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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. 

I THE PLANNING and construction of structures in urban areas present many com-
licated and costly problems. The Kansas and Missouri State Highway Departments 
lere confronted with such a problem in providing additional lanes for the existing 
Tucture which connects Kansas City, Kans., and Kansas City, Mo. The existing 
xucture at this location consists of a truss over the Kansas River and some 8, 000 f t 
I-beam spans averaging approximately 45 f t in length. This structure has four 10-ft 

|affic lanes with a Gin. wide median dividing the east-and west-bound traffic. 
Interstate Route 70 has been routed over this structure and in order to meet Inter-

ite standards, i t was necessary to widen the existing structure or build another 
Iructure parallel to i t . The anticipated traffic requires three lanes in each direction. 
|ter a comparative cost estimate was made, the two states agreed that a separate 
ree-lane structure should be constructed parallel, but not tied to the existing structure. 
|ie existing structure would carry three lanes of traffic. 

The central portion of the proposed structure consists of approximately 3, 715 linear 
it of which 1, 359 f t is in Kansas and 2, 356 f t in Missouri. A joint agreement was 
tered into by the two states and a consulting f i rm was employed to design and prepare 

detail plans. At the time the preliminary plans for the proposed structure were 
|lng discussed, structural steel was sti l l scarce and it was agreed to construct a 
itinuously-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, 
located 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 
J fact that at the Kansas end of the structure, bedrock was approximately 85 f t below 
lund elevation and at the Missouri end it was approximately 65 f t to bedrock. The 
lings showed that the soil classification was fairly uniform for the entire structure, 
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the top 10 or 15 f t consisting of fine sand, the next 25 f t 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 soimding 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, i t 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. It 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 loading 
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) 1478-in. Union Metal Monotube Tapered Steel Pile, (lA) 12y4-in. Union Metal Monc 
tube Tapered Steel Pile, (2) 14y8-in. Raymond Step Tapered Pile, (3) 12y4-in. Armco 
Foundation Pipe Pile, (3A) 14-in. Armco Foundation Pipe Pile, (4) 12-in. BP 53 Steel 
H-Pile, and (4A) 12-in. BP 53 Steel H-Pile Driven to refusal. Piles (1), (lA), (2), 
(3), (3A), and (4) were driven to a depth of 55 f t 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) le/^-in. Union Metal Monotube Tapered Stee 
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 f t 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 f t - lb . The test piles were driven in accordance wij 
each respective pile manufacturer's recommended procedure, and each pile was d r i j 
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 f i rs t 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 f i rs t 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 
|the 140-ton load was applied. Yield point is defined as where the rate of gross settle-

lent exceeds 0.03- in. per ton for the last increment of load applied. 
A l l friction piles at Location A and B were unloaded after completion of the f i rs t 

est, or after failure, and the recovery noted. The load was removed in increments 
iqual 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. 
The 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 
icrements were applied at 15-min intervals until the magnitude of the previous load 
id been applied and thereafter at 2-hr intervals imtil 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 

lintained 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-
m 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 
idations of sand with mixtures of silt and clay for the first 30 to 40 f t and coarse 
id and gravel from there to bedrock. The ground water level was 28 f t below ground 
rface at Location A and 30 f t below ground surface at Location B. 
I It is not possible to give a complete summary of the driving record of each pile, 
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but a 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 

p ^ 2WH 19.5 
2000 (S+0.1 w ) ~ 12 + 0. Iw 

W ^ 
in which 

P = capacity in tons; 
H = height of fal l 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 poimds; and 
W= we^ht of striking part of hammer in pounds. 

Pile No. 1-1478-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. lA-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—14y8-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'/4-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 capacity^ 
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—1678-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. 6-1674-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. 7A—16-in. Armco Pipe Pile. Yield point load 123 tons. Formula capacitj 
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. Formul 
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, i t 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 subsurfacel 
soils based on available boring and test data, thus estimating the depth of penetrationf 
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 a r r i v i i ^ at this formula, the resis 
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 forcej 
in the soil and energy losses due to irreversible derformations, except of the soil, 
are disregarded. This formula may be written 

aWH = % QSo +QS 



67 

T E S T L O C A T I O N ' A " 

