Report on Test Pile Program Conducted by
Kansas and Missouri State
Highway Departments

J.A. WILLIAMS, Bridge Engineer, Missouri State Highway Department

This report presents the primary reasons for
development of a test pile program conducted
by the Kansas and Missouri State Highway
Departments, the procedures followed, and
the results obtained in the driving and loading
of two groups of four different types of piles.
The U.S. Bureau of Public Roads and the two
states involved agreed that because of the
magnitude of pile requirements for the pro-
posed structure, preliminary studies and in-
vestigations to predetermine comparative
pile lengths and capacities would be worth-
while. It was hoped to obtain data that would
justify the use of design loads for piles in ex-
cess of those permitted by the AASHO specifi-
cations, and thereby realize an appreciable
economic saving in construction costs.

THE PLANNING and construction of structures in urban areas present many com-
icated and costly problems. The Kansas and Missouri State Highway Departments
ere confronted with such a problem in providing additional lanes for the existing
ructure which connects Kansas City, Kans., and Kansas City, Mo. The existing
ructure at this location consists of a truss over the Kansas River and some 8, 000 ft
I-beam spans averaging approximately 45 ft in length. This structure has four 10-ft
affic lanes with a 6in. wide median dividing the east-and west-bound traffic.
Interstate Route 70 has been routed over this structure and in order to meet Inter-
te standards, it was necessary to widenthe existing structure or build another
ructure parallel to it. The anticipated traffic requires three lanes in each direction.
ter a comparative cost estimate was made, the two states agreed that a separate
ee-lane structure should be constructed parallel, but not tied to the existing structure.
e existing structure would carry three lanes of traffic.

The central portion of the proposed structure consists of approximately 3, 715 linear
t of which 1, 359 ft is in Kansas and 2, 356 ft in Missouri. A joint agreement was
ered into by the two states and a consulting firm was employed to design and prepare
detail plans. At the time the preliminary plans for the proposed structure were

ng discussed, structural steel was still scarce and it was agreed to construct a
tinuously-reinforced concrete tee-girder structure with the spans matching the
arrangement of the existing structure. Because of the necessity for using short
ns, the substructure costs for the proposed structure took on additional importance.
The central portion of the Intercity Viaduct, for which plans were being developed,
ocated in the flood valleys of the Kansas River and the Missouri River, and not far
m the junction of these two rivers. Preliminary sounding information brought out
fact that at the Kansas end of the structure, bedrock was approximately 85 ft below
und elevation and at the Missouri end it was approximately 65 ft to bedrock. The
ings showed that the soil classification was fairly uniform for the entire structure,
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the top 10 or 15 ft consisting of fine sand, the next 25 ft consisting of silty sand and
sandy silt, and the balance consisting of fine to coarse sand and gravel. The bedrock
was shale and limestone.

On the basis of this preliminary sounding data, it was evident that the substructure
units should be placed on piling. The question then arose as to whether friction piling
or point bearing piling would be the more economical. In accordance with AASHO
specifications, the maximum assumed design load for a 14-in. cast-in-place concrete
friction pile, without the benefit of extensive subsurface investigations or test loads,
would be approximately 30 tons. With the benefit of subsurface investigations and past
practices in the area, but without test loads, this maximum could conceivably be in-
creased to 45 or 50 tons but normally not in excess thereof. AASHO specifications
also limit the maximum design load for steel point bearing piles to 6, 000 psi unless
test loads indicate that larger loads can safely be sustained.

In view of the large number of substructure units involved in the project and the sub-
surface conditions as noted in the explorations, it was thought that a test pile program
would be of considerable value. A thorough study was made of the proposed test pile
program by the two state highway departments, the U.S. Bureau of Public Roads, and
the consulting engineer's office. I was then agreed by everyone involved that a test
pile program would be beneficial in determining the possible use of pile design loads
in excess of those permitted by AASHO specifications and thus reducing the over-all
foundation costs.

After a definite decision had been reached by all organizations involved, the con-
sultant was requested to proceed with a test pile program and to investigate subsurface
soil conditions in the vicinity of the pile driving site, and to determine the relative
driving effort, pile length requirements, and bearing capacities for four types of bear-
ing piles. The program was set up to obtain pertinent information not only for the
Intercity Viaduct, but also to obtain additional data on friction piles which at some
future time could be added to HRB Special Report 36, covering a study of the compara
tive behavior of friction piles (1958).

The consultant was authorized to set up a project, prepare specifications, and re-
ceive competitive bids for a program to consist of furnishing, driving, and test loadin
four types of piles and for a split-barrel boring centered in the pile groups at each of
two locations. One location was in Kansas and the other in Missouri. The program
as originally proposed was to consist of one pile of each type at each of the two locatio;
but to satisfy the various pile manufacturers, three additional piles were added.

Location A, which was in Missouri, called for seven piles. The piles consisted of
(1) 14%-in. Union Metal Monotube Tapered Steel Pile, (1A) 12%-in. Union Metal Mon
tube Tapered Steel Pile, (2) 14%-in. Raymond Step Tapered Pile, (3) 12%-in. Armco
Foundation Pipe Pile, (3A) 14-in. Armco Foundation Pipe Pile, (4) 12-in. BP 53 Stee
H-Pile, and (4A) 12-in. BP 53 Steel H-Pile Driven to refusal. Piles (1), (14), (2),
(3), (3A), and (4) were driven to a depth of 55 ft below ground level and test loaded.
Pile (4A) was driven to bedrock and test loaded.

Location B, which was in Kansas, called for six piles. The piles consisted of (5)
16%-in. Raymond Step Tapered Pile, (6) 16%-in. Union Metal Monotube Tapered Ste
Pile, (7) 14-in. Armco Foundation Pipe Pile, (7A) 16-in. Armco Foundation Pipe Pil
(8) 14 BP 73 Steel H-Pile, and (8A) 14 BP 73 Steel H-Pile driven to refusal. Piles
(5), (6), (7), (7A), and (8) were driven to a depth of 54 ft 9 in. below ground level and
test loaded. Pile (8A) was driven to refusal and test loaded.

Test piles fabricated by the Union Metal Manufacturing Company, Raymond Concr
Pile Company, and Armco Drainage and Metal Products, Inc., were in accordance
with manufacturer's standards and met the dimensions listed. The piles were locate
and driven so that they could be used in the foundation of the permanent structure.
The piles were all driven with a Modified Vulcan No. 1 Steam Hammer with a 6, 500-
ram and a rated energy of 19, 500 ft-1b. The test piles were driven in accordance wi
each respective pile manufacturer's recommended procedure, and each pile was dri
to the specified depth without interruption.

After driving all piles at the two locations, the shells for the cast-in-place piles
were inspected for shell condition and watertightness and then filled with concrete.
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The seven-day compressive strength of the high-early strength concrete used in the
piles was determined by testing companion 6- by 12-in. cylinder specimens and found
to vary from 4, 315 to 4, 855 psi.

The contractor elected to apply the test loads concentrically to each test pile by
using a 500-ton capacity hydraulic jack. Wide flange beams were secured to anchor
piles to serve as a reaction for the jacking operations. Settlement of the pile was
measured by two Ames dials reading to 0. 001-in. located 180 deg apart, referenced to
a fixed beam across the test site. Settlement readings were also made with a wire
line arrangement customarily used by contractors.

The following procedure was followed by the contractor in handling the test load
applications. The load was applied concentrically not earlier than 48 hr after the driv-
ing of the pile to be tested and anchor pile had been completed, and in no case were the
cast-in-place piles loaded until the concrete had attained a compressive strength of
3,000 psi. The load was maintained at all times during the test by constant attention to
load gage readings and jacking applications.

