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INVESTIGATION OF THE STRENGTH OF THE CONNECTION BETWEEN A CONCRETE CAP
AND THE EMBEDDED END- OF A STEEL H-PiLE

INTRODUCTION

This investigation was begun late in 1945 by the Ohkio Department of
Highways with the intention of obtaining information on the strength and
behavior of the connection between a concrete cap and the embedded end
of a steel H-pile when loaded to failure 1n a manner to cause the pile
to be pressed into the concrete. It had been fornd that there was a
lack of factual data on this subject.

Designs had been based on the assumption that an auxiliary bearing
device was required at the top, embedded end of a steel H- plle proJect-
ing 1nto a concrete cap or footing, to prevent a high compressive stress
per square inch in the concrete bearing directly on the surface of the

end of the pile. It was customary to fasten a plate or similar device

on the end of the pile, usually welded thereto, to increase the contact

area. This practice was similar in Ohio and elsewhere,

-The Standard Specifications for Highway Bridges (Fourth Edition,
1944) of the American Association of State Highway Officials required
that: ‘For piles supporting concrete footings, piers or columns, the
piles shall be capped with bearing plates not less than 3/4 inch thick
except that in cases where the embedment of the pile in the concrete is
5 feet or more, and the transfer of load is effected through bond and
direct bearing, the plates may be omitted. The cap plates may be con-
nected to the pilé by either welding or riveting. Where dependence is
placed!on bond and the piles are encased in thinlsections of concrete,
they shall be enclosed with 1/4 inch round reinforcing steel. “The caps
shall have two air holes to prevent pocketing of air while concrete
1s being poured.’

The 1939 Construction and Material Specifications 6f the Ohio De-
partment’ of Highways required that: ‘Tops of piles encased in contrete
shall be prov1ded with steel bearing plates suitably fastened to the

plles so as to avoid displacement of the plate and to prov1de even

bearlng on the pile. These plates shall be of such size that the bear-
ing on the footing concrete shall not exceed 1000 pounds per square




inch.’

The January 1947 Construction and Material Specifications of the

Ohio Department of Highways, which were printed after the first two
series of these tests had been completed, make no mention of a plate
or other auxiliary bearing device since it was contemplated that the
type and size of the.bearing device would be called for onlthe'plans.

The January 1946 Spec1f1catlons for Design of Highway Structures
of the Ohio Department of Highways limit the stress per square inch in
concrete bearlng on the surface of the end of a steel H- pile to 1800
pounds per square inch for Class ‘C’ concrete (6. 3 sacks per cu. yd )
and to 1350 for Class ‘E' (5.5 sacks per cu. yd.). '

The 1ncreased values in the 1946 design spec1f1cat10ns (as com-
pared w1th the prev1ous permlsslble 1000 for either Class ‘C’ or
Class ‘E’ ) were selected as a compromise. Several engineers in the
Department belleved that a much greater value could be used, such as
2500, and that such a greater value would be conservative since the
contact concrete whlch is subject to high compression is 1in a confined
position (surrounded by concrete not subjected to direct compression)
and not at or near the edge of the concrete member as in a conventlonal
test cylinder or as the compression side of a beam. However, -since
such suggested greater value would have been quite out of line with
conventional national practice, ‘it was considered advisable to use
lesser increased values in the. new design specifications, the pre-
paration of the text of which was completed late in 1945. The greater
unit stress suggested, such as 2500, would not usually have obviated
the need for .an auxiliary bearing device but a lesser area would have

been permitted to supplement . the top area of the H- pile, and the

~ device could have been of a type that would have interfered much less

than the bearing plate with the placing of concrete arqund the top of
the pile.

_ DESCRIPTION QF TESTS

The bearlng capac1ty of concrete caps or footers for ‘steel H- p11es

or columns, as reported hereln, was studied in four series of tests

comprising a total of forty—seVen spec1mens The series are des1gnated
by the letter preced:ng the test specimen number and a brief descr1pt10n
of test designs are given in Table No. 1. A detailed descrlptlon of

)

each test series follows.

SERIES  "A
Specimens:

‘The test specimens for the ‘A’ Series, with A-9 the one exception,
consisted of 12 inch lengths of 6" x 6" and 10™ x 10" H-piles, with
both ends milled to a reasonably accurate surface (+0.001"), embedded
approximately 6 inches in a cast concrete block 23-1/2 inches square
and 18 inches in depth. Test No. A-9 consisted of a free 12 inch length
of 6" x 6" H-piling placed in direct bearing against the side of the un-
damaged concrete block of Test No. A-8. The 6" x 6" H-pile sections
were used in all tests of the ‘A’ Series_except‘Test No. A-6 where
the 10" x 10" H-pile section was used.