DARK SILT, SAND 
AND 
CINDER F I L L 
GRAY FINE.31LTY SAND laO 

GRAY VERY 
FINE TO FINE 
SAND 
WITH S I L T 

GRAY, F INE 
SAND, T R A C E 
S M A L L G R A V E L 

GRAY, C O A R S E SAND 
WITH S M A L L TO 
MEDIUM GRAVEL 

_ 6 2 0 

GRAY, FINE 
TO C O A R S E SAND 
WITH 
S M A L L G R A V E L 

B L O W S / F T O N S A M P L E R * 
0 20 4 0 60 

B L O W S / F T ON P I L E 

R E F U S A L , ROCK OR BOULDER 

/ • I N D I C A T E S UNABLE TO R E C O V E R 
S A M P L E 

2 j ' C A S I N G S E T TO 6 7 0 ' 
BAILED TO 3 5 ' - 0 ' 
WATER L E V E L S S ' - O " BELOW GROUND 
SURFACE 2 HOURS A F T E R 
COMPLETION 

4 NUMBER OF B L O W S REQUIRED 
TO DRIVE 2 - 0 D SAMPLING PIPE 
ONE FOOT WITH A 140 L B WEIGHT 
F A L L I N G 3 0 INCHES 

Excovo 

/ 1 1 

i/on T 

i 1 1 • 

I ' l l 

1 11 
i l l 

f- I -r — 

7' ' 

R 1 T -

v -' • 
r 1 ' ' 

-1 + 
1 11 

J 1 T -

V ' 

r • ; 
4- - ' I 

1 ' • ' 

! 1 t 

"i - J i 
-T 1-1 -t 

1 

\ - -

1- - 1 

L . . : 
1 1 

1 l_! i 
+ T - 1 

I U 1 

l'"- ^1 

L _ L 

1 , -f 1-

1 1 1 1 

• i j r 

.r : : ' 
n ' ' ' -
i j i 'J 

i ^ j . ~ 

- ( - ( , 

" 1 1 1 

I - 1 -

1 ' 1 

1 1 

I - 1 _ 1 

I - I - 1 

:I i i." 
1- +1-

• r + 1 -

4 , . 1-
1 1 : r. 
i 1 1-

4 L L 
T R ' T 

- M L I . 1 1 ^ 1-
1 1 , 1 -

P I L E L O A D IN T O N S 
100 150 2 0 0 3 0 0 

EsTima-nsdFhifuns Load 
1 I 1 I 1-1 T - 1 - i - i <- l i ' M 

7b^/5eMemen^ 1353' 
f?ebound rSnd) OI20' T 

• 1 -\ 
-V- „ 4_ 

-4 • -

PILE DATA 
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heavy da^y Piefd Join-h^iive/ded 
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DRIVING DATA 
Pile driven Vulcan Alo I tvi^h CSOOLb ram 
(Poymond IS) 

Ra-l-ed Energy. 19,500 Ub^ 
Weight oPDriving cap l,000 Lbs 
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of final pene-fra-fion. 1,487Lbs 
S-f-rokes permincrfe. 58 
Driving fime. 13 nttnLrhes 

L O A D D E F L E C T I O N 

re 1. Interc i ty viaduct connecting Kansas Ci ty , Mo. 
Pi le Program, Location A, Pi le No. 

, and Kansas C i t y , Kan. (Test 
1 ) . 
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Pile driven Kith Vulcan No I with 6500Lb romCl^ymondl-S) 
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Weight of driving cap. . l,000 Lbs 
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L O A D D E F L E C T I O N 

Figure 2 . Interc i ty viaduct connecting Kansas C i ty , Mo., and Kansas C i ty , Kan. (Te^ 
Pi le Program, Location A, P i le No. l A ) . 



69 

T E S T L O C A T I O N - A " 

E L E V 7 4 9 0 

730 J 

B R O W N F I N E 
I S A N O 

D A R K S I L T . S A N D 
A N D 
C I N D E R F I L L I S S ' 

G R A Y F I N E . S I L T Y S A N D lao ' 

LRK C L A Y E Y 

bl 2 2 5 

%2" 
I GRAY VERY 

FINE T O FtNE 
SAND 
WITH S I L T 

I G R A Y F I N E 
S A N D T R A C E 
S M A L L G R A V E L 

F G R A Y , C O A R S E S A N D 
W I T H S M A L L T O 
M E D I U M G R A V E L 

G R A Y , F I N E 
T O C O A R S E S A N D * ?*• 
W I T H 
S M A L L G R A V E L 

7 5 0 ' 

R E F U S A L , R O C K O R B O U L D E R 

• I N D I C A T E S C I R C U L A T I N G W A T E R 
L O S T TN S T R A T A 

» * ' I N D I C A T E S U N A B L E T O R E C O V E R 
S A M P L E 

Z ^ ' C A S I N O S E T T O 6 7 0 ' 