The load was applied in increments. The first application was approximately 50 tons
per pile at Location A and 65 tons per pile at Location B. An increment load of approxi-
mately 25 tons per pile was applied not earlier than 1 hr after all measurable settle-
ment of the initial loading had ceased. The least settlement considered measurable
was 0.012 in, Additional 25-ton increments of load per pile were added after the mea-
surable settlement of the previous load had ceased. The waiting period after measurable
settlement had ceased was increased 1 hr for each additional load increment.

The loading for the first set of tests consisted of two 25-ton increments applied to
each pile at Location A and three to each pile at Location B, in addition to the initial
50-ton and 65-ton applications. This made a total load of 100 tons at Location A and
140 tons at Location B. Yield point was reached at Location A by one pile before the
100-ton load was applied. Yield point was reached at Location B by four piles before
he 140-ton load was applied. Yield point is defined as where the rate of gross settle-
ent exceeds 0.03- in. per ton for the last increment of load applied.

All friction piles at Location A and B were unloaded after completion of the first
est, or after failure, and the recovery noted. The load was removed in increments
qual in magnitude to those applied with a 15-min interval between each increment.
mmediately after the load was removed, the net recovery was observed and recorded.
he recording of the recovery was continued for 3 hr after the load was removed.

The friction piles at Locations A and B that had not failed during the first test were
iven a second load test. The load was applied in increments of 25 tons. The load
crements were applied at 15-min intervals until the magnitude of the previous load
d been applied and thereafter at 2-hr intervals until the yield point was reached.
fter the second test, the piles were again unloaded and the recovery noted.

Pile (4A) at Location A and Pile (8A) at Location B, were the steel H-piles which
ere driven to refusal on rock. Pile (4A), the 12 BP 53 steel H-pile, was test loaded
ith an initial load of 50 tons and additional load increments of 25 tons each were ap-
ied at 2-hr intervals until the maximum load of 200 tons was applied. The maximum
ad was maintained for a period of 6 hr before the load was removed and recovery
ted. Pile (8A), the 14 BP 73 steel H-pile, was test loaded with an initial load of 75
ns and additional load increments of 25 tons each were applied at 2-hr intervals un-
the maximum load of 300 tons was applied. The maximum load of 300 tons was
intained for 6 hr before the load was removed and recovery noted.

Borings were made at each of the test pile locations and extended from ground level
bedrock. Borings were made in accordance with the Proposed Method for Penetra-
n Tests and Split-Barrel Sampling of Soil as published in "Procedures for Testing
ils, " ASTM Committee D-18 (April 1, 1958). As previously stated, the soil classi-
ations at Location A and Location B were quite similar and consisted of various
dations of sand with mixtures of silt and clay for the first 30 to 40 ft and coarse

d and gravel from there to bedrock. The ground water level was 28 ft below ground
face at Location A and 30 ft below ground surface at Location B.

It is not possible to give a complete summary of the driving record of each pile,
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but 2 summary is given of the load in ton at yield point for each pile as well as the
capacity of the pile as computed by the following formula

b~ oWH 19.5
~ 72000 (S+0.1w ) E+ 0.1w
w B w

in which

P = capacity in tons;

H = height of fall of the hammer in feet;

S = average penetration in inches per blow;

B = blows per foot of penetration;

w = weight of pile, mandrel and cap in pounds; and
W = weight of striking part of hammer in pounds.

Pile No. 1—14%-in. Union Metal Monotube Tapered Steel Pile. Yield point load
115 tons. Formula capacity 48.5 tons. Factor of safety 2. 37 (Fig. 1).

Pile No. 1A—12%-in. Union Metal Monotube Tapered Steel Pile. Yield point load
103 tons. Formula capacity 48.9 tons. Factor of safety 2. 11 (Fig. 2).

Pile No. 2—14%-in. Raymond Step Tapered Pile. Yield point load 145 tons. For-
mula capacity 26.0 tons. Factor of safety 5.57 (Fig. 3).

Pile No. 3—12%-in. Armco Pipe Pile. Yield point load 85 tons. Formula capacity
33.6 tons. Factor of safety 2.53 (Fig. 4).

Pile No. 3A—14-in. Armco Pipe Pile. Yield point load 105 tons. Formula capacit
40.1 tons, Factor of safety 2. 62 (Fig. 5).

Pile No. 4—12 BP 53 Steel H-Pile in Friction. Yield point load 110 tons. Formula
capacity 26.7 tons. Factor of safety 4. 12 (Fig. 6).

( Pile)No. 4A—12 BP 53 point bearing and driven to refusal at more than 200 tons
Fig. 7).

Pile No. 5—16%-in. Raymond Step Tapered Pile. Yield point load 165 tons. For-
mula capacity 39. 8 tons. Factor of safety 4. 14 (Fig. 8).

Pile No. 6—16"%-in. Union Metal Monotube Tapered Steel Pile. Yield point load
124 tons. Formula capacity 78 tons. Factor of safety 1.59 (Fig. 9).

Pile No. 7—14-in, Armco Pipe Pile. Yield point load 110 tons. Formula capacity
52.2 tons. Factor of safety 2. 11 (Fig. 10).

Pile No. 7TA—16-in. Armco Pipe Pile. Yield point load 123 tons. Formula capaci
63.2 tons. Factor of safety 1.95 (Fig. 11).

Pile No. 8—14 BP 73 Steel H-Pile in Friction. Yield point load 116 tons. Formu
capacity 43.7 tons. Factor of safety 2. 65 (Fig. 12).

Pile No. 8A—14 BP 73 Steel Pile point bearing driven to refusal at more than 300
tons (Fig. 13).

To complete an economic comparison of foundation types, it was necessary to de-
termine appropriate lengths of friction piles required for a selected range of design
loads. This range was arbitrarily selected to vary from 30 to 70 tons per pile in 10-
ton increments. The length of pile for a given design load had to be determined in so
manner from the results of the load tests.

One approach which was considered was to assign friction values to the subsurface
soils based on available boring and test data, thus estimating the depth of penetration
required to provide the desired design load plus a factor of safety.

The method actually used was based on the Danish Formula wherein the ultimate
test loads, plastic set values and driving records obtained during the program were
incorporated in the pile length determinations. In arriving at this formula, the resi
tance of the embedded surface of the pile is disregarded and it is assumed that the
point resistance varies with the downward increment of the pile point. The material
of the pile and the driving cushion are assumed to be perfectly elastic. Inertia force
in the soil and energy losses due ta irreversible derformations, except of the soil,
are disregarded. This formula may be written

aWH = Y% QSo +QS
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e 1. Intercity viaduct connecting Ksnsas City, Mo., and Kansas City, Kan. (Test
Pile Program, Location A, Pile No. 1).
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Figure 2. Intercity viaduct comnecting Kansas City, Mo., and Kensas City, Kan. (Te

