to -105 to ease driving and then removed;
; driven frca -111.5 to -134.3 with 016 hammer

, 10 -112.5 12" diameter hole augered without jetting to
| -112.5; 14HP39 driven to -128.5 with vibratory

hammer and frca -128.5 to -132.5 with 016
hammer

14 22" diameter casing installed to -11.5
i

i
I
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Table 2-3 (Cont'd) '
,

; ,

i

|

1

DEPTH OF '

JETTING OR'

I LOCATION AUGERING COMMENTSi

.

i
j 15 -110 22" diameter casing installed to -12.8 :,

12" diameter hole augered without jetting to -110 ;
,.

} auger stem twisted off and hole backfilled
1

(

16 -115 22" diameter casing installed to -12;
12" d:.ameter hole augered without jetting to -115'

J- 14HPS3 driven to -112 with vibratory hammer and i> rrom -112 to -132 with 016 hammer
i
i

]
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,

: i
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1
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i
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!
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j
i TABLE 2-4
,i !
,

_ PRECONSTRUCTION ACTIVITIES - AREA C
!

!
;

j DEPTH OF
JETTING OR

LOCATION AUGERING CO.vMENTS
,

17 -73 14HP89 jetted and driven to -73 and driven
{ without jetting to -150 using 016 hammer
! 20 -153 14H P89 jetted and driven to -153 with vibratory

hammer; driven 3/4-inch with 016 hammer
22 -117 12" diame er hole augered with jetting to -117;

' surface cavity backfilled; 14HP39 driven to -155,

with 016 hammer
25 -117 i12" diameter hole augered with jetting to -117; -

14HP89 driven to -160.8 with 016 hammer
,

e

i

t

1
i

i
r

I

!

t

I

I

-

'
.

f

I
:

i !

i
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3.0 PILE HEAVE AND REDRIVE
1

3.1 Introduction
.

In accordance with the project specifications, it is

required that all production piles which experience heave

in excess of 1/8 of one inch be redriven. Tnis require-

ment was suggested by the Nuclear Regulatory Co.uission

(NRC) staff in their June 22, 1978 letter to Northern

Indiana Public Service Company (NIPSCO) (Ref. 1-2). On

July 14, 1978, NIPSCO inform .d the NRC (Ref. 1-3) that it

! was planning to undertake an experimental field program

to investigate pile heave at Bailly and to collect

sufficient information on the basis of which the allow-

able pile heave could be changed to a heave consistent

with actual field data.

NIPSCO conducted this experimental program between

September 11, and November 10, 1978. This section of the

report presents the results of the field experimental -

program and proposes new criteria for allowable heave of

production piles. Detailed information relative to site

conditions, pile design, and pile installation proce-

dures are contained in Report SL-3629, " Design Analysis

and Installation of Driven H-Pile Foundations, Bailly

Generating Station - Nuclear 1" dated March 8,1978 (Ref.

1-1), and will not be repeated herein.

3-1
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3.1.1 Purpose and Scope of the Procram

The heave monitoring program was designed with the fol-

lowing objectives in mind:

a. Obtain information about the magnitude of pile heave

within an area of the Category I structures.

b. Obtain information to evaluate the radius of influ-

ence of pile driving operations on previously driven

piles (i.e., the lateral extent of pile heave) ;

|

( c. Obtain information to evaluate the effects of pile

heave on the pile load-deflection behavior and on

pile capacity;

d. Ob ta in information to evaluate the nature or

mechanism of heave; and
,

1

e. Obtain information to evaluate the redrive charac-

teristics of heaved piles.

3.1.2 Description of the Program

The pile heave monitoring program consisted of driving a

single cluster of piles located at the east corner of the

Auxiliary Building and extending partly into the Service

Building, as shown in Figure 3-1. Forty piles were

included in'this cluster, arranged as an 8 x 5 group, as

shown in Figure 3-2. Two of the piles (1, 2) were driven

3- 2
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; as part of the indicator pile driving program (Ref. 1-4..
The remaining 38 piles were driven between September 11,

and September 21, 1978.

Three pile load tests were conducted on piles which

heaved between 0.5 and 1.04 inches to evaluate the

ef f ects of heave on the load deflection behavior and load

carrying capacity of the piles at Bailly.

A clutter of 20 piles (arranged in four rows with five

piles in each row) were redriven to obtain information on

the redrive characteristics of the heaved piles. The

cluster included piles with penetrations of 4 to 21 feet

into the bearing stratum. This sample includes both

Category A and Category B piles.*

The following sections of the report describe the field

procedures during driving and heave monitoring and

present the results of the heave monitoring program. The

report provides evaluations of the observed pile heave,

as it relates to pile performance; establishes limits of

: tolerable pile heave; and provides recommendations for

redriving piles which experience heave in excess of the
:

proposed allowable limit.

*In accorcance with the classification system cresented in Ref.
! l-4, pile categories are defined as follows:

'

Category A: Piles penetrating into the bearing stratum up;

to 10 feet.

Category B: Piles penetrating into the bearing stratum more
than 10 feet.

3- 3
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3.2 Pile Driving and Heave Monitorinc

3.2.1 Driving Criteria
4

| All piles in the heave cluster were driven to meet the

following criteria as described in Reference 1-4.

a. A minimum of 500 blows for the last five feet;
'

b. A minimum of 100 blows for the last one foot; and
c. A minimum of 10 blows for the last inch.

All piles were driven continuously during final seating
to satisfy the above criteria.

3.2.2 Driving Procedures

The pile driving procedures were as described in Refer-

ence 1-4, and in accordance with approved QA/QC proce-
| dures.

3.2.3 Driving Secuence

The piles in the heave cluster were driven row by row
from west to east. Piles in each row were driven

starting from south and moving north. The piles were

numbered in accordance with the chronological order of

driving, as shown on Figure 3-2. Piles 1 and 2 ( AB-141
and SA-9) were driven during the initial phase of the

indicator pile driving program (Ref. 1-4).

3-4
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3.2.4 Heave Monitoring - Survey Procedures

3.2.4.1 Procedures

The following procedures were used to monitor pile heave:

a. Immediately after driving, each pile was surveyed

using standard elevation surveying techniques. A

diamond-shaped steel plate was welded to the pile

flange one to two feet above ground surface. The

elevation of the top of the steel plate was estab-

lished using as reference temporary benchmarks.

These temporary benchmarks were surveyed twice

daily with reference to a deep benchmark which was

socketed into the bedrock outside the area of the

ICategory I structures. The purpose of this survey

was to assure that there was no movement of the

I temporary benchmarks.

b. Each pile in the cluster was resurveyed upon comple-,

|

tion of driving of every additional pile in the
1

cluster.

.

c. Each of the driven piles was surveyed at the end of

each day and at the beginning of the next day, prior

to any additional pile driving.

d. All piles were surveyed twice daily (morning and
1af ternoon) for a period of seven days after comple- |

3-5
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tion of all pile driving to investigate time-

dependent heave.

I

e. Six piles in the cluster were instrumented with

tell-tales installed at the pile tip to measure the

upward movement of the pile tips. The instrumented

piles are identified on Figure 3-2. The tell-tales

were surveyed whenever the top of the pile was;

surveyed.

Driving of nine piles, Nos. 32 to 40, was intentionally

interrupted immediately before these piles penetrated

the predicted top of the bearing stratum and then again
.

after these piles penetrated into the bearing stratum.

One of the purposes of these interruptions was to survey
,

the piles adjacent to the pile being driven in an attempt
;

to identify the nature of pile heave, i.e., whether pile'

heave was caused by skin friction due to heave of the

| clay above the bearing stratum, or was caused by bearing

layer heave.

Six piles driven during the indicator pile driving

'
program (Ref. 1-4) and located close to but outside of

the heave cluster were also monitored for heave during
i

; the driving of the heave cluster. The locations of the
!

,' six piles are shown on Figure 3-2. The purpose of

! monitoring these piles was to evaluat: the lateral extent

; of heave.

3-6
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3.2.4.2 Survey Precision and Accuracy

Elevations were read to 0.001 ft. by an experienced

survey instrument man using an engineer's level installed

as close to the heave test cluster as practicable. A

surveyor's elevation rod was set on top of the diamond

shaped steel plate and held vertical by means of a small
torpedo rod level. Witn this controlled arrangement, the

probablu error for each individual reading is estimated
at +0.003 ft. However, the total cumulative error

between consecutive readings could be up to 0.006 ft.

(0.07 inches). This assessment is reflected in some of
the plots of heave versus time shown in Figures 3-7, 3-9

and 3-11.

3.2.5 Pile Redriving Procedures

A cluster of 20 piles were redriven. It was originally

intended to redrive these piles by at least the amount of
heave. A number of these piles were redriven up to or

i slightly more than one inch. One pile (AS-156) was

; redriven by 2.1 inches. The intent was to verify that
!

even for the second inch of driving the penetration

resistance was above the minimum specified driving

resistance of 10 BPi.

1

! During redriving the total number of blows required to
,

redrive the piles were recorded. On some occasions, a

few blows with short stroke (33-35 inches) were deliveredj

i 3-7
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by the hammer at the beginning of redriving until' the

ha. amer warmed up.-

4

i Each pile in the 20 pile cluster was surveyed prior to
;

I any driving. These piles were also surveyed immediately

after redtiving to establish the amount of redtiving.

Upon completion of redriving of all 20 piles, these piles

were resurveyed to establish the amount of heave which'

>

took place after redriving,

t
I

! A special redtive test was conducted on Pile SA-25. This

pile was redr iven for 6-1/2 inches of additional penetra-

|
tion approximately 68 hours after initial driving (the

pile met the specified driving cciterla during the

initial driving). No other piles were driven between the
,

| end of the initial driving and redtiving. This pile did

not experience any heave between the end of the initial

driving and redriving.

:
I
t

|

|
|

| 3-8
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3.3 Pile Load Tests

3.3.1 Load Test Program

Three pile load tests were conducted to investigate the
,

ef fects of pile heave on the load-deflection behavior and

the ultimate load capacity of the piles at Bailly. The

selection of the piles for load testing was baced on the

following considerations.

a. One load test was conducted on Pile AB-155, which

heaved by 0.62 inches. This pile was instrumented

I

with a single tell-tale installed at the tip of the

pile. Survey measurements of the tell-tale indi-

cated that the pile tip heaved by 0.6 inch. The

load test on this pile provided information on the

load deformation characteristics of the pile tip,

which was useful in evaluating whether the pile tip

was unseated.

b. One load test was cor.d uc ted on Pile SA-9, which

experienced the greatest amount of heave (1.04 inch)

within the heave test cluster.

c. The third test pile (S A-ll) was selected for testing

primarily because it had the lowest final penetra-

tion resistance (8 to 12 blows per inch (BPI) over

the last foot of penetration with 12 BPI for the

3-9
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last inch) within the heave test cluster. In addi-

tion, this test pile heaved by 0.52 inch, which was

close to the average heave within the test cluster.

3.3.2 Load Test Procedures

3.3.2.1 General

The test piles were load-tested in accordance with ASTM

procedure Dll43-74, " Piles under Axial Compressive;

Load". The optional cuick load test method was used.

The reasons for selecting this method were:
|

|

a. The load-deflection diagram would be free of creep
deformations. This is very important since the

primary reason for these tests was to investigate

the possible effects of pile heave on the load-

deflection behavior, in order to assess whether

unseating of the pile tip occurred. Creep deforma-

tion would tend to mask the effects of pile tip

unseating on the load-deflection diagram.

b. Interpretation of pile load capacity using the

Davisson criterion (Ref. 3-3) is based on the ase of
the quick load test method.

c. The rate of load application does not have any

significant effect on pile load capacity (see Ref.

3-2).

3-10
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The quick load te s t procedure consisted of applying the

load in 10-ton increments every 2-1/2 minutes. At the

maximum load (530-600 tons), the load was maintained for

5 minutes prior to unloading. Unloading was performed in

50-ton load decrements. The load was maintained constant

for 5 minutes af ter each load decrement. A slight devia-

tion from the planned procedure occurred during unloading

of pile AB-155. The load was accidentally reduced from

530 tons to 350 tons without taking any interim deflec-

tion measurements. The load was, however, immediately

increased from 350 tons back to 440 tons and held for 5

minutes. Thereafter, unloading proceeded in accordance

with the planned unloading schedule. This incident

caused the slight load cycling shown on the load-

deflection diagram on Figure 3-13.,

1

The load was applied with a 600-ton hydraulic jack. The

load applied to the pile was monitored using a 600-ton

load cell. However, pressure readings f rom the hydraulic;

jack were recorded for ' each load increment as an addi-

tional check on the applied load. A spherical bearing

i was placed between the ram of the hydraulic jack and the
i

load cell to eliminate misalignment of the ram.

,

A four-pile reaction f rame was. used. Typical arrangement

of the frame and reaction piles is shown on Figures 3-3A

and 3-33. All the reaction piles were located more than

|

; 3-11
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7 feet (minimum required by ASTM standards) away from the

test pile. Pile butt movements were monitored with four

dial gauges accurate to 0.001 inch. The dial gauges were

mounted to an independent reference frame with the dial

i stems resting on 2-inch angle plates welded to the-
.

flanges of the pile. Pile tip movement for Pile AB-155

was monitored with a dial gauge welded to the center of

the pile web with the dial stem resting on the top of the
i

tell-tale rod. This allcwed measurement of the tip

displacement relative to the pile butt (i.e., the com-

pression of the pile). All the anchor piles were

monitored for upward movement using one dial guage per

pile.

3.3.2.2 liydraulic Jack and Load Cell Calibrations

| ' A 600-ton hydraulic jack was used to apply the load to-
the test piles. The same jack was used for all three

,>

i '' tests. The load applied to the piles was, however, con-

trolled using load cells. Two load cells were used

during this program. The first load cell which was used

during the test on Pile AB-155 malfunctioned during the

test and was subsequently replaced with a second load

cell,to.nonitor the applied loads on Test Piles SA-9 and

SA-11.

. The load cells were used to control the applied loads

| because they were considered more accurate than the

'
/

3-12
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hydraulic jack pressures. However, the first load cell

(which was used during the test on Pile AB-155) was found

to be inaccurate at loads greater than 300 tons. This

was recognized during the test because there was a sig-
;

nificant discrepancy between the load indicated by the

load cell and the load obtained from the recorded,

hydraulic jack pressures. Th is load cell and the

hydraulic jack were initially calibrated at the

Engineering Mechanics laboratory of the University of

i Illinois, Urbana. However, the two devices were cali-

brated not as a unit but individually and on dif ferent L

occasions.

When the discrepancy between the loads indicated by the
:

load cell and the hydraulic jack was noted, it was

decided upon completion of the test to send the entire
t

| loading system (including the load cell, the hydraulic
!

i

jack, and the pump with its pressure gauges) back to the [
'

University of Illinois for recalibration. This recali-

bration was performed on October 9, 1977, and revealed

that the calibration furnished with the load cell was

incorrect. However, the hydraulic jack calibration was

!.

found to be accurate and consistent with the previous
!

calibration. The calibration data are presented in

'
Appendix 3-E. Consequently, the results of the load test

!
on Pile AB-155 presented in this report are based on the

,

'

recorded hydraulic pressures. Measurements using the

3-13
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load cell were ignored, and the load cell was replaced

for the subsequent load tests.
!
,

}
A second load cell was used to control the load during

the tests on Piles SA-9 and SA-ll. This load cell was

calibrated together with the hydraulic jack, the

hydraulic pump, and the pressure gauges as a single unit

! at Lehigh University, Bethlehem, Pennsylvania. The cali-
a

bration results and calibration charts are presented in
;

Appendix 3-E of this report. However, it is important to

note that the jack calibration obtained at the University

of Illinois was practically identical to the calibration

obtained at Lehigh University and therefore confirms the

accuracy of the load test data obtained during the
-

testing of Pile AB-155.