B A I L E D T O 3 5 ' - 0 -

W A T E R L E V E L 2a'-0" B E L O W G R O U N D 
S U R F A C E 2 H O U R S A F T E R 
C O M P L E T I O N 

B L O W S / F T O N S A M P L E R * 
0 20 4 0 60 
— n 

4 NUMBER OP BLOWS REQUIRED 
TO DRIVE 2 - 0 D SAMPLING P IPE 
ONE FOOT WITH A 1*0 L B WEIGHT 
FA LL IN G 30 INCHES 

B L O W S / F T O N P I L E 
0 20 4 0 60 

710 

680 

_ Fxcav trfion 

i4 1 \\\\- i4 1 
ten 1\ 

- T -

I t 
I t 

- l i 
:.± 

t 
"F 

f ' t l L 
\ i-

- J 

J-
- J - - I t Jt 

J]-

I • I t 
- t 
- i : 

^\\ 
I S ; : 

1 1 1 
-! ^ 1-

J l d " 
n i-i 1 - ' U . -

d t i l : 
1 1 1 

-1 U-i m 
11 

[ : 
1 : 

4U-;-
1 . 

h 
—1 

P I L E L O A D IN T O N S 
J O Q ISO 200 250 

Total 5e-fHcmsnf /333 
Rtsbounct rend) OSSd 
Net SsfHemsnf O 979 
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L O A D D E F L E C T I O N 

|.gure 3 . Interc i ty viaduct connecting Kansas C i ty , Mo., and Kansas Ci ty , Kan. (Test 
Pi le Program, Location A, Pi le No. 2 ) . 
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P I L E DATA 
IpJ' Armco Founckj-^ian Pipe P//e, sp/ra/ tvc/e/ed 
eo-pxi-/- lencr/-h, i ' w o / I ^/yicknsss £n<^c/ossd 
Mi^h / V c ? / j ? < = c r / atoms' 

Dnve:n lerig-fh 60fise^-
Looc/ed/engih SS&fks-h 
Imbsdt^ J^ng^. SSO feei-
Elevahon of-hp. £899 

Pile dn^n Jon 30,19S9 and filled m-f-h concrete 
Feb S, 1959, and+ss-l- loadixlon fisb IPan<flS,ISt59 

DRIVING DATA 
Pils driKsn ivi-/-h IILilcon No I m-f^h CSOOi-b rann 
CRoymond IS) 

fPofed energy l9,SOO F^ lbs 
Y^igh-f-of dnving cap ..l,000 Lbs 
^pproxiina-l-e tveig/rl- of pi le 
ol- final pene^raf-ion. 1,5IO lbs 
Sf^rokes par minute. 58 
Driiiing time.. — // mnu-fes 

L O A D D E F L E C T I O N 

Figure \ . Interc i ty viaduct connecting Kansas Ci ty , Mo., and Kansas Ci ty , Kan. (Tes| 
P i le Program, Location A, Pi le No. 3 ) . 
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PILE DATA 
l4'/^rmco Foundation Pipe Ptle,.spiral welded 
60' lengtti, i ' nail -thickness End closed 
with /'lot sMelpla-te 

Driven len^ti. 60 tket 
Cocxted length. S3 3 feet 
Imbedded length. -550 feet 
Elevation of t,p .€90 2 

Pii^ driven Jon 30, I9S9 and filled with concrete 
Feb S, 1959, ond t<Tst loaded on Feb l£andniS59 

DRIVING DATA 
Pilti driven with Yulcan No I w/th G.500Lb ram 
(Pkiymond IS) 

Roted Energy. I9.SOO Lbs 
Weight of driving cap. _ I.OOO Lbs 
Apu3rox/n-iate tveigb-^ orp/le 
or finalpenetrotion... 1,660 Lbs 
Strokes per minute. S8 
Driving -^ime 16 minutes 

re 5. Interc i ty viaduct connecting Kansas Ci ty , Mo., and Kansas C i t y , Kan. (Test 
Pi le Program, Location A, Pi le No. 3A). 
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To^al SeHlemenf/TSO' . 
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ive^-Se^fkmenl- / / / ? 9 

P I L E DATA 

IS'BP S3 S^sBl /I file S& foof lengHi, sfeel meehng 
reguinemenfs /iSTM Oea/g A-'7 

Driven leng-f-b. 3& fisef 
Loaded length. ._. 7feef 
Embedded /eng^h. SSOfiee^ 
Elevai-ion of fip- £898 