Pile Program, Location A, Pile No. 1A).
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gure 3. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Test
Pile Program, location A, Pile No. 2).
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BROWN FINE B s et Shehe Ercovation I [
SAND a8 H f_"]__ 1 e - il ARy
e e g 31Tl il '
' Il 1 ! 1
740 4 R?FDK SICT SAND 93 740 "I - - 1_‘ = 740 Y _} t * '_
CINDER FILL 185 [, {t_[—_f!—-+_LTi ! U L S
GRAY, FINE, SILTY SAND (80 [ . B .
730 DARK CLAYEY N , 730 H+ _1— -1_ i l: 730 A T IT
SILT 225 | a0, T LT
weh I SN i e e S il :
720 720 . , 720
FINE 10 FINE S Rl Sl ]
wits st _I_I_, \I:'_'_ o
710 71 710
428 ° :Ii_i 4:|_ b
« GRAY, FINE * _H_fl?_l =~ -
.| SAND, TRACE H S I
7004« | SMALL GRAVEL 5:'5, 700 —ll O = 700 s I
[+ GRAY.COARSE SAND l = T [
] MRS o NG H - R T
[ N
690 | gnav Fine 27 690 T T 690 M 11 o
v -+t Tt T =Tl =
"] GRAY, FINE o __I: :[_ITI—-_ l,:]} _I!__H_H_"_ -
6801+ | 10, GOARSE SAND 680 _—‘—1——_4@(‘< 4 680 [ et
| SMALL GRAVEL , _[?* S [ Ji R R
* 780 =T @ oy 172000
REFUSAL,ROCK OR BOULDER FHT -+~ - B - .
670+ BINDICATES CIRCULATING WATER 670 R Y 670 1t -
LOST IN STRATA ! i" 15 - I \ * - -
,"SNATACPALEES UNABLE TO RECOVER -*.j 0T - M R
660 z*'CASING SET TO 670' ssofN.l:htB'ER OIF i!lo-;ls 'l:l l;RED 660 = — i_rT— _r [ -
BAILED TO 3507 TO DRIVE 270 D SAMPU?«G PIPE
WATER LEVEL 28°-0“ BELOW GROUND ONE FOOT WITH A 140L8B WEIGHT
SURFACE 2 HOURS AFTER FALLING 30 INCHES
COMPLETION
PILE LOAD IN TONS PILE DATA
] 50 100 150 200 250 300 24* Arrrico F'ounga//on Ppe Ple, spiral welded
W_L T T T T T 6‘0{-/5,‘0‘/* 7h, ”n;‘a// Fhrckness Frd closed
} A 1 e R ‘h £flat s 4 =
" N ’I{ ZF{'_'IH‘[—_"'L!f: [":4‘ ~ Orven /enccgh ___________________________ 60 feet
21117 i T Looded length - .. 556 faet
o L I N L I A Imbedded fergth . 550 feet
3 gj£ ahalunbatiindu A NRANNNS Elevaton of’/f;l--..-_.. — e . 6899
- O A S Pue driven Jan 30, /959 arxd Filled with concrete
T L
4 11 L — - Feb 85 /959 ond test loaded on Feb /2and 13/959
511_—_1171 l—ll_l._l_l ||L»_r!r
0 GBIAEN B4l L Ffrry | ORVING DATA
b S SR - T — = - Pite drven with Vulcon No | with 6500Lb rom
o L iy + - l Lt l: (Royrmond -5)
Z 1t F AR Estmated Fature tood || Roted ENnergy ceeeeeee e e 18500 FfLlbs
z 8 : i L Weight of driving €gp ........... .. OO0 Lbs
= kbt t e ate gt Approximate weght of pile
BRERpE! ragri-hgd ‘2P,
E o C A . I of Final penetraton_. . .. 15/0 Lbs
& - LI (i | Strokes perminute.... .58
2! T EA T =37 i — Drwing fime . o ..o o o .o .. I rwutes
2 ulr - ol e -nm
it al ol ol ol ST SRR NS BN S Y
le_i’,}_{_li{._ql_'x!l T N
|3‘{T.__|I| P T
%%' - -
14 ST o d Taa |
NG - | Totol Settement 1435
151,710 11 Resouvnd 0158",
-~ 7. T 7 Settlement [ 2771
‘5_1.1'11_'1- C 17
T2 SREak Rkl i de o b4 Bl be buls
JPS s s O A AP Il v Al AR S

LOAD DEFLECTION

Figure 4. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Tes
Pile Program, Location A, Pile No. 3).
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TEST LOCATION “A* BLOWS/FT ON SAMPLER # BLOWS/ FT ON PILE
. [¢] 20 40 60 o] 20 40 60
ELEV 7490 Y . L A—
BROWN FINE TI-} ] :_-oi- 1 : 1::: ExaL )l '_]] —+F:
SAND 4w A ER R RN L 3
BROWN, FINE SAND NEY N IR R EK. iz gdre
740 WITH SILT 93 740 T 740 —t -+
Em’n SILT, SAND Fi4 i P I 2 LI - i —rlr'
"] CINDER FiLL 155 [Vl R Bl AR S I S o
GRAY, FINE SILTY SAND 180 Fb R e 4 L] | — 1
730 DARK CLAYEY 730 T T T 730 —}HH 1+
SILT _225 [ i -—_r-— LT_:_'__]. 1
) TR G LN i B Yy O T T
!Ii——zh Fytt-pi-r ptbed H i 1+ 1+
| = T !
720 GRAY VERY 720 TN IS T 720 _i.l LI __i. 1
FINE_TO FINE 1T ATl - L1 Hy 411
SAND Liapr O +1H
WITH SILT L N s F T 7'0__\ mpdm
710 A 710 » +
_ a8 EERr S s ey T AT T
| GRAY FINE * —h4 JDOp T .—.rj CE T ]
» SAND TRACE Firit - r et - e L1 {
700-{. | SMALL GRAVEL rs' 700 Y SRR R T 700 y,
[+3] GRAY, COARSE SAND i L 171
WITH SMALL TO * TN T N
2s] MEDIUM GRAVEL __ _s70' TONe TS _‘[__ 1 T
6901 [ cray Fine s;o" 690 Tht 7?_,; T T 690 11 T
T cony re STofinapt 10
680 | [0 Coamse san0 ¥ # 80 [ 1L -U_Fl: . TJ; r 680
* SMALL GRAVEL r H‘._ '.200/<U; b ] H
- 750 10 e ENEpEE T3
REFUSAL,ROCK OR SOULDER St i - T
670+ #INDICATES CIRCULATING WATER 670 [~ ) RS ERN 670
LOST IN STRATA 7 It 1 EERpEEE 1
)‘ISNADICPALEES UNABLE TO RECOVER ; _L I -1__!'.]:_1_ I
M [ ]
660 zfcaswa set 1o 670 ssocuumazn oF ;Io:s—rn-a:o—lrnzn 660 ‘
BAILED TO 35'-07 70 DRIVE 270 D SAMPLING PIDE
WATER LEVEL 26-0” BELOW GROUND ONE FOOT WITH A 140 LB WEIGHT
SURFACE 2 HOURS AFTER FALLING 30 INCHES
COMPLETION
PILE LOAD IN TONS PILE DATA
50 100 150 200 50 0 4 Armeco Foundation Ppe Pile,spiral welded
U (RN SN B N SN ) B GO’ lerngth, B° wall *hickness End closed
i1 It 177 4
oSN AT ST In T I ST with flat steel plate
or N otoaotoabt e H1edt Dr/ven/engvﬁ_
2L L L : Llooded length..... 55 3 feet
Fr N L A P H T Imbedded lergth. 550 faet
Ll SRS I YNE RRYE OITEInIEE] Elevation of AP 6902
oot nhTotror tHHPH Pre drven Jan 30, /1959 and filled virth concrete
ATV Do L D T T Fab 5, 1959 ond Fest looded on Feb 16and /71959
stilih-RB2dBInT 4T HLE
el IR DTttt r gt H e DRIVING DATA
[eBegn Znod \TITIo I [ ‘E‘fj ¥ t1 Pile arvern w#h Vulcan No | with 6500 Lb rom
7(@.3\1- S T S ol B S (Royrmond /-] 10500 46
L - [ EEEE= ted Energy. --- 19,500 S
R o - L1 Werght of drivng eap. 1000 Lbs
1t % RS ENREY By f'._“'. Aﬁoro.wmav‘ewelgh%a “orle
9titq Estrmrated Fature lood T af final penetroton.......... L6G0 Lbs
ol mi 117N 1 Strokes perminute. ... 58
Tt !lT_I‘_‘ IERE _'_'_H'Jl‘__l‘f Driving fime 16 minutes
L1 NI NP SR | TIrrmT
12 4l RS PR S| Ittt
NI YRR NI I'LIILII
IR T — r] | [ t 1]_‘ !
TR | N J _I_t_"|L
A 7otol Settement /828 1
- Rebound, 2nd  0l65 T
o P Metsettlement TEE3
N I O 9 SIS Py gl 5
~d brfrtde 1—1F41—‘I
e > IS4 L SHTE BRI LT
LOAD DEFLECTION

5. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Test
Pile Program, Location A, Pile No. 3A).
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TEST LOCATION *A”

BLOWS/FT ON SAMPLER #
0

BLOWS/FT ON PILE

ELEV 7490 oo 20 140 .163 9 ,grqr i 5
BROWN FINE Tt 1 7 L]
L - I £ horr | |
SAND as HpEE . e e T
BROWN, FINE SAND A arigt ATATRIL L 1
780 J{] wiTH_snY o3 740 BN ] 7a0 515 ;
LT, SAN H '—t_'T'"“? | 11
AND LA - 1 1L 1T ]
CINDER FILL 188 T T3 [ ImENE
GRAY, FINE, SILTY SAND 180’ I A b T oI _T_
730 T oanK cLAvEY " 730 . 730 I
gttt Ssikicathd
w2 EERass g fasanfRakaRgun]
720 = 720 — : 720 t HHH
FINE 16 FINE LN T 1 I *'{'
H e e N A T
710 ) 710 ‘ - 7o P HHHH
sz » ! ‘*‘T‘ THOT R OTHT
{sms i T
700.] SMALL craveL R 700 Hf t 700 |-+ ! + +
+ 1| GRAY, COARSE SAND ! . NI aTRTT
»al WITH SMALL », [ I
2] MEDIUM GRAVEL 570 NS » ‘F adny —}' T
690 | GRAY FiNE . 690 M 690 T e
SAND 620 ase
ce0] ] To cornse a0 ## 680 ! 680 I
5| smALL GRAvEL S ST jEEE ]
750 "g-tao/ =~
REFUSAL,ROCK OR SOULDER 2] 1
670 BINDICATES CIRCULATING WATER 670 670
LOST IN STRATA T T
#INDICATES UNABLE TO RECOVER ! HHHH - T
6601 2fcasmc ser 1o e70’ 660 . 660 LL11 LTS
e To 300 sner 2 sows nenunes
WATER LEVEL 280" BELOW GROUND ONE FOOT WITH A 140LB WEIGHT
SURFACE 2 HOURS AFTER FALLING 30 INCHES
COMPLETION
PILE LOAD IN TONS PILE DATA
(<] 50 100 50 0 1278P 53 Ste=t H Pile 56 foot length, stee! meeting
requirements ASTM Desig A-7
| Drwen length...
. L length...
2 Imbedded length.
T Elevation OF Hp...cncee—ounn. 6898
3 Pre driver Feb 2.1959, and fested on Feb /13
. . O ord 14,1959
Bexgin End — ~
s e PNHTH AR HHE
n R Till I] DRIVING DATA
AR nEL iy~ Plle driver with Vulcon No | with 6500 Lb rom
U 7 EMa v —~ (Rayrmond /-5)
4 f foted Energy.— ... ... . 9500 F Lbs
z 8 " Weght of drinng cop 1000 Lbs
= =) Approximate weight of pile at
E 9 agl N Iral penetration e 8968 LS
G - Strokes per minute. e 58
E 1011 Orwing tirme. Bminutes
Y ']
- 1l
"
Wiz
Iy -
EEE TN S5E
LOAD DEFLECTION
Figure 6. Intercity viaduct connecting Kansas City, Mo., and Kensas City, Kan. (Te

Pile Program, Location A, Pile No. L).
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TEST LOCATION*A” BLOWS/FT ON SAMPLER # BLOWS/FT ON PILE
. [+] 20 40 60 o] 20 40 &0
ELEV 7490 00 = .
BROWN FINE EESNRLUERE
SAND an T BE e
v‘l’:‘?}?"'sn#E SAND &
L
%04 ORRK ST, SAND 740 740
CINDER FILL 185
GRAY, FINE, SILTY SAND 130’ /
730 DARK CLAYEY i 730 730
ST 225 XL
w2 !
7204 GRAY, VERY 720 720
FINE TO FINE
SAND T
WITH SILT
710 710 710 X
azs H
] GRAY, FINE d y I
J| SAND, TRACE /
700."| smaLL araver o 700 700
=%| GRAY, COARSE SAND
=] WITH SMALL TO *
[t ==t MEDIUM GRAVEL 5710
690 | gRAY Fine o2 690 690
W GRAY, FINE - 4
680+ [ papglARSE SAND 680 [T 680
| SMALL GRAVEL ! 1 1T
* 750 dop~tw
REFUSAL,RGCK OR BOULDER i
1 " H 2 blows fost _]
670 SINDICATES CIRCULATING WATER 670 670 Frefisal 1]
%INDICATES UNABLE TO RECOVER T } } } I }
660l zi'sc::::: SET TO 670° 660 I 660 T
BAILED TO 35"-0° T0 BAIVE, 220 O SAMELING PIBE
WATER LEVEL 28-0%BELOW GROUND ONE FOGT WITH A 140 LB WEIGHT
SURFACE 2 HOURS AFTER FALLING 30 INCHES
COMPLETION
PILE LOAD IN TONS PILE DATA
0 50 : ,'COI 150 0 12"BP 53 Steel H Pile 75 foot length, stee! meeting
=1 requirements ASTM Desig A-7
i Tt 1 Driver: leng#h. 250 feet
N Sugu Loodad length 723 feat
2 ¢ ] - » Im lfongth. . 73 foct
AL INER T T Flevation of #p. G723
3f H N Prhe drver Feb 2, 1959 and fested on
o NI TP T T 20,2/ and 28,1959
N
S BN O R
oL H H HH +—®<3 [ eehmated DRIVING DATA
3 o/ (7 oad
HA T IS andaisie Ale drven mith Wulcarr Mol wmth 6500 Lb ram
2ahuispangadenpul AN . (Rayrrond /-5)
O O S P Rated Energy 19500 Ff Lbs
811t + T t l t Weight of ariving €O ___ 1000 Lbs
apnginiundyianny |EpEEy 1 Approximate weight of pile
-Juint R HiHT AT at firal penetraton—.. . — _3975lbs
<t TiT T —}_ 1 H+- *rj— Strokes per mnute.. .. ____58
O T T T Driving fime. 17 rmurisrtes
MaungslgugaingbuiSusnang g EREny
T O A T e
o ETH EH S B B
1 - -4 -1 11 - {4
D310 Tofel Settlement 0709”7
117 11 Rebound os/a'{_
HpEE o9l
i
LOAD DEFLECTION
e T. Intercity viaduct connecting Kansas City, Mo., end Kaneas City, Kan. (Test

