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LIST OF NOTATIONS

A = Empirical coefficient

a = Empirical constant
a, = Horizoﬁtal angle of initial poftidn Qf a load-slip curve
B = Empirical coefficient |
b = Pile width

C = Constant based on soil properties
¢ = Soil shear strength |
d = Pile diameter

E = Eiastic modulus

H = Depth below which the soil respbnse‘is unaffected»by the ground

sgrface bbundary |

I'=_Piie moment of inertia about the(logded axis
Kg = Rapkine coefficient of minimum active earth pressure
Ko = Cpefficien; of earth pressure at rest

k = Modulus of horizontal subgrade reaction

L_f Portion of the bridge 1ength'affecting thermal expansion at one abutment
1, = Effective length ofAthe pile

M= Applied'moment in the pile

M(x) = Moment along the length of the pile
M(1le) = Moment at the point of fixity |
m = Slppe of the inférmediate por?iqn of a p-y curve for Pahdy soils

N ?'Sfandérd penetration blowcount
N. = Dimensionless bearing capacity factor
Ng = Diﬁensionless‘bearing capaciﬁy factor

n = Empirical constant
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Constant of horizontal subgrade reaction

Lateral load at the pile top

Lateral soil resistance at a lateral deflection (y) of b/6Q
Ultimate lateral soil resistance‘

Soil resistance

Pile perimeter

Axial pile load

Ultimate soil resistance

Effective vertical stress at the pile tip

Depth measured from the ground surface

Lateral deflection of the pile

Maximum deflection of the elastic portion of a p-y curve in sand
Maximum deflection of the parabolic portion of a p-y curve in sand
Ultimate lateral deflection

Coefficient of thermal expansion

Rankine anglevof passive eartﬁ pressure

Lateral deflection at the top of the pile

Allowable teﬁperature drop of rise

Soil strain ip a standard triaxial test

Average effective unit weight of a soil from the surface to depth (x)
Soil friction angle

Vertical pile settlement

Stress in the extreme fibers of the pile

Ultimate soil shear resistance

Rotation at the pile top




I. INTRODUCTION

Background ‘ ' ;

The routine use of integral abutments to tie'bridge superstructures to

foundation piling began in this cduntry about 30Ayéérs ago.l9. 'Kansas, o

Missouri, Ohio, North Dakota, and Tennessee were some of the early users.

This method of construction has steadily grown moré popular. 'quay mbre
than half of the state highway agencies have developed design criteria for
bridges without expamsion joint devices. -

Most of the states using integral abutments began by building them on

bridges less than 100 feet long. Aliowable.lengths were increased based on '

good pgrformance‘of successful connéction details. Fulifscgle fiéld
testipg and sophisticated rational design methods were not'commoniy_used as
a basis for increasing allowable 1gngps#l'This led to>wide vafiatioh# in
criteria for the use of integral abqtmentsvfrdﬁ state to staté. In 1974
the.variation in maximum allowablevlengph:forAconcrete Bfidges‘using ;
integral abutments between Kansas and Missouri was.200'fee¢.19 | A sufvey
c;nducted by tﬁe University of Missoﬁ:i‘iﬁ 19734indicatéd that aliowéﬁle -
1éng£hs for integral abﬁtment concrete bridges’in s6me states were 500 feet,i.
while only 100 feg;'iﬁ'others. | R

-vThe pfimary,purpﬁse for buildingvintegral abutments is-td'éliminate
bridge deck expansion joints, thus reducing construction and méiﬁtenance
COétS¢_ A sketch of.a bridge with'intég;él abutments is-shqwn iﬁ‘FIGURE'l.‘
Conventional bridge bearing deviceé 6f£§n_become‘ineffective and;are_ |
susceptible to deterioration from rqadway‘ruﬁoff through“deck-joiﬁtSVWhich
are open or legk. A cfoss—section_qf a bri&ge,with Stub éﬁqtméﬂts apd’deck.

joints is shown in FIGURE 2.

Ve



- CROSS-SECTION OF A BRIDGE WITH INTEGRAL ABUTMENTS
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CROSS-SECTION OF A BRIDGE WITH EXPANSION JOINTS
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In an integrai abutment bridge with flexible piling, the thermél
. stresses are transferred to the substructure via a rigid connection.
Various construction details have beentdeveloped to acqomplish the transfer
as shown in FIGURE 3, The abutments containvsufficient bulk to be con-—
sidered a rigid mass. A positive connection to the girder ends is
generally provided by Qertical and transverse reinforcing steel. This
provides for full transfer of temperature variation and live load
rotational displacements to the abutment piling.

The semi-integral abutments shown in FIGURE 4 are de$igned to
minimize tﬁe transfer of rotational displgceﬁents to the piling. They do
transfer horizontal displacements,'and they also allow elimination of the
deck expansion joints. Rotation is genérally accomplished by using a
flexible bearing surface at a selected horizontal interface in the abutment.
Allowing rotation at the pile top generally reduces pile loads.

The stresses in the abdtment pilipg are dependent on the axialwload
(Q), lateral 1oad at the top of the pile (P), rotation (&) allgwed at the
abutment, stiffness (EI) of the pile, and resistance (p) of the soil |
(see FIGURE 5). Various simplifying assumptions can be made to allow a rou-
tine mathematicallanalysis of the system to be developed. An elastic solu-
tion based on statics can ﬁe obtained by assuming p= 0 and fixing the pile at
some effective length (1lg) (see FIGURE 6). The point of fixity ig assumed
such that the lateral load-deflection response at the pile top.is similar
to that of the actual case considering soil support. Lengths of 10 feet and
10.5 feet have been used by some state highway agencies.38’.14 By assuming
that the abutment is free to rotate and that the moment due to the axial

load (Q) is very small compared to the bending moment caused by the lateral

e




INTEGRAL ABUTMENT DETAILS
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SEMI-INTEGRAL ABUTMENT DETAILS
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INTEGRAL ABUTMENT PILE LOADS
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load (P), the following expressions result:

4 = p1.3/3E1
M(x) =Px + QA -y) . ..
M(1y) = Plg = 3EIA /(1,)2
Where:
M(x) = Moment aloné the length of the pile
M(le) = Moment at the point of fixity

x = Depth frém the ground surface .

y = Lateral deflection of the pile

4 = Laterél deflection at the top of the‘pile
E = Elastic modulus of the pile |

I = Pile moment of inertia about the loaded axis

In Iowa HP 10 x 42 steel piles are used predominantly in integral
abutments with a 6.0 ksi vertical design load on bridges over 200 feet
loﬁg. A; an example, the stress in‘an HP 10 x 42 pile will be calculated
ignoring soil sﬁpport for an embedment 1engfh of 10 feet and a lateral

deflection of 1 inch. The last two criteria are used by Tennessee to

establish maximum allowable bridge lengths using integral abutments.

M(1le) = 36.1 Ft—Kips
Vo= My/I + Q/A = 3Ey/(1.02 + Q/A . . . (2)
v = = 36.4 ksi

30.4 + 6,0

As shown by EQUATION 2 the piling stress can be decreased by
minimizing the cross-sectional width of the pile. The. stress for the next

size smaller pile, an HP 10 x 36 (with y = 4.079), is 30.5 ksi. Changing
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the fixity condition at the pile top.froﬁ hfree" to "fixed" substantially
increases the calculated stresses for-a'éiven 1ateréi deflectioﬁ at the top.

These éimplified elastic equations indicate-thét.the pile streéses éré
in the elastic range for movements éf about 1 inch. A recent study in
North Dakota included monitéring defleétioﬁs in a 450-foot concrete box
beam bridge. The total maximum movement including contraction and
expansion was found to be about 2 inches at each abutment. When the soil .
resistance is included in the analysis, the calculated stress ié redﬁced-
but still can be above.yield. |

The limit of allowable horizontal mgvémeﬁt which Qiii cause
ijectionable pile stresses has not‘been_well defined. This i; one reason
why the wide variation in design crite;ia exists among the sﬁate’highway
agencies. A related question which may be equally difficult to anéwér is
to define the 1e§e1 oﬂvobjectionablexstress in a pile. That‘ig;lcan
embedded piles give acceptable service operating at or near their-yigld
strength? Experience in Tennessee.and studies in North Dakota seem tb

indicate that they can. -

Purpose

If thermal stresses can be acqufatelj prediéted and appropriately
handled, the eliminafion of deck joints on as many bfidges as poséible
is desirable. The current 1ength'1imifatidﬁ‘in Towa fbr the ugé'df:
integral_ébutments in concrefe bridgeé‘i§'265'feet. The first.aﬁpliéatién
with steel I-beam bridges in Iowa is currently uﬁder constructioq.':These
dual Interstate bridges are 263 feet in length. |

' The purpose of this study is to gain a better understanding of the
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behavior of integral abutments and to present background information
for the Towa Highway Research Project HR-227, "Piling Stresses in

' The objective of the research study

Bridges with Integral Abutments.'
is to propose maximum bridge lengths for steel and concrete bridges for

which integral abutments can safely be used. : '

Plan of Investigation

A snrvey questionnaire was prepared in cooperation with the Office
of Bridge Design, Highway Diviéion,'Iowa‘Dgpa:tment of Transportafion,'
to obtain information concerning the use and design of integral bridge
abutments. Based on a review of the survey, several states were iéter
contacted to gain a better understanding of succe;sful design détails
and assess ghe pérformance of reletiyglyﬁldng integral abutment bridges.
Summaries of thesé telephone convergations with’bridge:engineeré insl
Tennessee, Missouri, North Dakota, Kansas, and Califbrnia are inéluded
in section II-4 of this report.

| Most of the states which nse integral abutments, as shown:in
APPENDIX I, have developed specific guidelines concerning allowable
bridge lengths, design of the backwgli,.type of piling, etc. fﬁe basis
of these guidelines is shown to be primarily empirical. B

A brief review of available methods of mathematically representing
the pile-soil system is conducted tq_determine what types of soil
information are required. Methods of Qb;aining the soil data are discussed

and limits are presented for use in the analysis.

Previous experimental studies have been conducted by-Rowe,34 Alizadeh

and Davison,l Paduana and Yee,36 South Dakota Department of Highways,19

and North Dakota State University.l7 These projects were reviewed and
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compared to the possible methods of soil parament representation. Results

are presented which may be significant to the current research project.



1.

Purgoée

II. SURVEY OF CURRENT PRACTICE

Surveys concerning the use of integral abutments have previotsly been

conducted.l9,12  They have indicated that there are marked variations in

. . : . . ' . ” : - :
design limitations and ¢riteria for their use. Many states have not felt

comfortgble using a’ system thch does notvcontéin_some-"free'spéée" fbr
teﬁperature variation displateﬁents #o occur,‘ | : |

‘Some of the vériations_among the,stafes.dccur because‘of difféfgnt
temﬁerature range criteria. Alsb, depending on the extent of de-iéing salt
use, somé states may~experiénce gféétéf pfoblems with bridge deck expansion

joint devices than others. Naturally,. it is difficult to justify altering -

.existing construction techniques by either beginning the use of integral

abutments or using them for muchllongef;bridges, if the possibilitybof

decreased distress ‘and maintenance are not readily apparent.

' The current survey was conducfgd to determine:

N 1. Various design criteria énd limitations béing used;

2. Aséumptions being made réga;ding selected design parameters
and appropriate level ofvana}ysié; -

3. Specific construction;deggils_being used;

4f Changés ip trends singglp?eyioqs‘survéyé We;e takeﬁé aﬁd

5. Long-term performancé.of bridges with integral abutments.

Questionnaire

'The questionnaire was sent to the 50 states and Puefto Riqé. .Since
the Difect ConstructionvOffice,_Regibn 15, federai Highway‘Aaministraﬁién_
is invoived in bridge éonstructi&h on Federally‘owned property, a'quéstion%
naire wgs aiso sent to the design_départmént in Arlingtoq, Virgiﬁia.' A

copy of the questionnaire and responses from each of these agencies are
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contained in APPENDIX I.

The survey questions were difected at 1imitations in bridge length,
typé, and skew. TheAstates were alsq,asked'what assumptions Qere_made
in determining fixity conditions and loads for design of the'pilingiand
superstructure. A deﬁéil_drawing of the type sf integral abutment used
in Iowa was included in fhe’questionnaire;\ \

It was hoped that some of the states usiﬁg integral abutments had
per formed én analysis regarding anticipated mévémenﬁsvand éile stresses.
The questions regarding fixity and design ioads ﬁere included to determine

, ' ' . |
what ‘level of analysis was felt to be appropriate.