1

L

4

;

i
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3.4 Results of Heave Procram i

3.4.1 Pile Drivinc Characteristics
,

Table 3-1 surtnarizes information relating to the driving
characteristics of the piles within the heave cluster. t

It includes pile leng th, tip elevation, date of driving,
reference elevation, final driving resistances, and

depth to the top of the bearing stratum. Information

relating to the operation of the hammer and cushion
thicknesses is also given in this ta ble. Plots of :

l

driving resistance versus depth are presented in Appendix

3-A, and the contractor's driving records are encloced in
Appendix 3-B. The set graphs are presented in Appendix
3-C.

Thirty-two of the piles in the heave cluster satisfied

the specified driving criteria by penetrating into the
bearing stratum less than 10 feet. These piles classify

as Category A piles. The remaining eight piles, I;os.

27, 28, 31, 32, 33, 36, 37, and 40, penetrated into the

bearing stratum by 19 to 29 feet and classify as Category
B piles.

!

i
.

t

i
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3.4.2 Heave Measurements
.

3.4.2.1 Piles within the Heave Test Cluster
,

d

Table 3-2 presents detailed pile heave measurements for

: all forty piles. The table includes measurements of the

4 elevation of the reference point near the top of the

pile, the elevation of the tell-tale, and the total heave

3of both at the time of the measurement. Figure 3-44

] presents a histogram of final heave of all piles in the

heave test cluster recorded seven days after com?letion

of driving of the heave cluster. Pile heave varied from ,
1

-0.06 inch * for Pile No. 40 (last pile d r iven) to 1.04

inches for Pile No. 2. However, most of the piles in the
'

heave test cluster (29 out of 40, or 73 percent) experi-i

i

enced heave between 0.4 and 0.7 inch. Only three piles.

(Nos. 15, 1, and 2) heaved more than 0.7 inch. piles 1

and 2 were driven as part of the indicator pile driving

program during the initial phases of the program. Their

locations within the heave test cluster are such that i

j they were af fected by the pile driving, both while it was

advancing towards them and while it was moving away f rom

them. It is, therefore, considered reasonable that these
i

; piles would experience the greatest amount of heave.

!

|
I

' Figure 3-5A presents the distribution of heave within the
|
r

heave test cluster after driving of the first 20 piles (5,

i

i

x 4 cluster) . Figure 3-5B snows similar results after
>

completion of driving of the entire heave test cluster.I

*The negative heave for this pile is considered to be a result
( of survey error and indicates that no measurable heave has taken
!' place.

3-16 *
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The maximum heave at the end of driving of the first 20
;

piles was 0.43 inch, while upon completion of driving of'

the entire cluster, the maximum heave was 1.04 inches. A
;

i
comparison of Figures 3-5A and 3-5B gives an indication
of the ef f ects of the size of the cluster on the magni-

tude of heave.
'!

Generally, pile heave increases towards the center of the
.

cluster, irrespective of the size of the clucter. One of

the two indicator piles in the cluster, P|les No. 1,
4

located at the southern line of the cluster, is an excep-
,

tion to this observation. It heaved 0.84 inch, which is

significantly more than the heave of the other piles
located at the periphery of the cluster. However, this

is to be expected, because it has been subjected to the
i effects of driving of all other 38 piles in the test

Cluster.t

!
.

)

{
Figure 3-6 presents maximum and average pile heave per

,

row versus distance from the first row (located at the
west end of the cluster). The data used to prepare this

;

I f ig u r e excludes the heave of the two indicator piles

within the cluster. There is little variation in average

! pile heave in the first five rows (0.58 + 0.06 inch) .

I
r

J
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,
The maximum heave is greatest in row no. 3, while rows

,

) nos. 1, 2, 4, and 5 have comparable maximum heaves,

i

Figures 3-7A and 3-7B present plots of heave versus time,

i

for e igh t piles within the heave test cluster. These

eight piles are located in different rows and have been
,

selected for presentation because they have experienced
i

the greatest amount of heave within their respective row,,

excluding the indicator Piles 1 and 2. The cates on

which the piles were driven are also indicated on these

figures. It can be seen that most of the heave takes

place very rapidly, usually within the time required to
,

I

) drive the subsequent two or three rows of piles. A

distinct increment in heave is noted after the driving of,

1

each additional pile. The data presented in Figures 3-7A

and 3-7B would indicate that over the weekend of

September 15, 1978 there was a slight increment in heave

although no piles were driven during this time interval

which might be interpreted as time dependent heave. How-

'6ver, this increment in heave is very small and could

very well be the result of survey error QO.03 to 3 070

rinches). Heave measurements over a period of seven days
'

after completion of all driving indicates that the pile

heave at this site is not a time dependent phenomenon.

.

The effects of driving a single pile on the heave of
.'

other previously driven riles in the cluster is demon-;

i

3-13
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3.4.2.2 Piles outside the Heave Test Cluster

Table 3-3 summarizes heave measurements for the six indi-

cator piles located in the immediate vicinity of the

heave test cluster as shown in Figure 3-2. Heave for

these six piles varied from 0.16 inch (Pile RB-513, loca-

tion 38.5 feet away from the closest pile in the test

cluster) to 0.43 inch (Pile SA-59, located 14.5 feet away

from the closest pile in the te s t cluster).

Figure 3-11 presents plots of heave versus time for the

six indicator piles located adjacent to the heave

cluster. The dates on which the heave cluster piles were

driven cre also indicated on this figure.

Piles AB-82 and AB-59, located about 16 and 27 feet to

the west of the heave cluster, respectively, experienced

significant heave, 0.16 to 0.18 inch, during driving of

the first three rows of the test cluster. Subsequently,

during the driving of more distant rows 4, 5, and 6,

there was virtually no change in heave of these piles.

During driving of rows 7 and 8, there was a small but

distinct increase (by about 0.08 inch) in heave of these

two piles. It is also clear from Figure 3-11 that during

the early stages of pile driving in the heave test

cluster, Piles AB-59 and AB-32 heaved more than the other

|

|

3-19
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i
'

) four indicator piles. This is reasonable, since these j
4

J

j two piles are located closest to the first three rows of i
r

!
Ipiles in the heave test cluster.
;
i
&

l

i i

Piles SA-59 and SA-86 are located about 14.5 and 26 feet E
i
.

} east of the heave test cluster. As pile driving
1
'

i

progressed from west to east, piles were progressively !

being driven at closer distancec frca these two indicator
piles. Heave increased sicwly during driving of the

4
'

first five rows of the heave test cluster. A rapid

increase in heave was noted during driving of the last4

i

three rows in the cluster. Pile SA-59, the indicator !
'

t
' t

: pile closest to the heave test cluster, experienced the i

r

( '

I'
{ greatest amount of heave, 0.43 inch. Approximately 0.36 ;

i
't

inch of the total heave for this pils occurred during the,

j driving of the last three rows of piles. !
i

i i
,

1

! i
'

j It must be recognized that, during production pile j

driving, the sequence of driving will be such that the !
i

driving operations will usually proceed away from the
already driven piles, except prsvicusly driven indicator (

; piles. Therefore, the behavice of Piles SA-59 and SA-86
j

i
j is considered less significant in assassing pile heave i
i

j during production pile driving.

!

|

|
,

I

i
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; Indicator Piles RB-519 and RB-513 are located to the
1

| south of the heave cluster and line up with the fif th row
;

'
of piles in the heave test cluster. They are 16.5 and 39

feet, respectively, from the closest pile (No. 22) in
5

the heave cluster. Both of these piles heaved gradually '

during driving of the first five rows by 0.02 to 0.08

inch. Additional heave of 0.13 to 0.22 inch occurred'

during the driving of the last three rows of piles in the,

I heave test cluster.

Figure 3-12 presents the heave of the six indicator piles
'

versus distance from the closest driven pile in the test -

.

cluster. Two plots are shown on the figure. The first.

one shows heave at the completion of driving of the first
,

i
'

20 piles in the heave test cluster. In addition, heave

data from the first pile driven in the cluster (No. 3)
i

is also included for comparison purposes. Upon comple-

tion of driving, the maximum heave was 0.43 inch and

; occurred at 14.5 feet away from the closest pile in the
:

j test cluster. The minimum heave was 0.15 inch and

! occurr ed at a distance of 38.5 feet away from the closest

pile in the cluster.

i

.

1

J

l
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3.4.3 Pile Load Test Results
i

Figures 3-13, 3-14 and 3-15 present load test data from

the three test piles, namely AB-155, SA-9, and SA-11,

! respectively. Load-deflection diagrams as well as plots

; of load and pile deformations versus time are cresented.

All three piles sustained loads well in excess of 400
i

tons (530 tons for AB-155 and 600 tons for the other two,

I

piles) without failure. The raw data for the three lead'

tests are presented in Appendix 3-D.

I Test Pile AB-155 was instrumented with a tell-tale !

installed at the pile tip. The deflection of the pile
,

tip determined from the tell-tale readings showed that

the pile tip settled by 0.34 inch, significantly less
;

than the recorded pile tip heave of 0.6 inch.

<

3.4.4 Results of Redrivinc of Heaved Piles
i

i Upon completion of the heave monitoring and of the pile
!
'

load tests, a cluster of 20 piles, arranged in a 4 x 5

j group as shown in Figure 3-2, were redtiven in accordance
t
-

with the procedures outlined in Section 3.2.5.
.

!

!

:

Y

p

I

j 3-22
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The sequence of redriving was more or less random and was

controlled by the ability of the driving rig to reach

these piles. However, the order of redriving may be

established from Table 3-4 since the redrive data are
presented in accordance with the chronological order of

redriving.

Table 3-4 cummarizes information relating to the

redriving characteristics of the 20 piles. It includes

pile leng th , tip clevation, penetration into the bearing,

stratum, the final driving resistance at the time of

| driving, the redrive resistance and cushion thicknesses
t

during driving and redriving. Pile heave, as well as the

amount of redrive and reheave are also presented.

During redriving a number of blows with shor t stroke

(33-35 inches) were delivered by the hammer at the begin-

ning of redriving until the hammer warmed up. The

of ficial ccntractor 's records excluded all the blows with
stroke less than 36 inches because according to the con-

tractor's OA/CC procedures these blows did not meet the

project specifications. However, these blows were
4

recorded by the engineer's representative at the site

during redriving. Although these records are unof ficial,
.

'

they are presented in Table 3-4 for completeness and to

allow a more realistic evaluation of the redriving resis-

tance. The total number of blows, including those with

3-23
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short stroke, were utilized to recompute penetration

resistance ratios.* These penetration resistance

ratios, presented in the last column of Table 3-4, are

considered more representative of the actual pile pene-

tration resistance during redriving than the penetration

resistance ratios computed excluding the blows with short

stroke.

Very high red:ive resistances were recorded for all

piles. The minimum equivalent redrive resistance

(excluding short stroke blows) was 18 blows per inch

(BPI) and the maximum equivalent resistance was 927 BPI.

All piles, except pile AB-143, had redrive resistances

which were higher than the driving resistance recorded at

the end of initial driving. This indicates that signifi-

cant freeze developed at this site. As pointed out

earlier, the officially reported redrive resistances

exclude the blows delivered to the piles when the hammer

stroke was less than 36 inches. Typically, however,

these short strokes of the hammer were 33 to 35 inches,

which means that the hammer energy was still 90 to 97
.

percent of the rated energy. These blows contributed to

the penetration of the pile during redriving and there-

fore, the actual penetration resistance was higner than

the resistance reported on the contractor's records. The
last column of Table 3-4 shows penetration resistance

ratios including the blows with short stroke. The

*A Penetration resistance ratio is defined as the ratio of the
penctration resistance recorded during redriving to the pene-
tration resistance recorded at the end of initial driving

3-24
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redrive resistances are seen to be at least 1.4

times the penetration resistance recorded at the end of
initial driving. This clearly demonstrates the presence
of freeze at this site.

Figure 3-16 presents the ratio of redriving resistance to

driving resistance as a function of pile penetration into
tne bearing stratum. It is obvious frca this figure that

T.uch higher redriving resistances were measured for the

category 3 piles (piles which penetrated more than 10

feet into the bearing stratum) than for category A piles.

This may be indicative that freeze is much higher for
category B piles than for category A piles.

Heave after redriving varied from zero to 0.20 inches.

The average heave was 0.09 inch. The amount of heave

caused by redriving is small and considered inconse-

quential.

Special Redrive Test

The redrive resistance of pile SA-25 was investigated by

redriving this pile approximately 63 hours after initial

driving. No other piles were driven within this waiting

period (weekend), and the survey data taxen during this

period indicated no heave for this pile. The redrive

resistances are plotted in Figure 3-17 as a function of

the cumulative number of blews delivered to the pile

3-25
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during redriving. The penetration resistance at the end
;

of initial driving is also indicated in thic figure. It

is clearly seen from this figure that redrive resistances
,

were s ign i f icantly higher than the penetration resis-

tance recorded at the end of initial driving. This
.;

a indicates that significant freeze develops at this site
'

within a very short period of time.

;

f

.

!
'

I

f

!
!

/
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. 3.5 Evaluation of Heave and Redrive Data

The heave and load test data demonstrated that heave of
;

up to one inch is not detrimental to the pile load4

capacity. The following sections present the detailed
evaluations leading to this conclusion.

:
4

3.5.1 Magnitude and Areal Extent of Heave
i

; Most of the piles (29 of the 40 piles in the heave tes:
:
,

cluster) heaved between 0.4 and 0.7 inch. Only three
+

4

! piles heaved more than 0.7 inch, while the remaining S
piles heaved less than 0.4 inch. The smallest amount of

heave was experienced by the last 6 piles driven in the

heave cluster (Nos. 35 to 40). Their heave varied from
zero* to +0. 3 inch. The small magnitude of heave experi-

enced by these piles is reasonable, since it has already
been established on the basis of the data presented on

4

! Figures 3-7A and 3-7B that pile heave increases as the
i

number of the subsequently driven piles increases.
:

Heave within the test cluster was found to increase as
the size of the cluster increases. This is demonstrated <

on Figure 3-18, which shows plots of average and maximum

heave within the cluster (excluding indicator piles 1 and
i

2 in the cluster) versus the number of driven piles. For

example, after driving 20 piles (5 x 4 cluster), the
'

maximum heave was 0.43 inch, while at completion of

*The actual minimum recorded butt movement was -0.06 inches,
but this-is considered to be the result of survey error rather than
actual downward movement of the pile.

3 27
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driving of the entire cluster, the maximum heave

(excluding the two indicator piles) was 0.85 inch.

On the basis of these results, it is expected that piles.

within small clusters (up to 20 piles) , which is typical

of many of the clusters in the Auxiliary, Service and

Radwaste Buildings, will heave less than 0.5 inch as a

result of driving of the piles within the individual
!

cluster.
i

Piles in the larger clusters are expected to heave

significantly more. Pile heave in excess of one inch is

expec ted within such clusters due to driving of piles

within these clusters.

An important consideration relative to redriving of piles

which exhibit heave greater than the allowable value (as

presented later, up to one inch heave is allowed) is the

radius of influence of pile driving on already driven

piles. The following section presents an evaluation of

the radius of influence of pile driving on the heave of-

1
previously driven piles.

3.5.1.1 Radius of Influence of Pile Driving

The radius of influence of pile driving is evaluated by

examining the variation of pile heave with distance

caused by driving a single pile, by driving an entire row

3-2S
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1

of piles, and by examining the heave of the indicator

piles located outside the heave cluster caused by driving

of the piles in the heave test cluster.

Typical data on incremental heave caused by driving a

single pile were presented on Figures 3-8A and 3-83.

Appendix 3-F presents the data for all forty piles.

Generally, it may be stated that the piles closest to the

dr iven pile heave the mos t, and that heave decreases with

distance from the driven pile. In many cases, piles

i located as far as 20 feet from a driven pile heaved as .

much as 0.05 inch because of driving of a single pile.