Pile Program, Location A, Pile No. LA).
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TEST LOCATION *B" BLOWS/FT ON SAMPLER * BLOWS/FT ON PILE
750 4 ELEVISI4. 00 (¢} 20 40 60 0 20 40 60
GRAY SILT AND O T oS T T T -
VERY FINE SAND gtz Excavation |} ]
- T i =i e Ty
NN g IR IR 11
740 EE.E:" 74°-i4-"—)—l A e 740 ‘\. —
180’ rl TP PN S -I -
- T = - ) -rbl-l‘-l - lll - ll
730 730 H+—+—————1— 730 .
f oo, ) B EE RN AR ORTY
Y] FINE SAND h IN] “poe a0 R R
w2 2 T N
720 _ = me 720 [ 720 P ;
L BRSNS * INTl =] - - -t
L] TRAcEgicr " ¥ 380" ! - -} B EEE 4
L R D - . N N
7104*] * 710 | I ' :_ L 710 - !
N PN A R I I P S D
. ) .
| g e 5 /F - S
700{"s| SAND wiTH * 700 |-— ' 1 700 |— !
+,| SMALL GRaveL LLAXJ__ R i [N .
b 1 T [ T '
. . : . ”
6901.. * 690 7T 690 \'\I(g ert)_|
- - ° 1 T ] I~ -
‘. T [ - . )
.. T [N B RS AN FR SR
0 T T
68 ;”( ?‘E&Egﬂ!"gkp’- * 5 680 [T %_\__ T 680 (RS Ry R
e . 13 T g0 TP
670 ;,74___ — - 670 Ll 2 | 670 1
LESS DENSE st . e S = [ S D e
REFUSAL, ROCK OR BOULDER 1 Refuso/@ass | [ i
660 2} cAsING SET TO 760’ 660 L [ty 660 Li— I = = -
WATER LEVEL J:::E:E::w::;guub SURFACE R e S mEaaRED
2 HOURS AFTER COMPLETION ONE FOOT WITH A 140LB WEIGHT
¢ INDICATES CIRCULATING WATER LOST IN STRATA FALLING 30 INCHES
=INDICATES UNABLE TO RECOVER SAMPLE
PILE DATA
PILE LOAD IN TONS Y P
. 68" Roymond Step Topered Pile - composed of
20100 150 T 20 12 (I,I T 300 following sectrons s »
re- . 1 S R e C /-8 Foot Ragmond designation #0,% 14 gauge
o1 \ arper] i) ! -8 foot Ragymond designatiorn ¥/, /4 gauge
[y Sulint AN Rl T e / -8 foot Raymond designation #2, 14 gauge
Begin 2nd - ' /1 - 8 foot Raymond designation #3, 16 gouge
3 Loadng *\C 11" | . frden - /- 8 Foot Roymond designation #4, 16 gouge
A . - - 1 -8 oot Roymond designation #5 16 gouge
Al 7.1 boperty /-8 foot Raymond desgnation #6, 18 gauge
i "’c,‘;r\.-_ ™~/ o | L DOrivern (engFh. . e e e e .. SCOFESt
5 : I~ 1 et Loaded lerigth - 56O feet
" LR T 171171 vy | Irmbedded length _.548 feet
w 6y T ElevOtOn OF D meee e e 690 7MSL
T |-t [ AR Eahe BN Pile ariver, Feb 14 1959, Filled with concrete Feb i3
A e i ~i¥ e 1959 ond test-loaded on Feb 25 and 26, 1959
= —_—— SO L * /18" Fip dormeter with welded flat steel plote
Z 8T Fstmated T to close bottom
Eoofrit il 2 ) 2= 4ee? | DRIVING DATA
Y oolmip rils A Vel i Pile driven with Vulcar No [ with 65006 rom
3o SRS L R N SR (Roymond 1-5)
2ot NEEE R R A Roted tnergy. - ... o .. ..19500 FtLbs
N N NP T . Weight of driving cap .. ... .. LO0O Lbs
L2 R A ! } Ly . Approxmote werght of orle arn
' III\\' - - | . mondrel at Final penetfration. ... .. . 10048 Lb=
1317 T RS ! . N Strokes perminute ... 58
- "yl é°<_,qy\* , i Y s DL 7 7 =
K ~N '
154~ - | ' 1
A FDE I D S
1T R Totol SetHement 143" |
1747 1 -~ Repouna, énd  O252°
IRRRRAEN | Net SetHernent 11787
gl LT ] 1 1

LOAD DEFLECTION

Figure 8. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Te
Pile Program, Location B, Pile No. 5).
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TEST LOCATION "B” BLOWS/FT ON SAMPLER # BLOWS/FT ON PILE
ELevysia 00 0 20 40 60 0 20 40 60
750 {[fT erar siT anp I LN LA T T TTIT
VERY FINE SAND i Cliil Tt ] _Exqvaﬁm i
r—- - - —-& :1 ’:.1.1- g T
o - : i ™
N i {11!
7404 | PR 740 [~ \97 H— - [acd p ynpn rynwE )
SAND 1107y 1 '—1'——'4 R __+_}___
| _ . 180’ IR ogT T T
h Mer-ror A IR HT
730 730 ' o Al S 730 4
g, P R e S RS SEgass
] ke Sako * B WIS IR il Mot
wLZh CAL [ -'_‘—_J'- L‘_: IR
720 4 T _ _ 328 720 - 720 RN RN
111~ chay, FINE TO * LI N R S A . SR N
]| TRAGE sty % 380" PAING -0 v oz J+,_ =
710 4" * 710 (- — 70 Py
. - AR TR [ ) S
*)| erav mEDIUM _”_ N S "ng oI o1
700{".| Bt * 700 -\ -— 700 N
+,| SMALL GRavEL b =t 1IN :}I'_
. 7T _'—'_'__.f"—- __ T__"_‘_—I '__
» T S l- —'—} inabs 1.(9']‘!?77‘)‘
6901..] * 690 [T T 690-17'}—'- - l_;_.__
- SR il Rl gepun vl gupna
Lo 100 S e 680 H»l-J 1
GRATFINE TO | 4 680 ' }
SO i x4 TR P
7| feeE ek IR R IEEt:
5] MEDUM GRaveL ¥ AR RS e 1 r_}
570}/,5— ————— . 670 | T 670 }
_/:; LESS DENSE 850’ 4——---_._, il TOTITLT T
'REFUSAL, ROCK OR BOULDER - i 1 AT’IZ§IG @I-G g T THTT
2} cASING SET TO 760 s e .
660 “— BAILED TO 35-0v 660 : -~ 660 .
A #NUMBER OF BLOWS REQUIRED
IR g frovo s e SRR
INDICATES CIRCULATING WATER LOST IN STRATA FALLING 30 INCHES
INDICATES UNABLE TO RECOVER SAMPLE
PILE LOAD IN TONS PLE DATA
0 50 100 150 200 250 300 163* Urmon Me+tal Monotube Topered Stee! Pi/e ~composed
T — 1 1 L I 'i T of Following sections
o B S Y A b /- 33 foot Type J, 025 foot Faper. Tgauge
] “\n RS PR RN R wrth hermispherical fip
2 I N il AT N /-25 foot Type N,028%/foot taper . 7gouge
- Ty Total Setterment 1 727 heovy duty Freld Jor?, welded
35 1N | Reboind oo Driverm 18ngth . oo
T - Net SetHement 1602* Loaded length.
4 +—+ + + . Imbedded fength._ . .
I RS SR O R B | Elevathon of #ip ... _.6906
5 A EEET FEEEE S RS N Pie driven Feb 1/, 1959 and Fitied with concrete
n b N cLo et Feb 13,1959, ond tested on Feb 27ond 28,/1959
w
3 f - + t
o SRR SRR " LJJIE-]'LII— DRIVING DATA
i o i '
£ o 1 I i [ LTttt Pile driven with Vulcan No | with 6500 Lb rem
. S S L e A ot ot (Fb%b?‘edgg)ernu 19,500 FF Lbs
Eoof.. T T | \-Estimated Fature tood Weight of driving €Qp.n e __. 4,000 Lbs
W Sl Lrpe vt o 1+ Approxinate weght of pile
2T T TN T T T T of Final penetration... __[670 Lbs
3 ) - r Strokes perrminute.. .58
[ . 1. | 1 Y=
E pobypore , X S Driving fime. /5 rnnutes
] : ' RN
d e L ] Tefi ot
131 "0 e . ! [N
. NERRE;
X [ [ T T
ol trptrte]
Ly - . . - [
\ e [l 1T
Byl 20 [ B SRR S B
= b | Ll