Much of the progress in the use of integral abutments has come about
by successive extention of limitations baégd on acceptable performanée of
prototype installations. In order to lgérn more from the several states

who have pioneered the use of integral abutments, questions.were asked

regarding costs and performance.

Trends in Responses

Of the 52 responses received, 29 indiéated that they use'integrél-type
abutments. A few of thesé, such as ﬁe&zMeﬁico and Virginia, are just
beginning to use them.. Their first infegrallaButment bridge.was either
recentiy designed or currently under cénstruction...

Of the 23 who did not use théSe_ébqtﬁents,‘the;e were &4 group§ having
similar responses. ' |
' . | . ,

1. Fourteen states have:no'piéné to consider using this type of
abutment.

2. Five states responded that théy have not previously considered

the possibility of fixing the girder ends to the abutments .
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Three states have built some integral abutments or semi-integral
éndwalls, but currently do not use them in new bridge construction.
One state indicated that they were presently investigating the

possibility of using integral abutments.

The .following are some of the reasons given for avoiding the use of

integral abutments:

1.

The possibility of a gap forming between the backwall and the.
roadway fill (2 states);
Increased substructure loads (1 state);

The possible attenuation of a Eﬁmp"at the ends of the bridge

(1 state);

The iack of a rational methdd for predicting behavior (1 state);
The possible additional stress on approach'pavemeht joints

(2 stafes); and

Cracking of the backwall due‘to superstructure end span rotétion

and contraction (2 states).

One of the purposes of this study is to present methods of analysis

and design details which will reduce the potential ill-effects of these

concerns. Many of the states currently using integral abutments have

effectively solved most of these problems.

The following is a discussion of the responses received from states

using integral abutments keyed to the question numbers of the survey. A

summary of the responses is contained in APPENDIX I.

1.

Most of the states using integral abutments do. so because of
cost savings. Typical designs use less piling, have simpler

construction details, and eliminate expensive expansion joints.
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Some states indicated thét their primary concerh was to
eliminate problems with the expansion joint. A few said that
simplicity of construction and lower maintenance éosts were’
their motivation.
2{ & 3. TABLE 1 shows bridge lengtﬁ limitations currently being
used. In éummary, 70 percent or more of those stat¢S'u§iné
" integral abutments feel comforfable‘within the folldﬁing range
of limitations: steel, 200-300 feet;jconcreté, 300-4QO‘feet;
and prestreSséd'concrete, 300-450 feet. There are 3'states uging
longer limitations for each structure type. - They typilcally
héve been building intggrgl'%butments longer than most-stétes
and have had good sgccess;Wi;h them. The move toward longer
bridges is an atéempt to achieve the good perfofmahce observed
on.shorter bridges for structures at the maximum pféctical
length;limit. This achieves_thé maximum benefit from what'mhny
regard aé a very low maiﬁtenanég, dependable abutmg&é design;
The difference in concrete and steel length 1imitati§ns
‘reflects the greatér prqpeqsity of steel to reactvto teﬁpérature
changes. Although the goefficients of expansion are ﬁeérly |
equél for both‘materials? ghg'gelativeiy large mass of ﬁosf
concrete structures makg§ ;Hgm less réactive tO'ambient
temperature changes. Tﬁié ié reflected in the Ameri;an
Association of State Highway_and Transportation Offiéiéis
(AASHTO) design temperatﬁfe v&riation,'which is muchiloﬁér

for concrete.




TABLE 1

B Number of States :
Length Steel Concrete Prestressed.

Maximum

800 1 1
500 1 2
450 1 3
400 2 3 4
350 1 3 1
300 8 8 8
250 2 1

200 5 1 2
150 1

100 1

INTEGRAL ABUTMENT BRIDGE LENGTH LIMITATIONS (1981)
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Only a‘few states respbnded to the questién fegarding iiﬁitétions
on piling. Five states use only steel piling with integral
abutments.  Three others allow concreteland steel bﬁt not
timber. No length limitaﬁiqn;.for timBer piling were given by
states other than Iowa. Timber_ﬁiling is allowed in Iowa for

bridges le'ss than 200 feet in length.  1If the_length_is greater.

than 150 feet, the top of the pile which is embedded in the

-abutment is wrapped with 1/2 inch to 1 inch thick carpet padding

material. This allows some rotétibn of the abutmen;, reducing
the Bending sfress on;Fhe‘pile. Only 4 of-the 29.agen¢i§$ |
indicated that the webs ﬁf stée;.pile; were piacéd perpendicﬁlar’
to thg length of thevbridge. in subsequent phonelqalis to. a

few other states, it'wa§-1garﬁ¢d that others alsoifélloﬁ this
practice. At least 1 stateﬁbegan using integral abutménts

with steel piling placed in the usual orientation (with the pile

‘web along the length of the_pridgé). “This led to distress and

cracking at the beam-abutment interface, and the state eventually

began to rotate the piles by 90 degrees for greater flexibility.

The writer believes that many states accept this as common

practice and, therefore, did not mention it specifically.

'

5. & 6. Twenty-two states indicated that the superstructure was

assumed pinned at the abutments. Five assumed partial fixity,

and one assumed total fixity. ‘Seventeen'responses noted that at
the pile top a pinned assumption was made, & réported a partia1’
fixity assumption, and 5 states believe the pile top is

totally fixed. 8ix of the states which assume a pinned condition
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actually ﬁse a detail which is designed to eliminate moment
constraint at the joint. In the absence of a detail which

allows rotation, the appropriétg assumption_depends largely on
the relative stiffnesses of fherpile group and the end span
superstructure. For example, if a single row of steel piling
wifh their webs perpendicular to the length of the bridge was
used with a very stiff superstructure, the joint would probably
behave as if it were pinned in response to dead and live loads
and as if it were fixed in response to temperature movements.,

If the stiffne;s of the pile group were increased, some degree of
partial fixity‘wodld result_depending on the ratio 6flstiffnesses.

Only a few states consider thermal, shrinkage, and soil

pressure forces when calculating pile loads. Several states

noted on the questionnai;e that only vertical loads are used in
design. Of those that do consider pile bending strésses, 8 use
thermal forces, 3 use shrinkagq forces, and 10 consider soil
pressure.

Most states indicated that bending stresses in abutment piling
were neglected. There were 3 states, however, that assumed

a location for a point of zero moment and used combiﬁed béﬁding
and axial stresses. Also! prebored holes were ﬁsed by threé
states to limit bending stresses by reducing the soil.pressure.
Most states indicated fhat a free-draining backfill mﬁterial is
used behind the abutmeﬁt. ‘Some'reépoﬁses, however, indicapéd
that problems were encountered such as undermining ésspciated

with granular soils. One state said, 'Have recently experienced
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problems with non-cohesive'ﬁéterial,béhind.this tyﬁe‘of
abutment. Backfill material shoul& be cohesive aﬁq.freé from.‘
cobbles and boulders." . Six other stafes usé‘cbmmoﬁ-fbadﬁéy
£i1l behind the abutment.

All except 4 states rest the approach pavement on the

integral ébutment. One state indicafed that'a bositivé tie
connectioﬁ was,used to éoﬁnectuthe slab. No commehts_fegardiﬁg
the practice of restiﬂg théAsiab on a pévement notch wére;v

noted. A few states indicated that they have experienced

problems when reinforced approach slabs were not used.

11. & 12. All except 3 states reported lower construction and

maintenance costs using ipteg:al abutménts. One ééid coéts
were the same and 2 didinot fespond to the.questiOn. Tﬁé"
following are some isolétéd comments that were made abouﬁ
construction and mainéenan¢e é;ébleﬁs using integrai'abutments:
a. Longer wingwalls,mqy‘be nécessary with‘cést-in-piace,
pést—tensiohed.bridges.for backwail containment;
b. The proper compacpion of béckfill méteriél is critical;
C. Caréful cénsidgratién_of‘drainage aﬁ the end of‘tﬁe
bridgé is necesséry;-
d. Wingwall concretelshoﬁld be placed after stréssing of
cast-in-place, pos#—teﬁsioned bridges;. |
e. The‘effects of‘eiasticlshortening afte?lpost—tensioning
should be caref@lly»éonsidered, especialiy on_siﬁgle_

span bridges;




f. Proper placement of piles is more critical than for
conventional abutments;

g. Wingwalls may need to be designed for heavier loads to

e _ prevent cracking;

h. Adequate.pressure relief joints should be.providéd in
| the-approach ﬁaﬁémeﬁt to gvoid interferéﬁcevwith the

functioning of thé abqtment;

i. Ppssible negafive friétion forces on the piles sﬁould
be accounted<fo:‘in-the designé andv

j. Wide bridgeslbn high‘skews reﬁﬁife épegial éonsideration
ingluding stfeﬁgtheniﬁg of diaphragms and‘wingﬁali—fo-

A . - . _

abutment connections.

- Review of Detaills and Design of Selected States

Telephone visits were conductéd‘With 5 states to discuss in ‘greater.
depth the itenﬁicovered‘on the questiﬁn?aire and to become more familiar'
with their design rationale for integraiTébutmenté. _They were Tenﬁessee,
Missouri, North Dakota, Kansas, Califofnia, and Iowa. Some of the itéms'
coveged in the visits are discuSséd‘bélo&L | |
a. Tenneéssee38 ] ,4‘

Tennessee has :extensive éxpefiehcé with,ingegral abgtment'
{
coqstruction and performance. It is'egtimated that over 300 steel
and 700 concrete bridées héVg bgen built withvin:egrallabutments.
Mr. Ed Wassermar, Engineer of;§£¥uct§?es,iTennessee_Departmentvbf}
’Transportation; indicated that the_staté was very pieased withiéﬁé
performance of these strucfurés ana hés notéd no‘uhdué‘streSS oﬁ the

abutments.
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The maximum length limit; using integral abutments weré ar;ived at
by setting -a limit of expansion -or contractionlof 1 inch. This figure
was developed empirically over a beriod of several yeafs, By’uéing a
simplified COlumn.analysis with an‘ﬁnéuppérted length of 10 feé; fhe .
state calculated the piling strésSes‘to be jus£.s1igh£1y over yiéld
when deflected only 1 inch. Tennessée'uses the average AASHTO
température change of 350 F for concreté structures and 60° F for steél.
The maximum bridge lengths (2L) for.this ailoﬁable deflection (A) are

about 800 feet foristeel and 400 feet for conérete. 7 “

1/12 1396 ‘feet |

A

L concrete —_4a_ _ =
- «(c(8T)e . (.0000060)(35)
L steel = _;_;,é!_____, = 1/12 = 214 Feet. . (3)
Xg(8T)g - (.0000065)(60) '
Where: |
X. = Coefficient' of thermal expansion for concrete (AASHTO)
(8 T). = Allowable temperature drop or rise for concrete (AASHTO)
s = Cbefficieﬁt of thermal expansion for steel (AASHTO)
f (§T)g = Allowable temperature drop or rise for steel (AASHTO)

g

:fTeﬁnessee has not completed any reéearﬁh work to verify the
éésﬁmptions_used to de§elop design criteria other than dﬁse?yiﬁg the
gbod per formance of constfucted bridges. Abutménf details used by
Tennessee are Qery similar‘to Iowa'é. Timber pileg are not‘used.
Kansas39 |

Kaﬁsas’has notApa;ticipatéd in formal research ac;ivitiesftoi*

formulate design criteria for integral 'abutments. The length
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limitations and details used have been developed empirically through
many years of expefience. The following length 1imitétions have been
established: steel, 300 feet; éoncrete, 350 feet; and prestfessed,
300 feet. Mr. Earl Wilkinsen, Bridge Engineer, Kansas State Highway
Commission, indicated that a few cast-in-place bridges up to 450 feet
long had been ﬁuilt in the past with integral abutments, but this is
not the general rule. |

Point-bearing steel piles with 9000 psi allowable bearing are used
most often. Some concrete filled steel shell piling or prestressed
concrete piles are occasionally specified.
Missouri23 |

Missouri had planned to instrument the piling of an integral
abutment several years ago but was unable to do so because of
construction timing. No other investigations of integral abutments
have since been planned. |

Criteria for use of integral abutments have been developed
primarily from following the success of other sgates, notably Tennessee.
The maximum length limit for steel bridges has recently been increased
from 300 to 400 feet. Over 100 concrete bridges (mostly prestresséd)
and over 40 steel bridges have been built with integral abutments o&er
b
;?rth Dakotall

period of 12-15 years.