Pile driven Feb a. 1959, and -hss-fed on Feb '3 
and/4,/959 

DRIVING DATA 
Pile driven ni+h Vu/con No I «-///> <S,500 Lb ram 
CPaumond IS) 

Or/ed Energy. I9.500 F-f Lbs 
Wsigh-h of driving cop 1,000 Lbs 
Approximate iveigh-t afpileoi 
finalpenefrofion S9£8 Lbs 
5i-rokes per minu-hs 58 
Driving hme. aminul-es 

L O A D D E F L E C T I O N 

Flgxire 6. Interc i ty viaduct connecting Kansas C i t y , ^to.J 
Pi le Program, Location A, Pi le No, 

and Kansas C i t y , Kan. (Te| 
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«NUMBER OF B L O W S REQUIRED 
TO DRIVE 2 * 0 D SAMPLING P I P E 
ONE FOOT WITH A 140 L A WEIGHT 
FALL ING 3 0 INCHES 

B L O W S / F T O N P I L E 
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P I L E L O A D IN T O N S 
J O O S O 2 0 0 250 

iJC^£stimat^ 
"ixlure Load 
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Total Settlement 0709" 
Rebound q&l8'\_ 
Net Settlement O09l'^ 

P I L E DATA 

IS'BP 53 Steel N Pile 75 foot length, s¥eel meeting 
requirenrients ASTM Desig A'7 

Driven length. 7SO feet 
Loaded length. 7S3feet 
Imbedded /er^h. 713 feet 
Elevation of tip. , 67S 3 

Pile driven fish S, I9S9 and tixstad on P&b 
SO. SI and SS,I9S9 

DRIVING DATA 

Pilednven Mth Vu/con hlo 1 mtti G,SOOLb ram 
(Raymond/S) 

Rated Energy. I9i500 f t Lbs 
Weight of driving cap. 1,000 Lbs 
Appnoxinnote ir/eigtrt of pile 
at final penetration 
Strokes per minute. 
Driving time. 

..3.973Lbs 
38 
rrminutes 

L O A D D E F L E C T I O N 

Interc i ty viaduct connecting Kansas Ci ty , Mb. 
Pi le Program, Location A, Pi le No. 

, and Kansas C i ty , Kan. (Test 
\k). 
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-fNUMBER OF BLOWS REQUIRED 
TO DRIVE a-OO SAMPLING PIPE 
ONE FOOT WITH A 140 LB WEIGHT 
FALLING 30 INCHES 

PILE DATA 
fPoymond S^sp 7bpt^f~&c/ P/IG - composed of 

/o//Oiv/nQ ^ec'/'/ons 
1-8 roo^ f^ymand dssigno^ion ^O, * /4 gouge 
1-8 foo^ /Paymond designohon ^1, 14 gauge 
I ' 8 foof Raymond designahon ^2. 14 gauge 
/ - 8 /bo / Raymond dGsignoHon *^3, /6 gouge 
t'SPoo-f Raymond designahon * 4 I & gouge 
/ -5 foo-f Raymond dssfgnahon ^5, IG gouge. 
1-6 Raymond dss/gno^fon ^G. 18 gauge. 
DriYtsn /engrh. ... ... .. ^GO/esi 
Loaded/eng^ SGOfee-t-
Jn^bedded feng^h ^4 3 Pes/-
ElGt/o-f-ion aP+/D. G90 7AfSL 

P//e dr tven Feb //, 1959, Pil/ed rvif^n concre-f-e Feb 13, 
1959 and / e s / - loaded an F^b £5 and 2e, 195 9 

* //J' /ip diame/er tvi-^h welded Plal-s-l-eel pla-^e 
•f-o close bof^om 

DRIVING DATA 
Pile driven w//' i^u/can No I ivi^h e.SOOLb ram 
(Raymond IS) 

RofedEnergy. ....I9.SOO FfLbs 
Weigh f oPdnving cap.. I.OOO Lbs 
Apprommafe weig^r of pi le and 
mandrel a / Pinalpene-l-rahon. ... .. . I0,048 Lb^ 
Strokes perminu'/'e.. .58 
Driving hme I3minu-fes \ 

L O A D D E F L E C T I O N 

Figure 8. Interc i ty viaduct connecting Kansas City , Mo., and Kansas C i ty , Kan. (Tes 
Pi le Program, Location B, Pi le No. 5 ) . 
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|gure 9. Intercity viaduct connecting Kansas City, Mo. 
Pile Program, Location B, Pile No. 