Class ‘C’ concrete {6.3 sacks per cu. yd.) was used in' Specimens
Nos. A-1 through A-6 inclusive, and Class *‘E' concrete (5.5 sacks per
cu. yd.} was used in Specimens Nos. A-7 through A-9 inclusive. The
sides of the H-pile sections used in Specimens Nos. A-4 and A;S were
greased to reduce the effect of side bond with the concrete and permit
the end bearing strength to be measured independently of the side bond
strength, The properties of the congrete used in the ‘A’ Series are
giver in Table No. II, entitled ‘Summary of Concrete Data’. The design

of the individual test specimens are illustrated in detail by Figures

1 through 9-inclusive.
Te;tlng:Procedure:-'

A 'screw type testing machine of 500,000 pound capacity was used
to determine the .bearing strength of the H-pile specimens of the ‘A’
Series. The concrete block base of the specimen was set on the weigh -
ing platform of the testing machine in a plaster of paris and portland
cement cap, covering the entire bottom surface of the concrete block.
The compressive load was applied directly to the top machined end sur-
face of the H-pile section. through a spherical.heéd compreéssion plate.
The load was applied at the rate of 0.052 inches per minute (comtres-
sion head movement) until failure of the specimen.  Am Ames dial,

reading in thousandths of an 1nch was mounted to record the deformat1on

in the prle head by measuring the movement -between the machine head and
the weighing platform. Applied load readings were recorded for each
0.010 inch head travel of the machine.




SERLES "B"

Specimens:

A total of four specimens was used in the tests of the ‘B’ Series.
Specimens B-1 and B-2 were designed to test only the bond petween the
sides of a 10" x 10" H-pile and the concrete, and were recessed 6
inches from the underside of the block to the bottom of the H-pile to
eliminate end bearing. Specimens B-3 and B-4 were designed to test the
end bearing capacity of a 6" x 6" H—plle embedded 9 inches in a plain-
concrete block 18 inches in depth. The sides of the H-piles were

coated with paraffin to eliminate side bond with the concrete.

The specimens c¢f this series were made from Class ‘C’ concrete
(6.3 sacks per cu. yd.), and the properties of the concrete used are
given in Table No. II. The design of the individual test specimens

are illustrated by Figures 10 and 11.

Testing Procedure:

The specimens were tested in the same machine and.at the same
load rate as for the ‘A’ Series. The specimens of this series were sup-
ported on the entire bottom edges by a soft wood square frame, 1-1/2
inches thick and 3 inches wide ,on all sides. The deformations recorded
represent the average of two Ames dials, reading to thousandths of an
inch, one on each side of the protruding H-pile section and located
so as to measure the distance between the traveling head of the tgstlng
machine and the top surface of the concrete block. This eliminated the

deformation due to the crushing of the wood frame bearing support base.
SERIES "C"
‘Specimens:

"This series of tests comprising a total of twenty-two te;t speci-
mens were all made from Class ‘E’ concrete (5.5 sacks per cu. yd.). All
H-pile sections employed in this series were 10" x 10" at 49 lbs., gnd
all concrete blocks were 33 incheé square. The H- pile sections were
suspended in the concrete form by steel clamps supported on the sides
of the forms. These clamps were not released until the concrete had

completely set (24 hours). The depth of the concrete heads inthis series
vary from 6 inches to 24 inches, and the embedment of the H-pile sectlons

varied from 6 inches to 18 inches and such embedment represented from
25 per cent to 100 per cent of the total depth of the concrete head.

Specimens C-5 and C-6 were reinforced with three circular hoops
of 3/4 inch round deformed sweel bars, and Specimens C-7 and C-8 had a
3/4 inch plate welded to the embedded end of the H-pile to increase the
end area in direct bearing against the concrete. All specimens except
C-5 and C-6:were plain concrete. Specific test design details
applicable to each pair of specimens (consecutive odd and even numbers)
are given in Figures 12 through 22 inclusive. The concrete data and

method of curlng the specimens are glven in Thble No. II,

Testlng Procedure:

A screw type testing machine of 1,000,000 pound capacity was used
to determine the bearing strength of all the H-pile specimens of the
‘C' Series. Specimens C-1 through C-20 inclusive, were supported on
all of the bottom edges by a square steel frame, 1 inch thick (solid)
and 2 inches wide, bolted to the weighing platform c¢f the testing
machine. The four -edge base support frame is illustrated in Plate 1,
Two of the same size edge support bars were placed parallel to the
H-pile web in such a manner as to provide support for the concrete
block on two opposite sides of the bottom surface of Specimens C-21
and C-22. All specimens of the ‘C’' Series were set on the steel sup-

port bars with a mixture of plaster of paris and ‘portland cement caps. .

The method of aligning and capping the specimens is illustrated by
Plate 2.