North Dakota has built over 300 bridges with integral abutments.
Most of these have concrete superstructures. They have had good
performance except in two areas. First, the superstructure was

originally connected to the backwall with dowell bars which were placed
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) A ' : ) :
with insufficient cover. In some places the concrete over the dowell
bars on the inside face of the Béckwéli’craoked doe to thermal forces
caused by contréction of the'superstruoture.. Second, . the pileerere ‘
origiﬁallyvplaced with the webs perallel to thevlong axislof the bridge.
Using this orieﬁtation caused some distress in the‘beckwall since the
- piles offered reletively large resistance to,iateral bridge movéments ,
.The problem Qas elimioated when the piles were installed with the webs
'perpendicular to the long-exis of the bridge.

North Dakoté was an early user of integral abutments. Tﬁeir
design criteria is based mainIy,oﬁ their own experience. No formal
anelysis methods are employed‘to oa1cu1ate stresses in the piles.
Steel and concrete-bridges are currently limited to 300 feet'whiie

‘prestressed bridges are built up to 450 feet in length »

~N

Last year the state bu11t a 450 ~foot prestressed concrete.box beam
bridge on a 0 oegree skew near Fergo, North'Dakota. The piling in the
integral abutments.were instrumented with strain gauges and had: | |
inclinometer tubes attached. Dr. Jim-Jorganson, Civil Engineering
Department, North Dakota State Uni?ersity; was commissioned to monitor
the movements and strains in the brldge for one year. He ﬁill(have a
pre11m1nary report prepared late th1s summer. It appears that the -
.max1mum total movement at each end 1s‘about 2 1nches.17 , Thls is
equiValent,to a temperature variation of about 117°© F. .

.The'installationloootainsle‘unique feature which was‘designed by
Moore Ehgineering; West:Fargo, North Dakota. A special expansion joint
meteriai several inches thick_is‘p}aced behind the abutmept.beckwall.

Behind it is a sheet of'corrugatedpmetal.‘ The mechénism is designed




f.

25

to reduce pgssive earth pressures on the abutment and ﬁb help.reduce
the fofmatioh of a void space upon contraction of the superstructure.
The system is shown in FIGURE 18 and discussed further in Séqtion IIIf6.
California’: :

California has engaged in séveral projects. investigating fhe
per formance of lateraily loadéd piléé in'bfidge embankments. This
work has been done at California State Univeréity atVSacfamento, and by
the California Department of Transportation, Bridge Department, and
will be described more fully in the literéture review. The'reséarch
was able to suggest a correlation between the coefficient of subgrade
reaction used in an elastic'design method to the standard penetratioﬁ
blowcount.. Maximum bending moments in steel H~piles were predicted
within 15 percent of measuted values. |

California does not analyze pile stresses due to bending at each
bridge site. Guidelines have been developed to aid-designérs ip
determining the type of abutmgﬁt to use. .They.are currenfly usiné
in;egral abutments with concrete bridges up to 320 ‘feet long. Because
of the effects of elastic sho;;eqiég on application of post-tensioning
forces, the length limitation for prestressed bridges is about 106 feet
less. Design of the endwall is 5ase§ én.specified horizontal 1oéds

depending on' the type'of piling used'(see APPENDIX II).

Iowa14

Iowa began building integral abutments on concrete bridges in 1965.

" One of the first was on Stange Road over Squaw Creek in Ames. This

prestressed beam bridge is about 230Afeet long with no skew. The writer

visited this bridge in August 1981 tQ détefﬁine if aﬁy apparent distress
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was evident. Both approaches were generally in good shape-with no
major cracking noted. The abutment walls, wingwalls, and beams showed
no thermal movement related cracking or distress.

Mr. Henry Gee, Structural Enginee%, Office éf Bridge, Towa
Departﬁent of Transportafi&n, inspecféd at least 20 integral
abutment bridges yearly for about 5 yeérs after construction. They
varied in length from 138 to 245 feet with skews from 0 to 23 dégrees.
The inspections were terminated since no distreés or prbblemslwérev
found which related to the lack of expansion joints in the superstructure. .

Iowa's length limitation for integral ébutments in concrete bridges
is 265 feet. This is based on an allowable bending stress of 55 percent
of.yielé plus a 30 percent overstress since the loading is due to |
temperature affects. The momen;‘ig”the pile was found by a rigid frame
analysisAwhich considered thé relative stiffness of the supérstructure-
.énd the_piling. The piles were‘assumed to have an effective length bf
10.5 feet, éﬁd the soil resistancg_wés not considered. fhegapalysis

showed that the allowable pile deflection was about 3/8 inch.

Summary

There is wide variation in desigﬁiéésﬁmptions and limi:ations ambng
the various states in their épproach'to_thé use of integral abufmgnts;
This_is 1argély due to the empirical'basis7for development of current
design critéria. Some states, such as Tennessee énd Iowa, have Qsed
traditional statics analysis methods for a beam or beam-éolumn‘to egtimate
piling stresses. It is recognized, however, that assumppions concerning

end fixity and soil reaction may substantially affect the results. A




simﬁle rétional méthod of accﬁrately predicting pile stresses would be a
valuable addition to the current state-of-the-art in integral abutment
design.
Those who use integral abutments are generally satisfied with
performance»énd believe they are economical. Some problems-have been
-reported, however, donce;ning secondary'effec;s of inevitable lateral
displacements at phe abutment. These include abutment, wingwall,
pavement, distfgss, and backfillAérosion. Only a few states noted ;hat any
difficulty had beenvencountered (see "Comments" section in APPENDIX I). |
Other states reported that solutions havg been developgd for most of the
ill-effects of abutment movements. Théy include: (1) additionéi reinforcing
and concrete cover in the abutment, (2) more effectiﬁe>pavement joints
which allow thermal movements to_éccgr, and (3) positive control of bridge
deck and roadway drainage. From the comments of.moSt stafes, the writer
ﬁinfers tﬁat the benefits from using integrél abutments are sufficient to
justify the additional care in deﬁailing_to make them function properly.
Very little work has been done to monitor the actual beﬁavior of
integral abutments ‘except in checking fo?nobvious signs.ofvdistress‘in
_viéible elements of thé bridge. The fgsearch work being done iﬁ North
Dakota t§ monitor actual strains and pilé displacements in an actual
ingegral abutment installation is one of vefy few full-scale projecté. It
is reported on mofe fuliy in section>III—6 of this report.
Several states héve'beeﬁ'progressively increasing length,limitaéiQns
for the use of integral abutments over the last 30 years. Improvemehts in -
details have also taken place which generally can eliﬁinate the possibility

of serious distress occurring with abutment movements of up to 1 inch. These




progressive steps in state-of-the~art bridge engineering have occurred
over the past thirty years and are primarily the result of the observance

of satisfactory performance in actual installations.

>

-



. III. LITERATURE REVIEW

Analytical Approaches

Several analytical studies2y9,21,22,29,31 have been made of the
laterally loaded bile problem. They are primariiyvbésed'on Hetenyi's '
formulation for beams on elastic foundation.l6  Most of the formﬁlétions'
assume an elastic soil response, although some have included inéiasfic soil
behavior by using an’iterative or step-wisé'solutioh.

The two most promisihg solutions are the finite difference method aﬁd
the finite element method. They are step-wise formulations which can
consider two-dimensional soil reactioh‘vériatiQns. Botﬁ methods require a
computer for solution,

The finite difference method inﬁoives the solution of the basic
differential equatioq of the laterally loaded pile at preselecté& node

points along the pile length.

EIQ_Z*Z +Q_a_22 + p=0,......;..v(4)

Oxh dx2 ' .
Where: |
x = Depth fromithé'top of the pile
'E = Mbdulus'bf'elésticity of the pile
I = Pile moment of inertia
Q = Axial'loéd on the pile

Lateral variations in the soil resistance (p) are handled by assuming
a value, solving for the deflection (y), and then iterating until a
preselecte& p-y curve (see FIGURE 7) for the hode is satisfied. -

The finite element solution~genéta11y:uses beam-type elements with
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. A l ‘ .
three degrees of freedom (x and 'y translation and in-plane: rotation).

_Lateral soil springs are used to model the soil structure interaction

characteristics. The spring values are adjusted after iterative solutions

‘for pile deflections are compared with given p-y curves. After the soil

resistance values are determined to the desired precision, the final

structural stiffness matrix is formed, displacements are calculated, and

element forces and.stresses'can[then be'evaluated.,_

The finite element solution has the ability to consider va;iable sheaf
ﬁransfer to the soil by|ééch element.aloﬁg fhe pile lenéth. A typiégl
curve shoﬁing the load transféf to goii.ygfsﬁs axial displa?emept,for
varioﬁs depths is shdﬁﬁ iﬁ FIGURE,B.2

After'each iterative displacement'calculation, thegv¢rtica1 ﬁ&Qement
due ﬁo axial strain in the pile is subtraqtéd.from.;ﬁe total deflecfion to
find ﬁhe ﬁile element slip. The 1qad,métrig is reviéed with the new

element friction load obtained by entering the load-slip diagram for the

"appropriate depth.2 = The Cycling continues until the current and preceding

slip values agree to a specified precision.

Development of Load-Displacement (p-y) Curves
Probably the most accurate method3of'ﬁeve1bpingvp-y curves is to
use sensitive instruments to meaéufe'pile deflection and earth pressure

directly in a full-scale 1atéra1'1oad test. Although‘theinecessary

. equipment could probably be,dbt;ihed'given the level of current technology,

the method would be expensive andftime7é6nsuming. g

Another potentially accurate'méthbdiis to place electric strain gauges ‘
B . B . s : ) .

along the length of the pile. ‘Aftefﬂéalculating,pile stresses and bending
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moments from the strain readings, the soil pressure (p) and lateral

"displacement (y) can be found from EQUATIONS 5 and 6.

jfm/mdx o . (5)

y =
p=d2M/dxZ - + ¢ s e e e e e e ... (6)
Where:
M = Applied moment in the pile

This method is also quite expensive and requires extreme care in
taking measurements since the deflection is extremely sensitive
to variations in the bending moment .33
It is possible to obtain approximate values for p-y variations
- along the pile by knowing the 1oad,'moment, deflection, and rotation at

the top of a test pile. This simple test requires only that a pile be

" driven beyond the point below which the soil hés no appreciable affect
on pile—fop deflections and a lateral load be applied while measurementé
are periodically recorded. Thé méthod is based on Reese and Matlock's

| non—d imensional solutions31 which assume a linear variation of soil ,
moaulus with depth. Relatively accurate information can be obtained, 
but the method30 does require actual field measurements to be taken.

Several investigatorszo’32’33 have attempted to correlate_a lateral
Y load-deflection résponse with laboratory soil tests. The form of the

equation normally used is shown in EQUATION 7.

p=cyl/m | . . . L L e (D
Where: !

C = A constant which varies on soil properties

n = A constant which varies with the type of soil
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Possible functional relations and values for C and n are shown in
TABLE 2. The following spécific values for a soft clay have been suggested

by Matlock20:

Pa/20ysd /3 o e e e L (8)

C =
Where:
a7 9eh. o (use smaller value) (8b)
Y30 ='2"5b€50.v. e e e ;'; A € 1)

¥50 = Displacement at 50 percent of the maximum
deviator stress

€54 = Strain at 50.percent of the‘maximum'deviatof

stress

bThe Iowa Department df Tranépbrfation's current sbii-investigafion
procedure at bridge éités includes taking a sblif gube»sample if |
‘ compreésiﬁle layers are found in the area'éf the approach fill.‘ Soil
strength, unit weight,. and compressibility data arg'rouﬁineiy o@taiﬁed on
these samples by performing triaxial, density, aﬁd conSolidation tests; If
three split tube samplés were taken, sufficient iﬁforma#ibn would be,évail—‘~,
ble to predict the sbilfﬁesponse Wifh reasonéble éccuracy to a deﬁth of
about 15 feet. Since éoii'conditiqns:bglow about ‘15 feet havellitplg.affect
on‘Bending stréééesvin Iaterally'loaded;piles,zsyl‘sample §eptﬂslofgs;l7,
and 12 feet wouldlseem to be convenient.choices. |

;f stiff clay is encountered, the eqﬁations are modifiga sliéhﬁly;
Generally, €s5p will be!sﬁmewhat lpwe; and fhe éxponent'is chéﬁgéd fﬁoﬁ 1/3

to 1/4,



TABLE 2

Soft Clay  Firm Clay . Sand
3 v _ 4 o £(¢ 1Ko ,x‘ahb aY)
£(c,x,b,¥) f(c,x,b,¥) £(#,K,,x,b,7)

Where:

¢ = Shear strength at depth x

X = Depth from the ground surface to the p—y:curve
b = Width of the pile |
= Average effecgive unit Weight froﬁ the surface to x ‘3,3 -
0.4

]

= S0il friction angle .