LOAD DEFLECTION

Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Test
Pile Program, Location B, Pile No. 6).
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TEST LOCATION “B”
51

750 11T erav siT anp
VERY FINE SAND s
7401 | PRe
SAND
180’
730 DARK, CLAYEY
M3 siLT, With very *
“ FINE SAND
: w2
720 {4 — 32y
BHTR 4
i TRACE silT *30
. *
7104
® .
| e
7001°s| SAND WITH *
+ | SMALL GRAVEL
.
6901., *
,-
.
. 100’
680 GRAY FINE TO * 4
COARSE SAND,
TRACE CLAY
AND SMALL
MEDIUM GRAVEL *,
810
60F — ——————— >
LESS DENSE 850’
REFUSAL, ROCK OR BOULDER
2} casing sET TO 780
660 BAILED TO 350~

WATER LEVEL 30~2” BELOW GROUND SURFACE
2 HOURS AFTER COMPLETION

¥ INDICATES CIRCULATING WATER LOST IN STRATA
%+ INDICATES UNABLE TO RECOVER SAMPLE

PILE LOAD IN TONS

BLOWS/FT ON SAMPLER #*

o] 20 40 60
TJIITIC]I el |
<+ttt EE

oo [EIN T 1
1T T T

1 )J-l-l~-l'l-

” o SRR RO
730 -
L A I I S
RAbrrtdr rP T

5\ Vil el ol
7\20 =+ 1 Pty

TN

a4 -t SR i

71 +

O e ==

TR A
ERd &8 n i lE A REES
700 PN ' B
.l -
[ P b o
690_'! 18 RN :
Rl e s BRS
JLOf 20101, ]
680 T o
g Jia ]
AT el
670 = I‘I’r'-’ilfl
R et b
T 1Refsal €85 -

eco CILitH Tl L) ¢

#NUMBER OF BLOWS REQUIRED
TO DRIVE 20 D SAMPLING PIPE
ONE FOOT WITH A 140 LB WEIGHT
FALLING 30 INCHES

PILE DATA

9 T 5‘_) 3 Iq_O' I:‘OL TTY o[_ ‘%5’9 1_1_[300 GO foo# length, %e* wall Fthickness Fnd closed
VB } {J__EL.F,_ il_ CIog | T!‘H with Flat _ifce/*,z/afe P
TN aeupsn ey bRARE R RN Orwven leng?h ... - fce*
2 NTITT0T T i el Loaded /ength... 565 ee+
LH PRt 1 mtor settlement r27 Imbeddled (engh. 550 foe
3T N1 L mebound 0130% Elevation of 1‘70_ - 6905
T 1+ Nefg:/ﬂ ert 71367 Prle driven Feb 1l 1969 ond £1lled with concrefe
PN ousnslnt thE “-’l bk 1 Feb 13, 1959, and tested on Feb 25, /1959
SEEEEEA boryfreg
4. - . s .oy 1
" 5 T Lij% b _*I SEee DRIVING DATA
w 6 — - Dile driven with Vulcar No | with 6,500 Lb ram
5 R AT (Royrnond 7-3)
g7 T [N fetmated Fakire Lood et Energy 19500 F¥ Lbs
z 8 T \anhiSSdRA el N R Weight of drving €apP. . - - LOOO LbsS
£ °r I DR iy P N N Approxmate weight of pile
E 9 add s fulR g nind —I +1 ot Final penetraton. ... . .. L6GO Lbs
g Ay jE:‘, CalaTionTid0 ] Strokes per munute. .58
S 10 I I-,* - SENE L Orwving FIm& e e .12 munutes
W — - PUREE Hpgy o [y - i
u [N N I e R e R R
niTH T - o r
E ‘_E..__.‘ ;:‘\1’”-: Al F e
12 =1+ } - t T T
] - <IJTh T TTo
i T‘,"I”kx d ;1 s
- PR S 1 '
14 .!I‘:;i I: T
ATE i b i
151 134 L£]4 NEEEERE : }vl-,;
ve L T i T 'r1r'“‘..1[.'|,‘j
ERSRiSESEERRETRARE Sl SURRA NN
ARSaES .tr LTt SRS
B Ssakssidal A8 ul BB S RN S Al
LOAD DEFLECTION
Figure 10. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Te

Pile Program, Location B, Pile No. 7).
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Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Tes
Pile Program, Location B, Pile No. 8).
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in which

a = coefficient of energy loss in driving system
(1.0 for drop hammer and 0. 8 for all others);

W = weight of hammer;

H = height of fall of hammer;

Q= bearing capacity of pile (ton);

So = dynamic compression of pile with a fixed

point; and

S = total plastic set per blow.

Any consistent set of units may be used in the formula.
This formula can be expanded as follows:

aWH = % QSo+QS = Q (_s20_ +s)
If the dynamic compression of the pile is taken as

L V-

Then
Q- aWH aWH
- 80 ~faWHL \ '/
7 *8 (—m‘) +8
Let y
K = [ AWHL 2
"\ 2AE
Then Q- aWH
K+S
For a test pile
aWH

Q (actual) =

K (actual) + S (actual)

The actual K value for each pile, using the ultimate test loads and sets previously
recorded, is obtained by direct computation.

aWH - Q(actual)x S(actual)
Q(actual)

Although this value of K would be reduced for a length of pile shorter than the test
pile, it is conservative to assume it constant. Using this value of K, the plastic set
required to obtain bearing capacities of twice the design loads of 30, 40, 50, 60, and
70 tons per pile is determined from the formula

_ aWH
Q= K+S

The set value thus determined for design loads of 30, 40, 50, 60, and 70 tons per
pile was converted to blows per foot and from an inspection of the driving records of
the driven test piles, the length of pile was determined. For estimating purposes,
the average lengths of cast-in-place friction pile for the design loads were

K (actual) =

Location 30-Ton 40-Ton 50-Ton 60-Ton 70-T
(D3] () [({3) {tt)
A 33 40 417 51 55
B 28 30 43 55 55

Comparative cost studies were made for the various design loadings of both fricti
piles and point bearing piles. For purposes of this comparison, preliminary design
were made for all 136 footings included in the central portion of the Intercity Viaduct|
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and quantities determined for all foundation items. The items for which quantities
were determined and the unit prices applied in the comparison are

Structural excavation at $5. 00 per cubic yard.
Footing concrete at $60. 00 per cubic yard.
Reinforcing steel at $0. 15 per pound.
Cast-in-place concrete piles and 12 BP 53 steel
piles at $6. 00 per linear foot.