" The test loads were applied at the rate of 0.0315 inches per
minute of machine head travel for all tests of the ‘C' Series. Deform-
ation was recorded with two Ames dials placed on opp051te sides of the
H-pile section, as illustrated in Plate 3, and measyred the distance
between the moving head of the testing machine and the top of the
concrete pile head. The average of these two readings was recorded as
the deformation of the specimens. On some of the specimens of this
series a third Ames dial was placed to measure the distance between the
moving head and the weighing platform of the testing machine,




SERIES "D" - S - e '
Specimens: '
The spec1mens of the ‘D’ Serles were 1dent1cal to the spec1mens
of the ‘C’ Series in regard to the horlzontal dimensions of the con-
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TABLE NO. 11
SUMMARY OF CONCRETE DATA*

CEMENT | 5L ymp AIR CYLINDER TEST
SERIES SPECIMEN NOS. FACTOR | |ncHES | CONTENT | NO. AGE COMPRESS | VE
SACKS = TESTS DAYS | STR.LBS./SQ.IN.
1 ‘PREL IMINARY TEST
1 7 3320
A 2 T0 6 6.3 3 3.7 1 3 4438
I 7 . 285%
7 109 5.5 3 4.1 1 29 - 2850
_ 1 7 3710
B 1 70 4 6.3 | 3-1/4 4.2 1 28 | 5720
11, 12, 13, 15, 2 7 3025
17. 18, 19, 20 5.5 | 2-1/4 2.6 2 28 . 4225
c 5, 6. 9, 10, - 2 7 2720
21, 22 5.5 4 3.1 2 28 . 3780
1. 2, 3, 4, 7. 2 7 2495
8, 14, 16 5.5 | 3-3/4 2.5 2 28 4075
1. 3, 5, ' 1 28 3500
- 7..9. 11 5.5 3 2.3 1 28 3570
. 2, 4. 86, ) t- 28 3740
&, 10, i2 5.5 3 2.8 1 28 3670

*Seo General Notes on Concrefe Data .

GENERAL NOTES ON CONCRETE DATA

TEST CYLINDERS WERE THE STANDARD 6' X 12°' COMPRESSION CYLINDER. CURED IN MOIST ROOM FOR
28 DAYS.

ALL CEMENT USED IN CONCRETE WAS AIR ENTRAINING - AIR CONTENT OF CONCRETE SHOW IN PER
CENT BY VOLUME, - . .

ALL CONCRETE PILE HEADS, EXCEPT A-1, WERE CURED 7 DAYS WI1TH WET BURLAP AND 21 DAYS IN LA-
BORATORY AIR AT 700 F. -SPECIMEN A-1 CURED 3 DAYS WITH WET BURLAP BEFORE TEST.

TEST SPECIMEN GROUPS UNDER SPECIMEN NOS. N TABLE INDICATE ONE BATCH OF CONCRETE.

SERIES. A’ & 'B" CONCRETE MIXED IN A ONE-BAG CAPACITY POWER MIXER AT LABORATORY - SERLES
'C* & 'D' MADE FROM FIVE SEPARATE BATCHES OF ‘TRANSIT-MIX* CONCRETE. .

CONCRETE PLACED IN FORMS AND AROUND H-PILE SECTIONS BY HAND SPADING IN SERIES 'A”,"B' AND
ct AN AIR VIBRATING TOOL WAS USED IN THE °'D* SERIES. ' '

ALL CONCRETE WAS MADE USING NATURAL SAND AND GRAVEL. VINSOL RESIN {NEUTRALIZED. DRY) WAS
ADDED TG THE MIX IN-THE AMOUNT OF 0.01% BY WEIGHT OF CEMENT. .

CONCRETE CLASSIFICATION IN ACCORDANCE WITH THE OHIQ HlC-HWAY DEPARTMENT CONSTRUCTION AND
MATERIAL SPECIFICATIONS. CLASS "C° CONCRETE CONSISTS OF APPROXIMATELY 1:5-1/2 VOLUME MIX
AND HAS A MINIMUM ULTIMATE COMPRESSIVE STRENGTH OF 4,000 LBES./SQ. !N. AT 28 DAY AGE.CLASS

"E* CONCRETE CONSISTS OF APPROXIMATELY '1:6-1/2. VOLUME MIX, AND HAS A MINIMUM ULTIMATE COM-

PRESSIVE STRENGTH OF 3,000 LBS./SQ. IN. AT 28 DAY AGE. - STRENGTH DETERMINED BY t. ABOVE.
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PLATE 1. STEEL SUPPORT RiNG USED IN SERIES C BOLTED IN PLACE ON WEIGHING
PLATFORM OF TESTING MACHINE.

PLATE 3. SERIES C SPECIMEN READY FOR TEST.

o

PLATE 2. SERLES C SPECIMEN SUSPENDED ON TURNBUCKLES PEREPARATORY TO

AL |GNMENT AND CAPPING.

14




RESULTS OF LOAD BEARING TESTS
The maximum total load bearing capacities together with individual
specimen design data, for the ‘A", ‘B’, ‘C', and ‘D* Series of tests,
are summarized respectively in Tables Nos. III, IV, V and VI. Unit
compressive stress values based on the maximum load and area of the
H-pile section are also given. Data appl1cable to the H-pile sections
employed 1n a serieé'of'tests are shown at the bottom of each summary

table.