CONSTANTS USED IN p-y RELATIONSHIPS



Above a certain depth (H) the ultimate lateral soil resistance (P,) is

given by:

Where:

]

H

AY. Koxtanfsinf + tan @ (b + xtanBtan)
xl tan(@-f) cosw tan(p-§) id

+ Koxtaqﬂ(taqﬁsinﬂ-tanu) - KgbJ. « ¢ o o o0 (9

Average effective unit weight from the surface to x

Friction angle of the soil

Depth from surface to point where p-y curve is desired
g/2

45 + §/2

0.4

tan2(45-§/2)

Pile width

Empirical coefficients varying with the depth to width
ratio as shown in FIGURES 9 and 10, respectively

bcos & IgatanZQtan(ﬁ-ﬂ) + Kotanﬁtan§9tanQﬂ—¢)—1] . .(9a)

Kotanfcosp+tangtankcos+Kytan(g~f)(tanfsinf-tana)cosa

11.4 for # = 30 and 7.77 for § = 20

This formulation is based on a passive wedge-type failure assumed to

occur near the ground surface. The resulting static equilibrium equation

for the lateral force against the wedge is differentiated with respect to

the depth to obtain the expression for soil resistance per unit length of

the pile.

For depths well below the ground surface the soil is assumed to fail
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by flowing horizontally in a rectangular section around the pile. Active
earth pressure is assumed to be the minimum pressure ad jacent to the pile.
The total soil resistance at depths greater than H is calculated using

Mohr-Coulomb theory and is given by
P, = AKabe(tan%—l) + AKobXXtanﬁtanl“ﬂ. e €13

An intermediate value (Pp) on the p-y curve can also be calculated
using either EQUATION 9 or 9b if the coefficient B (see FIGURE 10) is used

in place of A. The value of Py is located on the curve (see FIGURE 11)

where y=b/60.

Example p-y Curve

To illustrate éhe procedure further, a set of p-y curves will be
developed for a fine sand. For use in this examplé, the sand will be taken
to have a standard penetration blowcount (N) of 15. Based on the given N
value, the sand will be assumed to have mediﬁm relative density and
moderate strength. In this case,‘vaiues of 105 pounds per cubic foot and
30 degrees will be used for effective unit weight and friction angle,
respectively. Using EQUATION 9a, the H value is 11.4. Selecting x equal
to 3 feet, EQUATION 9 yields P, equal to 184 pounds per inch and ?m equal
to 104 pounds per inch.

The initial straight portion of the p-y curve is defined by the

modulus of subgrade reaction (k), where k = mhx, and oy is the constant

of horizontal subgrade reaction.36 An appropriate value for ny is selected

from TABLE 3. Since the results are reletively sensitive to the value

selected, correlation with field tests is desireable.
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APPROXIMATE p-y CURVE FOR A FINE SAND
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TABLE 3
Reletive Density . Loose Medium Dense

Recommended np 1b/in3 20 60 125

RECOMMENDED nj, VALUES33

The general shape of the curve is shown in FIGURE 11. Points m and u

are established at:

Ym = b/60 and yy = 3b/80. . . . . . . . .(10)

Point k is located at:

)n/n—l.....‘......-(ll)

yk = (C/npx

Where:
C = pm/yml/n

n = Pp/myq

(Pu‘Pm)/Yu'Ym)'

In this example the following valués ére obtained using the above
equations and the assumed values of effective unit weight and friction
angle for a fine sand:

Yu = «375 inches
Ym = .167 inches
m = 355.0 pounds per square inch

n = 1.62

C = 314.0 pounds per inch

Yk = .0065 inches

The portion of the curve between k and m is defined by p = 314y1/1'64.
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With these values and the selection of n, as 60 pounds per square inch, the

Py cufve shown in FIGURE 11 is completely defined. 1If yyp is less thah 10

percent of yp, a reasonably accurate éurve may be obtained by using only

the power curve (p = Cyl/n). The dotted line in FIGURE 11 shows that this

simplification yields nearly the same curve except at higher values of y,
where it is conservative. The effects of this approach would have to be in-

vestigated over the range of values of interest before implémenﬁing it fully.

This example development of a p—~y curve is based on average
characteristics of fine sand‘as shown on the Iowa Department of
Transportation Foundation Soils Information Chart (see APPENDIX II1).
Similar analyses could be performed for the other soils shown on the chart
using assumed average values of unit weight and strength from blowcount
correlations in the literature.*0 If more accurate curves are desired for
specific field locatioms, soil saﬁples should be obtained and tested.

This method is based on field tests in submerged granulér soils. 1Its
use for soils above the water table may require the selection of higher
values of nh.‘

Some simplifying techmiques can be used to ease the development of b-y
curves in clays. Rewriting EQUATION 8a (found on page 34) in its more

familiar form yields:
Py = (3 +¥x/c + .5%x/blcbe v v v o ¢« « o o (12)

Assuming a comservative value for J/c of 0.2 and selecting b equal to

0.833 (for an HP 10 x 42 pile), the equation becomes:

P = (2.5 # 0.86%)Ce + o o v v v o 0w .. (13)
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EQUATION 8b can be written for an HP 10 x 42 pile as:
Pu = 705Ca' . o .o o '.“ o e . - ° » . .7._. [ L] . -(14)

- Therefore, EQUATION 13 controls to a depth of 5.8 feet. Thereafter,:
equation 14 begins yielding a lower value of Py.
If €59 in EQUATION 8c is taken as 0.02 for soft clays,10 the

constant C can be written as:

c = {(4.6 + 1,6x)c x45.8 feet -"(15)
13.8¢ - ) x25.8 feet * ° e
. and therefore:
= (.6 + 1.6x)cyl/3  x¢5.8 feet -
P ‘3 N e . .(16)

13.8cyl/3 x?5.8 feet °

A similar development can be done for stiff clay taking 550 as '0.005
so that:
p={.7+ 1.6x)cyl/% x45.7 feet ,
| 13.8¢cyl/4 x5.7 feet * + + + ~(17)
This approximate formulation is good for 10 inch piles only. It is
useful, however, since only a shear strength value_is needed to develop p-y
curves for various‘deﬁths. In an effort to develop a method of predicting

average shear strength values for common surface soils. in Iowa, historical

soil test records from the Iowa Department of Transportation were studied

by the writer. Soil test data from 5p1it'tqbe samples were available from
locations throughout the state. However, the writer selected data'from 19
sites in 4 Iowa counties (Blackhawk, Benton, Buchanan, and Linn) for further

study. Values of standard penetration blowcount (N) and shear strength (c)

N



were fit to a simple linear prediction model. The following best fit

equation had a correlation of 0.82 with the actual data:

¢ = 97.0 N+114.0 pounds per square foot. . . .(18)

Where:

0
]

Shear strength

=
]

Standard penetration blowcount .

This simplified procedure should allow quick calculation of approximate .

p-y curves based only on readily available N values. If this method were
to be routinely used, further study should be done to verify and improve
the shear strength prediction model and to further limit the ¥/c ratio for

soft and firm clays.

Development of Load-Slip Curves

The vertical load on a pile can be carried by shear ;ransfer to the
ad jacent soil and by bearing at éhe end point. Numerous methods have been
proposed for estimating the ultimate end—béaring resistance of an embedded
pile.40 There are large variations in the results from these methods in
part since they are based on different failure modes. The skin resistance
can be estimated by methods proposed by Mieyerhof,24 Tomliqson,37 and Seed
and Reese.0 Their procedures involve empirical relationships derived from
pile load tests.

The basic expression for the ultimate soil resistance for point-

bearing of a pile in clay is:

qf=ch+quqcs.l.oolonaon..(lg)



Where:

qf = Ultimate soil resistance

0
n

Shear strength
4o = Effegtive'vertical‘stress at the pile tip
Ne,Ng = Dimensionless‘bearing gapacity factofs 

The "strength parameters for a typical glacial clay15 in Iowa may be
represented by ¢ = 1400 pounds per square foot and § = 9°. 'Using an

Ng of 3 as recommended by Méyerﬁofao and an assumed average buoyant unit

weiéht for the overburden of 65 poﬁnds per square foot, a 40—foo£ 

pile has an ultimate end—bearing‘of 25 kips per square foot. Using an

HP 10 x 42 pile as is common in Iowa, the ultimate point load is about 2.2
kips. Iowa glaéial clay deposits:qan'yiéldlmUCh higher bearing”valués than
this, but on the average the point‘rgsisténce can be neglected for the

purpose of this ‘study. Certainly if the pile is founded in alluvial silts -

or soft clay soils, the end-bearing is also negligible.

The point load in sandy soils can be estimated using the traditional
béaring'capacity'formula with appfopriate estimatés of the[shea} st?ength
and density; _Meyerhof4o,has also proposed aﬁ empiricai method for usé iﬁ

granular soils.

CQE T BN .« e v h e e e e e e e e e e e (20)

“Where:

qf = Ultimate soil resistance

2
]

Standard penetration blowcount
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F&r example, gravelly sand as shown in the Iowa Department of
Transportation Foundation Soils Information Chart has an average N value of
21. The paint load using a HP 16 x 42 pile is 14,5 kips. Alternately,
under the same assumptions used in the glacial clay example and assuming a
friction angle of 35 degrees (Nq = 49)3 for the gravelly sand, the bearing
capacity formula yields an ultimaﬁe point load of 11 kips. TUnless the
friction angle and soil density are knowﬁ at a specific site, EQUATION 20
can be used as a satisfactory approximation.

Point-bearing piles which éfe properly seated in bedrock can normally
be assumed capable of carrying allowable pile loads with little or no
displacement. That is, they behave likg elastic columms.*0 This limits
the amount of skin resistance that can develop. Some shear load transfer
will occur, however, due to elastic shortening of the pile.

The following is a typical notelincluded on bridge foundation plans sy,
the Iowa Department of Transportation to assure proper seating of point-
bearing piles:

"Steel HP 10 x 42 point-bearing piling sha11>be driven to practical

refusal and seated in sound rock. Seating shall be done with a

diesel hammer with a ram weight of at least 2,700 pounds

delivering at least 19,QOO—foot pounds of energy or a gravity

hammer having an effective weight of at least 4,500 pounds and

driving energy of not less than 36,000-foot pounds nor more than
40,000-foot pounds."26

TheAdesign bearing value is also normaily specified. In Iowa it is
limited to a load causing an axial stress of 6,000 pounds per squafe inch

when used in an integral abutment. Under these conditions it may be




assumed tﬁat virtually no settlement of the pile tip occurs.

\ Some investigators#0 have assumed that the distribﬁtion of skin
friction along the length of the pile is parabolic for é floating péint

pile (see FIGURE 12). This is intuitively reasonable.if the shear transfer
ié considered to be a function of tﬁe pile displacement and.availabie éhear .
résisgance,‘which vary inversely éloné‘the length of fhe pile to some point
where tbe resist%nce may.réach a.maximumf. F&r ﬁractical problems the
distribution can be assumed to be linear to a depth of aboutA15~pile,-
diameters where a maximum value éf shear resistance can be taken.40 ‘This

is shown in FIGURE 12 as a dashed_iine; 'Meyerhof24 has rela;ed_this

maximum value to the standard penetration blowcount (N).

_ Thax .02 N kips per square. foot . . . ; . (2})
Where: ' . : . o : ST

f?ﬁax

Ultimate soil shear resistance

Tomlinson37 has presented a method to estimate the maximum value using

the soil shear strength (c).

Thax = acbp, . 0. ... 22)
 Where: | | |
| Pp = Pi1e perimeter_ S
= 0.7 for, most applications in soft clay.