Even with an allowance for survey error, which may be up

to +0.003 feet (+0.036 inch), it may be seen that notice-,

!| able heave may take place at distances up to 20 feet away >

from a single pile.
|
,

The cumulative effects of driving a row of piles is

demonstrated on Figures 3-19A and 3-19B, which present
,

j plots of average and maximum incremental heave within a

given row caused by driving another row of piles (5 piles'

per row) at some distance f rom the row in question. It

may be seen that the incremental heave (both average and;

'

maximum per row) decreases with increasing distance away

from the last driven row. On these two figures, a'

distinction is made between the incremental heave

observed during driving of the first 6 rows of piles and

3-29
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the heave observed during the driving of the last two
!

rows. The incremental heave caused by driving the first

six rows is quite consistent at equal distances from the

last dr iven row. Significantly greater incremental heave

j was noted as a result of driving the last two rows of
1,

{ piles. On the basis of the data of Figure 3-19, it is

concluded that discernible incremental heave (0.05 inch
or more) caused by driving a single row of piles may take

place at distances as great as 20 feet away from a given
row.

,

| The heave of the indicator piles located outside of the

limits of the heave test cluster showed that heave varied

from 0.43 inch at a distance of 14.5 feet to 0.15 inch at I

t

a distance of 39 feet away from the cluster.
, ,

. r

The size of the driven cluster has a significa~ ffect,

on the magnitude of heave, as demonstrated on Figures

3-5, 3-12, and 3-13. For example, at the end of driving

| of the first four rows, the. heave of the indicator piles

f (outside the cluster) was less than one-half of the final
i heave.

1

!
On the basis of the results presented herein, it is con-

,

cluded that significant heave can develop because ,of

driving a single pile or a row of piles at distances up

.
to 20 feet away from the driving activity. However, the

i
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cumelative effects of driving a large cluster of piles
dre seen to Cause significant heaVO at distances in

excess of 35 feet away from the cluster. It is estimated

however, on the bc.is of the results presented in Figure
3-12, that at distances greater than 50 feet, pile heave
caused by driving of large clusters of piles will be

negligible.

3.5.2 The Nature of Heave

3.5.2.1 General

In the evaluation of pile heave as it relates to the

safety and integrity of the pile foundation, it is impor-
tant to determine the mechanism of heave. The various

mechanisms of pile heave are divided into three cate-
gories, as described below.

a. Pile heave caused by the displacement and upward
movement of cohesive soils above the bearing

stratum, called friction heave in this report. In

this case, the pile is pulled upwards by the heaving
soil. This type of heave may cause unseating of the

pile tip, and would be detrimental for end-bearing
piles. Therefore, such piles would have to be

redtiven.

b. Bearing layer heave caused by displacement of the

bearing layer soils during penetration of subse-
quent piles into the bearing layer. This type of

3-31
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heave does not cause unseating of the pile tip and

is, therefore, not considered detrimental to the

j pile load-deflection behavior or to the ultimate

pile capacity. It is, therefore, not necessary to

redrive piles which experience bearing layer heave

j only.

!

'c. A combination of end bearing and friction pile

heave. In such a case the need for redriving

depends on the relative magnitude of the two types

of heave.

The most direct way of determining the effects of heave ,

on pile behavior is by performing load tests on piles

which experienced heave. This approach does not require
,

precise knowledge of the type of pile heave, although

from the shape of the load-deflection diagram it is

possible to evaluate whether the observed heave is detri--

mental to pile behavior. The mechanism of heave may then

be inferred from these data.

i

It has been experimentally established by others (see

Klohn, Ref. 3-1) that end bearing piles which suffer

unseating because of heave exhibit a sharp break in their

load-deflection behavior when the full skin resistance is
i

mob ili::ed . Therefore, visual inspection of the load-
|

a deflection diagram of a load-tested pile which derives
.

3-32
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its capacity predominantly from end bearing would

indicate whether heave has caused unseating of the pile
!
'

tip.
1

Another way to invastigate the nature of the heave is by
driving some piles through the overburden until they just,

T

'

reach the top of the bearing stratum and recording the
l

heave of neighboring piles. Then the same piles may be

driven into the bearing stratum and the heave of the
neighboring piles again recorded. In this manner, a

comparison may be made between the heave caused by

displacing the overburden soils and the heave caused by
displacing the bearing layer soil.

3.5.2.2 Investigation of the Nature of Heave

The ef fects of pile heave on the load-deflection behavior

and on the ultimate load capacity of driven piles at-

< Bailly was investigated by performing three load tests on
,

piles which heaved between 0.5 and 1.04 inches. One of

these piles (AS-155) was instrumented with a tell-tale
,

installed at the pile tip which indicated thar the pile
tip heaved by 0.6 inch, which was only slightly smaller
than the pile butt heave (0.62) .

The nature of heave was further investigated by measuring
!

heave caused during pile penetration through the over-
.

| burden materials and also af ter the piles penetrated into
i.

$
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the bearing stratum (and met the specified driving

criteria). Such detailed heave records were obtained
during driving of 9 piles in the heave test cluster. The

results of the pile load tests and the heave measurements

from the 9 piles described above are evaluated below.

3.5.2.2.1 Evaluations of Pile Load Test Results
Figure 3-20 summarizes the load-deflection behavior of

the three piles tested as part of the heave program. The

load-deflection behavior of Pile Q-94, which was load

tested in October 1977 (Ref. 1-1) is also included for
comparison. It can be seen from Figure 3-20, the load-

deflection diagrams are practically identical for all

four piles up to the maximum applied load. Variations in

pile heave of 0.5 to 1.04 inches apparently have no

noticeable effect on the load-deflection behavior of
these piles.

The load deflection behavior of Pile AB-155 was analyzed
using the procedures developed by Reese (Ref. 3-4).

Dr. Reese was retained as consultant to the project to
provide an independent review of the work presented

herein. His letter documenting the review is included

immediately following Chapter 6 of tnis report.

Dr. Reese conducted similar analyses for Pile AB-155 and

Pile SA-ll as part of his evaluation. The general

procedure for computing load deflection behavior of

3-34
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the input parameters used in the analyses are presented in,

Appendix 3-G. For this reason, details of the analsyses
will not be presented in this section. The purpose of

the analyses was to first estimate the ultimate load

capacity of test Pile AB-155 and to then evaluate analytically

the ef fects of pile tip unseating on pile load-deflection
characteristics.

Figure 3-21 presents the analytically computed load-

deflection behavior of Pile AB-155 up to failure. The

computed ultimate load was 630 tons. It is important to

note that the computed load-deflection diagram follows
very closely the experimentally observed load-deflection

diagram up to the maximum applied load of 530 tons. The

good agreement between the computed and experimentally

observed load-deflection behavior gives credibility to
the soil proper ties and to the analytical model used for

this study (see Appendix 3-G for a description of the
analytical study).

Figure 3-22 presents the analytically computed friction

loads and tip loads as percentages of the total applied
load for Pile AB-155. At the maximum applied load of 530

tons, the tip load was 40 percent of the butt load, or

212 tons. The fact that the tip of the pile under this

load settled only 0.34 inch is an indication that the

pile tip was in firm contact with very dense soil. Had

3-35
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1

i

; the pile tip been unseated by 0.6 inch (the measured pile

tip heave), it would have been impossible to develop the
high tip resistance indicated by these analyses with such
small movement.

i

To further demonstrate that the pile tip was not
3

unseated, an analysis was performed using the same

material properties as those used in the analysis which t
,

; yielded the results shown on Figure 3-21. However, the I
i

tip load versus tip dcflection diagram (which was back-

calculated from the earlier analyses) was modified to
,

simulate a 0.6-inch unseating of the pile tip. The load-

deflection diagram obtained from this analysis is shown
on Figure 3-23. The experimentally observed load-

deflection diagram is also shown on Figure 3-23 for
comparison. It is clear from this comparison that the

tip of Pile AB-155 was not unseated. Had the pile tip

been unseated, the experimentally observed load-

deflection diagram would have indicated a sudden incre- '
,

i
| ment in deflection with little increase in load, similar

to the one seen in the analytically computed load-

deflection diagram,
t

.

.

; The fact that the load-deflection diagrams of all three
. piles are smooth curves, and the fact that these diagrams4

are practically identical irrespective of the magnitude
of heave, support the analytical studies which indicate

3-36
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that the pile tip was not unseated. Therefore, it is,

'

concluded that pile heave at Dailly of at least one inch
<

| is not detrimental to the load-deflection character-

istics or to pile capacity.

|
1

3
'

| 3.5.2.2.2 Supplementary Investigation of the Nature of Heave

The driving of nine of the piles in the heave test

f cluster was intentionally interrupted for a few minutes
I

at varying penetrations to allow foc surveying of neigh-
boring piles. The purpose of this operation was to

determine whether heave was taking place prior to or
after penetration into the bearing layer.,

;

;
:

| Figure 3-24 presents a plot of the friction heave versus
! i

the heave which developed during penetration into the *

| bearing stratum. It is seen that the measured incre-

montal neave is quite cmall and any trends in heave'

behavior are masked by the survey errors (which may be up
1

i to +0.036 inches) . The results shown on Figure 3-24 may

however, be considered as indicating that at Bailly, pile

heave is caused both by upward skin friction along the
pile shaft (caused by the upward movement of the over-

'

burden cohesive soils) and by bearing layer heave.
t

i
i

i

i !

i

4

+
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3.5.3 Allowable Pile Heave
,

The results of.the three load tests on piles which heaved1

|

by 0.52 to 1.04 inches indicate that heave of at least
!

one inch is not detrimental to pile load-deflectionj

!characteristics nor to pile capacity. This observation
j would indicate that pile heave of at least one inch does
; not lead to unseating of the pile tip. Further substan-

tiation of this is given by the analytical studies for
Pile AB-155, which indicate that at the maximum butt load

of 530 tons, the pile tip provided load resistance of
about 212 tons, and yet the pile tip settled by 0.34 inch
only. This settlement is much smaller than the recorded
pile tip heave of 0.6 inch. Analytical studies simu-

lating pile tip unseating indicate clearly that had the
tip of any of the tested piles been unseated, it would

i

have been easily detected by the shape of the load-
| deflection diagram. However, the experimental load-

deflection diagrams for all three piles indicate no '

unseating.,

Further substantiation to this is provided by the results
obtained during redriving of the heaved piles. All the

Category A piles have lengths which dif fer only by a few
-

feet. The thickness of the glacial lacustrine clay within ;

i

the area of the heave cluster is practically constant.
It is therefore expected that all Category A piles in

!

3-33,
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thi- cluster would have similar freeze. Under these1
I

conditions, had pile tip unseating taken, place, the
penetration resistance ratio would decrease with
increasing pile heave. The results presented in Figure
3-25 which plots penetration resistance ratios versus
pile heave clearly demonstrate that this is not so, since,

!

there appears to be no relationship between the penetra-:

; tion resistance ratio and pile heave.
1

In conclusion, the pile load test results on the heaved
piles, the analytical studies simulating pile tip

unseating and the redrive data show that no pile tip
unseating took place. It is therefore reasonable to

d

change the allowable pile heave from the present

criterion of 1/8 of one inch to one inch.

i

3.5.4 Criteria for Redriving Heaved Piles

Based on the heave results obtained from the heave test
cluster, it is anticipated that all production piles
within the area of Category I structures will heave
initially (i.e., upon completion of driving of piles

I

within a given cluster) in excess of 1/8 of one inch,
even for clusters containing as few as 10 piles (see

:

Figur e 3-13) . Furthermore, it was found that significant

additional heave may take place because of driving of
additional piles in other clusters located as far as 30,

-

or 40 feet f ro.a a given cluster . It is therefore essen-
..
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tial that the allowable heave be associated with a

specified distance within which all piles must be driven

prior to undertaking the redriving process.
,

The purpose of this section is to provide a revised set

of heave and redrive criteria based on the above concept.

In developing the proposed heave and redrive criteria,.

the following factors have been considered:,

'

a. Load tests on piles which heaved by 0.52 to 1.04
inches showed that heave of up to one inch is not

detrimental to the piles. It is therefore appro-

priate that the maximum allowable pile heave be

, increased to at least one inch. This conclusion is
i

based on the following facts:

1 1. The load-deflection behavior of the three test
piles which heaved by 0.52 to 1.04 inches was

:

similar to the load-deflection behavior of

Piles TP-A, TP-B, and Q-94, i.e., no rapid

increase in deflection was noted at inter-,

mediate test loads which would indicate

unseating of the pile tip.

2. The ultimate load capacities of all three test

j. piles were in excess of 530 tons, with two

3-40
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piles in excess of 600 tons which far exceeds

the specified acceptance capacity of 400 tons.

b. Even after redriving is accomplished, it is expected

that some additional heave will occur because of
driving of piles at some distance away. The magni-

tude of this additional heave will depend on how f ar

away from a given cluster the pile driving operation
,

has progressed before redriving of that particular

j cluster has been undertaken. Therefore, the magni-

tude of heave above which redtiving is required must

be selected with due consideration to the magnitude

of additional heave which may take place after

redriving.

,

c. The third consideration relates to access to,

previously driven piles for the redriving opera-,

4

tion. Using swinging leads, it is possi' ole to reach

piles up to 50 feet from the pile driving rig.

Allowing some space for ease of movement of the rig,

it seems that the maximum distance within which
:

I
redrivir; 17 se accomplished is limited to 40 feet.

!

l

.d . The -ag n u. de of heave within a cluster, as well as

the magnitude of neave caused by driving additional -

clusters, is influenced by the size of the clusters.
i

! Figures 3-5, 3-12, and 3-18 de.r.ons t r a t e this

3-41
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conclusively. Piles in small clusters, consisting
of 20 piles or less (a condition typical of clusters1

. in the Auxiliary, Service and Radwaste Buildings) ,f
J,

,

are expected to heave less than 0.5 inch upon com-
pletion of driving of the piles within a given

cluster. Piles located within large clusters, as is
the case for the Reactor Building, are expected to

4

heave considerably more than 0.5 inch, and many.

piles will probably heave in excess of one inch. It

is recogn i::ed that driving of neighboring clusters
prior to the redrive operation, will cause addi-
tional heave within such clusters. The driving of,

small neighboring clusters will cause smaller

additional heave than the driving of large clusters.

(

In order to limit the amount of final heave to less than
i

one inch, revised heave and redrive criteria are as
; follows:

|

1. All piles which experience heave in excess of 0.5
inches will be redriven by the amount of heave.

.

2. The equivalent penetration resistance shall be a
minimum of 10 BPI.

.

>

3. Redriving will be performed af ter all piles within a

distance of 35 feet have been driven.
!

!
J
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The above criteria replaces the redrive criteria
'

presented in the responses to NRC questions submitted on
,

July 14, 1978 (Ref. 1-3).

It is recognized that because of the great density of |
I

piles within the Reactor Bu ild ing that most piles will
perhaps-heave in excess of 0.5 inches and will, there-

fore, have to be redriven. The redriven piles will have

a margin of at least one inch of additional allowable

haave after redtiving has been performed.j

i

!

:

'
.

!

4

i
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; 3.6 Conclusions
3 .

The results of the heave monitoring program lead to the
,

following conclusions:

F

1. Pile heave within a given cluster is dependent on
the sise of the cluster. Small clusters with up to

20 piles are expected to experience heave of less
than 0.5 inches. Larger clusters will heave more.

,

For clusters with 40 piles or mere, some piles may
!

j heave .a excess-of one inch, prior to redriving.

2. Relatively small additional heave takes place

because of driving of piles at distances greater
t

than 40 feet from previously driven piles. It is

estimated that for all practical purposes, heave
caused by driving piles at distances greater than 50
feet will be negligible.

|

,

3. The results of three load tests on piles which

heaved between 0.5 and 1.0 inch indicate that at!

least one inch heave is not detrimental to pile
capacity or to the pile load-deflection character-

I

istics. Analytical studies for the load tested!
.

piles together with the results obtained during
| redriving ind ica te that the pile heave does notI

result in unseating of the pile tip.

3-44 '

_ - - - . - . . -. .. . . . - . - - . - . _ _ . . . -. . --. .. .. .. .--.