, and Kansas City, Kan. (Test 
6). 
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L O A D D E F L E C T I O N 

Figure 10. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Tej 
Pile Program, Location B, Pile No. 7). 
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L O A D D E F L E C T I O N 

gure 11. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Test 
Pile Program, Location B, Pile No. 7A). 
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Figure 12. Intercity viaduct connecting Kansas City, Mo., and Kansas City, Kan. (Tes| 
Pile Program, Location B, Pile No. 8 ) . 
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gure 13. Intercity viaduct connecting Kansas City, Mb., and Kansas City, Kan. (Test 
Pile Program, Location B, Pile No. 8A). 
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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 = bearii^ 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: 

^2aWH 

Then 

Let 

Then 

aWH = Va QSo+QS = Q + S 
If the dynamic compression of the pile is taken as ) 

aWH 
SO 

"2~ + S 

K 

aWH 
7aWHL 

Q = 

( aWHL 
-2AE-

aWH 
f 

K+S 
For a test pile 

Q (actual) aWH 
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) K (actual) 

Although this value of K would be reduced for a length of pile shorter than the test 
pile, i t 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 

Q = aWH 

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 

Location 

A 
B 

30-Ton 
—WT 

33 
28 

40-Ton 

40 
30 

50-Ton 

47 
43 

60-Ton 

51 
55 

70-To 

55 
55 

Comparative cost studies were made for the various design loadings of both frictid 
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 Viaductl 
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and quantities determined for al l 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, la 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 f t consisted of fine sand, the next 25 f t 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 
economical plan was to use cast-in-place friction piles with a design load of 70 tons per 
pile. In second place with an increased cost of a little more than /z of 1 percent was a 
tooting designed for 4 steel pilings either 12 BP 53 or 14 BP 73 and using a maximum 
laearii^ value of 12,000 psi. 

Discussion 

. M. FULLER, Raymond Concrete Pile Company—In conjunction with the test program 

Ieported by the author the pile contractor at his own expense and under the supervision 
f an outside f i r m of consulting engineers drove and load tested additional Raymond 
tep Taper piles. 

Four of these were driven as friction piles approximately 56 f t in length using 
sminal point diameters ranging from 9 to 12 in. Two of these piles were driven at 
ich test site in close proximity to the contract test piles reported by the author. The 
ssults of these tests are summarized in Table 1 and it wi l l be noted that ultimate loads 

iged from 160 to 175 tons. 
In the supervising engineer's report based on the results of these tests it was con-

Juded that the allowable load on the Step Taper friction piles is not affected materially 
varying the tip diameter. Also i t 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-bearii^ piles. When it became evi-

|nt that end-bearing steel H piles would be used regardless of the test results and 
rthermore that only one type of pile would be tested in end-bearing, the contractor 

|oceeded with a 300-ton test on an end-bearing Step Taper pile at test site A (Pile No. A5A). 
This pile had a nominal 8-in. diameter and was driven approximately 72 f t to a final 
distance 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 

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

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

B 5A Step taper 11% 56 4 160 
5B Step taper 12yB 56 5 175 

ment) the gross settlement was 0.83 in. and the net settlement after reboimd 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 reporte 
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 wi l l 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. M 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 l e n g t l ^ 
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 tmit pile price of $6. 
per lineal foot. This resulted in the 70-ton Step Taper piles costing about $18, 000 les 
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 vmit cost. This difference in 
unit prices could conservatively be set at $1.00 per lineal foot. Therefore, using 

T A B L E 2 

INTERCITY VIADUCT-CENTRAL PORTION-KANSAS CITY TEST P I L E PROGRAM 
(Data from Engineer's Report) 

Location Pile Pile Type 
No. 

Estimated Length (ft) for Design Loads of 
30 Tons 40 Tons 50 Tons 60 Tons 70 Tons | 

B 

A 
B 

1 14yg" Monotube 
lA 1274" Monotube 
2 14y8" Raymond step taper 
3 12y4" Armco pipe 
3A 14" Armco pipe 
4 12 BP 53 
5 leVs" Raymond step taper 
6 ley*" Monotube 
7 14" Armco pipe 
7A 16" Armco pipe 
8 14 BP 73 

Cast- in-place friction^ 
Cast-in-place friction^ 

32 39 46 55 -
33 42 49 - -
32 34 42 46 51 
32 34 - - -
32 33 34 - -
37 50 55 - -
28 29 37 54 56 
28 32 51 57 -
26 37 53 - -
26 27 28 54 -
46 54 55 - -
33 40 47 51 55 
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 f t shorter than the average length for that load group. It 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 i t 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-ft 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 
brmula, 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 al l friction 
iles (excluding the H-pile). Yet, the Step Taper piles actually developed the highest 
capacity as determined by load test. 