(Other suggested values are contained in
the literature.)
; :

m‘
1

These two methods24s37 were éompared"by the writer to empirical data
developed by the Iowa Department of Transportation35 for routine pile length

design as shown in TABLE 4. The previously described blowcount-shear
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TABLE &4
! : Ave
N-value Steel H-Pile 16" Concrete Pile

Iowa DOT Meyerhof Tomlinson Iowa DOT Meyerhof Tomlinéon

Very soft silty clay

1 .8 .27 . <49 2.0 44 1.1
Soft silty clay 3 .8 .82 .9 2.0 1.3 2.2
Stiff silty clay 6 1.6 1.6 1.6 3.2 2.6 3.7
Stiff silt 5 1.6 1.4 1.4 3.2 2.2 3.2
Stiff sandy silt 5 1.6 1.4 1.4 3.6 2.2 3.2
Stiff sandy clay -6 2.4 1.6 1.6 3.6 2.6 3.7
Silty sand o 8 2.8 2.2 4.0 3.5
Clayey sand _ 13 2.4 - 3.6 4.0 5.7
Fine sand ' 15 2.4 4.1 4.4 6.6
Course sand 20 - 3.6 5.5 4.8 8.7
Gravelly sand o 21 3.6 5.7 6.4 9.2

Ultimate Soil Shear Resistance (kips/liﬁear foot of pile)
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strength cofrelation was used to establish cvfor use in Tomlinson's37
formula. The values used by Iowa are based on numerous pile load tests,
many of which were taken to yield.14 The shear resistance was assumed to
be equal at all depths within a given soil type layer. Values were first
developed from tests in preddminately one soil type. Once some of the
values were established, others could be obtained from tests in multi- )
layered soils. For the purposes of this study, it is recommended that the
Iowa Department of Transportation values be used.

In many of the pile load tests conducted by the Towa Department of
Transportation the yield point was taken at a vertical iettlement of 0.2
inches. Notable gxceptions to this were-long piles driven through a thick
layer of soft soil which had high yield displacements (up to 1.5 incheé)
and point bearing piles which had very low yield displacements (as low as
0504 inches). For pile load testing currently conducted by Iowa, the yiéld
point 1is defined as the point where settlement 1s no longer’proportiénal to
the 16ad and shows a marked deviation from normal. The Department of
Transportation soil engineering staff believe that testing under this‘
criteria te;ds to support the 0.2 inch yield point for most Iowa soils.l4

This value represents the gross displacement at the top of the pile.
However, @t can be used to estimate the point where the maximum load
transfer to the soil occurs if elastic shortening of the‘pile is accounted
for_sy usiné an arbitrary reduction of 0.05 inch. This is the elastic
shortening of an HP 10 x 42 steel pile loaded at half the normal allowable

load (37 tons) in Iowa at a point halfway down a 40-foot embedment length.

Example Load-Slip Curves

Based on the foregoing empirical data, the load-slip relationships




shown in FIGURE 13 are believed‘to répéesent upper and lowér bounds tﬁat
can be used in é mathematical analysis of soil-pile intéraction. Thgse
bounds repfesent conditions that may.likely be found near the.groﬁnd
surface ih Towa.

The only points identified pre;isely are the pdiﬁts of maximum load

transfer. The shape of the curve is assumed. The exact shape could be

" obtained by conducting load tests on instrumented piles. This was done by

Coyie and Reeée8 who developed the éurvesAiﬁ'EIGURE 14 based onvthe
analysis of pile résponses over a wide geogréphic area.

Kézdils used a semi—empiri&al 1ngt9 describe the load—slip behavior
of piles in graqular soils. He used inqumatidn from a measured éﬁea?
transfer versus'slip curve to predict.a pilé load—settlement cﬁrve.‘ If the<
load-settlement curve was available, the.ﬁethod could be used in feverSe to
estiméte the slope in the initial portion of the lbad—slip curves shown in
FIéURE 13, Thé following_equation‘wgs used by Kezdil8 to descfibe thé_.

response of a pile during a load test:

Q = Qo(l—exﬁ(—kf/,oo-f)). Ce e (23)
Where: | ' ‘

Q ; Load on the pile;

Qo = Ultimate pile load

ﬂ.= Sett lement |

fb = Settlement corresponding to Py

P
]

f% tan:ao'

a, = Horizontal angle of the initial slope of the
load-slip curve (see FIGURE 15)
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'EMPIRICAL LOAD-SLIP CURVES
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INITIAL SLOPE ESTIMATION FOR
LOAD-SLIP CURVES
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This equation can be solved for ay as shown in FIGURE 15.. By knowing

. the yield point and any other point on the pile load test curve, an

estimate of -the initial slope of thé load;slip curve can be obtainedf‘_In

an effort to estimate:this angle for the soils described on‘the Ioﬁa o /)
Department of Transportation soils chért, actualbﬁilé'lbad test records -

were reviewed by the writer. éeveral tests were‘selected.where the pile4l'

was embedded in predominately omne soil fype. Values of the.angle,ao were

calculated using the load and settlement values at yield gﬁd at a point

about oﬁe half of yield. The resﬁlts are shown in TABLE 5. Note that thé

writer has extended_thé use of the.mefhod_to.apély it to predominateiy

cohesive soils. This was done only ﬁqr‘academic~interést since kezdi’sis

o;iginal work‘included correlﬁtions'wi;h granular.soils only.

Previous Research

a. CaliforpiaZ7

| California began informal studies of some of their. long stfuctufes
without expansion jpints'aﬁout 15 years ago. Their efforts poﬁsistéd
of identifying appfopriate strugtures‘and conducting perioaic
inspections to monitor performance. ‘TWenﬁf—seven bridges Qére
studied.. They varigd in.lengtﬁ fqu.269'feet to 566 feet. ‘Abogt
18.of the bridges had integrgi)abutments'while the others had j”
semi-integral. An example of a #ypicél.inspgction record* is shown in

. FIGURE 16. | |

| .Althéugh a final report sn_this study will not be available until

1982, thg'Structures Office, Califprnia Department of Traﬁsportation?
has'reported the following inFerim_findings:j

1. There is no apparent distress at end bent columns;
. / ‘-' . . .
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TABLE 5
Soil Description 71 - ‘a9 (dégrees)
Very soft silty clay o ’ - *70
Soft'silt} clay » : | *72.
Stiff silty ciay | _ | '*74'
‘Stiff silt \ ’ *74
Stiff sandy silt ' , - *74
gtiff sandyvclay _ ‘ ‘ , *74
Silty sand o 75
Clayey sand | B ' ‘ | 76
Fine sand . o E : V 78
Coarse sand N 80
Gra&eliy sand : 82

* Rezdi'sl8 semi-empirical law was correlated to load tests in

granular soils only (see text).

LOAD-SLIP CURVE INITIAL SLOPE RECOMMENDATIONS
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SAMPLE
INSPECTION RECORD
STRUCTURES WITHggT EXPANSION JOINTS
Date 5-1-67
Br 53-1671 Name Fairfax On‘Ramp Co~-Rte LA-10
Type RCB Length 352 Skew var. Year Bullt 1964

ELEVATION

APPROACH PAVEMENT
Type: AC .

Condition: The Westerly approach appears to have been patched twice,
it is now in good condition. Easterly approach has settled slightly,
it has never been patched. A 1/16" wide transverse crack has occured
in the Easterly approach about 8' from the abutment for most of the
width. The crack has been filled with latex. -

STRUCTURAL DEFECTS

Space between structure and PCC curb: 1/2" Westerly,
3/8" Easterly.

Deck surface has a few transverse cracks over the bents,
otherwise crack free. ’ ’

No cracks found in soffit, webs, abutment walls, or columns,

There is a 1/2" crack between fill and backwall of Westerly
abutment. "

COMMENTS

Traffic volume appears to be light to moderate.

FIGURE 164
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2. There is no cracking on girder soffits related to the lack
of deck jointsj;

3. No structural distress 1is apparent at the abutments;

4. Some problems have occurred from erosion and piping of
abutment support soils due to small amounts of water flowing
down behind the abutments; and

5. There are no apparent deck cracking problems'associated witﬁ
expansioq stresses.

The interim report recommends that a reinforced concrete approach

slab be used with all jointless structures.

In 1971 and 1972 the California Department of Transportation and
the Federal Highway Administra;ion sponsored a research project to
correlate theoretical solutions for laterally loaded piles fo full-~
scale field tests in bridge embankments. Most of the work was dome by
Mr. W. S. Yee at the University of California at Sacramento.

Mr. Yee worked with two available solutions forvlaterally loaded
piles. The first was the non-dimensional solutions with soil modulus
proportional to depth developed by Reese and Matlock.3l This method
allows analysis of variable fixity conditions at the pile top and can
be used in an iterative solution for other than linear variations of the
soil modulus. Mr. Yee also used the finite difference solution to the
‘general differential equation. Since the pile is separated into small
elements in this solution, any discrete variation in the soil'modulusb
" can be accommodated.

In Mr. Yee's study, however, é linear variation was assumed. The

coefficient of soil modulus (ny) was determined by measuring the
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deflection and rotation at the top of a laterally loaded pile as
described by Davisson.9 . ;

Load tests were per formed on instrumented piling at‘3 actual
bridge construction sites. Using strain géuge mé;suremeﬁts, tﬁe moment
in the pile was calculated_and compared to calculated mbmenfé uSing‘the
" experimentally determined np value. A typical example of the results
is shown.in-FIGURE 17. |

Mr. Yeeh2 concluded that:

1. Reliable predictions of bending moments and pile stresses.qould
be found using experimentally determined n, values and eithér
the non-dimensional solution or the finite difference method;

2. The use of a linear variation in soil modulus with depth is a
good approximation;

3. The influence of the soil below about 12 to 20 feet on pile
stresses was practically negligible; and

4. The effective length of the pile was about 15 feet for aAfree—
head condition and about 21 feet for a fixed-head condition.

The results of this research were used to develop guidelines for
‘the use of integral abutments in Cglifornié. They are used when up to
1 1/2 inches of total movement dug to thermal forces is expecfedviﬁ a
reinforced concfete bridge. Also to avoié rotation problems at fhe
. abutment, the end span is limited to 160 feet. The use of integfal
abﬁtments is 1imited on prestressed bridges. to those where the elastié'
shortening due to post—tensioningiis less than 3/8 inch, and the end

span is less than 115 feet (see APPENDIX II).
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Missouril?

In 1972‘the University of‘Missq;ri conducted a éqrvey.and-
feasibility study of integral apd_séﬁi—integral abutments. The work
was sponsored by the Missouri State Highﬁay Department .and ;hé Federal
Highway Administration.l2 The surveyrwas undertaken to determine“~‘
current deSign methods and 1imitations used by state highwéy agehcies.
The'étudy was made to detefmine the feasibility of instrumenting a
jointleés bfidge to'oﬁtain thermal induced stresses;

The survey indicéted that 13‘statgs_were using integral .
abutﬁents with steél bridges and 24iwith concrete bridges. The
distribution of length limitations was as shown in TABLE 6; »Three
states allowed the use of iqtegralﬂabutﬁents for'non-skewéd bridées

only; none used them with skews over 30 degrees,

The survey concluded that:

1. The use of superstructures connected to flexible sqbstrﬁcturés
was becoming generally acceptable;

2. Design limitations wérg more restricﬁive for steel bri&ges
than conérete;

3. There was nolsimple design criteria which accounted for
sh;iﬁkage, creep, teqpérafure, or substructure flekibili;y;

4. Induced stresses resultinghffom thermal effectsg‘qrsep,'
shriﬁkage, backfill merment,_gtc., are recognized by bridge
engineers as potentially significant, buﬁ there'is é'wide‘i
variance in method:for considering them;'an&>.

5. Bfidge design engineeré are intefested iﬁ induced stresseé and

associated problems, are generally uncertain as to the




TABLE 6 -

Maximum Length (feet) Number of States
Steel Concrete
100 2 4
1
200 : 8 6
300 2 7
400 . 2
450 2
500 1

INTEGRAL ABUTMENT BRIDGE LENGTH LIMITATIONS (1972)
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significance of and suitable methods for consideration of these
stresses, and would welcome a simple, rational design criteria
and’ specific recomméndations as to design details.? _ E \
In the feasibility study a‘témpefature'distribution model was
devéloped and superstructure stresses were calculated for a wide range
of temperature variafions. . The hon-dimensional'solutions for laterally

loaded piles developed by Reese and Matlock3l were used with an assumed

y

. . i
value of the modulus of soil reaction. Instrumentation procedures were-

recommended for a field test to verify the theoretical results. The
field test, however, was not carried out and no further work has been
done on the project.