, . . . --

SARGENT & LUNDY
ENG;nEERS

CHICAGO

On the basis of the results of this study, it is

recommended that the allowable total pile heave be

increased from the present criterion of 1/8 of one,,

inch to one inch.

A set of new redrive criteria have been developed

which replace the redrive criteria presented in the

July 14 submittal to the NRC by NIPSCO (Ref. 1-3).

I In accordance with the new redrive eriteria all
s

piles wh ich exhibit . heave in excess of 0.5 inches

'

will be redriven. Redr iving will not be performed

until all piles within a 35 foot radius have been

driven. During redriving the piles shall have an

equivalent resistance of a minimum of 10 BPI.

4. The redrive penetration resistances show conclus-4

ively that significant pile freeze will develop at

Bailly.

'
,

i

t

i

,
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SUMFtARY OF PILE DRIVING DATA - itEAVE CLtfSTER
|

| - n

Depth Cushion
Final Illows To Top of Itammer Speed in ThicknessFurnh.h Driven Tip * Date Driving Blows I.a s t Bearing Blows per Inch / InitialPile f.ength I.ength Elev. C.S.E./R.E. Driven Re sistance Last Five Stratum St roke in Inches Final I

!

1.uc . Ft. Ft. Ft. Ft. (1978) EPI Foot Feet Ft. at Final Drive Inches Ee:ws rks i

SA f
I9 75.4 5H'-4" ~50.5 48/+9.6 8/8 16 159 498 52 ** ** Previously [

driven indi- i

cator pile. ;
rAB
f141 75.3 58'-5" -50.4 +8/t9.8 H/8 15 154 514 52 ** **,

| Previously [
driven indi- !

cator pile,
f

AB
5-7/8 Ij 107 75.3 58'-0" -50.08 tu.5/t9.4 9/11 20 228 526 51 60/37 ~ ~T/8 Added one [4-

[
(0.G'-20.0') piece of P!

6-9/16 cushion at
4-7/8 21'. f

(20.0'-58.0') f

An
5-3/4108 75.4 56'-9" -48.96 48.5/+9.2 9/11 17 178 582 51 61/36 5-5/16 Added one

f
piece of
cushion to
the old one.

I
.

( _4-5/ 8 f
AB

- 109 75.4 58'-1" -50.15 68.5/+9.2 9/11 16 160 503 51 61/36 4-1/4 !I
f

{ AB
4-1/4 h

.
110 75.3 57'-5" -49.45 +H.5/t9.3 9/11 20 195 518 52 61/36 4-1/3 [| *,

AB
4-1/8 hj 111 75.3 59'-7" -51.84 48.5/+9.3 9/11 18 166 503 52 62/36 4-1/8 !

r

h

L

i r
i k

t
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4.0 PILE DRIVING CRITERIA

4.1 Introduction
;

The present specifications for pile driving require that

i all production piles be driven in accordance with the

following criteria:

a. A minimum of 500 blows for the last five feet,

b. A minimum of 100 blows for the last one foot.

c. A minimum of 10 blows for the last inch.

These criteria are applicable to the driving of produc-

tion piles using the Vulcan 016 st2am hammer using a wire

rope cushion contained within the helmet cavity.

:
,

,

Initially-the driving criteria consisted only of parts a

and b given above. The intent of the 500 blows for five

feet of penetration criterion was twofold: a) provide a
;

minimum embedment of 2 to 3 feet into the bearing

i stratum, and b) preclude the possibility of a pile

meeting high penetration resistance in a thin dense sand
!
I layer overlying a clay layer which upon loading might not

be able to provide sufficient support for the required

400 ton capacity. The 100 blows /fcot criterion was
'

required to provide for sufficient pile penetration

resistance, to develop the required pile capacity. In

the development of this part of the driving criteria,

| wave equation analyses were utilized in conjunction with

three pile load tests (TP-A, TP-B, and Q-94) which indi-

| 4-1

,

,, , . - , c --. , - - . - . - - , . . . - . .- <.



- _-

SARGENT & LUNDY
ENGINEERS

CHICAGO

cated that sufficient freeze would develop at the site,

to obtain the specified minimum pile capacity of 400

tons. The criterion of 10 blows per inch was added at

the request of the NRC staff as outlined in Reference

1-3.

Experience gained during the indicator pile driving

program show that the 500 blow per last five feet and 10

BPI criteria were the governing ones in all cases.

However, the 100 blows per foot criterion is still a con-

venient index for determining when a pile may be very

close to meeting the specified driving criteria and,

therefore, the inspectors should begin to record penetra-

tion resistances for every inch.

Most of the indicator piles had final penetration

resistances significantly greater than the specified 10

BPI. However, there were a few piles which just met the

minimum (.f iving resistance of 10 BPI. This is demon-

strated in Figure 4-1 which presents a histogram of the

final driving resistances (BPI) for piles which met the

specified driving criteria. In addition, load tested

piles (TP-A, TP-B and Q-94) had final driving resistances

in excess of 10 BPI and, therefore, there was some ques-

tion as to whether a pile which just meets the minimum

specified driving resistance would still be able to

provide the minimum specified capacity of 400 tons. As

4-2
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part of the heave monitoring program, a pile which just

met the specified driving resistance was identified and
f

load tested to provide subtantiation for the suitability

of the 10 BPI criterion. The results of the load test on

this pile, SA-ll, have been presented in Chaprer 3.0 of

this report and will be referred to herein only briefly.

Wave equation analyses were used to estimate pile capaci-

ties at the end of pile driving and to assess soil freeze

from load te st data. The computed pile capacities are

influenced by the stiffness of the hammer cushion which

is used as input to the wave equation analyses. The

hammer cushion consisted of wire rope coils. For this

material there were no reliable published data on stiff-

ness coefficients. It was therefore decided to perform a

series of laboratory tests to determine stif f ness coef-

ficients for the wire rope cushion. The results of these

experiments together with parametric wave equation

analyses were used to provide guidelines for tolerable

cushion thickness to be used during production pile

driving. A special field experimant was performed during

! the driving of piles in the heave cluster to verify the

results of the wave equation analyses. The results of

these experimental and analytical studies are presented

in this chapter of the report.

!

!

4-3
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4.2 Purpose and Scoce

This chapter addresses the following items:

a. Wire rope cushion properties and cushion thickness

tolerances for production pile driving.

b. Pile load-deflection characteristics and pile load
capacity for a pile with the minimum specified pene-

tration resistance of 10 BPI.

c. Analytical and experimental evidence of soil

freeze.

4.3 Cushion Properties

4.3.1 General

In response to the NRC staf f position 362.12 (Ref. 1-2),

a series of laboratory confined compression tests were
performed to establish the stiffness characteristics of

wire rope cushions of different thicknesses subjected to

different degrees of permanent compression during pile
driving. Once the variation in cushion material proper-

,

ties was established on the basis of these laboratory
tests, a series of parametric wave equation analyses were

; per formed to evaluate the ef fects of cushion stif f ness on

pile driving resistance. On the basis of the data

presented in this section, recommenda tions are provided
relative to the acceptablevariations in cushion thickness
during driving.

4-4
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4.3.2 Experimental Program

The wire rope cushion consists of coils of various thick-

nesses made out of 3/4 inch diameter steel cable. The

! thickness of the coils generally varies from 3/4 of one

inch to 3-1/2 inches. Several cf these coils are usually

placed loosely into the helmet cavity and together make

up the initial cushion. The initial cushion thickness

usually varies from 5 to 7-1/2 inches. A one inch thick

steel plate is then placed on top of the cushion. The
,

steel striker plate, usually 3-1/2 inches thick, is set

on top of the steel plate. Field data obtained during

the indicator pile driving program show that there is

significant compression in the cushion after a few

hundred hammer blows. Typically, a fresh cushion may

compress by 2 to 3 inches after driving one single pile

with most of the compression taking place within the

first 600 blows.

Six compression tests were performed to investigate the

variation of cushion stiffness with thickness and degree

of permanent compression which occurs during driving.
,

4.3.2.1 Preparation of Test Scecimens

Four cushions were prepared for testing by the contractor
,

in July 1978. Each cushion, together with the driving

helmet and striker plate, was subjected to varying
,

numbers of hammer blows. To achieve this cushion prepa-j

4-5
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ration, the hammer was set on previously driven anchor

piles (located outside the Category I s tr uc tur e s) and

driving was performed until each cushion had been sub-

jected to the desired number of blows. The condition of

each cushion prior to testing is described below.

a. Fresh cushion: Subjected to 150 blows with the

Vulcan 016 hammer and having a final cushion thick-

ness of 4.9 inches.

b. Early cushion life: The cushion specimen was

subjected to 1000 blows of driving with final

cushion thickness of 3.8 inches.

c. Middle of cushion life: The cushion specimen was

subjected to 9000 blows with final thickness of 5.8

inches.

d. End of cushion life: The cushion specimen subjected

to 14,628 blows with final thickness of 4.6 inches.

Two additional tests were per formed on wire rope cushions

prepared during the indicator pile driving program, as
'

follows:

e. Early cushion life: The specimen was subjected to

2873 blows with a thickness of 4.1 inches,

f. Middle cushion life: The specimen was subjected to

6610 blows, having a thickness of 5.3 inches.

4-6
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Each cushion was prepared in a separate helmet and was

sent to the Engineering Mechanics laboratory at the
,

.

University of Illinois, Urbana, together with its helmet

and striker plate for testing.

>

4.3.2.2 Laboratory Test Procedures

Each cushion within its helmet was placed in the testing

machine and load tested. A one inch thick steel disc was

placed on top of the cushion to distribute the load
1

evenly over the entire area of the cushion.

The cushion deflections were measured using two dial

gauges with their stems resting on top of the steel disc

at diametrically opposite locations. The average of the
,

two dial gauge readings was used to compute the total

deflection of the cushion.

Each cushion was loaded to a maximum load of 1500 kips.

10 load cycles were applied to each cushion. The load

was increased in 50-kip increments and decreased in

100-kip decrements. During the first and tenth cycle,

deflections were measured for every load increment and
i

dec. int. For the second to ninth load cycles, deflec-
;

t! tere recorded at the maximum load and after com-
!

| unloading. The raw test data are provided in

M 4-A.

4-7
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4.3.2.3 Evaluation of Cushion Test Results
The compression test data were used to compute the

cushion stiffness using the relationship:

K = P/s (1)

where P is the axial load applied to the cushion and his
the deflection recorded at the top of the cushion.

1

The results of the cushion tests showed that the stiff-
ness varies both with the magnitude of applied load and
the number of loading cycles. Figure 4-2 presents the

variation of cushion stiffness recorded at the maximum
'

applied load with the number of loading cycles. For all

practical purposes, the cushion stiffness remains

constant for the second to the 10th cycles. The low

stiffness calculated for the first load cycle is believed
to be caused by reseating of the cushion within the

| helmet. During transportation, the cushion could have
been disturbed and loosened. The greater deflections

measured during the first loading cycle are considered to

be the result of reseating of the cushion in the helmet
. cavity.

Figure 4-3 presents the variation of cushion stiffness
recorded during the tenth cycle versus the applied load,,

t The stiffness increases with increasing load, indicating|
t

I

| 4-8

. . . . . ,_ . - - . - -.- .- - . - _ - - -



. - __.

!

SARGENT & LUNDY
ENG|NEERS

CHICAGO

nonlinear stress-strain behavior of the cushion
1

material. This is caused by the compression of the wire

rope strands and by sliding of strands along each other;
and by. lateral displacements caused by the initial loose

,

fit of the cushion into the helmet cavity.

4

Table 4-1 summarizes cushion stiffnesses from the six
tests, computed at a total applied load of 800 kips for
the 10th cycle of loading. The 800-kip load was selected

on the basis of the acceptance pile capacity of 400 tons.
Figure 4-4 plots cushion stiffnesses versus cushion

thickness, using the data of Table 4-1. It may be seen

that the cushion stiffness decreases almost linearly as
the thickness increases. It is interesting to note that

the fresh cushion with 4.9 inch thickness had approxi-
mately the same stiffness as a cushion at middle life,
5.8 inches thick.

I

! 4.3.3 Ef tects of Cushion Thickness on Penetration Resistance
A series of wave equation analyses were performed for two

dif f erent pile lengths to evaluate the eff ects of cushion
stiffness on penetration resistance and ultimate

capacity for conditions prevailing immediately after

driving. Cushion stiffnesses were varied between 750
kips per inch (k/in) to 465,000 k/in. The results of the
wave equation analyses are plotted in Figures 4-5 (for a
35 ft long pile) in terms of ultimate capacity versus

4-9
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penetration resistance in blows per inch. It may be.seen

from this example that in order to achieve ultimate
t

capacities over 300 tons it is much more efficient to use
#

1
4

a cushion with stiffness close to 1500 k/in than using a

cushion with 750 k/in. There is little benefit in

increasing the cushion stiffness above 1500 k/in. The

cushion test data indicate that the cushion stiffness

varies f rom 2000 k/in f or a 3.8 inch thickness to approx-

imately 1,000 k/in for a cushion thickness of 5.8 inches.

In order to optimize pile driving, cushion thicknesses

should be maintained less than 4-3/4 inches.

The results of the wave equation analyses are supported

by the results of a driving investigation performed

during the heave monitoring program. This investigation

consisted of driving pile SA-27 with two cushions,

nominally 4 inch and 5 inch thick, respectively. The

procedure used for this investigation, was as follows:
a

First, the pile was driven to satisfy the specified

driving criteria. It was then driven further in two inch

steps using two different helmets, one helmet for each

consecutive step. The first helmet contained the 4 inch

(nominal) thick cushion while the second helmet contained

the 5 inch (nominal) thick cushion. The results of this

i investigation are plotted in Figure 4-6, which shows the

average penetration resistance obtained for each two
4

inches of penetration with the dif f erent cushions versus

4-10
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the depth of penetration. It is clear from the results

shown in this figure ti at the penetration resistance

encountered when the 5 inch (nominal) thick cushion was
used is greater than the resistance encountered with the-

4 inch (nominal) cushion. For example, on the basis of

the data presented in Figure 4-6, it is seen that a

resistance of 20 BPI with the 4 inch (nominal) thick

cushion corresponds to a penetration resistance of 34 BPI

for the 5 inch (nominal) thick cushion, indicating a 70%

increase in penetration resistance. The parametric

studies based on wave equation analyses for varying

cushion stif fness also show significant decrease in pene-

tration resistance as the cushion stiffness increases

from relatively lower values (1000 k/in) to higher values

(greater than 1500 k/in) .

/4 Pile Load Test

Pile SA-ll- had penetration resistances during the final

foot of penetration between 8 and 12 blevs per inch with

a penetration of 12 BPI for the last inch. This pile was

considered as approximating the conditions of minimum

penetration resistance as specified by the driving

criteria. This reasoning is based on the average pile,

)
penetration resistance for the last 6 inches, which was

10 BPI. The cushion thickness at final driving was

4-5/16 inches.

4-11
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The pile was load tested in accordance with the proce-

dures described in Chapter 3 of this report. Test

details and the load-deflection behavior are presented in

Chapter 3. The pile sustained a maximum load of 600 tons

with a butt deflection of 0.89 inches, which is slightly

grecter than the theoretical clastic compression of the

pile (PL/AE = 0.85 inches).

Heave monitoring data have shown that pile SA-ll heaved

by 0.52 inches. The fact that this pile had a final

penetration resistance equal to the minimum specifiej

value and also heaved by 0.52 inches and yet demonstrated

very high pile capacity with excellent load-deflection

characteristics provides further substantiation of the

adequacy of the proposed minimum driving resistance

critet ton.

|

4.5 Soil Freeze

The wave eqt ation analysis provides an estimate of the

ultimate capscity of a pile immediately after driving,

based on the penetration resistance that the pile

encounters. During pile penetration through clay strata,

the clay is disturbed and remolded and therefore sustains

a reduction in its shear strength. Some time after

driving, the remolded clay reconsolidates, gains

strength and provides greater frictional resistance;

|

j 4-12
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thus increasing the pile capacity. This is commonly

referred to as soil freeze. Redriving the pile at this
.

time provides an indicaticn of the increase in capacity

gained due to soil freeze.