Stress-strain diagrams have been prepared for each test specimen
except A-1,,which was the preliminary test, and C-14, ‘which was not
tested due to a defective concrete head. These dxagrams are illustrated
by Figures 29 through 55 inclusive. In the test designs where paired
(identical) specimens were employed, both load- deformatlon curves are
plotted on the same diagram. The stress-strain diagrams are plotted
to show the deformation in inches and the total load in kips (1000 lbs.).
A second scale, parallel to the loading scale, indicates the correspond-

ing unit compressive stress in the H-pile section in k1ps per square

inch.

In the test specimens illustrated by Figures 30, 34, 35 .and 36,
the applied load was released a number of times to determine the degree
of elastic recovery in the deformed specimens. The curves illustrating

released loadings are numbered to enable tracing the elastic recovery

«0f the specimens.

In the ‘B’, ‘C’, and ‘D’ Series, Figureé 37 to 55 inclusive, where

specimen pairs were employed, the individual carves are identified by

the test specimen number. In some of the tests of the ‘C’ Series, and
all of the tests of the ‘D’ Series, the testing machine head-travel is

plotted against the applied load and is identified by the letter ‘W

after the test specimen number. The curve indicating the penetration of

the H-pile section into the concrete head is identified by the letter

‘B’ after the test specimen number.

The conditions of the test specimens after loading to failure are
illustrated in Plates 4 through 43 inclusive. All 6" x 6" H-pile Speci-
mens of the “A’' Series are illustrated by Plate 4, as the coﬁmon failure
was by buckling of the H-pile. Plate 5 illustrates the cracked concrete

head of Test A-6. The indentation of the bile section into the concrete
surface of Test A-O is illustrated by Plate 6, and Figure 56 shows the
results obtained by surface gage measurements of the indented area. In
the ‘B*, ‘C’, and ‘D' Series, photographlc pairs are shown for each
specimen tested to enable complete tracing of failure cracks appearing

on the surface of the concrete head.
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IN CONCRETE BLOCK ON
10" X 10" H-PILE.

:

FAILURE BY BUCKLING N H-PILE.
FAILURE
29

IN SERIES A.

PLATE 5.

TYPICAL OF ALL 6" X &' H-PILE TEST SPECI-
SPECIMEN A-6 WITH

"PLATE 4.
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) PENETRATION OF H-PILE IN |
SURFACE OF GONCRETE BLOCK ' o o
;. ~ TEST NO. A-9 |
o | ™ _
1 10 o 12
. T ";3
8 7 6 '
. 12| 4
PLATE 6. INDENTATION-IN CLASS 'E' (5.5
. SACKS/CU.YD,) CONCRETE BLOCK RESULTING
13 ‘ EEE. : W e i+ . . . FROM 205,000LB.LOAD ONAGB" X 6" HPILE.
_ | MEASUREMENTS BY SURFACE GAGE . . _ I :
READING SURFAGE ELEVATIONS PENETRATION
AVE. ELE|CENT. ELE.|  INGHES
LOCATION |SIDE ELE.|SIDE ELE .‘ I H
, | 1749 1842 | 1796 1399 .0387 \
2 2047 | .1948 .1996 ATIS . 028l
3 2220 | .2089 | .2144 1795 | .0349 :
4 2302 | .2132 | .2217 | .2048 | .0i72
, 5 2198 | .2334 | 2266 | 2081 | 0188
| . 6 1871 | 1933 | 1902 | 1560 | 0342 )
| 7 1480 | .174) 1610 1179 | - .0431
s 8 1370 |.1364 | .1367 1169 o198
: 9 1118 1220 | .1169 03578 | .089I
_ 10 1342 | .1385 | .1363 0980 0413
i .1800 | 1454 1477 1294 . .0183 i =
!2 1889 1833 1357 71320 0237 e PLATE 7. APPEARANCE OF SPECIMEN B-1 AFTER TESTING.
13 .186% | 1842 | .1833 .16 70 .0183
AVE. PENETRATION OF H-PILE IN GONCRETE = 0.030 IMGHES
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PLATE 10.

APPEARANCE OF SPECIMEN B-4 AFTER TESTING.
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PLATE 13. APPEARANCE OF SPECIMEN C-3 AFTER TESTING.
PLATE 12, APPEARANCE OF SPECIMEN C-2 AFTER TESTING.
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PLATE NO. 44,

CLOSE-UP VIEW OF SPECIMEN D.12 AFTER TESTING.

DISCUSSION oF RESULTs

GENERAL

In the plain concrete specimeng failure at the ultimate loading
was rapid and éomplete, whereas in the reinforced concrete spécimens
failure wag gradual with many small tension cracks appearing before
the ultimate loading was reached,

rather than on the ultimate lgag at complete failure, ghe elastic

limit for each of the Specimens has beep determined frop thestress-strain

diagrams (Figures 29 to 55) ang tecorded in Tapje VII together,
with the net permanent deformatjon,

SERTES ngn

VII) is delivereq to the concrete at the enq of the pile (comﬁdred with
the maximum of 188,000 Ibs. for the 6" x ; '

of block) the transverge tension created in the block 18 greater than
the enclosing concrete cap résist, and the block ¢racked, Thijg was
Mot quite a faip test since the 23 1/2 inch square block was disprg-
portionately small for the 10" & 10" size of H-pile for which the
Spacing in a Structure jg generally at least 36 inches. However, this
test disclosed the probable general character of failure of the con-
Crete in contact with a pile. : '