South Dalkot:a.19

In 1973 South Dakota State University conducted full-scale model

~ tests on integral abutments to determine induced stresses in the

superstructufé and the upper portion on the piling. The model :

consisted of.two HP 10 x 42 steel piles on 8-foot 6-inch centers.cast

3

into a rigid concrete abutmeﬁt'withlZ plate gifders about 26 feet
long. The 32-foot piles were driven'into<si1ty clay over glacial till"

to a bearing capacity of 23 tonms. The pile tops were ﬁelde&*tp the

Y
\

bottom flanges of the girders.
Various lateral displacements within plus or minus:l inch were"

induced at the abutment by jacking.at the free end during four

1

- construction stages. The results of interest are with the slab and

backfill in place. Strains were measured corresponding to stpesées of
up to 42 kips per square inch in the piling. This occurred just below

the bottom of the concrete abutment.,K Several conclusions were drawn by
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the investigators. They were called qualitative results which would
require further study to'verify.>-

1. Stresses were induced into the girders which in some cases
were additive with dead and live load streéses. The induced
stresses were generally within the 40 percent overstresé
allowed by AASHTO.

2. Horizontal movements over about 1/2 inéh will cause yieiding
in the pileé.'

3. Free draining baékfill is recommended since frozen soil against
the abutment can greatly increase induced girder strésses by

limiting free movement.

4., The use of'approach slabs which allow rotation and translation
of the abutment aﬁd, if possible, avoid continuingAcompacfion
of the backfill by traffic is ;ecoﬁmended.

As part of fhis study a ques;ionnaire was sent to 10 states in
the North Central part of the United States. Two trends can be
identified when the survey is‘compared to the responseé of these states
to the survey recently conducted»by Ipwa. Four of the states (Idaho,
Missouri, North Dakota, and South Dakota) have substéntially inéféaséd»;
their length limitations for use with integral abufments. Four of the
stétes (Iowa, Kansas, Nebraska, and Wisconsin) have retained thé same
limits and 2 states still do not routinely use intégral abutmentg.
Also of iﬁterest is the fact that.3 of the states have begun to
routinely use integral abutmeﬁts with steel bridges since 19733 4

of them alréady did and 1 still does not.

L
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North Dakota17

A recently constructed county.road bridge near Fargo, North
Dakota, was instrumented and monitored for temperature induced stresses
by North Dakota State University. The study is being conducted by
Dr. J. Jorgenson, Chairman. of the Civil Engineering Department, and is
sponsored by the State Highway Department. |

The bridge is a 450-foot by 30-foot prestressed concrete box
girder with six 75-foot spamns and no skew angle. It was built in
August 1979 on ‘a very low volume gravel road.

The bridge was designed by Moore Engineéring, West Fargo, North:
Dékota. Since the bridge length was at the limit for the uée of
integral abutments in North Dakota, a unique system was used to.limit
the passive earth pressure on the backwall. A diagrammatic représen-
tation of the abutment is shown in FIGURE 18. |

The pﬁrpose of the expansion joint material behind the abutment is
to hold back the soil during thermal contraction of the superstructure i
and to provide a collapsible mass to work against during expénsion..
Dr. Jofgeﬁson informed the writer that fhe maximum lateral moveﬁént
measured at the pile top has been about 2 inches. No distfesé has
been noted which could reasqnably be attributed to this movement.
br. Jorgenson also_reported that the bridge approach to supérétructure
transition was still very smooth.

‘The piling.are founded in a deeg.glacial clay 1ayer."Soft clay
deposits exist near the surface and down to the limit of influence on
the temperature stresses in the ?ilea Actual stresses in the piles\are

being determined from strain gauge readings for various temperature
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SKETCH OF MOORE ENGINEERING INTEGRAL ABUTMENT SYSTEM '
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ranges throughout the year. The results of this analysis will be
available in the late summer of 1981. Based on the results of the
South Dakota study, it seems likely tﬁat the piles are being stressed
above yield with the reported off-center deflections of up to-l inch

occurring.

Summary L

Based on a review of available literature, the most attractive
analytical approaches to obtaining solutions for pile strésses iﬁ integral
abutments are iterative methods using a finite difference or finite element
formulation. Both methods require knowledge of soil parameters to predict
load-slip and resistance-~displacement (p-y) relations.

The writer has presented recommendations for use in the deveiopment
of p—-v and load-slip curves to be used in analytical model gor investigating‘
pile stresses in integral abutments. TABLE 7 shows the recommended range
of ultimate shear resistance (Jmax) and initial horizontal angle (ay) of
the load-slip curﬁe,

The range of soil strengths reqommended for developement of p-y curves
is shown in TABLE 8, Other relationships for granular soils or intefmediate.
strength cohesive.soils can be developed as descfibed in the body of thé
éeport, if desired.

Previous research work in thg area of integral abutments includést

1; Surveys of detailing and design criteria used by the stéte highway

agencies; |

2. Full-scale model tests; and

3. Monitoring performance of actual bridge inétallations.

The survey conducted by the Universify of Missouri in 1972 showed that




TABLE 7

\

Maximum ~ Minimum
7 max(kips/foot) 3.6 0.8
a, (degrees) 82 70

RECOMMENDED LOAD-SLIP PARAMETERS

TABLE 8
Standard Penetration Corresponding Shear Recommended p-y
Blowcount Strength (psf) . Relationship
(equation (11)) " _(equation (10))
1 K 210 p= (11.8 + 4,0%)yl/4 for x¢5.7
33.8yl/4 for x35.7'
25 2500 o ope [+ x/3)y1/3 for x45.8"
- 2.9yl/3 for x35.8"

RECOMMENDED p-y RELATIONSHIPS
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the use of integral abutments in highway bridges was a generally accepted
practice. Although no éﬁmple rational design method was available, some
states were building bridges up to 500 feet long without expansion devices.
The few problems reported were judged to be of no greater magnitude than
those experienced when movable supports and expansion devices are used.

The full—scalé model tests in South Dakota in 1973 showed that. for
lateral pile top deflections over 1/2 inch, the stress in the upper portion
of the pile may be at yield. The tests results indicated that the use.of
approach slabs that allow rotation and translation of the abutment was
advisable. Free draining backfill was recommended in cold climate areas.
Research on full-scale bridge abutments in California in 1973 shoﬁed.éhat
thé non-dimensional solution as proposed by Reese and Matlock3l and the
finite element formulation could accurately predict piling stresses. The
effe;tive length of laterally loaded piles was shown to vary from 15 to 21
feet. The results of this work were used by the California Department of
T;ansportation to develop design criteria for integral abutments Which are.
still in use today.

The performance monitoring of an integral abutment bridge iﬁ North
Dakota is still underway. With measured‘total deflections at tﬁe pile top
of about 2 inches, the abutment appears to be functioning.properly with no

movement related distress.




IV. CONCLUSIONS

The responses to the nationwide survey indicate that a majority. of the -
‘state highway agencies use integral abutments and are pleased with their perfor-
mance. Three more states are using them with concrete bridges today than did in
1973 and 10 more are using them with steel bridges. |

Most states that use integral abutmenss have increased their makimnm
allowable bridge length since 1973. Length limitations in 1973 were on the:
order of 200 to 300 feet. Several states are now building concrete bridges over
400 feet long without expansion joints. Many would like to increase their
length limitations but are concerned'about‘possible additional abutment
distress, approach pavement failures, and overstressed piling..

Problems mentioned by some of the states seemed to be restrlcted to only a‘
few respondents. Others noted that they had experienced problems but had since
implemented effective solutions. 'W1ngwalls which had cracked at the backwall
interface are now being designed for greater loads with more'reinforcing. Some
erosion and backfill containment problems are. belné solved by u31ng longer
w1ngwalls. Many states noted the 1mportance of using an adequate approach slab
Positive containment of runoff at the bridge ends can also help keep backf111
problems to a minimum. FEnd span rotation problems'can-be reduced by limiting
the length of the endspan.

Several states said that unknown piling stresses were a deterrent to tne'usei'
of integral abutments. Studies have indeed shown that nnder normal'temnenatufe"j
variations, piling in integral abutments of long bridges will be stresséed to

yield. This may occur with lateral movements of as little as 1/2 inch.
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Several states are now building bridges with integral abutments that can have
greater pdtential ﬁbvemen;s. As shown by the survey, the piling stress due to
thermal movements is generally ignored since no simple rational method of analysis
is readily available. Some states have assumgd simplified fixity conditions and
effective lengths of thg piles in order to calculate stresses, but they realize
that the results are only apprqximations of the actual conditioﬁs.‘

Analytical methods are available that can accurately predict pile response
to lateral loads, but they generally require a full-scale testing program to
supply the needed soil information. Soil parameters can be estimated from
standard laboratory tests, but the results are much less accurate. Another
appréach is to develop bounds for the soil information and analyze each |
eritical combination of input data. To this end these limits have been
established for typical Iowa soils and pfesented in this paper; It.is hoped
that this data will enable accurate analyses to be per formed for use iﬁ ﬁhe
development of easy to use désign charts capable of predicting safe integral

abutment bridge designs for given soil conditioms.
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VI. APPENDIX I

Questionnaire for Bridges with Integral Abutments

and

Summary of Responses

Part 1. Responses to all questions except number 4

Part 2. Responses to question 4

Part 3. Additional comments made by some of the states

¢

Note: States not listed in Part 1 answered no to question 1 and,

thefefore, did not complete the remainder of the questionnaire.
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QUESTIONNAIRE FOR BRIDGES WITH INTEGRAL ABUTMENTS

1. Do you use bridge designs with integral abutments and without expansion

devices, similar to the following sketch? ves no Primary (one)
reason why, or why not: .
If the answer is no, skip the remainder of this questionnaire and please
return.

PORTION OF BEAM
:[_ENCASED IN ABUTMENT

G, ABUTMENT

BEARING

. \ B
CONSTRUCTICN ...

“gornr |~} L=t L
: . e
A4 l R \_;BRIDGE
o A — * BEAM
L1

. [T—PILING
JL.?—JL-

2. With what type of bridges do you use integral abutments?

steel prestressed concrete poured-in-place concrete

3. What are your maximum length limits (in feet)?
0° 0° - 15° 15° - 30° 30° < skew

steel
prestressed concrete
poured-in-place
concrete

4. What limits, if any, do you place‘on'the piles? (bearing vs. friction, soil
type etc.)

steel pile
timber pile
concrete pile

5. What type of structural assumption is made for the end of the girder? .-

pinned (moment equal zero)
fixed (rotation equal zero) {[

. . Testrained by pile
parﬁially restrained restrained by soil on abut.

other assumptions o PV
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6. What type of structural assumption is made for the top of the pile?

pinned (moment equal zero) Is the joint detailed as a pin?
fixed (rotation equal zero)

partially restrained restrained by girder

, , —— \ restrained by soil on abut.
other assumptions '

7. What loads do you include when calculating pile stress?

thermal temperature range
shrinkage ‘
soil pressure on abutment face

8. How is bending accounted for in the pile?

Neglect or assume bending stresses .do not affect pile performance

Assume location of pile inflection point and analyze pile as
bending member

Reduce bending by prebored hole

Other :

9. What type of backfill material do you specify on the backside of the abutment?

10. Does the'approach pavement rest directly on the abutment? yes no

11. Briefly evaluate the performance of integral abutment bridges in your state.
(Compare to bridges with expansion devices).