This concept has been discussed in the literature among

others by Fuller (Ref. 4-1), and Davisson (Ref. 3-3). On

this matter Davisson states:

"Information on the existence of freeze or
relaxation can be obtained by systematically
retapping a few of the piles on a job. For
example, a pile can be redriven one day after
it was originally driven; if the blow count is
higher than at the end of initial driving,
freeze can be presumed to have occurred. If a
decrease in driving resistance is observed
relative to initial driving, then relaxation
can be presumed to have occurred. In some
cases, the redrive data itself can be used to
make numerical estimates of the amount of
freeze or relaxation that has occurred."

The increase in pile capacity because of soil freece may

be estimated using the penetration resistances recorded

during redriving in conjunction with wave equation

analyses.

Another way to estimate the increase in pile capacity

caused by soil freeze is by comparing pile load capacity

obtained from load tests conducted at some time after

pile driving, to the ultimate capacity at the end of

initial driving estimated with the aid of the wave

equation analysis.

4-13
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The following section presents redrive data, the results

of wave equation analyses and pile load test results to

demonstrate the presence of soil freeze at the Bailly

site.

Redrive Data

As part of the heave monitoring program, 20 piles within

the heave test cluster were redriven approximately 40

days after initial driving. The results obtained from

the redriving program have been presented in Chapter 3 of

this report. Figure 4-7 plots redrive penetration resis-

tance versus penetration resistances at the end of

initial driving for the Cateogry A piles. The minimum

penetration resistances during initial driving within

the 20 pile cluster was 12 BPI for piles SA-ll and

AB-145. The corresponding redrive resistances were 278

and 68 BPI respectively. The Category B piles had

extremely high redriving resistances, in all cases

exceeding 500 blows per inch. The data collected during

redriving indicated clearly that freeze is present at

this site. The officially recorded penetration resis-

tance for pile AB-143 was only 18 BPI as compared to 28
i

BPI recorded at the end of initial driving. However,

this pile was subjected to an additional 25 blows with

hammer stroke between 33 and 35 inches. These blows were

;

officially dicounted for CA/CC purposes because the

f harmer stroke was below the specified 36 inches. For an

4-14
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,

engineering evaluation, however, the short stroke blows

still deliver 90 to 97 percent of the hammer rated

energy. Therefore, the actual penetration resistance of

the pile would be 38 BPI as noted in Table 3-4, had the

blows with short stroke been included. This penetration

resistance certainly indicates the presence of freeze.

Wave Equation Analyses

Wave equation analyses were performed for a 75 foot long

pile driven to a 60 foot penetration. Two cases were

examined. The first case models the situation existing

immediately after driving. The pile resistance was

assumed to be d is tr ibu ted as 70 percent in end bearing
and 30 percent in skin friction. The second case simu-

; lates redriving conditions at some time after initial

driving. The pile resistance was assumed to be distrib-

uted as 50 percent end bearing and 50 percent in skin

I triction.
l
:

Figure 4-8 presents results of the wave equation analysis

for the pile with 60 foot penetration which is typical of

the load tested piles. These results indicate a 75 ton

i increase in capacity when the penetration resistance

increases from 10 BPI to 30 BPI, and a 50 ton increase

when the penetration resistance increases from 20 BPI to

' 60 BPI.

4-15
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On the same figure, the maximum test loads applied to the

three test piles in the heave cluster are plotted at

their corresponding driving resistances. A lower bound

of the freeze load may be obtained as the difference

between the ultimate capacity indicated by the wave equa-

tion analysis and the actual applied load. It is clear

from Figure 4-8 that the freeze load exceeds 200 tons.

|
It is recognized that since freeze is caused by

reconsolidation of clay along the pile shaft, the magni-

tude of freeze will depend on the thickness of the clay

along the pile shaft. The thickness of the glacial

lacustrine clay layer which overlies the interbedded

deposit (and which is considered the source of freeze)

varies significantly in the north-south direction. It is

smallest (12 to 15 feet thick) at the south end of the,

:

Radwaste Building and increases to about 35 feet at the

j south part of the Auxiliary Building. It would therefore
!
' be expected that freeze would be lowest at the south end

of the Radwaste Building. However, the load test on pile

TP-3, which was driven just outside the southwest corner

of the Radwaste Building, showed a capacity of 590 tons

(using Davisson's failure criterion) . This capacity is

significantly greater than the capacity predicted with

the wave equation, even if the highest possible cushion

j stiffness was used. Figure 4-9 shows the results of the

wave equation analysis for test pile TP-3, together with

4-16
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the recorded load capacity. It is clear that freeze is

at least 170 tons at this location. Similar comparisons

of the capacity of test pile TP-A (490 tons) which was

driven just outside the southwest corner of the Reactor

Building with the capacity predicted from wave equation'

analyses (430 tons) indicate that freeze would be at

least 60 tons. It is therefore concluded that

significant freeze develops over the entire site.

In addition to all the above considerations it should be

pointed out that six production pile load tests are

planned. They will include piles with minimum penetra-

tion resistances from various locations within the main

building complex. Therefore, during production pile

driving, additional verification will be provided of the

adequacy of the selected minimum driving criterion to

produce piles with capacities in excess of the minimum

acceptance capacity of 400 tons will be provided.

4.6 Su:rmary and Conclusions

Wire Rope Cushion

A series of laboratory compression tests were conducted

on wire rope cushions to establish their stiffness for

use with the wave equation analyses. The laboratory test
_

results were also used to establish a correlatior. between

cushion stiffness and compressed cushion thickness. On

the basis of the results of the wave equarion analyses,

: 4-17
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it is concluded that for optimum pile driving the cushion

thickness should be maintained less than 4-3/4 inches.

Soil Freeze

Redrive data in conjunction with wave equation analyses

indicate that significant f eeze developed. Comparison

of the maximum loads applied to the test piles with,

ultimate capacities computed with the wave equation

analysis indicate that the freeze exceeded 200 tons. It

is, therefore, reasonable to rely on freeze to provide

some of the pile capacity.

Driving Criteria

Experience uith pile driving during the indicator pile

driving program showed that the majority of piles met the

specified criteria with final penetration resistances

well in excess of 10 BpI. In spite of that, a pile load

test was conducted on a pile which just met the minimum

specified driving resistance of 10 BPI. The capacity of

this pile was in excess of 600 tons in spite of the fact

that the pile heaved by 0.52 inches.

The result of the load test indicates that the specified

driving criteria are adequate. This is also supported by

the results of wave equation analyses, provided an

allowance is made for soil freeze that develops after

pile driving.

4-13
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On the basis of the studies reported herein, the present i;

driving criteria will be used during production pile

driving.
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TABLE 4-1

CUSHION STIFFNESS FROM CUSHION TESTS

Cushion Cushion
Thickness Stiffness

Before Test, in. kip /in.

Fresh Cushion - 150 Blows 4.62 1028
Early Cuchion Life - 1000 Blows 3.77 2000
Middle of Cushion Life - 9000 Blows 5.77 1000
End of Cushion Life - 14,628 Blows 4.62 1810
Early Cushion Life - 2873 Blows 4.14 1740*

'

Middle of Cushion Life - 6610 Blows 5.34 1190

:

C,

i

1

1
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5.0 PILE TOLERANCES

5.1 Introduction

H-pile installation tolerances have been included in the

i quality control of field activities for the Bailly N-1
i

project. Site conditions, equipment reliability and
t

set-up errors by the work crew can affect the accuracy of
1

i pile placement. This situation requires that pile place-

i ment controls be imposed on the Contractor during pile

f installation such that pile location, rotation, plumbness
1
'

and splice location deviations are minimized and factors

of safety are maintained. The set of H-pile installation

tolerances as outlined in Table 4-1 of Sargent & Lundy

Report SL-3629 (Ref. 1-1) was developed for location,
i

rotation, and plumbness. -

!

I The actual numerical values given in Report SL-3629 are

j stringent relative to the values determined by analysis.

| The reason for this conservatism is to maintain a degree

of workmanship as normally expected in pile driving. The

tolerances also reflect the actual recorded data from the
I

installation of the piling which will support the Non-

| Seismic Category I Turbine Building basemat.

|

The analysis involves calculating the change in stresses

j that exist between a pile in an assumed position and the

design position as tolerances are a direct result of
,

these calculations.

5-1
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The interaction equation (as defined in Ref. 1-3,,

Response 130.4) for evaluating pile stress is:

T + LOCA + p [ (EQ)2PDL + LL g SRV ,
(A) (Fa) (A Fa)2

(Msea)2 (Mwec)2 1/2
, 1.0

,

(Ss Fbs)2 (Sw Fbw) 2
%

where:

Operating TemperatureT =
g

2Pv + Pe2 + Pn2EQ =

Mse2 + Msn2Mseg =

Mwe2 + Mwn2Mweg =

1

Actual pile placement relates to the analysis as follows:

when the pile is not perfectly plumb, an additional

bending moment occurs f rcm the resulting shear force ccm-

ponent of the mat reaction vector. Likewise, when the

pile is not perfectly oriented, i.e., the web not

directly in line with the north-south axis, the section

modulus about the north-south as well as east-west axis

fwillchanges. Thus, the value of bending stress

change. Also, the base mat model is assumed to be sup-

ported on linear springs of stif f ness based on the number

5-2
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of piles contributing to a nede. A tolerance for

allowing an actual pile location to deviate from its

theoretical plan location must be established such that

the actual pile locaticn will not change pile reactioni

forces to the point that the allowable Factors of Safety

are exceeded.

In establishing pile tolerances, the interaction equation

is evaluated for the most heavily loaded pile out of

approximately 3000 piles which support Seismic Category I

basemats.

Since for the perfect pile, the value of the interaction

equation is considerably less than 1.0, a margin for

placement error exists during pile installation. This

margin determines the placement tolerances.

Subsequent to the release of Report SL-3629 (Ref. 1-1),
1

the tolerances were changed in accordance with the N.R.C.

staff position 362.10 as stated in Ref. 1-2. The values

of these current tolerances are as follows:

.

Location 1 3"

Rotation i 10

Plumbness 2%

4

5-3
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Included along with these tolerances was N.R.C. staff

position 130.3 requiring that no splices be allowed in

the upper 30 feet of the pile. Pile forces at this loca-

tion along the pile consist of axial load only. However,

bending stresses, which are at a maximum at the top of

the pile, attenuate quite rapidly, and the 30' require-

ment can be reduced while maintaining the integrity of

the splice.

The above set of tolerances was used during the Indicator

Pile Program (Ref. 1-4). Even though the Contractor

strictly administered the proper quality assurance and

quality control procedures, the limitations imposed by

these tolerances resulted in many specification non-;

conformances which were later approved on the basis of

allowable tolerances determined by analysis. Table 5.1

indicates the total number and f requency of occurrence of

pile installation tolerance non-conformances for piles

driven for the Indicator Pile Program and Heave

Monitoring Program. Non-conformances for Location are

predcminant with 26% occurrence; splice location non-

conformances are also high with 9% occurrence. For

purposes of reducing the frequency of occurrence of pile

installation tolerance non-conformances, a technical

justification for a changing the current set of

tolerances is presented in the following sections.
1

1

5-4
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5.2 Pile Location

To determine the effects of pile location on pile loads,
,

I the mat foundation model was altered to reflect pile
,

movements. Each finite element node has a contributory
4

area and all piles located within this contributory area
are assumed to be acting at the node (see Fig. 5-1). Any'

,

pile location movement within the contributory area of
one node will not affect the model. The mat foundation

was analyzed for the case when a pile shifts from one ;;

node area to another. The analysis indicates that the

pile forces do not change significantly for a pile

shifting from one contributory area to another. A sample;

j of the results of this analysis is tabulated in Fig. 5-1,
'i
i which indicates a negligible change in pile load after
J

'
shifting a pile from node to node. However, to maintain

j quality control in the field, the location tolerance is

recommended to be limited to 12" out of location.
,,

;

5.3 Pile Rotation

The geccetric properties of a pile can change'if the pile.

rotates during driving. This change in properties can

affect the pile stresses and the pile frequency used in,

the seismic analysis.

5-5
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The most conservative case of the rotation of a pile was

the case that produced the highest stress on the pile due

to bending mom..it. The weak axis section modulus of the
<

H-pile is approximately 1/3 of the strong axis section

modulus. Th_ lateral loads on the pile are given in

strong and weak axis components. There is an angle of

|
rotation which, when the components are resolved to this

new axis, results in one of the components becoming zero.

The most conservative case is when the strong axis

lateral load component is zero and the weak axis lateral

load component is the maximum. This case will produce
i

the highest bending stress on the pile.i

Referring to Figure 5-2:

The lateral load on the pile in the north-'

F -

NS,
,

south direction

l The lateral load on the pile in the eastF -

g

west direction

The angle between the y-y axis and the9 -

transposed x'-x' axis,

i

The angle between the y-y axis and the[ -

transposed y'-y' axis.

5-6
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4

theGiven that the magnitude of F is greater than FNS ,g

critical case to review is the one where stresses are

calculated about the pile's weak axis.

V = FNS( s9) + FEW (Sing) is the force normal to theg

pile web when the pile is rotated with the transposed

axes x'-x' and y'-y .

'
,

,To find the maximum V value, set the first derivative ofg

V with respect to E equal to zero. Therefore, E = 49
g

0
and f = 41 when V is maximum. When f = 41 , theg

pile stresses are still within the allowable stresses for

the pile.

The ef f ects of rotation on seismic analysis are discussed

in Section 6.2.4.2 of Report SL-3629: "In order to

assess the effect of orientation on frequency, it was

conservatively assumed that all piles have the maximum

specified deviation of 15 (sic) (see Table 4-1). For

such a case, the maximum variation in the total stiffness

of the pile group was computed to be only 2.7% when com-

pared to the case when no oile has any orientation devia-

tion. This calculation ~was based on a soil shear modulus
2

of 1000 k/ft and a pile spacing of 3 times the width

(both parameters being applicable to the Bailly site).

Since the frequency is a function of the square root of

5-7
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the stiffness, the maximum error in the frequency

calculation is less than 1.7%. Such a small error is

insignificant and would not cause changes in seismic

responses. Thus, the specified orientation tolerances

are acceptable.",

!

The analysis indicates that the pile can be rotated to

any angle and the stresses will be within the allowable

stresses. Since a combination of plumbness and rotation
i

i must be checked, an interaction diagram is presented in

l Section 5.5 for determining the allowable limit of each

tolerance.

4

5.4 Pile Plumbness

The limitations of acceptable "plumbness" are discussed
,

; so that a tolerance for the piles can be determined both

for an as-driven field condition taken individually, and

| as an interaction with the rotation and location
1

i tolerances.

Referring to Figure 5-3:

i
|

P - Maximum Axial Force

V, Maximum additional shear force due to the-

i pile being out of plumb

; 5-8
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R - Vertical reaction due to axial force

Horizontal reaction due to additionalR -

h

shear

.

100 (e/L) - Percent out of plumb (plumbness)

Assume for' conservatism that the horizontal support
,

offered by the soil is concentrated at a single point a

distance "L" from the top of the pile.

From statics (V ) x (L) (R ) x (e) (1)=
a y

|

P=R (2)y
;

:

V =R (3)a h

{{} = Out of plumb ratio (4)

The additional shear can be expressed as a function of

the out of plumb ratio, i.e., Va " E I*/E) *

The additional shear value is used to calculate the

additional bending moment resulting f rom that shear. The

interaction equation was used to evaluate the ccmbined;

stress condition. The maximum value of the out of plumb

5-9
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,

I ratio (c/L) which the pile can tolerate is six percent
'

(6%), using the interaction equation of Section 5.1 and
i assuming the heaviest loaded pile. However, this maximum-

;

| out of plumb value is based on a pile with no rotation.