4
TABLE N0 VII ‘The recorded ' Lo1
SUNMARY OF NAXIMN ELASTIE _ . , ded net deformations (Table VIT) appear large due to the
LOAD-DEFORMATION DATA mann ' 1oy ' \ . . .
_ . er 4of measurement employed. Deformations in the testing machine,
. Elastic Limit Bearing Capacity F:llur: cn; Specimen - . e piastgr of paris cap, the cancrete thCk and the 12 inch length of
a in Pile or Concrete H ]. . . . L _ A g
e [T ] s | ot | e | ~ H-pile are included as well as the pemetration of the H-pile into the
- ation astic Yltimate : : . - .. .
it nresstd format; st rinat o bl;ck. It was discovered that on the earlier tests of Series ‘A’ in-
A-1 PREL IMINARY TEST CONG. (4) ' sufficient time was a ' i : .
Az 184.0 | 40250 057 - | eveeiisy | srem _ : _ This . - llowgd fok setung..of the plaster of paris cap., . g
A-3 158.0 34,600 .040 STEEL STEEL | Xcessive deformation was revea i i ;
A4 160.0 | 35.000 072 STEEL STEEL. siderable of lc-ed on Test A-3 in which a con-
A jgg'g oo 067 STeeL STEEL : amount of permanent deformation was measured after released
i'g .}gg_g if?% _ "O’ig conc. S I loadings within the elastic range. This condition of the plaster of
- . , .04 STEEL STEEL 1
A9 160.0 | 35.000 . oeg onG., oTEEL : L paris cap was corrected on Tests A-7 and A-8 for which the elastic
B-1 101.0 7.800 .o18 BOND(6) | conc. ' . Tecovery was nearly perfect. '
g-g I?g.g 6,550 016 BOND CONC., : '
. . 25,600 027 - CONC. T e ' . . . ’
> oy | oie 027 e | | 7 The average net permanent deformation, taken from Table VII, for
g; lgg.g s.g;g .o Lane .- Tests A-2, A-3, A-4, A-3, A-7, and A-8 for an average maximum stress i
. - . 6, 018 CONC. . - . . .
c-3 220.0 | 15.300 © 025 CONC. ' (within the elastic range) of approximately 170,000 1bs., (37,000 lbs, |
c-4 220.0 15,300 .029 | ConC. T per sq. in.) is 0.052 inch. Since .- . i
g_g 952.0 17500 ous cONG. o ». 1N, «U52 1nch. Since this includes deformation in the I
. 248.0° 17,250 | .046 "CoNC. ' . . L ) :
C-7 170.0° | 11.800 .036 conc, . | -e S ' plaster of paris cap, etc., besides the penetration of the pile .into i
c-8 170.0 | 11,800 036 CONG, . the : ] ' . |
g_? S eI e B ] . 1concret.e and since the comparable net deformation for Test A-9 !
R 360.0 25,000 .058 CONE, able i ; . ' . ; !
C:; 250,00 | 17950 ‘ot g o _ (f VII} is 0.069 inch compared with an actually measured indentation : I
c-1 180.0 12,500 .014 CONC. -i- R of 0.030 inch : oeth - ! HE
S}f‘,’ baao | a0 -o1a cone. o o .0 0 ch for a stres;. of more than 160,000 lbs., (35,000 lbs. per
=14, NO TEST . P . - ’ . “ . . H
o ot 2.100 008 O . o , 3‘1-_1’1-): the average permanent indentation for A-2, A-3, A-4, A-S5, !
C-16 25.0 1.700 .007 CONC. : A-7, and A-8 ma ausi St 3 ‘ - ; . _ ) ]
-C17. | 100.0 6.950 .010 CONC.- - we e A t’:hl Y plausibly be estimated as approximately 0,02 inch. J
c-18 100.0 6,950 L012 CONC. ' . ‘AB e greatest’ 1 E i : ; :
s | 1o oo Otz S | o . 'S_ working load on an H-pile would rarely cause a work- ‘l
C-z0 200.0 13,900 .016 CONC, : 1ng unit i i y : S i
C-21 | No ELASTIC ACTION INDICATED : : - TR, : ) g : ‘srt.r_ess greater than say 7_' 000 lbs., it appears that the ][
-22 . in ’ . ' p ) . . ;
_c 2| Mo ELASTIC ACTION IDICATED . o entation of the concrete may be regarded as negligible for such a H
.1 . : o _ workine. N ) ; 1 ‘
O R A A ing stess mltiplied by o factor of safety of 2 or 3. |
n-3 120.0 8,350 009 CONC. Th brh . £ S- C - . I
D-4 120.0 8,350 . 009 CONC. “ee - K [he behavior o ecimens A-4 and A- i ;
D5 | 260.0 | 18.t00 C.034 | cone. ' ' is not sufficie el ' p A-5, which had greased sides ) .
D-6 360.0 | 25,000 .025 CONC. : ) suiliciently unique to provide defini . . L.
o-e 00 | oo (oe | Sone L _ to be exoectod <. q pr A finite information. This is
b | asos | 3oreos oz | sweei | come o T expected since the steel piles of these specimens failed by
: : : : ' buckling, like the other 6" x §" ‘before th bl |
D-10 380.0 26,400 .023 STEEL CONC. : g e e :
‘oe11 300.0 |- 20,900 .026 CONC. b : £ 11 . concret‘:e ock strength
p-12 360.0 25,000 .021 | STEEL conc. | o ~ was lully taxed and therefore the maximum load at failure for these
Wotes: (1) Total bearing Load at elastic Limit. _ . _ | tests 1s similar to that of the others.. The same is the case with ~‘
: (z) " Unit stress in H~pile section at elastic limits of pile - . ref h . . i i
 ead sevemly. . ’ . .7 o erence to those specimens of which the blocks were equipped with !
f3) Deformatiom walue derived from stress—-strain diagram by - hODp l‘einfbrc'ement',;. ) . . S . :
. brojecting the elastic (straight) line downward to zero. ... . co- .- . A ) )
loading and sdding algebraically the origin correcti on : Th : o : e ‘ .
to the d ti t the elastic Limit. . . - - . : : : i
( 0 :}xe eforrr_u_; ion -a e elastic limi he result,s_ of .-Tes‘t A-9 _J.ndlcat._e _that the depth of embedment i8
4)  Indicates feilure in the concrete head. ] . not im tant i £ o - B
' o s ©f5) ‘Indicates compression yield failure in H-pile section. Ampor _an‘ -lnsolar as Stl‘e:SB “nder:-compr_essl“'e_' forc.e is “concerned,
{6) Indicates failure in concrete bond to sides of steel H—
pile. ' o
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since on this test there was no embedment. This seems to be borne
out by subsequent tests (Series C and D) ir which the depth of embed-
ment varied. Transverse encirclement by other concrete of the con-