Construction
4" relative cost more ' same less
special problems

Maintenance
relative costs = more ) same less
.special problems

Please return to: Lowell Greimann
420 Town Engineering
Iowa State University
Ames, Iowa 50011




PART 1, SUMMARY OF RESPONSES TO QUESTIONS 1, 2, 3, 5, 6, and 7

Steel Concrete Prestressed Girder Pile . Pile Loads
Length Length _ Length End Top : Soil

State  Reason Use 430*% 330%  Use <£30*% >30% Use 4£30% »30* Fixity Fixity Thermal Shrinkage Pressure

AL Cost Y 300 -—- Y —~= 115 Y 416 104 Pin Pin Y N Y
AZ Maint Y 253 N Y 330 N Y 404 N . Pin Pin Y Y Y
CA Cost Y —_— Y 320 320 Y 230 230 - Pin P.Res N N N .
co Cost Y 200 —- Y 400 -—- Y 400 --- ' Pin Pin N N Y
CT -_— Y 200 -—-- N — —-—- N — —- Pin Fix Y N N
GA El.Jt Y 300 -—- Y 300 --- Y 300 --- Pin -— N "N N
IA Cost N _— — Y 265 -—-—- Y 265 -— Pin Fix Y N N
ID Cost - Y 200 N Y 400 N Y 400 N Pin Pin N N N
IN Cost N —_— —— Y -— 100 N — — -— - N N N
KS CE1.Jt Y 300 300 Y 350 350 Y 300 300 Pin Pin Y Y N
KY. Cost N N N Y 300 N Y 300 N . Fix Fix Y N Y
MO El.Jt. Y 400 --- .Y 400 400 Y 500 500  Pin Pin N N N
MI .. Cost Y 300 N Y 100 N - Y. 300 N Pin  Pin N . N Y |
ND . Maint Y 350 --= 'Y 350 -—-- Y. 450 --- Pin' - Fix N N - N
NE El.Jt Y 300 --- N 300 --—- Y N — Pin Pin Y N N |
NM El.Jt Y - - Y - — Y - - P.Rés.. P.Res. Y Y Y
NY Cost Y 305 -—- —_— — - —— m— —— Pin -_— Y N N
OH Cost Y 300 300 Y 300 300 Y 300 300 Pin Pin’ N N N
OK -_— Y 200 . N Y 200 N Y 200 N - P.Res. P.Res. N N N
OR El.Jt Y N N Y 350 300 Y 350 300 . Pin Pin N N N
SD - Cost Y 320 —- Y 450 --- Y 450 —- Pin Fix N N N
TN E1.Jt Y 400 400 Y 800 800 Y 800 - 800 Pin Pin N N N
uT . El.Jt Y 300 250 N = —-—- Y 300 250 Pin Pin N N N
VA Simp. Y 242 ——- N = — Y 454 -——- Pin - Pin N N Y
VT Cost Y 150 100 ‘N N N N N- N P.Res. P.Res. 4 N N
WA Cost N . — —- Y 350 -——- N —— - Pin Pin N N N
WS Cost Y 200 200 Y 300 N Y 300 300 P.Res. Fix N N N
WY Simp. Y 300 300 Y 500 500 Y 500 500 Pin Pin N N N
R15 El.Jt N N N Y 270 160 Y 300 240 P.Res. Pin N . N N
Y Yes

N No B

~—— No Response
* Bridge skew in degrees




PART 1, SUMMARY OF RESPONSES TO QUESTIONS 8, 9, 10, and 11

Approach

_ , ‘Pile Bending ; Pavmt. on Construction Cost Maintenance Cost
State Neglect Infl. Pt. Prebore Backfill Abutment More Same Less More Same Less
AL Y Y N Gran. "N N N Y N N Y
AZ Y N N Cohes. Y N N Y N N Y
CA Y - N N Perv. Y N N Y N N Y
co Y N Y Gran. Y N N Y N N Y
CT Y - N N Perv. Y N N Y N N Y
GA Y N N Rd.Fill Y N N~ Y N N Y
‘IA N N Y Gran. Y N N Y N N Y
1D Y N N . Rd.Fill Y N N Y N N Y
IN Y N N Gran. Y N N Y N N Y
*KS Y N N "Rd.Fill Y N N Y N N Y
KY N Y Y Gran. N N N . Y N N Y
MO Y N N Rd.Fill Y N N Y N "N Y
MT Y N N Gran. ' Y . N N Y N N Y
ND Y N N Gran. Y N N Y N N .Y
NE Y N -N Rd.Fill Y N Y N N- N Y
M N Y N Rd.Fill Y-N N N N N N N
NY Y N N Gran. Y N N Y N N Y
OH Y N N Gran. Y N N Y N N Y-
OK Y N N — Y N N Y N N Y
OR Y N N Gran. Y N N Y N N Y
SD N N Y Gran. Y N N Y N N Y
TN Y N N Gran. Y N N Y N N Y
UT Y N N Gran. Y N N Y N N Y |
VA Y N N Gran. N ‘N N N N N N
VT Y N N - N N - N Y N N Y
WA "N N N Gran. Y N N Y N N Y
WS Y N N Gran. N N N Y N N Y
WY Y N N Gran. - Y N N Y N N Y .
R15 Y N N- Perv. Y N N Y N Y N
Y Yes
N No

- —= No Response




PART 2, SUMMARY OF RESPONSES TO QUESTION 4

State Steel Timber Concrete

AL % % %

AZ 9 ksi in Brg., €9 ksi in Fric. Not used In friction only
CA Assume 5 kips Lat. Resis./pile Same as steel 13- k. Lat. R./pile
co * ‘ Not used Not used

CT Use in bearing - -

GA Use in weak axis Not used Not used

1A Use in weak axis, Fric. only Use if Br. Length<{150" Not used

ID * Not used Not used

IN Use H-pile or shell -_—= _ -—

KS Mostly used in bearing Mostly used in bearing Mostly used in Brg.
KY Use in Brg. or friction — Used in friction
MO 10' minimum length Not used Used in friction
MT 9 ksi in bearing Used in friction Not used

ND % L% %

NE Used in weak axis - -

NM Use steel only Not used Not used

NY * Not used *

OH * Not used *

OK Use in bearing Not used Not used

OR * Not used *

SD % % %

TN * . Not used *

UT Use in single row Use in single row Use in single row
VA Upper portion allowed to flex  ——- ——

VT 15' minimum length " Not used Not used

WA Use in bearing or friction Use in Brg. or Fric. Use in Brg. or Fric.
WS Use in bearing or friction Use in friction Use in Brg. or Fric.
WYy Use in bearing or friction Not used Not used

R15 Use in weak axis Not used Not used

* No Limitations
——-— No Response
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PART 3, SUMMARY -OF ADDITIONAL COMMENTS MADE BY SOME OF THE STATES.

Arizona

.Thé‘additional lateral movement assoéiated with this system,
particularly-with‘caét-in—place, post-ténsioned concrete boxwgirdérs,
dictates longer wingwalls for backfill containment and the careful
compacfion of‘backfill:material. Also, an adequate drainage sy;tem must
be provided to prevent surface.ruﬁoff from en;ering voids créated at the

ends of the wings and approach slabs; otherwise, brogressive erosion of the

approach embankment and under thé"apprbach slab occurs.

Alaska

No special construction or maintenance probléms were noted.

Califorﬁia

The abutment is not stable when standing alone during construction
if tﬁe backwall height is too great. Wiqgwalls must be cast after
stressing.of cast-in-place prestress COnéQ:qction to avoid rotatibﬁ and
tran;iafion of walls. 1If soilsbdon't yiei&, piling absorbsva'large amount
of presgressing force resulting in a lapgé rotation at abutments.and.a‘ |
large downward deflection in the span. This has been a-pafticqlar problém'

with simple span cast-in-place prestress construction.

Colorado

s
S,

We do have some problems with settlement of backfill behind the -
abutment and cracks in‘the'asphalt pavémeht, but the problems are much
less than the problems associated with sﬁowplows and bridgé expansion

devices and bearing devices.

\




Connecticut
We have constructed one bridge to date and are very satisfied

with it.

Georgia . R

Have had a problem with cracks in the wingwalls.

Idaho
Some probiems have resulted from failing to provi&e adequate expansion
jbints in concrete approach pavemeﬁts, but such probléms are not peculiar
‘to design concept under consideration. Problems are to be expected if the
. bridge is long, has no expansion joints anywhere, is a steel Bridge, is on
a sgbstantial skew, or a combination of the foregoing. If used with
discretion,lthe design concept is good in that it ;éves initial and

maintenance costs of expansion joints.

Kentucky

No special construction or maiqtenance problems have been reported.

Missouri

We limit integral abutment bridges ;o‘a.40 degree skew.

Montana
No special contruction problems noted. Integral abutment bridges

probably require a little more maintenance due to embankment settlement.

Nebraska

Maintenance can be a problem if no concrete approach slab is provided. -
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New York
We assume that construction costs are lower because of simpler abutment
forming details and fewer piles. Setting the girders directly on the piles
created some alignment difficulty for the contractor. In the future we
plan to use a detail similar to the detail shown in No. 1 of your questionnaire.
The continubus approach slab on a 125 foot single-span steel bridge built
in 1980 has cracked at the rear face of the backwall. It is a tight
crack that runs tha full width of the slab but does not appear to be
detrimental. To date, no detectable cracking has occured in the backwalls

and the abutments seem to be functioning as designed.

Ohio
As yet, no significant construction or maintenance problems have been

noted.

Oklahoma

Integral abutments are used only on bridges with zero skew.

South Dakota

With steel bridges and longer concrete, we still utilize an expansioﬁ
device in the approach slab system. Savings is in bearings and piling.
Si1l or abutment does not have to be designed for overturning loads.

For most steel bridges and longer concrete, we feel it is necessary to
attach the approach slab with integral curb and gutter to the bridge.
Without this provision, severe erosion around the wings can result and

problems with approach fill settlement are increased.




Utah

‘ . . -
No special construction or maintenance problems have been noted.

Vermont

Some minor approach settlement is anticipated.

Washington

Sometimes the piles may not end up in a straight line and at the right
location. Some maintenance problems with downdrag and settlement

have been noted.
Wisconsin
Cracking of diaphragms has been noted on bridges with large skews‘(greater

than 20 degrees) and/or .with long abutments. We limit integral abutment '

bridges to 40 degree skews.

Wyoming

No special construction or maintenance problems have been noted.

FHWA Region 15

We noted a problem with pavement cracking at bridge ends. This has

since been eliminated with the use of approach slabs.




VII. APPENDIX II

Memorandum to Designers, Office of Structures Design,

California Department of Transportation

This memorandum was attached to California's response to the integral
abutment questionnaire. It describes Californié's criteria for the use of end
diaphraém abutments, which includes bo.th integral and semi-integral types.
Examples of details used by California are shown in FIGURES 1 and 2 in the

body the this report.
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End Diaphragm Abutments

MEMO TO DESIGNERS:

The end diaphragm is an integral part of the bridge super-
structure. Frequently this diaphragm is extended bhelow the
soffit of the superstructure to rest directly on piles or on
a footing. This type of support is an "End Diaphragm
Abutment." The discussion here will be limited to those
situations where the diaphragm is fixed at the soffit and in
effect is a cantilever beam between the soffit and the base
which rests on piles or a footing.

Structure Movement:

Thermal movemernts are easily absorbed by this abutment. Concrete
bridges of 400 feet between abutments, when conventionally rein-
forced, have shown no evidence of distreas even though the end
diaphragms rested directly on piles.

Elastic shortening due to post tensioning, however, is rapid and
must be provided for in the abutment design when the initial
shortening due to stressing exceeds 3/8". When the span adjacent
to the abutment exceeds about 160 feet, therz could be an additiona
problem of rotation. To minimize the damage to the abutments of
single span post tensioned structures due to earthquake, both
abutments should be on sliding supports when that is the recommende
treatment (See table below). '

Below are listed some guidelines for use in providing for abutment
movement. The limits shown are by no means absolute, but ‘illus-
trate a conservative approach to the problem. Seat-type abutments
are advisable where movement ratings are egual or greater than
1-1/2 inches.

SUPPORT |  H/MITING CONDITION RECOMMENDED TREATMENT
, fniticl shortening due to ; -
TYPE stressing or length of end spon | Prestressed Conventional
0O to ¥ . No speciai :
Driven {Spons up to 115") IJ " treatment e
p'le n - " ' T .
nes 3% 10 | — S I_U .
{Spans 116" to 160") v == : '
: quéP . ' i No specicl
CIDH o to " J Sheet metrol. over tregiment
g . neoprene strip or
Piles (Spans up to 160) . . elastomeric pad. _
Spread O to I ' or | Sheet metal over
Footin (Spans up to 160") == = neoprene strip or
g — elastomeric pad
—
All Over | : [-ng or I—Lv_‘": L::J_.__.
Types . { Spans over 160') \ _ ‘
{ Conventional - when M.R. = 15" ) Rotler Elgastomeric Pad

~] e Previous Memo dated 8~25«71
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Restraining Forces:

Listed below are asgigned valuzs for resistance offerad by
various end conditions. This force ig applied at the base of
the end diaphragm to determine the proper reinforcement. The
values shown do not take into account the gpecial situations

87

where very long piles or small limber piles offer little regis-

tance to longitudinal movement. Note that earthgquake longitu-

dinal force may govern over those ghown below. See Section
2-25 Bridge Planning & Design Manual, Volume I.