Since a combination or out of plumb and rotation

tolerances must be checked, an interaction investigation
;

is presented in Sectica 5.d.
i

1

5.5 Cembinations of Plumbness and Rotation
;

|

Actual as-driven conditions of combinations of Plumbness ;

and Rotation can occur. Each tolerance was calculated

separately from the other tolerance, i.e. e/L = 6% only

whenf=0 andatf=41, e/L cannot exceed 3.5% (up to
0

! 3.5% Plumbness can be allowed whenf = 41 because the

! value of the interaction equation, as defined in Section

5.1, is less than unity for the combination of e/L = 0%

andf=41).

Figure 5-4 is an interaction diagram for evaluating

combinations of plumbness and rotation. All ccabinations

that lie to the left of the interaction curve are

acceptable by analysis. The shaded area of Figure 5-4

indicates combinations of plumbness and rotation that can
,

be immediately approved in the field. The limits of this

shaded area are of 4% plumbness and + 20 rotation.

5-10
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:

Since the reccmmended tolerance f or location is very con- i

servative, it need not be considered in combinations with

plumbness and rotation.

5.6 Summary of Driving Tolerances

.

The results obtained f rcm the use of the analytical model

indicate a change in the current pile driving tolerances

can be allowed while maintaining the required factors of

safety as outlined in N.R.C. staf f position 130.1 of Ref.

1-2.

The recommended tolerances used for evaluating a driven

pile shall be less than those tolerances determined by;

analysis because, as outlined in Section 5.5, i t is
i

: possible that ccmbinations of the three tolerances may

exist.
,

4

i

The new reccmmended tolerances are:
4

t

| Location i 12"

!

Rotation i 20

Plumbness 4%
i

5-11
i
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The value of location is conservative change in the

analytical results discussed in Section 5.2; and is

limited to + 12" in order to maintain quality control in

the field.
i

j

'

The values for plumbness and rotation were specifically

selected because they rationally pinpoint an upper bound

of the simultaneous consideration of plumbness and

rotation.

A reccmmendation for a change in the splice location

tolerance is given in Section 5.7.

5.7 Evaluation of Splice Location

The pile driving criteria states that no pile shall have

a splice in the top 30 feet of the pile as outlined in

N.R.C. staff position 130.3 of Ref. 1-2. This criteria

I was applied so the splice wi Al be out of the high bending

moment range of pile and therefore increase the f actor of

safety of the pile stresses at the location of the splice

joint. Since the bearing strata slopes significantly

frcm south to north across the main building complex,

j many non-conformances resulted because of this splice

| tolerance.

|

; 5-12
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The pile mcment values with respect to depth were
'

calculated, with the res.alting moment diagram resembling

a classical beam on elastic foundation curve. The

maximum moment was at the mat pile connection because the

pile was considered fixed at the mat. The moment at 10
L

feet below the mat is approximately 20% of the maximum

j moment and theref ore greatly reduces the stress in the

pile due to bending moment. Therefore, the weld on a

splice at 10 feet from the bottom of the mat does not

have to transfer the full bending capacity of the pile.

The splice weld is a full penetration weld (all around)

and is dune in accordance with AWS & AISC requirements.

The f ull penetration weld has more strength than the base

material that it connects, therefore, if the pile can'

take the stress, then the weld will also be strong enough

to take the stress. By comparing the amount of piles yet,

to be driven and the inventory of the pile lengths in

storage at the cite, it is estimated that approximately

15% of the piles will need to be spliced. Since the

indicator pile program has defined more accurately the

lengths of pile required, there is a low probability that

the splice will be in the top 10 feet. Therefore, we
,

reccmmend that the splice criteria be changed so that no

pile shall have a splice in the top 10 feet from the

bottom of the mat.

"

5-13
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TABLE 5-1
'i

SUMMARY OF N.C.R.S RECEIVED FROMi
'

INDICATOR PILE AND iiEAVE MONITORIMG PROGRMt

4

I Pile Installation Tolerance Frequency
Non-Conforniance Quantity of Occurrence

Location - 36 263

Splice Location 12 9%

<

Plumbness 6 4% !

Rotation 5 4%

i
Total No. of N.C.R.S 59 --

i

Total No. of Piles Driven = 137 Piles

!

i

1

_ _ _ _ _ . - _ _ . _ - - - , _ . . ._ _ . . - . .-_
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; NO. OF PILE LOAD PER PILE ( KlPS)

LOAD CASE BEFORE PILE AFTER PILE BEFORE PILE AFTER PlLEO' SHIFT SHIFT SHIFT SHIFT;

~[! 22O iDE5bLdD 6 4 87.33 87.50
HYDRO. STATIC ! !

LOAD |
1 - 8.17 - 8.25

;

| LIVE LOAD | { 19.00 ! 19.0 0

! 2 21 DEAD LOAD 6 4 8 8.17 8 8.254

'

! HYDRO. STATIC | |
- 8.17 - 8.25| LOAD

'

' LIVE LOAD | 20.17 20.00' '

~ '

.' 244 DEAD LOAD 2 3 89.50 89.33

f HYORO. STATIC!
! LOAD -8.50 -8.33

,

] . LIVE LOAD 21.50 ! 21.33

245 DEAD LOAD | 2 5 90.00 89,60
,

HYCRO. STATIC |

LOAD -8.50 -8.40
LIVE LOAD 22.50

|
22.20

LOAD COMPARISON TABLE

TRIBUTARY AREA
8e_- 0a ,f FOR A GIVEN NODE_,

g. _3 '
- ( 8'- 0"SOUARE) TYP.

.f, - ..y,.''.
'

"

J PILE LOCATION BEFOREO ' NOD ~
-

' #
~ NODE,

-'' SHIFTING
'

221 .
245-*,

,

i*; I I I II
L. i I , i

I $ I T~ I
'

NODE I INODE PILE LOCATICN AFTER

244 [
SH;FTING220pg 7 77-

_ . _ . _

_

MODEL OF SOUTHWEST CORNER FIGURE 5-1
PO TION CF ANALYTICAL MCOEL

OF SERVICE._ EU!LDING FOR DEVELOPING THE TOLERANCE
FOR PILE LOCATION

BAILLY N-1
NORTriERN INDIANA PUBLIC

SERVICE COMPANY
.i

j SARGENThLUNDY ||4

. _ ....v

- _ , , . _ . .- -- - , . , _ _ _ _ _ . . _ _ . , _ _ - . _ _ _ _ . _ _ . _ _ . - _ . . - . . _ - . _ _ . _ _ _ . . . _ . ____._ _ _ --
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1. Vw = Fns (COS d ) * Few ( SIN d )

j''g*2. SET =0 FOR Vw MAX.

3.d=49 FOR Vw MAX. !

4. P = 90 * - d = 41 *y

Fnss

i y
I

_ _ ___ _ _ ___

. -ORIENTATION OF
PILE NO ROTATION

! 4
I /$a
|

e 0 -

\

x , x

Few

I

I

I

/ Is
+ 1

1

_ __ _ L _ _ _
4

t
N

y

;

FIGURE 5-2
AN.aLYT! CAL MODE _L FOR
DEVELOPING THE TCLERANCE
FOR OUT OF ROTATION

SAILLY N-l
NORTHERN INDIANA PUBLIC

SERVICE COMPANY

|| SARGENT GLUTADY!

: E N GIN E E RS.,
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FIGURE 5-3
ANALYTICAL MOCEL FOR

-

MVELOP!NG THE TMANCE
FOR PILE PLUMFESS

SAILLY N-l
NORTHERN INDIANA PUELiC

SERV!CE COMPANY

! SARGEilT hlutiDY |
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PERCENTAGE CF PLUMSNESS ( 100 e/L)
2 3 4 5 6 7 8

'
90* --

!
l

/I

80* i
i

i

! l
70* ; ;,

I s

i 1 y

| 1 \
'

'
,

| 1/x60* - ' x -

e/ I s/ \,

*

1,
y

- 50' ! ROTATION
% f

: PILES WITH SURVEYED~

z ! PLUMENESS AND ROTATION

h FALLING WITHIN SHADED'

< AREA MAY SE APPROVED
$ 40 WITHOUT FORMAL NON-j
T / CC'NFORMANCE DISPOSITION /

Lo
I /

|to

$ 30* ,
o
$ PLUM 8 NESS

25' --

f- RECOMMENDED TOLERANCES,

, | AS INDICATED IN SECTION 5.6
20' - -

' ^

' '
'

,

15 , -+ , - - ,/ w --- - - - --

10' ! - s'M' - - - - - FIGUFS 5-4-+-
.

INTERACTION O!AGRAM FORl/ 'j jf
J '

EVALUATING COM51NATICNS.
,

|| |j , ' -' '
, s /,

I S* - - - -- WPtLE P' OMSNESS AND'

[7' BAILLY N -l
,

; 0* ! NORTHERN INDIANA PUeLIC2 >

SERVICE COMPANY
! r-- .

! SARGENT hl. UNDY l!
NoiNsnandj

|

!
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Indicator Pile Program

Bailly Generating Station - Nuclear 1
Northern Indiana Public Service Company

September 26, 1978

ERRATA

Synopsis: Second line, the regulatory staff position should
be "RSP 362.6" instead of "RSP 362.2."

List of
Figures: Figure 4-A, change " Column Line B" to " Column Line

13."

Change Figure 14 to Figure 15

Change Figure 15 to Figure 14

Page 13: First line, change "33 piles" to 34 piles."
Page 18: Just above Section 4.5, Change "5.2.2.1" to

5.2.3.2".

Page 20: Second paragraph in Cushion section. Change the
last but one sentence to read "In one occasion six
piles (pile RWB-110 to pile A-A-106; Table 1, page
7) were driven using inches."...

Page 30: Change Section "5.3.2.1" to 5.2.3.1".

Page 35: Fifth line up from bottom of page. Change "these
two area (C and E)" to "these two areas (C and E) " .

Page 42: Alternative 2 has been revised. Substitute the
attached page 42.

Table 1: Page 2: For pile SC-107 change driven length and
TIP elev. from 66'-6" and -58.5' to 70.0' and
-61.0' respectively.

Figure 4-A: SPT at -75 ft. for Boring C-1 should be "(230) "
instead of " (130)" .

SPT at -74 ft. for Boring C-2 should be "(34)"
instead of "(34".

SP1 at -78 ft. for Boring C-2 chould he "(36)"
instead of "(30)".
Soil Boring C-2 is located "3.5 ft." instead of
"2.0 ft." north of pile AB-37.

61
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Figure 10: SPT at 36 ft. depth for Boring C-1 should be
replotted at 173 and identified as 173/11".

SPT at 37 ft. depth for Boring C-1 should be
identified as 170/11" instead of 178/11"
Test Boring C-2, change " Boring Terminated at 100
ft." to " Boring Terminated at 104.5 ft."

Figure 12: The abscissa scale should show "3 " between 3 and
3h instead of "3 3/4".

Figure 13: Include "(60.3)" as the length for pile RWC-6..

Figure 14: Change figure no, to "15" instead of "14".

Figure 15: Change figure no. to "14" instead of "15".

Appendix A

Pile A-A-2 Delete "TIP: 67'-l' CUT OFF = 66'-0"" and substi-
tute "TIP 70.5'-1.0' CUT OFF = 69.5'. Blow counts
for approximately three feet are missing on con-
tractor's driving log".

Pile A-B-3 Change Tip Elev from -64.77' to -65.57',

Pile A-B-141 Delete "?" and arrow at 52 ft. depth.

Pile R-B-510 Delete " PILE DID NOT MEET DRIVING CRITERIA".
1

Pile RW-C-42 Change Pile Location Bldg. to "RW" instead of "W".
Record for this pile is located between records
for RW-C-30 and RW-C-56.

: Pile RW-D-12 Change Pile Location Bldg. to "RW" instead of "W".'

Record for this pile is located between records
I for RW-D-9 and RW-D-140.
,

Pile S-C-47 Put note as follows: " Depth of pile noted on con-
tractor's driving lug is 129'-11" which is correct.
However, the blow counts recorded on the log
extend down to 132'-11". It appears that the

; contractor recorded blow counts for three additional
feet somewhera during redriving of the pile."
Change TIP elev. from -125.0' to -122.0'.

| Pile S-C-107 Put note as follows: "The mark on the pile at the
t ground surface, after the pile was driven, re ad

approximately 70.5'. Blow counts recorded or. the
; contractor's driving log extend down to 66.5'. It
| appears that blow counts for approximately four

feet are missing."
I
i

!

6-2
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3ppendix D
,

, !

Boring C-1, Page 1: Add SP soil symbol for material between ele- !

vations -45 and -47 feet.

Boring C-3, Page 1: The SPT values between elevations -30 and 1

j
-45 are incorrectly plotted. Substitute the i

attached corrected page.
1
; Boring C-3, Page 2: Bottom of page should read. Boring completed I,j to a depth of "139.5 feet" instead of "1139.5 j
| feet."
i |

I! Boring C-4, Page 1: Delete the repetitious CL soil symbol at ele- ij vation -27 feet. I
c,

j Boring C-4, Page 2: The location of Pile RB-500 is incorrectly ,'
i shown relative to Boring C-4 and Pile SC-15. i
{ Substitute the attached corrected page.

.,

l
;

} I

,

, ,

, )

I

e

[I

,!

b b

I

|

>

E

!
,

:
o

.

'

!

I'
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areas, additional, non-load bearing piles will be
f

driven to densify these areas. These additional-

piles will be cut off below the bottom of the mat.
,

i
Additional borjngs will then be drilled to evaluate

.,

the densification effects of this phase of the

work.

,

1

< 2. Grout the disturbed zones to densify the soils,
i
'

Theso grout holes will be located on each side of

the web for piles which were installed by preaugering

and/or jetting and are still in place. The grout Rev. 1

holes will be at the pile location for those piles

which have been extracted. Additional borings
1

will then be drilled to evaluate the densification.

effects.'

The decision as to which of the methods described above will be

used is dependent on results obtained from the initial investi-

gations. However, at present each of the above methods appear

feasible and, whichever is chosen on the basis of the additional

information obtained, will provide adequate support of the areas f

influenced by preconstruction activities.

,

1

Revision 1 12/4/73
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7.0 CONSULTA?;TS REVIEW
'..
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!

Fe' lowing are letters written by Dr. Seed and Dr. Reese
'

i

docu:nonting their review of this report. ;
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liovonber le, 1978

Mr. Michael L. Kiefer
Dames & Moore
1550 liorthwest Highway '1

Park Ridge, Illinola 600(8

Laar Mr. Ilefors

In response to your roausst I hava reviewed the draft report con-
cerning the effactivenosa of the doncification progran in Area E of the
site of the 2ailly hel3e Generating Station. In this part of the site
the sand deposite had been lcocened by jetting during a pile test progran
conducted in 1977 and it vaa considered desirable to re-densify the soils
to a degree which vould preclude the possibility of liquefaction under
the effects of the tround cotiens developed by the postulated SSE
(mapiituds 6 with caximum ground acceleration of 0.2 g).

The basis for evaluating the effectiveness of re-decaification of
the loosened soil by drivira closely-spaced H-piles in the am aa
prt=arily affected is the censurement of standard penetration resistance
in the re-densified sand, the use of charts correlating measured values
of penetration resistance with cyclic stress ratios known to have produced
liquefaction in provicus earthquakes, and the evaluation of cyclic stress

-ratios developod by the SSE motions at this site. In my opinion this is
a perfectly ralid precedure to use for the limited cones of loosened soil
at tho Bailly site.

I have apt had the opportunity to check the numerical ecmputatiens
but thr: general procedures followed are appropriate and the resulta see
reasonable for the conditions applicable to the site. I note that with
the exception of one value of standard penetration resistance, the results
of all testa en the re-densified soil indicate a factor of safety, based
en a very conservative analysis proceduro, of the order of 15 or core.
Even the eingle low value of penetration resistance indicataa a factor
of safe'y of about 2 using a nere realistic =ethod of analyais.