14 BP 73 steel piles at $7.50 per linear foot.

As previously mentioned, various design loadings were assumed. For friction-type
pile footings, design loadings of 30, 40, 50, 60, and 70 tons per pile were investigated
using pile lengths that were previously discussed. For the point bearing pile-type
footings, design loadings of 6,9, and 12 kips per square inch of cross-sectional area
were used, with both 12 BP 53 and 14 BP 73 steel piles.

It is recognized that cost comparisons are always subject to criticism from the
standpoint of the unit prices assumed. In this particular case, however, the cost of
piles represents 70 to 80 percent of the total cost of the foundation. For this reason,
the unit prices used for excavation, concrete and reinforcing steel would have no signi-
ficant effect on the comparisons. Likewise, any variations in the cost per foot for
piles would not materially change the comparisons.

As a result of the test pile program, the relative driving effort and pile lengths
required was determined and the bearing capacities of four types of bearing pile in
friction were obtained. It was found that the comparative results obtained by using
the four types of piles in friction could be quite different in types of soil different from
those which were encountered at this location. As previously mentioned in this report,
the top 10 or 15 ft consisted of fine sand, the next 25 ft consisted of silty sand and sandy
silt, and the balance consisted of fine to coarse sand and gravel.

Applying the unit prices which were tabulated previously, this test program shows
hat for the central portion of the Intercity Viaduct, consisting of 136 footings, the most
conomical plan was to use cast-in-place friction piles with a design load of 70 tons per
ile. In second place with an increased cost of a little more than % of 1 percent was a
ooting designed for 4 steel pilings either 12 BP 53 or 14 BP 73 and using a maximum
earing value of 12, 000 psi.

t

Discussion

.M. FULLER, Raymond Concrete Pile Company—In conjunction with the test program
eported by the author the pile contractor at his own expense and under the supervision

f an outside firm of consulting engineers drove and load tested additional Raymond

ep Taper piles.

Four of these were driven as friction piles approximately 56 ft in length using

minal point diameters ranging from 9 to 12 in. Two of these piles were driven at

ch test site in close proximity to the contract test piles reported by the author. The
sults of these tests are summarized in Table 1 and it will be noted that ultimate loads
ged from 160 to 175 tons.

In the supervising engineer's report based on the results of these tests it was con-
uded that the allowable load on the Step Taper friction piles is not affected materially
varying the tip diameter. Also it was their conclusion that a minimum design load

70 to 80 tons for a 56-ft long Step Taper pile is justified.

As the author points out, the original purpose of this test program was to make
economic comparison between friction and end-bearing piles. When it became evi-

nt that end-bearing steel H piles would be used regardless of the test results and
thermore that only one type of pile would be tested in end-bearing, the contractor
oceeded with a 300-ton test on an end-bearing StepTaper pile at test site A (Pile No.A5A).
This pile had a nominal 8-in. diameter and was driven approximately 72 ft to a final
istance of 10 blows per inch. Under 300-ton test (maximum capacity of testing equip-
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TABLE 1

INTERCITY VIADUCT—CENTRAL PORTION—KANSAS CITY TEST PILE PROGRAM
(Additional Tests on Raymond Piles)

Location Pile No. Pile Type Point Dia. Length Final Blows Ultimate Load
(in. ) (ft) per in. (tons)

A 2A Step taper 10% 56 3 165
2B Step taper 9% 56 2 165
5A Step taper 8% 72 10 over 300

B 5A Step taper 1% 56 4 160
5B Step taper 12% 56 5 175

ment) the gross settlement was 0. 83 in. and the net settlement after rebound was 0. 36
in. Compared to this the 14 BP 73 steel H-pile driven to refusal had a gross settlement
of 0.97 in. and a net of 0.26 in. under 300-ton test.

It was concluded by the supervising engineers that for the Step Taper end-bearing
pile a minimum design load of 100 tons could certainly be used.

The complete data on all additional Step Taper piles tested were immediately report
to all parties concerned.

Table 2 gives the estimated lengths for the different type piles under various design
loads as prepared by the highway departments' consulting engineers. Also given in
Table 2 is the table of average lengths at each of the two test sites which was included
by the author. An examination of these tabulated data will reveal the following:

1. The Step Taper piles were the only piles considered by the engineers to have a
design capacity of 70 tons.

2. In all cases where other piles are in the same load group with Step Taper piles,
the estimated length for the Step Taper piles is equal to or less than the average len
established for that load group.

With reference to (1) this means that the cost comparison between end-bearing and
70-ton friction piles was actually based on steel H-piles versus Raymond Step Taper
piles. The cost analysis for cast-in-place piles was based on a unit pile price of $6.
per lineal foot. This resulted in the 70-ton Step Taper piles costing about $18, 000 le
than the steel H-piles. The actual unit cost for the Step Taper piles, as guaranteed to
the owners, was considerably less than the estimated unit cost. This difference in
unit prices could conservatively be set at $1. 00 per lineal foot. Therefore, using

TABLE 2

INTERCITY VIADUCT—-CENTRAL PORTION—-KANSAS CITY TEST PILE PROGRAM
(Data from Engineer's Report)

Location Pile Pile Type Estimated Length (ft) for Design Loads of
No. 30 Tons 40 Tons 50 Tons 60 Tons 70 Tons
A 1 14%"" Monotube 32 39 46 55 -
1A 124" Monotube 33 42 49 - -
2 14%"' Raymond step taper 32 34 42 46 51
3 12%" Armco pipe 32 34 - - -
3A 14" Armco pipe 32 33 34 - -
4 12 BP 53 37 50 55 - -
B 5 16%4" Raymond step taper 28 29 37 54 56
6 16%" Monotube 28 32 51 57 -
n 14" Armco pipe 26 37 53 - -
7A 16" Armco pipe 26 27 28 54 -
8 14 BP 73 46 54 55 - -
A Cast- in-place friction* 33 40 a1 51 55
B Cast- in-place friction® 28 30 43 55 55

‘For estimating purposes, average length of cast-in-place friction pile (H-piles excluded as frictio|
piles) for the design loads.
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$5. 00 per lineal foot as the cost of the 70-ton cast-in-place piles the savings over the
end-bearing H-piles would actually be about $54, 000.

With reference to (2) the estimated lengths for the Step Taper piles were, in some
cases, 5 to 6 ft shorter than the average length for that load group. I should be noted
that this difference would never show up in any comparison of pile cost based on the
same average length for both tapered and constant section piles.

Also it should be noted that in every case, except the 70-ton group, the average
length used was equal to or less than the longest pile in the group (excluding H-piles
which were not considered as friction piles). In other words, in every case there
would be some pile type driving considerably longer than the "average." This also
would not show up in any comparison of pile costs based on ""average lengths."

In Table 3 are assembled data from the engineer's report to compare the estimated
pile lengths based on the Danish formula; the length for each pile at which the various
capacities were theoretically attained as determined by the modified Eytelwein formula;
and the required pile length on a proportionate basis using the actual capacity at the
56-1t length. Also shown are the final Eytelwein formula capacities based on the driving
resistance for each pile together with the actual capacities based on the ultimate test
loads after applying a factor of safety of 2.