Abutment Tvpe ‘ Design Logit. Force’

End'Diaphragm on CIDH piles %25 kips per pile
End Diaphragm on Concrete Driven Piles  *20 kips per pile
End Diaphragm on 45T Steel Piles *15 kipg per pile
End Diaphragm on Neopréne Strip or Pads 15% of dead load
End Diaphragm on Rollers 5% of dead load
*These values are intended for use in the design of end
diaphragm only. For determining the number of piles

required for longitudinal force, see Section: 4-15.8{3)
of Bridge Planning & Design Manual, Vol. I.

Earthguake Forces:

Shear keys must be added to provide resistance to transverse
and longitudinal earthgquake forces acting on the structure.
These normally will be placed behind and at the ends of the
abutment wall on narrow structures. On wide structures,
additional keys may be located in.the intericr. One half
inch expansion joint filler should be. speclfied at the sides
of all keys tc minimize the danger of binding. For earth-
quake design forces, see Section 2-25.2, Bridge Planning &
Design Manual, Vol. I. For key gizes and key reinforcement,
see Section 1, Bridge Planning & Design Manuazl, Volume IXXI.

Drainage

l. No pervious material collector or weep holes recuired
. for flat slab bridges.

2. Continuvous perviousg backfill material collector and
weep holes may be used for abutments in fills or well
-drained cuts in desert locations and at sites where a
5-ft level berm is specified.
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Drainage (Cont‘'d.)

End Slope Treatment HWeep Hole Discharge
Unprotected berm Directly on unprotected berm

Bib slope paving (.. spacer or groove in paved surface
Full slope paving On spacer on groove in paved surface

3. Continuous permeable material and Perforated Steel Pipe
collector discharging into Corrugated Steel Pipe over-
side draine should be used for all cther abutmentis.

4. Corrugated Steel Pipe overside drains must be coordinated
with road plans. If there is no discharge system. and no
collector ditch, the outfall must be located away from .
the toe of slope to prevent erosion of the end slope.

5. Abutment drainage systems should be coordinated with
the slope paving. See Memo to Designers 5-10.

Backfill Placement

. Unless there are special soil conditions or unusual structure

e

o

geometrics, the designer need not specify the method or timing
of backfill placement. Pagssive resistance of soil in front of
the end diaphragm offere little restriction to structure move-
ment due to stressing. Ncr will the active preessure of backfill
behind the end diaphragm materially alter the stress pattern
even if the f£ill is completed at one abutwment before being
gtarted at the other.

Suggested Details:

Sketches showing suggesgted abutment details are located in Bridge
Planning and Design Manual, Volume IV, Detailer’s Guide.

Gi tdood

G. A. Hood

492?47 /;;':zéf“fb/f(/
W.

- J rkovich




VIII. APPENDIX III

Iowa Departmeﬁt of Transportation

Foundation Soils Information Chart
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FOUNDATION SOILS INFORMATION CHART

.A majority of the bridge fouhd;tions designed by the
Highway Division, Iowa Department of Transportation rest upén
piling which derive their support primarily from the shear stréngth
of the surrounding soil rather than from end bearing. Economical
and safe design of such foundations requires a knowledge of the
bearing capacity of the fouhdation soils. A chart for pile
length determination based upon the available information and
experience was first introduced in 1958. This éhart provided
a feasible method of selecfingApile lengths which effectively
reduced pile. cut-off. As more information becomes available,
it is necessary that the "Foundation Sﬁils_lnformation Chart",
used for estimating pile lengths, be‘periodically updated.

A total of 234 pile load tests have been performed since
1950. Té properly evaluate the inforﬁation, the tests were
categorized as (a) pile tested to yield, and (b) pile tested to
bearing. Of the total, 117 pile load tests were grouped into
the "pile tested to yield" category. Tolevaluate the bearing
capacity of foundétion soils the piles tested to yield were
reviewed, excluding the inconclusive tests. Sufficient numbers

of conclusive tests are available for review.




91

The pile load tests performed on piles'founded in only one
foundation scil have enabled establishing a definite bearing
value‘for that soil. Pile tests on certain soils have indicated
a need for change in the bearing values given in the previous
charts. |

" All available foundation soii information has been evaluated
and incorporatea in the revised design chart. Blow count values
(N-Values*) obtained from standard penetration tests Performed
on foundation soils and bedrocks have been included in the chart
and in the‘additional recowmendations. Statistical analysis
was used to determine the mean value and standard deviation for
blow counts on all soils.

Evaluation of pile load tests performed upon tapered steel

shell piles on the I-129 project at the Missouri River crossing

.south of Sioux City indicate that the bearing value of the tapered‘l

pile in cohesionless foundation soils is greater than the bearing
for parallel sided pile. However, the bearing value for tapered
piling is not as high as originally indicated by the test loads
made at the Council Bluffs viaduct. The additional column for

stcel shell piles has been left in the revised chart but the

*N-value: The number of blows required by a 140 1lbs. hammer
with a free fall of 30 in. to drive a 2 in. 0.D. by 1-3/8 in.
1.D. split tube sampler 1.0 ft. into the soil.

., Nose s
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value have been reduced. According to Peck¥* the cffect of taper:
pile in uncpnsolidﬁted cohesive Soils'does ﬁot increase the
bearing capacity of the pile.  . | |

The attachéd “Fbundatidn-Soils-lhformationiChart“ gives
the allowable‘fricéion béaring per}foot iénéth_of’pile for different
types of piles iﬁ different foundation soils. fhe chért énd the-
methods of pile lén;th deﬁermination described on subsequent
pages will allow ﬁhe.desiQner to‘effecti;ely select adeqﬁate
pile,lengths. To make effective use of ﬁhe chart,.the_SOunding
nomenclature should compare with the.éhar£ nomeﬁclaturel‘ The
-reyised'Chart and thevinformaﬁion contained herein will‘be
subject to change as additidnal'informatidn,becomeé avaiiable.

.Thg hammer formulas used for pile driving dﬁring cthtrﬁction

/ - . . ‘

shalliconform to the Standard Spégificétions dnd current Supple-
menﬁal Specificétiéns’unlesé'othefwise specified. ‘The_preSent“
- hammer formulas are used as a cheékjfor>pile bearing during
construction. .When the formula béaring for a pile is;less‘than
.thehdesign beafing, a pile load test .should be secdred..

Thé *roundation Soils Informétion Chg;t? ié intended to.be
aﬁ_effecti&evaid in selecting'proper_pilé l¢Agths. At étréam

crossings where scour may be a problem,. tip penetration should

*peck, Ralph B.: A Study of the Comparative'Behéviorfdf-
Friction_Piles: washington, D.C.:, Highway Research Board: Special
Report #36: 1958. ' : o _ A




be specified. éreliminary ﬁridge Desigﬁ will determine the
approximate scour depth.

where compressible (unconsolidatéd) soils are under a
fill, the fill should be predrilled, and drag forces calculated
in accordance with the method described elsewhere.

A steel test pile in Johnson county was tested by pulling.
The.resultant‘allowable bearing value for very firm glacial

clay f£fill was 0.3 tons per foot in uplift.




Estimated Allowable Bearing value for Friction Piles
in Tons per Foot (Factor of Safety = 2.0)
_ Range* . Steel |- S : - Steel shell Pile-
_ Mean | . of Wood | "H" concrete Pile|] parallel Sided |Tapered
Soil Description . N~value | N-value Pile |Pile | 16" | 14n 18" | 14" { 12"} 10" | 12" (Av.)
“Alluvium or Loess
very soft silty clay -1 0-1 0.3 | .0.2 0.5 0.4 |0.3]0.3]|0.3]0.2
Soft silty clay ‘ -3 24 0.3 0.2 0.5 0.4 {0.3]0.3}/0.3]0.2
Stiff silty clay’ : 6 4-8 0.5**| 0.4 | 0.8 0.7 |0.5(0.5{0.4/ 0.4
Stiff silt S 5 3-7 0.5 0.4 0.8 0.7 |0.5/0.5}0.4]| 0.4
Stiff sandy silt 5 4-8 0.5 0.4 | 0.9 0.8 |0.5/0.5}0.4|0.4
|sStiff sandy clay : : 6. 4-8 0.7 0.6 | 0.9 0.8 (0.6]0,6(0.5{0.4
[silty sand = ~ : .8 3-13 ©0.8 | 0.7 | 1.0 0.9 |0.6|0.6|0.5|0.4
“lclayey sand :“. S s o133l 6=200 0| 0.7 ;0.6 1.0 0.9 {0.6]|0.6]0.5]0.4]
‘IFine sand - N A ©8-22 | 1.0 ‘| 0.6 |- I.1 1.0 [0.710.7/0.6{0.5{ 0.9
lcoarse sand © -~ - - - | 20 12-28 1.2 |.0.9 | 1.2 1.1 |0.9]0.9|0.8|{0.6] 1.2
Gravelly sand 12t | 11-31 1.6 | 0.9 | 1.6 1.6~ |1.311.2|1.0|0.9f 1.6
| - clacial clays
[Firm silty clay . 11 7-15 1.0 | 0.7 0.9 0.8 |{0.710.6
|Pirm silty gl. clay 1 11 . - 7-15 1.0 | 0.8 1.0 0.9 0.7 0.6
Firm clay (Gumbotil) 12 9-15 1.0 1.0 1.0 0.9 |0.7] 0.6
|Firm glacial clay .- 11 7-15 1.4 0.9 1.1 1.0 |0.9]0.8
Firm sandy gl. clay | 13 9-17 | 1.4 | 0.9 1.1 1.1 [0.9] 0.8
|Firm-very firm gl. clay | 14 11-17 1.4 | 1.2 1.2 1.1 }0.9]0.8
‘lvery firm gl. clay | 24 o 17-31 | 1.6 1.4 1.6 - 1.7 [1l.41 1.3
 [very firm-sandy gl. clay 25 . 15-35 | 1.6 | 1.4 1.6 1.6 {1.4( 1.3
*Range = Mean - + l Std. Deviation ‘ E R - Date:  January, 1967 R
*Uhderllned values determlned from pile load tests to yleld. h S Revised: June, 1976

Note: -‘Glacial Soils with N-values greater than 35 and granular s01ls,
‘ -with N-values greater than 50 MUST be given special consideration.




l. Do not end a pile in a foundation mate:ial for which N-value
is 4 or less. |

2. Eor.wqod friction piles,‘calculété the pile length from £hé
total eétimaté& safe'bearing<b$sed on the design load and
select the nearest pile length in muitiples of 5 feet.

3. ‘Fof a steel pile, thé allowable load over the cfoés sectionél
area Qf.the tip.df the pile shail not exceed the following:‘

6,000 psi in bedrocks for which N = 20 - 200

.  ,_ADDITIONAL REéQMMENDATxéns
9,000 psi in bedrocks for which'N 200 of more
4. when driving steel pile into bedrock, the followinghpenetration,
is,recommended:
-8 ft. to 12 ft. in broken limestone, where practicable.
8 ft. to 12 ft. in shale or firm shale (N=20 to 50).

4 ft. to 10 ft. in medium hard shale, hard shale or silt
' stone (N=50 to 200). - .

3 ft. to 6 ft. in sandstohe,isiltstone, or hard
shale (N=200 or more). '

1 ft. to 3 ft. in solid limestone.
5. If spread footing foundations are considered for a structure,
additional core borings should be obtained to determine the

allowable bearing value of the. foundation material. 1In
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~ absence of any other data, the allowable bearing value may be

adopted from the following téble:

Average Allowable Bearing
Bedrock . N-value value, tons/sq. ft.
“Shale 16 2
Firm Shale 25 3
Med. Hard Shale 50+ 5
Hard Shale 50+ 5
Siltstone 50+ 5
sandstone - 50+ 5
Limestone 100+ 10
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