crete directly subjected to compressive force appears more important
than the depth of embedment.,

Although Series ‘A’ provides definite assurance that there need
be no concern regarding the strength of the concrete in immediate con-
tact with the end surface of the pile and shows that this concrete is
less apt to fail than the pile section itself, it does indicate in
Test A-6 that cracking of the block may occur if the pile section is
relatively large with reference to the block.

The 6" x 6" size of H-pile was used because of the belief that a
small-scale test would be satisfactory,. It was thought that a
6" x 6" H would bear approximately the same relationship to a 23 1/2
inch spacing that a regularly used 10" x 10" H bears to the usual
spacing. However, the test results indicated the desirability of test-
ing a full-scale size such as 10" x 10"

‘The concrete blocks in this series of tests were supported over
their entire lower area. This was originally considered satisfactory
since only the behavior of the compression contact area of the concrete
at the end of the pile was to be checked. However, since compressive
stress on the H area was found not critical and since it seemed probable
that the delivery.of a great force to the concrete immediately around
and beyond the embedded H-pile would cause a punching-out tendency as
well as;cracking and splitting, it appeared desirable to Jndertake
additional tests in which the blocks would be supported only along their
edges so as to permit deflection of the block and punching-out,

SERIES "B"

The four tests‘of Series ‘B’ were of exploratory character and
for that reason the 23 1/2 inch size of block was continued,

'Specimens B-1 and B-2 were designed to determine the strength of
the bond between the sides of the embedded portion of the pile and the
concrete, ' The computed unit stress at'failure, considering the area of
all of the embedded_side surfaces of the H-pile, was 299 lbs. per sgq.
in. for Specimen B-1 and 288 lbs. per sq. in. for Specimen B-2. How-
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date more than a 33 inch square

beyond the end of the pile,
larger size they should be re
specimens than those of Series ‘A’. -
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that the strength in actual cases would be very great.

The failure due to slab action is quite clearly shown by comparing
Tests C-15 and C-16, in which the concrete block is only 6 inches thick
and has 6 inch (100%) embedment of the 10" x 10" pile, with Tests B-1
and B-2. The average tctal load at failure for the former (Table V)swas
35,000 lbs., and for the latter (Table IV) was 112,700 lbs. As the area
of contact beﬁween the steel and concrete was only 8 per cent greater
for the latter than for the former, the great difference must be
credited to the difference in slab properties and behavior of the speci-
mens, .Specimens B-1 and B-2 averaged 12 1/2 inches thick and were
23,1/2 inches square. Specimens C-15 and C-16 were only 6 in;hes thick
and had a much greater span on account of the 33 inch square size.
Even in Tests B-1 and B-2 slab action probably combined with punching
shear to cause failure, but at any rate it appears to be clearly shown
that slab action was the major cause of failure in Tests C-15 and C-16,
and that the bond resistance te punching-out was in fact not actually
determined.