Obviously, there is little agreement between the Danish formula, the Eytelwein
ormula, and the actual results. For example:

1. Pile No. 2 (Step Taper) according to the Eytelwein formula developed a theoreti-
al capacity of only 27. 8 tons which was the lowest formula capacity of all friction

iles (excluding the H-pile). Yet, the Step Taper piles actually developed the highest
apacity as determined by load test.

2. In spite of the final test results pile No. 2 (Step Taper) and No. 3 (12%-in. pipe)
ere given equal estimated lengths for both 30- and 40-ton loads.

3. Pile No. 3A (14-in. pipe) and Pile No. 7A (16-in. pipe) were each given basical-
the same estimated lengths for 30-, 40- and 50-ton design capacities. For a friction
ile of this type this is not reasonable.

4. Al piles (except steel H) in each test group (1 to 3A and 5 to TA) were assigned
sically the same estimated lengths for a 30-ton design capacity. However, the test
sults definitely indicate a difference in load-carrying ability between the various

pe piles of the same length.

TABLE 3

INTERCITY VIADUCT—CENTRAL PORTION—KANSAS CITY TEST PILE PROGRAM
Comparison of Estimated Lengths by Danish Formula (D) vs Length by Eytelwein
Formula (D)! vs Estimated Length by Proportionate Method (P)?

For Various Design Loads®

Final Eytel. Actual
Type 30 Tons 40 Tons 50 Tons 60 Tons 70 Tons Formula Capacity by
DEP DEP DEP DEP DETP Capacity Test F§S=2
(ft) (£t) (ft) (ft) (ft) (tons) (tons)
Monotube 14 in. 324129 3947 39 46 - 49 55 - 58 - - 68 48.5 57.5
Monotube 12 in. 3343 33 4244 44 495355 - - 65 - - 176 48.9 51.5
Step taper 14in. 32 - 23 34 - 31 42 - 39 46 - 46 51 - 54 26.0 72.5
Pipe 12 in. 323440 34 - 53 - -66 - -T79 - - 92 33.6 42,5
Pipe 14 in, 323332 333443 34 -53 - -64 - -75 40.1 52.5
H 12 in. 37 - 31 50 - 41 55 -51 - -61 - -7 26.17 55.0
Step taper 16 in. 28 54 20 29 - 27 37 - 34 54 - 41 56 - 48 39.8 82.5
Monotube 16 in. 28 32 27 3248 36 515445 575554 - 5563 78.0 62.0
Pipe 14 in. 26 3631 2753 41 535551 - - 61 - - T1 52.2 55.0
Pipe 16 in, 262727 272736 285346 545555 - - 64 63.2 61.5
H 14 in, 465529 545539 55 - 48 - - 58 - - 68 43.17 58.0

gth by Eytelwein formula based on driving log of test pile.
gth by Proportionate Method based on actual capacity for 56-ft pile.
ntry indicates capacity not attainable under method used to determine required length.
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An examination of Table 3 and the author's explication of the Danish formula reveal
that some very important factors which influence pile driving are disregarded and
some very broad assumptions are made. Although the K factor in the Danish formula
is related to elastic energy losses, its value in each case was determined by the actual
ultimate capacity and final set of the pile. A comparison of final resistance versus
actual capacity by load test indicates no correlation. Yet the determination of pile
lengths by this formula is based on the results of the driving log for each test pile.
Thus, the beneficial effect of the weight and rigidity of certain piles in efficiently
transmitting the hammer energy (for example, piles 2 and 5) is entirely disregarded.
The high energy losses due to elastic deformations in the light-weight piles is demon-
strated by the substantial increase in the driving resistance when the pile tip enters a
denser soil. However, according to the Danish formula this would indicate greater
capacity which is just the reverse of that proved by the test program.

With reference to Tables 3 and 4 this is indicated for pile TA which can be classified
as a light pile (34 1b per foot as compared to the weight of pile No. 5—180 b per foot).
When this pile encountered the dense stratum 27 ft below ground surface the blow count
jumped from 9 blows per foot to 30 blows per foot. Therefore, any capacity which re-
quired up to 30 blows per foot according to the Danish formula would be satisfied with
this 27-ft pile. In comparison, for the heavy step tapered pile No. 5 the blow count
went from 9 to 15 when the pile point encountered the same stratum.

It should be evident, therefore, that predicting pile lengths by some formula where
the effects of various pile characteristics are not considered can be very misleading.

Table 4 summarized data from the engineer's report together with supplemental
information. Here the safe load as determined by the modified Eytelwein formula (use
by the engineers) is compared to the safe load as determined by the Engineering News
formula. Tt will be noted that for all of the light piles (Nos. 1, 1-A, 3, 3-A, 4, 6, 7,
and 7-A) the allowable load by the Eytelwein formula is higher than that by the Engine
ering News formula. Conversely, for the heavy piles (Nos. 2, 5 and 8) the safe load
by Eytelwein formula is less than that by Engineering News. Inthe modified Eytelwei
formula the factor 0.1 is multiplied by the ratio of weight of pile to weight of hammer
ram. Obviously, this formula favors a light pile and penalizes a heavy pile. Also, it
should be obvious from the test results that this formula is basically wrong. The re-
sults of this formula are actually contrary to the experience on this test program in
which the heavy Step Taper piles carried the highest ultimate load. It is evident ther
fore, that the elastic energy loss in the light piles is much more serious than inertia

TABLE 4

INTERCITY VIADUCT—CENTRAL PORTION—KANSAS CITY TEST PILE PROGRAM
(Data from Engineer's Report)

Pile Pile Type' Diameter - Inches Pile Wgt. Avg. Wgt. Final Res. Safe Load by Actual Yie

No. Butt T1p (ib)? (per ft- (blows/ft) Formula® (-tons) Load
1b) EYT EN by Test (-t
1 Monotube 14% 8 1,487 27 33 48.5 42 115
1A Monotube 12% 8 1,383 25 33 48.9 42 103
2 Step taper 14% 8 8, 564 153 20 26.0 27 145
3 Pipe 12% 12% 1,510 27 22 33.6 30 85
3A  Pipe 14 14 1,660 30 27 40.1 36 105
4 Steel H 12 12 2,968 53 18 26.7 25 110
5 Steel taper 16% 10 10, 048 180 37 39.8 46 165
6 Monotube 16% 8 1,670 30 58 78.0 63 124
7 Pipe 14 14 1,660 30 36 52.2 45 110
7A  Pipe 16 16 1,900 34 44 63.2 53 123
8 Steel H 14 14 4,300 73 33 43,7 50 116

'Monotube furnished by Union Metal Mfg. Co.; step taper furnished by Raymond Concrete Pile Co., pipe
furnished by Armeco Drainage & Metal Products, Inc.; all pipes 56 ft long and driven with 19, 500 ft-1b
hammer.

2Add 1, 000 1b for weight of driving cap.

*EYT = Modified Eytelwein formula used by engineers.

EN = Engineering News formula.
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in heavy piles. The superior driving characteristics of a heavy rigid pile (using an
adequate size hammer) has been clearly demonstrated on very many pile tests under a
variety of sub-soil conditions throughout the country.

The sub-soil at the Intercity Viaduct test sites could generally be classified as
granular or cohesionless. This soil type is very commonly found and therefore the
results of these tests are not only applicable to the Viaduct site but could be applied
elsewhere. Inasmuch as the soil profile is quite common to all parts of the country
these tests represent a valuable contribution with wide application. Comparable results
could be expected elsewhere.

It is interesting to note that the test load reaction was obtained by jacking against
anchor piles. These were Raymond Step Taper piles approximately 70 ft in length,

In some cases uplift loads of over 100 tons per pile were resisted.
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