2. In spite of the final test results pile No. 2 (Step Taper) and No. 3 (12y4-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 

.le of this type this is not reasonable. 
4. A l l piles (except steel H) in each test group (1 to 3A and 5 to 7A) were assigned 

.sically the same estimated lengths for a 30-ton design capacity. However, the test 
isults definitely indicate a difference in load-carrying ability between the various 
rpe 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' 

Type 30 Tons 
D E P 

(ft) 

40 Tons 
D E P 

(ft) 

50 Tons 
D E P 

(ft) 

60 Tons 
D E P 

(ft) 

70 Tons 
D E P 

(ft) 

Final Eytel. 
Formula 
Capacity 

(tons) 

Actual 
Capacity by 
Test FS= 2 

(tons) 
Monotube 14 in. 32 41 29 39 47 39 46 _ 49 55 58 _ 68 48.5 57.5 
Monotube 12 in. 33 43 33 42 44 44 49 53 55 _ _ 65 _ _ 76 48.9 51.5 
Step taper 14 in. 32 - 23 34 - 31 42 - 39 46 _ 46 51 _ 54 26.0 72. 5 
Pipe 12 in. 32 34 40 34 - 53 - - 66 - - 79 - _ 92 33.6 42.5 
Pipe 14 in. 32 33 32 33 34 43 34 - 53 - - 64 _ 75 40.1 52.5 
H 12 in. 37 - 31 50 - 41 55 - 51 - - 61 _ 71 26.7 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 32 48 36 51 54 45 57 55 54 _ 55 63 78.0 62.0 
Pipe 14 in. 26 36 31 27 53 41 53 55 51 - _ 61 _ _ 71 52.2 55.0 
Pipe 16 in. 26 27 27 27 27 36 28 53 46 54 55 55 _ 64 63.2 61.5 
H 14 in. 46 55 29 54 55 39 55 - 48 - - 58 - - 68 43.7 58.0 

Igth by Eytelwein formula based on driving log of test pile. 
Igth 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 7A which can be classifiedj 
as a light pile (34 lb per foot as compared to the weight of pile No. 5—180 lb per foot). 
When this pile encountered the dense stratum 27 f t 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 I 
formula. It wi l l be noted that for al l 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. In the modified Eytelwei 
formula the factor 0.1 is multiplied by the ratio of weight of pile to weight of hammer I 
ram. Obviously, this formula favors a light pile and penalizes a heavy pile. Also, i t l 
should be obvious from the test results that this formula is basically wrong. The re- ' 
suits 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. 
(Ib)̂  

Avg. Wgt. Final Res. Safe Load by Actual Yiel 
No. 

Pile Type' 
Butt Tip 

Pile Wgt. 
(Ib)̂  (per ft- (blows/ft) Formula" (-tons) Load Tip 

Ib) EYT EN by Test (-td 

1 Mbnotube 14% 
12y4 

8 1,487 27 33 48.5 42 115 1 
lA Monotube 

14% 
12y4 8 1,383 25 33 48.9 42 103 

2 Step taper 14% 8 8,564 153 20 26.0 27 145 
3 Pipe I2V4 12y4 1,510 27 22 33.6 30 85 
3A Pipe 14 14 1,660 30 27 40.1 36 105 1 4 Steel H 12 12 2,968 53 18 26.7 25 110 1 
5 Steel taper leVa 

16% 
10 10, 048 180 37 39.8 46 165 1 

6 Monotube 
leVa 
16% 8 1,670 30 58 78.0 63 124 1 7 Pipe 14 14 1,660 30 36 52.2 45 110 1 

7A Pipe 16 16 1,900 34 44 63.2 53 123 1 
8 Steel H 14 14 4,300 73 33 43.7 50 116 1 
'Monotube furnished by Union Metal Mfg. Co.; step taper furnished by Raymond Concrete Pile Co., pipe| 
furnished by Armco Drainage & Metal Products, Inc.; all pipes 56 ft long and driven with 19, 500 ft-lb 
hammer. 
Âdd 1, 000 lb 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 imder 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 a l l 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 f t in length. 
In some cases uplift loads of over 100 tons per pile were resisted. 

HEB:0R-1|12 