Failure of the specimens partially due to slab action is also evi-
dent in Tests C-1, C-2,-C-17, and C-18 for which the blocks were 12 inches
thick. For these the average ultimate load at failure (Table V) was
105;000 lbs., compared with 112,700 lbs., average (Table IV) for B-1 and
B-2. 'Even though the latter spéecimens were cored-out for half their
thickness at the middle, they (because of their lesser slab spén) requ?red
‘a greater force to cause failure. -

Although similar proof of slab action’s contribution to failure is
not available for the 18 inch and 24 inch thick blocks of Series ‘C’,
it 1s reasonable to believe that slab action would plavy a part also as
the thickness increases, although to a proportionately lesser degree.

It will be found from Table V that the average load at failure is

35,000-1bs. for the specimens with 6 inch thick blocks, 105,000 fo?.the
12 inch;'230;000 for the 18 inch (exclusive pf(}21 and C-22 which were
supported on.only two sides}), and”400;000 for the 24 inch. The
strength per inch ot thickness increasqs steadily and consisteptly as
the thiékhess‘increasés, which seems to show that as the block becomes
thicker (and of .more nearly natural and full-scale size) its thickness

is better able to cope with the slab action problem and to work more

effectively in resisting stresses due solely to the punching—through'
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tendency of the pile.

This discussion of slab action has been with the object of pointing

out this important complicating influence in Series C.
cap or footing the area pertaining to each pile would not be, even

remotely, so seriously subjected to local beam action and such beam

action as does occur in a cap or footing is: taken care of by adequate..

thickness of concrete and amount of reinforcing steel. The strength of
the connection between the embedded end of the pile and the concrete
is, therefore, believed to be definitely greater than shown by Series
‘C' - far greater than indicated where the block is as thin as 6
inches and also greater where the block is as thick as 24 inches. In
attempting to correct the ultra-favorable condition of ful
for the block as used in Series “AT,
created.

an unfavorable condition was

It will be found that this series of tests seems to indicate that

1t does not matter how much a pile is embedded in a given thickness of .

block. The strength seems to be substantially the same. In the case
of the 12 inch thick blocks the average ultimate load for those speci-
mens with 6 inch embedment (Table V) was 100,000 lbs., and those with
12 inch.(loo%) embedment 110,000 lbs. In the case of the 18 inch thick
blocks the average ultimate load for those specimens (exclusive of C-5,
C-6, C-21, and C-22) with 6 inch embedment was 239,000 lbs.,rfo: those
with 12 inch embedment 240,000 1bs., and for those with 18 inch (100%)
embedment 195,000-lbs. In the case of the 24 inch thick blocks the
average ultimate load for those with 6 inch embedment is 405,000 1lbs.,
and the.ulﬁimate for the one with 18_iﬁch embedment is 390,000 lbs.

Blocks as thin as 6 inches were included among the specimens in
order to be able to check the behavior of this extremely light size and
to facilitate the plotting of behavior over a wide rarnge of sizes.

A comparison of Tests C-7 and C-8 with Tests C-3 and C-4 indicates
that a bearing plate on the end of a pile does not increase the strength
of the connection. This is plausible in the light of the disclosure on

Tests‘B-l_and B-2 that the concrete between the fl;nges tends to adhere
to the web and flanges,

and the break occurs near the edges of the
flanges.

This is also borne out by an examination of the broken test
specimens,of-Series ‘C' although this behavior was complicated by the

simultanecus tendency of the thinner blocks to fail largely due to
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slab action. A comparison of Tests C-7 and C-8 with Tests C-3 and C-4

in fact indicates a weakening of the connection because of the bearing

plate. This is possible since the plate interferes with the placing of

the concrete.

On inspection of the deformation curves for Series ‘C' (Figures
39 to 49) one finds a break in the curve early in the loading on
Tests C-3, C-4, C-5, C-6,C-9, C-10, C-21, andC-22 but not on the others.
It 1s believed that these breaks are associated with the method of
placing the concrete and supporting of the H-pile. Since the concrete
was placed with the H-pile projecting into it from above and held by a
clamp supported from the top of the forms and since the clamp was not
released until after the concrete had set, it 1s possible that shrinkage
and settling of the concrete caused the concrete to settle slightly
away from the end surface of the pile. If this is true, the pile in
the early loading would be. supported by bond only and after bond
failure would move slightly until'end compression contact was made.
This shrinkage and settling conJecture appears justified since the tests

on which the break in the deformation curve occurred all had a depth of

concrete below the embedded end of the pile of 12 inches or 18 inches

whereas those on which such a break did not occur all have a comparable
dépth of 6 inches or zero inches, except Tests C-7 and C-8 for which
this depth was 12 inches. As specimens C-7 and C-8 were equipped with
bearing plates it seems plauslble that the presence of the plate may
have prevented such settlement of concrete as occurred on the others of
similar depth. The average load at the beginning of bond failure on
Tests C-3, C-4, C-5, C-6, €-9, C-10, C-21, and C-22 is approximately
75,000 lbs. On Tests B-1 and B-2 it is approximately 95,000 lbs.
The lesser average force required in the Series ‘C’' tests may have been
due to expansion of the wetted form sides hav1ng raised the clamps and
moved the H-piles slightly, thus weakening the bond. (On Series ‘B’
and ‘A’ the clamps were released before setting began.) The average
deformation for these tests of Series ‘C' was 0.011 inch compared with
an equivalent of approximately 0.019 inch for Tests B-1 and B-2. It

seems clear-that on these tests of Series ‘C’ the force was at flrst.

resisted by bond until the bond was broken and end bearing began.