07 this basis I cenaider it reascnable to conclude that the densi-
fication effects produced in Area E by driving the H-piles have achieved
the desired result of elir.inating the possibility of liquefaction in the
previously loosened atoil, and that thia =ethod of recedial treatment is
entirely adequate. Sisilar treatment would presumably be equally
effectiv9 in (ther cones where similar local loosenirg of the sand has
occiu red ca a recult of jett!ng.

_
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Accordingly I agree with your conclusion that this nethod of remedial
treatment can be applied with ccnfidence to all preconstruction arean
affected by jetting to provide adequately stablo foundation conditions
under tha w % anticipated seismic loading conditions.

Veq truly yours,

k l Y {Cr LLsl1

.-

H. 3olton Seed
?

i

H33:na

i
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LYMON C. REESE. P.E.
{ 11512 Tin Coo Drive, No. 109gyagggy 512/258-3359
i. Austin, Texas 73750 (

.

!
,

i \

l |

Nove=ber 22, 1978
}
i
i

!
>

i 1

| Dames and Moore '

! 1550 Northwest Highway
! :

Park Ridge. Illinois 60068
'

<

Gentlemen.
.

.

!
,

{ At your request, I have reviewed sections of the report, "Sup- fj plementary Information on Driven H-Pile Foundations, Bailly N-1."
i 1 have the following cc==ents, principally related to the heave studies ;

| and the redrive criteria. !.
'

'
i ,

; Of critical importance in my evaluation of the report are the '

data concerning the load tests of piles AB-155, SA-ll, and SA-9. In
connection with these load tests, I have made my own analyses, as des-4

I icribed in the following paragraphs. I

i !
,

; In order to make an independent evaluation of the results of the !
! load tests, T-Z analyses were made for test piles A3-155 and SA-ll. (j Analytical results were compared with experimental results. The load

t

transfer versus pile movement curves used in the analyses of AB-155 are
q shown in Fig. 1. The tip load versus tip =cvement curves used in the I
i analyses of AB-155 are shown in Fig. 2. One curve has a slack of 0.6 [j Inches which was used to investigate the effect of an unscated tip. ;j The two computed butt load versus butt settlement curves, one with 0.6

[j Inches of tip slack, are'shown in Fig. 3 The data points from the
i load test are also shown in Fig 3. It can be seen that the computed

'

! curve for a pile with no tip slack closely matches the experimental data,
j The computed ultimate pile capacity is 1320 kips (660 tons). !

1

f The load transfer versus pile covement curves and the tip load
) versus tip movecent curve used in the analyses of SA-ll are shown in
i Figs. 4 and 5, respectively. The computed load-settlement curve for SA- 3{d

'1, along with the experimental data, are shown in Fig. 6. Again, the !{ cc=puted curve closely =atches the experimental data. The computed ulti-
Lj mate pile capacity is 1640 kips (820 tons).
1

1
1

Ij As may be seen in Fig. 3, the assumption of an unseated pile tip
!leads to results that differ markedly frca the experimental data. It t

,

#

is evident that no significant deterioration of load capacity resulted
from the upward movement of the piles.

Ii
i

1 i

i !

I f

| f
1 i
4 e

h

[!. - . . - - . - .- - . . _ -- -
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Dames and Moore
.,

Page 2
d November 22, 1973

On the basis of the analyses presented above and in consideration
of ather data presented in the report, the selection of an allowable,

total heave of one inch appears reasonable. It is assumed, however,
that an appropriate number of load tests will be performed on production
piles.

The data that wera collected on pile heave and the heave studies in
general are comprehensive and impressive. The writer knows of no sim-
ilar studies that have been made in such detail. The redrive criteria
that have been developed on the basis of this study should insure that
no pile undergoes a heave of more than one inch without being redriven.

Sincerely yours,

Y Q AC&% ' y
Lymo C. Reese

i LCR/bc

Attachments: Figures 1-6
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APPENDIX 2B

This Appendix describes the seismic input to the SHAKE analysis and

the two approaches used to ccmpute induced cyclic shear stresses

| throughout the disturbed ::one in Area E.

I. SEISMIC INPUT TO SHAKE ANALYSES

As discussed in the Bailly PSAR (Ref. 2-5), the design Safe

Shutdown Earthquake (SSE) magnitude is 6 and the maximum SSE

ground acceleration is 0.29 at the site.

For the liquefaction potential evaluation of the disturbed

soils at Area E, the SSE input is defined in terms of a number

of suitable acceleration time histories of recorded earthquake

motions and is applied at the ground surface (+40 elevation) .

The time histories are scaled to have a peak acceleration of

0.29

To select appropriate time histories to be used for the

analysis, a number of earthquake time histories were reviewed.

In selecting natural records, the following criteria ideally

should be satisfied:

. . . . -- . - _ - - _ - _ . -_. . . -- - - - , . .-. .-
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To be representative of the postulated SSE at the site,-

the recorded earthquake motions should be frca e magni-

tude 6 earthquake, and frcm site conditions similar to

those at Bailly.

The postulated SSE acceleration is 0.2 . Therefore, the9
-

records used for modification should not have a maximum

acceleration significantly different from 0.2g.

- The earthquake records should be reliable and corrected

for instrument and baseline.

Based on the above considerations, three records were selected

that closely match the requirements listed above (Ref. 2-6).

The characteristics of these records are shown in Table 23-1.
.

i II. INDUCED CYCLIC SHEAR STRESSES

Accroach I

Approach I conservatively models the disturbed zone as unif orm

horizontal layers of disturbed soil through the site. The

Approach I soil model is p:esented in Figure 23-1. As seen on

the figure, the entire interbedded sand / clay strata is modeled

as the disturbed zone. This assumption is based on the

results of borings between jetted piles, 67W, 70W-1, 73E,

85E-1 and PZE-4 (Figures 2-16 through 2-19 and 2-23) which

indicated loosening of the sands in the entire interbedded

stratum.

- - - _ . _ _ _ _ ._ __ __ __ __ _
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In this profile, the soil strata above and below the disturbed

soil are given the strain dependent shear moduli and damping

ratios of the original undisturbed soil layers as reported in

Report SL-3629 (Ref. 1-1). For the disturbed zone, shear

moduli and damping ratios were taken as equivalent to those of

45 percent relative density sand as given by Seed and Idriss

(Ref. 2-7). This relative density is estimated f rom the SPT-N
1

values f rom the five borings between the jetted piles, using

Gibbs and Holtz correlations (Ref. 2-8) between relative

density and effective overburden pressure.

The induced cyclic shear stresses for each of the three

earthquake motions are calculated directly using the ccmputera

program SHAKE (Ref. 2-9).

Based on these induced stresses, the plot of Ny (for factor of
safety = 1.5) against depth was determined using the procedure

outlined in Section 2.3.1. The results of these computations

are shown on Figure 2B-2. The band of data represents the

effects of the three different input motions as previously

described.

Accroach II

Approach II realistically models the disturbed area to account

for its limited lateral extent. Because of the limited extent

of the disturbed areas, the strains developed in these small

- ._. - ._ .. . _ _ . - - . . . - - - _ , . . . _ _ .
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disturbed areas would be practically the same as developed in

the adjoining undisturbed soil mass. Therefore, for this

Approach, the induced effective strains are computed using an

undisturbed soil profile which is close to the disturbed zone.

This soil model is presented in Figure 2B-3.

.

The shear moduli and damping ratios for the undisturbed soils,

as shown in Soil Profiles A and B (Figure 28-3), are given in
Report SL-3629 (Ref. 1-1). Shear moduli for the disurbed zone

shown in Soil Profile B is equivalent to that reported by Seed
.

for 45 percent relative density as discussed in Approach I.

The induced effective shear strains are determined for the
depth of Soil Profile A, the undisturbed soil profile adjacent

to Area E, using the computer program SHAKE. The effective

cyclic shear stresses in teh disturbed zone, as shown in soil

Profile B are computed as the production of the effective

shear strains computed by SHAKE and the corresponding shear
; modulus for 45 percent relative density as given by Seed (Ref.
:

2-7).

Based on these induced stresses, the plot of N f or a f actor ofy

saf ety of 1.5 against depth was ' determined using the procedure

outlined in Subsection 2.3.1. The results of these
l

computations are presented in Figure 2B-4. The band of data

represents the eff ects of the three diff erent input motions as4

previously described.
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! DEPARTMENT OF TH' OR f TIC AL AND A PPLIED MECH A NICS !!
_ _ . _ _ _ _ . . . _ . . _ _ _ . . _ _ . . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ )

; s
i

.

.

| October 9, 1978
l

I

{ Mr. F.dward Hutson
Chief 0. A. Officer-

Thatcher Engineering Corp.
' 718 Atlantic Avenue !

Uaukegan, Illinois 60033 ,

,

1 Dear Mr. Hutson:

!
j In response to your letter recuesting infornation as to the calibration
j of the 3 x 10$ lb. universal' testing eachine in Talbot Laboratory I an
, enclosing :.:one data taken as far back as 1942. The testing aaehine has been
-

repeatedi-g calibrated with a large steel cylindrical compression cember up
t o 2 x 10 '' 15. The plots chown in Fig. 1 is a copy of an original nads in3

1942 and shows the correlation between data taken on the steel cylinder in
I our 3 x 106 lb nachine and an old bean balance 600,000 lb. Reihle testing
: trachine. The 600,000 lb. Riehle has been calibrated up to at least 200,000

lb. using elastic proving rings that are traceable to the ".B.S. however
I do not have this data readily availabic. Note that the results are very

'

similar for both nachines. On some occasions we have calib rated devices
that were calibrated at other locations and good agree ent was cbtained.

sCalibrating of the 3 x lo testing =achines is based upon the response !

of the 11.622" diameter cylindrical compress f.cn nutber that has been used
since before 1942. Repeated calibratica and use of the nachine throughout
the years has convinced te that the machine is reliable to within t 1*:

,

; when used with competent operating personnel. The latest plot is shown in
.

*

Fig. 2.
i

'
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CALIBRATION AT LEHIGH UNIVERSITY, PENNSYLVA1!IA'

! (AFTER LOAD TEST ON PILE AB-155)
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! 1*'' Calibratiac_of__iC0_ tan _ Load Cell - Lehi;h.__CAive rsity 10/.16_/13
4

.t w , x s .

On Thursday, October 26, 1973, the writer met at 3:00 A.M. with
Mr. R. Finno of Sargent-Lundy, representative of Batcher Engineering,

,
Dr. R. Scutter of Lehigh Universi:y and the testing =achine cperator

|- Mr. R. Dales of :he Lehigh staff. The equip =ent was re=oved from the
transport van and set up under the 3,000,0C0 pound capacity Baldwin-U'A-

' . Hanilton Universal Testing Machine, which is equipped with the usual Ta:e-
; Enery Load Measurement (weighing) System. The history of the nachine and

original calibra:lon submitted in' 3LH letter of June 5,1956 are attached.-

.

' -

In brief, the calibration procedure used for calibration of the
load cell, hydraulic ras and pressure gauges (3) was as follevs:

-
.

t/
'

l. Ite=s calibrated
.

!

Load Cell 600 ton cap S/N 712
Hydrualic Ras S/N 7913
Pressure Gauges #1 S/N 3/17/71

- #2 S/N 102
1

#3 S/N TAM 1-4-78i -

i

; 2. The Ra=, associated high pressure lines, gauges and pump were
assembled and located by the Lehigh staff.under the :esting
=achine cross head. .

I 3. The 6C0 :en capacity transducer type lead cell was : hen
located on top of :he raa with a steel billet plate supplied,
placed be:veen the ran and the lead cell.

'

.;

'

A spherical swivel plate supplied,vas placed -
; ..

| cn top of the load cell. A final check. vas
' ''

=ade fer posi: ion and concentrici:y of all

4
. itets lis ted.

|

1

4

.
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! Calibra: ion of 600 Ton Lead Cell - Lehigh 'Jaiversity 10/25/73,

Nove=ber 1, 1973
,

Page -~2 -
,

1

h

- 5. Zero readings we're obtained on all pressure gauges and load
cells as well as the testing =achine.

6. The hydraulic ra: vas extended for approv'm'tely cue (1) inch*

,
and the actual test begen.

,

$

,

7. Loads were applied by jacking agains: :he testing machire
! cross head in incre=ents of fifty 50 ::ns (100 kips) and

the pressure gauges (3) and transducer lead cell were read
,

and recorded.

6. Loads were increased fren cero :o 50'.) :ans in fifty (50)
ton incre=ents and decreased in fif ty (50) ton increcents :o
cero. The above procedure was repea:ed for two additi:nal

- ran axtensions of 3-1/2 and 6-1/2 inches respectively.

9. In addition, testing =achine loads at 1000 psi inerenents
of loading on pressure gauge No. 2 vere recorded for 1, 3-1/2
and 6-1/2 inch ran extensions.

<

) ,' Copies of' he original data, as well as the official subnission
i of the data reported by Lehigh University are a':tached in their letter of
'

,

October 30, 1973.

'
'

Conclusions and Recc=nendations
;

1

Based en the calibration perfor:ed a Lehigh Iniversity on'

October 26, 1973, the load cell, hydraulic ra=, pressure gauges and accessory
'

equip:ent are suitable for use for the load test intended. 3ecause of :he
hys teri31s and slight non-linearity exhibi:ed by the lead cell, I recc=:endi

;
^

that the actual readings obtained f ros the calibra:1:n be used to operate
the' load cell during the perfor:ance of :he tes: (see plots of Icad cell
output vs load for varicus ra: extensicns attached) . The da:a ob:ained frc=
the pressure gauges exhibits less scatter by virtue of the sensi:ivity -of

: the 2auge 1:self. Either the_use of the actual reading or a scope develeped
fres the data could be used in cb taining data. It is ny recon =enda:icn that

Cha transducer type load cell be used to cen:rel :he :es: ' cadin g/unicading.

j and tha: cenpanica pressura gauge readings be cbtained at each lead increcent.
i
l
.

f

.

*
.
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i.

,

|
>
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MIPSCO - BAILLY

RATIONALE FOR ACCEPTANCE OF CALIBRATIONS
BEYOND THE 1,000,000 LSS. NBS 2RACEABLE CALIBRATIONS

Calibration (original) by BLH Corp. based on transmittal of June 5,
1956. Reconstruction of data from error plots.

(1) (2) (1) + (2) =3 (2)/(3)=4
Machine Readings Difference Proving Ring 1 Error

Lbs. Lbs. Read F.eading Lbs.
frca plots

.

100,000 -1300 98,700 -1.32
200,000 0 200,000 0

400,000 -500 399,500 -0.13-
800,000 0 800,000 0

1,200,000 +400 1,200,400 +0.03
1,600,000 +3400 1,603,400 +0.21
2,000,000 +7400 2,007,400 +0.37

CONCLUSIONS:

The data presented on figure (1) illustrates the calibration history
of the 5 million pound capacity universal testing machine at Lehigh
University, Bethlehem, Pa. It is by no means complete, but is
intended to ccapare the original calibration (1956) to the most
recent calibration exceeding 1 million pounds NBS traceable (1.2.
million, Oct.. 1970) to the most recent calibration of Oct. 3, 1978
to 1 million pounds NBS traceable. Percent error curves are pre-
sented to shcw historically the precision of the testing machine
and the lead vs. load curve to demonstrate the linearity of the
device. Intermediate calibrations (NBS traceable) have been per-
formed but are not presented here. It is our understanding that
the machine has performed as well during these calibrations (see
"Five Million Found Testing Machine History") As an additional
check, the machine is periodically verfied (usually after cal-
ibration) against a 5,000,000 pound Lehigh University load cell,
the output of which has always been linear.

Based on the calibration history and the verifications using the
Lehigh University load cell (not SBS traceable) which demonstrate
linearity of the testing machine, the use of this machine to
calibrate a load cell /hydralic jack to 1,200,000 pounds is proper

- and toets the intent of the requirements for calibration trace-
ability.