SERIES "D"

The twelve tests of Series ‘D’ were intended as a supplement to
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Series ‘C’.

Since the position of the H-pile during the placing of concrete
for these specimens was to be like that in actual construction and would
avoid the suspecte& settling-away discussed under Series ‘C', it was
intended that Tests D-1 and D-2 be compared with Tests C-3, C-4, C-5,

- C-6, C-21, and C-22, and that Tests D-5 and D-6 be compared with Tests

C-9 and C-10, todetermine if this change in method of specimen construc-
tion would avoid the break in the deformation curve which otcurred on

the comparable Series ‘C’ tests. No such break in the curve occurred

~on any of the Series ‘D’ tests.

Specimens D-1 and D-2 also were intended to provide a greater num-
ber of tests of circular-reinforced blocks of this size, proviously
covered by only Specimens C-5 and C-6. The influence of circular
reinforcing steel is indicated by a comparison of Tests C-5, C-6,
D-1, and D-2 (18 inch thick block, 6 inch embedment) in which the
blocks were so'reinforced, ‘and Tests C-3, C-4, C-7, C-8, D-3, and

" D-4, for which the blocks were similar but without such relnforce—

ment. The Qve:age ultimate load {from Tables V and VI) wa s
260,000 lbs. for the former and 192,000 lbs. for the latter. This

improvement of the strength because of such reinforeing is as would

_ be expected.

Spocimens D-3 and D-4 were intended to supplement Speciméns'C-f
and C-8 (18 inch thick blocks, 6 inch embedment) in re presenti ng
bearing plates. Since an important purpose of these tests was to

determine the degree of need for auxiliary bearing devices for H-

piles, it was realized that bearing plates had not been incorporated
in a sufficient number of specimens to conclusively determine the
difference in strength between specimens with and without such plates.
Therefore, bearing plates were also incorporated in Specimens D-7 and

f_ D-8 (24 inch thick blocks, 6 .inch embedment and slab reinforcing),

and Specimens D-5 and D-6 were prepared to provide the same type and

size without such plates. Also, Specimens D-11 and D-12 (30 inch thick

blocks, 6 inch embedment) included plates, and D-9 and D-10 were of the
same type and size without plates. The average ultimate load - (Tables
V and VI) for C-7, C-8, D-3, and D-4 (with plates, 18 -inch- block 6
inch embedment) was 175,000 lbs., and for C-3 and C-4 (the same with-
out plates) it was 225,000 lbs. For D-7 and D-8 (ﬁith platos, 24 inch
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block, slab reinforcing) the average ultimate load (Table VI) was
410,000 lbs., and for D-5 and D-6 (the same without plates) it
380,000 lbs. For D-11 and D-12 (with plates, 30 inch block) it was
525,000 lbs., and for D-9 and D-10 (the same without plates) it was

550,000 lbs. From these comparisons it can be seen that such plates
do not add to the strength of the connection.

was

In view of the complications in Series ‘C' because of slab action,
Specimens D-5, D-6, D-7, andD-8 (24 inch thick blocks) were equipped
with Ewc~way reinforcing bars in the bottom of the blocks (as set in
the testing machine), intended to insure against failure due to slab
action. It was thought (but not desired) that such bars would alsec
resist the punching-out forces and it was expected that these speci-
mens would break at a much greater force than the comparable speci-
mens of Series ‘C’. However, the average ultimate load (Table VI) for
tests D-3, D-6, D-7, and D-8 (with such reinforcing) was 395,000 lbs.,

and for Tests C-9 and C-10 (without reinforcing) (Table V) was 405,000
lbs.

The 30 inch thick blocks (Specimens D-9, D-10, D-11, andD-12) were
provided to intréduce a thickness more nearly comparable with that of a
conventional footing. The ultimate load‘was very great (Table VI),
averaging 538,000 lbs., and the failure of the steel piles (which began
to buckle) and of the concrete blocks was nearly simultaneous.

Figure 57 shows how the load at failure increased steadily, for
Series ‘C’ and Series ‘D', as the thickness of the blocks increased.
Although this is as one would expect it to be, yet it is interesting

to note how a smooth curve passes through the center of each group of
equal thickness. )

CONCLUSION '

Although the reader may disagree with the discussion regarding
the interpretation of some of the phenomena observed, the evidence
is believed conclusive that where the top of a steel H-pile is em-
bedded in a concrete cap or footing, if the pile itself is of adequate
section and the concrete member is of adequate size and arrangement
and properly reinforced for the pile reactions, there need be no concern
regarding the strength of the connection for compressive force, and it

1s unnecessary to provide a bearing plate or other auxiliary bearing
device at the top of the pile.
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