.

'

The maximum i error in the O to 2,000,000 pound range is 0.37;
at 200,000 pcunds (10% of range capacity) which is well within
the 13 requirements and more than meets the needs of the project.

' i /

9 ).J,!!, jIq/
L .

'

8
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CALIBRATION AT UNIVERSITY OF ILLI:OIS AT URBANA, CHA'!PAIGN
(AFTER LOAD TEST ON PILE AB-155)
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F es*t (%4 e.ggmas 4 ba sa44Toer 213

.

200.73.660.1 Oc cber 30, 1973

v. .. .a. . J. S ~,71.

Senior Structural Project Ingineer
Sargent and Lundy
55 East Monroe Stree:
Chicago, Illinois 60603

Re: yive Millic: ?cand Saldwin Testing Machine
1
|

Dear Mr. Smail:

This testing eachina was installed in Trit: Zagineering Laboratory in

1953. Since that cite Mr. ?.ober: Dales has been the opera:cr of the machine.

Others have been qualified to operate the cachine during that peried but he
.

has always been the operator on all tests where an operator's kncvledge of
'

the =achine is i portan:. In recent years Mr. Dales has operated the =achine

more than 95~ of the time. He raintains the =achine and perfo ns er super-
'

vises all =aintenance work on the =achine.

~

Main:enance consists of checks :ha: are cade ten:hly and other checks

that ara cade biannually or =cre eften if necessary. Inclosed are copies of

the =cathly and biannual check lists. There is an instructica manual for the

' opera:ica of the testing nachine. A copy of the citic page and inde:c of the

instruction canual are enciesed. The ecn hly and biannual -.aintenance sheets

have replaced the instructica =anual fer c.ur use in checking, =ain:aining and

*'e seldca refer :o the ins ue:1:n .anual but we usecpera:ing the cachine. ,

our naintenance records as a source of infor.ation fer continued operatic:

of the nachine.

Sincerely yours,

A/ . .,ff
.

f
Roger G. Slutter
Professe of Civil Enginee-ing
Dire::or - Cpera icns Divisica

RGS/df

Enclosures
.

... . __ ___-_-_. _
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..1515 TO CERTIFY that the f U: wing des.:ribed testing rncehine has been celibr:ted by us cnd the
loedir.g rcnge(s) shown below fcund to be within a toict n=e cf ( c'.s
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Method cf verifica: ion and below recorded data is in accordance wi'.h A.S.T..'.1. la:est specifica:ic.,s. The testingi

$ devicts) us.d fcr this calibration have certificaticos traceable to the National Eureau of Standards.
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ANALYTICAL PROCEDURE FOR EVALUATING
,

LOAD DEFLECTICU BEHAVIOR OF AXIALLY

LOADED SINGLE PILES
.

'

4

i
.

1 The load-deflection behavior of pile AB-155 was analyzed using

the analytical procedures developed by Reese (Refs. 3-4 and 3-5)

I

and known as the T-Z analysis. The details of the procedure till
a

not be described herein; however, the general principles of the

method as they apply to the studies presented in this report are
4

as follows:
,

1. In performing the analysis, the pile is considered as a

stif f spring and the soil is replaced by a set of non-
,

i linear mechanisms that are attached to the springs

representing the pile. , The response of the mechanisms
.

to downward movement of the pile is expressed numeri-
,

; cally by a series of curves, load transfer curves for

[ skin fricrion and an end-bearing-versus-movement curve

' for the tip of the pile. A computer program has been

written to solve the problem represented by the model.

2. Load transfer curves for skin friction for each soil
i

I stratum where pile load tests were performed were
1
4

1 developed from results of instrumented load tests re-
L

:

ported in the literature c= ploying appropriate theories
e

of the soil behavior. Curves giving end bearing versus
i -

! pile tip deflection were developed in a like manner.
1
4

|
i

i
,

,

,

b

)
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Ji
!
4

:
1

1'

i
1

4
* 3. The load test of the instrumented piles at Bailly
1

j (TP-A, TP-b and Q-95) were anal /ced using the relevant

cceputer program. Furthermore, the instrumentation
,

.

'
' allowed some direct determina tion of the load transfor*

t

i

! function. As a result of these analyses, the load ;
4

-

i

transfer functions developed in step 2 were modified'

'
somewhat to give agreement between theory and experiment.

;

; 4. Load transfer functions developed in step 3 were employed
i

,1

f in the analvses of' tests on instrumented piles at.the
4 *

Bailly site. In some cases, modifications of the load

' transfer functions were necessary to accommodate differ-
|
! ences in the behavior of a particular soil stratum from
1

4

| point to point on the site.
I
1

i S. The technique described above was employed to predict

the behavior of an"1 particular pile under loads of
.

I
i

; large magnitude when it has not 'been possible to cause
,

the pile to f ail because of the limited capacity of the ;

!
j loadinc. system.

..

:

. ;

! !
!

Figure G-1 shows the soil profile as established from adjacent
i
;

j borings and the driving behavior of giles in the te'st cluster and
, a

| rile pro.certies used for the T-2 anal.vses for o.ile AB-155. The
,

e
!.
i final soil transfer functions for the varicus strata and the tip
i

f
1

i load versus tip deflection curves are shown in Figures G-2 and ,

!

| G-3, respectively. The properties shown in Figures G-1 through
|
4 G-3 were used for input to the analyses, and indicate an ultimate

canacity
,. . . of 630 tons for oile AB-155.. ,

i
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L
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1

:

)

i

The oile behavior for conditions simulatin"v aile tip unseatina
. . -

i. I

; was investirated by sim.olv. modifving the pile.tip load versusa -
!
:
f

o.ile tip deflection. diagram as shown in Fivure G-4. It is
4

T

,
. . . - . . .

| assumed nat t,ne pile tip or:ers no resistance until it moves
,
t

i

! downwards by 0.6 inches, the amount of unscating.
1
I
.

1

,

| The results of this analysis were presented in the main text of

the report.
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| Helmt :o . 4-

Lead .o. I ?;o . I LG0d LGad IIO . I I!O .
'

Lead to 10
'

Kips !; orth South , gras cy !c qarth South r. i o s !! orth South;

o 1.012 1.021 0 2 1.103 1.267 o 1.160 1.233
'

50 1.366 1 J 70 1500 2 1.697 1.763 50 1.465 1 3S6
'

100 1.432 1.388 0 3 1.129 1.259 l00 1.522 1.4644 .

150 1.472 1.440 1500 3 1.695 1.770 150 1.557 1.507
a 200 1.503 1.479 o 4 1.132 1.266 200 1.580 1. 5 '.2 -

250 1.536 1.504 1500 4 1.705 1.762 250, 1.533 1.567
300 1.555 1.526 0 5 1.142 1.266 3co 1.610 1.537
350 1.571 1.544 1500 5 1.700 1.763 *350 1.621 1.6c4 .

400 1.584 1.561 o 6 1.145 1.267 400 1.623 1.613
.

450 1.594 1.573 1500 6 1.708 1.762 450 1.635 1.631

500 1.603 1.593 o 7 1.151 1.269 500 1.642 1.643
550 1.610 1.605 1500 7 1.707 1.765 550 1.648 1.653
600 1.61.7 1.618 0 8 1.151 1.277 600 1.653 1.662;

1

650 1.622 1.629 1500 8 .1.'707 1.766 650 1.653 1.670
700 1.627 1.640 o 9 1.145 1.239 7co 1.662 1.673 -

,
, , ,

! 75o 1.632 1.650 1500 9 1.711 1.760 750 1.666 -1.635
I 800 1.637, 1,660 800 1.670 1.692

830 1.642 1.663 850 1.673 1.693 ~
900 1.647 1.676 900 1:677 1.705+

950 1.651 1.634 950 1.680 1.710.

i 1000 1.655 1.692 - . 1000 1.633 1.716
I

,

1.659 1.699105o 1o50 1.6S6 1.721,

1100 1.662 1.706 1100 1.639 1.726
i 1150 1.666 1.713 . . 1150 1.691 1.731

1200 1.669 1.719 1200 1.694 t.736
; 1250 1.672 1.725 1250 1.636 1.740

-

,

1300 1.675 1.732 1300 1.693 1.745
1350 1.679 1.733 1350 1.700 1.749 .,

14co 1.6S2 1.744 1400 1.703 1.753

1450 1.655 1.750 1450 1.705 1.753
1500 1.633 1.756 1500 1.707 1.762

| . o Val: 1.760^ o
vait 1.7654

5 Min; 5 Min,

d

, .

] g ( Uh \D k
. . . .-

... . ,_ _ . -- _ . . - . _ , . _ _ _ _ , _ _ . . . . . _ . _ _ . _ _ _ . _ _ _ , _ _ _ _ _ _ . , _ . . . . . _ _ .. - _ _ _ _ _ . . _ _ _ _ _ _ , . _ _ . _ _ _ . . _ _ _ _
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THATCHEP. E!;C!!::0113. ..
y .

s .
.

v

Heirat t;a. 4-

. Lead No. I tio . 1 Lead Lead t;o . I No. 1 ' Lead 10 10
t

Kips North South Kics Cycle North South ;i ps 1;o r th Scuth
._

0 .' 0
.-

1500 1500 1.703,

1400 1.633 1.757 - 14'00 1.706 1.762.

'

1300 1.636 1.754 1300 1.704 1.753
1200 1.683 1.751 1200 1.702 1.755

'

1100 1.630 1.747
.,

1100 1.699 1.751
'

1000 1.677 1.742 - 1000 1.636 1.747
*

'

c00 1.672 1.737 900 1.692 !.742
300 1.663 1.731 800 1.683 1.736

700 1.662 1.725 700 1.633 1.730
| $00 l'.652 1.717 600 1.677 1.722

| 500 1.643 1.707 500 1.671 1.713
400 1.639 1.694

'

400 1.662 1.701

I 300 1.6:6 1.675 300 1.649 1.656.

_
200 1.607 1.647 200 1.629 1.667.

.

,100 Mone None - 100 None None

0 ".103 1.267
~

0 1.160 1.299
4 . *

'

** **
.

1

.

* Reading a f ter 5 Min = 1.145 * Reading af ter 5 Mi, = 1.310'

; ** Reading after 10 Min = 1.144 ** Reading af ter 10 Min = 1.311|

!
i

Heire: No. 4 2cfled:icns
.

Pre-Test 'Po s t -Te s :

North 1S/32 22/32 3
Scu;h 25/32 23/32 3
Ea s t 26/32 29/32 3
West 21/32 26/32 5,

Post-:cs cable (cushion) weight: 167.5 pcunds.
i

i

e

/At.L'v Wur torJ L< n c i :,s, b arm .- za a s owe s - p los a
p n e

-
,

~

.

$

- _ _ . _ _ _ _ . . _ , . . . _ . . y.,,,,y,- , _ . _ . , , . .,--yy, , , . . _ . , , _ . _ _ , ,.,__m_._ . . . _. ____-,_-_.,-_r.-_-...- y . .- ,
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THATCHEP. ENO:':EER!NC
.

,

October 5, 1973
,

, -

.

. ..

J
' Helnet No. I

! Load No. 1 Mo. 1 Lced Lead No. 1 No. I Load 10 10
Kips North Ecuth .U ;; s Cycle !!c r th Sce:h Kips flo r th Scuth ;

O 723 700 0 2 1.063 1.373 0 1.039 l'.052

. 50 1.330 1.320 1500 2 1.772 1.831 50 1.408 1.450 i
--

100 1.427 1.423 0 3 1.048 1.003 100 1.487 1.539.

i
150 1.433 1.477 1500 3 1.767 1.842 150 1.533 1.586
200 1.521 1.514 0 4 1.065 1.C03 200 1.567 1.621

!

250 1.547 1.546 1500 4 1.769 1.544 250 1.592 1.651

300 1.567 1.572 0 5 1.069 1.024 300 ' I.611 1.672

350 1.582 P.592 1500 5 1.763 1.652 350 1.624 1.633

4C0 1.539 1.612 0 6 1.078 1.025 400 1.638 1.704
''

450 1.611 :.627 1500 6 1.768 1.343 450 1.649 1.717

500 1.623 1.641 0 7 1.031 1.041 500 1.659 1.729 '

'

550 1.634 1.654 1500 7 1.769 1.243 550 1.669 1.740
600 1.644 1.666 0 8 1.038 1.042 600 1.672 1.749-

i 650 1.653 1.676 1500 8 1.'770 1.849 650 1.683 1.758
! .

700 1.663 1.686 0 9 1.090 1.046 700 1.691 1.766 .
,

*

750 1.672 1.695 1500 9 1.769 1.347 750 1.698 1.773
800 1.680, 1 704 800 1.704 1 730,

850 1.6S3 1.712
-

850- 1.710 1.736.

coo 1.694 1.720 ; c00 1.716 1.792 ._

950 1.704 1.727 950 1.721 1.798
'

.,

i

1000 1.712 1.734 . . 1000 1.726 1.803-

|
~

1050 1.719 1.741 1050 1.731 1.809
i

''

1100 1.726 1.743 1100- 1.736 1.S13I
'

.

1150 1.733 1.735 I150 1.741 1.513.

1200 1.741 1.761 1200 1.745 1.323,

1250 1.747 1.767 1250 1.743 1.227.

,

1300 1.753 1.773 1300 1.753 1.E31;

; 1350 1.761 1.750 1350 1.757 1 "
'

i 1400 1.767 1.736 1400 1.761 1.'333
'

1450 1.774 1.792 1450 1.764 !.3L3
1500 1.780 1.793 1500 1.763 1.547

o Val: 0 Vai:,
'

5 Min 5 Min> a

A r,N. L L I d b_, Law - t o /.'. [7e|bb bL DN d I-i 1 C o :Fx .sr

p 1 dz.
- - - - . - .- - . . - . - . - -. . . . - - - - .-. -- . .-= .-
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THATCHER D:0iFIERiN .

' Itel et No. 1

Lead No. 1 Na. .I Leaa Lead !:c . I !!a . i | Load 10 10-

) r.i ps Ncrth South Kips C,cle North SouthjKips North I uth

O
0 .'

1500 1.736 !.805 15,00 1.770 1.851
..

1400 1.763 1.E43
1400 1.734 1.302 -

1.^45
1300 1.731 !.200 1300 1.765 :

1200 1.777 1.797 1200 1.761 1.342

1100 1.753 1.339
1100 1.772 1.793

1000 1.767 1.739 1000 1.753 1.335

900 1.761 1.734 SCO 1.743 1.S30

800 1.754 1.773 800 !.742 1. c- 4

_
700 1.746 1.771 700 1.735 1.817

500 1.736 1.761 600 1.726 1.307

500 1.725 1.749 Sco 1.716 1.796

400 1.703 1.752
400 1.71I 1.732

300 1.695 1.706 ' 300 1.634 1.763.

200 1.691 1.666 200 1.655 1.731

! 100 Ncne Mone 100 None Ncne*

i

0 1.039 1.c43i ~

i 0 1.063
' - s,

**
**

*
.

i

I

l Reading af ter 5 ft'n = 1.035*| Reading a f ter 5 Min = 1.052
'' ** Reading a f ter 10 t'in = 1.03-

*
|

Reading a f ter 10 Min = 1.032f **
,

, .
,

I ,
Heiret No. 1 Ceficctions

i

I

1

Pre-Test Post-Test'

i

1'

| North + 7/16 - 5/32
Scuth + 1 1/3 + 7/S .

East + 21/32 + 9/32

i Vest + 1 1/2 + 7/8
.

Post-test cable (cushion) .Seight: 197.5 pcunds.

:
'

,

|

I r
b I # O

.i i ! B D LL C C' < 4. 5 :4 # 0 rJ bt P E*. .I E.5 T' ATA- IOObdS
*' R .*

r-
. 7. o

9ce r %
*

,

>

6
*

|. - , _ _ - ---. _ _ _ . _ ~ _ _--s


